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Modifications to the recommended labeling for Section 8.1 are shown below. This 
replaces labeling recommended in the review dated August 13, 2014. 
 
1.3.3 Labeling 
 
8.1 Pregnancy 
Teratogenic Effects: Pregnancy Category C. 
There are no adequate and well-controlled studies of ESBRIET in pregnant women.  
Pirfenidone was not teratogenic in rats and rabbits.  Because animal reproduction 
studies are not always predictive of human response, ESBRIET should be used during 
pregnancy only if the benefit outweighs the risk to the patient. 
 

A fertility and embryofetal development 
study with rats and an embryofetal development study with rabbits that received oral 
doses up to 3 and 2 times, respectively, the maximum recommended daily dose 
(MRDD) in adults (on mg/m2 basis at maternal doses up to 1000 and 300 mg/kg/day, 
respectively)  revealed no evidence of impaired fertility or harm to the fetus 
due to pirfenidone.  In the presence of maternal toxicity, acyclic/irregular cycles (e.g., 
prolonged estrous cycle) were seen in rats at doses approximately equal to and higher 
than the  MRDD in adults (on a mg/m2 basis at 
maternal doses of 450 mg/kg/day and higher).  In a pre- and post-natal 
development study, prolongation of the gestation period, decreased numbers of live 
newborn, and reduced pup viability and body weights were seen in rats at an oral dose 
approximately 3 times the MRDD in adults (on a 
mg/m2 basis at a maternal dose of 1000 mg/kg/day). 
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Tertiary Pharmacology/Toxicology Review

Date: August 20, 2014
From:  Timothy J. McGovern, PhD, ODE Associate Director for 

Pharmacology and Toxicology, OND IO
NDA: 22-535 (Resubmission/Class 2)
Agency receipt date: May 23, 2014
Drug: ESBRIET (pirfenidone)
Sponsor: InterMune

Indication: Chronic treatment of idiopathic pulmonary fibrosis

Reviewing Division: Division of Pulmonary, Allergy, and Rheumatology Products

An initial evaluation of this NDA was conducted in 2010. At that time, the Division 
reviewer and supervisor and the ODE Associate Director for Pharmacology/Toxicology 
supported approval based on the conducted nonclinical program. Recommendations were 
made for modifications to the proposed product label. Also, the safety qualification of an 
impurity associated with a structural alert for genotoxicity was still outstanding.

At this time, the nonclinical program continues to support the approval of the NDA. The 
safety qualification of the impurity noted above was addressed by conduct of an in vitro
bacterial mutagenicity assay that was submitted to DMF  and produced negative 
results.

Conclusion: I agree with the previous conclusions that ESBRIET can be approved from 
the pharmacology/toxicology perspective. I have discussed the labeling revisions 
recommended by the Division and I agree with them.
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1 Executive Summary 
 
1.1 Introduction 
The applicant has a complete nonclinical pharmacology and toxicology program for 
pirfenidone, which supports the safety of the proposed clinical dose of 2403 mg/day for 
the chronic treatment of idiopathic pulmonary fibrosis. From a nonclinical pharmacology 
and toxicology standpoint, the application was recommended for approval in the 
Pharmacology and Toxicology Reviews of NDA 22-535 dated April 5, 2010 and April 9, 
2010. 
 
1.2 Brief Discussion of Nonclinical Findings 
Pirfenidone is under development by the sponsor for the treatment of idiopathic 
pulmonary fibrosis (IPF). InterMune submitted nonclinical pharmacology and toxicology 
study reports to support chronic administration of pirfenidone. These studies included 
pharmacology, safety pharmacology, ADME, toxicology studies with durations up to 6 
months in rats and 9 months in dogs, reproductive toxicity, genotoxicity, carcinogenicity 
in mice and rats, and photosafety. 
 
The mechanism of action of pirfenidone has not been fully established. 

 
A full battery of safety pharmacology studies were conducted with pirfenidone that 
included assessments of neurological, cardiovascular, respiratory, and gastrointestinal 
effects. Neurological effects of pirfenidone were assessed in mice that received 
pirfenidone as single oral doses up to 300 mg/kg. A number of clinical signs were 
observed in a dose-related manner that included sedation, ptosis, abnormal posture, 
decreased body temperature, disturbance of gait, and lower spontaneous motor activity. 
All symptoms disappeared by 1-2 hours postdose. Effects of pirfenidone on the 
respiratory and cardiovascular systems were assessed in rats and dogs that received 
single oral or intravenous doses up to 300 mg/kg. Dose-related increases of heart rate 
were observed in both rats and dogs. Reflective of increased heart rate, dose-
dependent decreases of the RR interval were observed. Further, sinus tachycardia 
(heart rate >190 bpm) was evident in dogs that received higher oral or intravenous 
doses. For dogs that received single oral doses up to 100 mg/kg or an intravenous 
infusion of 9.2 mg/kg bolus followed by the 88 mg/kg/hour infusion, the QTc interval did 
not exhibit any evidence of prolongation. With respect to gastrointestinal effects, 
pirfenidone caused dose-dependent and significant inhibition of the gastric emptying 
rate at oral doses ≥30 mg/kg and small intestinal transport at oral doses ≥100 mg/kg in 
rats. Pirfenidone at 10-4 M produced a slight but significant decrease in the muscle tone 
of the isolated ileum. 

 
In a 6-month oral toxicology study, rats received doses of 20, 100, 500, and 1000 
mg/kg/day. Target organs of toxicity included the liver, thyroid gland, adrenal gland, 
urinary bladder, and kidneys. Hepatocyte necrosis was observed for 17% (2/12) of high 
dose male rats at the end of the treatment period and 17% (1/6) of high dose female 
rats at the end of 35-day drug-free recovery period. Centrilobular hypertrophy was 
observed for 17% (2/12) of high dose males at the end of the treatment period. Liver 
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weights were increased for males at ≥100 mg/kg/day and females at ≥500 mg/kg/day, 
which appeared to be associated with hepatocellular hypertrophy and increases of 
cytochrome P450 levels and isozyme activities. Follicular cell hyperplasia of the thyroid 
gland was observed for 8.3% (1/12) high dose males at the end of the treatment period. 
Of note, findings in the liver and thyroid gland were more pronounced in the 2-year 
carcinogenicity study in terms of incidence and severity and appeared to correlate with 
neoplastic findings. An increased incidence of vacuolization of cells in the zona 
fasciculata of the adrenal gland was observed for high dose males. Inflammatory cell 
infiltration in the lamina propria of the urinary bladder was observed for 17% (2/12) of 
high dose males. Transitional cell hyperplasia was observed for 8.3% (1/12) of high 
dose males. Inflammatory cell infiltration in the renal pelvis of the kidney was observed 
for 8.3% (1/12) of males in the 1000 mg/kg/day group at the end of the dosing period. 
Dilatation of the pelvic cavity was observed for 8.3% (1/12) of females in the 1000 
mg/kg/day group at the end of the dosing period. Crystals in the urine (attributed to the 
5-carboxylic acid metabolite of pirfenidone) were observed for males and females in the 
500 and 1000 mg/kg/day groups that might correlate with histopathological findings in 
the urinary bladder and kidneys. The NOAEL was identified as 500 mg/kg/day based 
upon histopathological findings in liver, thyroid, adrenal gland, urinary bladder, and 
kidneys at 1000 mg/kg/day.  
 
In a 9-month oral toxicology study, dogs received pirfenidone at oral doses of 0, 20, 70, 
and 200 mg/kg/day. Alkaline phosphate (ALP) activities were increased 1.3- and 2.3-
fold for males and females at 70 and 200 mg/kg/day, respectively, during the treatment 
period although toxicological significance was only achieved for high dose dogs. Target 
organs of toxicity were the liver and submaxillary glands. Hepatocellular hypertrophy 
was observed in 3 males and 1 female at 200 mg/kg/day. This finding appeared to be 
associated with induction of several cytochrome P450 isozymes. The relationship 
between this histopathological finding and elevation of ALP activity was unclear. Acinar 
hypertrophy of mucous glands in the submaxillary gland was observed for 1 female at 
70 mg/kg/day and 3 males and 3 females at 200 mg/kg/day group.  The NOAEL was 
judged to be 20 mg/kg/day based upon histopathological findings in the submaxillary 
glands at 70 and 200 mg/kg/day and elevations of ALP activity and histopathological 
findings in the liver at 200 mg/kg/day. Findings in the submaxillary glands and liver 
might be judged to be monitorable in a clinical setting. Hepatocellular hypertrophy is 
generally regarded as an adaptive change and not necessarily adverse. There were 
relatively comparable findings in a second 9-month toxicology study with dogs that 
received doses of 10, 35, and 100 mg/kg BID (20, 70, and 200 mg/kg/day, respectively). 
 
Pirfenidone was negative in a standard battery of genotoxicity tests.  

 
Pirfenidone was tumorigenic in mice and rats. In a 2-year mouse carcinogenicity study, 
pirfenidone produced increased incidences of hepatocellular adenomas and carcinomas 
and hepatoblastomas. In a 2-year rat carcinogenicity study, pirfenidone produced 
increased incidences of hepatocellular adenomas and carcinomas and uterine 
adenocarcinomas. In communication with the medical officer, based upon the morbidity 
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and short life expectancy associated with IPF, these tumor findings with pirfenidone 
would not appear to impact approval for the treatment of this disease. 

 
Pirfenidone had no effects on fertility and reproductive performance in rats at oral doses 
up to 1000 mg/kg/day. In embryofetal development study with rats and rabbits that 
received oral doses up 1000 and 300 mg/kg/day, respectively, there was no evidence of 
teratogenicity. In the presence of maternal toxicity for rats, acyclic/irregular cycles were 
seen in rats at oral doses ≥450 mg/kg. Further, prolongation of the gestation period, 
decreased numbers of live newborn, and reduced pup viability and body weights were 
seen in rats at an oral dose of 1000 mg/kg. Pirfenidone was found to distribute into the 
milk of lactating female rats at higher exposure levels than found in plasma. 
 
Pirfenidone showed evidence of phototoxicity. In a photoclastogenicity test, pirfenidone 
produced increased incidences of structural aberrations in irradiated Chinese hamster 
ovary cells. Results of a photomutagenicity study with bacteria were equivocal. The 
reliability of these photogenotoxicity tests was judged to be questionable. Studies with 
guinea pigs and hairless mice that received pirfenidone by the oral route and were 
irradiated with UV lights for periods up to 1 month were identified with several findings 
of skin phototoxicity that included erythema, inflammatory cell infiltration, hemorrhage, 
vascular dilatation, hyperemia within the dermis, extension of the lesion from the dermis 
to epidermis, and increased thickness of the stratum spinosum (acanthosis). 
Lengthening the period between drug administration and exposure to sunlight might be 
beneficial in reducing phototoxic lesions. Use of sunscreens with high SPF and PA 
values might assist in ameliorating phototoxicity. 
 
1.3 Recommendations 
 
1.3.1 Approvability 
The applicant has a complete nonclinical pharmacology and toxicology program for 
pirfenidone, which supports the safety of the proposed clinical dose of 2403 mg/day for 
the chronic treatment of idiopathic pulmonary fibrosis. 
 
1.3.2 Additional Non Clinical Recommendations 
None 
 
1.3.3 Labeling 
 
INDICATIONS AND USAGE 
ESBRIET is a pyridone indicated for the treatment of idiopathic pulmonary fibrosis (IPF).  
 
8  USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Teratogenic Effects: Pregnancy Category C. 
There are no adequate and well-controlled studies of ESBRIET in pregnant women.  
Pirfenidone was not teratogenic in rats and rabbits; however, reduced numbers of live 
newborn and decreased pup viability were observed in rats.  Because animal 
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13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenesis 
Long-term studies were conducted in mice and rats with admixture of pirfenidone to the 
diet to evaluate its carcinogenic potential. 
 
In a 24-month carcinogenicity study in B6C3F1 mice, pirfenidone caused statistically 
significant dose-related increases of the combination of hepatocellular adenoma and 
carcinoma and hepatoblastoma in male mice at doses of 800 mg/kg and above (AUC 
exposure approximately 0.4 times adult exposure at the  

 MRDD).  There were statistically significant dose-related increases of the 
combination of hepatocellular adenoma and carcinoma in female mice at doses of 
2000 mg/kg and above (AUC exposure approximately 0.7 times adult exposure at the 

 MRDD). 
 
In a 24-month carcinogenicity study in Fischer rats, pirfenidone caused statistically 
significant dose-related increases of the combination of hepatocellular adenoma and 
carcinoma in male rats at doses of 750 mg/kg and above (AUC exposure approximately 
1.9 times adult exposure at the  MRDD).  There 
were statistically significant increases of the combination of hepatocellular adenoma 
and carcinoma and the combination of uterine adenocarcinoma and adenoma at a dose 
of 1500 mg/kg/day (AUC exposure approximately 3.0 times adult exposure at the 

 MRDD). 
 
The relevance of these tumor findings in rodents to humans is unknown. 
 
Mutagenesis 
Pirfenidone was not mutagenic or clastogenic in the following tests: mutagenicity tests 
in bacteria, a chromosomal aberration test in Chinese hamster lung cells, and a 
micronucleus test in mice. 
 
Impairment of Fertility 
Pirfenidone had no effects on fertility and reproductive performance in rats at doses up 
to 1000 mg/kg/day (approximately 3 times the  
MRDD in adults on a mg/m2 basis). 
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2 Drug Information 
 
2.1 Drug 
 
CAS Registry Number: 53179-13-8 
 
Tradename: ESBRIET® 
 
Generic Name: Pirfenidone 
 
Code Name: S-7701 or AMR-69 
 
Chemical Name: 5-methyl-1-phenyl-2-(1H)-pyridone 
 
Molecular Formula/Molecular Weight: C12H11NO / MW = 185.23 g/mole 
 
Structure: 
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11 Integrated Summary and Safety Evaluation 
The applicant has a complete nonclinical pharmacology and toxicology program for 
pirfenidone, which supports the safety of the proposed clinical dose of 2403 mg/day for 
the chronic treatment of idiopathic pulmonary fibrosis. See the Pharmacology and 
Toxicology Reviews of NDA 22-535 dated February 24, 2010 and April 5, 2010 (2 
Reviews). From a nonclinical pharmacology and toxicology standpoint, the application 
was recommended for approval in the Pharmacology and Toxicology Reviews of NDA 
22-535 dated April 5, 2010 and April 9, 2010.  
 
Recommendations for changes to nonclinical sections of the product label are 
discussed below. 
 
Labeling Review: 
 
INDICATIONS AND USAGE 
 
Sponsor’s Proposed Labeling: 
ESBRIET is a pyridone indicated for the treatment of idiopathic pulmonary fibrosis (IPF).  
 
Evaluation: No changes are needed. 
 
 
 
8.1 Pregnancy 
 
Sponsor’s Proposed Labeling: 
Teratogenic Effects: Pregnancy Category C. 
There are no adequate and well-controlled studies of ESBRIET in pregnant women.  
Pirfenidone was not teratogenic in rats and rabbits.  Because animal reproduction 
studies are not always predictive of human response, ESBRIET should be used during 
pregnancy only if the benefit outweighs the risk to the patient. 
 

oral doses up to 3 and 
2 times the maximum recommended daily dose in adults on mg/m2 basis, respectively 
and have revealed no evidence of impaired fertility or harm to the fetus due to 
pirfenidone.  In the presence of maternal toxicity, acyclic/irregular cycles (e.g., 
prolonged estrous cycle) were seen in rats at doses approximately equal to and higher 
than the  in adults on a mg/m2 basis.  , 
prolongation of the gestation period, decreased numbers of live newborn, and reduced 
pup viability and body weights were seen in rats at an oral dose approximately 3 times 
the  in adults on a mg/m2 basis.  
 
Evaluation: Doses used in nonclinical reproductive toxicology studies were added to 
Section 8.1.  were deleted per 
current labeling practice. 
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Recommended Labeling: 
Carcinogenesis 
Long-term studies were conducted in mice and rats with admixture of pirfenidone to the 
diet to evaluate its carcinogenic potential. 
 
In a 24-month carcinogenicity study in B6C3F1 mice, pirfenidone caused statistically 
significant dose-related increases of the combination of hepatocellular adenoma and 
carcinoma and hepatoblastoma in male mice at doses of 800 mg/kg and above (AUC 
exposure approximately 0.4 times adult exposure at the  

MRDD).  There were statistically significant dose-related increases of the 
combination of hepatocellular adenoma and carcinoma in female mice at doses of 
2000 mg/kg and above (AUC exposure approximately 0.7 times adult exposure at the 

 MRDD). 
 
In a 24-month carcinogenicity study in Fischer rats, pirfenidone caused statistically 
significant dose-related increases of the combination of hepatocellular adenoma and 
carcinoma in male rats at doses of 750 mg/kg and above (AUC exposure approximately 
1.9 times adult exposure at the  MRDD).  There 
were statistically significant increases of the combination of hepatocellular adenoma 
and carcinoma and the combination of uterine adenocarcinoma and adenoma at a dose 
of 1500 mg/kg/day (AUC exposure approximately 3.0 times adult exposure at the 

 MRDD). 
 
The relevance of these tumor findings in rodents to humans is unknown. 
 
Mutagenesis 
Pirfenidone was not mutagenic or clastogenic in the following tests: mutagenicity tests 
in bacteria, a chromosomal aberration test in Chinese hamster lung cells, and a 
micronucleus test in mice. 
 
Impairment of Fertility 
Pirfenidone had no effects on fertility and reproductive performance in rats at doses up 
to 1000 mg/kg/day (approximately 3 times the  
MRDD in adults on a mg/m2 basis). 
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Table 1 Exposure ratios of doses used in nonclinical studies as compared to the clinical 
dose on a mg/m2 basis 
 
Drug: Pirfenidone

# daily
age mg/dose doses mg/day kg mg/kg factor mg/m²

Adult >12 801 3 2403 50 48.0600 37 1778.22

conv. Dose Ratio Rounded Dose Ratio
route mg/kg/d factor mg/m² Adults Adults

Reproduction and Fertility:
rat Oral 450 6 2700 1.52 1
rat Oral 900 6 5400 3.04 3

Teratogenicity:
rat Oral 450 6 2700 1.52 1
rat Oral 900 6 5400 3.04 3
rat Oral 50 6 300 0.17 0.2
rat Oral 150 6 900 0.51 0.5
rat Oral 450 6 2700 1.52 1
rat Oral 1000 6 6000 3.37 3

rabbit Oral 30 12 360 0.20 0.2
rabbit Oral 100 12 1200 0.67 0.7
rabbit Oral 300 12 3600 2.02 2
Other:

guinea pig Oral 160 4 640 0.36 0.4
mouse Oral 500 3 1500 0.84 1

Conversion, Correction, and Rounding  Factors:

Human Age Weight Factor Factor Exposure greater than Round to
(yr) (kg) (kg/m²) Species (kg/m²) x-times human nearest

0 3 25 dog 20 1 1
1 10 25 guinea pig 8 10 5
2 12 25 hamster 4 100 10
4 16 25 monkey 12 1000 100
6 20 25 mouse 3 10000 1000

12 50 37 rabbit 12
rat 6  
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Tertiary Pharmacology Review 
 
By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology 
 OND IO 
NDA: 22-535 
Submission date: November 4, 2009 
Drug: pirfenidone 
Sponsor: Intermune Inc. 
Indication: idiopathic pulmonary fibrosis 
Reviewing Division: Division of Pulmonary, Allergy and Rheumatology Products 
 
Background Comments: 

The pharmacology/toxicology reviewers and supervisor in the Division of 
Pulmonary, Allergy and Rheumatology Products have reviewed the nonclinical 
information for pirfenidone and found it adequate to support approval from a 
pharmacology/toxicology perspective for the indication listed above.  Two 
pharmacology/toxicology reviewers were involved in reviewing the nonclinical 
information in this application. 

 
Pharmacologic class: 
The applicant contended that pirfenidone is an anti-inflammatory and anti-fibrotic 
agent. The reviewer found that these claims were not adequately supported. The 
pharmacological classification was discussed at a Division meeting and the 
mechanism of action, physiologic effect and chemical structure were considered. 
The conclusion was to use the chemical structure (pyridone) as the established 
pharmacologic class because other terms had not been scientifically justified. 
 
Phototoxicity: 
Pirfenidone was shown to be phototoxic in guinea pigs and mice. 
 
Impurities: 
The impurity  was identified to have a structural alert for 
genotoxicity. The reviewer noted that this impurity significantly exceeded the 
suggested limit of 1.5 µg/day. Consequently, the level of this impurity should be 
lowered to below 1.5 µg/day or the impurity should be tested in a bacterial 
mutagenicity assay. If positive in the bacterial mutagenicity assay then it would 
have to be lowered to 1.5 µg/day or otherwise qualified. 
 
The supervisor noted that since the primary reviewer completed his review, the 
applicant completed a bacterial mutagenicity assay of the impurity but has not 
submitted a final study report. 
 
Carcinogenicity: 
The applicant conducted 2-year carcinogenicity studies in rats and mice. The 
Executive Carcinogenicity Assessment Committee concluded that these studies 

(b) (4)



were adequate. The Committee concluded that the neoplastic findings in the liver 
of male and female rats (hepatocellular adenomas and combined hepatocellular 
adenomas and carcinomas) and uterus (adenocarcinomas and combined 
adenocarcinoma and adenoma) were drug-related. The committee also 
concluded that the hepatocellular adenomas, hepatocellular carcinomas, 
combined hepatocellular adenomas and carcinomas in male and female mice, 
and hepatoblastomas in male mice were drug-related. 
 
Reproductive and Developmental Toxicity: 
Review of the reproductive and developmental toxicity studies revealed 
decreased numbers of live newborn and reduced pup viability and body weights 
in the pre- and postnatal study in rats at the high dose of 1000 mg/kg, although 
no evidence of teratogenicity was observed in rats or rabbits. Maternal toxicity 
was observed in rats at the 1000 mg/kg dose, but this dose is only approximately 
3 fold higher than the clinical dose on a mg/m2 basis. The reviewer 
recommended pregnancy category C. 
 
Conclusions: 
 I read the reviews of the primary reviewers and supervisor and I concur 
with the Division pharmacology/toxicology recommendation that this NDA can be 
approved. I agree that the final study report of the bacterial mutagenicity assay of 

 should be submitted. Photosensitivity was noted 
clinically in addition to the nonclinical findings of phototoxicity. Therefore, a 
recommendation in the labeling to avoid sun exposure it is probably warranted 
although it is probably not necessary to describe the animal phototoxicity studies. 
I agree that the pregnancy category can be C. 

(b) (4)
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INTEROFFICE MEMO 
 
TO:  NDA 22-535 Original submission 
  Esbriet® (Pirfenidone) 
 
FROM: Molly E. Shea, Ph.D. 
  Pharmacology/Toxicology Supervisor 
  Division of Pulmonary, Allergy and Rheumatology Products 
 
DATE:  April 9, 2010 
 
Intermune submitted their New Drug Application (NDA) 22-535 on November 4, 
2009 for Esbriet (pirfenidone capsules) as a chronic treatment of idiopathic 
pulmonary fibrosis (IPF). The proposed clinical daily oral treatment for IPF is 
2403 mg/day taken as 9 capsules per day (3 capsules TID). Pirfenidone is a new 
molecular entity. It’s mechanism of action of pirfenidone has not been elucidated 
and was classified based on its chemical structure as a pyridone. The nonclinical 
program for pirfenidone included pharmacology, safety pharmacology, 
pharmacokinetic studies, toxicology studies with durations up to 6 months in rats 
and 9 months in dogs, reproductive toxicity, genotoxicity, carcinogenicity in mice 
and rats, and photosafety. Dr. Timothy Robison completed the primary review for 
this package. Dr. Grace Lee reviewed the reproductive toxicology studies for 
pirfenidone.  
 
Based on the overall nonclinical NDA evaluation, Dr. Robison concluded that 
characterization of the nonclinical toxicity profile of pirfenidone was complete. 
One impurity,  was identified in the drug substance that 
possesses a structural alert for genetic toxicity. The potential human exposure to 
this impurity exceeds the limit of 1.5 µg/day. This impurity should be reduced to ≤ 
1.5 µg/day or qualified for safety. Since the completion of the Dr. Robison’s 
primary review on April 5, 2010, the sponsor submitted a draft report of a genetic 
toxicity study to qualify this impurity. The final audited GLP study report should 
be submitted for review. 
 
The following is a brief summary of the relevant nonclinical observations made 
for pirfenidone: 
 

• Pirfenidone was identified to be phototoxic in both animals and humans.  
 

• In rats, the target organs of toxicity included the liver, thyroid gland, 
adrenal gland, urinary bladder, and kidneys. In dogs, the target organs of 
toxicity were the liver and submaxillary glands.  

 
• Pirfenidone was negative in a standard battery of genotoxicity tests but 

tumorigenic in mice and rats. 
 

(b) (4)
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• Pirfenidone had no effects on fertility, reproductive performance and was 
not teratogenic. However, prolongation of the gestation period, decreased 
numbers of live newborns, and reduced pup viability and body weights 
were seen in rats. Based on these observations, pirfenidone is classified 
as Pregnancy Category C. 

 
• Pirfenidone was found to distribute into the milk of lactating female rats. 

 
Dr. Robison reviewed the nonclinically relevant sections of the sponsor’s 
proposed labeling. Recommendations to the labeling were made in the primary 
review dated April 5, 2010. I concur with these recommendations. There are no 
outstanding nonclinical issues that would affect pirfenidone’s approval. Therefore, 
from the nonclinical perspective NDA 22-535 for pirfenidone is recommended for 
approval.  
 
_____________________________ 
Molly E. Shea, Ph.D. 
Pharmacology/Toxicology Supervisor 
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Disclaimer 
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1 Executive Summary 
 
1.1 Recommendations 
 
1.1.1 Approvability 

The applicant has a complete nonclinical pharmacology and toxicology program 
for pirfenidone, which supports the safety of the proposed clinical dose of 2403 
mg/day for the chronic treatment of idiopathic pulmonary fibrosis. 

 
1.1.2 Additional Non Clinical Recommendations 

Pirfenidone was identified to be phototoxic in both animals and humans. A 
photocarcinogenicity study is not considered to be necessary given that it would 
not affect approval based upon the morbidity associated with IPF and appropriate 
product labeling can be used to warn patients of the potential for phototoxic 
lesions and appropriate behavior modification (e.g., use of sunblock and to wear 
clothing that protects against sun exposure) to minimize the development of 
these lesions. 

 
1.1.3 Labeling 

A review of the sponsor’s proposed labeling and suggested labeling is provided 
at the end of this document. 

 
1.2 Brief Discussion of Nonclinical Findings 

Pirfenidone is under development by the sponsor for the treatment of idiopathic 
pulmonary fibrosis (IPF). InterMune submitted nonclinical pharmacology and 
toxicology study reports to support chronic administration of pirfenidone. These 
studies included pharmacology, safety pharmacology, ADME, toxicology studies 
with durations up to 6 months in rats and 9 months in dogs, reproductive toxicity, 
genotoxicity, carcinogenicity in mice and rats, and photosafety. 

 
The mechanism of action of pirfenidone has not been fully established; however, 
data from in vitro and animal models potentially suggest that pirfenidone has 
antifibrotic activity. The sponsor contention of anti-inflammatory activity does not 
appear to be supported. 
 
A full battery of safety pharmacology studies were conducted with pirfenidone 
that included assessments of neurological, cardiovascular, respiratory, and 
gastrointestinal effects. Neurological effects of pirfenidone were assessed in 
mice that received pirfenidone as single oral doses up to 300 mg/kg. A number of 
clinical signs were observed in a dose-related manner that included sedation, 
ptosis, abnormal posture, decreased body temperature, disturbance of gait, and 
lower spontaneous motor activity. All symptoms disappeared by 1-2 hours 
postdose. Effects of pirfenidone on the respiratory and cardiovascular systems 
were assessed in rats and dogs that received single oral or intravenous doses up 
to 300 mg/kg. Dose-related increases of heart rate were observed in both rats 
and dogs. Reflective of increased heart rate, dose-dependent decreases of the 
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RR interval were observed. Further, sinus tachycardia (heart rate >190 bpm) was 
evident in dogs that received higher oral or intravenous doses. For dogs that 
received single oral doses up to 100 mg/kg or an intravenous infusion of 9.2 
mg/kg bolus followed by the 88 mg/kg/hour infusion, the QTc interval did not 
exhibit any evidence of prolongation. With respect to gastrointestinal effects, 
pirfenidone caused dose-dependent and significant inhibition of the gastric 
emptying rate at oral doses ≥30 mg/kg and small intestinal transport at oral 
doses ≥100 mg/kg in rats. Pirfenidone at 10-4 M produced a slight but significant 
decrease in the muscle tone of the isolated ileum. 
 
In a 6-month oral toxicology study, rats received doses of 20, 100, 500, and 1000 
mg/kg/day. Target organs of toxicity included the liver, thyroid gland, adrenal 
gland, urinary bladder, and kidneys. Hepatocyte necrosis was observed for 17% 
(2/12) of high dose male rats at the end of the treatment period and 17% (1/6) of 
high dose female rats at the end of 35-day drug-free recovery period. 
Centrilobular hypertrophy was observed for 17% (2/12) of high dose males at the 
end of the treatment period. Liver weights were increased for males at ≥100 
mg/kg/day and females at ≥500 mg/kg/day, which appeared to be associated 
with hepatocellular hypertrophy and increases of cytochrome P450 levels and 
isozyme activities. Follicular cell hyperplasia of the thyroid gland was observed 
for 8.3% (1/12) high dose males at the end of the treatment period. Of note, 
findings in the liver and thyroid gland were more pronounced in the 2-year 
carcinogenicity study in terms of incidence and severity and appeared to 
correlate with neoplastic findings. An increased incidence of vacuolization of cells 
in the zona fasciculata of the adrenal gland was observed for high dose males. 
Inflammatory cell infiltration in the lamina propria of the urinary bladder was 
observed for 17% (2/12) of high dose males. Transitional cell hyperplasia was 
observed for 8.3% (1/12) of high dose males. Inflammatory cell infiltration in the 
renal pelvis of the kidney was observed for 8.3% (1/12) of males in the 1000 
mg/kg/day group at the end of the dosing period. Dilatation of the pelvic cavity 
was observed for 8.3% (1/12) of females in the 1000 mg/kg/day group at the end 
of the dosing period. Crystals in the urine (attributed to the 5-carboxylic acid 
metabolite of pirfenidone) were observed for males and females in the 500 and 
1000 mg/kg/day groups that might correlate with histopathological findings in the 
urinary bladder and kidneys. The NOAEL was identified as 500 mg/kg/day based 
upon histopathological findings in liver, thyroid, adrenal gland, urinary bladder, 
and kidneys at 1000 mg/kg/day.  

 
In a 9-month oral toxicology study, dogs received pirfenidone at oral doses of 0, 
20, 70, and 200 mg/kg/day. Alkaline phosphate (ALP) activities were increased 
1.3- and 2.3-fold for males and females at 70 and 200 mg/kg/day, respectively, 
during the treatment period although toxicological significance was only achieved 
for high dose dogs. Target organs of toxicity were the liver and submaxillary 
glands. Hepatocellular hypertrophy was observed in 3 males and 1 female at 200 
mg/kg/day. This finding appeared to be associated with induction of several 
cytochrome P450 isozymes. The relationship between this histopathological 
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finding and elevation of ALP activity was unclear. Acinar hypertrophy of mucous 
glands in the submaxillary gland was observed for 1 female at 70 mg/kg/day and 
3 males and 3 females at 200 mg/kg/day group.  The NOAEL was judged to be 
20 mg/kg/day based upon histopathological findings in the submaxillary glands at 
70 and 200 mg/kg/day and elevations of ALP activity and histopathological 
findings in the liver at 200 mg/kg/day. Findings in the submaxillary glands and 
liver might be judged to be monitorable in a clinical setting. Hepatocellular 
hypertrophy is generally regarded as an adaptive change and not necessarily 
adverse. There were relatively comparable findings in a second 9-month 
toxicology study with dogs that received doses of 10, 35, and 100 mg/kg BID (20, 
70, and 200 mg/kg/day, respectively). 

 
Pirfenidone was negative in a standard battery of genotoxicity tests.  
 
Pirfenidone was tumorigenic in mice and rats. In a 2-year mouse carcinogenicity 
study, pirfenidone produced increased incidences of hepatocellular adenomas 
and carcinomas and hepatoblastomas. In a 2-year rat carcinogenicity study, 
pirfenidone produced increased incidences of hepatocellular adenomas and 
carcinomas and uterine adenocarcinomas. In communication with the medical 
officer, based upon the morbidity and short life expectancy associated with IPF, 
these tumor findings with pirfenidone would not appear to impact approval for the 
treatment of this disease. 
 
Pirfenidone had no effects on fertility and reproductive performance in rats at oral 
doses up to 1000 mg/kg/day. In embryofetal development study with rats and 
rabbits that received oral doses up 1000 and 300 mg/kg/day, respectively, there 
was no evidence of teratogenicity. In the presence of maternal toxicity for rats, 
acyclic/irregular cycles were seen in rats at oral doses ≥450 mg/kg. Further, 
prolongation of the gestation period, decreased numbers of live newborn, and 
reduced pup viability and body weights were seen in rats at an oral dose of 1000 
mg/kg. Pirfenidone was found to distribute into the milk of lactating female rats at 
higher exposure levels than found in plasma. 

 
Pirfenidone showed evidence of phototoxicity. In a photoclastogenicity test, 
pirfenidone produced increased incidences of structural aberrations in irradiated 
Chinese hamster ovary cells. Results of a photomutagenicity study with bacteria 
were equivocal. The reliability of these photogenotoxicity tests was judged to be 
questionable. Studies with guinea pigs and hairless mice that received 
pirfenidone by the oral route and were irradiated with UV lights for periods up to 1 
month were identified with several findings of skin phototoxicity that included 
erythema, inflammatory cell infiltration, hemorrhage, vascular dilatation, 
hyperemia within the dermis, extension of the lesion from the dermis to 
epidermis, and increased thickness of the stratum spinosum (acanthosis). 
Lengthening the period between drug administration and exposure to sunlight 
might be beneficial in reducing phototoxic lesions. Use of sunscreens with high 
SPF and PA values might assist in ameliorating phototoxicity. 
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the ongoing study PIPF-002. At the time of the safety update it is projected that 
1355 healthy subjects or patients will have received pirfenidone at doses ranging 
from 801 mg/day to 4806 mg/day. Of these, 702 patients will have received the 
proposed to-be-marketed dose of 2403 mg/day, or greater, in the InterMune-
sponsored Phase 2/3 program.  

 
InterMune’s Phase 3 clinical development program consisted of two studies 
(PIPF-004 and PIPF-006) and was designed to establish the safety and efficacy 
of pirfenidone in the treatment of patients with IPF at the proposed to-be-
marketed dose of 2403 mg/day, administered orally as three 267-mg capsules 3 
times daily (TID).  
 
Pirfenidone (Pirespa® 200-mg tablet, Shionogi & Co., Ltd.) was recently 
approved for the treatment of patients with IPF in Japan. 
 

Table 1 Clinical trials conducted with pirfenidone 
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The sponsor, in a submission dated May 12, 2006, provided preliminary results 
of 2-year carcinogenicity studies with pirfenidone in rats and mice conducted by 
Shionogi & Co. Ltd. of Japan. These studies indicated findings of treatment-
related liver and uterine tumors in rats and liver tumors in mice. The Division 
requested that the Sponsor report these tumor findings in the Investigator 
Brochure and Patient Informed Consent. Further, the Division requested that the 
sponsor re-consent all patients due to these tumor findings. 

 
A Type C Meeting was scheduled with the sponsor for December 11, 2007. The 
Division requested that carcinogenicity studies with mice and rats conducted by 
Shionogi should be provided in the NDA. Electronic datasets should also be 
available.  

 
A Pre-NDA meeting was scheduled with the sponsor for September 17, 2008. 

 
NDA 22-535 was submitted by InterMune on November 4, 2009. 

 
3 Studies Submitted 
 
3.1 Studies Reviewed 
  
STUDIES REVIEWED STUDY NUMBER 
PHARMACOLOGY:  
Primary Pharmacology:  
Dietary intake of Pirfenidone Ameliorates Bleomycin Induced Lung Fibrosis in 
Hamsters 

PCLN-PIRF-009 

Investigations on the mechanism(s) of action of Pirfenidone PCLN-PIRF-010 
In Vitro Studies on the Suppression of TNFα Production by Pirfenidone (S-7701) PCLN-PIRF-69 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

19 

and Its Metabolites 
In Vivo Studies on the Suppression of TNFα Production by Pirfenidone (S-7701) 
and its Metabolites 

PCLN-PIRF-070 

Research for the Action Mechanism of Anti-Fibrotic Agent Pirfenidone (PFD) 
Suppressive Effect of Pirfenidone on TGF-β1 Elevation in Liver Tissue of LPS-
Injected Mice 

PCLN-PIRF-086 

Study to Investigate the Mechanism of Action of the Antifibrotic Agent Pirfenidone 
and Protective Effect and Anti-inflammatory Cytokine Production-Regulating Action 
of Pirfenidone (S-7701) in vivo Endotoxin Shock in Mice 

PCLN-PIRF-084 

Research for the Action Mechanism of Anti-Fibrotic Agent Pirfenidone (PFD) 
Immunosuppressive Activities of S-7701 

PCLN-PIRF-085 

Secondary Pharmacology:  
Determination of the Binding Activities of Pirfenidone in a Broad Panel of In Vitro 
Receptor Binding Assays 

PCLN-PIRF-115 

Titration of Binding Activities of Pirfenidone in Selected In Vitro Receptor Binding 
Assays 

PCLN-PIRF-119 

Enzyme Spectrum Screen Data Report NCR244 Rev 01 
Individual Tests Data Report NCR245 Rev 01 
SAFETY PHARMACOLOGY:  
Neurological Effects:  
General Pharmacology Study of Pirfenidone (S-7701) (1) PCLN-PIRF-091 
Cardiovascular/Pulmonary Effects:  
hERG Inhibition Testing for Pirfenidone PCLN-PIRF-057 
Evaluation of the Effects of Pirfenidone on Cloned HERG Channels Expressed in 
Human Embryonic Kidney (HEK293) Cells 

PCLN-PIRF-082 

Effects of 5-Carboxylic S-7701 on Ionic Current in Cells Expressing HERG 
Channels 

PCLN-PIRF-081 

Safety Pharmacology of S-7701: Effects on the in vitro Cardiac Action Potential of 
Guinea Pigs 

PCLN-PIRF-074 

Effects of 5-Carboxylic Pirfenidone (S-7701) on Action Potential in Guinea Pig 
Papillary Muscles 

PCLN-PIRF-075 

Effects of Pirfenidone (S-7701) on Action Potential in Guinea Pig Papillary Muscles PCLN-PIRF-076 
General Pharmacology Study of Pirfenidone (S-7701) (1) PCLN-PIRF-091 
General Pharmacology Study of Pirfenidone (2) PCLN-PIRF-092 
Safety Pharmacology of S-7701: Effects on the Cardiovascular and Respiratory 
Systems in Conscious Dogs 

PCLN-PIRF-071 

A Study of the Acute Cardiovascular and Pulmonary Effects of Orally and 
Intravenously Administered Pirfenidone in the Beagle Dog 

PCLN-PIRF-109 

Gastrointestinal Effects:  
Effects of Pirfenidone (S-7701) on the Digestive System PCLN-PIRF-098 
Pharmacokinetics/ADME/Toxicokinetics  
PK/ADME  
Absorption:  
Plasma Concentration of Pirfenidone (S-7701) after Single or Repeated Dosing of 
S-7701 to Rats 

PCLN-PIRF-077 

Plasma Concentration of Radioactivity after Administration of 14C-Pirfenidone (S-
7701) to Rats 

PCLN-PIRF-087 

Absorption Site of S-7701 in Gastro-Intestinal Tract of Rats PCLN-PIRF-097 
Plasma Concentration of S-7701 [Pirfenidone] and Its Metabolites after Single 
Administration of S-7701 to Dogs 

NCR119 

Distribution:  
In Vitro Protein Binding of [14C]-Pirfenidone PCLN-PIRF-110 
Tissue Distribution of Radioactivity after Single Oral Administration of 14C-
Pirfenidone to Rats 

PCLN-PIRF-090 
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Whole-body ARG Following Single Administration of [14C]-Pirfenidone in Pigmented 
Rats 

NCR230 

Tissue Distribution Following Single Administration of [14C]-Pirfenidone in 
Pigmented Rats 

NCR231 

Milk Transfer Following Single Administration of [14C]-S-7701 in Lactating Rats PCLN-PIRF-095 
Metabolism:  
Studies on the Time Course for Plasma Levels of S-7701 in Mice NCR142 Rev 01 
Effects of Pirfenidone on Hepatic Drug Metabolizing Enzymes in B6C3F1 Mice after 
Four Week Dietary Administration 

NCR003 

Structure Determination of Pirfenidone (S-7701) Metabolites in Rats and Dogs NCR007 
Quantitative Determination of Urinary and Biliary Metabolites Following Single 
Administration of [14C]-S-7701 in Rats 

PCLN-PIRF-064 

Entero-Hepatic Recirculation Following Single Administration of [14C]-S-7701 in Rats PCLN-PIRF-094 
Effects of S-7701 on Hepatic Drug Metabolizing Enzymes in F344 Rats after Four-
Weeks Dietary Administration 

NCR002 

Measurement of Plasma Metabolites Following Single Administration of S-7701 to 
Dogs 

PCLN-PIRF-103 

Quantitative Determination of Plasma, Urine, and Bile Metabolites Following Single 
Administration of [14C]-S-7701 in Dogs 

PCLN-PIRF-062 

Excretion:  
Pharmacokinetics and Disposition Following Multiple Administration of [14C]-S-7701 
in Rats 

PCLN-PIRF-096 

The Disposition of Total Radioactivity Following Oral and Intravenous Administration 
of [14C]-S-7701 to Dogs 

PCLN-PIRF-065 

Toxicokinetics (from Toxicology Studies):  
13 Week Preliminary Carcinogenicity Study of S-7701 By Feed In Rats NCR014 Rev 01 
GENERAL TOXICOLOGY:  
Single-Dose Toxicity:  
Single Dose Toxicity Studies with Pirfenidone Administered by the Oral Route to 
Mice, Rats, and Dogs 

PCLN-PIRF-025, 
PCLN-PIRF-026, 
NCR001,  
PCLN-PIRF-029, 
PCLN-PIRF-030, 
PCLN-PIRF-031, 
NCR-140,  
PCLN-PIRF-088 

Repeat-Dose Toxicity:  
Toxicity Tests in Six-Month Repeated Oral Administration of S-7701 to Rats PCLN-PIRF-073 
A 4-Week Continuous Intravenous Infusion Toxicity Study of Pirfenidone in Rats 
with a 2-Week Recovery 

PCLN-PIRF-118 

Nine-Month Oral Toxicity Study of S-7701 in Dogs PCLN-PIRF-072 
9-Month Capsule Toxicity Study with Pirfenidone in Dogs with a 6-Month Interim 
Sacrifice and a 6-Week Recovery Sacrifice (See Appendix 10) 

PCLN-PIRF-034 

GENETIC TOXICOLOGY  
Salmonella/Microsome Mutagenesis Assay with Lot #1818 (See Appendix #5) PCLN-PIRF-041 
Evaluation of a Test Article in the Salmonella typhimurium/ Escherichia coli Plate 
Incorporation Mutation Assay in the Presence and Absence of Induced Rat Liver S-
9 

PCLN-PIRF-058 

Photomutagenicity Test of S-7701 with Bacteria NCR056 Rev 01 
Chromosome Aberration Study of S-7701 Using Chinese Hamster Cultured Cells 
(See Appendix 12) 

NCR008 

Test for Chemical Induction of Chromosome Aberrations in Cultured Chinese 
Hamster Ovary (CHO) Cells With and Without Metabolic Activation 

PCLN-PIRF-059 

Photoclastogenicity Test of S-7701 (Pirfenidone) in Cultured Chinese Hamster Cells PCLN-PIRF- 
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(See Appendix 16) 
Chromosomal Aberration Test of S-7701 Photodegradation Product-1 in Cultured 
Chinese Hamster Lung Cells 

NCR030 Rev 01 

In vivo mouse micronucleus assay (See Appendix 7) PCLN-PIRF-042 
In Vivo/In Vitro Unscheduled DNA Synthesis Test of Pirfenidone (S-7701) With Rat 
Liver Cells 

NCR004 Rev 01 

CARCINOGENICITY:  
Carcinogenicity Study (Feed) of S-7701 in Mice for 104 Weeks  
(See Review dated 2-24-10) 

NCR018 

Carcinogenicity Study (Feed) of S-7701 in Rats for 104 Weeks  
(See Review dated 2-24-10) 

NCR017 

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY:  
Study for Effects on Fertility and Fetal Development in Rats (See Appendix 7) PCLN-PIRF-050 
Oral (Gavage) Study for Effects on Fertility and Embryo-Fetal Development in Rats 
(See Review by Dr. Grace Lee) 

PCLN-PIRF-078 

Oral (Gavage) Study for Effects on Fertility and Embryo-Fetal Development in 
Rabbits (See Review by Dr. Grace Lee) 

PCLN-PIRF-080 

Oral (Gavage) Study for Effects on Pre- and Postnatal Development, Including 
Maternal Function in Rats (See Review by Dr. Grace Lee) 

PCLN-PIRF-079 

SPECIAL TOXICOLOGY STUDIES:  
Skin Photosensitization Study of S-7701 (Guinea Pigs) PCLN-PIRF-089 
Phototoxicity Study of Pirfenidone (S-7701) in Guinea Pigs PCLN-PIRF-099 
Study for Alleviation of Skin Phototoxicity of Pirfenidone (S-7701) in Guinea Pigs PCLN-PIRF-106 
Study on Effect of Sunscreens on Skin Phototoxicity of Pirfenidone (S-7701) in 
Guinea Pigs 

PCLN-PIRF-107 

One-Month Oral Phototoxicity Study of S-7701 in Hairless Mice   NCR232 
Effects of S-7701 on Extracellular Dopamine Levels in Rat Hypothalamus  
(See Review dated 2-24-10) 

NCR015 

Effects of S-7701 on Extracellular Dopamine Levels in Rat Striatum  
(See Review dated 2-24-10) 

NCR034 

One-Month Dietary Study for Effects of S-7701 on Sex Hormones in Female F344 
Rats (See Review dated 2-24-10) 

NCR006 and 
NCR012 

 
STUDY SUMMARIES PROVIDED STUDY NUMBER 
TOXICOLOGY  
Repeat-Dose Toxicity:  
One Toxicity Study of Pirfenidone in Rats 
(See Appendix 5) 

PCLN-PIRF-054 

Toxicity Study of Pirfenidone after Multiple Compulsory Oral Administration for One 
Month in Rats (See Appendix 5) 

PCLN-PIRF-055 

Three Month Subacute Oral Chronic Toxicity of AMR-69 in Rats 
(See Appendix 5) 

PCLN-PIRF-051 

Three Month Subacute Oral Chronic Toxicity of AMR-69 in Rats 
(See Appendix 5) 

PCLN-PIRF-052 

13-Week Preliminary Carcinogenicity Study of S-7701 by Feed in Mice  
(See Review dated 2-24-10) 

NCR013 

13-Week Preliminary Carcinogenicity Study of S-7701 by Feed in Rats 
(See Review dated 2-24-10) 

NCR014 

A 4-Week Range-Finding Intravenous Infusion Toxicity Study of Pirfenidone in Rats PCLN-PIRF-117 
Three-Month Multiple-Dose Toxicity Study of S-7701 on Dogs NCR016 
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secondary to activation and proliferation of fibroblasts at the sites of lung injury. Patients 
with IPF suffer a relentless and debilitating loss of lung function, with progressive 
respiratory insufficiency that ultimately culminates in death.  
 
The mechanism of action of pirfenidone has not been fully established. The anti-
inflammatory and antifibrotic effects of pirfenidone were not considered to be clearly 
substantiated in nonclinical pharmacology studies. 
 
In vitro pharmacology studies included assessments of the effects of pirfenidone on 
fibroblast proliferation in the presence and absence of growth factors and suppression 
of TGF-β1 and TNFα production. In FBS-free DMEM cultures, pirfenidone at 
concentrations ≥30 µM significantly suppressed normal human dermal fibroblast 
(NHDF) proliferation in the absence of growth factors. Pirfenidone significantly inhibited 
platelet-derived growth factor (PDGF-BB)-facilitated NHDF proliferation at 30 µM and 
1000 µM; however, dose-dependency was not evident and effects were modest. For 2% 
FBS-DMEM cultures, pirfenidone at 1000 µM significantly inhibited NHDF proliferation 
as well as interleukin-1β (IL-1β)- and PDGF-BB-stimulated NHDF proliferation. In the 
absence of growth factors, pirfenidone at 100 µM and 1000 µM significantly suppressed 
human lung fibroblast (IMR-90) proliferation; however, the dose response was flat. 
Pirfenidone at 100 µM and 1000 µM dose-dependently suppressed the PDGF-BB-
facilitated proliferation; however, it did not affect the IL-1β-stimulated proliferation 
enhancement. Pirfenidone had no effects on the LPS-induced TGF-β1 release from 
THP-1 cells in FBS-free RPMI1640 media. However, when cultures were grown in 0.2% 
FBS-RPMI 1640 media, pirfenidone significantly depressed TGF-β1 release by LPS-
stimulated THP-1 cells. Pirfenidone at concentrations of 30 to 1000 µM dose-
dependently suppressed LPS-stimulated PDGF-AB release from THP-1 cells by 10.7 to 
41.7%. Pirfenidone inhibited NHDF collagen synthesis in a dose-dependent manner; 
significant suppression was established at 300 µM. Pirfenidone produced a dose-
dependent suppressive effect on collagen synthesis by human lung fibroblast (IMR-90); 
however, statistically significant inhibition with doses as high as 1000 µM was not 
achieved. Pirfenidone produced a dose-dependent inhibition of LPS-stimulated TNFα 
production by RAW264.7 mouse macrophage. Pirfenidone and its 5-hydroxymethyl and 
5-carboxylic acid metabolites inhibited TNFα production by THP-1 cells in response to 
LPS stimulation with estimated IC50 values of 48.3, 108.6, and >300 µg/mL, 
respectively. 
 
In vivo pharmacology studies examined effects of pirfenidone on hamster and rat 
models of bleomycin-induced lung fibrosis and on lipopolysaccharide/D-galactosamine-
induced pathological changes in mice. In a hamster model of bleomycin-induced lung 
fibrosis, treatment with pirfenidone in the diet significantly reduced bleomycin-induced 
increases of lung hydroxyproline levels and lung prolyl hydroxylase activities. Further, 
lungs from bleomycin-treated hamsters that received pirfenidone in the diet showed a 
75% reduction in fibrotic lesions. In a rat model of bleomycin-induced lung fibrosis, 
pirfenidone in the diet at doses of 100, 300, and 500 mg/kg/day,  administered from the 
day before fibrosis induction to the day of sacrifice, dose-dependently reduced lesions 
such as recess and emphysema formation by fibrosis and suppressed increases in lung 
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tissue hydroxyproline content; however, administration from post-induction day 14 to 
sacrifice did not show any marked inhibitory effects on increases of the hydroxyproline 
content or histopathological score. Pirfenidone and its 5-hydroxymethyl metabolite 
inhibited in vivo TNFα production in mice treated with lipopolysaccharide (LPS) plus D-
galactosamine (D-galN) in a dose-dependent manner with estimated ED50 values of 148 
mg/kg and 281 mg/kg, respectively; however, the 5-carboxylic metabolite had no 
effects. Effects of pirfenidone on LPS/D-galN-induced pathological changes in mice 
were investigated. Pirfenidone at 500 mg/kg showed a protective effect against LPS/D-
galN-induced mortality in mice when administered at 0.5 hr prior to challenge; however, 
40% of mice died with treatment 3 hr prior challenge, and all mice died with treatment 
24 hr prior to challenge. Pirfenidone administered at an oral dose of 500 mg/kg to mice 
inhibited LPS/D-galN-induced increases of TNFα, IL-12, and IFN-γ; however, production 
of IL-10, an anti-inflammatory cytokine, was increased. Pirfenidone when administered 
to mice at a dose of 500 mg/kg either 5 min prior to or 4 hr after LPS/D-galN challenge 
completely inhibited internal hemorrhagic necrosis of the liver and apoptosis due to 
LPS-induced acute inflammation of liver tissue. This would appear to indicate that 
inhibition of hemorrhagic necrosis accompanying liver cell apoptosis, which is a cause 
of LPS-induced death due to shock in mice, may play a role in the increase in mouse 
survival rates produced by pirfenidone. Treatment of mice with 500 mg/kg pirfenidone at 
5 min before or 4 hr after LPS/D-galN administration suppressed liver tissue levels of 
TGF-β1 to 3122.3 and 3193.5 pg/100 mg liver tissue, respectively, as compared to 
9340.5 pg/100 mg liver tissue for the LPS/D-galN only. These results might suggest that 
pirfenidone can prevent death and apoptosis by inhibiting the production of 
inflammatory cytokines in the blood of mice treated with LPS. The effects of pirfenidone 
do not appear to be mediated by changes of humoral or cellular immunity.  
 
Pirfenidone could potentially have a large number of secondary pharmacological 
effects. The receptor binding activities of the pirfenidone, at a concentration of 1 mM, 
were tested in 169 validated radioligand binding competition assays. Pirfenidone was 
found to have an inhibition of greater than or equal to 20% in 18 receptor binding 
competition assays although Ki values ranged from 222 µM to 5.78 mM suggesting lack 
of potency. 
 
A complete battery of safety pharmacology studies were conducted with pirfenidone that 
included assessments of neurological, cardiovascular, respiratory, and gastrointestinal 
effects.  
 
Neurological effects of pirfenidone were assessed in mice that received pirfenidone at 
oral doses of 30, 100, and 300 mg/kg. Sedation and ptosis were observed in a dose-
related manner with doses ≥30 mg/kg. Abnormal posture and slight decreases of body 
temperature were observed at doses ≥100 mg/kg. Disturbance of gait were evident at 
300 mg/kg. Spontaneous motor activity in the 100 and 300 mg/kg groups were 
significantly lower. All symptoms disappeared by 1-2 hours postdose. The duration of 
pentobarbital anesthesia in the 300 mg/kg group was significantly longer. The 
electroshock-induced convulsive threshold and the PTZ-induced convulsive threshold in 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

25 

the 300 mg/kg group were significantly higher. The number of acetic acid-induced 
writhings in the 300 mg/kg group was significantly lower. 
 
Perfusion HEK293 expressing the hERG channel with pirfenidone (0.1-5.0 mM) 
produced a concentration-dependent inhibition of hERG mediated potassium currents; 
the IC50 value for pirfenidone was determined to be 5.04 mM. Pirfenidone did not 
appear to be a potent inhibitor of the hERG channel. The 5-carboxylic metabolite of 
pirfenidone at concentrations up to 1000 µM had no significant effects on the hERG 
channel. Pirfenidone and its 5-carboxylic metabolite at concentrations up to 10-4 and 10-

3 M, respectively, had no effects on APD50, APD90, RMP, APA, and dV/dt max of right 
ventricular papillary muscles isolated from guinea pigs over a 30-min incubation period.  
 
Effects of pirfenidone (S-7701) on the respiratory and cardiovascular systems were 
assessed using urethane anesthetized rats that received pirfenidone at intraduodenal 
doses of 10, 30, 100, and 300 mg/kg. Respiratory volumes were increased up to 1.5-
fold at doses ≥30 mg/kg groups up to 90-min postdose. Mean, systolic, and diastolic 
blood pressures at doses ≥30 mg/kg groups were significantly lower (≤65% decrease) 
up to 30 min postdose. Heart rates at doses ≥100 mg/kg group were significantly higher 
(≤1.5-fold) up to 180 min postdose. The arterial blood flow at 300 mg/kg was 
significantly higher (≤1.5-fold) up to 90-min postdose. Pirfenidone caused a sporadic 
arrhythmia associated with premature ventricular contractions (PVC) in a dose-related 
manner at doses ≥10 mg/kg. A study with conscious rats that received identical 
intraduodenal doses produced relatively comparable results as observed with 
anesthetized rats.  
 
Pirfenidone administered to conscious male beagle dogs at oral doses of 30, 100, and 
300 mg/kg increased heart rate (up to 149.0, 168.3, and 195.3 bpm, respectively) from 
30 min up to 2 hr postdose as compared to the control value of 100 bpm. Heart rate 
returned to the predose levels within 2-6 hr postdose. RR interval showed a tendency of 
shortening (66% of control) with a peak at 2 hr postdose in dogs that received 300 
mg/kg, which correlated with increased heart rates. QRS, QT, and QTc intervals were 
increased for dogs at 100 mg/kg (QTc interval exceeded threshold of 250 msec to reach 
a range of 260-300 msec); however, no changes were observed at the high dose of 300 
mg/kg. Respiration rate increased significantly at 1 hr postdose in dogs that received 
300 mg/kg (41 breaths/min vs. 30.0 breaths/min for the control).  
 
Cardiovascular effects of pirfenidone were assessed in four male and four female 
beagle dogs that received oral doses of 0, 30, or 100 mg/kg or by intravenous infusion 
at doses of 0, 8.8, 29.3, 58.7, and 88 mg/kg/hr. Each intravenous infusion was preceded 
with a 5-min loading dose at 0, 0.9, 3.1, 6.1, and 9.2 mg/kg, respectively. Following oral 
doses of 30 and 100 mg/kg, increased heart rates up to 1.7-fold above control values 
were reached within 2 hr postdose. Similar to oral administration, increases in heart 
rate, up to 1.5-fold above control values, were observed following intravenous 
administration of ≥3.1 mg/kg bolus and 29.3 mg/kg/hr infusion within 2 hr postdose. 
Heart rate generally returned to predose baseline by 4-hr postdose. Reflective of 
increased heart rate, dose-dependent decreases in the RR interval up to 2-fold were 
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observed within the 4 hr following oral dosing with ≥30 mg/kg or intravenous dosing with 
the ≥3.1 mg/kg bolus followed by the 29.3 mg/kg/hr infusion. The oral dose of 100 
mg/kg or intravenous infusion of 9.2 mg/kg bolus followed by the 88 mg/kg/hour infusion 
produced decreases in the PR interval (up to 20-25%) within the first 3-4 hr following 
dosing for both males and females. There appeared to be a slight decrease in the QT 
interval for males (up to 25%) following oral administration of 100 mg/kg. Following 
intravenous administration, the QT interval decreased dose-dependently up to 25% in 
males with doses ≥0.9 mg/kg bolus followed by the 8.8 mg/kg/hr infusion. The QT 
interval decreased to a lesser degree in females following the 9.2 mg/kg bolus followed 
by the 88 mg/kg/hr infusion. Once corrected for heart rate, the QT interval (i.e., the QTc 
interval) did not exhibit any evidence of prolongation. Sinus tachycardia (heart rate >190 
bpm) was noted in 1/8 animals following the oral dose of 100 mg/kg and 6/8 animals 
following the 9.2 mg/kg bolus followed by the 88 mg/kg/hr infusion. These findings 
appear to be in agreement with observations of increased heart rate and decreased RR 
interval. There were no treatment-related changes of respiratory rate, tidal volume, and 
minute volume following treatment with pirfenidone. Changes of blood gas parameters 
were compatible with a mild acidosis and reduced oxygenation.  
 
Pirfenidone was evaluated in in vivo (gastric emptying and small intestinal transport) 
and in vitro (spontaneous motility of the isolated ileum) studies to assess its effects on 
the gastrointestinal system. Pirfenidone caused dose-dependent and significant 
inhibition of the gastric emptying rate at oral doses ≥30 mg/kg and small intestinal 
transport at oral doses ≥100 mg/kg. Pirfenidone at 10-4 M (0.0185 mg/mL) produced a 
slight but significant decrease in the muscle tone of the isolated ileum. 
 
4.1 Primary Pharmacology 
 
Dietary intake of Pirfenidone Ameliorates Bleomycin Induced Lung Fibrosis in 
Hamsters (PCLN-PIRF-009): The antifibrotic effect of pirfenidone was evaluated in the 
single dose Bleomycin (BL)-hamster model of lung fibrosis. The hamsters were 
randomized into four experimental groups: 1) saline-instilled fed the control diet (SCD); 
2) saline-instilled fed the same diet containing pirfenidone (SPD); 3) BL-instilled fed the 
control diet (BCD); and 4) BL-instilled fed the same diet containing pirfenidone (BPD). 
The hamsters were fed ad libitum either pulverized rat chow or the same pulverized rat 
chow containing 0.5% pirfenidone (w/w). The animals were fed these diets starting 2 
days before the intratracheal (IT) instillation of bleomycin and continuing throughout the 
course of the 21-day study. Bleomycin (7.5 U/5 mL/kg) or pyrogen-free sterile isotonic 
saline (5 mL/kg) was instilled IT. The hamsters were euthanized at 21 days after the 
instillation of bleomycin or saline. The lungs were processed for measurements of 
hydroxyproline as a measure of collagen content, prolyl hydroxylase activity, 
malondialdehyde equivalent as an index of lipid peroxidation, superoxide dismutase 
activity, and myeloperoxidase activity. Histopathological examinations of left, right 
cranial and right caudal lung lobes from 4 animals per group were performed. 
 
The lung hydroxyproline levels, an index of pulmonary fibrosis, in SCD, SPD, BCD and 
BPD groups were 949, 970, 1759 and 990 µg/lung, respectively. The lung prolyl 
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hydroxylase activities in the SPD, BCD and BPD groups were 88, 140 and 107% of the 
control (SCD) group (4.2x104 dpm/lung/30 min), respectively. The superoxide dismutase 
(SOD) activity and malondialdehyde equivalent levels in the corresponding groups were 
443, 524, 613 and 490 units/lung and 56, 49, 108 and 74 nmoles/lung, respectively. The 
lung myeloperoxidase activities were 86, 186 and 126% of the control group (92 
units/lung), respectively. Bleomycin alone caused significant increases in all the 
biochemical markers of lung toxicity, and dietary intake of pirfenidone appeared to 
minimize the bleomycin toxicity as reflected by significant decreases in all the above 
markers. Lungs of hamsters from the control groups (SCD and SPD) showed no visible 
lesions and interalveolar septa had a normal appearance. In contrast, lungs from 
hamsters treated with bleomycin showed parenchymal lesions. Lungs from the 
bleomycin plus control diet (BCD) hamsters showed thickened interalveolar septa lined 
with hypertrophied and hyperplastic cuboidal epithelial cells and abundant airway 
inflammatory cells. Lesions varied from multifocal locations in proximal acini to a diffuse 
distribution that involved the pleura. In diffuse lesions, alveolar spaces were often 
obliterated by organized connective tissue. Lungs from the bleomycin and pirfenidone 
diet (BPD) hamsters showed about a 75% reduction in fibrotic lesions. Thickened septa 
were observed, but the diffuse lesions of organized connective tissue were not. Some of 
the lungs had abundant airway inflammatory cells. It was concluded that pirfenidone 
was a novel antifibrotic agent and potentially useful in preventing the development of 
pulmonary fibrosis. 
 
Figure 1 Effects of daily administration of pirfenidone on lung hydroxyproline after 
intratracheal instillation of bleomycin (7.5 U/kg).  
 
All data are expressed as Mean ± SEM. The number of animals in each group is shown 
in parentheses below each bar and treatment groups are indicated along the x-axis. 
*Significantly higher (p <0.05) than the SCD, SPD and BPD groups. 
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Figure 2 Effects of daily administration of pirfenidone on lung prolyl hydroxylase activity 
after intratracheal instillation of bleomycin (7.5 U/kg).  
 
All data are expressed as Mean ± SEM. The number of animals in each group is shown 
in parentheses below each bar and treatment groups are indicated along the x-axis. 
*Significantly higher (p <0.05) than the SCD, SPD and BPD groups. 
 

 
 
Investigations on the mechanism(s) of action of Pirfenidone (PCLN-PIRF-010): A 
number of in vitro and in vivo studies were conducted to assess the antifibrotic effects of 
pirfenidone. 
 
Antifibrotic Effects 
 
1. Effects of pirfenidone on normal human dermal fibroblasts (NHDF) proliferation in the 
absence and presence of growth factors, interleukin-1β (IL-1β) and platelet-derived 
growth factor (PDGF-BB) were assessed. 
 
FBS-free DMEM cultures: Pirfenidone significantly suppressed cell proliferation in the 
absence of growth factors at doses ≥30 µM. The antioxidant, pyrollidine dithiocarbamate 
(PDTC), and cyclooxygenase inhibitor, indomethacin, suppressed cell proliferation at 1 
and 30 µM, respectively. Pirfenidone significantly inhibited PDGF-BB (100 ng/ml)-
facilitated proliferation at 30 µM and 1000 µM; however, dose-dependency was not 
evident and effects were modest. 
 
2% FBS-DMEM cultures: Pirfenidone significantly inhibited NHDF proliferation at 1000 
µM. Moreover, PDTC and indomethacin produced suppressive effects on similar cell 
growth at 10 and 300 µM, respectively. At 1000 µM, pirfenidone significantly inhibited 
IL-1β (300 pg/mL)-promoted and PDGF (100 ng/mL)-enhanced NHDF proliferation. 
Furthermore, inhibitory effects (10 and 300 µM for IL-1β; 10 and 100 µM for PDGF-BB) 
of reference drugs, PDTC and indomethacin were observed. 
 
2. Effects of pirfenidone on human lung fibroblast (IMR-90) proliferation with and without 
growth factors were investigated. 
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In the absence of growth factors, pirfenidone significantly suppressed IMR-90 
proliferation at 100 µM and 1000 µM; however, the dose response was flat. Effects of 
pirfenidone on IL-1β (300 pg/mL)- and PDGF-BB (100 ng/mL) facilitated cell growth 
were evaluated. Although pirfenidone dose-dependently suppressed the PDGF-BB-
facilitated proliferation, it did not affect the IL-1β-stimulated proliferation enhancement. 
The inhibitory effects on PDGF-BB-stimulated proliferation enhancement were 
significant at 100 µM and 1000 µM.  
 
3. Effects of pirfenidone on TGF-β1 release from monocytes (THP-1 cells) thought to 
influence fibroblast proliferation were evaluated. 
 
PDTC, but not pirfenidone, inhibited the LPS (10 µg/ml)-induced TGF-β1 release 
(123.217 pg/mL) from THP-1 cells in FBS-free RPMI1640 media. With indomethacin, 
the effects were biphasic: facilitation at 30 µM but inhibitory at 300 µM. At post-
treatment 24 hr with PDTC and indomethacin, trypan blue staining indicated the cell 
count to have decreased by more than 50%. When cultures were grown in 0.2% FBS-
RPMI 1640 media, pirfenidone significantly depressed TGF-β1 (95.573 pg/ml) release 
into the cultures by LPS (10 µg/mL)-stimulated THP-1 cells: 11.9% inhibition at 1000 µM 
and 10.4% inhibition at 300 µM. Furthermore, cell proliferation was inhibited with PDTC 
at 100 and 1000 µM by 11.6% and 25.7%, respectively. However, indomethacin did not 
affect the TGF-β1 production. 
 
4. Effects of pirfenidone on PDGF-AB release from monocytes (THP-1 cells) thought to 
influence fibroblast proliferation were investigated. 
 
Pirfenidone dose-dependently suppressed LPS-stimulated PDGF-AB release (530.56 
pg/mL) from THP-1 cells; 14.2%, 10.7%, 29.7%, and 41.7% inhibition at 30, 100, 300 
and 1000 µM, respectively. Similarly, suppressive effects on LPS-induced PDGF-AB 
release from THP-1 cells with PDTC (reference drug) were observed; 21.1%, 22.9%, 
and 18.1% inhibition at 10, 100, and 1000 µM, respectively. Furthermore, indomethacin 
significantly suppressed the PDGF-AB release at 300 µM. At 24 hr post-treatment  with 
PDTC and indomethacin, cell counts by trypan blue staining confirmed that the cell 
populations were decreased by more than 50%. 
 
5. Effects of pirfenidone on TGF-β1-induced type-1 collagen synthesis by NHDF were 
evaluated in vitro. 
 
TGF-β1 significantly promoted collagen synthesis by NHDF. Pirfenidone inhibited NHDF 
collagen synthesis in a dose-dependent manner; significant suppression was 
established at 300 µM. Although suppressive effects were observed with PDTC and 
indomethacin (reference drugs) at 1 µM and 100 µM, respectively, these effects might 
be attributable to cytotoxicity. 
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10. Effects of pirfenidone on the production of reactive oxygen radicals (O2
-) by PMA-

stimulated neutrophils in human peripheral blood were investigated in vitro to assess 
the presence of radical scavenging effects. 
 
Pirfenidone had no effects. 
 
Anti-inflammatory Effects 
 
11. Studies on in vitro effects of pirfenidone on COX-1 and COX-2 were attempted to 
clarify its mechanism(s) of anti-inflammatory action. 
 
Pirfenidone produced neither facilitatory nor inhibitory effects on both COX-1 and COX-
2. However, PDTC (100 µM) showed significant facilitatory effects on COX-1. In 
addition, indomethacin indicated inhibitory effects on both COX-1 and COX-2. 
 
Cytotoxicity 
 
The cytotoxic effects of pirfenidone on NHDF in the absence of growth factors were 
investigated. 
 
No cytotoxicity was observed with pirfenidone concentrations up to 3000 µM.  
 
Effects of pirfenidone on bleomycin-induced rat lung fibrosis model 
  
12. Prophylactic effects of pirfenidone-supplemented diet on Bleomycin-induced lung 
fibrosis (Intratracheal administration of bleomycin HCI [0.9 mg/0.3 mL/lung] or 
physiological saline [0.3 mL/lung; control]). Pirfenidone-supplemented diet (0.14, 0.42, 
and 0.70% equivalent to 100, 300, and 500 mg/kg/day, respectively) or normal feed was 
given to rats from the day before fibrosis induction to the day of sacrifice (Day 15).  
 
Pirfenidone (100, 300, and 500 mg/kg/day) dose-dependently reduced lesions such as 
recess and emphysema formation by fibrosis and suppressed increases in lung tissue 
hydroxyproline content. Furthermore, histopathological scores (HE staining and Masson 
staining) manifested similar dose-related inhibitory effects. The inhibitory effects of 
pirfenidone on increases of lung tissue hydroxyproline content and histopathological 
score were observed with doses of 300 and 500 mg/kg/day. 
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100, or 300 µg/mL. S-7701 and its 5-OH metabolite were found to suppress the in vitro 
production of TNFα by THP-1 cells stimulated with LPS in a distinct dose-dependent 
manner. A similar inhibitory trend was also observed for the 5-COOH metabolite. The 
estimated IC50 values for S-7701, 5-OH metabolite, 5-COOH metabolite were 48.3 
µg/mL, 108.6 µg/mL, and >300 µg/mL, respectively. 
 
In Vivo Studies on the Suppression of TNFα Production by Pirfenidone (S-7701) 
and its Metabolites (PCLN-PIRF-070): Pirfenidone (S-7701) and its 5-hydroxymethyl 
metabolite (Lot number 31) and 5-carboxylic acid metabolite (Lot number 31) were 
evaluated for in vivo inhibitory effects on TNFα production in response to 
lipopolysaccharide (50 µg) plus D-galactosamine (250 mg/kg). Female C57BL/6 
(3/group) received pirfenidone, the 5-hydroxymethyl metabolite, or the 5-carboxylic 
metabolite as single oral doses of 100, 300, or 500 mg/kg. The control group received 
the vehicle. Ten min after administering the test substance or vehicle, each mouse 
received an intraperitoneal injection of LPS/D-galactosamine. Blood samples were 
collected 1.25 hr later. Serum levels of TNFα concentration were then determined by 
ELISA. Pirfenidone and its 5-OH metabolite were found to suppress the in vivo 
production of TNFα in mice treated with LPS in a distinct dose-dependent manner, while 
the 5-COOH metabolite was found to have no inhibitory effect. The estimated ED50 
values for pirfenidone and its 5-OH metabolite were 148 mg/kg and 281 mg/kg, 
respectively. 
 
Research for the Action Mechanism of Anti-Fibrotic Agent Pirfenidone (PFD) 
Suppressive Effect of Pirfenidone on TGF-β1 Elevation in Liver Tissue of LPS-
Injected Mice (PCLN-PIRF-086): Effects on 500 mg/kg pirfenidone on the levels of 
TGF-β1 were assessed in livers from mice treated with lipopolysaccharide (LPS)/D-
galactosamine (D-galN). Study groups included a vehicle-control group that did not 
receive LPS/D-galN, a LPS/D-galN only group, a group that received 500 mg/kg 
pirfenidone 5 min prior to LPS/D-galN administration, and a group that received 500 
mg/kg pirfenidone at 4 hr after LPS/D-galN administration. Livers were collected 6 hr 
after LPS/D-galN administration and frozen. The TGF-β1 level in the vehicle-control was 
1799.0 pg/100 mg liver tissue. Treatment with 500 mg/kg pirfenidone at 5 min before or 
4 hr after LPS/D-galN administration suppressed TGF-β1 levels to 3122.3 and 3193.5 
pg/100 mg liver tissue, respectively, as compared to 9340.5 pg/100 mg liver tissue for 
the LPS/D-galN only. Pirfenidone inhibited the LPS/D-galN-induced elevation of TGF-β1 
in liver tissue by 81.5 to 82.5%. 
 
Study to Investigate the Mechanism of Action of the Antifibrotic Agent 
Pirfenidone and Protective Effect and Anti-inflammatory Cytokine Production-
Regulating Action of Pirfenidone (S-7701) in vivo Endotoxin Shock in Mice (PCLN-
PIRF-084): Effects of pirfenidone were assessed on (1) lipopolysaccharide (LPS) and 
D-galactosamine (D-galN)-induced mortality in mice, (2) LPS/D-galN-induced levels of 
inflammatory cytokines, TNFα, IL-12, and IFNγ, and levels of the anti-inflammatory 
cytokine, IL-10, in mice (3) levels of the anti-inflammatory cytokine, IL-10, in mice 
treated with LPS/D-galN, (4) LPS/D-galN-induced hemorrhagic necrosis of the liver in 
mice, and (5) LPS-stimulated TNFα production by RAW264.7 mouse macrophages. 
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1. Preventive Effect of pirfenidone administration on death in mice induced by LPS/D-
galN: Pirfenidone at an oral dose of 500 mg/kg was administered to female C56BL/6 
mice at 24, 3, and 0.5 hr prior to LPS/D-galN administration. Numbers of deaths were 
assessed up to 96 hr after LPS/D-galN administration. Pirfenidone showed a 
prophylactic effect at 0.5 hr prior to LPS/D-galN administration; however, 2 of 5 mice 
died with the treatment 3 hr prior to LPS/D-galN, and all mice died with the treatment 24 
hr prior to LPS/D-galN. 
  
Figure 5 Effect of pirfenidone on LPS/D-galN-induced death 

 
 

2. Pirfenidone at 500 mg/kg was administered to female C57BL/6 mice 5 min prior to 
LPS/D-galN administration and serum levels of TNFα, IL-12, IFNγ, and IL-10 were 
measured at 1.25, 3, 4.5, and 6 hr after LPS administration. Due to LPS sensitization, 
blood TNF-α reached a maximum after 1.25 hr, IL-12 reached a maximum after 3 hr, 
and IFN-γ reached a maximum after 4.5 hr. IL-10 levels were essentially unchanged. In 
contrast, pirfenidone at 500 mg/kg inhibited production of TNFα, IL-12, and IFN-γ, while 
production of IL-10 was increased.  
 
The series of inflammatory cytokines in mouse blood that are elevated by LPS 
sensitization (i.e., TNFα, IL-12, and IFNγ) are known to play roles in the progress of 
inflammatory disease in mice due to LPS sensitization. It is thought that pirfenidone 
inhibits the sequential increases in these various inflammatory cytokines and that it 
enhances the production of IL-10, which is known to be an anti-inflammatory cytokine. 
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Figure 6 Effect of pirfenidone on LPS/D-galN-induced changes of TNFα, IL-12, IFNγ, 
and IL-10 

 
 
3. Pirfenidone at doses of 30, 100, 300, and 500 mg/kg was administered to female 
C57BL/6 mice 5 min prior to LPS/D-galN administration to assess dose-dependency on 
serum levels of IL-10. Blood samples for measurement of serum concentrations of IL-10 
were collected at 1.25, 3, and 4.5 hr after LPS/D-galN administration. Production of IL-
10 showed a dose-dependent response. For pirfenidone at 30 and 100 mg/kg, IL-10 
was increased after 1.25 hr. At doses of 300 and 500 mg/kg, production was delayed 
and a peak was not achieved until 3 hr. For treatment with pirfenidone at 500 mg/kg, IL-
10 levels were elevated 27.7-fold as compared to LPS alone.  
 
Figure 7 Effect of pirfenidone on LPS/D-galN-induced changes of IL-10 

 
 
4. Pirfenidone at 500 mg/kg was administered to female C57BL/6 mice either 5 min 
prior to or 4 hr after LPS/D-galN administration. At 6 hr after LPS/D-galN administration, 
blood samples and livers were collected from mice. Livers were prepared for 
histopathological examination or processed to assess DNA ladder formation as an 
indicator of liver cell apoptosis. Two of 6 mice that received LPS/D-galN alone died prior 
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to the 6-hr sacrifice. When histopathological specimens were examined, H.E. staining 
showed extensive hemorrhagic necrosis for the LPS/D-galN only group while no 
abnormalities were observed for the other 3 groups. Extensive apoptosis-positive cells 
with brown-stained nuclei were seen in the LPS/D-galN only group while no abnormal 
findings were observed in the other 3 groups. Pronounced DNA ladder formation, 
indicative of apoptosis, was observed in LPS/D-galN only group while findings for the 
other 3 groups were largely normal. Based on these results, both pre- and post-
administration of pirfenidone appeared to completely inhibit internal hemorrhagic 
necrosis of the liver and apoptosis due to LPS-induced acute inflammation in liver tissue 
images. This would appear to indicate that inhibition of hemorrhagic necrosis 
accompanying liver cell apoptosis, which is a cause of LPS-induced death due to shock 
in mice, may play a role in the increase in mouse survival rates produced by 
pirfenidone. These results might suggest that pirfenidone can prevent shock death and 
apoptosis by inhibiting the production of inflammatory cytokines in the blood of mice 
treated with LPS. Further, it may also inhibit shock-related death by preventing damage 
to liver tissue accompanying liver cell apoptosis. 
 
5. Effects of pirfenidone on LPS-stimulated TNFα production by RAW264.7 mouse 
macrophage were assessed. Macrophage cultures received 1 µg/mL of E. coli O55: B5 
LPF and 0, 30, 100, or 300 µg/mL pirfenidone. LPS stimulation was carried out for 8 hr. 
After stimulation, the supernatant was collected for measurement of TNFα and cellular 
toxicity was assessed.  
 
The concentration of TNFα in the culture supernatant was increased by a factor of 
approximately 300 by the addition of LPS. A dose-dependent decrease in TNFα 
concentration in the cultured supernatant was observed due to the administration of 
pirfenidone, with an IC50 value of approximately 30 µg/mL. TNF-α in the cell lysate was 
also elevated by the addition of LPS and pirfenidone caused a dose-dependent 
decrease in this value (IC50 value > 300 µg/mL). Pirfenidone had no effect on cell 
viability at the maximum concentration of 300 µg/mL. 
 
Figure 8 Effect of pirfenidone on LPS-induced changes of TNFα in the cell medium and 
cell lysate 
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Research for the Action Mechanism of Anti-Fibrotic Agent Pirfenidone (PFD) 
Immunosuppressive Activities of S-7701 (PCLN-PIRF-085): Potential 
immunosuppressive effects of pirfenidone were assessed by examining its suppression 
of the humoral mediated immunity (induction of anti-sheep red blood cell (SRBC) 
antibody producing cells) and cellular mediated immunity (delayed-type hypersensitivity 
in mice sensitized with methyl bovine serum albumin).  
 
Potential effects on the humoral immune reaction were assessed in female C3H mice 
that received the vehicle or pirfenidone at a dose of 250 mg/kg BID (500 mg/kg/day) 
from days 0 to 4. A positive control group received cyclosporine at 100 mg/kg/day. 
Washed SRBC were administered to female C3H mice by the intravenous route on day 
0. Four days later, the mice were autopsied, spleens were extracted, and the numbers 
of anti-SRBC antibody-producing cells were determined by the method of counting the 
SRBC-plaque-forming cells (PFC assay). The number of plaque-forming cells per 106 
spleen cells, the index of the induction of anti-SRBC antibody-producing cells, was 
suppressed by 82% (p<0.01) in the cyclosporine group compared to the vehicle control, 
but the suppression in the pirfenidone group was 11% and not significantly different 
from the vehicle-control. The suppressive effects of pirfenidone on humoral immunity 
appeared to be weak or non-existent. Further, anti-SRBC antibody titers (HA titer, 2 x 
log 2) in blood samples from mice, determined by measuring the response to SRBC 
hemagglutination, in the control, cyclosporine, and pirfenidone groups were 5.8 ± 0.5, 
<1, and  5.5 ± 0.6, respectively, indicating little if any effect of pirfenidone. 
 
Effects on the cell mediated immunity were assessed in female BDF1 mice, sensitized 
to methyl BSA, that received the vehicle (0.5% CMC) or pirfenidone at a dose of 250 
mg/kg BID (500 mg/kg/day) from day 0 to 9. A positive control group received 
cyclosporine at 100 mg/kg/day. Mice were challenged with methyl BSA administered to 
the footpad on day 9. Footpad swelling, an index of delayed type hypersensitivity, was 
measured on days 10 and 11. The swelling of the footpads at 24 hr after the methyl 
BSA challenge was suppressed by 92% (p<0.01) in the cyclosporine group as 
compared to the vehicle-control. In the pirfenidone group, swelling was suppressed by 
19% and was not significantly different from the vehicle-control. 
 
These studies suggested that pirfenidone at 500 mg/kg/day had minimal effects on 
humoral and cellular mediated immunity. 
 
 
4.2 Secondary Pharmacology 
 
Determination of the Binding Activities of Pirfenidone in a Broad Panel of In Vitro 
Receptor Binding Assays (PCLN-PIRF-115): The receptor binding activities of the test 
article, pirfenidone, at a concentration of 1 mM, were tested in 169 validated radioligand 
binding competition assays. The results are presented as the percent inhibition of the 
specific binding of radioligand to the target receptor by 1 mM test article. The test 
article, pirfenidone, was found to have an inhibition of greater than or equal to 20% in 18 
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receptor binding competition assays (see table below). The test article will be further 
tested in a separate study to determine the Ki or IC50 of the test article in these assays. 
 
Table 2 Pirfenidone activities with a broad range of target receptors 

 
 
Titration of Binding Activities of Pirfenidone in Selected In Vitro Receptor Binding 
Assays (PCLN-PIRF-119): Pirfenidone was titrated to determine the inhibition constant 
(Ki) or the concentration of pirfenidone that inhibits 50% (IC50) of the radiolabeled ligand 
binding to eighteen target receptors in the radioligand binding competition assays if the 
IC50 can be determined. The target receptors were selected according to the results of 
the assays in a previous study,  PT#1097550, InterMune study number PCLN-
PIRF-115 (InterMune study report PCLN-PIRF-115), i.e. any receptor showing percent 
binding inhibition of ≥ 20% at 1mM pirfenidone was arbitrarily considered to be 
significant (see above). The results show that the test article has relatively low potency 
for all 18 target receptors with a Ki for each receptor ranging from 222 µM to 5.78 mM. 

(b) (4)

Best 
Available 

Copy
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Table 3 Ki or IC50 Values of Pirfenidone at 20 Receptors 

 
 
Enzyme Spectrum Screen Data Report (NCR244 Rev 01): The activity of pirfenidone 
was evaluated in various enzyme assays. The concentration of pirfenidone was 1 mM. 
Significant responses (≥ 50% inhibition or stimulation for biochemical assays) were 
noted in the primary assays listed below: 
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Table 4 Activity of pirfenidone with various enzyme targets 

 
 
Individual Tests Data Report (NCR245 Rev 01): The activity of pirfenidone was evaluated 
in various enzyme assays. The concentration of pirfenidone was not specified. Significant 
responses (≥50% inhibition or stimulation for biochemical assays) were noted in the 
primary assays listed below. 
 
Table 5 IC50 values of pirfenidone at various targets 
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4.3 Safety Pharmacology 
 
Neurological effects:  
 
General Pharmacology Study of Pirfenidone (S-7701) (1) (PCLN-PIRF-091) 
 
Methods: Effects of pirfenidone (S-7701) on vital functions, particularly the central 
nervous system, and general activity and behavior were assessed using male Slc:ddY 
mice (4-5 weeks old with a body weight range of 25.0-33.9 g). The dosing formulations 
were given orally to conscious animals. In mice, oral dose levels of S-7701 were set at 
30, 100, and 300 mg/kg (100 and 1000 mg/kg were used in the preliminary study 
assessing the effects on general activity and behavior). The dose volume was 10 
mL/kg. Effects of pirfenidone on general activity and behavior (continuous observation 
up to 3 hr postdose and intermittent observations at 1, 2, and 3 days postdose), 
spontaneous motor activity (up to 30 min postdose), general anesthesia following 50 
mg/kg pentobarbital (time to recover from a dorsal to prone position), electroshock-
induced convulsions (convulsive threshold current-a current required for inducing tonic-
extension convulsion), pentylenetetrazole-induced convulsions (convulsive threshold 
dose), analgesic activity test (acetic acid-induced writhing method-number of writhing 
occurring for 10 min from 5 min after acetic acid administration), and body temperature 
(15, 30, 60, and 120 min postdose) were assessed in mice.  
 
Results:  
 
1. Assessments with mice: 
 
a. General activity and behavior 
In preliminary studies, the dose of 1000 mg/kg was found to cause lethality in mice. 
Clinical signs prior to death included staggering gait in 3/4 animals immediately after 
dosing, and abnormal posture and respiratory inhibition in 2/4 animals from 
approximately 2-4 min, leading to death 9 min after dosing. For the surviving animals, 
there were observations of rearing behavior, convulsions, abnormal posture such as 
lateral or supine position, abnormal limb position, palpebral opening, and increased 
respiration. In addition, loss of visual placing response at 0.5 and 1 hr postdose and 
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moderate decreases in body temperature at 0.5, 1, and 2 hr postdose were observed. 
Subsequent studies were conducted with a maximum dose of pirfenidone at 300 mg/kg. 
 
S-7701 was orally administered to mice at oral doses of 30, 100, and 300 mg/kg, and 
behavioral observations were then conducted. In the 30 mg/kg group, sedation and 
ptosis were observed in 1/4 animals from 4 min and 8 min postdose, respectively. 
These symptoms disappeared within 27 min postdose. In the 100 mg/kg group, 
sedation was observed in all of mice from immediately postdose. The degree of 
sedation was slight in 1/4 animals; however, 3/4 animals showed moderate sedation 
and abnormal posture from 5 min postdose. Slight ptosis was also observed in 2 
animals. A slight decrease in body temperature was observed in 1/4 animals at 30 min 
postdose. In the 300 mg/kg group, moderate sedation immediately postdose and 
moderate ptosis from 4-9 min postdose were observed in all of animals. Slight to 
moderate abnormal posture was observed at 2-14 min postdose in all animals. In 2/3 
animals, moderate abnormal posture and moderate abnormal limb position were also 
observed. In addition, 3/4 animals showed slight to moderate staggering gait at 4-13 
min postdose. All symptoms had disappeared by 1 hour postdose. Slight or moderate 
decrease in body temperature was observed in all animals at 30 min, 1/4 animals at 60 
min, and 0/4 at 2 hr. 
 
Table 6 Effect of pirfenidone on gross behavior in mice 
 

 
 
b. Spontaneous motor activity 
Spontaneous motor activity in the 100 and 300 mg/kg groups were significantly lower 
than in the vehicle control group at all time points. 
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Table 7 Effect of pirfenidone on spontaneous motor activity in mice 

 
 
c. Effect on general anesthesia 
The duration of anesthesia in the 300 mg/kg group was significantly longer than that in 
vehicle control group. 
 
Table 8 Effect of pirfenidone on the duration of pentobarbital anesthesia in mice 

 
 
d. Effect on electroshock-induced convulsions and PTZ-induced convulsions 
The electroshock-induced convulsive threshold in the 300 mg/kg group was significantly 
higher than that in the vehicle control group. The PTZ-induced convulsive threshold in 
the 300 mg/kg group was significantly higher than that in the vehicle control group. 
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Table 9 Effect of pirfenidone on convulsions induced by electroshock or 
pentylenetetrazole in mice 

 
 
f. Analgesic Activity Test (Acetic Acid Writhing Method) 
The number of writhing at 300 mg/kg group was significantly lower than that in the 
vehicle control group. 
 
Table 10 Effect of pirfenidone on acetic acid-induced writhing in mice 

 
 
g. Body temperature 
Pirfenidone at 100 and 300 mg/kg significantly decreased the body temperature from 15 
to 30 min and from 15 min to 1 hr postdose, respectively, suggesting that pirfenidone 
might have an effect on body temperature in mice. The decrease in body temperature 
tended to disappear over time. 
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Table 11 Effect of pirfenidone on rectal body temperature in mice 

 
 
Cardiovascular/Pulmonary Effects:  
 
In Vitro  
 
hERG Inhibition Testing for Pirfenidone (PCLN-PIRF-057) 
 
Methods: The inhibitory potential of pirfenidone at concentrations ranging from 0 to 100 
µM on the hERG potassium channel was assessed using rubidium flux-based assay 
with HEK293 cells that were stably transfected with the hERG potassium channel. 
 
Results: Pirfenidone demonstrated <10% inhibition of hERG channel activity at ≤100 
µM. The positive control compound, astemizole, exhibited an IC50 value of 256 nM and 
gave approximately 90% inhibition off hERG channel activity. Pirfenidone produced no 
significant inhibition of the hERG channel. 
 
Evaluation of the Effects of Pirfenidone on Cloned HERG Channels Expressed in 
Human Embryonic Kidney (HEK293) Cells (PCLN-PIRF-082) 
 
Methods: The effects of pirfenidone on the rapidly activating inward rectifying 
potassium current (IKr) conducted by hERG (human ether-a-go-go-related gene) 
channels were assessed in a HEK293 cell line that stably expressed these channels. 
The effects of pirfenidone at concentrations of 0.1, 0.3, 1.0, and 5.0 mM on the hERG 
related potassium current were assessed using whole cell patch clamp 
electrophysiology methods. Cisapride (100 nM) was used as a positive control. 
 
Results: Perfusion of pirfenidone (0.1-5.0 mM) produced a concentration-dependent 
inhibition of hERG mediated potassium currents. Perfusion of concentrations at 0.1 mM 
and 0.3 mM produced minimal inhibition of hERG currents (≤5.79% inhibition), whereas, 
perfusion of concentration at 1.0 mM and 5.0 mM produced approximately 15.70% and 
50.62% inhibition of hERG mediated potassium currents, respectively. The IC50 value 
for pirfenidone was determined to be 5.04 mM. Pirfenidone does not appear to be a 
potent inhibitor of the hERG channel. 
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Effects of 5-Carboxylic S-7701 on Ionic Current in Cells Expressing HERG 
Channels (PCLN-PIRF-081) 
 
Methods: The electrophysiological effect of 5-carboxylic pirfenidone (S-7701), a major 
metabolite of pirfenidone, on the rapidly activating component of delayed rectifier 
potassium currents (IKr) in Chinese hamster ovary (CHO-K1) cells expressing HERG 
channels. 5-Carboxylic pirfenidone was tested at concentrations of 10, 100, and 1000 
µM.  
 
Results: 5-Carboxylic S-7701 at concentrations up to 1000 µM had no significant 
effects on tail peak currents elicited at +20 or +60 mV. The positive control (E-4031), 
consistent with its known activity as an IKr blocker, significantly decreased hERG 
currents elicited at +20 and +60 mV HERG channels at 3 µM. 
 
Safety Pharmacology of S-7701: Effects on the in vitro Cardiac Action Potential of 
Guinea Pigs (PCLN-PIRF-074) 
 
Methods: Effects of pirfenidone on the action potential parameters were examined on 
the right ventricular papillary muscles isolated from male Slc:Hartley guinea pigs (6-8 
weeks old, body weight range of 384-584 g) (5/group). The papillary muscles were 
exposed to pirfenidone at concentrations of 10-6, 10-5, or 10-4 M. A positive control group 
was treated with 3 x 10-5 M sotalol. Resting membrane potential (RMP), action potential 
amplitude (APA), maximum rising velocity (dV/dt max), and action potential duration at 
50% and 90% repolarization (APD50 and APD90) were analyzed over a 30-min 
incubation period. 
 
Results: Pirfenidone at concentrations up to 10-4 M had no effects on APD50, APD90, 
RMP, APA, and dV/dt max over a 30 min incubation period. The positive control, sotalol, 
produced expected prolongations of the APD50 and APD90. 
 
Effects of 5-Carboxylic Pirfenidone (S-7701) on Action Potential in Guinea Pig 
Papillary Muscles (PCLN-PIRF-075) 
 
Methods: Effects of 5- carboxylic pirfenidone, a major metabolite of pirfenidone, on the 
action potential parameters were examined on the right ventricular papillary muscles 
isolated from male Slc:Hartley guinea pigs (5-8 weeks old, body weight range of 330-
544 g) (5/group). The papillary muscles were exposed to pirfenidone at concentrations 
of 10-5, 10-4, or 10-3 M. A positive control group was treated with 3 x 10-5 M sotalol. 
Resting membrane potential (RMP), action potential amplitude (APA), maximum rising 
velocity (dV/dt max), and action potential duration at 50% and 90% repolarization 
(APD50 and APD90) were analyzed over a 30-min incubation period. 
 
Results: 5-Carboxylic pirfenidone, a major metabolite of pirfenidone, at concentrations 
up to 10-3 M had no effects on APD50, APD90, RMP, APA, and dV/dt max over a 30 min 
incubation period. The positive control, sotalol, produced expected prolongations of the 
APD50 and APD90. 
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Effects of Pirfenidone (S-7701) on Action Potential in Guinea Pig Papillary 
Muscles (PCLN-PIRF-076) 
 
Methods: Effects of pirfenidone on the action potential parameters were examined on 
the right ventricular papillary muscles isolated from male Slc:Hartley guinea pigs (4-6 
weeks old, body weight range of 270 to 441 g) (5/group). The papillary muscles were 
exposed to pirfenidone at concentrations of 10-4 or 10-3 M. A positive control group was 
treated with 3 x 10-5 M sotalol. Resting membrane potential (RMP), action potential 
amplitude (APA), maximum rising velocity (dV/dt max), and action potential duration at 
50% and 90% repolarization (APD50 and APD90) were analyzed over a 30-min 
incubation period. 
 
Results: Pirfenidone at concentrations up to 10-3 M had no effects on APD50, APD90, 
RMP, APA, and dV/dt max over a 30 min incubation period. The APD50 value at 30 min 
after start of treatment of the 10-3 M group significantly decreased from the control 
group. But the variation from before and after treatment was slight and no significant 
difference was detectable in the APD90 value of 10-3 M group. The positive control, 
sotalol, produced expected prolongations of the APD50 and APD90. 
 
Rats 
 
General Pharmacology Study of Pirfenidone (S-7701) (1) (PCLN-PIRF-091) 
 
Methods: Effects of pirfenidone (S-7701) on respiratory and cardiovascular system 
were assessed using urethane anesthetized male Sprague-Dawley rats (6-9 weeks old 
with a body weight range of 328-432 g). Pirfenidone was administered by the 
intraduodenal route to anesthetized animals at doses of 10, 30, 100, and 300 mg/kg. 
The dose volume was 5 mL/kg. Effects of pirfenidone on respiratory rate, respiratory 
flow wave forms, respiratory volume, blood pressure, heart rate, arterial blood flow rate, 
and electrocardiogram (Lead II) were assessed in rats at 2, 5, 15, 30, 60, 90, 120, and 
180 min postdose.    
 
Results:  
 
a. Respiratory Rate in anesthetized rats 
The sponsor indicated that the respiratory rate in the 100 mg/kg group was significantly 
lower (approximate 20% decrease) than in the vehicle control group only at 60 min 
postdose. However, in the 300 mg/kg group, no significant differences in respiratory rate 
were observed compared to the vehicle control group at any time point.  
 
b. Respiratory Volume in anesthetized rats 
The respiratory volume in the 30, 100 and 300 mg/kg groups at 5 and 15 min, 2-15 
minutes, and 2-90 min postdose, respectively, were significantly higher (up to 1.5-fold) 
than in the vehicle control group (see figure below). 
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c. Mean Blood Pressure in anesthetized rats 
The mean blood pressure in the 30, 100, and 300 mg/kg groups at 2 minutes, 2-15 min, 
and 2-30 minutes postdose, respectively were significantly lower (up to 40%) than in the 
vehicle control group (see figure below). 
 
d. Systolic Blood Pressure in anesthetized rats 
The systolic blood pressure in the 100 and 300 mg/kg groups at 2 min and 2-15 min 
postdose, respectively, were significantly lower (up to 15%) than that in the vehicle 
control group (see figure below). 
 
e. Diastolic Blood Pressure in anesthetized rats 
The diastolic blood pressure in 30, 100 and 300 mg/kg groups at 2 min, 2-15 min, and 
2-30 min postdose, respectively, were significantly lower (up to 65%) than in the vehicle 
control group (see figure below). 
 
f. Heart Rate in anesthetized rats 
The heart rate in the 100 and 300 mg/kg group at 5-60 min and 5-180 min postdose, 
respectively, were significantly higher (up to 1.5-fold) than that in the vehicle control 
group (see figure below). 
 
g. Arterial Blood Flow in anesthetized rats 
The arterial blood flow in the 300 mg/kg group at 15-90 minutes postdose was 
significantly higher (up to 1.5-fold) than that in the vehicle control group (see figure 
below). 
 
h. Electrocardiogram in anesthetized rats 
Pirfenidone caused a sporadic arrhythmia associated with premature ventricular 
contractions (PVC) in 3, 3, 4, and 5 of 6 animals at 10, 30, 100 and 300 mg/kg, 
respectively (the arrhythmia was observed in 2 of 6 animals treated with vehicle). The 
frequency of PVC for 3-hour period in the vehicle control group was observed 1 and 17 
times in 2 of 6 animals, respectively. Pirfenidone at 10, 30, 100 and 300 mg/kg induced 
1, 1-4, 2-5, and 1-11 occurrences of PVC in 3, 3, 4, and 5 of 6 animals, respectively. In 
300 mg/kg group, the continuous PVC was observed in 2 of 6 animals, and the T-wave 
flatting was observed from 2 to 60 min in 1 of 6 animals that not showing PVC. 
 
These cardiovascular and respiratory effects induced by pirfenidone were essentially 
reproduced in conscious rats although the effects appeared to be more pronounced in 
anesthetized rats. 
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Figure 9 Effects of pirfenidone on blood pressure (systolic, mean, and diastolic), heart 
rate, respiratory rate, respiratory volume, and arterial blood flow in urethane 
anesthetized rats 

 
 
General Pharmacology Study of Pirfenidone (2) (PCLN-PIRF-092) 
 
Methods: Effects of pirfenidone on blood pressure, heart rate, and electrocardiographic 
parameters were assessed in conscious rats as compared to the previous study (PCLN-
PIRF-091) where anesthetized rats were used. Pirfenidone was administered by the 
intraduodenal route using doses of 0, 30, 100, and 300 mg/kg. The dose volume was 5 
mL/kg. Male Sprague-Dawley rats (9 weeks old, 328-426 g) were used in this study. 
Animals were anesthetized with halothane to facilitate intraduodenal administration of 
pirfenidone. Animals were allowed to recover after the surgery used to administer 
pirfenidone (anesthesia was not continuous). Systolic and diastolic blood pressure and 
heart rate were measured immediately before and 2, 5, 15, 30, 60, 90, 120, and 180 
min after administration. 
 
Results: There were no statistical differences in systolic blood pressure following 
administration of pirfenidone (30-300 mg/kg) as compared to the vehicle control group 
at any time point. There were no statistical differences in mean blood pressure at doses 
of 30 and 100 mg/kg from the vehicle control group at any time point; however, 
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intraduodenal administration of 300 mg/kg significantly decreased the mean blood 
pressure (up to 15%) from 2 to 15 min postdose. There were no significant differences 
in diastolic blood pressures with doses of 30 and 100 mg/kg; however, intraduodenal 
administration of 300 mg/kg significantly decreased the diastolic blood pressure (up to 
20%) from 2 to 30 and 90 minutes after administration. 
 
There were no significant differences in heart rate at 30 mg/kg; however, intraduodenal 
administration of 100 and 300 mg/kg increased the heart rate up to 1.4-fold at 2 minutes 
and from 2 to 30 min postdose, respectively. 
 
Premature ventricular contractions (PVCs) were observed in 2 of 6 animals in the 
vehicle control group, while these were observed in 2, 6, and 6 of 6 animals in the 30, 
100, and 300 mg/kg groups, respectively. Number of appearances of PVCs during a 3-
hour observation period was 1 or 2, respectively, in the 2 animals in the vehicle control 
group. For pirfenidone, the number of appearances was 1 for each of the 2 animal in the 
30 mg/kg group, 4, 2, 1, 2, 1, and 1, respectively, in the 6 animals in 100 mg/kg group, 
and 4, 14, 11, 8, 14, and 7, respectively in the 6 animals in 300 mg/kg group. 
Continuous PVCs were also observed in 2 animals in 300 mg/kg group. Atrioventricular 
block was observed in 1 or 2 animals in the 100 or 300 mg/kg groups, respectively, in 
addition to PVCs. 
 
Changes of blood pressure, heart rate, and electrocardiographic parameters in 
conscious rats were relatively comparable to those observed in anesthetized rats. 
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Figure 10 Effects on pirfenidone on blood pressure (systolic, mean, and diastolic) and 
heart rate in conscious rats 

 
 
Dogs 
 
Safety Pharmacology of S-7701: Effects on the Cardiovascular and Respiratory 
Systems in Conscious Dogs (PCLN-PIRF-071) 
 
Methods: The present study was performed to examine the effects of pirfenidone on 
cardiovascular and respiratory systems in conscious male beagle dogs. On separate 
test days using an escalating dose design with at least 7 days between treatments, five 
telemeterized male beagle dogs (8 months old) were orally administered pirfenidone at 
doses of 0, 30, 100, and 300 mg/kg. Control groups were administered capsules without 
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contents in the same manner as the test substance groups. Blood pressure and heart 
rate were recorded before dosing and at 0.5, 1, 2, 3, 4, 6, 12, and 24 hr after dosing. 
Ambulatory electrocardiograms of conscious dogs were recorded from the previous day 
of administration to the day of administration and from the day of administration to the 
next day of administration. Intervals of complexes (PR, QRS, QT, RR, QTc; mean in 
successive 5 beats) were determined for data obtained before dosing and at 0.5, 1, 2, 3, 
4, 6, 12, and 24 hr after dosing. Arrhythmias were analyzed on all tracings. 
Measurements of respiration rate and analysis of blood gas were made before dosing 
and at 1, 6, and 24 hr after dosing. Arterial blood samples were collected for analysis of 
pH, partial pressure of CO2, partial pressure of O2, and saturation fraction of O2 with a 
blood gas analyzer. Clinical signs and behaviors were also observed from immediately 
after dosing to 4 hr after dosing. 
 
Results: 
 
1. Clinical signs: No changes attributable to treatment were found in dogs at 0 and 30 
mg/kg. At 100 mg/kg, hyperlocomotion was observed for all dogs after dosing. This sign 
disappeared by 1-2 hr postdose. Water intake behavior was found at 0 to 1 hr postdose 
in 2 animals. Water intake and vomiting were found at 1 to 2 hr postdose in another 
dog.  At 300 mg/kg, hyperlocomotion, vomiting of food, and water intake behavior were 
more remarkable than in animals that received 100 mg/kg. Hyperlocomotion was found 
at 0 to 1 hr postdose in 2 animals and 1 to 2 hr postdose in the other 2 animals; this 
sign disappeared by 3-4 hr postdose. Vomiting was observed frequently in all dogs from 
1 to 4 hr postdose. Water intake behavior was observed from 0 to 4 hr postdose in all 
dogs. These clinical signs were somewhat different from those observed in the 9-month 
toxicology study with dogs reviewed below (i.e., clinical signs of salivation, vomiting, 
abnormal gait, difficulty in standing, rigidity, weakness of limbs, head shaking, abnormal 
vocalization) 
 
2. Blood pressure: Following an oral dose of 300 mg/kg, systolic, diastolic, and mean 
pressure were slightly increased at 4 hr postdose. The change was approximately 20 
mm Hg between the control and 300 mg/kg, which suggests little or no toxicological 
significance. 
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Figure 11 Effects of pirfenidone on systolic, diastolic, and mean blood pressure in dogs  

 

 
 
3. Heart rate: Pirfenidone at oral doses of 30, 100, and 300 mg/kg increased heart rate 
from 30 min postdose with the highest values at 1 hr postdose in dogs that received 30 
and 100 mg/kg and at 2 hr postdose in dogs that received 300 mg/kg (149.0, 168.3, and 
195.3 bpm, respectively) as compared to the control value of approximately 100 bpm. 
Heart rate gradually decreased thereafter and returned to the predose levels at 6 hr 
postdose in dogs that received 100 and 300 mg/kg and at 2 hr postdose in dogs that 
received 30 mg/kg. 
 
Figure 12 Effects of pirfenidone on heart rate in dogs 

 
 
4. ECG Parameters: RR interval showed a tendency of shortening (66% of control) with 
a peak at 2 hr postdose in dogs that received 300 mg/kg, which correlated with 
increased heart rates. QRS, QT, and QTc intervals (QTc interval exceeded the 
threshold of 250 msec to reach 280 and 300 msec at 12 and 24 hr postdose, 
respectively) were increased for dogs at 100 mg/kg; however, no changes were 
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observed at the high dose of 300 mg/kg. The sponsor conducted a number of follow-up 
studies to investigate the QTc prolongation observed with a dose of 100 mg/kg. 
 
Figure 13 Effects of pirfenidone on ECG parameters in dogs 

 
 
5. Arrhythmias: Transient bradycardia accompanying fluctuation of base line was found 
twice at 1 to 2 hr postdose in 1 animal (#114) given 100 mg/kg and 2 to 12 times at 1 to 
2 hr or 2 to 3 hr postdose in all animals given 300 mg/kg. No treatment-related 
arrhythmia was found at 30 mg/kg. Bradycardia was attributed to the increased 
incidence of vomiting. 
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Figure 14 Effects of pirfenidone on cardiac arrhythmias in dogs 

 
 
6. Respiration and blood gas analysis: Respiration rate increased significantly at 1 hr 
postdose in dogs that received 300 mg/kg (41 breaths/min vs. 30.0 breaths/min for the 
control). No change was observed at 30 and 100 mg/kg. Increased respiration rate was 
attributed to hyperlocomotion, increased heart rate, and increased incidence of 
vomiting. pH increased at 24 hr after dosing in animals given 300 mg/kg (7.54 vs. 7.46 
for the control) although the change did not appear to be toxicologically significant. 
 
 
A Study of the Acute Cardiovascular and Pulmonary Effects of Orally and 
Intravenously Administered Pirfenidone in the Beagle Dog (PCLN-PIRF-109) 
 
Methods: Potential acute cardiovascular and pulmonary effects of pirfenidone 
administered as a single oral or intravenous dose were evaluated in telemeterized 
beagle dogs. One treatment group consisting of four male and four female beagle dogs 
was administered the test article by oral gavage at doses of 0, 30, or 100 mg/kg or by 
intravenous infusion at doses of 0, 8.8, 29.3, 58.7, and 88 mg/kg/hr. Each intravenous 
infusion was preceded with a 5-min loading dose at 0, 0.9, 3.1, 6.1, and 9.2 mg/kg, 
respectively. The test and control articles were administered twice per week, with a 3 to 
4 day washout period between each dose by oral gavage or intravenous infusion. 
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Animals were fasted overnight prior to test article administration for Treatment 1 to 4, 
and fasted in the morning prior to dose for Treatments 5 to 11. For oral administration, 
pirfenidone was placed in gelatin capsules. For intravenous administration, the vehicle 
was 0.9% NaCl. 
 
Clinical examinations for Treatments 1-3 (oral dosing) were performed prior to dosing, 
at 1.5 hr postdose, and following the completion of cardiovascular monitoring. For 
Treatments 4 to 11 (IV dosing), clinical examinations were performed prior to dosing, at 
1, 4, and 12 hr postdose, and following the completion of cardiovascular or pulmonary 
monitoring. Body temperature was measured at the same intervals as the 
cardiovascular data. 
 
At least one day prior to the first administration (control or test article), animals were 
continuously monitored for hemodynamic and ECG endpoints for at least 22 hr. 
Systolic, diastolic, and mean arterial blood pressures, heart rate, and the ECG were 
monitored continuously for at least 2 hours predose and at least 24 hours postdose. 
ECG parameters reported include RR interval, PR interval, QRS duration, QT interval, 
and corrected QT interval. The QTc interval was calculated using a procedure based on 
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the method described by Spence et al. (Toxicological Sciences 45: 247-258, 1998) and 
modified by Miyazaki and Tagawa (Exp. Anim. 51: 465-475, 2002). 
 
Pulmonary measurements were taken using a mask designed to seal around the nose 
and mouth. The mask was attached to a pneumotach and a Validyne pressure 
transducer for monitoring respiration. Pulmonary parameters that were evaluated 
included respiratory rate, tidal volume, and minute volume. Pulmonary parameters were 
monitored for at least 15 minutes prior to dosing and for 15-min intervals every 30 min 
after dosing for at least 4 hr postdose.  
 
Blood gas analyses were performed on all animals during the pulmonary phase of the 
study. Blood samples were collected at 1 and 4 hr postdose from the femoral artery or 
vein for blood gas analysis. 
 
Blood samples for determination of the troponin concentrations were collected within 
two hours of the end-of-monitoring period after the vehicle and each test article 
administration (Treatments 1 to 5).  
 
Blood samples for measurement of plasma drug concentrations were collected during 
the pulmonary phase of the study 1, 4, and 12 hr postdose. An LC-MS method was 
developed for separation and quantification of pirfenidone from its metabolites. The 
assay's limit of quantification (BLQ) was 30 ng/mL. 
 
Results: 
 
Clinical signs: 
At 1.5 hr following oral administration of 100 mg/kg pirfenidone, 1/4 male animals 
exhibited salivation, 3/4 male animals and 4/4 female animals exhibited emesis, and 4/4 
male and female animals exhibited soft feces. At completion of the cardiovascular 
monitoring period, approximately 24 hr postdose, 3/4 males and 2/4 females dosed with 
30 mg/kg and 4/4 males and females dosed with 100 mg/kg exhibited soft feces. The 
emesis observed following dosing prompted the change to intravenous dosing for the 
later portion of the study. 
 
Following intravenous administration of the 3.1 mg/kg bolus over 5 min followed by 29.3 
mg/kg/hr infusion and the 9.2 mg/kg bolus over 5 min followed by 88 mg/kg/hr infusion, 
salivation and soft feces were observed in both males and females. Vocalization (males 
only) and emesis were noted following the 9.2 mg/kg bolus over 5 minutes followed by 
88 mg/kg/hr infusion only. 
 
Following intravenous administration of the 6.1 mg/kg bolus over 5 min followed by 58.7 
mg/kg/hr infusion, male animals exhibited salivation, aggressive behavior, vocalization, 
emesis, injected sclera, and soft feces. Emesis and soft feces were noted in single 
female animals; however, the females generally did not exhibit these same clinical 
signs. 
 
 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

58 

Body temperature: There were no test article-related changes of body temperature 
following oral administration of doses up to 100 mg/kg or intravenous infusion of doses 
up to 9.2 mg/kg/5 min + 88 mg/kg/hr.  
 
Blood pressure: There were no test article-related changes of systolic, diastolic, or 
mean blood pressure following oral administration of doses up to 100 mg/kg or 
intravenous infusion of doses up to 9.2 mg/kg/5 min + 88 mg/kg/hr. 
 
Heart rate: Increases in heart rate, approximately 25 to 75 bpm (up to 1.7-fold) above 
control values, for oral administration of 30 and 100 mg/kg of pirfenidone, were reached 
within 2 hr postdose following dosing. Similar to oral administration, increases in heart 
rate, approximately 25 to 75 bpm (up to 1.5-fold) above control values, for intravenous 
administration of 3.1 mg/kg bolus over 5 min and 29.3 mg/kg/hr infusion and 9.2 mg/kg 
bolus over 5 min followed by the 88 mg/kg/hr infusion of pirfenidone were reached 
within 2 hr postdose. Heart rate generally returned to predose baseline by 4-hr 
postdose. 
 
Figure 15 Changes of heart rate in dogs following oral or IV administration of 
pirfenidone 
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ECG Parameters: Treatment-related changes of RR, PR, and QT intervals were evident 
following oral or intravenous treatment with pirfenidone. 
 
1. RR Interval: Reflective of increased heart rate, dose dependent decreases in the RR 
interval of 100 to 200 msec (up to a 2-fold decrease) were observed within the 4 hr 
following oral dosing with 30 and 100 mg/kg. Similar to oral administration, dose-
dependent decreases in the RR interval (up to a 2-fold decrease) were observed within 
4 hr following dosing with 3.1 mg/kg bolus over 5 min followed by the 29.3 mg/kg/hr 
infusion and 9.2 mg/kg bolus over 5 min followed by the 88 mg/kg/hr infusion. 
 
Figure 16 Changes of RR interval following oral or IV administration of pirfenidone 
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2. PR Interval:  
The 100 mg/kg dose of pirfenidone also produced decreases in the PR interval within 
the first 3 hr following dosing for both males and females. These decreases reached 
approximately 20 msec (20% decrease) below controls. Clear decreases in PR interval 
(approximately 25 msec or a 20-25% decrease) were noted for both males and females 
within the first 4 hours following dosing with the intravenous infusion of 9.2 mg/kg bolus 
over 5 min followed by the 88 mg/kg/hour infusion of pirfenidone. 
  
Figure 17 Changes of PR interval in dogs following oral or IV administration of 
pirfenidone 
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3. QT interval: 
There appeared to be a slight decrease in the QT interval for males (approximately 25 
msec or 25%) following oral administration of 100 mg/kg pirfenidone; however, the 
female animals did not clearly exhibit a similar response. Once corrected for heart rate, 
the QT interval (i.e., the QTc interval) did not exhibit any test article-related changes in 
either sex.  
 
The QT interval decreased dose-dependently in males within the first 2 hr following 
intravenous administration of pirfenidone. In males, the 9.2 mg/kg bolus over 5 min 
followed by the 88 mg/kg/hr infusion of pirfenidone produced decreases of 
approximately 60 msec (25%) and the 0.9 mg/kg bolus over 5 min followed by the 8.8 
mg/kg/hr infusion and the 3.1 mg/kg bolus over 5 min followed by the 29.3 mg/kg/hour 
infusion produced decreases of 25 msec or less. The QT interval decreased to a lesser 
degree in females following the 9.2 mg/kg bolus over 5 min followed by the 88 mg/kg/hr 
infusion of pirfenidone (50 msec below controls), while the lower doses did not produce 
any clear test article-related effects. Once corrected for heart rate, the QT interval value 
differences from control at the 9.2 mg/kg bolus over 5 min followed by the 88 mg/kg/hr 
infusion of pirfenidone were slightly less for both males and females, at approximately 
50 and 25 msec below controls, respectively. 
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Figure 18 Changes of QT interval in dogs following oral or IV administration of 
pirfenidone 
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4. QT Interval vs. RR Interval and QTc vs. RR Interval Plots 
 
Following oral or intravenous administration of pirfenidone, the individual animal QT 
interval vs. RR interval and QTc interval vs. RR interval scatter plots were generally 
within the 95% confidence interval for the control treatments indicating no prolongation 
of the QTc interval. 
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Pulmonary Evaluations: 
There were no treatment-related changes of respiratory rate, tidal volume, and minute 
volume following treatment with pirfenidone. 
 
Cardiac Troponin Concentration: 
There were no test article-related effects on Troponin I; however, the single time point 
for analysis appeared inadequate (i.e., collected within 2 hr of the end-of-monitoring 
period after the vehicle and each test article administration). 
 
Blood Gas Analysis: 
Changes of blood gas parameters were compatible with a mild acidosis and reduced 
oxygenation. Changes were reversed by 4 hr postdose, supporting that the changes 
observed 1.5 hr postdose were test article-related. 
 
pH was mildly decreased in males following the 3.1 mg/kg bolus over 5 min followed by 
the 29.3 mg/kg/hr infusion and the 6.1 mg/kg bolus over 5 min followed by the 58.7 
mg/kg/hr infusion at 1.5 hr postdose. It was also statistically lower in the females 
following the 6.1 mg/kg bolus over 5 min followed by the 58.7 mg/kg/hr infusion, but 
these remained within expected ranges. The pH was lower in the females following the 
3.1 mg/kg bolus over 5 min followed by the 29.3 mg/kg/hr infusion at 1.5 and 4 hr 
postdose. pCO2 was increased following the 0.9 mg/kg bolus over 5 min followed by the 
8.8 mg/kg/hour infusion and the 3.1 mg/kg bolus over 5 min followed by the 29.3 
mg/kg/hr infusion at 1.5 hours postdose in males and at 3.1 mg/kg bolus over 5 min 
followed by the 29.3 mg/kg/hr infusion in females. Methemoglobin (metHb) was 
statistically increased in the females following the 3.1 mg/kg bolus over 5 min followed 
by the 29.3 mg/kg/hour infusion and the 6.1 mg/kg bolus over 5 min followed by the 
58.7 mg/kg/hr infusion at 1.5 hr postdose. There was a tendency for decreased 
bicarbonate (HCO3), total carbon dioxide (tCO2) and oxygen saturation (SO2) and 
increased metHb following the 3.1 mg/kg bolus over 5 min followed by the 29.3 
mg/kg/hr infusion and the 6.1 mg/kg bolus over 5 min followed by the 58.7 mg/kg/hr 
infusion at 1.5 hr postdose.  
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Table 12 Blood gas analysis in dogs following IV administration of pirfenidone 

 
 

 
 
Electrocardiography Report: 
Sinus tachycardia (heart rate >190 bpm) was noted in 1/8 animals following the oral 
dose of 100 mg/kg and 6/8 animals following the 9.2 mg/kg bolus over 5 min followed by 
the 88 mg/kg/hr infusion of pirfenidone. These findings appear to be in agreement with 
observations of increased heart rate and decreased RR interval. 
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Plasma Analysis: Cmax and AUC values for pirfenidone increased in a dose proportional 
manner. The half-life ranged from 0.7 to 1.0 hr. 
  
Pharmacokinetic Parameters for pirfenidone 
Group Oral Dose 

Equivalence, 
mg/kg 

Cmax, ng/mL AUC(0-inf), 
ng*hr/mL 

T½, hr 

9 (0.9 mg/kg/5 min 
+ 8.8 mg/kg/hr) 

17.3 8221.250 17588.738 0.704 

10 (3.1 mg/kg/5 
min + 29.3 
mg/kg/hr) 

57.9 30925.000 72345.727 0.939 

11 (6.1 mg/kg/5 
min + 58.7 
mg/kg/hr) 

116 62387.500 157679.354 1.024 

 
 
Gastrointestinal Effects: 
 
Effects of Pirfenidone (S-7701) on the Digestive System (PCLN-PIRF-098)  
 
Methods: Pirfenidone was evaluated in in vivo (gastric emptying and small intestinal 
transport) and in vitro (spontaneous motility of the isolated ileum) studies to assess its 
effects on the gastrointestinal system. 
 
1. Gastric emptying and small intestinal transport: Fasting male Sprague-Dawley rats (8 
weeks old with a body weight range of 242 to 288 g) received pirfenidone as single oral 
doses of 0 (0.5% CMC), 30, 100, and 300 mg/kg using a dose volume of 5 mL/kg. 
There were 8 male rats per group. Immediately after dosing of pirfenidone or vehicle, 
rats received 2 mL of 2.5% CMC containing 0.5 w/v% Evans blue (test meal) by the oral 
route. Rats were sacrificed 15 min later and the gastrointestinal tract was isolated from 
the esophagus near the cardia to the ileocecum. The amount of Evans blue dye 
remaining in the isolated stomach and the distance that the dye traveled from the 
pylorus were measured. 
 
2. Spontaneous motility of the isolated ileum: Groups of 6 male Kbl:JW rabbits (10-11 
weeks old and weighing 2.14-2.52 kg) were used for these studies.  
 
Ileums, 5-35 cm upper from the ileocecum, were isolated and specimens of 2-3 cm 
length were prepared. Under 1 g of load tension, the specimen was vertically 
suspended in the Magnus tube filled with the nutrient solution kept at 37°C and aerated 
with 95% O2/5% CO2. The other end of the specimen was connected to an isotonic 
transducer and contractions along the longitudinal muscle were isotonically recorded. 
Vehicle or pirfenidone (10-6, 10-5, and 10-4 M) was applied and effects on the motility 
(frequency, amplitude and muscle tone) were measured over a period of 20 min. The 
frequency, amplitude, and muscle tone were measured.  
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Results: 
 
1. Pirfenidone caused dose-dependent and significant inhibition of the gastric emptying 
rate at oral doses ≥30 mg/kg and small intestinal transport at oral doses ≥100 mg/kg. 
 
Table 13 Effects of pirfenidone on the gastric emptying rate and small intestinal 
transport rate in male rats 

 
 
2. Pirfenidone at 10-4 M (0.0185 mg/mL) produced a slight but significant decrease in 
the muscle tone of the isolated ileum. 
 
Table 14 Effect of pirfenidone on the spontaneous motility of the isolated ileum of 
rabbits 

 
 
In clinical trials conducted in Japan, pirfenidone was found to cause gastrointestinal side 
effects like upper abdominal discomfort, abdominal bloating, heartburn, nausea, emesis, 
diarrhea, constipation, and others at the relatively high rate although they were not 
serious in magnitude. The nonclinical findings in the current study confirm decreased 
gastric emptying and an inhibition of gastrointestinal motility. 
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5 Pharmacokinetics/ADME/Toxicokinetics 
 
Table 15 Summary of pharmacokinetic parameters of pirfenidone in mice, rats, dogs, 
and humans 

T½, hr CL 
mL/hr
/kg 

Vss 
mL/ 
kg 

MRT, 
hr 

BA, 
% 

Study# Species Route/ 
# of 
Doses 

Doses 
mg/kg 

R P 5-H 5-C     
ICR 
mice 

Oral/ 
Single 

100 
500 

 1.59 
4.78 

 0.989 
8.54 

    NCR 
142 

C57BL/6 
Mice 

Oral 
/Single 

100 
500 

 1.85 
3.85 

 0.703 
12.0 

    

IV/ 
Single 

20  0.3  -     

Oral/ 
Single 

30 
100 
300 

 2.7 
2.9 
3.3 

    1.2 
2.9 
3.4 

- 
77.1 
- 

PCLN-
PIRF-
077 

SD rat 

Oral/ 
14 
days 

100  2.8     3.5  

IV/ 
Single 

20 5.0      0.8  PCLN-
PIRF-
087 

SD rats 

Oral 
/Single 

100 4.5      5.0 97.75 

IV/ 
Single 

20  1.20  1.90 330 563 1.75/  
3.33 

 NCR 
119 

Beagle 
dogs 

Oral 
/Single 

30  0.887  1.41 597  1.66/ 
2.60 

56.3 

IV/ 
Single 

20 4.6    245.3 1655 2.9  PCLN-
PIRF-
065 

Beagle 
dogs 

Oral 
/Single 

30 3.8    312 1712 2.6 79 

IV/ 
Single 

20  1.3  2.0 264    PCLN-
PIRF-
062 

Beagle 
dogs 

Oral 
/Single 

30  1.1  1.7 422   62.9 

PIPF-
005 

Humans Oral 801 
mg 
TID 

 2.39  2.69 P:282* 
5-C: 
622 

P:766* 
5-C: 
444 

  

R = radioactivity, P = Pirfenidone, 5-H = 5-hydroxy metabolite of pirfenidone, and 5-C = 
5-carboxylic acid metabolite of pirfenidone 
*A body weight of 50 kg was applied to human values 
 
The absorption, distribution, metabolism, and excretion of pirfenidone were examined in 
mice, rats, dogs, and humans. 
 
The absorption of pirfenidone following administration of single oral doses was 
investigated in rats and dogs. Comparisons were conducted with single intravenous 
doses. Bioavailability of pirfenidone following a single oral dose of 100 mg/kg 
administered to rats or 30 mg/kg administered to dogs were 77.1% and 56.3%. 
Bioavailability of total radioactivity following a single oral dose of [14C]Pirfenidone at 100 
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mg/kg administered to rats or 30 mg/kg to dogs was 97.75% and 79%, respectively. 
Pirfenidone and its 5-carboxylic acid metabolite were measured in the plasma of mice, 
rats, and dogs. In addition, the 5-hydroxy metabolite was measured in the plasma of 
mice and rats; however, this metabolite was not observed in dogs. Cmax and AUC values 
for pirfenidone and its 5-hydroxy and 5-carboxylic metabolites generally increased in a 
dose proportional manner. Half-lives of pirfenidone and its 5-hydroxy and 5-carboxylic 
acid metabolites in C57BL/6 mice were 1.85, 0.695, and 0.703 hr at an oral dose of 100 
mg/kg and 3.85, 2.29, and 12.0 hr at an oral dose of 500 mg/kg, respectively; half-life 
increased with increasing doses. Half-lives of pirfenidone and its 5-carboxylic acid 
metabolite in dogs following an oral dose of 30 mg/kg were 0.887 and 1.41 hr, 
respectively. Half-lives of pirfenidone in rats that received oral doses of 30, 100, and 
300 mg/kg were 2.7, 2.9, and 3.3 hr, respectively. Following an oral dose of pirfenidone 
at 801 mg TID to human subjects, half-lives of pirfenidone and the 5-carboxylic 
metabolite were 2.39 and 2.69 hr, respectively. Following an oral dose of 30 mg/kg or 
an intravenous dose of 20 mg/kg administered to dogs, exposure to the 5-carboxylic 
acid metabolite was significantly greater following an oral dose and clearance of 
pirfenidone following oral administration was twice the clearance observed with 
intravenous dosing. This might suggest a significant first pass effect. The volume of 
distribution following IV dosing was approximately equivalent to total body water (603.6 
mL/kg) suggesting extensive distribution into tissues. Following a single oral dose of 
100 mg/kg to fasted or non-fasted (fed) rats, AUC and Cmax values were approximately 
1.6-fold higher in the fasted state. Tmax, mean residence time (MRT), and half-life values 
were shorter in the fasted state suggesting that the presence of food delayed 
absorption.  
 
The protein bindings of [14C]-pirfenidone at concentrations of 1 to 100 µg/mL in dog 
(43.23-53.06%) and human sera (49.67-57.95%) were significantly higher than those in 
mouse (27.09-40.92%) and rat sera (30.43-33.27%). Saturation of the protein binding of 
[14C]-pirfenidone was observed in all species. Albumin was the major binding protein for 
[14C]-pirfenidone in human serum. The tissue distribution of radioactivity was 
determined in male Sprague-Dawley rats following a single oral administration of [14C]-
pirfenidone at 100 mg/kg. Peak concentrations of radioactivity were reached in most 
organs and tissues within 5 to 30 min post-dosing; however, the peak concentration in 
the preputial glands occurred 1-hr postdose. Subsequently, concentrations of 
radioactivity in most organs and tissues declined over time in parallel with declining 
plasma concentrations. Concentrations of radioactivity in the liver, kidneys, pancreas, 
and preputial glands remained higher than plasma concentrations with particular 
reference to the preputial glands. The distribution of radioactivity to the lungs was 
relatively low. The tissue distribution of radioactivity was determined in pigmented male 
Long Evans rats following a single oral administration of [14C]-pirfenidone at 100 mg/kg. 
Within 30 min postdose, radioactivity was widely distributed and tissue concentrations 
had reached maximum levels. At 30 min, the preputial gland showed the highest 
concentration of radioactivity, followed by the kidney, liver, and plasma. The 
concentrations of radioactivity in other tissues were lower than that in plasma at 30 min 
and decreased in parallel with plasma concentrations at later time points. The mean 
ratios of the radioactivity concentrations of eye ball and pigmented skin (melanin-
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containing tissues) to plasma were in the range of 0.36-0.52 and 0.40-0.51 by 8 hr after 
dosing, respectively; suggesting radioactivity was not distributed into melanin-containing 
tissue at disproportionate levels. At 24 hr, the concentrations of radioactivity in all 
tissues substantially declined and the plasma concentration of radioactivity at 72 hr had 
declined to the lower limit of detection. The distribution ratios of radioactivity in red blood 
cells were in the range of 17.2% - 22.3% by 8 hr postdose, 87.9% at 24 hr, and 100.0% 
at 72 hr. The preputial gland displayed the longest half-life for radioactivity at 19.3 hr. 
The half-life in lung (target for pharmacological efficacy) was 11.1 hr. There appears to 
be some potential for accumulation in tissues with chronic dosing. In a whole body 
autoradiography study with Long Evans rats, the distribution of radioactivity in organs 
and tissues was comparable. 
 
The distribution of radioactivity into milk following a single oral dose of [14C]-pirfenidone 
at 100 mg/kg was assessed in female Sprague-Dawley rats on post-partum day 12. 
Radioactivity was rapidly distributed into the milk. AUCs of radioactivity in milk and 
plasma radioactivity were 312.6 ± 140.2 and 119.1 ± 23.3 µg·hr/mL, respectively, with 
the milk AUC approximately 3-fold greater. Radioactivity was eliminated from the milk 
with a half-life comparable to that of plasma.  
 
In all species examined, including humans, the predominant biotransformation pathway 
of pirfenidone involves the hydroxylation of the methyl group on the pyridone ring 
followed by the subsequent formation of 5-carboxy-pirfenidone. Pirfenidone and its 5-
carboxylic acid metabolite were identified in the plasma of mice, rats, and dogs. In 
addition, a 5-hydroxy metabolite was detected in the plasma of mice and rats. In mice 
and dogs, exposures to pirfenidone and its 5-carboxylic acid metabolite were relatively 
comparable with oral dosing. However, in rats, exposure to the 5-carboxylic acid 
metabolite was generally greater than exposure to pirfenidone. Exposures to the 5-
hydroxy metabolite in mice and rats were lower than exposures to pirfenidone and the 
5-carboxylic metabolite. The only major metabolite (i.e., present at >10% of the 
administered dose) in the plasma or urine of humans was 5-carboxy-pirfenidone. 
Following oral administration of [14C]Pirfenidone to rats or dogs, drug-related 
radioactivity was primarily excreted in the urine. Drug-related radioactivity in urine of 
rats and dogs was primarily the 5-carboxylic metabolite. Small amounts of drug-related 
radioactivity were found in the bile and feces of rats and dogs. Radioactivity in both the 
bile and feces was primarily the 5-carboxylic metabolite. Glucuronide conjugates of the 
5-carboxylic metabolite identified as 1-O-acylglucuronide 5-carboxylic pirfenidone and 
3-O-glucuronide 5-carboxylic pirfenidone were found in bile from rats. The 3-O-
glucuronide 5-carboxylic pirfenidone was found in bile from dogs. Glucuronide 
conjugates of 5-carboxylic pirfenidone were not found in urine from rats or dogs. 
Approximately 15% of drug-related radioactivity in rats could undergo enterohepatic 
recirculation. 
 
Four-week studies of pirfenidone administered by dietary admixture to B6C3F1 mice 
(8/sex/group) at doses of 0, 800, 2000, and 5000 mg/kg/day or to F344/DuCrj (Fischer) 
rats at doses of 0, 375, 750, and 1500 mg/kg/day were conducted to assess drug-
induced hepatic enzyme induction. These doses were identical to those used in the 2-
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year carcinogenicity studies with mice and rats, respectively. Absolute and relative liver 
weights were increased up to 1.6- and 1.4-fold for mouse and rat treatment groups, 
respectively. Most indices of hepatic enzyme induction were significantly increased for 
both mice and rats. Pirfenidone induced several cytochrome P450 isozymes including 
CYP1A, CYP3A, CYP2B, and CYP2D. The induction profile of pirfenidone was similar 
to that of phenobarbital (PB), which is known to induce CYP2B and CYP3A in mice, 
rabbits, hamsters, and rats. This PB-like induction of CYP450 isozymes was also 
observed in other oral administration studies with pirfenidone in dogs. 
 
Urinary and biliary metabolites of pirfenidone were measured following administration of 
a single oral dose of [14C]-pirfenidone at 100 mg/kg to male Sprague-Dawley rats. 
Following administration of pirfenidone at an oral dose of 100 mg/kg to male rats, 
radioactivity was primarily excreted in the urine (89.63%). Levels in the feces were 
much lower (5.50%). The excretion of total radioactivity was determined in male beagle 
dogs that received [14C]-S-7701 as a single oral dose of 30 mg/kg. The predominant 
route of excretion was by the urine, indicating extensive absorption of the orally 
administered dose, with 80.61 ± 1.65% of the dose excreted by this route. Excretion of 
radioactivity in feces accounted for 8.88 ± 3.47%. Radioactivity was rapidly eliminated 
with the majority of the administered dose (90.38 ± 2.90%) excreted by 24 hr post dose. 
For humans, approximately 80-85% of the administered pirfenidone dose was 
recovered in the urine (recovery of the glucuronide metabolite was considered) and 15-
20% of the administered pirfenidone dose was likely excreted in the feces as either 
unabsorbed drug or as a result of biliary excretion (Study PIPF-005). 
 
 
5.1 PK/ADME 
 
Absorption   
 
Rats 
 
Plasma Concentration of Pirfenidone (S-7701) after Single or Repeated Dosing of 
S-7701 to Rats (PCLN-PIRF-077) 
 
Methods: Pirfenidone was administered by the oral route at single doses of 30, 100, 
and 300 mg/kg, or by the intravenous route at a dose of 20 mg/kg to male Sprague-
Dawley rats (8 weeks old, body weight range of 247-329 g), in order to determine its 
pharmacokinetic parameters, bioavailability, and the effects of food. Changes in plasma 
levels following repeated oral administration of 100 mg/kg for 14 days were also 
studied. Vehicles for oral and intravenous administration were 0.5% CMC and 0.9% 
saline. Following a single dose, blood samples were collected at 5, 15 and 30 min and 
at 1, 2, 4, 6 (IV only), 8 (oral only), 12 (oral only), and 24 hr postdose. During the 
repeated oral administration experiment, blood samples were taken from a caudal vein 
at 4 hr after the 1st, 5th, 9th and 12th dose administrations. Following the 14th dose, blood 
samples were collected at 5, 15, and 30 min and at 1, 2, 4, 8, 12 and 24 hr postdose. 
Plasma concentrations of pirfenidone were measured with an HPLC method and UV 
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detection at 315 nm. Linearity was shown in the concentration range of 12.6-501.0 
µg/mL. 
 
Results: Following a single oral dose of 100 mg/kg to fasted or non-fasted (fed) rats, 
AUC and Cmax values were approximately 1.6-fold higher in the fasted state. Tmax, 
mean residence time (MRT), and half-life values were shorter in the fasted state 
suggesting that the presence of food delayed absorption. 
 
Table 16 Pharmacokinetic parameters of pirfenidone after a single dose of 100 mg/kg 
administered to fasted and fed rats 

 
 

Bioavailability of a single oral dose of 100 mg/kg in rats was 77.1%. Half-life and MRT 
values were significantly shorter following an intravenous dose of 20 mg/kg.  
 
Table 17 Pharmacokinetic parameters of a single IV dose of 20 mg/kg or single oral 
dose of 100 mg/kg in rats 
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Cmax and AUC values increased in a dose proportional manner following single oral 
doses of 30, 100, and 300 mg/kg. MRT and half-life values appeared to increase with 
increasing oral doses. 

 
Table 18 Pharmacokinetic parameters of pirfenidone following single oral doses of 30, 
100, or 300 mg/kg to rats  

 
 
Following single or 14-day repeated administration of an oral dose of 100 mg/kg, 
pharmacokinetic parameters (Tmax, Cmax, AUC, MRT, and half-life) appeared to be 
relatively comparable.  
 
Table 19 Pharmacokinetic parameters following single or 14-day repeated 
administration of an oral dose of 100 mg/kg in rats  
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Plasma Concentration of Radioactivity after Administration of 14C-Pirfenidone (S-
7701) to Rats (PCLN-PIRF-087) 
 
Methods: [14C]Pirfenidone was administered as a single oral dose of 100 mg/kg or 
single intravenous dose of 20 mg/kg to male Sprague-Dawley rats (8 weeks old, body 
weight range of 250-306 g). Vehicles for oral and intravenous dosing were 0.5% CMC 
and physiological saline, respectively. Blood samples were collected at 5, 15, and 30 
min and 1, 2, 4, 6 (IV only), 8 (oral only), 12 (oral only), 24, and 48 (oral only) hr 
postdose for determination of radioactivity in plasma. 
 
Results: AUC0-24hr values following an IV dose of 20 mg/kg or oral dose of 100 mg/kg 
were 21.4 and 98.5 µg.hr/mL, respectively. Oral bioavailability of radioactivity from a 
dose of 100 mg/kg was 97.75%. MRT values following an IV dose of 20 mg/kg or oral 
dose of 100 mg/kg were 0.8 and 5.0 hr, respectively. The T½ value with the oral dose 
was 4.5 hr. For IV dosing, T½α and T½β were 0.4 and 5.0 hr, respectively. 
 
Absorption Site of S-7701 in Gastro-Intestinal Tract of Rats (PCLN-PIRF-097) 
 
Methods: The site of gastrointestinal absorption of pirfenidone was determined in male 
Sprague-Dawley rats (8 weeks old) using the gastrointestinal loop method. Fasting rats 
were anesthetized and the following sections of the gastrointestinal tract were isolated 
by ligation: duodenal loop, stomach, jejunum, ileum, and colon. [14C]pirfenidone was 
administered to each loop at a dose of 20 mg/kg. Sampling times (determined by 
preliminary studies) were conducted at 0, 15, and 30 minutes for the stomach, 0, 2, 5, 
and 15 min for the duodenum, 0, 2, and 5 minutes for the jejunum, and 0, 5, and 15 min 
for the ileum and colon. The content of radioactivity remaining in each loop was 
determined. The absorption ratio (%) was determined by subtracting the residual 
amount from the administered dose and dividing this by the administered dose. The 
time course of residual radioactivity (%) was used to determine half-life. 
 
Results: Pirfenidone was rapidly absorbed from the duodenum, jejunum, ileum, and 
colon. Absorption was much slower from the stomach. Half-lives of radioactivity in the 
stomach, duodenum, jejunum, ileum, and colon were 34.33, 2.03, 2.28, 5.97, and 6.19 
min. 
 
Table 20 Absorption of [14C] pirfenidone from the stomach, duodenum, jejunum, ileum, 
and colon in fasted male rats 
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Dogs 
 
Plasma Concentration of S-7701 [Pirfenidone] and Its Metabolites after Single 
Administration of S-7701 to Dogs (NCR119) 
 
Methods: Plasma pharmacokinetic parameters of pirfenidone and its primary carboxylic 
metabolite were determined following a single oral dose of 30 mg/kg or a single 
intravenous dose of 20 mg/kg to 3 male beagle dogs (8-9 months old with a body weight 
range of 9.1 to 10.8 kg). Animals were treated with drug repeatedly and there was a 
washout period of 3 weeks between doses. The vehicle for oral dosing was 0.5% 
carboxymethylcellulose. The vehicle for IV dosing was 20% N,N-dimethylacetoamide 
and 80% polyethylene glycol 400. The oral and intravenous dosing volumes were 30 
mL/2 mL/kg and 20 mg/0.2 mL/kg, respectively. Blood was collected at 0.5, 15, and 30 
min and 1, 2, 4, 6, 8, and 24 hr postdose. Plasma concentrations of pirfenidone and its 
primary carboxylic metabolite were measured using HPLC methods with UV detection 
at 315 and 310 nm, respectively. The standard curve used for measurements of 
pirfenidone and its metabolite were 1.074-322.196 µg/mL and 0.1-10 µg/mL, 
respectively.  
 
Results: Exposure to the carboxylic metabolite was slightly lower than exposure to the 
parent drug with oral administration; however, exposure to parent drug was 2-fold 
higher with IV dosing. This might suggest a first pass effect by the liver with oral dosing. 
The oral bioavailability of pirfenidone in dogs was 56.3%. Half-lives of pirfenidone and 
its carboxylic acid metabolite were 0.887-1.20 hr and 1.41-1.90 hr, respectively. 
Clearance of pirfenidone following oral administration was twice the clearance observed 
with IV dosing although values were less than liver blood flow (1854 mL/hr/kg) or kidney 
blood flow (1296 mL/hr/kg). The volume of distribution following IV dosing was 
approximately equivalent to total body water (603.6 mL/kg) suggesting extensive 
distribution into tissues.  
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Table 21 Pharmacokinetic parameters for pirfenidone and its carboxylic acid metabolite 
in dogs following a single oral or IV dose of pirfenidone 

 
 
Distribution   
 
In Vitro 
 
In Vitro Protein Binding of [14C]-Pirfenidone (PCLN-PIRF-110) 
 
Methods: Serum protein binding of [14C]-pirfenidone was evaluated with sera obtained 
from mouse (Crj:CD-1 (ICR), 15 weeks old, male), rat (Jcl:SD, 9 weeks old, male), dog 
(TOYO Beagle, 10 months old, male), and human (Japanese fasted healthy volunteers, 
32-47 years old, male and female). Binding of [14C]-pirfenidone was also evaluated with 
purified human serum albumin (HSA, essentially fatty acid free), human α1-acid 
glycoprotein (human AGP), and human γ-globulin. Protein binding was determined 
using an ultrafiltration method. 
 
Results: The protein bindings of [14C]-pirfenidone in dog and human sera were 
significantly higher than those in mouse and rat sera. Saturation of the protein binding of 
[14C]-pirfenidone was observed in all species. Significant decreases were observed at 
10 and 100 µg/mL in mouse serum and at 100 µg/mL in dog serum. Rat and human 
serum showed a tendency of decrease at 100 µg/mL. 
 
Albumin was the major binding protein for [14C]-pirfenidone in human serum. The 
binding ratios of human serum albumin and human α1-acid glycoprotein decreased with 
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increasing concentrations of [14C]-pirfenidone. The saturation was consistent with the 
result of human serum. 
 
Table 22 In vitro protein binding of pirfenidone with serum from mouse, rat, dog, and 
human 

 
 

Table 23 In vitro protein binding of pirfenidone with human serum albumin, α1-acid 
glycoprotein, and γ-globulin 

 
 
Rat 
 
Tissue Distribution of Radioactivity after Single Oral Administration of 14C-
Pirfenidone to Rats (PCLN-PIRF-090) 
 
Methods: The tissue distribution of radioactivity was determined in male Sprague-
Dawley rats (8 weeks old, 286-326 g) following a single oral administration of [14C]-
pirfenidone at 100 mg/kg. Rats were sacrificed at 5, 15, and 30 min and 1, 2, 4, 8, 12, 
and 24 hr postdose with n = 4 at each time point. Blood samples were collected. Tissue 
samples were collected as follows: skin, brown fat, eyeball (right), Harderian gland 
(right), whole brain (cerebrum and cerebellum, right halves), pituitary gland, muscle 
(right thigh), bone marrow (right femur), cervical lymph nodes, submandibular gland 
(right), thyroid glands, thymus gland (right), lung (right posterior lobe), heart, liver, 
spleen, pancreas, testicle (right), preputial glands, fat (perirenal), adrenal gland (right), 
prostate gland and kidneys. Tissues were processed and radioactivity was measured by 
liquid scintillation counting. 
 
Results: Peak concentrations of radioactivity were reached in most organs and tissues 
within 5 to 30 min post-dosing; however, the peak concentration in the preputial glands 
occurred 1-hr postdose. Subsequently, concentrations of radioactivity in most organs 
and tissues declined over time in parallel with declining plasma concentrations. 
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Concentrations of radioactivity in the liver, kidneys, pancreas, and preputial glands 
remained higher than plasma concentrations with particular reference to the preputial 
glands. The distribution of radioactivity to the lungs was relatively low. 
 
The AUC, terminal half-life (T½), MRT and CL/F of the plasma radioactivity 
concentration were 102.0 µg equiv. of pirfenidone · hr/mL, 3.9 hr, 3.8 hr and 913 
mL/hr/kg.  
 
The percentage distribution of radioactivity in blood cells was found to be approximately 
20% up to 8 hr post-dosing, most of which was present in the plasma. After this time 
point, the percentage distribution of radioactivity in blood cells increased. 
 
The terminal half-life of the radioactivity concentrations in the preputial glands and blood 
were approximately 15 and 11 hr, respectively. For all of the other organs and tissues, 
the terminal half-life was 4 to 7 hr. 
 
Table 24 Pharmacokinetic parameters of total radioactivity in tissues 

 
 
 
Whole-body ARG Following Single Administration of [14C]-Pirfenidone in 
Pigmented Rats (NCR230) 
 
Methods: Whole-body autoradiography was conducted to determine the tissue 
distribution of radioactivity, particularly melanin tissues, in pigmented male Long Evans 
rats (8 weeks old, 264-276 g, nonfasted) following a single oral administration of [14C]-
pirfenidone at 100 mg/kg. Rats were sacrificed at 0.5, 2, 4, 8, 24, and 72 hr postdose. 
Animals were processed, sagittal whole body sections (40 µm thickness) were prepared 
and, whole body autoradiography was conducted. 
 
Results: Following an oral dose of [14C]-pirfenidone at 100 mg/kg, radioactivity was 
widely distributed to organs and tissues within 30 min. The distribution pattern of 
radioactivity was essentially unchanged from 30 min to 4 hr. Among the organs, the 
highest radioactivity was observed in the renal papilla followed by the nasal mucosa, 
renal cortex > liver, renal medulla > blood in the heart, lung, preputial gland > white and 
pigmented skin > skeletal muscle, heart, testis and brain. The levels of radioactivity in 
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the other organs were similar to that of skeletal muscle. The level of radioactivity in the 
uveal tract, which consisted of iris, ciliary body, and choroid demonstrated a similar level 
to that in the liver. Except for these organs, very high levels of radioactivity were 
detected in the esophagus, stomach and intestinal contents, and urine. 
 
At 8-hr postdose, radioactivity in tissues and organs was decreased as compared to 4 
hr. The distribution of radioactivity was relatively comparable at 4 and 8 hr postdose.  
 
At 24-hr post-dosing, the only tissue having detectable radioactivity was nasal mucosa. 
Except for this tissue, high levels of radioactivity were detected in the stomach and 
intestinal contents. No radioactivity was observed in the melanin-containing tissues, 
such as the uveal tract and pigmented skin. 
 
At 72-hr post-dosing, radioactivity was no longer detected in whole body 
autoradiograms. 
 
Figure 19 Whole body autoradiography of pigmented male Long Evans rats that 
received an oral dose of [14C]-pirfenidone at 100 mg/kg 
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Tissue Distribution Following Single Administration of [14C]-Pirfenidone in 
Pigmented Rats (NCR231) 
 
Methods: The tissue distribution of radioactivity was determined in pigmented male 
Long Evans rats (8 weeks old, 272-314 g, nonfasted) following a single oral 
administration of [14C]-pirfenidone at 100 mg/kg. Rats were sacrificed at 0.5, 2, 4, 8, 24, 
and 72 hr postdose. Tissues were collected from animals as follows: plasma, whole 
blood, whole brain, hypophysis, eyeball, Harderian gland, cervical lymph node, 
submaxillary gland, thyroid, thymus, lung, heart, spleen, pancreas, liver, adrenal, fat, 
kidney, muscle, bone marrow, pigmented skin, white skin, brown fat, prostate, testis and 
preputial gland. Tissues were processed and radioactivity was measured by liquid 
scintillation counting. 
 
Results: With 30 min postdose, radioactivity was widely distributed and tissue 
concentrations had reached maximum levels. At 30 min, the preputial gland showed the 
highest concentration of radioactivity, followed by the kidney, liver, and plasma. The 
concentrations of radioactivity in the preputial gland, kidney, and liver were higher than 
plasma at all time points. The concentrations of radioactivity in other tissues were lower 
than that in plasma at 30 min and decreased in parallel with plasma concentrations at 
later time points. The mean ratios of the radioactivity concentrations of eyeball and 
pigmented skin (melanin-containing tissues) to plasma were in the range of 0.36-0.52 
and 0.40-0.51 by 8 hr postdose, respectively, suggesting radioactivity was not 
distributed into melanin-containing tissue at disproportionate levels. At 24 hr, the 
concentrations of radioactivity in all tissues substantially declined and the plasma 
concentration of radioactivity at 72 hr had declined to the lower limit of detection. At 72 
hr, radioactivity levels detected in the other tissues were generally low (<0.41 µg eq. of 
pirfenidone/g) except for the preputial gland (about 8 µg eq. of pirfenidone). 
 
The distribution ratios of radioactivity in red blood cells were in the range of 17.2% - 
22.3% by 8 hr postdose, 87.9% at 24 hr, and 100.0% at 72 hr. 
 
The preputial gland displayed the longest half-life for radioactivity at 19.3 hr. The half-
life in lung (target for pharmacological efficacy) was 11.1 hr. There appears to be some 
potential for accumulation in tissues with chronic dosing.  
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Table 25 Pharmacokinetic parameters for radioactivity in selected following a single oral 
dose of pirfenidone at 100 mg/kg to pigmented Long Evans rats 

 
 
Milk Transfer Following Single Administration of [14C]-S-7701 in Lactating Rats 
(PCLN-PIRF-095) 
 
Methods: The distribution of radioactivity into milk following a single oral dose of [14C]-
pirfenidone at 100 mg/kg (in a 0.5% CMC suspension) was assessed in female 
Sprague-Dawley rats (body weights 301-342 g, nonfasted) on post-partum day 12. On 
day 4 postpartum, the litters were culled so that each nursing rats had 4 male and 4 
female pups. One hour before administration on the scheduled administration date (day 
12 postpartum), the pups were separated from the dams and pirfenidone was 
administered. At 5 and 30 min and 2, 4, 8, and 24 hr after administration, blood samples 
were collected. Milk samples were taken after blood sampling by compressing the upper 
two teats on the right and left side of the chest. After blood and milk sampling, the pups 
and dams were placed together until 1 hr before the next blood and milk sampling time. 
Radioactivity in the blood and milk was measured using liquid scintillation counting.  
 
Results: Following an oral dose of 100 mg/kg administered to lactating rats, 
radioactivity was rapidly distributed into milk with a milk to plasma ratio of approximately 
0.9, after which the radioactivity concentration in milk was relatively constant from 2 to 8 
hr postdose. Radioactivity was eliminated from the milk with a half-life comparable to 
that of plasma. AUCs of milk and plasma radioactivity were 312.6 ± 140.2 and 119.1 ± 
23.3 µg·hr/mL, respectively, with the milk AUC approximately 3-fold greater than the 
plasma AUC. The milk/plasma (M/P) ratio increased from 0.9 to 5.9 over time up to 8 hr 
postdose. 
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Table 26 Plasma, blood and milk concentration of radioactivity after single 
administration of [14C]-S-7701 in lactating rats 

 
 
Table 27 Pharmacokinetic parameters of radioactivity in the plasma and milk after 
single administration of [14C]-S-7701 in lactating rats 

 
 
Metabolism   
 
Mice 
 
Studies on the Time Course for Plasma Levels of S-7701 in Mice (NCR142 Rev 01) 
 
Methods: Plasma pharmacokinetic parameters of pirfenidone and its hydroxy and 
carboxylic acid metabolites were examined in male ICR mice (8 weeks old, 28.5-41.6 g) 
and male C567BL/6 mice (8 weeks old, 15.4-22.0 g) following oral doses of pirfenidone 
at 100 and 500 mg/kg. The vehicle was 0.5% CMC. Blood samples were collected at 
10, 20, and 30 min, and 1, 2, 4, 8, 12, 24, 48 hr postdose. Plasma concentrations of 
pirfenidone and its metabolites were measured by HPLC. Lower limits of quantitation 
were as follows: S-7701: 0.100 µg/mL; S-7701-OH: 0.200 µg/mL; and S-7701-CA: 
0.200 µg/mL. 
 
Results: Cmax and AUC values for pirfenidone and its hydroxy and carboxylic acid 
metabolites increased in a dose proportional manner for both ICR and C57BL/6 mice. 
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Exposures to pirfenidone and its carboxylic acid metabolite were comparable in both 
ICR and C57BL/6 mice. Exposure to the hydroxy metabolite was smaller. Half-lives of 
pirfenidone and it metabolites appeared to increase with increasing dose in both ICR 
and C57BL/6 mice (possible saturation mediated elimination). 
 
Table 28 Pharmacokinetic parameters for pirfenidone and its metabolites in mice after 
single doses. 

 
 
Effects of Pirfenidone on Hepatic Drug Metabolizing Enzymes in B6C3F1 Mice 
after Four Week Dietary Administration (NCR003) 
 
Methods: A 4-week study of pirfenidone administered by dietary admixture to B6C3F1 
mice (8/sex/group) at doses of 0, 800, 2000, and 5000 mg/kg/day was conducted to 
assess drug-induced hepatic enzyme induction. These doses were identical to those 
used in the 2-year carcinogenicity study. At the start of treatment, body weight ranges 
were 23.0 to 25.8 g in males and 19.1 to 20.8 g in females. All animals were observed 
twice a day for mortality and general condition from the initiation to the termination of 
dosing. Individual body weights were recorded once a week. Seven-day food 
consumption was determined in all animals weekly. Mice were sacrificed after treatment 
for 4 weeks and blood samples were collected. Pathological examinations consisted of 
the liver weight measurements and macroscopic observations on the livers. Liver 
samples were obtained from all surviving animals at necropsy. Liver microsomes were 
prepared and hepatic drug-metabolizing enzyme induction was measured as shown in 
the table below. Ethoxyresorufin O-deethylase (EROD) activity was used as an 
indication of CYP1A activity in the liver. T6β-OHase, T16β-OHase, and T2α-OHase 
activities obtained from this assay were used as indicators of CYP3A, CYP2B, and 
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CYP2D activity in the liver, respectively. T16α-OHase activity was used as a marker for 
CYP2D in males and for CYP2B in females, respectively). 
 
Table 29  Tests conducted to assess hepatic enzyme induction 

 
 
Results: In males, the mean test substance intake during the administration period in 
the 800, 2000, and 5000 mg/kg groups was 748.4, 1999.3, and 4773.1 mg/kg/day, 
respectively. In females, the mean test substance intake during the administration 
period in the 800, 2000, and 5000 mg/kg groups was 779.8, 1969.5, and 4958.4 
mg/kg/day, respectively. 
 
Mortality and Clinical signs: There were no treatment-related deaths or clinical signs. 
 
Body weights and food consumption: Body weight gains for male in the 2000 and 5000 
mg/kg/day groups were reduced to 68.4 and 15.8% of the control, respectively. Body 
weight gains for females in the 2000 and 5000 mg/kg/day groups were reduced to 73 
and 29.7% of the control, respectively. Food consumption was unaffected for male and 
female treatment groups. Food efficiencies for males in the 2000 and 5000 mg/kg/day 
groups were reduced to 69 and 19% of the control, respectively. Food efficiencies for 
females in the 2000 and 5000 mg/kg/day groups were reduced to 76 and 31% of the 
control, respectively. 
 
Liver weights: Absolute and relative liver weights were increased up to 1.56-fold for all 
male treatment groups and females in the 2000 and 5000 mg/kg/day groups. 
 
Table 30 Absolute and relative liver weights at the end of the 4-week treatment period  

Males Females Liver 
0 800 2000 5000 0 800 2000 5000 

Liver 
g 

1.27 1.42* 
(112%) 

1.55* 
(122%) 

1.87* 
(147%) 

1.14 1.18 1.25* 
(110%) 

1.29* 
(113%) 

Liver 
%BW 

4.841 5.306* 
(110%) 

5.999* 
(124%) 

7.557* 
(156%) 

4.857 5.053 5.534* 
(114%) 

6.167* 
(127%) 

*Statistical significance was achieved, p <0.05 
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Gross pathology: Macroscopic lesions considered to be treatment-related were dark 
discoloration of the liver observed in 3 males in the 800 mg/kg group, 8 males and 6 
females in the 2000 mg/kg group and 8 males and 8 females in the 5000 mg/kg group. 
In addition, enlarged liver was observed in 4 males in the 5000 mg/kg group. 
 
Hepatic enzyme induction: Most indices of hepatic enzyme induction were significantly 
increased. For male and female treatment groups, microsomal protein content, 
cytochrome P450 content, and activities of EROD (CYP1A), testosterone 6β-
hydroxylase (CYP3A), testosterone 16α-hydroxylase (CYP2D in males and CYP2B in 
females), testosterone 16β-hydroxylase (CYP2B), and testosterone 2α-hydroxylase 
(CYP2D) were increased up to 1.2-fold, 3.1-fold, 3.8-fold, 4.0-fold, 3.9-fold, 3.9-fold, 
and, 2.8-fold, respectively.  
 
Pirfenidone has the potential to induce cytochrome P450 isozymes including CYP1A, 
CYP3A, CYP2B, and CYP2D. The induction profile of pirfenidone was similar to that of 
phenobarbital (PB), which is known to induce CYP2B and CYP3A in mice, rabbits, 
hamsters, and rats. This PB-like induction of CYP P450 isozymes was also observed in 
other oral administration studies with pirfenidone in rats, mice, and dogs. 
 
Table 31 Hepatic enzyme induction in mice after treatment with pirfenidone for 4 weeks 

Males Females Parameter 
0 800 2000 5000 0 800 2000 5000 

Microsomal protein 
mg/protein 

54.8 58.4 
(107%) 

59.7 
(109%) 

65.2* 
(119%) 

44.6 50.5 
(113%) 

52.3 
(117%) 

51.1 
(115%) 

P450  
nmol/mg protein 

0.247 0.439* 
(178%) 

0.532* 
(215%) 

0.613* 
(248%) 

0.256 0.516* 
(202%) 

0.626* 
(245%) 

0.804* 
(314%) 

EROD 
nmol/min/mg protein 

0.056 0.134* 
(239%) 

0.156* 
(279%) 

0.212 
(379%) 

0.071 0.207* 
(292%) 

0.226* 
(318%) 

0.241* 
(339%) 

Testosterone 6β-hydroxylase, 
nmol/min/mg protein 

1.115 2.044* 
(183%) 

0.156* 
(292%) 

0.212* 
(402%) 

1.522 1.961* 
(129%) 

2.925* 
(192%) 

4.994* 
(328%) 

Testosterone 16α-hydroxylase, 
nmol/min/mg protein 

0.232 0.294 
(127%) 

0.332* 
(143%) 

0.392* 
(169%) 

0.087 0.138* 
(159%) 

0.222* 
(255%) 

0.342* 
(393%) 

Testosterone 16β-hydroxylase, 
nmol/min/mg protein 

0.132 0.211* 
(160%) 

0.249 
(189%) 

0.289* 
(219%) 

0.102 0.239* 
(234%) 

0.285* 
(279%) 

0.395 
(387%) 

Testosterone 2α-hydroxylase, 
nmol/min/mg protein 

0.024 0.033* 
(138%) 

0.045* 
(188%) 

0.067* 
(279%) 

0.047 0.047 0.067* 
(143%) 

0.068* 
(145%) 

*Statistical significance was achieved, p <0.05 
 
Rats 
 
Structure Determination of Pirfenidone (S-7701) Metabolites in Rats and Dogs 
(NCR007) 
 
Methods: Major metabolites of pirfenidone in Sprague-Dawley rat or Beagle dog 
plasma, urine, bile (rat only) and feces following single oral administration of [14C]-S-
7701 were identified and structures were determined. Male rats were 8 weeks old with a 
body weight range of 304 - 336 g. One male beagle at 12 months of age with a body 
weight of 12.6 kg was used.  
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[14C]-S-7701 was administered to rats at an oral dose of 100 or 200 mg/kg to intact and 
bile duct-cannulated rats, respectively. Blood samples for measurement of plasma drug 
concentrations were collected at 0.25 and 4 hr postdose. After administration to rats, 0-
6, 6-24, 24-48, 48-72 and 72-96 hr urine samples and 0-6, 6-24, 24-48 hr urine samples 
were collected from intact and bile duct-cannulated animals, respectively. Rat feces 
were collected every 24-hr period until 96 hr and 48 hr after administration from intact 
and bile duct-cannulated rats, respectively. After [14C]-S-7701 administration in rats, bile 
samples were collected at 0-6, 6-24 and 24-48 hr or 0-6 and 6-24 hr, respectively. 
 
[14C]-S-7701 was administered to dogs at an oral dose of 30 mg/kg. Blood samples for 
measurement of plasma drug concentrations were collected at 1 and 4 hr postdose. 
After administration to the dog, 0-6, 6-24, 24-48, 48-72 and 72-96 hr urine samples 
were collected. Dog feces were collected every 24-hr period until 96 hr after 
administration. 
 
Total radioactivity in plasma, urine, and feces was measured by liquid scintillation 
counting. Metabolites in plasma, urine, and feces from rat and dog were identified using 
an HPLC method with UV detection at 310 nm and radiomatic detection. Structural 
determinations of metabolites were conducted with an HPLC method that was equipped 
with a post-column splitter to split eluate between a mass spectrometer and a 
radiodetector. Some bile metabolites were separated by HPLC and structural 
determinations were performed using NMR.  
 
Metabolic activity of rat liver, renal, pulmonary, or intestinal microsomes was assessed 
with [14C]-pirfenidone at a concentration of 250 µM. Sampling was conducted at 0, 15, 
30, or 60 min after the start of the reaction. Concentrations of pirfenidone and 5-
hydroxymethyl pirfenidone in the supernatant were measured by HPLC with a 
radiodetector. 
 
Results: 
Figure 20 Metabolites of pirfenidone detected in rats and/or dogs 
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1. Metabolite profiling of rat plasma: The main chromatographic peak in rat plasma was 
identified as 5-carboxylic acid pirfenidone. It accounted for approximately 51 - 53% and 
59% of the radioactivity in 0.25-hr and 4-hr plasma, respectively. A minor metabolite 
was identified as 5-hydroxymethyl pirfenidone. It accounted for approximately 6 - 7% 
and 4 - 6% of the radioactivity in 0.25-hr and 4-hr plasma, respectively. Unchanged 
pirfenidone accounted for 38% and 27-28% in 0.25-hr and 4-hr plasma, respectively. 
 
2. Metabolite profiling of rat urine: The main peak in rat urine was identified as 5-
carboxylic acid pirfenidone. It accounted for approximately 95-98% and 92-94% of the 
radioactivity in 0-6 hr and 6-24 hr urine, respectively. Drug-related radioactivity was 
primarily excreted in the urine for both intact and bile duct-cannulated rats. 
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Table 32 Urinary and fecal excretion of radioactivity in intact male rats following oral 
administration of [14C]-pirfenidone at 100 mg/kg 

 
 

Table 33 Urinary and fecal excretion of radioactivity in bile duct-cannulated male rats 
following oral administration of [14C]-pirfenidone at 100 mg/kg  

 
 
3. Metabolite profiling of rat bile: The main peak in rat bile was identified as 5-carboxylic 
acid pirfenidone. It accounted for approximately 76% and 62% of the radioactivity in 0-6 
hr and 6-24 hr bile, respectively. RBM2 and RBM4, minor metabolites in rat bile, were 
not identified because of the lack of their authentic compounds. RBM2 and RBM4 were 
analyzed by 1H-NMR. RBM2 was assumed to be the 1-O-acylglucuronide 5-carboxylic 
pirfenidone. RBM4 was assumed to be 3-O-glucuronide 5-carboxylic pirfenidone. 
 
4. Metabolite profiling of rat feces: The main peak in rat feces was identified as 5-
carboxylic acid pirfenidone. It accounted for approximately 90-92% of the radioactivity in 
0-24 hr feces. 
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5. Prediction of major tissue responsible for metabolite formation: Following the 
incubation of [14C]-S-7701 with rat microsomes prepared from the liver, kidney, lung, 
and intestine, the disappearance of [14C]-S-7701 and the formation of 5-hydroxymethyl 
[14C]-S-7701 were estimated. Metabolism of [14C]-S-7701 to form 5-hydroxymethyl [14C]-
S-7701 was only evident with rat liver microsomes. No metabolism was evident with 
microsomes prepared from kidney, lung, and intestine. It is unclear why the sponsor did 
not measure 5-carboxylic pirfenidone although levels of the parent compound were 
essentially unchanged with kidney, lung, and intestine. The sponsor speculated that in 
rat, the liver may be responsible for metabolism of S-7701, and the contributions of 
kidney, lung and intestine might be negligible. 
 
Table 34 The disappearance of [14C]-S-7701 and the formation of 5-hydroxymethyl 
[14C]-S-7701 were estimated following incubation with rat microsomes prepared from 
liver, renal, pulmonary, and intestinal tissue 

 
 
6. Metabolite profiling of dog plasma: The main peak in dog plasma was unchanged 
pirfenidone. It accounted for approximately 66% and 40% of the radioactivity in 1-hr and 
4-hr plasma, respectively. One major metabolite identified was 5-carboxylic pirfenidone. 
It accounted for approximately 32% and 53% of the radioactivity in 1-hr and 4-hr 
plasma, respectively. 
 
7. Metabolite profiling of dog urine: The main peak identified in dog urine was 5-
carboxylic pirfenidone. It accounted for approximately 96% and 89% of the radioactivity 
in 0-6 hr and 6-24 hr urine, respectively. Unchanged pirfenidone was not found in dog 
urine. Drug-related radioactivity was primarily excreted in the urine for a male dog. 
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Table 35 Urinary and fecal excretion of radioactivity in a beagle dog following oral 
administration of [14C]-pirfenidone at 30 mg/kg  
 

 
 
8. Metabolite profiling of dog feces: 
The most abundant peak was identified as 5-carboxylic S-7701. It accounted for 
approximately 29% of the radioactivity in 0-24 hr feces. Another major metabolite, 
termed DFM2, was observed at 26.6 min and accounted for approximately 25% of the 
radioactivity. Moreover, several minor metabolites (accounted for less than 5%) were 
detected at 5.0 min, 7.2 min and 10.2 min. The peak observed at 17.8 min was 
considered to be unchanged pirfenidone. DFM2 was detected at the later retention time 
than unchanged S-7701. As MS/MS spectrum of DFM2 had similar fragment ions with 
the MS/MS/MS spectrum of RBM4, DFM2 could have similar structure to aglycone of 
RBM4 (3-O-glucuronide). The analyses of minor peaks at 5.0 min, 7.2 min and 10.2 min 
in Radio-HPLC chromatogram were not conducted because they were minor 
metabolites in dog feces where only 2% of dose was excreted. 
 
Quantitative Determination of Urinary and Biliary Metabolites Following Single 
Administration of [14C]-S-7701 in Rats (PCLN-PIRF-064) 
 
Methods: Urinary and biliary metabolites of pirfenidone were measured following 
administration of a single oral dose of [14C]-pirfenidone at 100 mg/kg to male Sprague-
Dawley rats (8 weeks old, non-fasted conditions). Intact and bile duct-cannulated rats 
were used in these studies. In the urinary and fecal excretion study and the biliary 
excretion study, urine or bile was collected at intervals of 0-6, 6-24, or 24-48 hr 
postdose. Also feces excreted between 0-24 or 24-48 hr postdose and alimentary tract 
contents at 48 hr postdose were collected. The urine and bile samples to be used in an 
investigation of hydrolysis conditions were collected between 0-6 and 6-24 hr postdose. 
Total radioactivity in urine and bile were measured. An HPLC method with UV detection 
at 315 nm was used to determine the levels of S-7701 (pirfenidone) and its S-7701- 5-
CA (5-carboxylic) and S-7701-5-OH (5-hydroxy) metabolites in urine and bile. The 
concentration of the glucuronide conjugate of the S-7701-5CA (S-7701-5-CA-G) was 
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obtained by measuring the concentrations of the S-7701-5-CA before and after alkali 
hydrolysis. The lower limits of quantitation for the levels of S-7701, S-7701-5-CA and 
S7701-5-OH in the control urine and control bile were 0.229, 0.218 and 0.271 µg/mL, 
respectively. The ranges of quantitative determinations were 0.229-76.2, 0.218-72.8, 
and 0.271-90.4 µg/mL, respectively. 
 
Results: Following administration of pirfenidone at oral dose of 100 mg/kg to male rats, 
radioactivity was primarily excreted in the urine (89.63%). Levels in the feces were 
much lower (5.50%). Similarly, for bile duct-cannulated rats, radioactivity was primarily 
excreted in the urine (81.03%) and lower levels were excreted in the bile (10.3%) and 
feces (0.59%). Analysis of radioactivity in the urine from intact and bile duct-cannulated 
rats found that it was principally composed of the 5-carboxylic acid metabolite of 
pirfenidone. Analysis of radioactivity in the bile found that it consisted of negligible levels 
of the parent compound (0.1%) and higher levels of metabolites, 5-carboxylic acid 
pirfenidone (5.1%) and the glucuronide conjugate of 5-carboxylic acid pirfenidone 
(2.6%). The glucuronide conjugate of 5-carboxylic acid pirfenidone was not found in the 
urine. 
 
Table 36 Cumulative excretion of radioactivity in the urine, bile, and feces following a 
single oral dose of 100 mg/kg administered to male rats 
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Table 37 Cumulative excretion of pirfenidone (S-7701) and its metabolites, 5-carboxylic 
acid S-7701 and the glucuronide conjugate of 5-carboxylic acid S-7701, in urine and bile 

 
 
Entero-Hepatic Recirculation Following Single Administration of [14C]-S-7701 in 
Rats (PCLN-PIRF-094) 
 
Methods: Entero-hepatic recirculation of drug-related radioactivity was assessed in 
male Sprague-Dawley rats (8 weeks old, 274-318 g). There were four groups, each 
consisting of 3 male rats. Each group consisted of a bile supply rat that had a 
polyethylene tube inserted into the common bile duct toward the liver to supply bile and 
bile recipient rats that had a polyethylene tube inserted into the common bile duct to 
collect bile as well as a polyethylene tube inserted toward the duodenum in such a way 
that bile samples from another rat could be supplied by the common bile duct. The 
animals were then connected in series in the order of bile supply rat, donor rat, and 
recipient rat. Three more groups were prepared according to the same arrangement. 
[14C]-pirfenidone was administered to donor rats as a single oral dose of 100 mg/kg 
following completion of the procedures. Urine and bile were collected from the recipient 
rats at 0-6, 6-24, and 24-48 hr postdose. Feces excreted at 0-24 and 24-48 hr postdose 
were collected. The donor rats were treated by the same method as the recipient rats, 
with the exception of the bile. Total radioactivity in the urine, bile, and feces was 
measured by liquid scintillation counter. 
 
Results: Three bile duct-cannulated rats connected in series were prepared in order to 
investigate enterohepatic recirculation and 100 mg/kg of an aqueous suspension of 
[14C]-S-7701 was administered by the oral route to donor rats. For donor rats, 86.59 and 
0.63% of the radioactivity were excreted in the urine and feces, respectively, for a total 
of 87.22%. For recipient rats that received bile from donor rats, 5.71, 1.64, and 3.62% of 
the radioactivity were excreted in the urine, bile, and feces, respectively. Negligible 
levels of radioactivity were measured in intestinal contents and carcass. The total 
recovery ratio combining the donor and recipient rats was 98.44 ± 0.98%. 
Approximately 11% of the administered dose was transferred to the recipient rats by the 
bile from the donor rats that received an oral dose of 100 mg/kg, with approximately 
7.4% being reabsorbed and then excreted in the urine (5.7%) and bile (1.6%). The 
entero-hepatic recirculation ratio was approximately 15% (1.64/11). 
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Table 38 Enterohepatic recirculation of radioactivity after a single oral dose of [14C]-
pirfenidone at 100 mg/kg administered to male rats 

 
 
Effects of S·7701 on Hepatic Drug Metabolizing Enzymes in F344 Rats after Four-
Weeks Dietary Administration (NCR002) 
 
Methods: A 4-week study of pirfenidone administered by dietary admixture to 
F344/DuCrj (Fischer) rats (8/sex/group) at doses of 0, 375, 750, and 1500 mg/kg/day 
was conducted to assess drug-induced hepatic enzyme induction. These doses were 
identical to those used in the 2-year carcinogenicity study. At the start of treatment, rats 
were 7 weeks old and body weight ranges were 126 to 139 g in males and 95 to 106 g 
in females. All animals were observed twice a day for mortality and general condition 
from the initiation to the termination of dosing. Individual body weights were recorded 
once a week. Seven-day food consumption was determined in all animals weekly. 
Pathological examinations consisted of the liver weight measurements and macroscopic 
observations of the livers. Liver samples were obtained from all surviving animals at 
necropsy. Two portions (approximately 1.2 g each) of the liver from the left lobe were 
weighed and immediately frozen on dry ice. Liver microsomes were prepared and 
hepatic drug-metabolizing enzyme induction was measured as shown in the table 
below. Ethoxyresorufin O-deethylase (EROD) activity was used as an indication of 
CYP1A activity in the liver. T6βOHase, T16α-OHase, T16β-OHase, and T2α-OHase 
activities were used as indicators of CYP3A, CYP2C11, CYP2B, and CYP2C11 activity 
in the liver, respectively. 
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Table 39 Tests used to assess hepatic enzyme induction 

 
 
Results: The mean test substance intake during the administration period in the 375, 
750, and 1500 mg/kg groups was 430.1, 852.3, and 1647.2 mg/kg/day in males and 
413.9, 824.8, and 1554.2 mg/kg/day in females, respectively.  
 
Mortality and Clinical signs: There were no treatment-related deaths or clinical signs. 
 
Body weights and Food Consumption: Body weight gain for males in the 1500 
mg/kg/day group over the 4-week treatment period was decreased to 90.6% of the 
control. Body weight gains for females in the 375, 750, and 1500 mg/kg/day group were 
decreased to 79.5, 66.7, and 59% of the control, respectively. Food consumption for 
females in the 750 and 1500 mg/kg/day was decreased to 90.6 and 88.8% of the 
control, respectively. Food efficiency for males in the 1500 mg/kg/day group over the 4-
week treatment period was decreased to 91.6% of the control. Food efficiencies for 
females in the 375, 750, and 1500 mg/kg/day group were decreased to 84.2, 74.8, and 
67.6% of the control, respectively. 
 
Liver weights: Absolute and relative liver weights were increased up to 1.4-fold for all 
male and female treatment groups at the end of the 4-week treatment period. 
 
Table 40 Absolute and relative liver weights at the end of the 4-week treatment period  

Males Females Liver 
0 375 750 1500 0 375 750 1500 

Liver 
g 

7.48 8.22* 
(110%) 

8.83* 
(118%) 

9.44* 
(126%) 

4.33 4.63 
(107%) 

4.73* 
(109%) 

5.33* 
(123%) 

Liver 
%BW 

3.436 3.789 
(110%) 

4.145* 
(121%) 

4.470 
(130%) 

3.114 3.552* 
(113%) 

3.835* 
(123%) 

4.345* 
(140%) 

*Statistical significance was achieved, p <0.05 
 
Gross pathological examination of the liver: Gross findings attributed to administration of 
the test substance included dark discoloration of the liver was observed in 2 males and 
1 female in the 750 mg/kg/day group and 7 males and 8 females in the 1500 mg/kg 
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group. In addition, enlarged liver was observed in 6 males and 8 females in the 1500 
mg/kg group.  
 
Hepatic enzyme induction: Almost all parameters of hepatic enzyme induction were 
significantly increased. A marked elevation of testosterone 16β-hydroxylase (CYP2B) 
activity was observed in all treatment groups and the magnitude of the elevation 
compared to the control group was 18- to 30-fold for males and 7- to 16-fold for 
females. Increases were also evident for cytochrome P450 content, testosterone 6β-
hydroxylase activity (CYP3A), and EROD (CYP1A) activity.  Increasing of cytochrome 
P450 content, testosterone 6β-hydroxylase activity, and EROD activity were 1.4- to 2.2-
fold, 2.0- to 3.1-fold, and 1.5- to 2.2-fold, respectively. The microsomal protein content 
in female treatment groups was slightly increased (1.3- to 1.5-fold).Testosterone 2α-
hydroxylase (CYP2C11) activity was slightly decreased for male treatment groups.  
 
Pirfenidone has the potential to potently induce CYP2B and moderately induce CYP3A 
and CYP1A. The induction profile of pirfenidone closely resembles that of phenobarbital 
(PB). These phenobarbital-like changes of CYP induction were observed in other oral 
administration studies with pirfenidone using rats, mice, and dogs. 
 
Table 41 Hepatic enzyme induction in rats after treatment with pirfenidone for 4 weeks 

Males Females Parameter 
0 375 750 1500 0 375 750 1500 

Microsomal protein 
mg/protein 

39.0 36.8 37.8 41.4 28.8 36.1* 
(125%) 

38.1* 
(132%) 

44.1* 
(153%) 

P450  
nmol/mg protein 

0.457 0.763* 
(167%) 

0.923* 
(202%) 

0.995* 
(218%) 

0.435 0.609* 
(140%) 

0.693* 
(159%) 

0.724* 
(166%) 

Testosterone 6β-hydroxylase, 
nmol/min/mg protein 

1.150 2.346* 
(204%) 

3.135* 
(273%) 

3.532* 
(307%) 

0.239 0.482* 
(202%) 

0.599* 
(251%) 

0.713* 
(298%) 

Testosterone 16α-hydroxylase, 
nmol/min/mg protein 

6.713 8.305* 
(124%) 

8.323* 
(124%) 

7.847* 
(117%) 

- - - - 

Testosterone 16β-hydroxylase, 
nmol/min/mg protein 

0.086 1.556* 
(1809%) 

2.426* 
(2821%) 

2.599* 
(3022%) 

0.078 0.573* 
(735%) 

0.908* 
(1164%) 

1.244* 
(1595%) 

Testosterone 2α-hydroxylase, 
nmol/min/mg protein 

3.436 3.056* 
(89%) 

2.378* 
(69%) 

2.018* 
(59%) 

- - - - 

EROD 
nmol/min/mg protein 

0.085 0.170* 
(200%) 

0.171* 
(200%) 

0.183* 
(215%) 

0.069 0.103* 
(149%) 

0.106* 
(154%) 

0.108 
(157%) 

*Statistical significance was achieved, p <0.05 
 
Dogs 
 
Measurement of Plasma Metabolites Following Single Administration of S-7701 to 
Dogs (PCLN-PIRF-103) 
 
Methods: The time course and plasma concentrations of unchanged pirfenidone (S-
7701) and its metabolites (5-hydroxy and 5-carboxylic acid metabolites) were 
determined in male Beagle dogs (9-10 months old) following oral doses of 100 and 300 
mg/kg. Pirfenidone was placed in gelatin capsules for administration by oral gavage. 
Non-fasted conditions (fed 3 hr prior to dosing) were used. Blood samples were 
collected at 0.5, 1, 2, 3, 4, 6, 8, and 24 hr postdose for measurement of plasma 
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concentrations of pirfenidone and its 5-carboxylic and 5-hydroxy metabolites. 
Pirfenidone and its metabolites were measured with an HPLC method using UV 
detection at 315 nm.  
 
Results: After oral administration of pirfenidone at 100 or 300 mg/kg, both unchanged 
pirfenidone (S-7701) and its 5-carboxylic metabolite (S-7701-5-CA) showed increases 
of Cmax and AUC with increasing dose, but proportional relationships were not observed. 
In the 100 mg/kg dosing group, one animal showed mild vomiting, but in the 300 mg/kg 
group, 3 animals showed severe vomiting, and this may have contributed to the 
nonlinearity. The 5-hydroxy metabolite was not detected in the plasma of dogs with 
doses up to 300 mg/kg; however, this metabolite was observed in mice and rats. 
 
Table 42 Pharmacokinetic parameters of pirfenidone (S-7701) and its 5-carboxylic acid 
metabolite (S-7701-CA) in dogs following oral administration of pirfenidone 

 
 
 
Quantitative Determination of Plasma, Urine, and Bile Metabolites Following 
Single Administration of [14C]-S-7701 in Dogs (PCLN-PIRF-062) 
 
Methods: Plasma and urine concentrations of unchanged pirfenidone and its 
metabolites were measured in male Beagle dogs following administration of 
[14C]pirfenidone as a single oral dose of 30 mg/kg or intravenous dose of 20 mg/kg. In 
addition, urine, bile, and fecal concentrations of unchanged pirfenidone and its 
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metabolites were measured in bile duct-cannulated male Beagle dogs following 
intraduodenal administration of [14C]pirfenidone at a dose of 30 mg/kg. The vehicle for 
oral and intraduodenal administration was 0.5% CMC. The vehicle for IV dosing was a 
mixed solution of N, N-dimethylacetoamide and polyethylene glycol 400. Animals were 
dosed under fasting condition (not fed until 6 hr postdose). In the studies of urinary 
excretion and biliary excretion, urine and bile were collected at 0-6, 6-24, and 24-48 hr 
postdose. In the biliary excretion study, feces excreted at 0-24 and 24-48 hr postdose 
and the contents of the alimentary tract at 48 hr postdose were also collected. In the 
animals that received pirfenidone by the oral and intraduodenal routes, blood samples 
were drawn at 15 and 30 min, and 1, 2, 4 (oral only), 6, 8 (oral only), 24 and 48 hr 
postdose. In the animals that were administered an intravenous dose, blood samples 
were collected at 5, 15, and 30 min, and 1, 2, 4, 6, 8, 24 and 48 hr post-dosing. An 
HPLC method with UV detection at 315 nm was used for the simultaneous 
determination of S-7701 and its S-7701-S-CA and S-7701-S-OH metabolites in plasma, 
urine, and bile, and for the determination of the levels of a glucuronide conjugate of S-
7701-S-CA (S7701-5-CA-G) in the dog bile and urine (the glucuronide conjugate was 
determined to not be present in urine). The glucuronide conjugate of S-7701-5-CA was 
hydrolyzed and the level of the glucuronide conjugate was calculated from the 
increased concentration of S-7701-S-CA. The lower limits of quantitation for plasma 
levels of S-7701, S-7701-5-CA and S-7701-5-OH were 0.346, 0.332, and 0.308 µg/mL, 
respectively. The lower limits of quantitation for levels of S-7701, S-7701-5-CA and S-
7701-5-OH in the diluted control urine were 0.312, 0.299 and 0.277 µg/mL, respectively. 
The lower limits of quantitation for levels of S-7701 and S-7701-5-OH in the diluted 
control bile were 0.290 and 0.275 µg/mL, respectively. 
 
Results: 
 
1. Plasma concentrations of unchanged drug and metabolites: Unchanged pirfenidone 
and its 5-carboxylic metabolite were detected in the plasma following oral or intravenous 
administration of pirfenidone. Oral bioavailability of pirfenidone was 62.9%. Mean half-
lives of pirfenidone and its 5-carboxylic acid metabolites following oral or intravenous 
dosing were 1.2 and 1.85 hr, respectively. Mean residence times of pirfenidone and its 
5-carboxylic acid metabolite following oral or intravenous dosing were 2.05 and 3.4 hr, 
respectively. Clearance of pirfenidone following oral administration was 1.6-fold greater 
than clearance following intravenous administration although both values were less than 
liver blood flow (1854 mL/hr/kg) or kidney blood flow (1296 mL/hr/kg). The 5-hydroxy 
metabolite of pirfenidone was not detected in plasma samples obtained from dogs. 
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Table 43 Pharmacokinetic parameters of pirfenidone and its 5-carboxylic metabolite in 
plasma after oral and IV administration of pirfenidone to dogs 

 
 
2. Urinary concentrations of unchanged drug and metabolites: Only the 5-carboxylic 
metabolite of pirfenidone was detected in urine following oral or IV administration of 
pirfenidone to dogs.  
 
Table 44 Cumulative excretion of pirfenidone and its metabolites in urine following oral 
or IV administration of pirfenidone to dogs 

 
 

3. Urinary and bile concentrations of unchanged drug and metabolites following 
intraduodenal administration of pirfenidone: Following intraduodenal administration of 
pirfenidone, drug-related radioactivity was primarily excreted in the urine (81.26% of the 
dose) with significantly smaller levels excreted in the bile (14.58% of the dose) and 
feces (0.31% of the dose). Radioactivity in the urine and bile was primarily the 5-
carboxylic metabolite of pirfenidone. In the bile, there were also small amounts of a 
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glucuronide conjugate of the 5-carboxylic metabolite of pirfenidone. The 5-hydroxy 
metabolite of pirfenidone was not detected in either the urine or bile. 
 
Table 45 Cumulative excretion of radioactivity in the urine, bile, and feces after 
intraduodenal administration of pirfenidone to dogs 

 
 
 
Table 46 Cumulative excretion of pirfenidone and its metabolites in the urine and bile 
after intraduodenal administration of pirfenidone to dogs 
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Excretion   
 
Rats 
 
Pharmacokinetics and Disposition Following Multiple Administrations of [14C]-S-
7701 in Rats (PCLN-PIRF-096) 
 
Methods: In a 14-day repeat dose study, male Sprague-Dawley rats received [14C]-
pirfenidone by oral gavage at a dose of 100 mg/kg/day and excretion of radioactivity into 
the urine and feces was assessed. Further, plasma radioactivity and concentrations of 
the unchanged drug and metabolites were measured. Rats were sacrificed at various 
time points following the final drug administration and processed for whole body 
autoradiography. Comparisons were made to plasma concentrations of unchanged drug 
and metabolites from male rats that received a single oral dose of [14C]-pirfenidone at 
100 mg/kg/day. In the 14-day study, blood samples were collected at 4 hr after the 1st, 
3rd, 5th, 7th, 9th, 11th, 13th, and 14th administrations of drug. Further, blood samples were 
obtained on days 1 and 14 at 0, 5, 15, and 30 min and 1, 2, 4, 6, 8, 24, and 48 hr 
postdose. Urine and feces were collected at 24 hr intervals during the administration 
period and up to 120 hr after the final administration. The cages were washed with 
water at every sampling time and the wash liquid was combined with the urine. Total 
radioactivity was assessed in the blood, urine, and feces. Unchanged drug, the 5-
hydroxy metabolite, the 5-carboxylic acid metabolite, and a glucuronide conjugate of the 
5-carboxylic acid metabolite were measured in plasma and urine using an HPLC 
method with UV detection at 315 nm. The lower limits of the S-7701, S-7701-5-CA, and 
S-7701-5-OH in plasma were found to be 0.280, 0.266, and 0.270 µg/mL, respectively, 
and the determination ranges were found to be 0.280–28.0, 0.266–26.6, and 0.270–
27.0 µg/mL, respectively. LLOQ for urine was not to be specified. Rats were sacrificed 
before the final administration and at 5 and 30 min and 2, 8, 24, and 48 hr after final 
drug administration and processed for whole body autoradiography. Autoradiography 
was conducted with whole body slices at a thickness of 40 µm to assess the distribution 
of radioactivity.  
 
Results: Following single and repeated administration of [14C]-pirfenidone at 100 
mg/kg/day, pirfenidone and its 5-hydroxy and 5-carboxylic acid metabolites were 
detected in plasma.  Concentrations of the 5-carboxylic acid metabolite were 
comparable to the unchanged parent compound with single and repeated 
administration. Concentrations of the 5-hydroxy metabolite were lower than the parent 
compound or 5-carboxylic acid metabolite. Half-lives of total radioactivity, unchanged 
parent compound, the 5-hydroxy metabolite, and the 5-carboxylic acid metabolites with 
repeated administration were 8.6, 6.1, 6.7, and 8.9 hr, respectively. AUC values for total 
radioactivity, the unchanged parent compound, the 5-hydroxy metabolite, and the 5-
carboxylic acid metabolite were reduced after repeated administration, as compared to 
the single dose administration, possibly due to enzyme induction. 
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Table 47 Pharmacokinetic parameters for total radioactivity, unchanged drug, the 5-
hydroxy metabolite, and the 5-carboxylic acid metabolite in plasma from rats treated 
with [14C]-pirfenidone at 100 mg/kg/day for 1 or 14 days 

 
 
Following repeated administration of [14C]-pirfenidone, radioactivity was primarily 
excreted in the urine (>80%) with much smaller quantities excreted in the feces (5.5%). 
Almost the entire radioactivity in the urine was the 5-carboxylic acid metabolite. 
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Table 48 Cumulative excretion of radioactivity in the urine and feces for rats treated with 
[14C]-pirfenidone at 100 mg/kg/day for 14 days 
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Table 49 Urinary excretion of radioactivity and the 5-carboxylic acid metabolite of 
pirfenidone from rats treated with [14C]-pirfenidone at 100 mg/kg/day for 14 days 

 
 

 
Thirty min after the last dose, radioactivity levels in the whole body reached its peak. In 
the principal organs and tissues, it was strongest in the renal regions followed by nasal 
cavity > foreskin glands (some containing strong radioactivity), renal medulla ≥renal 
cortex ≥liver ≥blood, lungs ≥ skin ≥ pituitary, testes, skeletal muscles ≥ brain. 
Radioactivity levels in other organs and tissues were comparable to skeletal muscles or 
less. High levels of radioactivity were observed in the urine. High levels of radioactivity 
were observed in the esophagus and stomach contents. Radioactivity was observed in 
the intestinal contents. At later time points, radioactivity levels were declining although 
the tissue distribution was relatively comparable. 
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Table 50 Autoradiogram showing distribution of radioactivity in rats at 30 min 
after the last dose of [14C]-pirfenidone at 100 mg/kg/day for 14 days 

 
 
Dogs 
 
The Disposition of Total Radioactivity Following Oral and Intravenous 
Administration of [14C]-S-7701 to Dogs (PCLN-PIRF-065) 
 
Methods: The excretion and pharmacokinetics of total radioactivity were determined in 
three male beagle dogs (8-12 months old with a body weight of approximately 10 kg) 
that received [14C]-S-7701 as a single oral dose of 30 mg/kg or a single intravenous 
dose of 20 mg/kg. Following oral or intravenous dosing, urine was quantitatively 
collected for the periods predose, 0-6 hr, 6-24 hr, and then at 24 hr intervals up to 120 
hr postdose and feces were quantitatively collected at 24 hr intervals to 120 hr 
postdose. At the time of each feces collection, the cages were washed with water and 
the wash retained. Blood samples were collected at predose, 0.083 (5 min), 0.25, 0.5, 1, 
2, 4, 6, 8, 24, and 48 hr postdose. Samples were processed and total radioactivity was 
measured by liquid scintillation counting. 
 
Results: 
 
Oral administration: Following oral administration of [14C]-S-7701 to male dogs, the 
recovery of radioactivity over a 120 hr period was 95.70 ± 1.97% of the dose. The 
predominant route of excretion was by the urine, indicating extensive absorption of the 
orally administered dose with 80.61 ± 1.65% of the dose excreted by this route. 
Excretion of radioactivity in feces accounted for 8.88 ± 3.47%. Radioactivity was rapidly 
eliminated with the majority of the administered dose (90.38 ± 2.90%) excreted by 24 hr 
post dose. 
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Table 51 Excretion of drug-related radioactivity from dogs following an oral dose of 30 
mg/kg 

 
 

Intravenous administration: Following intravenous administration of [14C]-S-7701 dogs, 
the recovery of radioactivity over a 120 hr period was 99.85 ± 1.03% of the dose. The 
predominant route of excretion was by the urine, with 79.86 ± 2.46% of the dose 
excreted by this route. Excretion of radioactivity in feces accounted for 15.64 ± 3.97% of 
the dose indicating biliary elimination as a significant route of elimination of absorbed 
radiolabeled components. Radioactivity was rapidly eliminated with the majority of the 
administered dose 94.41 ± 1.81% excreted by 24 h postdose. 
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Table 52 Excretion of drug-related radioactivity from dogs following an intravenous dose 
of 20 mg/kg 

 
Plasma pharmacokinetic parameters following an oral dose of 30 mg/kg or an 
intravenous dose of 20 mg/kg: Oral bioavailability of pirfenidone was 79%. Half-lives 
following oral and intravenous dosing were 3.8 and 4.6 hr, respectively. Clearance 
following oral dosing was 1.3-fold greater than following intravenous dosing. Clearance 
values were less than liver blood flow (1854 mL/hr/kg) or kidney blood flow (1296 
mL/hr/kg). Volume of distribution values following oral or intravenous dosing exceeded 
total body water (603.6 mL/kg) suggesting extensive distribution into tissues. 
 
Table 53 Pharmacokinetic parameters following an oral dose of 30 mg/kg 
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Table 54 Pharmacokinetic parameters following an intravenous dose of 20 mg/kg 

 
 
 
5.2 Toxicokinetics  

See reviews of individual toxicology studies 
 6-month toxicology study with rats 
 9-month toxicology study with dogs (PCLN-PIRF-034) 
 9-month toxicology study with dogs (PCLN-PIRF-072) 

2-year carcinogenicity studies with mice and rats (NCR018 and NCR017, 
respectively) 

 
 
13 Week Preliminary Carcinogenicity Study of S-7701 By Feed In Rats 
(NCR014 Rev 01) 
 
Methods: In a 13-week dose range finding study, male and female F344/DuCrj 
(Fischer) rats received pirfenidone by admixture to the diet at nominal doses of 500, 
1000, and 1500 mg/kg/day (9 rats/sex/group for the toxicokinetic portion of the study). 
Mean test substance intake during the dosing period were 510.1, 1016.8, and 1515.7 
mg/kg/day for males and 503.1, 1003.2, and 1501.1 mg/kg/day for females, 
respectively. The high dose in the present study is essentially identical to the high dose 
used in the 2-year carcinogenicity study. Blood samples for measurement of plasma 
drug concentrations were collected at weeks 1, 6, and 13 of dosing. Blood was sampled 
from 3 animals at each of 6 time points (10:00, 15:00, 20:00, next 0:00, 5:00, 10:00). 
Plasma concentrations of pirfenidone (S-7701) during weeks 1 and 6 were measured 
using an HPLC method with UV detection at 315 nm. For plasma samples collected 
during week 13, an HPLC method was used to measure concentrations of the 5-
carboxylic metabolite of the pirfenidone (S-7701-CA) during week 13 by UV detection at 
320 nm and measure concentrations of pirfenidone by fluorescence detection with 
excitation at 315 nm and emission at 390 nm. Standard curves were as follows: S-7701 
at 0.1, 0.2, 0.5, 1, 4, 10 and 20 µg/mL and S-7701-CA at 0.2, 0.4, 1, 2, 8, 20 and 40 
µg/mL. 
 
Results: This exposure data will be useful for estimating exposures in the 2-year 
carcinogenicity study with rats for the purposes of product labeling as limited 
toxicokinetic data were provided in that study. During weeks 1 and 6, AUC and Cmax 
values for pirfenidone in male and female rats increased in an approximate dose 
proportional manner. During week 13, AUC and Cmax values for pirfenidone and the 5-
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carboxylic metabolite of pirfenidone in male and female rats increased in an 
approximate dose proportional manner. Exposures to the 5-carboxylic acid metabolite 
were generally 4- to 5-fold higher than exposures to pirfenidone. Exposures to 
pirfenidone were generally higher in females as compared to males; however, 
exposures to the 5-carboxylic metabolite were generally slightly higher in males as 
compared to females. 
 
Table 55 Pharmacokinetic parameters for pirfenidone in rats during week 1 of the dose 
range finding study 

 
 
Table 56 Pharmacokinetic parameters for pirfenidone in rats during week 6 of the dose 
range finding study 
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Table 57 Pharmacokinetic parameters for pirfenidone and its 5-carboxylic metabolite in 
rats during week 13 of the dose range finding study 

 

6 General Toxicology 
6.1 Single-Dose Toxicity 
 
Single Dose Toxicity Studies with Pirfenidone Administered by the Oral Route to 
Mice, Rats, and Dogs (Study numbers: PCLN-PIRF-025, PCLN-PIRF-026, NCR001, 
PCLN-PIRF-029, PCLN-PIRF-030, PCLN-PIRF-031, NCR-140, PCLN-PIRF-088) 
 

Maximum Nonlethal 
dose, mg/kg 

Minimum Lethal Dose, 
mg/kg 

Comments Study # Species Route Doses 
mg/kg 

Males Females Males Females  
PCLN-
PIRF-
025 

SW Mice 
5/sex/group 

Oral 792.5 
997.7 
1256 
1581 

ND 792.5 792.5 997.7 LD50 
M: 1026.8 
F 975.0 

PCLN-
PIRF-
026 

SW Mice 
10/sex/group 

Oral 997.7 ND ND 997.7 997.7  

NCR001 B6C3F1 
mice 
4/sex/group 

Oral 500 
1000 
2000 

1000 1000 2000 2000  

PCLN-
PIRF-
029 

SD rats 
5/sex/group 

Oral 500 
629.5 
1256 
1581 (F) 
1991 
2506 (M) 
3155 (M) 

1256.0 629.5 1991.0 1256.0 LD50 
M: 2300 
F: 1295-
1345.7 

PCLN-
PIRF-
030 

SD rats 
5/sex/group 

Oral 1256 (F) 
2234 (M) 

ND ND 2234 1256  

PCLN-
PIRF-

SD rats 
5/sex/group 

Oral 250 
500 

1000 500 2000 1000  
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031 1000 
2000 

NCR140 SD Rats 
6/sex/group 

Oral 500 
1000 
w or w/o 
fasting 

500/fasted 
 
>1000 in 
non-
fasted 

500/fasted 
 
>1000 in 
non-
fasted 

1000/fasted 
 
>1000 in 
non-fasted 

1000/fasted 
 
>1000 in 
non-fasted 

 

PCLN-
PIRF-
088 

Beagle Dogs 
1/sex/group 

Oral 
(capsul
e) 

300 
1000 

>1000 >1000 >1000 >1000  

ND = Not determined 
 
Clinical signs: Clinical signs were observed in single oral dose toxicity studies with 
mice, rats, and dogs. 
 
Mice 
 
Study PCLN-PIRF-025: At 792.5 mg/kg (the lowest dose used) and higher doses, all 
mice became prone within 30 min (onset was dose related). Survivors showed 
decreased activity and ataxia, but were normal within 24 hr. Deaths generally occurred 
within 1 hr postdose.  
 
Study PCLN-PIRF-026: Within 20 min of receiving an oral dose at 997.7 mg/kg, all mice 
became prone. Survivors were generally still prostrate at 1 hr and at 3 hr showed 
decreased activity or were ataxic when moving. By 5 hr postdose, 5 of 6 surviving males 
appeared normal and nine surviving females were normal. Deaths generally occurred 
within 1 hr postdose. 
 
Study NCR001: All mice showed hypoactivity. All males and 3 of the 4 females given 
2000 mg/kg were found dead within 4 hr postdose. Some animals in the treatment 
groups showed lateral position, prone position, abnormal gait, gait disturbance, and 
dyspnea. These symptoms appeared within 30 min postdose. Recovery occurred within 
6 hr postdose. 
 
Rats 
 
Study PCLN-PIRF-029: At doses of 500.0 and 629.5 mg/kg, clinical signs were 
observed at 3-5 hr postdose and consisted of decreased activity, ataxia, and 
chromorhinorrhea. By 24 hr postdose, all rats were normal. At 1256.0 mg/kg, all animals 
became prostrate within 10 min. Clinical signs observed during the first 5 hr were ataxia 
and decreased activity, and some animals remained prostrate. By 24 hr postdose, all 
surviving animals were normal. Females dosed at 1581.0 and 1991.0 mg/kg became 
prostrate within 15-30 min. No females at these doses survived to 5 hr. Males dosed at 
≥1991.0 mg/kg became prostrate within 30 min. Those rats that survived often showed 
ataxia during the recovery phase, but were normal by 24 hr postdose. None of the 
males dosed at 3155.0 mg/kg survived past day 1. 
 
Study PCLN-PIRF-030: Following an oral dose of 2234 mg/kg to males or 1256 mg/kg 
to females, mortality was 60% for both groups. The common signs in the first 5 hr were 
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prostration, ataxia, and decreased activity. Most deaths occurred within 5 hr; one rat 
was found dead on day 2. There was test material in the gastrointestinal tract of rats 
that died acutely. 
 
Study PCLN-PIRF-031: Death occurred in 1/5 females in the 1000 mg/kg group, 2/5 
males and all females in the 2000 mg/kg group. These animals died within 4 hr 
postdose except 1 female at 2000 mg/kg found dead on day 1. In the 1000 and 2000 
mg/kg groups, decrease in locomotor activity, bradypnea, lacrimation, salivation, ptosis, 
mydriasis, prone position, lateral position, and hypothermia were observed in both 
sexes, and dyspnea was seen in almost all dead animals. In some animals, most of the 
symptoms were still observed until day 1, afterwards, only wasting was seen in 1 male 
in the 2000 mg/kg group and 1 female in the 1000 mg/kg group on day 2. Decrease in 
locomotor activity, bradypnea, lacrimation and ptosis were seen in the 500 mg/kg group, 
and decrease in locomotor activity and lacrimation were seen in the 250 mg/kg group. 
All of those symptoms disappeared by the following day in the 500 mg/kg group and 
within 2 hr postdose in the 250 mg/kg group. 
 
Study NCR140: The main signs or symptoms of toxicity induced by pirfenidone that 
were commonly seen in each group of rats were gait abnormalities, a reduced activity 
level, recumbency, respiratory depression, pupil dilation, and reduced body temperature 
soon after being dosed. After these signs or symptoms had appeared, 1 of 6 male rats 
and 3 of 6 female rats in the 1000 mg/kg fasted group died of toxicity no later than 3 hr 
postdose. The other animals recovered by the day after dosing. Furthermore, these 
signs or symptoms of toxicity occurred with greater severity in females than in males 
and in the fasted groups than in the non-fasted group. The cause of death in these 
animals was thought to be respiratory arrest mediated by the central action of 
pirfenidone. 
 
Dogs 
 
Study PCLN-PIRF-088: No deaths were seen at 300 or 1000 mg/kg. The abnormalities 
observed in general condition were weakness of the limbs and vomiting in all of the 
dogs in the 300 and 1000 mg/kg groups on the day of administration. In addition, 
hypoactivity and salivation were seen in the female of the 300 mg/kg group, 
hypoactivity, salivation, and mydriasis were seen in the male and female of the 1000 
mg/kg group, and shivering and abnormal vocalization were observed in the females of 
the 1000 mg/kg group, but the animals had recovered from all of these symptoms by the 
following day of administration (Day 1). Toxicity symptoms were more pronounced in 
females than in males. 
 
6.2 Repeat-Dose Toxicity 
 
Rats 
 
Study title: Toxicity Tests in Six-Month Repeated Oral Administration of S-7701 to 
Rats (Final Report)  
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Key study findings:   
 
● In a 6-month oral toxicology study, rats received pirfenidone (S-7701) by oral gavage 
at doses of 20, 100, 500, or 1000 mg/kg/day. 
 
● A number of clinical signs were observed for male and female rats at 500 and 1000 
mg/kg/day. The most prominent clinical signs were hypoactivity (primarily on day 0), 
hypoapnea (primarily on day 0), and salivation. Other clinical signs of lower incidences 
included lacrimation, lying, mydriasis, abnormal gait, bleeding nose, bleeding hind limb, 
red tears, weakness of limbs, and ptosis. Clinical signs for male and female rats at 100 
mg/kg/day were limited to salivation. In general clinical signs did not persist into the 
recovery period. 
 
● Absolute body weight for males in the 1000 mg/kg/day group was reduced to 87.9% 
of the control at the end of the 6-month dosing period. Food efficiency was decreased 
for males in the 1000 mg/kg/day group during the dosing period. 
 
● Red blood cell counts, hemoglobin levels, and hematocrit were slightly decreased by 
7-8% for females in the 1000 mg/kg/day group suggestive of a slight anemia. 
 
● Increases of liver cytochrome P450 levels and cytochrome P450 isozyme activities 
(several fold of control) indicated that treatment with S-7701 produced a phenobarbital-
type induction. CYP2B1 activities were increased 8- to 9-fold. Cmax and AUC values on 
day 177 were less than values on day 1, which could be attributed to induction of 
cytochrome P450 isozymes. 
 
● Crystals in the urine were observed for males and females in the 500 and 1000 
mg/kg/day groups. Urinary specific gravity values were increased for males in the 100, 
500, and 1000 mg/kg/day groups and females in the 500 and 1000 mg/kg/day groups. 
Urinary pH values were decreased for males in the 100, 500, and 1000 mg/kg/day 
groups and females in the 500 and 1000 mg/kg/day groups. Increased urinary specific 
gravity would not generally be expected with increased water consumption. 
Crystallization in urine, increases of urinary specific gravity, and decreases of urinary 
pH were attributed to the 5-carboxylic acid metabolite of S-7701, which is found at high 
levels in the urine. These findings were determined to be reversible following the 
recovery period. There were findings in the kidneys and urinary bladder that might 
correlate with crystalluria. 
 
● Liver weights were increased up to 1.4-fold for males at ≥100 mg/kg/day females at 
≥500 mg/kg/day, which appeared to be associated with hepatocellular hypertrophy and 
increases of cytochrome P450 levels and cytochrome P450 isozyme activities. 
 
● Target organs of toxicity were the liver, thyroid gland, adrenal gland, urinary bladder 
and kidneys. There were additional histopathological findings in the skin, trachea, brain, 
and cervical LN with unclear relationships to treatment. Incidences of these findings 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

116 

were generally low. Findings in the liver and thyroid gland appear to correlate with 
findings in the 2-year carcinogenicity study with rats. 
 
● Two males in the 1000 mg/kg/day group were observed with hepatocyte necrosis at 
the end of the dosing period. One female in the 1000 mg/kg/day group was observed 
with hepatocyte necrosis at the end of recovery period. Hepatocyte hypertrophy in the 
centrilobular zone was observed for 2 males in the 1000 mg/kg/day group at the end of 
the dosing period. Hypertrophy appeared to be associated with increases of liver 
weight, cytochrome P450 levels, and cytochrome P450 isozyme activities.  
 
● One male in the 1000 mg/kg/day group was observed with follicle hyperplasia in the 
thyroid at the end of the dosing period. This finding might be related to induction of the 
cytochrome P450 isozymes and increased degradation of T3 and T4.   
 
● An increased incidence of vacuolization of fasciculata cells in the adrenal gland was 
observed for 3 males in the 1000 mg/kg/day group at the end of the dosing period.  
 
● Inflammatory cell infiltration in the lamina propria of the urinary bladder was observed 
for 2 males in the 1000 mg/kg/day group at the end of the dosing period. Transitional 
cell hyperplasia was observed for 1 male in the 1000 mg/kg/day group at the end of the 
dosing period. These findings may be related to crystalluria of the 5-carboxylic acid 
metabolite of pirfenidone. 
 
● Inflammatory cell infiltration in the renal pelvis of the kidney was observed for 1 male 
in the 1000 mg/kg/day group at the end of the dosing period. Dilatation of the pelvic 
cavity was observed for 1 female in the 1000 mg/kg/day group at the end of the dosing 
period. The significance of these findings was unclear given their low incidences. These 
findings may be related to crystalluria of the 5-carboxylic acid metabolite of pirfenidone. 
 
● The NOAEL was identified as 500 mg/kg/day based upon histopathological findings in 
liver, thyroid, adrenal gland, urinary bladder, and kidneys at 1000 mg/kg/day. AUC 
values for males and females at 500 mg/kg/day on day 177 were 165.7 and 199.7 
µg.hr/mL, respectively. Findings in the liver and thyroid gland correlated to neoplastic 
and non-neoplastic findings in the 2-year carcinogenicity study with rats where 
incidences and severities were greater. 
 
Study no.: PCLN-PIRF-073  
Volume #, and page #: August 5, 2005 Submission, Volume 2, Pages 1-333   
Conducting laboratory and location:  New Pharmaceuticals Research Institute 
      Shionogi & Co., Ltd. 
      3-1-1 Futaba-cho 
      Toyonaka-shi, Japan  
Date of study initiation: May 27, 1999 (June 22, 1999 - Start of Treatment) 
GLP compliance: Yes   
QA report:  yes (X) no (  ) 
Drug, lot #, and % purity: S-7701, lot number PIRD(03) 03-97 (purity, 99.85%)  
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Unique study design or methodology (if any):  Activities of cytochrome P450 isozymes 
were measured in the liver (see below). 
 
Observation and Times:  
Clinical signs: Rats were observed for general condition twice daily.   
Body weights: Body weights were measured daily from days 0 to 35 and twice per week 
thereafter.   
Food consumption: Food consumption was measured every 7 days during the treatment 
and recovery periods. The amount of food intake per animal per day (g/rat/day) was 
calculated. 
Water consumption: Water consumption was measured every 14 days during the 
treatment and recovery periods and the daily water intake (mL/rat/day) was calculated.  
Hearing Tests: The “Priell” [phonetic] reflection test was carried out for a “Garton” 
[phonetic] whistle sound with a sounding whistle length of 5 mm for all animals on days -
1, 97, 181, and 34R.   
Ophthalmoscopy: Ophthalmic examinations were conducted on days -4/-5, 92/94, 
177/178, and 31R.   
EKG: Not performed.  
Hematology: Blood samples for measurement of a complete panel of hematology 
parameters were collected on days 182/183 and 35R.  
Clinical chemistry: Blood samples for measurement of a complete panel of blood 
chemistry parameters were collected on days 182/183 and 35R. 
Hepato-biochemical tests: During necropsy, a portion of the left lobe of the liver was 
collected from 8 rats/sex/group at the end of the treatment period and all rats at the end 
of the recovery period. Liver samples were frozen at -80°C. Liver homogenates were 
prepared and the following indices were measured: protein, cholesterol, phospholipids, 
triglycerides, cytochrome P-450 content, 7-methoxy coumarin O-demethylase, 7-ethoxy 
coumarin O-demethylase, 7-propoxy coumarin O-depropylase, testosterone 6β-
hydroxylase, testosterone 16β-hydroxylase, testosterone 2α-hydroxylase (males only), 
and testosterone 16α-hydroxylase (males only).  
Urinalysis: Urine samples for measurement of a complete panel of urinalysis 
parameters were collected on days 90/91 and 175/176 from 12 rats/sex/group for a 4-hr 
period immediately after drug administration. Samples were collected from all animals 
on day 34R at the same time as used during the during the drug administration   
Gross pathology: Rats were sacrificed at the end of the treatment and recovery periods 
and submitted to necropsy examination. The left femoral bone was collected from all 
animals at necropsy and the nucleated bone marrow count was measured. Bone 
marrow smears were prepared using part of the bone marrow from the right femoral 
bone. Cell type classifications were performed with smears from the control and 1000 
mg/kg/day groups.  
Organ weights: Absolute and relative organ weights were measured for the heart, lung, 
kidneys, liver, pancreas, submandibular gland (including sublingual gland), thymus 
gland, brain, pituitary gland, adrenal gland, testes, prostate gland, ovaries, and uterus. 
Histopathology: Tissue and organs were processed into paraffin blocks, sectioned, 
stained with hematoxylin and eosin, and examined by light microscopy.   
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Toxicokinetics: Blood samples for measurement of plasma drug concentrations were 
collected on days 0 and 177 at 0.167, 0.5, 2, and 24 hr after dosing and on days 29 and 
86 at 0.5 and 24 hr after dosing. Plasma concentrations of S-7701 were measured 
using a HPLC method with UV detection at 315 nm. The method was validated using a 
concentration range of 0.1 to 30 µg/mL.  
 
Results: 
 
Mortality: There were no treatment-related deaths with pirfenidone administered to rats 
at doses up to 1000 mg/kg/day. One male in the 1000 mg/kg/day group from the main 
study and one male in the 1000 mg/kg/day group from the toxicokinetic study were 
found dead. Both deaths were attributed to oral gavage errors.  
 
Male #E114M in the 1000 mg/kg/day group from the main study was found dead on day 
126. Death was attributed to an oral gavage error. Histopathological findings in the 
esophagus, lung, and trachea were consistent with oral gavage error. Findings in the 
esophagus consisted of hemorrhage, hematoma, and purulent inflammatory cell 
infiltration in the periesophageal region. Findings for the lung consisted of edema, 
congestion, focal intra-alveolar congestion, and acute focal inflammatory cell infiltration. 
Findings for the trachea consisted of focal hemorrhage in the lamina propria.  
 
Findings for the one male in the 1000 mg/kg/day group from the toxicokinetic study 
consisted of hypertrophy of the heart, hemorrhagic pleural fluid, reddened parts of the 
esophageal chorion, reddening of lungs, and perforation of the trachea. Death was 
attributed to an oral gavage error.  
 
The lack of treatment-related mortality at 1000 mg/kg/day is somewhat unexpected 
when compared to single oral dose and reproductive toxicology studies that used 
comparable doses. 
 
Clinical signs: A number of clinical signs were observed for male and female rats at 
500 and 1000 mg/kg/day. The most prominent clinical signs were hypoactivity (primarily 
on day 0), hypoapnea (primarily on day 0), and salivation. Other clinical signs of lower 
incidences included lacrimation, lying, mydriasis, abnormal gait, bleeding nose, bleeding 
hind limb, red tears, weakness of limbs, and ptosis. Clinical signs for male and female 
rats at 100 mg/kg/day were limited to salivation. In general clinical signs did not persist 
into the recovery period.    
 
Slight to moderate hypoactivity was observed for 18 of 18 males at 500 mg/kg/day on 
day 0. Slight hypoactivity was observed for 18 of 18 females at 500 mg/kg/day. Slight to 
severe hypoactivity was observed for 18 or 18 males and 18 of 18 females at 1000 
mg/kg/day on day 0. One male at 1000 mg/kg/day was observed with hypoactivity on 
later days during the dosing period. One female at 500 mg/kg/day and up to 6 females 
at 1000 mg/kg/day were observed with hypoactivity on later days during the dosing 
period.  
 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

120 

Hypoapnea was observed for all males and females at 500 and 1000 mg/kg/day on day 
0. There were additional observations of hypoapnea for females at 1000 mg/kg/day on 
days 1, 2, and 3.  
 
One male at 100 mg/kg/day was observed with salivation on day 155. Six females at 
100 mg/kg/day were observed with salivation beginning as early as day 120 for 1 to 7 
occurrences. Up to 17 males at 500 mg/kg/day, 18 females at 500 mg/kg/day, and 18 
males and 18 females at 1000 mg/kg/day were observed with salivation on multiple 
days beginning as early as day 37 and continuing until the end of the dosing period. 
 
Lacrimation was observed for 3 males at 1000 mg/kg/day on single days. Lying and 
mydriasis were each observed for 2 males at 1000 mg/kg/day on single days. Abnormal 
gait, bleeding nose, and bleeding hind limb were each observed for single males at 
1000 mg/kg/day on single days. Abnormal gait was observed for 8 females at 1000 
mg/kg/day with 1 to 7 occurrences during the dosing period. Lacrimation was observed 
for 8 females at 1000 mg/kg/day primarily on day 0 although 4 females had later 
occurrences. Lying, red tears, and weakness of limbs were each observed for 2 females 
at 1000 mg/kg/day for single or multiple occurrences. Ptosis and mydriasis were each 
observed for single females at 1000 mg/kg/day on single days. 
 
Body weights: Absolute body weight for males in the 1000 mg/kg/day group was 
reduced to 87.9% of the control at the end of the 6-month dosing period. Body weight 
gains for males in the 1000 mg/kg/day group and females in the 500 and 1000 
mg/kg/day groups at the end of the 6-month dosing period were reduced to 82.8, 87.3, 
and 88.8% of controls, respectively. These effects on absolute body weight and body 
weight gain were reversible following the 35-day recovery period. 
 
Table 59 Body weights at the end of the 6-month dosing period 

Males Females Parameter 
0 20 100 500 1000 0 20 100 500 1000 

BW (g), Day 1 
 

178.6 178.4 179.6 179.2 178.1 146.1 146.1 145.7 146.0 145.8 

BW (g), Day 182 
 

573.6 597.8 575.5 544.0 504.4 327.3 326.3 320.1 304.0 306.4 

% of Control BW on 
Day 182 

100% 104.2% 100.3% 94.8% 87.9% 100% 99.7% 97.8% 92.9% 93.6% 

∆BW (g)  
Day 182 - Day 1 

395 419.4 395.9 364.8 326.3 181.2 180.2 174.4 158 160.6 

% of Control BW 
Gain, Day 182–Day 1 

100% 106.3% 99.7% 92.0% 82.8% 100% 99.5% 96.5% 87.3% 88.8% 

 
Table 60 Body weights at the end of the 35-day recovery period 

Males Females Parameter 
0 20 100 500 1000 0 20 100 500 1000 

BW (g), Day 7R 
 

586.0 615.7 607.7 564.2 531.4 319.4 332.2 317.2 309.9 329.0 

BW (g), Day 35R 
 

605.8 637.6 634.9 594.6 573.0 320.3 337.5 324.8 323.7 350.3 

% of Control BW on 
Day 35R 

100% 99.7% 104.8% 98.2% 94.6% 100% 105.4% 101.4% 101.1% 109.4% 

∆BW (g)  
Day 35R - Day 7R 

19.8 21.9 27.2 30.4 41.6 0.9 5.3 7.6 13.8 21.3 

% of Control BW 
Gain,Day35R–Day7R 

100% 99.5% 132.5% 159.5% 231.7% 100% 566.2% 850.2% 1580% 2297% 
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Figure 21 Body weights for rats in the 26 week study 
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Food consumption: Food consumption was unaffected for male and female treatment 
groups during the 6-month dosing period. Food efficiency was decreased for males in 
the 1000 mg/kg/day group during the dosing period. Food efficiency was unaffected for 
female treatment groups during the dosing period.  
 
Food consumption was increased for male treatment groups and females in the 1000 
mg/kg/day group during the recovery period. Food efficiency was increased for females 
in the 500 mg/kg/day group and males and females in the 1000 mg/kg/day group during 
the recovery period.    
 
Figure 22 Food Consumption 
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Figure 24 Water consumption for rats during the 26 week study 

 
 
Auditory test: There were no treatment-related effects on the Preyer’s reflex test on 
days 97, 181, and 34R. 
 
Ophthalmoscopy: No treatment-related ophthalmic effects were evident on days 94, 
178, and 31R.  
 
Hematology: Red blood cell counts, hemoglobin levels, and hematocrit were slightly 
decreased for females in the 1000 mg/kg/day group suggestive of a slight anemia. 
APTT values were slightly prolonged for females in the 500 and 1000 mg/kg/day 
groups. Eosinophil levels were slightly decreased for male treatment groups. These 
findings were not evident at the end of the recovery period.   
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Table 61 Hematology parameters on days 182/183 and 35R 
Male rats Female rats Parameter Day 

0 20 100 500 1000 0 20 100 500 1000 
RBC 
106/µL 

183      7.59 7.65 7.52 7.51 7.06* 
(93%) 

Hemoglobin 
g/dL 

183      14.4 14.3 14.2 14.4 13.2* 
(92%) 

Hematocrit 
% 

183      41.7 41.7 41.1 41.6 38.6* 
(93%) 

APTT 
sec 

183      14.4 14.9 14.8 15.7* 
(109%)

16.2* 
(113%)

Eosinophils 
103/µL 

182 0.13 0.11 
(84%) 

0.11 
(84%) 

0.10 
(77%) 

0.09 
(69%) 

     

*Indicates reached statistical significance. 
 

In the bone marrow analysis conducted on day 182/3, percentages of basophilic 
erythroblasts for males and females in the 1000 mg/kg/day group were increased to 
154.6 and 133.3% of controls (2.2 and 2.4%), respectively. Percentages of lymphocytes 
for males and females in the 1000 mg/kg/day group were decreased to 82.8 and 80.4% 
of controls (19.2 and 24.5%), respectively. The percentage of OEB for females in the 
1000 mg/kg/day group was decreased to 63.6% of the control (1.1%). These observed 
differences in bone marrow between control and treatment group appeared to have little 
toxicological significance. 
 
Clinical chemistry: Cholesterol levels were slightly increased for all male treatments 
and females in the 500 and 1000 mg/kg/day groups. At the end of the recovery period, 
these increases were still evident for all male treatment groups and females in the 1000 
mg/kg/day group. Triglyceride levels were decreased for males in the 100, 500, and 
1000 mg/kg/day groups. Creatine kinase activities were increased for male treatment 
groups although a dose-response relationship was not present. Amylase activities were 
slightly increased for males and females in the 500 and 1000 mg/kg/day groups. Lactate 
dehydrogenase activities were increased for all male treatment groups although a dose-
response relationship was not present. Total protein levels were slightly increased for 
males and females in the 1000 mg/kg/day group. Albumin levels were slightly increased 
for males in the 100, 500, and 1000 mg/kg/day groups. The A/G ratio was slightly 
increased for males in the 1000 mg/kg/day group. Calcium levels were slightly 
increased for males and females in the 500 and 1000 mg/kg/day groups. Chloride levels 
were slightly decreased for females in the 500 and 1000 mg/kg/day groups. Inorganic 
phosphate levels were slightly increased for males in the 1000 mg/kg/day group. These 
differences, with the possible exception of cholesterol levels, were reversible at the end 
of the recovery period.  
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Table 62 Blood biochemistry parameters on days 182/183 and 35R  
Male rats Female rats Parameter Day 

0 20 100 500 1000 0 20 100 500 1000 
Cholesterol 
mg/dL 

182/3 
 
35R 

60 
 
 
60 

70 
(117%) 
 
84* 
(140%) 

70 
(117%) 
 
77 
(128%) 

79* 
(132%) 
 
69 
(115%) 

70 
(117%) 
 
72 
(120%) 

67 
 
 
73 

70 
 
 
66 

76 
 
 
72 

95* 
(142%) 
 
76 

101* 
(151%) 
 
87 
(119%) 

Triglyceride 
mg/dL 

182 95 92 83 
(87%) 

67 
(71%) 

46* 
(48%) 

72 46 82 59 60 

Creatine 
kinase, U/L 

182/3 335 562 
(168%) 

452 
(135%) 

648* 
(193%) 

635* 
(190%) 

288 282 275 251 330 
(115%) 

Amylase 
U/L 

182/3 1516 1551 1603 1740* 
(115%) 

1896* 
(125%) 

1370 1295 1314 1532 
(112%) 

1693* 
(124%) 

LDH 
U/L 

182/3 1465 279 
(191%) 

200 
(137%) 

206 
(141%) 

203 
(139%) 

     

Total protein, 
g/dL 

182/3 6.0 6.0 6.2 6.2 6.4* 
(107%) 

6.5 6.3 6.6 6.7 7.0* 
(108%) 

Albumin 
g/dL 

182 2.6 2.6 2.8 
(108%) 

2.8* 
(108%) 

3.0* 
(115%) 

     

A/G ratio 
 

182 0.8 0.8 0.8 0.8 0.9* 
(113%) 

     

Calcium 
mg/dL 

182/3 10.0 10.0 10.1 10.3* 
(103%) 

10.4* 
(104%) 

10.0 10.0 10.2 10.3* 
(103%) 

10.5* 
(105%) 

Chloride 
mmol/L 

182/3      106 106 105 104* 
(98%) 

103* 
(97%) 

IP 
mg/dL 

182 5.6 5.6 5.5 6.1 6.3* 
(113%) 

     

*Indicates reached statistical significance 
 
Liver biochemistry: Cytochrome P450 levels were significantly increased for males 
and females in the 500 and 1000 mg/kg/day groups. 7-methoxycoumarin O-
demethylase, testosterone 6β-hydroxylase (CYP3A4/5), and testosterone 16β-
hydroxylase (CYP2B1) activities were significantly increased for males and females in 
the 500 and 1000 mg/kg/day groups. 7-ethoxycoumarin O-demethylase (CYP2B6) and 
7-propoxycoumarin O-depropylase activities were significantly increased for males in 
the 100, 500, and 1000 mg/kg/day groups and females in the 500 and 1000 mg/kg/day 
groups. Testosterone 2α-hydroxylase and testosterone 16α-hydroxylase activities were 
essentially unchanged. Increases of cytochrome P450 levels and cytochrome P450 
isozyme activities were reversible following the recovery period. Treatment with S-7701 
produced a phenobarbital-type induction.  
 
Cholesterol and triglyceride levels were decreased for males in the 100, 500, and 1000 
mg/kg/day groups. These decreases were still evident at the end of the recovery period. 
Phospholipid levels were slightly increased for males and females in the 500 and 1000 
mg/kg/day groups; however, these changes were reversible.   
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Table 63 Blood biochemistry parameters on days 182/183 and 35R  
Male rats Female rats Parameter Day 

0 20 100 500 1000 0 20 100 500 1000 
Cytochrome P450 
nmol/g 

182/3 
 
35R 

35.2 
 
42.5 

37.4 
 
36.2 
(85%) 

38.9 
(111%) 
34.9 
(82%) 

45.7* 
(130%) 
38.6 
(91%) 

54.4* 
(155%) 
33.6* 
(79%) 

28.0 
 
26.9 

28.7 
 
30.7 
(114%) 

30.3 
 
29.9 
(111%) 

34.0 
(121%) 
30.7 
(114%) 

39.4* 
(141%) 
31.1 
(116%) 

7-methoxycoumarin 
O-demethylase, U/g 

182/3 
 
35R 

50.0 
 
45.7 

56.1 
 
43.5 

58.5 
(117%) 
49.2 

86.63* 
(173%) 
48.2 

114.3* 
(229%) 
53.7 
(118%) 

27.8 28.7 36.7 
(132%) 

61.7* 
(222%) 

75.8* 
(273%) 

7-ethoxycoumarin O-
deethylase 
(CYP2B6), U/g 

182/3 
 
35R 

59.1 
 
57.6 

63.2 
 
56.0 

78.6* 
(133%) 
53.2 

123.6* 
(209%) 
58.6 

170.0* 
(288%) 
66.0 
(115%) 

34.5 35.1 45.9 
(133%) 

78.1* 
(226%) 

100.5* 
(291%) 

7-propoxycoumarin 
O-depropylase, U/g 

182/3 
 
35R 

61.7 
 
53.9 

62.7 
 
51.8 

81.1* 
(133%) 
48.4 

105.6* 
(171%) 
60.3 
(112%) 

125.8* 
(204%) 
67.2 
(125%) 

7.4 7.7 10.4 
(141%) 

21.1 
(285%) 

28.5* 
(385%) 

Testosterone 6β-
hydroxylase 
(CYP3A4/5), U/g 

182/3 
 
 
 

46.5 43.1 54.3 
(117%) 

68.0* 
(146%) 

72.0* 
(155%) 

8.1 7.5 9.0 13.5* 
(167%) 

17.9* 
(221%) 

Testosterone 16β-
hydroxylase 
(CYP2B1), U/g 

182/3 
 
35R 

4.1 
 
2.0 

4.4 
 
1.8 

4.4 
 
2.1 

16.9* 
(412%) 
2.2 

33.1* 
(807%) 
2.7 
(135%) 

1.9 
 
1.6 

1.5 
 
1.5 

1.9 
 
1.6 

7.5* 
(395%) 
1.6 

17.7* 
(932%) 
2.0* 
(125%) 

Testosterone 2α-
hydroxylase, U/g 

182/3 
 
35R 

93.4 
 
91.6 

114.9* 
(123%) 
79.2 

92.3 
 
105.4 

82.6 
(88%) 
95.1 

70.6* 
(76%) 
120.2 
(131%) 

     

Testosterone 16α-
hydroxylase, U/g 

182/3 
 
35R 

128.1 
 
126.6 

157.6* 
 
113.7 

129.2 
 
149.3 

138.6 
 
132.6 

143.6 
 
170.5 
(135%) 

     

Cholesterol 
mg/g 

182/3 
 
35R 

4.63 
 
5.72 

4.43 
 
7.47 

3.53* 
(76%) 
4.31 
(75%) 

3.44* 
(74%) 
3.89 
(68%) 

2.88 
(62%) 
3.08 
(54%) 

2.41 2.59* 2.36 2.49 2.60* 

Phospholipid 
mg/g 

182/3 
 
 
 

39.6 39.3 40.6 41.9* 
(106%) 

43.8* 
(111%) 

31.0 32.7 32.8 35.3* 
(114%) 

34.3* 
(111%) 

Triglyceride 
mg/g 

182/3 
 
35R 

27.7 
 
35.7 

25.8 
 
31.4 

19.4 
(70%) 
25.6 
(72%) 

15.9* 
(57%) 
19.8* 
(56%) 

11.1* 
(40%) 
14.1* 
(40%) 

9.9 16.2* 10.5 8.0 
(81%) 

8.8 
(89%) 

*Indicates reached statistical significance. 
 
Urinalysis: Crystals in the urine were observed for males and females in the 500 and 
1000 mg/kg/day groups on days 90/91 and 175/176. This finding was not evident at the 
end of the recovery period. Urinary specific gravity values were increased for males in 
the 100, 500, and 1000 mg/kg/day groups and females in the 500 and 1000 mg/kg/day 
groups on days 90/91 and 175/176. Urinary pH values were decreased for males in the 
100, 500, and 1000 mg/kg/day groups and females in the 500 and 1000 mg/kg/day 
groups on days 90/91 and 175/176.  
 
Increased incidences of epithelial cells in the urinary sediment were observed for all 
female treatment groups on day 90/91 and males and females in the 500 and 1000 
mg/kg/day groups on day 175/176.  
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Increased urinary protein was observed for all male and female treatment groups on 
day 90/91; however, the toxicological significance was unclear based upon results 
obtained on day 175/176. Increased incidences of urinary ketones were observed for 
males in the 500 and 1000 mg/kg/day groups and all female treatment groups on day 
90/91; however, the toxicological significance was unclear based upon results obtained 
on day 175/176. Increased incidences of urinary occult blood were observed for all male 
treatment groups on day 90/91; however, the toxicological significance was unclear 
based upon results obtained on day 175/176.  
 
Water consumption was increased for males and females in the 500 and 1000 
mg/kg/day groups during the dosing period as described above; however, increased 
urinary specific gravity would not generally be expected with increased water 
consumption.   
 
These changes of urinary parameters appeared to be reversible as they were not 
evident at the end of the recovery period.  
 
There were histopathological findings in the kidneys and urinary bladder that might 
correlate with crystalluria. 
 
Crystallization in the urine, increases of urinary specific gravity, and decreases of 
urinary pH were attributed to the 5-carboxylic acid metabolite of S-7701, which has 
been shown to be excreted in the urine.   
 
Table 64 Urinalysis parameters on days 90/91, 175/176, and 34R 

Male rats Female rats Parameter Day 
0 20 100 500 1000 0 20 100 500 1000 

Crystals 90/91 
 
175/176 

0/12 
 
0/11 

0/12 
 
0/12 

0/12 
 
0/12 

1/12 
 
11/12 

11/12 
 
12/12 

0/10 
 
0/9 

0/10 
 
0/10 

0/12 
 
0/12 

10/12 
 
10/10 

12/12 
 
12/12 

Specific 
gravity 

90/91 
 
175/176 

1.020 
 
1.019 

1.029 
 
1.025 

1.036* 
 
1.036* 

1.054* 
 
1.049* 

1.065* 
 
1.064* 

1.027 
 
1.035 

1.035 
 
1.037 

1.040 
 
1.041 

1.064* 
 
1.064* 

1.067* 
 
1.077* 

pH 90/91 
 
175/176 

8.7 
 
7.9 

8.5 
 
8.3 

7.7* 
 
7.2* 

7.2* 
 
7.0* 

6.8* 
 
6.9* 

8.1 
 
7.8 

7.6 
 
8.3 

7.7 
 
6.9 

6.8* 
 
6.1* 

6.8* 
 
6.2* 

90/91 -12/12 -12/12 -11/12 
+1/12 

-11/12 
+1/12 

-12/12 -9/10 
±1/10 

-6/10 
±4/10 

-10/12 
±2/12 

-5/12 
±7/12 

-7/12 
±4/12 
+1/12 

Epithelial 
cells 

175/176 -11/11 -12/12 -11/1 
±1/12 

-8/12 
±4/12 

-9/12 
±3/12 

-8/9 
±1/9 

-10/10 -12/12 -5/10 
±5/10 

-4/11 
±4/11 
+3/11 

90/91 -11/12 
+1/12 

 

-9/12 
+3/12 

-7/12 
+5/12 

-6/12 
+6/12 

-5/12 
+7/12 

-
11/11 

-9/12 
+3/12 

-7/12 
+5/12 

-7/12 
+5/12 

-9/12 
+3/12 

Protein 

175/176 -5/11 
+5/11 
2+1/11 

-5/12 
+6/12 
3+1/12 

-4/12 
+8/12 

-6/12 
+4/12 
2+2/12 

-3/12 
+7/12 
2+2/12 

-7/12 
+5/12 
 

-9/12 
+1/12 
2+2/12 

-10/12 
+1/12 
2+1/12 

-10/12 
+2/12 

-9/11 
+2/11 

90/91 -12/12 -11/12 
+1/12 

-12/12 -7/12 
+5/12 

-4/12 
+8/12 

-
11/11 

-9/12 
+3/12 

-7/12 
+5/12 

-7/12 
+5/12 

-9/12 
+3/12 

Ketone 

175/176 -7/11 
+4/11 

-10/12 
+2/12 

-8/12 
+4/12 

-11/12 
+1/12 

-9/12 
+3/12 

-
12/12 

-10/12 
+2/12 

-12/12 -12/12 -11/11 

Occult 90/91 -11/12 -9/12 -7/12 -8/12 -10/12 - -12/12 -12/12 -12/12 -11/12 
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+1/12 +3/12 +5/12 +3/12 3+2/12 10/11 
+1/11 

+1/12 Blood 

175/176 -4/11 
+6/11 
3+1/11 

-4/12 
+8/12 

-6/12 
+6/12 

-11/12 
+1/12 

-11/12 
+1/12 

-
12/12 

-11/12 
+1/12 

-12/12 -12/12 -10/11 
+1/11 

*Indicates reached statistical significance. 
 
 
Figure 25 Crystallization in urinary sediment 

 
 
Gross pathology: There were no correlations between gross pathological findings and 
treatment-related histopathological findings.  
 
Organ weights: Absolute liver weights were increased for males in the 500 and 1000 
mg/kg/day groups and females in the 1000 mg/kg/day group. Relative liver weights 
were increased for males in the 100, 500, and 1000 mg/kg/day groups and females in 
the 500 and 1000 mg/kg/day groups. At the end of the recovery period, absolute and 
relative liver weights were still slightly elevated for females in the 1000 mg/kg/day 
group. Increased liver weights appeared to be associated with hepatocellular 
hypertrophy and increases of cytochrome P450 levels and cytochrome P450 isozyme 
activities.  
 
Relative weights for a number of organs were increased for males and females in the 
500 and 1000 mg/kg/ay groups due to decreased body weights or body weight gains; 
however, there were no correlations to treatment-related histopathological findings. 
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Table 65 Organ weights on day 182/183 and 35R 

Male rats Female rats Organ Day 
0 20 100 500 1000 0 20 100 500 1000 

Liver 
G 

182/3 
 
35R 

16.8 18.61 
(111%) 

18.15 
(108%)

19.39* 
(116%)

20.37* 
(122%)

9.95 
 
9.54 

9.20 
 
9.69 

10.00 
 
9.58 

10.53 
 
10.02 

12.00* 
(121%)
11.55 
(121%)

Liver 
g/100gBW 

182/3 
 
35R 

2.93 3.13 3.21* 
(110%)

3.59* 
(123%)

4.06* 
(139%)

2.99 
 
2.98 

2.84 
 
2.87 

3.11 
 
2.95 

3.44* 
(115
%) 
3.09 

3.99* 
(133%)
3.29 
(110%)

*Indicates reached statistical significance 
 
Histopathology: Target organs of toxicity were the liver, thyroid gland, adrenal gland, 
urinary bladder, and kidneys. There were additional histopathological findings in the 
skin, trachea, brain, and cervical LN with unclear relationships to treatment. Incidences 
of these findings were generally low. Findings in the liver and thyroid gland appear to 
correlate with findings in the 2-year carcinogenicity study with rats. 
 
Two males (E102M, E108M) in the 1000 mg/kg/day group were observed with 
hepatocyte necrosis at the end of the dosing period. One female (E217F) in the 1000 
mg/kg/day group was observed with hepatocyte necrosis at the end of recovery period. 
Hepatocyte necrosis has been reported to be a sporadic finding in rats with background 
incidences in males and females of 6.1 and 5.4%, respectively. There was no evidence 
of any significant changes of ALT, AST, or ALP for these 3 animals. Hepatocyte 
hypertrophy in the centrilobular zone was observed for 2 males (E102M, E112M) in the 
1000 mg/kg/day group at the end of the dosing period.  
 
One male (E107M) in the 1000 mg/kg/day group was observed with follicle hyperplasia 
in the thyroid at the end of the dosing period. This finding might be related to induction 
of the cytochrome P450 isozymes and increased degradation of T3 and T4. The 
background incidence of follicular cell hyperplasia in male rats has been reported to be 
1.9%.  High incidences of thyroid follicular cell hyperplasia were observed at the end of 
the 2-year carcinogenicity study with rats. There were also findings of thyroid follicular 
cell adenoma and carcinoma in the 2-year study although statistical significance was 
not achieved.  
 
An increased incidence of vacuolization of fasciculata cells in the adrenal gland was 
observed for 3 males in the 1000 mg/kg/day group at the end of the dosing period.  
 
Inflammatory cell infiltration in the lamina propria of the urinary bladder was observed 
for 2 males in the 1000 mg/kg/day group at the end of the dosing period. Inflammation is 
a sporadic finding in rats. Transitional cell hyperplasia was observed for 1 male in the 
1000 mg/kg/day group at the end of the dosing period. The background inflammation of 
transitional cell hyperplasia in male rats has been reported to be 2.8%. These findings 
may be related to crystalluria of the 5-carboxylic acid metabolite of pirfenidone. 
 







NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

133 

Exposure to the 5-carboxylic acid metabolite of pirfenidone was not quantified in this 
study; however, metabolite studies with rats have shown that exposure to this 
metabolite is equal to or greater than exposure to pirfenidone.                                                                
 
Table 67 Toxicokinetic parameters for rats in the 26 week study 
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examination. 
 
Study Design 
The vehicle or test article was administered to all animals as a continuous intravenous 
infusion for 28 consecutive days at dose levels of 0, 500, 1000, and 1625 mg/kg/day. 
The dose volume for all groups was 100 mL/kg/day (4.167 mL/kg/hour). Doses were 
administered using a syringe infusion pump (Auto Syringe AS50, Baxter Healthcare) 
and sterile, disposable syringes labeled with the animal number, study number, group, 
sex, and date, and documented appropriately. The syringe was filled with the volume of 
dosing formulation plus overage required for dosing on that day. The infusion pumps 
were set for the appropriate infusion rate to deliver the proper dose volume over a 24-hr 
period. For dosing accountability purposes, the weight of the syringe containing the 
dose formulation was recorded at the start and end of dosing each day. 
 
Table 68 Design of 28-day continuous intravenous infusion toxicology study with rats 

 
 
Basis of Dose Selection: The sponsor conducted a 4-week dose range finding study in 
which 3 rats/sex/group received pirfenidone by continuous intravenous infusion at doses 
of 0 (0.9% NaCl), 100, 300, 750, 1000, 1500, 1750, or 2000 mg/kg/day (Study number 
PCLN-PIRF-117). Each animal had a surgically implanted femoral catheter. The dose 
volume was 100 mL/kg/day and the infusion rate was 4.167 mL/kg/hr. A total of 5 
deaths occurred at 1750 and 2000 mg/kg/day. One male and two females at 2000 
mg/kg/day and two females dosed at 1750 mg/kg/day were found dead or euthanized in 
extremis on Day 2. These animals exhibited clinical signs including decreased activity, 
impaired/lost limb function, shallow/difficult breathing, unkempt appearance, material 
around the eyes/mouth (red or yellow), clear/brown discharge from mouth, yellow 
discharge from vulva, hunched posture, and skin cold to the touch prior to death or 
moribund sacrifice. The causes of death for these five animals could not be determined 
with microscopic examination of organs and tissues; however, a relationship to the test 
article could not be excluded. It was noted in the main study (PCLN-PIRF-118) that 
inflammation/septicemia associated with the femoral catheter and continuous 
intravenous infusion confounded interpretation of the study results. It is possible this 
may have occurred for these 5 animals in the 1750 or 2000 mg/kg/day groups that were 
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found dead or sacrificed in a moribund condition. Changes of hematology and clinical 
chemistry parameters were observed; however, they are not described in this summary. 
Test article-related microscopic findings were observed in the liver and thyroid gland. 
Minimal to mild centrilobular hypertrophy in the liver was observed for males dosed at 
≥1000 mg/kg/day and females dosed at ≥1500 mg/kg/day. Minimal to mild follicular cell 
hypertrophy in the thyroid gland was observed for males dosed at ≥1500 mg/kg/day and 
females dosed at ≥1000 mg/kg/day. These histopathology findings are similar to those 
observed in the 6-month toxicology study with rats and were judged to be rodent-
specific findings. The findings in the liver were not considered dose-limiting. 
 
Observations and Results 
 
Mortality: Animals were observed for morbidity and mortality twice daily. 
 
The sponsor’s use of continuous intravenous infusion for administration of pirfenidone 
led to many complications (e.g., inflammation, septicemia) and confounded 
interpretation of this study. In the 6-month toxicology study with pirfenidone 
administered to rats by oral gavage at doses up to 1000 mg/kg/day, higher systemic 
exposures were achieved and there were no findings of treatment-related death. 
Eighteen rats in present study were found dead or euthanized in extremis. For Main 
study animals, 1 male and 1 female at 500 mg/kg/day, 1 male and 1 female at 1000 
mg/kg/day, and 4 females at 1625 mg/kg/day were found dead or euthanized in 
extremis. For toxicokinetic animals, 1 control male, 1 male and 1 female at 1000 
mg/kg/day, and 2 males and 3 females at 1625 mg/kg/day were found dead or 
euthanized in extremis.  
 
Seven animals dosed at 1625 mg/kg/day (Main study females 4507, 4508, 4510, 4512, 
TK male 8001 and TK females 8504 and 8506) and two animals dosed at 1000 
mg/kg/day (Main study male 3015 and female 3505) were found dead or euthanized in 
extremis between days 2 and 4. Clinical signs observed in these animals prior to death 
or euthanasia in extremis included one or more of the following: decreased activity, 
difficulty breathing, clear/black material around the eye(s), brown discharge from mouth, 
hunched posture, cold to the touch, impaired limb function, splayed hind limb(s) and/or 
moribundity. The three TK animals (numbers 8001, 8504 and 8506) were discarded 
without further examination. A gross necropsy and microscopic examination were 
performed on the six Main study animals. Death of male 3015 in the 1000 mg/kg/day 
group was attributed to inflammation/septicemia. The causes of death for animals 4507, 
4508, 4510, and 4512 in the 1625 mg/kg/day group and animal 3505 in the 1000 
mg/kg/day group could not be determined microscopically, but were considered to be 
possibly secondary to the administration of pirfenidone. 
 
The remaining six (6) animals (Main study male 2007 and female 2515 at 500 
mg/kg/day, Main study female 3508 at 1000 mg/kg/day, TK control male 5001, and TK 
male 8004 and female 8509 at 1625 mg/kg/day) that died or were euthanized in 
extremis between days 15 and 28 exhibited one or more of the following clinical signs: 
decreased activity, rapid/shallow/difficulty breathing, clear/red/black material around 
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nose/eye(s), red discharge from mouth, red material in bedding, partially closed eye(s), 
piloerection, hunched posture, cold to the touch, pallor, decreased skin turgor 
(dehydration), impaired righting reflex, splayed hind limb(s), thin body condition, 
prostration, swelling at the hind limb(s)/abdominal region/incision site/along the catheter 
line, unkempt appearance and/or moribundity. A reduction in body weight gain and/or 
body weight loss often associated with a reduction in food consumption was also 
observed in these animals prior to death. TK animals 5001, 8004, and 8509 were 
discarded without further examination.  
 
A gross necropsy and microscopic examination was performed on animals 2007, 2515, 
and 3508. Microscopic observations in these animals included bacterial colonies, 
inflammation, abscesses, degeneration/necrosis, adrenal hypertrophy, and bone 
marrow and lymphoid depletion; all consistent with bacterial infections or secondary 
responses to infections. A test article-related role in these deaths/moribund sacrifices 
was considered unlikely, but could not be completely excluded. The cause of death was 
inflammation/septicemia for male 2007 and female 2515 in the 500 mg/kg/day group 
and skin inflammation/necrosis for female 3508 in the 1000 mg/kg/day group. 
 
Blood samples for evaluation of clinical pathology parameters were collected from 6 
animals (2 males and 4 females) prior to euthanasia in extremis. Hematology results 
indicated mild to moderate increases in leukocytes generally due to increases in 
lymphocytes and/or neutrophils in 3 of 6 animals. Markedly reduced platelets were also 
observed in a single animal (#2007). Most of the six animals had varying degrees of 
mild erythrocyte morphologic changes including the presence of shistocytes, 
poikilicytes, macrocytes, microcytes, echinocytes, Heinz bodies, and stomatocytes. 
Mildly prolonged APTT and PT times were noted in a single animal (#3508). Frequent 
elevations in one or more of the following clinical chemistry parameters were also 
observed in these animals: AST, ALT, creatine kinase, and sorbitol dehydrogenase 
suggestive of hepatocellular and/or myocyte damage. Infrequently, total bilirubin and 
urea nitrogen were also mildly increased. Most animals had mild decreases in total 
protein, albumin, and/or globulins suggestive of protein loss. Sporadic, mild decreases 
in electrolytes (e.g. sodium) were also observed. 
 
Two animals (TK male 7006 dosed at 1000 mg/kg/day and Main study female 4501 
dosed at 1625 mg/kg/day) died during surgery repair on days 6 and 16, respectively. 
Due to apparent technical oversight, animal number 4501 in the 1625 mg/kg/day group 
was discarded without having a gross necropsy examination. No pathology data were 
available for this animal. 
 
A drug administration error occurred for 1 animal dosed at 1000 mg/kg/day (TK female 
7508) that received its total daily dose over a period of 2 hr and 45 min on day 7 and 
died shortly thereafter.  
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Table 69 Moribundity/Mortality for rats in the 4-week intravenous infusion toxicity study 
Study Animal # Dose 

mg/kg/day 
Study Day Found dead 

or euthanized 
Cause of death 

2007M 500 24 E Inflammation/Septicemia 
-bacterial colonies in multiple 
organs 

2515F 500 28 FD Inflammation/Septicemia 
-bacterial colonies in multiple 
organs 

3015M 1000 4 FD Inflammation/Septicemia 
-bacterial colonies in multiple 
organs 

3505F 1000 4 FD Undetermined 
3508F 1000 24 E Skin inflammation/necrosis 

-bacterial colonies were found in 
the subcutis 

4501F 1625 16 Died during 
repair 
surgery 

Animal was inadvertently 
discarded without examination. 

4507F 1625 2 FD Undetermined 
4508F 1625 2 E Undetermined 
4510F 1625 4 FD Undetermined 

Main Study 
Animals 
N = 10 

4512F 1625 3 FD Undetermined 
5001M 0 15 FD Animal was discarded 
7006M 1000 6 Died during 

repair 
surgery 

Animal was discarded 

7508F 1000 7 Died after 
dosing 

Drug administration error 
Animal was discarded 

8001M 1625 2 E Animal was discarded 
8004M 1625 26 E* Animal was discarded 
8504F 1625 2 E Animal was discarded 
8506F 1625 2 E Animal was discarded 

TK 
Animals 
N = 8 

8509F 1625 21 E Animal was discarded 
F = Found dead; E = Euthanized 
*Animal #8004M was euthanized and discarded on day 26. The raw data does not 
specify that this animal was euthanized in extremis; however, clinical signs observed for 
this animal suggest that it was in poor and deteriorating condition. The animal was 
euthanized 4 days prior to scheduled termination. 
 
Clinical Signs: Clinical signs were evident for female treatment groups that appeared 
to be primarily related to moribundity/mortality described in the Mortality section above. 
 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

140 

Table 70 Clinical signs for male and female rats during the dosing period (days -1 to 29) 
Males Females Clinical signs 

0 500 1000 1625 0 500 1000 1625 
Activity decreased 
 

0/0 1/1 3/1 0/0 0/0 3/1 0/0 5/3 

Activity increased 
 

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

Material around 
mouth, brown 

0/0 0/0 0/0 0/0 0/0 0/0 0/0 2/2 

Material around 
nose, brown 

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

Material around 
nose, red 

0/0 3/1 0/0 0/0 0/0 0/0 0/0 2/1 

Moribund 
 

0/0 1/1 0/0 0/0 0/0 0/0 1/1 2/2 

Nodule, 1-5 mm 
 

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

Skin-cold to touch 
 

0/0 1/1 3/1 0/0 0/0 1/1 2/1 5/3 

Breathing difficult 
 

0/0 0/0 3/1 0/0 0/0 1/1 0/0 2/2 

 
Body Weights: Body weights were measured on days 1, 8, 15, 22, 29, and 36. 
 
Body weight gains from days -1 to 29 for males at 500, 1000, and 1625 mg/kg/day were 
decreased to 93.4, 80.8, and 81.8% of the control, respectively. Body weight gains from 
days -1 to 29 for females at 500, 1000, and 1625 mg/kg/day were decreased to 89.7, 
84, and 83.5% of the control, respectively. 
 
During the recovery period (day 36), body weight gains for males at 500 and 1625 
mg/kg/day were decreased to 31 and 59.6% of the control, respectively; however, body 
weight gain for males at 1000 mg/kg/day was increased to 121.7% of the control. During 
the recovery period (day 36), body weight gains for females at 500 and 1000 mg/kg/day 
were increased to 232.8 and 120.0% of the control, respectively; however, body weight 
for females at 1625 mg/kg/day was decreased to 48.0% of the control. 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

141 

Figure 26 Body weight curves for male and female rats from days -1 to 29 

 
 

 
 
Feed Consumption: Food consumption was measured from days -1 to 8 and 
weekly beginning on day 8. 
 
Based upon available data, food consumption was unaffected for male and female 
treatment groups during the dosing and recovery periods. 
 
Ophthalmoscopy: Ophthalmic examinations were conducted on all pretest and on all 
surviving main study animals prior to the terminal necropsy. 
 
No treatment-related ocular findings were evident at the end of the 29-day dosing 
period.  
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Hematology: Blood samples for measurement of a complete set of hematology and 
coagulation parameters were collected from main study animals prior to terminal and 
recovery necropsies. When possible, blood samples for measurement of these 
parameters were collected from moribund main study and toxicokinetic animals prior to 
necropsy. Bone marrow smears from all main study animals dosed at 0 and 1625 
mg/kg/day were evaluated microscopically. Complete differentials and myeloid: 
erythroid (ME) ratios were performed.  
 
Changes of hematology parameters may have been the result of inflammation and 
septicemia associated with continuous intravenous infusion. 
 
Reticulocyte counts and percentages were slightly decreased for all male treatment 
groups at end of the 29-day dosing period although a dose-response relationship was 
not evident. Reticulocyte counts and percentages were still decreased for males in the 
1625 mg/kg/day group at the end of the recovery period.  
 
Monocyte counts were slightly decreased for males in the 1000 and 1625 mg/kg/day 
group at the end of the dosing period. Large unstained cell counts were decreased for 
males in the 1625 mg/kg/day at the end of the dosing period. Neutrophil and basophil 
counts were decreased for males in the 1625 mg/kg/day group at the end of the 
recovery period.  
 
Leukocyte counts at the end of the 29-day dosing period were decreased for females in 
the 1625 mg/kg/day group, which were attributed to declines of lymphocyte, monocyte, 
and basophil counts. Leukocyte counts at the end of the recovery period were increased 
for females in the 1625 mg/kg/day group, which were attributed to elevation of 
lymphocyte, monocyte, basophil, and large unstained cell counts. 
 
Prolongation of APTT for males and females at 1625 mg/kg/day at the end of the dosing 
period appeared to have no biological significance. 
 
Table 71 Hematology and Coagulation parameters for male and female rats at the end 
of the dosing and recovery periods 

Males Females Hematology 
parameter 

Time 
0 500 1000 1625 0 500 1000 1625 

Reticulocytes 
103/µL 

D 
 
R 

235.33 
 
202.30 

184.56 
(78%) 
211.12 

189.17 
(80%) 
253.95 
 

194.81 
(83%) 
166.58 
(82%) 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

Reticulocytes 
% 

D 
 
R 

3.09 
 
2.46 

2.37 
(77%) 
2.42 

2.39 
(77%) 
2.98 
 

2.43 
(79%) 
1.98 
(81%) 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

Leukocytes 
103/µL 

D 
 
R 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

12.11 
 
11.98 

12.88 
 
13.20 
(110%) 

12.86 
 
13.14 
(110%) 

9.67 
(80%) 
16.75 
(140%) 

Lymphocytes 
103/µL 

D 
 

NC 
 

NC 
 

NC 
 

NC 
 

8.709 
 

8.654 
 

7.571 
(87%) 

6.365* 
(73%) 
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R NC NC NC NC 9.212 10.798 
(117%) 

10.808 
(117%) 

13.523*
(147%) 

Neutrophils 
103/µL 

D 
 
R 

NC 
 
3.806 

NC 
 
3.824 

NC 
 
2.998 
(79%) 

NC 
 
2.610 
(69%) 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

NC 
 
NC 

Monocytes 
103/µL 

D 
 
R 

0.423 
 
NC 

0.411 
 
NC 

0.332 
(79%) 
NC 

0.355 
(84%) 
NC 

0.370 
 
0.340 

0.391 
 
0.240 

0.418 
 
0.286 

0.235 
(64%) 
0.605* 
(178%) 

Eosinophils 
103/µL 

D 
 

NC NC NC NC 0.107 0.136 0.115 0.170 
(159%) 

Basophils 
103/µL 

D 
 
R 

NC 
 
0.082 

NC 
 
0.088 

NC 
 
0.093 

NC 
 
0.060 
(73%) 

0.063 
 
0.072 

0.065 
 
0.053 

0.049 
 
0.056 

0.038 
(60%) 
0.088 
(122%) 

LUC 
103/µL 

D 
 
R 

0.203 
 
NC 

0.181 
 
NC 

0.198 
 
NC 

0.133 
(56%) 
NC 

NC 
 
0.104 

NC 
 
0.118 

NC 
 
0.100 

NC 
 
0.170 
(164%) 

APTT 
sec 

D 
 

16.21 17.93 
(111%) 

17.90 
(110%) 

18.94* 
(117%) 

15.14 15.58 16.69 
(110%) 

17.37 
(115%) 

D = End of Dosing Period; R = End of Recovery Period 
* Statistical significance achieved, p <0.05 
NC = No change 
 
Analysis of bone marrow smears from the male and female rats in the control and 1625 
mg/kg/day groups at the end of the dosing and recovery periods found no consistent 
changes of granular and erythroid cell populations. Differences of parameters between 
the control and 1625 mg/kg/day groups were generally no more than ±30%. 
Histopathological examination of the bone marrow from the femur and sternum found no 
evidence of toxic effects. 
 
Clinical Chemistry: Blood samples for measurement of a complete set of clinical 
chemistry parameters were collected from main study animals prior to terminal and 
recovery necropsies. 
 
The use of continuous intravenous infusion for drug administration, which led to findings 
of septicemia and inflammation, confounds interpretation of these results. There were 
changes of clinical chemistry parameters (i.e., sorbitol dehydrogenase activity and 
concentrations of cholesterol and T4) that were potentially related to treatment with 
pirfenidone.  Other observed differences were generally small and relationships to 
treatment were questionable. 
 
At the end of the dosing period, sorbitol dehydrogenase activity was increased 2.3-fold 
for males at 1625 mg/kg/day. Smaller increases were also noted for female treatment 
groups at the end of the dosing period and male and female treatment groups at the 
end of the recovery period; however, dose-response relationships were not evident. 
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Cholesterol concentrations were increased up to 1.35-fold for male and female 
treatment groups at the end of the dosing period. These increases were reversible by 
the end of the dosing period. Increased concentrations might be related to impairments 
of body weight gain and/or pirfenidone-induced centrilobular hepatocellular hypertrophy. 
 
Thyroxin (T4) concentrations were decreased (up to 0.21%) for male treatment groups 
and females at 1000 and 1625 mg/kg/day at the end of the dosing period. These 
decreases might be related to hepatocellular hypertrophy and increased clearance of 
T4. At the end of the recovery period, T4 concentrations were increased up to 1.7-fold 
for females at 1000 and 1625 mg/kg/day. These increases might be due to stimulation 
of the thyroid with TSH due to depletion of T4 observed at the end of the dosing period. 
 
At the end of the dosing period, amylase activities were elevated 1.3- to 1.4-fold for 
males at 1625 mg/kg/day and females at 1000 and 1625 mg/kg/day although increases 
were relatively small and their significance is questionable. Small increases were 
evident for male and female treatment groups at the end of the recovery period; 
however, dose-response relationships were not evident. 
 
Phosphorus concentrations were slightly increased for males at 1625 mg/kg/day at the 
end of the dosing period. Phosphorus concentrations were slightly increased for 
females at 1000 and 1625 mg/kg/day at the end of the recovery period; however, no 
increases were evident at the end of the dosing period. 
 
Creatine kinase activities were slightly increased up to 1.3-fold for females at 1000 and 
1625 mg/kg/day at the end of the dosing period. 
 
Lipase activity was slightly decreased (33%) for females at 1625 mg/kg/day at the end 
of the dosing period. 
 
Table 72 Clinical chemistry parameters in rats at the terminal necropsy (day 30) and 
recovery necropsy (day 43) 

Males Females Parameters Day 
0 500 1000 1625 0 500 1000 1625 

Sorbitol 
dehydrogenase 
U/L 

30 
 
43 

12.19 
 
13.98 

13.26 
 
17.14 
(123%) 

13.96 
 
17.48 
(125%) 

27.96 
(229%) 
15.44 
(110%) 

9.77 
 
13.18 

16.65 
(170%) 
17.15 
(130%) 

11.59 
(119%) 
14.68 
(111%) 

16.57 
(170%) 
20.58* 
(156%) 

Cholesterol 
mg/dL 

30 53.5 65.7 
(123%) 

70.8* 
(132%) 

72.4* 
(135%) 

65.2 71.0 
(109%) 

80.9 
(124%) 

82.0 
(126%) 

Total T4 
µg/dL 

30 
 
43 

2.860 
 
NC 

2.667 
(93%) 
NC 

2.470 
(86%) 
NC 

2.270 
(79%) 
NC 

2.350 
 
4.760 

2.440 
 
4.750 

1.888 
(80%) 
6.000 
(126%) 

2.083 
(89%) 
8.050* 
(169%) 

Amylase 
U/L 

30 
 
43 

276.6 
 
291.0 

312.2 
 
370.0 
(127%) 

291.4 
 
290.8 

364.6 
(132%) 
345.8 
(118%) 

204.5 
 
234.8 

231.4 
(113%) 
310.7 
(132%) 

286.6* 
(140%) 
254.8 
(109%) 

274.2* 
(134%) 
317.3 
(135%) 

Phosphorus 
mg/dL 

30 
 

10.30 
 

10.71 
 

10.72 
 

11.63* 
(113%) 

NC 
 

NC 
 

NC 
 

NC 
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43 
 

NC NC NC NC 9.26 9.13 10.20 
(110%) 

11.05 
(119%) 

Creatine kinase 
U/L 

30 NC NC NC NC 116.7 120.4 
(103%) 

150.4 
(129%) 

152.8 
(131%) 

Lipase 
U/L 

30 NC NC NC NC 22.7 21.2 22.1 15.3 
(67%) 

* Statistical significance was achieved, p <0.05 
NC = No change 
 
Urinalysis: Prior to termination, animals were housed in metabolism cages and urine 
samples for measurement of a complete set of urinalysis parameters were collected 
over a period of 16 to 18 hr prior to terminal and recovery necropsies. 
 
There were no treatment-related changes of urinalysis parameters at the end of the 
dosing and recovery periods. 
 
Gross Pathology: Necropsy examinations were performed on all main study animals 
found dead, euthanized in extremis, or euthanized at the scheduled terminal (Day 30) 
and recovery (Day 43) necropsy. Necropsy examinations were also performed on three 
TK animals that were euthanized in extremis. 
 
The liver of 1 female at 1625 mg/kg/day that died during the dosing period was 
observed to be enlarged, which may have corresponded with histopathological findings 
of centrilobular hepatocellular hypertrophy.  There were no gross pathological findings 
in the liver at the end of the recovery period. 
 
Other gross pathological findings did not appear to correspond with treatment-related 
histopathological findings. 
 
Organ Weights: Differences in absolute and relative organ weights between control 
and treatment groups were observed for liver, kidneys, adrenals, mandibular salivary 
gland, and spleen. Increased liver weights appeared to correlate with histopathological 
findings of centrilobular hepatocellular hypertrophy. Decreased adrenal weights did not 
appear to correlate with histopathological findings of hypertrophy/hyperplasia. There 
were no corresponding histopathological findings for increased kidney weights. 
Decreased spleen weights for female treatment groups might correlate with 
histopathological findings of lymphoid depletion. Mandibular salivary gland weights were 
increased (up to 1.3-fold) for females at 1000 and 1625 mg/kg/day; however, a dose-
response relationship was not observed and there were no corresponding 
histopathological findings. 
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Table 73 Absolute and relative organ weights at the end of the 29-day treatment period 
for male and female rats that received pirfenidone by continuous intravenous infusion  

Males Females Organ 
 0 500 1000 1625 0 500 1000 1625 
Liver 
g 

13.113 15.534 
(119%) 

15.719 
(120%) 

18.443* 
(141%) 

8.949 8.967 9.530 
(107%) 

10.565 
(118%) 

Liver 
%BW 

3.398 3.8791 
(114%) 

4.2730* 
(126%) 

4.8572* 
(143%) 

3.6585 3.8847 
(106%) 

4.1888* 
(115%) 

4.4928* 
(123%) 

Liver 
%BrW 

6.7976 7.7029 
(113%) 

8.3507* 
(123%) 

9.4368* 
(139%) 

4.7893 4.8020 5.1833 
(108%) 

5.6510* 
(118%) 

Kidneys 
g 

3.290 3.807* 
(116%) 

3.661 
(111%) 

3.852* 
(117%) 

2.139 2.161 2.161 2.360 
(110%) 

Kidneys 
%BW 

0.8610 0.9492 
(110%) 

0.9977* 
(116%) 

1.0177* 
(118%) 

0.8738 0.9389 
(107%) 

0.9515 
(109%) 

1.0050* 
(115%) 

Kidneys 
%BrW 

1.7060 1.8855 
(111%) 

1.9477 
(114%) 

1.9701 
(116%) 

1.1470 1.1596 1.1760 1.2618 
(110%) 

Adrenals 
g 

NC NC NC NC 0.0096 0.0080 0.090 0.0067* 
(70%) 

Adrenals 
%BW 

NC NC NC NC 0.0392 0.0348 0.0399 0.0285 
(73%) 

Adrenals 
%BrW 

NC NC NC NC 0.0513 0.0427 0.0492 0.0358* 
(70%) 

Spleen 
g 

1.004 0.788 1.060 0.771 0.771 0.670 
(87%) 

0.620 
(80%) 

0.595 
(77%) 

Spleen 
%BW 

0.2672 0.1977 0.3040 0.2043 0.3196 0.2872 
(90%) 

0.2752 
(86%) 

0.2530 
(79%) 

Spleen 
%BrW 

05263 0.3917 0.5812 0.3934 0.4162 0.3561 
(86%) 

0.3385 
(81%) 

0.3193 
(77%) 

* Statistical significance was achieved, p < 0.05 
NC = no change 
 
Liver weights were still increased for female treatment groups at the end of the recovery 
period although there were no corresponding histopathological findings. Thymus 
weights decreased for male treatment groups (0.66 to 0.93-fold) although a dose-
response relationship was not present. Thyroid weights were increased (up to 1.2-fold) 
for male treatment groups although no changes were evident at the end of the dosing 
period. Adrenal gland weights were increased up to 1.26-fold for females at 1625 
mg/kg/day.  
 
Table 74 Absolute and relative organ weights at the end of the recovery period for male 
and female rats that received pirfenidone by continuous intravenous infusion 

Males Females Organ 
 0 500 1000 1625 0 500 1000 1625 
Liver 
G 

NC NC NC NC 8.921 9.559 
(107%) 

9.585 
(107%) 

10.129 
(113%) 

Liver 
%BW 

NC NC NC NC 3.3413 3.5183 
(105%) 

3.6725 
(110%) 

3.9998* 
(120%) 

Liver 
%BrW 

NC NC NC NC 4.7072 
 

5.1279 
(109%) 

5.2003 
(110%) 

5.3951 
(115%) 
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Histopathology: Microscopic examinations of fixed hematoxylin and eosin-stained 
paraffin sections were performed on protocol-designated sections of tissues. All organs 
and tissues were examined for the control and high dose groups at the end of the 
dosing period. Target organs, gross lesions, tissue masses with regional lymph nodes, 
and infusion sites were also examined for the low and mid dose groups at the end of the 
dosing period. For recovery groups, examinations were limited to target organs, gross 
lesions, tissue masses with regional lymph nodes, and infusion sites. Samples of the 
liver, kidney, heart, lung, and brain were collected from all main study animals and fixed 
in 3% glutaraldehyde, 0.1 M phosphate buffer fixative for possible electron microscopic 
evaluation at the discretion of the sponsor. 
 
Adequate Battery: The battery of tissue was acceptable as all NTP specified tissues 
were examined. See the histopathology inventory table below. 
 
Peer Review: A peer review examination of organs and tissues was not performed. 
 
Histological Findings: Histopathological findings were observed in the liver, which 
were comparable to findings in the 6-month oral toxicology study with rats. There were 
additional histopathological findings in the thymus, spleen, adrenal glands, eye, and 
kidneys that were not observed in the 6-month oral toxicology study with rats where 
equal or higher drug exposures were achieved. These findings were generally observed 
in animals that died between days 2 and 4 after the start of the study and might be the 
result of the sponsor’s use of continuous intravenous infusion for drug administration 
that led to findings included inflammation, septicemia, and thrombus formation. There 
were a number of findings that appeared to be associated with the use of a femoral 
catheter for continuous intravenous infusion (e.g., proximal and distal infusion site).   
 
Liver: Centrilobular hepatocellular hypertrophy was observed for males and females at 
1000 and 1625 mg/kg/day. Centrilobular hepatocyte hypertrophy consisted of minimal to 
mild enlargement of the liver cells (hepatocytes) adjacent to central veins. The 
cytoplasm of these enlarged cells was also often finely granular and hypereosinophilic. 
There were also scattered, low incidence findings that included panlobular 
hepatocellular hypertrophy, Kupffer cell hypertrophy, ischemic atrophic lobe, focal 
necrosis, and necrosis of individual hepatocytes that did not necessarily display dose-
response relationships. These findings were reversible as they were not evident at the 
end of the recovery period. 
 
Thymus: Generalized lymphoid depletion was observed for 2 females each in the 1000 
and 1625 mg/kg/day groups and there were single findings for males in the 500 and 
1000 mg/kg/day groups and females in the 500 mg/kg/day group. Generalized lymphoid 
necrosis was observed for 4 females in the 1625 mg/kg/day and there single findings for 
males and females in the 500 and 1000 mg/kg/day groups. These findings of 
generalized lymphoid depletion or necrosis were confined to animals found dead or 
euthanized during the treatment period. These findings were not evident in the 6-month 
oral toxicology study with rats where higher drug exposures were achieved for female 
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rats. These findings were reversible as they were not evident at the end of the recovery 
period. 
 
Spleen: Generalized lymphoid depletion was observed for 4 females in the 1625 
mg/kg/day group and there were single findings for males in the 500 and 1000 
mg/kg/day groups and females in the control and 500 and 1000 mg/kg/day groups. With 
the exception of the control female, this finding of generalized lymphoid depletion was 
confined to animals found dead or euthanized during the treatment period. This finding 
was not evident in the 6-month oral toxicology study with rats where higher drug 
exposures were achieved for female rats. This finding was reversible as it was not 
evident at the end of the recovery period. 
 
Adrenal glands: Diffuse cortical hypertrophy/hyperplasia was observed for 2 females in 
the 1625 mg/kg/day group and there was a single finding for a male in the 500 
mg/kg/day group. This finding was not evident in the 6-month oral toxicology study with 
rats where higher drug exposures were achieved for female rats. This finding was 
reversible as it was not evident at the end of the recovery period. 
 
Eyes: Subacute inflammation was observed for 2 females in the 1625 mg/kg/day group 
and there were single findings for a male and a female in the 500 mg/kg/day group. This 
finding was not evident in the 6-month oral toxicology study with rats where higher drug 
exposures were achieved for female rats. This finding was reversible as it was not 
evident at the end of the recovery period. 
 
Findings related to the Continuous IV Infusion: There were findings of thrombus in 
the distal and proximal infusion sites that appeared to be related to the continuous 
intravenous infusion. There was a finding of a kidney infarct for a single male in the 
1625 mg/kg/day group. These findings were not evident in the 6-month toxicology study 
with rats. These findings were reversible as they were not evident at the end of the 
recovery period. 
 
Table 75 Histopathological findings at the end of the dosing period (day 30) 

Male Female 
0 500 1000 1625 0 500 1000 1625 

Organ/Tissue 

D S D S D S D S D S D S D S D S 
Liver 
-number examined 
 

0 10 1 9 1 10 0 10 0 10 1 10 2 8 4 6 

-hypertrophy, hepatocyte, 
centrilobular, minimal-mild 

0 0 0 0 0 8 0 10 0 0 0 0 0 2 0 5 

-hypertrophy, hepatocyte, 
panlobular, mild 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 

-hypertrophy, Kupffer cell, 
minimal-moderate 

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

-ischemic, atrophic lobe, 
severe 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

-necrosis, focal, minimal 
 

0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 

-necrosis, individual, 
hepatocyte, minimal 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 

Thymus 
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-number examined 0 10 1 0 1 0 0 10 0 10 1 0 2 0 4 6 
-depletion, lymphoid, 
generalized, mild-severe 

0 0 1 0 1 0 0 0 0 0 1 0 2 0 2 0 

-necrosis, lymphoid, 
generalized, minimal-severe 

0 0 1 0 1 0 0 0 0 0 1 0 1 0 4 0 

Spleen 
-number examined 0 10 1 0 1 2 0 10 0 10 1 0 2 0 4 6 
-depletion, lymphoid, 
generalized, mild-moderate 

0 0 1 0 1 0 0 0 0 1 1 0 1 0 4 0 

Adrenal glands 
-number examined 0 10 1 0 1 0 0 10 0 10 1 0 2 0 4 6 
-hypertrophy/hyperplasia, 
diffuse-cortical, minimal-mild 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 

Eyes  
-number examined 0 10 1 0 1 0 0 10 0 10 1 0 2 1 4 6 
Inflammation, subacute, 
minimal-mild 

0 0 1 0 0 0 0 0 0 0 1 0 0 0 2 0 

Infusion site, distal 
-number examined 0 10 1 9 1 10 0 8 0 9 1 10 1 8 4 6 
-thrombus, mild-severe 0 1 1 0 1 3 0 2 0 0 1 3 0 2 3 3 
Infusion site, proximal 
-number examined 0 10 1 9 1 10 0 9 0 9 1 10 1 8 4 6 
-thrombus, minimal-moderate 0 1 0 3 0 5 0 2 0 4 1 3 0 4 1 2 
Kidneys 
-number examined 0 10 1 1 1 1 0 10 0 10 1 2 2 0 4 6 
-infarct, minimal 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
D = died or euthanized on study 
S = scheduled necropsy 
 
Toxicokinetics: Blood samples were collected from 3 animals/sex at 0 mg/kg/day 
predose on Day 1, just prior to syringe changes on Days 8, 15, 22, and immediately 
after the end of infusion (EOI) on day 29. Samples were collected from cohorts of 3 
animals/sex/group from animals dosed at 500, 1000, and 1625 mg/kg/day predose and 
at 2, 6, and 12 hours following the start of infusion (EOI) on Day 1, just prior to syringe 
changes on Days 8, 15, and 22, and immediately following EOI on Day 29. An 
HPLC/MS method was used to measure pirfenidone and its metabolite, M2 (5-carboxy-
N-phenyl-2-1H-pyridone) in plasma at concentrations ranging from 100 to 100,000 
ng/mL. 
 
For males, AUC and Cmax values for pirfenidone and M2 on day 1 increased in an equal 
to or greater than dose proportional manner.   For females, AUC and Cmax values for 
pirfenidone and M2 on day 1 increased in a greater than dose proportional manner from 
500 to 1000 mg/kg/day and a less than dose proportional manner from 1000 to 1625 
mg/kg/day. There were no consistent sex-related differences in Cmax and AUC values 
for pirfenidone and M2. AUC and Cmax values for pirfenidone were greater than values 
for M2. 
 
Comparison of AUC0-24hr (or 2 x AUC0-12hr) values for pirfenidone achieved on the first 
day of dosing with 1000 mg/kg/day in the present study to the 6-month oral toxicology 
study with rats (PCLN-PIRF-073) found that exposures were approximately equal for 
males (797.8 vs. 894.4 µg.hr/mL), but exposures were approximately 2.7-fold higher for 
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females in the 6-month study (1003 vs. 2691.9 µg.hr/mL). No data for M2 were available 
from the 6-month study.  
 
Table 76 Toxicokinetic parameters for pirfenidone and M2 on day 1 in male and female 
rats receiving a continuous intravenous infusion of pirfenidone 

 
 
Plasma concentrations of pirfenidone and M2 in males and females on days 8, 15, 22, 
and 29 increased in a generally dose proportional manner. There were no consistent 
sex-related differences in plasma concentrations of pirfenidone and M2. Plasma 
concentrations of pirfenidone and M2 appeared to be approximately equivalent.  
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Table 77 Plasma concentrations of pirfenidone on days 8, 15, 22, and 29 in male and 
female rats receiving a continuous intravenous infusion of pirfenidone 
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Table 78 Plasma concentrations of M2 on days 8, 15, 22, and 29 in male and female 
rats receiving a continuous intravenous infusion of pirfenidone 

 
 
Stability and Homogeneity 
Samples collected for homogeneity analysis from the dose formulations prepared at 
week 1 were determined to be homogeneous with top, middle, and bottom layer 
concentrations measured to be within 99.6-101% and 98.5-101% of nominal 
concentration at 5.0 and 16.25 mg/mL, respectively. 
 
Dose formulations prepared at Week 3 were stored at room temperature for 48 hr and 
analyzed for stability. Results indicated that the solutions prepared at concentrations 
between 5.0 and 16.25 mg/mL were stable under these conditions with concentrations 
measured to be 94-97.2% and 103-104% of theoretical from average homogeneity 
results of 5.03 and 16.15 mg/mL. 
 
Results indicated that all dose formulation samples prepared at concentrations of 0, 5.0, 
10.0 and 16.25 mg/mL at Weeks 1, 2, 3 and 4 met the acceptance criteria, with 
concentrations within ± 5% of nominal concentrations. Concentrations measured from 
samples of formulations prepared at 0 mg/mL were below quantitation level (BLQ) or 
equal to zero. 
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Dogs 
 
Study title: Nine-Month Oral Toxicity Study of Pirfenidone (S-7701) in Dogs  
  
Key study findings:   
 
● In a 9-month oral toxicology study, dogs received pirfenidone in oral capsules at 
doses of 0, 20, 70, and 200 mg/kg/day. 
 
● Clinical signs for the 200 mg/kg/day group immediately after dosing included 
salivation, vomiting, abnormal gait, difficulty in standing, rigidity, weakness of limbs, 
head shake, abnormal vocalization, hypoactivity, tachypnea, convulsions, sleeping, or 
mydriasis. Clinical signs for the 70 mg/kg/day group were limited to salivation and 
vomiting. 
 
● Alkaline phosphate (ALP) activities were increased for males and females at 70 and 
200 mg/kg/day during the treatment period up to 1.4- and 2.9-fold, respectively, 
although toxicological significance (2.5 times the control mean) was only achieved for 
males and females at 200 mg/kg/day.  
 
● Target organs of toxicity were the liver and submaxillary glands.  
 
● Hepatocellular hypertrophy was observed around the central vein of the liver for 3 
males and 1 female at 200 mg/kg/day. Hypertrophied cytoplasm was ground-glass in 
appearance. This finding appeared to be associated with induction of several 
cytochrome P450 isozymes. This finding was reversible as it was not evident at the end 
of the recovery period. The relationship between this histopathological finding and 
elevation of ALP activity was unclear. 
 
● Acinar hypertrophy of mucous gland in the submaxillary gland was observed for 1 
female at 70 mg/kg/day and 3 males and 3 females at 200 mg/kg/day group. At the end 
of the recovery period, acinar hypertrophy of mucous gland was still evident for 1 male 
at 200 mg/kg/day. This finding appeared to be generally reversible by the end of the 
recovery period. 
 
● The NOAEL was judged to be 20 mg/kg/day based upon histopathological findings in 
the submaxillary glands at 70 and 200 mg/kg/day and elevations of ALP activity and 
histopathological findings in the liver at 200 mg/kg/day. Findings in the submaxillary 
glands and liver might be judged to be monitorable in a clinical setting and have minimal 
potential adverse effects. AUC values for male and female dogs at 200 mg/kg/day on 
day 271 were 660.6 and 479.1 µg.hr/mL, respectively. 
 
Study no.:  PCLN-PIRF-072 
Volume #, and page #: IND 67,284 Amendment 325   
Conducting laboratory and location:  Developmental Research Laboratories 
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      Shionogi & Co., Ltd. 
      3-1-1 Futaba-cho 
      Toyonaka, Osaka 561-0825  
      Japan 
Date of study initiation: June 22, 1999  
GLP compliance: Yes  
QA report:  yes (X) no ( ) 
Drug, lot #, and % purity: S-7701, Lot number PIRD(05)09-97 (Purity, 99.64%) 
Impurities:   

 
Methods 
Doses: S-7701 was administered at oral doses of 0, 20, 70, and 200 mg/kg/day to male 
dogs for 273 days and female dogs for 274 days.   
Species/strain: Beagle dogs (Nosan: Beagle) were purchased from  

. (Breeding farm: )  
Number/sex/group or time point (main study): 4 dogs/sex/group  
Route, formulation, volume, and infusion rate: Gelatin capsules (size 12, Batch number 
781 and size 13 Batch number 679) were used for oral administration. Control animals 
received empty capsules. An appropriate amount of S-7701 was used to fill a capsule of 
size 13 (20 and 70 mg/kg/day groups) or size 12 (200 mg/kg/day group). The content 
was adjusted (99.64%) for purity.   
Satellite groups used for toxicokinetics or recovery: An additional 3 dogs/sex/group 
were included in the control and high dose groups for a 35-day recovery period.    
Age: Dogs were 9 months old at the start of treatment  
Weight: Body weight ranges at the start of treatment were 9.7-11.3 kg for males and 
9.1-10.6 kg for females  
Unique study design or methodology (if any): Dose selection was based upon a 3-
month oral toxicology study in which beagle dogs received pirfenidone at doses of 0, 20, 
70, and 200 mg/kg/day (NCR016 Rev 01). Additional dogs were included in the control 
and high dose groups for a 5-week recovery period. Findings after dosing for 3 months 
were generally comparable to those observed after dosing for 9 months. Target organs 
of toxicity after treatment for 3 months were the liver, lung, submaxillary glands, 
prostate, and uterus. Findings in the liver consisted of hepatocytes of the central zone of 
the lobules showed a ground-glass appearance and were hypertrophied in 4 of 4 males 
and 1 of 4 female in the 200 mg/kg/day group. Under the electron microscope, 
hyperplasia of the agranular reticulum and decreased glycogen granules were observed 
in the hepatocytes of the peripheral zone from the central zone of the lobules (in the 
central zone of the lobules in the males of the 20 mg/kg group) in all treatment groups. 
Additional findings in the liver at 200 mg/kg/day included single findings of perivascular 
inflammatory cell infiltration, inflammatory cell infiltration, hemorrhage, fibrosis, and bile 
duct hyperplasia. These findings were generally not observed at the end of recovery 
period although findings of fibrosis and bile duct hyperplasia were observed that might 

(b) (4)

(b) (4)

(b) (4)
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Gross pathology: After completion of the 9-month dosing period (days 273-274) and 35-
day recovery period (day 35R), all animals were sacrificed and submitted to necropsy 
examination. At necropsy, the right 7th and 8th ribs and the left 7th rib were removed from 
all dogs. The bone marrow was collected and the nucleated bone marrow cell count 
was determined. Bone marrow smears for myelograms were prepared, stained with 
May-Giemsa, and examined for dogs in the control and 200 mg/kg/day groups at the 
end of the dosing period.   
Organ weights: Absolute and relative organ weights were determined for the liver, 
kidneys, lungs, pancreas, heart, spleen, thymus, adrenal glands, thyroid glands, 
pituitary gland, submaxillary glands, testes, prostate gland, ovaries, uterus, and brain.   
Histopathology: Fixed organs/tissues were routinely processed and paraffin sections 
were prepared and stained with hematoxylin and eosin and examined by light 
microscopy. Testicular sections were additionally stained with periodic acid Schiff 
reagent and thymic sections from all dogs sacrificed at the end of the recovery period 
were immunostained by the ABC method for proliferating cell nuclear antigen. An 
independent peer review evaluation was conducted after completion of the evaluation 
by the study pathologist. The pathologic evaluation represents the consensus of the 
study and peer review pathologists. Following the dosing and recovery periods, partial 
tissue from the left lateral lobe of the liver was removed from every 2 dogs and 
processed for electron microscopy; however, the examination was not performed.   
Toxicokinetics: Blood samples for measurement of plasma drug concentrations were 
collected on days 0, 90, 180, and 271. Samples on days 0 and 271 were collected at 
0.17, 0.5, 1, 2, 4, 7, and 24 hr after dosing. Samples on days 90 and 180 were collected 
at 1, 4, and 24 hr after dosing. Plasma drug concentrations were measured using an 
HPLC method with UV detection. The validated nominal concentration range was from 
0.1 to 30 µg/mL. 
 
Results: 
 
Mortality: None  
 
Clinical signs: Treatment-related clinical signs were observed for male and female 
dogs in all treatment groups although these clinical signs occurred primarily in the 70 
and 200 mg/kg/day groups. Dose-related increased incidences of mucous feces were 
observed for male and female dogs at all doses during the treatment period. Salivation 
immediately before and following dosing was observed for males and females at 70 and 
200 mg/kg/day during the treatment period, but was not observed during the recovery 
period. This finding persisted up to 2 hr postdose for dogs at 200 mg/kg/day. This 
finding was generally not observed for males and females in the control and low dose 
groups. Increased incidences of vomiting after dosing were observed for males and 
females at 70 and 200 mg/kg/day during the treatment period, but were not observed 
during the recovery period. Clinical signs consisting of abnormal gait, difficulty in 
standing, rigidity, head shaking, weakness of limbs, hypoactivity, and abnormal 
vocalization were observed for males and females at 200 mg/kg/day during the 
treatment period, but were not observed during the recovery period. Incidences of 
difficulty in standing, rigidity, head shaking, and abnormal vocalization were generally 
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higher for males as compared to females. Clinical signs of salivation, vomiting, 
abnormal gait, difficulty in standing, rigidity, weakness of limbs, head shaking, abnormal 
vocalization were generally limited to within 4 hr postdose daily.    
 
Body weights: Body weight gains were decreased for males in the 70 and 200 
mg/kg/day groups and females in the 200 mg/kg/day group. 
 
At the end of the dosing period (day 273), body weight gains for males in the 70 and 
200 mg/kg/day groups were decreased to 45.5 and 9.3% of the control, respectively.  
Mean body weights for females in the 200 mg/kg/day group were unchanged as 
compared to a 10.2% increase for controls. 
 
Table 80 Body weight gains during the 9-month dosing period for dogs 

Males Females  
0 20 70 200 0 20 70 200 

BW, day 1 (kg) 10.3 10.5 10.3 10.1 9.8 9.8 9.7 9.6 
BW, day 273 (kg) 11.4 11.3 10.8 10.2 10.8 11.2 10.9 9.6 
∆ (kg) 1.1 0.8 0.5 0.1 1.0 1.4 1.2 0 
∆ as % of Initial BW 10.68 7.62 4.85 0.99 10.20 14.29 12.37 0 
% of Control ∆ 100% 71.3% 45.5% 9.3% 100% 140% 121% 0% 
 
At the end of the recovery period, body weight gains were significantly increased for 
males and females in the 200 mg/kg/day group.  
 
Food consumption: Qualitative food consumption was unaffected by treatment.  
 
Ophthalmoscopy: There were no treatment-related ophthalmic effects.   
 
EKG: There were no treatment-related effects on heart rate, PR interval, QRS interval, 
QT interval, or QTc interval.   
 
Auditory test: There were no treatment-related effects on the Preyer’s reflex. 
 
Hematology: Platelet counts were elevated for males at 70 and 200 mg/kg/day and all 
female treatment groups although changes were most marked for males on day 177. 
 
Platelet counts were elevated for males at 70 and 200 mg/kg/day at all time points 
during the dosing period and all female treatment groups on days 177 and 268 of the 
dosing period although changes were more pronounced for males. Counts returned to 
the control level during the recovery period. The significance of these elevations was 
unclear. 
 
Monocyte counts were slightly increased for males at 70 and 200 mg/kg/day on days 86 
and 177 although the significance of these changes was unclear. 
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Eosinophil counts were elevated for males at 200 mg/kg/day on day 8 of the recovery 
period although the significance of this difference with the control group was unclear 
given the lack of change during the dosing period. 
 
Slight decreases of red blood cell counts and hematocrit were observed for males and 
females at 70 and 200 mg/kg/day during the dosing period although the relationship to 
treatment was questionable based upon the range of these parameters during the 
pretreatment period. 
 
Table 81 Hematology parameters during the treatment period (days 86, 177, and 268) 
and recovery period (days 8 and 34) for dogs 

Males Females Parameter Day 
0 20 70 200 0 20 70 200 

Platelets 
103/µL 

 
86 
 
177 
 
268 
 
8R 
 
34R 

 
278 
 
273 
 
289 
 
292 
 
275 

 
245 
 
249 
 
233 
 
- 
 
- 

 
352* 
(127%) 
344 
(194%) 
350 
(131%) 
- 
 
- 

 
345* 
(124%) 
327 
(185%) 
343 
(128%) 
352 
(121%) 
294 
(107%) 

 
309 
 
255 
 
268 
 
320 
 
329 
 

 
279 
 
292 
(115%) 
302 
(106%) 
- 

 
322 
 
285 
(112%) 
346 
(121%) 
- 

 
317 
 
305* 
(120%) 
364* 
(127%) 
356 
(111%) 
278 
(85%) 

Monocyte 
103/µL 

 
86 
 
177 

 
0.52 
 
0.43 

 
0.46 
 
0.49 

 
0.67 
(129%) 
0.98 
(228%) 

 
0.75 
(144%) 
0.60 
(140%) 

 
NC 
 
NC 

 
NC 
 
NC 

 
NC 
 
NC 

 
NC 
 
NC 

Eosinophils 
103/µL 

 
8R 
 
34R 

 
0.38 
 
275 

   
0.79 
(208%) 
294 
(107%) 

 
NC 
 
NC 

 
NC 
 
NC 

 
NC 
 
NC 

 
NC 
 
NC 

*Indicates reached statistical significance 
NC- No change 
 
Analysis of bone marrow smears found that the percentages of proerythroblasts were 
increased for males and females at 200 mg/kg/day although the significance of this 
finding was unclear. 
 
Table 82 Bone marrow analysis, Day 273/274 

Males Females Cell type 
0 200 0 200 

PEB 
% 

0.3 0.8* 
(267%) 

0.6 0.9 
(150%) 

 
Clinical chemistry: Alkaline phosphate (ALP) activities were increased for males and 
females at 70 and 200 mg/kg/day during the treatment period although toxicological 
significance (2.5 times the control mean) was only achieved for only males and females 
at 200 mg/kg/day. Small elevations were still evident for males and females at 200 
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mg/kg/day on day 8 of the recovery period and females at 200 mg/kg/day on day 34 of 
the recovery period. The significance of these elevations was somewhat questionable 
given the high pretreatment values although elevations during the dosing period were 
judged to be treatment-related. Alanine aminotransferase (ALT) activities were 
increased for females at 200 mg/kg/day on days 8 and 34 of the recovery period 
although toxicological significance was not achieved and no changes were evident 
during the treatment period. Elevations of ALP activity may correlate with 
histopathological findings in the liver consisting of centrilobular hepatocellular 
hypertrophy and cellular infiltration in perivascular areas. 
 
Table 83 Clinical chemistry parameters during the treatment period (days 86, 177, and 
268) and recovery period (days 8 and 34) 

Males Females Parameter Day 
0 20 70 200 0 20 70 200 

ALP 
U/L 

-30 
 
-8 
 
86 
 
177 
 
268 
 
8R 
 
34R 

104 
 
88 
 
61 
 
56 
 
50 
 
51 
 
44 
 

103 
 
88 
 
69 
 
72 
(129%) 
57 
 
- 
 
- 

99 
 
86 
 
81 
(133%) 
69 
(123%) 
61 
(122%) 
- 
 
- 

104 
 
84 
 
155* 
(254%) 
144* 
(257%) 
145* 
(290%) 
82 
(161%) 
49 
(111%) 

92 
 
74 
 
66 
 
59 
 
51 
 
51 
 
41 

89 
 
70 
 
64 
 
54 
 
54 
 
- 
 
- 

89 
 
78 
 
88 
(133%) 
85 
(144%) 
72 
(141%) 
- 
 
- 

82 
 
74 
 
140* 
(212%) 
150* 
(254%) 
136* 
(267%) 
90 
(177%) 
62* 
(151%) 

ALT 
U/L 

8R 
 
34R 

NC 
 
NC 

- 
 
- 

- 
 
- 

NC 
 
NC 

51 
 
41 

- 
 
- 

- 
 
- 
 

90 
(177%) 
62* 
(151%) 

*Indicates reached statistical significance 
NC- No change  
 
Cytochrome P450 content and the activities of 7-coumarin O-deethylase, 7-coumarin O-
deethylase, 7-propoxycoumarin O-depropylase, testosterone 6β-hydrolyase 
(CYP3A12), and testosterone 16α-hydroxylase (CYP2B11) were increased for all male 
and female treatment groups. Pirfenidone was judged to be a phenobarbital-type 
cytochrome P450 inducer. Triglyceride levels were increased for males at 70 and 200 
mg/kg/day and all female treatment groups. Phospholipid levels were slightly increased 
for all male and female treatment groups. Protein levels were slightly increased for 
females at 70 and 200 mg/kg/day. These changes were reversible by the end of the 
recovery period.   
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Table 84 Liver biochemistry changes in dogs on day 273 
Treatment Period Recovery Period Parameter Sex 

0 20 70 200 0 200 
Cytochrome P450 
nmole/g 

M 
 
F 

17.4 
 
18.9 

22.9 
(132%) 
21.3 
(113%) 

21.3 
(122%) 
26.0* 
(138%) 

22.5 
(129%) 
27.7* 
(147%) 

21.3 
 
20.9 

21.0 
 
23.4 
(112%) 

7-methoxycoumarin O-
demethylase, U/g 

M 
 
F 

36.8 
 
42.3 

56.1* 
(152%) 
67.8* 
(160%) 

64.6* 
(176%) 
79.5* 
(188%) 

72.1 
(196%) 
84.7* 
(200%) 

49.0 
 
50.4 

49.1 
 
51.7 

7-Ethoxycoumarin O-
deethylase 
U/g 

M 
 
F 

97.2 
 
111.9 

162.3 
(167%) 
195.6* 
(175%) 

198.4 
(204%) 
234.1* 
(209%) 

238.8 
(246%) 
272.4* 
(243%) 

108.2 
 
116.6 

115.5 
 
128.9 

7-propoxycoumarin O-
depropylase, U/g 

M 
 
F 

11.5 
 
14.7 

17.3 
(150%) 
23.4* 
(159%) 

18.9* 
(164%) 
26.0* 
(177%) 

21.8* 
(190%) 
28.5* 
(194%) 

16.0 
 
18.0 

16.9 
 
19.2 

Testosterone 6β-
hydroxylase, U/g 

M 
 
F 

18.2 
 
22.4 

22.6 
(124%) 
21.5 

23.8 
(131%) 
32.1* 
(143%) 

36.8* 
(202%) 
33.9* 
(151%) 

22.7 
 
27.2 

19.7 
 
25.8 

Testosterone 16α-
hydroxylase, U/g 

M 
 
F 

11.1 
 
11.6 

18.2* 
(164%) 
19.3% 
(166%) 

24.4* 
(220%) 
26.6* 
(229%) 

29.7* 
(268%) 
33.0* 
(284%) 

13.6 
 
13.4 

12.2 
 
14.4 

Triglyceride 
mg/g 

M 
 
F 

2.4 
 
2.5 

2.3 
 
4.6* 
(184%) 

3.0 
(125%) 
4.0 
(160%) 

2.9 
(120%) 
3.5 
(140%) 

2.2 
 
4.1 

2.7 
 
4.4 

Phospholipid 
mg/g 

M 
 
F 

24.6 
 
25.5 

27.9 
(113%) 
29.5* 
(116%) 

28.9* 
(118%) 
29.8* 
(117%) 

28.7* 
(117%) 
30.7* 
(120%) 

29.3 
 
28.7 

28.1 
 
29.5 

Cholesterol 
mg/g 

M 
 
F 

1.79 
 
1.74 

1.92 
 
2.00* 
(115%) 

1.91 
 
1.91 
(110%) 

1.82 
 
1.92 
(110%) 

1.80 
 
1.79 

1.73 
 
1.73 

Protein 
mg/g 

M 
 
F 

174 
 
171 

181 
 
181 

184 
 
184 
(108%) 

178 
 
185* 
(108%) 

1.80 
 
1.79 

1.73 
 
1.73 

* Statistical significance was achieved. 
 
Urinalysis: There were no treatment-related changes of urinalysis parameters. 
Variations of urinary volume, specific gravity, and pH values appeared to be background 
in nature and most likely not related to treatment. There were no treatment-related 
histopathological findings in the kidneys. 
 
Gross pathology: At the end of the dosing period (days 273-274), large submaxillary 
glands were observed for 2 of 4 males and 2 of 4 females at 200 mg/kg/day that 
appeared to correspond to histopathological findings of acinar cell hypertrophy.  
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Organ weights: At the end of the dosing period, differences in organ weights between 
control and treatment groups were evident for the liver, submaxillary gland, lung, 
kidneys, and thymus; however, treatment-related histopathological changes were only 
evident for the liver and submaxillary gland. Differences were also evident for 
reproductive organs (testis, prostate, ovary, and uterus); however, these differences 
were attributed to variations of sexual maturity in the absence of treatment-related 
histopathological findings. 
 
Liver and submaxillary gland weights were increased for males and females at 200 
mg/kg/day. Histopathological findings for the liver consisted of centrilobular 
hepatocellular hypertrophy and inflammatory cell infiltration in perivascular regions. 
Findings for the submaxillary glands consisted of acinar cell hypertrophy in the mucous 
glands.  
 
Table 85 Organ weights at the end of the treatment period 

Males Females Organ 
0 20 70 200 0 20 70 200 

Liver 
g 

291.0 268.3 279.1 313.6 
(108%) 

284.8 250.8 262.2 282.4 

Liver 
g/kg 

25.6 23.8 26.3 31.7* 
(124%) 

26.2 22.4 24.5 30.7 
(117%) 

Submaxillary gland 
g 

11.5 10.5 11.1 16.8 
(146%) 

10.2 9.7 10.5 14.0* 
(137%) 

Submaxillary gland 
g/kg 

1.02 0.94 1.04 1.68* 
(165%) 

0.94 0.87 0.99 1.51* 
(161%) 

*Indicates reached statistical significance 
 
 
At the end of the recovery period, differences in organ weights between control and 
treatment groups were still evident for liver and submaxillary gland. Differences were 
also evident for the thymus and pancreas. Absolute and relative thymus weights were 
markedly increased for males and females at 200 mg/kg/day; these differences may 
have been due to cyst-like structures that are common background findings for dogs. 
There were no treatment-related histopathological findings in the pancreas. 
 
Table 86 Organ weights at the end of the recovery period 

Males Females Organ 
0 200 0 200 

Liver 
g 

219.2 280.9 
(128%) 

227.6 277.1 
(122%) 

Liver 
g/kg 

19.8 25.6 
(129%) 

21.2 26.4* 
(125%) 

Submaxillary gland 
g 

11.3 16.5 
(146%) 

1.04 1.50 
(144%) 

Submaxillary gland 
g/kg 

9.4 12.2* 
(130%) 

0.87 1.17* 
(134%) 

Thymus 
g 

5.8 16.0* 
(276%) 

3.5 13.1* 
(374%) 

Thymus 0.52 1.45* 0.32 1.25* 
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saturation; however, values at 20 and 70 mg/kg/day were generally comparable. There 
were no significant differences in values between males and females. 
 
Table 88 Toxicokinetic parameters for dogs in the 9-month toxicology study 

 
 
Histopathology inventory (optional)   
 

Study  1-month study 
(IV route) 

6-month study 9-month study 

Species Rat Rat Dog 
Adrenals X* X* X* 
Anus   X 
Aorta X X X 
Bone Marrow smear X X  
Bone (femur) X   
Brain X* X* X* 
Bronchial tubes  X  
Cecum X X X 
Cervix X (w/Uterus)   
Colon X X X 
Diaphragm   X 
Duodenum X X X 
Epididymis X* X X 
Esophagus X X X 
Eye X X X 
Fallopian tube    
Gall bladder   X 
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Gross lesions X X X 
Harderian gland    
Heart X* X* X* 
Ileum X X X 
Injection site X   
Jejunum X X X 
Joint, tibiofemoral X   
Kidneys X* X* X* 
Lachrymal gland X   
Larynx X   
Lip   X 
Liver X* X* X* 
Lungs X X* X* 
Lymph nodes, cervical   X 
Lymph nodes mandibular X   
Lymph nodes, mesenteric X X X 
Lymph node, neck  X  
Mammary Gland X (Females) X (Females) X (Females) 
Nasal cavity    
Optic nerves X X X 
Ovaries X* X* X* 
Pancreas X X* X* 
Parathyroid X* (w/Thyroid) X X 
Parotid gland  X X 
Peripheral nerve    
Peyer’s patch X   
Pharynx    
Pituitary X* X* X* 
Prostate X X* X* 
Rectum X  X 
Rib    
Salivary gland 
(Mandibular) 

X   

Salivary gland 
(Sublingual) 

X X X 

Salivary gland (Parotid) X   
Submandibular gland  X*  
Submaxillary gland   X* 
Sciatic nerve X X X 
Seminal vesicles X X  
Skeletal muscle X (femoris) X (femoral) X (thigh) 
Skin X X X 
Spinal cord X  X 
Spleen X*  X* 
Sternum X  X 
Stomach X X X 
Testes X* X* X* 
Thymus X* X* X* 
Thyroid X(w/PT)* X* X* 
Tongue X X X 
Tonsil   X 
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Methods 
Strains: Salmonella typhimurium strains TA98, TA100, TA1535, and 

TA1537, and Escherichia coli strain WP2 uvrA 
 Concentrations in 

definitive study: 
100, 500, 1000, 3000, and 5000 µg/plate 

Basis of concentration 
selection: 

A range finding assay was conducted with strains TA100 and 
WP2 uvrA. Cells were treated with doses of 5, 10, 50, 100, 
500, 1000, and 5000 µg/plate ± S9. Toxicity was evident at 
5000 µg/plate for TA100 in the presence of S9 with a 
reduced number of revertant colonies (15/plate vs. 55/plate 
for the control). A slight precipitate was evident at 5000 
µg/plate ± S9 for both tester strains. 

Negative control: Distilled, deionized water 
Positive control: 

Formulation/Vehicle: Distilled, deionized water 
Incubation & sampling 

time: 
The plate incorporation method was used. Treatment was 
performed by adding either 500 µL of deionized, distilled 
water or 500 µL of rat S-9 cofactor mix to tubes containing 
2.0 mL of top agar supplemented with 1X histidine-biotin or 
1X tryptophan solution. Immediately thereafter, 100 µL of 
strains TA98, TA100, TA1535, TA1537 or WP2 uvrA were 
added, followed by 100 µL of the appropriate test article 
concentration or solvent. S-9 (Aroclor 1254 induced rat liver 
S-9) was obtained from  The 
concentration of S-9 in the mix was 10%. There were 3 
plates per dose ± S9. Plates were incubated at 37°C for 
approximately 70 hr. The plates were incubated at 37 ± 1°C 
for approximately 70 hr. Plates were counted and the 
background lawn was evaluated.  
 
For a viability determination, approximately 250-500 cells 
were added to top agar supplemented with 10X histidine-
biotin or 10X tryptophan solution. The plates were incubated 
at 37 ± 1°C for approximately 70 hr. Cells were counted and 
a relative cloning efficiency was determined for each testing 

(b) (4)
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condition with each strain. This is not a standard accepted 
practice.  
 
A response was considered to be positive if either strain 
TA98 or TA100 exhibited a mean reversion frequency that 
was at least double the mean reversion frequency of the 
corresponding solvent control in at least one dose, or if either 
strain TA1535, TA1537 or WP2 uvrA exhibited a three-fold 
increase in the mean reversion frequency compared to the 
solvent control in at least one dose. In addition, the response 
must have been dose dependent or increasing 
concentrations of the test article must have showed 
increasing mean reversion frequencies.  

 
Study Validity 
The selection of strains for testing was adequate (per ICH S2A and S2B Guidances). 
Pirfenidone was tested to the limit dose of 5000 µg/plate. Spacing of lower doses 
appeared to be appropriate. There was no evidence of precipitate with doses up to 5000 
µg/plate. Positive controls produced expected responses ± S9. Bacterial lawns were 
unaffected; however, toxicity in the form of reduced revertant counts (39 to 47% 
decreased as compared to vehicle controls) was evident for TA100 at 5000 µg/plate ± 
S9.  
 
The testing lab analyzed the dosing solutions. The results indicated that the highest 
dosing solution was 103% of the target value of 50 mg/mL. However, the lower dosing 
solutions ranged from 87% to 74% of target. The acceptable limit was ±10% of target, 
which was not achieved for the 4 lower dosing solutions. However, the maximum dose 
of 5000 µg/plate was achieved. 
 
Results 
Pirfenidone at dose up to 5000 µg/plate ± S9 did not induce any significant increases in 
the number of revertant colonies for tester strains, TA98, TA100, TA1535, TA1537, and 
WP2 uvrA.  
 
A confirmatory assay was not performed in the current study; however, this is the 
second in vitro bacterial reverse mutation conducted with pirfenidone. In the first assay, 
the selection of strains for testing was incomplete (TA102 or WP2 uvrA or WP2 
uvrA/pKM101 was not included in PCLN-PIRF-041, Review included in Appendices). 
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Methods 
Strains: Salmonella typhimurium TA102 and TA98 and 

Escherichia coli WP2/pKM101 
 Concentrations in definitive study: TA102 and TA98 were tested at 

concentrations of 313, 625, 1250, 2500, and 
5000 µg/mL. WP2/pKM101 was tested at 
concentrations of 39.1, 76.1, 156, 313, 625, 
1250, 2500, and 5000 µg/mL. 

Basis of concentration selection: The dose-finding test was conducted with 
pirfenidone at final concentrations of 0.1, 0.5, 
2, 10, 50, 200, 1000 and 5000 µg/mL. There 
was no evidence of significant toxicity or 
changes of revertant colony counts. There 
was evidence of precipitate for pirfenidone at 
5000 µg/mL in the presence of light. 

Negative control: DMSO 
Positive control: Positive controls in the absence of light were 

2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (0.1 
µg/plate for TA98 and WP2/pKM101) and 
mitomycin C (0.05 µg/plate for TA102). 
Positive controls in the presence of light were 
chlorpromazine hydrochloride (5 µg/mL for 
TA98), and 8-methoxypsoralen (0.05 µg/mL 
for TA102 WP2/pKM101). 

Formulation/Vehicle: DMSO 
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Incubation & sampling time: In a 35-mm tissue culture dish, 1.35 mL of the 
prepared growth culture of a tester strain 
suspended in 0.1 M sodium-phosphate buffer 
(pH7.4) and 0.15 mL of the test article solution 
(or vehicle or positive control) were mixed and 
kept in dark (test without light exposure) or 
exposed to the light (test with light exposure). 
Doses of pirfenidone were stated as the 
concentrations of the test article in 35 mm 
dishes for treatment. The light exposure was 
performed with a Sun Light Simulator SOL 500 
installed with a H1 filter (50% transmission of 
335 nm wave length). Dishes containing the 
treatment mixture were placed under the light 
and exposed to the simulated sun light at 1.6-
1.7 mW/cm2 of UVA for 50 min for TA102 and 
WP2/pKM101 and 8 min 20 sec for TA98 at 
room temperature. Following light exposure, 
0.1 mL of the treatment mixture was 
transferred into a test tube, added with 0.5 mL 
of 0.1 M sodium-phosphate buffer (pH7.4) and 
then mixed with 2 mL of molten top agar and 
poured over the surface of a minimal glucose 
agar plate. Single plates were used in the 
range finding study and duplicates were used 
in mutagenicity tests. Plates were incubated at 
37°C for 48 hr after the light exposure period. 
Revertant colonies were counted manually or 
with a colony counter. The results were judged 
to be positive when the mean number of 
revertant colonies per plate at any dose with 
light exposure increased two-fold or more 
compared with that at the same dose without 
light exposure, and dose dependency and 
reproducibility were observed in the increase 
of revertant colonies, at least in one strain 
used. 

 
Study Validity: Positive controls produced expected responses in the presence and 
absence of light. Pirfenidone was tested to a top concentration of 5000 µg/mL that was 
equivalent to 7500 µg per culture dish. There was evidence of precipitate at this 
concentration. Toxicity may have occurred for strain WP2/pKM101 at the top 
concentration with a reduced revertant count as compared to counts at concentrations 
of 1250 and 2500 µg/mL (69 revertants/plate at 5000 µg/mL vs. 84 and 103 
revertants/plate at 1250 and 2500 µg/mL, respectively) although no toxicity was evident 
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for strains, TA102 and TA98. S9 metabolic activation is not a part of photomutagenic 
studies.  
 
Results: In Photomutagenicity test I, revertant counts for strains, TA102, 
WP2/pKM101, and TA98, reached maximum increases of 1.10-, 1.40-, and 1.43-fold of 
controls, respectively. These increases were below the level of toxicological significance 
(2.0-fold of the control) and the test was judged to be negative. In Photomutagenicity 
test 2, revertant counts for strains, WP2/pKM101 and TA98, in the presence of light 
approached the level of toxicological significance and might be judged to be positive. 
Revertant counts for strain, WP2/pKM101, were elevated at concentrations of 1250 and 
2500 µg/mL to 1.69- and 1.76-fold of the control, respectively. Revertant counts for 
strain, TA98, were elevated at concentrations of 2500 and 5000 µg/mL to 1.71- and 
1.45-fold of the control, respectively. Revertant counts for strain, TA102, were elevated 
at concentrations of 313 to 5000 µg/mL although the response was flat and only 
reached a maximum of 1.3-fold of the control. The sponsor conducted a third 
photomutagenicity test with strain, TA98, only. Revertant counts were elevated at 
concentrations of 2500 to 5000 µg/mL although the response was flat and only reached 
a maximum of 1.52-fold of the control.  
 
Results with strains, WP2/pKM101 and TA98, in test 2 approached the level of 
toxicological significance; however, test 1 was negative. The study was concluded to be 
equivocal although the sponsor judged that the study was negative. In another study, 
pirfenidone was found to be positive in a photoclastogenicity study with Chinese 
hamster ovary cells (NCR008; submitted to IND 67,284 on April 18, 2008; see Appendix 
16).  
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Table 89 Photomutagenicity Test #1 
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Table 90 Photomutagenicity Test #2 

 

          

               

     

       
         

        

     
   

          

                              

              

                

               

                            

     

      
         

   
  

   

     

   

          

                

   
              

 
              

 
 

              

                
    

     
                

       

     

 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

176 

Table 91 Photomutagenicity Confirmatory Test with Strain TA98 
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Methods 
Cell line: The clone CHO-W-B1 of the CHO cell line was 

used in this study. The doubling time of this cell 
line was approximately 12 hr, and its modal 
chromosome number was 21. 

 Concentrations in definitive study: 500, 1000, 1400, and 2800 µg/mL ± S9 
Basis of concentration selection: A range finding test was conducted to assess 

the toxicity of pirfenidone at concentrations of 
10, 50, 100, 252, 500, 1000, 1400, and 2800 
µg/mL ± S-9. Cells were exposed to the test 
article for a 3-hr incubation period. After the 3-
hr incubation, medium was removed, cells 
were washed, and new medium was added. 
Cells were harvested 18 hr after the start of 
treatment and processed for assessment of 
relative cell growth and relative mitotic index. A 
total of 1000 cells from each concentration 
(500/flask) were scored to assess relative cell 
growth (RCG) and relative mitotic index (RMI). 
In the presence of S-9, RCG at 1400 and 2800 
µg/mL was 49 and 19%, respectively. RMI data 
provided comparable results. However, RCG 
and RMI data in the absence of S9 were erratic 
and not linear (e.g., RCG values at 100, 252, 
500, 1000, 1400, and 2800 µg/mL were 171, 
26, 115, 94, 82, and 53% of the control, 
respectively). The highest dose (2800 µg/mL) 
appears to be limited by solubility. 

Negative control: Water 
Positive control: Mitomycin C (MMC) was used at 0.4 and 0.8 

µg/mL in the absence of S-9. 
 Cyclophosphamide (CP) was used at 7.5 and 
12.5 µg/mL in the presence of S-9. 

Formulation/Vehicle: 57 mg of the test article was dissolved in 4.0 
mL of water yielding a solution of 14.25 mg/mL. 
The test article was soluble in medium up to 
3000 µg/mL. The concentration of 2800 µg/mL 
was selected as the highest dose. The sponsor 
noted that volume of 1000 µL of the test article 
stock solution was 20 times higher than the 
normal volume added to 5.0 mL of medium 
although they were dissolving the test article in 
the culture medium (rather than a solvent such 
as DMSO). 

Incubation & sampling time: Cells were treated with test article ± S9 for 3 
hr. The metabolic activation mixture consisted 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

179 

of phenobarbital/B-naphthoflavone-induced rat 
liver homogenate (S-9) and the cofactor pool. 
The S-9 was purchased from . After the 
3-hr incubation, medium was removed, cells 
were washed, and new medium was added. 
Colcemid (0.1 µg/mL) was added for the last 2 
hr of the incubation. Cells were harvested 18 hr 
after the start of treatment and processed. One 
hundred (100) metaphases were scored for 
chromosome aberrations from each of the two 
duplicate flasks, thus providing 200 
metaphases per concentration level. Only cells 
with 19-23 chromosomes were scored. In 
addition, the number of polyploid and 
endoreduplicated cells in a total of 100 dividing 
cells was scored and recorded for each culture. 
The test article was considered to have caused 
a positive response in this assay if the test 
article showed a positive dose-response trend 
and a statistically significant increase (p≤0.05) 
over that of the solvent controls in the 
percentage of cells with aberrations at one or 
more concentrations. 

 
Study Validity 
The highest concentration appeared to be limited by solubility in culture medium to 2800 
µg/mL (i.e., maximum feasible dose). Positive controls produced expected increases of 
chromosomal aberrations in the presence and absence of S9. A longer incubation (e.g., 
20 to 24 hr) without S-9 was not performed, which is standard practice when the 3-hr 
incubation without S-9 was negative. However, the sponsor has conducted another 
chromosomal aberration assay with pirfenidone (Study number PCLN-PIRF-100), which 
was judged to be acceptable and the test article possessed no clastogenic potential.  
 
 
Results 
Pirfenidone was tested at concentrations of 500, 1000, 1400, and 2800 µg/mL ± S-9 for 
3 hr.  
 
RCG values in the absence of S-9 did not change in a dose-related manner (i.e., values 
at 500, 1000, 1400, and 2800 µg/mL were 100, 93, 76, 94, and 77% of the control, 
respectively). RCG values in the presence of S-9 were essentially unaffected at doses 
up to 1400 µg/mL; however, the value at 2800 µg/mL was only reduced to 59% of the 
control.  
 
Different results were obtained with the use of RMI for assessment of cytotoxicity. RMI 
values in the absence of S-9 were reduced in a dose-related manner (i.e., RMI values at 

(b) (4)
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500, 1000, 1400, and 2800 µg/mL - S9 were 96, 62, 74, 56, 38, and 12% of the control, 
respectively). The RMI value at 500 µg/mL + S-9 was severely reduced to 23% of the 
control; however, RMI values from 1000 to 2800 µg/mL + S9 were reduced in a dose-
related manner (i.e., RMI values at 1000, 1400, and 2800 µg/mL + S9 were 75, 60, 16, 
21, and 1% of the control, respectively).  
 
Concentrations of 1000, 1400, and 2800 µg/mL in the absence of S-9 were analyzed 
and did not produce any increases in the incidences of chromosomal aberrations. 
Concentrations of 500, 1000, and 1400 µg/mL in the presence of S-9 were analyzed 
and did not produce any increases in the incidences of chromosomal aberrations. The 
cytotoxicity data using RCG suggest that 2800 µg/mL in the presence of S-9 should 
have been evaluated although the RMI data contradicted this assumption. 
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not significantly different as compared with that in the negative control at concentrations 
up to 160 µg/mL.  
 
• The study was inadequate as higher concentrations should have been tested. Further, 
a 24-hr treatment time was not used. References to the earlier study for selection of 
concentrations to be tested did not appear valid as the earlier study involved light 
exposures in addition to treatment with pirfenidone. Testing of an isolated impurity or 
degradant is preferable to testing of a spiked impurity or degradant that was used in the 
present case. 
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Methods 
Cell line: Chinese hamster lung (CHL/IU) cells 

 Concentrations in definitive study: 0, 10, 20, 40, 80, and 160 µg/mL 
Basis of concentration selection: S-7701 photodegradation product-1 was tested 

at concentrations of 0, 2.5, 5, 10, 20, 40, 80, 
and 160 µg/mL. Cells were treated with the test 
substance for 3 hours (21 hours recovery time) 
without metabolic activation system. There was 
no evidence of cytotoxicity with concentrations 
up to 160 µg/mL.  

Negative control: DMSO 
Positive control: Mitomycin C at a final concentration of 0.01 

mg/mL 
Formulation/Vehicle: DMSO 

Incubation & sampling time: Cell suspensions of 3.2 x 104 cells/mL were 
prepared. Five mL of the cell suspension was 
inoculated into each flask and incubated for 24 
hr prior to treatment. Duplicate cultures were 
used for each dose. Culture medium was 
replaced with 4.95 mL of MEM without FBS 
and 0.05 mL of dosing formulations at a 
volume of 1 v/v% was added to each flask. 
Each flask was incubated for 3 hr. After 
treatment, the treatment medium was 
removed, cells were washed, and incubated for 
a further 21 hr in 5 mL of fresh culture medium. 
Solubility of the test substance in treatment 
cultures was confirmed at the beginning and 
the end of treatment. At 2 hr before harvest, 
cells were treated with 0.2 µg/mL colcemid to 
induce metaphase arrest. After incubation, 
cells were harvested, swollen in hypotonic 
medium, fixed, placed on slides, and stained 
with Giemsa's solution. 

 
Study Validity: Cells were treated with S-7701 photodegradation product-1 % 
pirfenidone with degradation products) at concentrations up to 160 µg/mL. There was 
no evidence of cytotoxicity with concentrations up to 160 µg/mL indicating that the study 
was inadequate as higher concentrations should have been tested. Further, a 24-hr 
treatment time was not used. It seemed that the sponsor was attempting to assess the 
activity of a potential direct-acting photodegradation product. Thus, the use of S9 
metabolic activation was not necessary. The positive control, mitomycin C, induced 
expected increases of chromosomal aberration. 

(b) (4)
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Methods 
Doses in definitive study: 500, 1000, and 2000 mg/kg 

Frequency of dosing: Single oral doses 
Route of administration: Oral gavage 

Dose volume: 10 mL/kg 
Formulation/Vehicle: 0.5 w/v% carboxymethylcellulose sodium salt 

aqueous solution (0.5 w/v% CMC·Na) 
Species/Strain: Male F344/DuCrlCrlj [SPF] rats were obtained from 

 Animals were 8 weeks old 
and had a body weight range of 171 to 183 g. 

Number/Sex/Group: 4 male rats/group 
Satellite groups: None 

Basis of dose selection: Male rats received a single dose of 2000 mg/kg. 
There were no deaths although abnormal clinical 
signs were observed. 

Negative control: 0.5 w/v% CMC·Na 
Positive control: For the 2-hr post-treatment, 5 mg/kg 

dimethylnitrosamine was administered by oral 
gavage.  For the 16-hr post-treatment, 100 mg/kg 2-
acetylaminofluorene was administered by oral 
gavage. 

 
Experimental Design: 
 

 
 
Rats received pirfenidone as single oral doses of 0 (0.5% CMC), 500, 1000, or 2000 
mg/kg. Positive controls for the 2- and 16-hr post-treatments were 5 mg/kg 
dimethylnitrosamine and 100 mg/kg 2-acetylaminofluorene, respectively. Hepatocytes 
were isolated by liver perfusion with collagenase solution at 2- and 16-hr after dosing. 
Three animals in each of the two higher dose (2000 and 1000 mg/kg) groups secured 
for evaluation were subjected to liver perfusion. The isolated hepatocytes were placed 
in culture and medium containing 3H-thymidine was added to cells for a 4-hr incubation 
period. Cells were washed and medium containing unlabeled thymidine was added for a 
16-hr incubation period. Cells were processed onto slides and autoradiography was 
conducted.  

(b) (4)
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After all the slides were coded, they were examined by the masking method. Fifty 
hepatocytes per chamber (100 hepatocytes per animal) were counted for nuclear 
labeling. The number of nuclear grains (NG) was counted under a microscope. Then, 
the number of cytoplasmic grains (CG) in the nuclear-sized area was counted. Those 
cells whose nuclei were wholly or partly blackened with grains (cells in the synthetic 
phase) were excluded. The number of net nuclear grains (NNG) was calculated using 
the following equation, NNG = NG – CG. In addition, the number of cells with 5 or more 
net nuclear grains (indicating cells in repair) was recorded. The mean net nuclear grain 
count for each chamber, animal, and group was calculated. The experimental results 
were judged to be positive when the mean NNG number per group was 5 or more and 
when the incidence of cells in repair was 20% or more). 
 
Study Validity 
Male rats were treated with pirfenidone at the limit dose of 2000 mg/kg. Positive controls 
produced expected responses. The UDS assay has a well known, extremely low 
sensitivity and a negative result has a little meaning. 
 
Results 
In the 2-hr treatment group, one animal in the 2000 mg/kg group died. Decreases of 
locomotor activity, prone position, lacrimation, and lateral position were observed in 
almost all animals in 1000 and 2000 mg/kg groups. 
 
In the 16 hr treatment group, one animal in the 2000 mg/kg group died. A decrease or 
increase in locomotor activity, prone position, lacrimation, and abnormal gait were 
observed 15 min and 1 hr after dosing in almost all animals. 
 
The mean numbers of NNG in pirfenidone treatment groups at both 2- and 16-hr post-
treatment were similar to those in the negative control group. The incidences of cells in 
repair (UDS-positive) in both the 2 and 16 hr post-treatment groups were slightly higher 
than those in the negative control group. However, the incidence in the treatment 
groups was less than 20% and did not meet the positive criterion. Pirfenidone did not 
induce unscheduled DNA synthesis in rat hepatocytes under the conditions in this 
study. 
 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

187 

Table 92 Results of In vivo/in vitro Unscheduled DNA Synthesis Test of Pirfenidone (S-
7701) with Rat Liver Cells 

 
 
 

8 Carcinogenicity 
 
See Review dated February 24, 2010 for summaries and evaluations of 2-year 
carcinogenicity studies with pirfenidone in mice and rats. See the ECAC Meeting 
Minutes dated February 23, 2010 for conclusion regarding the carcinogenicity of 
pirfenidone in mice and rats (included in Appendices). 
 
 
9 Reproductive and Developmental Toxicology 
 
See Review by Dr. Grace Lee dated April 5, 2010 for summaries and evaluations of 
reproductive toxicology studies conducted with pirfenidone. 
 
 
10 Special Toxicology Studies 
 
Study title: Skin Photosensitization Study of S-7701 (Guinea Pigs)  

Study no.: PCLN-PIRF-089 (S-7701-B-18-L) 
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories 
Shionogi & Co., Ltd. 

Date of study initiation: April 2, 1998 
GLP compliance: Conducted in compliance with Ordinance 

No. 21 of the Ministry of Health and 
Welfare issued on March 26, 1997, 
"Ordinance on Standards for Conduct of 
Nonclinical Studies on the Safety of 
Drugs" 

QA statement: No 
Drug, lot #, and % purity: Pirfenidone, Lot number PIRD(03)03-97 
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(Purity, 99.85%) 
 
Key Study Findings 
 
• The phototoxic and photosensitization potential of pirfenidone were assessed in 
female guinea pigs using two different route of administration, oral gavage or topical 
application. 
 
• No skin abnormalities were detected on the backs of animals following a single oral 
administration of 40 or 160 mg/kg or a single topical application of 1 or 5 % solutions of 
pirfenidone in combination with ultraviolet irradiation in the UVA and UVB wavelength 
regions. 
 
• Sensitization of guinea pigs by oral administration of pirfenidone at 40 or 160 
mg/kg/day or topical application of 1 or 5 % solutions of pirfenidone for 10 days did not 
produce allergic inflammation (due to photosensitization) on the skin of the backs of 
animals in response to a challenge. 
 
• During the photosensitization process with repeated oral doses of pirfenidone at 40 or 
160 mg/kg/day in combination with daily exposure to ultraviolet irradiation in the UVA 
and UVB wavelength regions, there were findings of transient severe erythema and 
thickening of the auricles for all guinea pigs in the 160 mg/kg/day group. It was 
speculated that the auricles were more sensitive to the effects of UV irradiation as 
compared to the skin of the backs of these animals given that the auricles contain blood 
vessels closer to the epidermis and were covered with little fur. 
 
• Repeated daily oral administration of pirfenidone at 160 mg/kg/day to female guinea 
pigs in combination with UV irradiation was associated with the development of 
phototoxic lesions on the auricles. 
 
Methods 

Doses: Oral doses of 0, 40, and 160 mg/kg/day or 
topical administration of 100 µL of a 10 or 50 
mg/mL suspension 

Frequency of dosing: Daily oral dose or topical administration 
Route of administration: Oral gavage or Topical administration 

Dose volume: 5 mL/kg for oral gavage 
Formulation/Vehicle: 0.5% (w/v) carboxymethylcellulose 

Species/Strain: Female Crj: Hartley Guinea Pigs obtained from 
 

Number/Sex/Group: 5 or 6 female guinea pigs/group 
Age: 4 weeks old 

Weight: 230 to 350 g 
Satellite groups: Groups were included for positive controls, 8-

methoxypsoralen (phototoxicity) and 3,4,5-
tribromosalicylanilide (photosensitization) 

Unique study design: The phototoxic and photosensitization potential 

(b) (4)
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of pirfenidone were assessed using female 
guinea pigs using two routes of administration 
(i.e., oral gavage or topical administration) 

Deviation from study protocol: Deviations were minor and had no impact on the 
integrity of the study 

 
Observations and Results: The phototoxic and photosensitization potential of 
pirfenidone were assessed in female guinea pigs by two different routes of 
administration (i.e., oral gavage or topical administration). 
 
1. Phototoxicity 
 
Oral Administration: Female guinea pigs (5/group) received a single dose of pirfenidone 
by oral gavage at 0 (0.5% CMC), 40, or 160 mg/kg/day. A positive control group 
received 8-methoxypsoralen (8-MOP) at an oral dose of 8 mg/kg. The right side of each 
animal's back was covered with aluminum foil and adhesive tape. Immediately after 
dosing, UV irradiation was first carried out with UVB wavelength (280-320 nm) FL-20S-
E lamps (energy 0.18 J/cm2, 3 min and 43 sec) followed by UV irradiation with UVA 
wavelength (320-400 nm) FL-20SBLB lamps (energy 14 J/cm2, 2 hr, 22 min and 22 
sec). After UV irradiation was completed, coverings were removed and the animals 
were kept in a dark room. Animals were examined for inflammatory symptoms at 24, 48, 
and 72 hr after the completion of UV irradiation. 
 
Topical Administration: Guinea pigs, whose backs had been clipped, square application 
sites measuring 2 x 2 cm were prepared symmetrically on the right and left sides. 
Pirfenidone (10 or 50 mg/mL), the positive control, 8-MOP (10 mg/mL), and vehicle 
(acetone) were applied in a volume of 100 µL to the right and left sides of the back. The 
right side of the back of each animal was covered with aluminum foil and adhesive tape. 
UV irradiation was first carried out using UVB (280-320 nm) wavelength FL-20S-E 
lamps (energy 0.18 J/cm2, 3 min and 43 sec), followed by switching to UV irradiation 
with UVA (320-400 nm) wavelength FL-20S-BLB lamps (energy 14 J/cm2, 2 hr, 22 min, 
and 22 sec). After UV irradiation was completed, coverings were removed and the 
animals were kept in a dark room. Animals were examined for inflammatory symptoms 
at 24, 48, and 72 hr after the completion of UV irradiation. 
 

 
 
Results: Oral administration of pirfenidone at doses of 40 or 160 mg/kg followed by UV 
irradiation produced no skin abnormalities. The positive control, 8-MOP, produced 
severe erythema and necrotic symptoms. Following administration, pirfenidone 
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solutions of 10 and 50 mg/mL produced no skin abnormalities. Pronounced 
inflammation was observed at 8-MOP application sites.  
 
2. Photosensitization 
 
Oral Administration: Female guinea pigs received pirfenidone by oral gavage at 0 (0.5% 
CMC), 40, or 160 mg/kg/day for 10 days. Two groups received the vehicle (0.5% CMC).  
Following treatment, animals, without any coverings, were immediately exposed to 
simultaneous UV irradiation with UVB wavelength (280-320 nm) FL-20S-E lamps and 
UVA wavelength (320-400 nm) FL-20S-BLB lamps (energy 10 J/cm2, 1 hr, 45 min, and 
16 sec). This procedure was repeated for a total of 10 days. Animals were kept in 
darkness for 17 days after the final sensitization. For the elicitation phase, animals were 
clipped, and the first control and 160 mg/kg/day groups were treated with pirfenidone at 
an oral dose of 160 mg/kg, the 40 mg/kg/day group was treated with pirfenidone at an 
oral dose of 40 mg/kg, and the second control group received 0.5% CMC. The right side 
of each animal's back was covered with aluminum foil and adhesive tape and irradiation 
was conducted using FL-20S-BLB lamps (energy: 14 J/cm2, 2 hr, 22 min, and 22 sec). 
At the time of elicitation and 24, 48, and 72 hr after UV irradiation, animals were 
observed and evaluated based on rating of the inflammation symptoms (erythema, 
edema and necrosis). 
 
Topical Administration: Guinea pigs (3 groups of 6 animals), whose backs had been 
clipped, a square application site measuring 2 x 2 cm was prepared near the left 
scapula. Pirfenidone (50 mg/mL), the positive control, 3,4,5-tribromosalicylanilide (TBS, 
10 mg/mL), or vehicle (acetone) were applied in a volume of 100 µL to the left scapula. 
Following treatment, animals, without any coverings, were immediately exposed to 
simultaneous UV irradiation with UVB wavelength (280-320 nm) FL-20S-E lamps and 
UVA wavelength (320-400 nm) FL-20S-BLB lamps (energy 10 J/cm2, 1 hr, 45 min, and 
16 sec). This procedure (treatment with test agent and irradiation) was repeated for a 
total of 10 days. Animals were kept in darkness for 17 days after the final sensitization.  
 
For the elicitation phase, animals were clipped, square areas measuring 2 x 2 cm each 
were prepared on the right and left sides of their backs, and test substances were 
applied to each side of their back. Pirfenidone-treated animals received the following 
applications: 5 w/v% S-7701 (pirfenidone) solution, 1 w/v% S-7701 solution, and 
acetone (see figure below). Positive controls received the following applications: 1 w/v% 
TBS solution and acetone. Vehicle control animals received the following applications: 5 
w/v% S-7701 solution, 1 w/v% S-7701 solution, 1 w/v% TBS solution, and acetone. The 
right side of each animal's back was covered with aluminum foil and adhesive tape and 
animals were irradiated using FL-20S-BLB lamps (energy 14 J/cm2, 2 hr, 22 min, and 
22 sec). At the time of elicitation and 24, 48, and 72 hr after UV irradiation, animals 
were observed and evaluated based on ratings of the inflammatory symptoms 
(erythema, edema, and necrosis). 
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Results: For groups that received pirfenidone at 40 or 160 mg/kg/day, there were no 
skin abnormalities on the backs of animals. Topical administration of pirfenidone as 5 
w/v% solution produced no skin abnormalities on the backs of animals. For the positive 
control group, 4 of the 6 animals treated with TBS showed changes assessed as 
positive inflammation with scores of  1 (slight or sporadic erythema) or above on the 
skin of the back. One animal each in the 160 mg/kg/day and first control groups died 
due to apparently excessive pressure used to restrain them during the elicitation phase. 
 
During the process of sensitization in the photosensitization test, following oral 
administration of pirfenidone and UV irradiation, transient severe erythema and 
thickening were observed in the auricles of all guinea pigs in the 160 mg/kg/day group. 
With an increasing number of sensitization treatments, bleeding and scabs, as a result 
of scratching of the auricles, were observed. These pronounced inflammatory reactions 
in the auricles during sensitization in the photosensitization test, in contrast to the single 
dose phototoxicity test, were attributed to animals not being restrained and their heads 
were not covered with aluminum foil, so their auricles were exposed to ultraviolet 
irradiation. The auricles of these animals had blood vessels closer to the epidermis than 
those seen in the skin of the back. Also, the auricles were covered with less fur, so they 
were believed to be more susceptible to the effects of UV irradiation exposure.  The 
animals were exposed to the UVB wavelength region for a longer time, which has a high 
energy level of 3.3 J/cm2 (approximately 18 times the exposure level in the phototoxicity 
test).  
 
Photosensitization rash was apparently observed in an open Phase 2 clinical trial in 
Japan with oral administration of high doses of pirfenidone.  The inflammatory reactions 
seen in the present study with guinea pigs were attributed to non-allergic 
photosensitization. The sponsor speculated that elicitation of inflammation due to 
photosensitivity could be prevented by properly setting the clinical dose of pirfenidone 
and taking into consideration how long people should avoid exposure to sunlight after 
administration. 
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Study title: Phototoxicity Study of Pirfenidone (S-7701) in Guinea Pigs  
Study no.: PCLN-PIRF-099 (S-7701-B-60-L) 

Study report location: EDR 
Conducting laboratory and location: Developmental Research Laboratories, 

Shionogi & Co., Ltd., 1-1, Futaba-cho 3-
chome, Toyonaka, Osaka 561-0825, 
Japan 

Date of study initiation: November 9, 2001 
GLP compliance: There was no statement of GLP 

compliance 
QA statement: Not provided 

Drug, lot #, and % purity: Pirfenidone, PIRD(03)03-97 (Purity, 
100.1%) 

 
Key Study Findings 
 
• The minimum phototoxic dose of pirfenidone was determined in female guinea pigs 
after oral administration of doses of 2.5, 10, 40, and 160 mg/kg/day and subsequent 
simultaneous irradiation with UVB wavelength (280-320 nm) FL-20S-E lamps and UVA 
wavelength (320-400 nm) FL-20SBLB lamps (10 J/cm2) over a 3-day treatment period. 
 
• Inflammatory effects produced by pirfenidone at oral doses of 2.5 and 10 mg/kg/day 
were comparable to the vehicle-control.  
 
• The phototoxic potential of pirfenidone was evident at doses of 40 and 160 mg/kg/day. 
The treatment-related lesion was characterized by inflammatory changes and primarily 
occurred in the dermis of the skin exposed to pirfenidone + UV irradiation.  
 
• For pirfenidone at 160 mg/kg/day with UV irradiation, the lesion in the dermis extended 
to the epidermis  
 
• There was some evidence of reversibility for the recovery group. No lesions were 
evident for pirfenidone at 160 mg/kg/day in the absence of UV irradiation. 
 
• The NOAEL for this 3-day treatment period was 10 mg/kg/day. The AUC value at the 
NOAEL of 10 mg/kg/day was 6.4 µg.hr/mL, which was 3.6% of the exposure at the 
proposed clinical dose at 801 mg TID (AUC = 180 µg.hr/mL for parent drug). 
 
Methods 

Doses: 0, 2.5, 10, 40, or 160 mg/kg/day (After each 
animals received simultaneous irradiation of FL-
20S-E and FL-20S-BLB lights for 2 hr 19 min 19 
sec [irradiance 10 J/cm2]) 

Frequency of dosing: Once daily for 3 days 
Route of administration: Oral 

Dose volume: 5 mL/kg 
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µg/mL. It was not clear if measurements were assessed after a single dose or 3 daily 
doses. 
 
Observations and Results 
 
Macroscopic Assessment of Auricles: The auricles were visually assessed for signs 
of erythema before and after UV irradiation on days 0, 1, and 2. Erythema observed 
with pirfenidone at oral doses of 2.5 and 10 mg/kg/day was equal to or less than the 
vehicle-control. The severity of erythema observed with pirfenidone at an oral dose of 
40 mg/kg/day slightly exceeded the vehicle. Erythema observed with pirfenidone at an 
oral dose of 160 mg/kg/day significantly exceeded the vehicle-control and was still 
evident before UV exposure on days 1 and 2.   
 
Table 93 Macroscopic erythema in guinea pigs (Total Erythema Score*/Number of 
Animals) 

Score of erythema in the auricles 
Day 0 Day 1 Day 2 

Treatment group 

Before After Before After Before After 
Day 3 

Vehicle  
(0.5% CMC) 
+ UV 

0/6 1/6 0/6 1/6 0/6 3/6 NA 

Pirfenidone 
2.5 mg/kg/day 
+ UV 

0/6 0/6 0/6 0/6 0/6 0/6 NA 

Pirfenidone  
10 mg/kg/day 
+ UV 

0/6 2/6 0/6 1/6 0/6 1/6 NA 

Pirfenidone  
40 mg/kg/day 
+ UV 

0/6 2/6 0/6 4/6 1/6 2/6 NA 

Pirfenidone  
160 mg/kg/day 
+ UV 

0/6 11/16 2/6 12/6 3/6 12/6 NA 

Pirfenidone  
160 mg/kg/day 
+ UV (recovery) 

0/6 12/6 2/6 12/6 1/6 12/6 3/6 

8-MOP 
8 mg/kg/day 
+ UV 

0/6 
 

1/6 3/6 7/6 17/6 18/6 NA 

Pirfenidone  
160 mg/kg/day 
 

0/6 0/6 0/6 0/6 0/6 0/6 NA 

 
* Grades for each of the 6 animals per group were summed together for a total. 
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Histopathology: 
Histopathological examination of the auricles was more sensitive in determining 
phototoxic effects of pirfenidone on the auricles as compared to visual examination. 
Inflammatory effects produced by pirfenidone at oral doses of 2.5 and 10 mg/kg/day 
were comparable to the vehicle-control. The phototoxic potential of pirfenidone was 
evident by histopathological examination at doses of 40 and 160 mg/kg/day. The 
treatment-related lesion was characterized by inflammatory changes and primarily 
occurred in the dermis of the skin exposed to pirfenidone + UV irradiation. Inflammatory 
lesions were composed of inflammatory cell infiltration consisting of neutrophils and 
eosinophils, edema, hemorrhage, vascular dilatation, and hyperemia within dermis. The 
incidence and severity of the lesion were dose-dependent. For pirfenidone at 160 
mg/kg/day with UV irradiation, the lesion in the dermis extended to the epidermis and 
was accompanied with inflammatory cell infiltration, single cell necrosis, and increased 
thickness of the stratum spinosum (acanthosis) in the epidermis. There was some 
evidence of reversibility for the recovery group as the severities of lesions were 
declining.  
 
The treatment-related lesion was not observed with pirfenidone at 160 mg/kg/day in the 
absence of UV irradiation.  
 
The positive control, 8-MOP, produced epidermal ulcer and subepidermal bulla in 
addition to findings observed with pirfenidone at 160 mg/kg/day + UV irradiation. 
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Table 94 Histopathological findings in auricles of guinea pigs exposed to pirfenidone + 
UV irradiation 
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Histopathological findings continued 
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Toxicokinetics: AUC and Cmax values for pirfenidone increased in a dose-dependent 
manner. The AUC value at the NOAEL of 10 mg/kg/day was 6.4 µg.hr/mL, which was 
3.6% of the exposure at the proposed clinical dose at 801 mg TID (AUC = 180 µg.hr/mL 
for parent drug). 
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Table 95 Toxicokinetic parameters in guinea pigs that received pirfenidone at oral doses 
of 2.5, 10, 40, and 160 mg/kg/day 

 
 
 
Study title: Study for Alleviation of Skin Phototoxicity of Pirfenidone (S-
7701) in Guinea Pigs  

Study no.: PCLN-PIRF-106 (S-7701-TB-563-L) 
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd., 3-1-1 Futaba-cho, 
Toyonaka, Osaka 561-0825, Japan 

Date of study initiation: February 2, 2004 
GLP compliance: This study was conducted in compliance 

with the GLP Standard of the Japanese 
Ministry of Health and Welfare Ordinance 
No. 21, issued on March 26, 1997 (Non-
Clinical Studies on the Safety of Drugs). 

QA statement: A QA statement was not included. 
Drug, lot #, and % purity: Pirfenidone, Lot No. PIRD(03)03-97 

(Purity, 100.1%) 
 
Key Study Findings 
 
• This study was designed to determine the effects of increasing the interval between 
administration of pirfenidone at 160 mg/kg and the start of UV irradiation (10 J/cm2) with 
respect to the development of phototoxic lesions on the auricles of female guinea pigs. 
In a second set of studies, effects of lowering the dose of UV irradiation (1.25, 2.5, and 
5 J/cm2) were examined.  
 
• Following an oral dose of pirfenidone at 160 mg/kg, the Tmax was found to occur 
between 0.5 and 1 hr postdose. The severity of the lesions was significantly reduced 
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Light Source: Toshiba FL-20S-E (wavelength 270-410 nm, wavelength peak at 305 nm) 
and FL-20S-BLB lamps (wavelength 305-410 nm, wavelength peak at 352 nm) were 
used. Lights at the wavelength of 300 nm and below were filtered out using a 2-mm 
thick glass pane. Distance from the lamp to animals was approximately 10 cm. 
 
Observations and Results: 
 
Macroscopic Assessment: 
Before treatment and at 1 hr after treatment, erythema in the auricles of guinea pigs 
was assessed by macroscopic examination. 
 
For the first set of studies, no macroscopic changes were evident in Group 5 
[Pirfenidone + UV (interval: 4 hr)], Group 6 [Pirfenidone + UV (interval: 5 hr)], Group 7 
[Pirfenidone + UV (interval: 6 hr)] or Group 1 [vehicle +UV (interval: 0 hr)]. However, 
moderate erythema developed in Group 2 [Pirfenidone + UV (interval: 0 hr)] and slight 
and/or moderate erythema was observed in Group 3 [Pirfenidone + UV (interval: 2 hr)] 
and Group 4 [Pirfenidone + UV (interval: 3 hr)]. 
 
For the second set of studies, the severity of the erythema was reduced by decreasing 
the dose of UV irradiation. Moderate erythema developed in all animals from Group 8 
[Pirfenidone + UV (10 J/cm2)] and slight erythema was observed in Group 9 [Pirfenidone 
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+ UV (5 J/cm2)] and Group 10 [Pirfenidone + UV (2.5 J/cm2)]. No macroscopic changes 
were noted in Group 11 [Pirfenidone + UV (1.25 J/cm2)]. In the vehicle control groups, 
Group 12 [vehicle + UV (5 J/cm2)], Group 13 [vehicle + UV (2.5 J/cm2)] and Group 14 
[vehicle + UV (1.25 J/cm2)], macroscopic changes were not observed. 
 
Histopathological Examination: 
The animals were euthanized and bilateral auricles were taken from animals and fixed 
in 10% neutral buffered formalin. Right auricles were trimmed and embedded in 
paraffin. Paraffin sections were stained with hematoxylin and eosin, and examined by 
light microscopy. A peer review was not performed. 
 
Following administration of pirfenidone at 160 mg/kg and UV irradiation, the treatment-
related lesion was characterized by inflammatory changes and consistently located in 
the dermis of the auricle. Inflammatory lesions were composed of inflammatory cell 
infiltration consisting of neutrophils and eosinophils, edema, hyperemia and 
hemorrhage. 
 
In the first set of studies (Groups 1-7), the severity of the lesions was significantly 
reduced with extension of the interval between administration of pirfenidone and UV 
irradiation. Histopathological findings in animals irradiated with UV at 6 hr after 
administration of pirfenidone were minimal and similar to the vehicle + UV. 
 
In the second set of studies (Groups 8-14), the lesion in animals irradiated with UV at 
dose of 1.25 J/cm2 after administration of pirfenidone was minimal (Total Score = 2.0, 
see table below). However, the lesion was significantly higher than that in the vehicle + 
UV (1.25 J/cm2) (Total Score = 0.0). Therefore, the safe irradiation dose of UV light after 
administration was considered to be lower than 1.25 J/cm2. 
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Table 96 Macroscopic and histopathologic scores of inflammation in the auricles (First 
set of studies: Groups 1-7) 
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Table 97 Macroscopic and histopathologic scores of inflammation in the auricles 
(Second set of studies: Groups 8-14) 

 
 
Study title: Study on Effect of Sunscreens on Skin Phototoxicity of 
Pirfenidone (S-7701) in Guinea Pigs  

Study no.: PCLN-PIRF-107 (S-7701-TB-564-N) 
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd., 3-1-1 Futaba-cho, 
Toyonaka, Osaka 561-0825, Japan 

Date of study initiation: November 17, 2003 
GLP compliance: A statement of compliance with GLP 

regulations was not included. 
QA statement: An audit was conducted and corrective 

actions were completed. It was not clear 
if this was quality assurance audit. 

Drug, lot #, and % purity: Pirfenidone, Lot number PIRD(03)03-97 
(Purity, 100.1%) 
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Association (2003 and 1996), 2 µL/cm2 of milky lotions or 2 mg/cm2 of cream was 
applied to the animals 20 min before UV irradiation. At 20 min after application of 
sunscreens, animals received a single oral dose of pirfenidone (160 mg/kg) and were 
irradiated with UV lights using FL-20S-E and FL-20S-BLB lamps for 1 hr 50 min 49 sec 
(irradiation dose: 10 J/cm2). At 2 hr after UV irradiation, the auricles were 
macroscopically observed and taken for histopathological examination. There was no 
peer review in this study. 
 

 
 
Light source: Toshiba FL-20S-E (wavelength 270-410 nm, wavelength peak at 305 nm) 
and FL-20S-BLB (wavelength 305-410 nm, wavelength peak at 352 nm) lamps were 
used. Light at the wavelength of 300 nm or below was filtered out using a 2-mm thick 
glass pane. 
 
Observations and Results 
 
Macroscopic Examination: 
No macroscopic change was observed in the auricle of animals from Group 1 (no 
sunscreen + vehicle) after UV irradiation (see table below). Slight or moderate erythema 
developed in all animals from Group 2 (no sunscreen + pirfenidone) administered 
pirfenidone without topical application of sunscreen (score 1 in 1 animal; score 2 in 5 
animals). Slight or moderate erythema was also observed in all animals from Group 3 
(Sunscreen 1 + pirfenidone), but with lower scores (score 1 in 5 animals; score 2 in 1 
animal) in comparison with Group 2. Only slight erythema was observed in Groups 4, 5, 
and 6, and the erythema scores were significantly lower in these groups when 
compared with Group 2. Among 6 animals in each group, 6 animals had a score of 1 in 
Group 4 (Sunscreen 2 + pirfenidone), 4 animals in Group 5 (Sunscreen 3 + pirfenidone) 
and 1 animal in Group 6 (Sunscreen 4 + pirfenidone). 
 
Histopathology: 
Histopathological examination of the auricles from animals in Group 2 (no sunscreen + 
pirfenidone) identified a lesion in the dermis characterized by inflammatory cell 
infiltration consisting of neutrophils and eosinophils, edema, and hyperemia. These 
histopathological findings were also observed in the animals from Group 3 (Sunscreen 1 
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+ pirfenidone), Group 4 (Sunscreen 2 + pirfenidone), and Group 5 (Sunscreen 3 + 
pirfenidone). The lesion ameliorated with the higher SPF and PA values in order of 
Group 3 (Sunscreen 1 + pirfenidone), Group 4 (Sunscreen 2 + pirfenidone), and Group 
5 (Sunscreen 3 + pirfenidone). No remarkable changes were observed in Group 6 
(Sunscreen 4 + pirfenidone). Groups 5 and 6 showed statistically significant lower total 
scores of histopathological findings in comparison with Group 2. 
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Table 98 Macroscopic and Histopathologic Scores in Guinea Pig Auricles 
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Age: At the start of administration, the animals were 8 
weeks old 

Weight: At the start of administration, body weight 
ranges were 26.6 to 31.8 g and 18.8 to 23.9 g 
for main study males and females, respectively, 
and 27.5 to 32.7 g and 19.3 to 24.9 g for TK 
males and females, respectively. 

Satellite groups: 3 mice/sex/group in the 0 and 500 mg/kg/day 
groups exposed to light were used in the 
recovery study 
18 mice/sex/group for toxicokinetic assessments 
in the 500 mg/kg/day groups with and without 
light exposure. 

Unique study design: Mice were treated with pirfenidone at 500 
mg/kg/day followed by UV irradiation for 28 days 

Deviation from study protocol: Deviations were minor and had no impact on the 
integrity of the study. 

 
Study Design: This study was conducted to evaluate potential phototoxicity of S-7701. 
Groups of Hos:HR-1 mice (6-9/sex/group) were given 0 (vehicle control) and 500 
mg/kg/day S-7701 in 0.5% CMC (10 mL/kg) once daily for one month by oral gavage 
with or without UV irradiation (5 J/cm2) after dosing. The reversibility of the toxicity was 
assessed after approximately 1 month withdrawal. In addition, satellite animals 
(3/sex/time point) were set to determine systemic exposure of S-7701, 5-hydroxymethyl 
S-7701 (S-7701-OH) and 5-carboxylic S-7701 (S-7701-CA) under the UV irradiation.  
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Light exposure: UV irradiation device with UVB wavelength (280-320 nm) FL20SE and 
UVA wavelength (320-400 nm) FL20SBLB lamps were used. Since repeated UV 
irradiation at 10 J/cm2 by itself affected skin conditions, but no remarkable changes 
were observed at 5 J/cm2 in the previous study (Study No. S-7701-TB-631-R2), a UV 
dose of 5 J/cm2 was chosen for the present study. Mice received UV irradiation for 
approximately 1 hr and 7 min (5 J/cm2, 290 to 400 nm) beginning soon after 
administration of the test substance or vehicle. Mice for the 10, 30, and 60 min blood 
collection time points in the TK study received UV irradiation for 8, 28 and 58 min, 
respectively. Distance from the lamps to animals was approximately 20 cm. Mice were 
kept in plastic cages and the cages were put on the bottom surface in each 
compartment of the UV irradiation device during irradiation. 
 
Observations and Results 
 
Mortality: Animals were observed twice daily for mortality. 
 
Three mice (1 main study and 2 toxicokinetic animals) in UV-irradiated 500 mg/kg/day 
group died. Two deaths were attributed to dosing errors. A relationship to treatment 
could not be excluded for one death.  
 
One female (#4202) in the UV-irradiated 500 mg/kg/day group died on day 14. Death 
was attributed to a dosing error based upon macroscopic findings of a mass and 
yellowish white material in the thoracic mediastinum and penetration of intrathoracic 
esophagus around the mass.  
 
In the TK study, one female (#1218) and one male (#2110), both in the UV-irradiated 
500 mg/kg/day group, died on days 1 and 6, respectively. The cause of death of the 
male mouse was judged to be a dosing error as the necropsy examination revealed the 
rupture of esophagus and the abscess formation in subcutaneous tissue of the axillary 
region. A gross pathological examination of the female found retention of gas and white 
material without food in the stomach in the female mouse. It was unclear if the cause of 
death of the female was treatment-related, although there were no further deaths of a 
similar nature as dosing progressed. 
 
Clinical Signs: Animals were observed twice daily for clinical signs. Animals irradiated 
with UV light were observed for skin reactions before and after UV light exposure. 
During the recovery period, skin reactions were observed once daily. 
 
Erythema was observed on the skin of all mice of UV-irradiated 500 mg/kg groups from 
day 1. Well defined or moderate to severe erythema in females and well defined or 
slight erythema in males were observed early in the dosing period and frequency of 
erythema symptoms gradually declined as dosing progressed. The erythema did not 
worsen with repeated dosing and UV irradiation. Erythema was generally no longer 
evident by days 15 and 18 for males and females, respectively, in the UV-irradiated 500 
mg/kg/day group. 
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Decreases of locomotor activity were observed for all males and females that received 
pirfenidone alone at 500 mg/kg on day 1. The incidence gradually declined and was no 
longer evident by day 6 or 7. Prone position was observed for all males and females 
that received pirfenidone alone at 500 mg/kg on day 1; however, this clinical sign was 
no longer evident on day 2 or 3. These clinical signs were not observed for males or 
females in the UV-irradiated 500 mg/kg groups.  
 
Body Weights: Body weights were measured on days 1, 4, 9, 14, 19, 24, 29(R1), R7, 
R14, R21, and R28. 
 
Examination of body weight curves found no effects of pirfenidone alone or pirfenidone 
+ UV irradiation on body weight gain. 
 
Feed Consumption: Food consumption was measured on Days 1, 4, 9, 14, 19, 24, 
29(R1), R7, R14, R21, R28, and the food consumption (g/day/mouse) was calculated. 
 
Food consumption was decreased by 6.3% for females in the UV-irradiated 500 mg/kg 
group. Food consumption was unaffected for other treatment groups. 
 
Ophthalmoscopy: Ophthalmic examinations were not conducted. 
 
Hematology: Hematology parameters were not assessed. 
 
Clinical Chemistry: Blood samples for measurement of a complete panel of clinical 
chemistry parameters were collected on day 29 (one day after the last dose) and 
recovery day 28 (last day of the recovery period). 
 
Total cholesterol levels for males that received pirfenidone with or without UV irradiation 
were increased to 116 and 123% of controls, respectively. Potassium concentrations for 
males that received pirfenidone with UV irradiation were increased to 137.3% of the 
control. 
 
At the end of the recovery period, potassium concentrations for females that had 
received pirfenidone with UV irradiation were increased to 161% of the control. 
 
Urinalysis: Urinalysis parameters were not assessed. 
 
Gross Pathology: There were no treatment-related gross pathological findings. 
 
Organ Weights: Absolute and relative organ weights were measured for the liver 
(including gallbladder), kidneys, lungs (including bronchi), heart, spleen, thymus, 
submaxillary glands (including sublingual glands), testes, ventral prostate, ovaries, 
uterus, and brain. 
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Differences of absolute and relative uterus, thymus, prostate, lung, and spleen weights 
were evident between control and treatment groups; however, there were no 
corresponding histopathological findings. 
 
At the end of the dosing period, absolute and relative uterus weights for female that 
received pirfenidone alone were decreased to 84% of the control. Absolute and relative 
thymus and prostate weights for males in the UV-irradiated 500 mg/kg/day group were 
decreased to 78.7% and 73.9% of controls, respectively. 
 
At the end of the recovery period, absolute and relative lung weights for males and 
females in the UV-irradiated 500 mg/kg/day group were increased to 118.3% and 
107.9% of controls, respectively. Absolute and relative spleen, thymus, and prostate 
weights for males in the UV-irradiated 500 mg/kg/day group were increased to 122, 153, 
and 142.5% of controls, respectively. 
 
Histopathology: The fixed organs/tissues were routinely processed, and paraffin-
embedded sections were stained with hematoxylin and eosin for microscopic 
examination. The skin specimen was obtained from abdomen, head and back, 
respectively. The skin region of head and back was expressed as dorsal skin. The 
auricle was examined as a skin region susceptible to phototoxicity. Examination of 
recovery animals was limited to the ear and skin based upon lack of findings in other 
tissues at the end of the dosing period. 
 
Adequate Battery: The tissue battery was adequate. 

 
 
Peer Review: There was no peer review of histopathological findings. 
 
Histological Findings: Histopathological findings were limited to the ear (auricle) and 
skin.  
 
Treatment-related mild acanthosis accompanied with mild single cell necrosis were 
observed in the epidermis of the auricle and the dorsal skin in the UV-irradiated 500 
mg/kg/day group. No such lesions were seen in the pirfenidone alone (500 mg/kg/day) 
or UV-irradiated control groups 
 



NDA # 22-535                                    Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. 
 

215 

No skin lesion was observed in the one month recovery study groups. 
 
Table 99 Histopathological findings in mice at the end of the dosing and recovery period 

End of dosing period End of recovery 
period 

Organ/Tissue Sex 

0 0+UV 500 500+UV 0 + UV 500+UV 
 Ear 
-auricle, acanthosis, epidermis, 
layer, Prickle cell, stratum 
spinosum 
-auricle, necrosis, single cell, 
epidermis, layer, basal 

 
M 
F 
 
M 
F 

 
0/6 
0/6 
 
0/6 
0/6 

 
1/6 
1/6 
 
0/6 
0/6 

 
0/6 
0/6 
 
0/6 
0/6 

 
6/6 
4/6 
 
2/6 
1/6 

 
0/3 
0/3 
 
0/3 
0/3 

 
0/3 
0/3 
 
0/3 
0/3 

Skin 
-head, acanthosis, epidermis, 
layer, Prickle cell/stratum 
spinosum 
 
-back, acanthosis, epidermis, 
layer, prickle cell/stratum spinosum 
 
-back, necrosis, single cell, 
epidermis, layer, basal 
 
-head necrosis, single cell, 
epidermis, layer, basal 

 
M 
F 
 
 
M 
F 
 
M 
F 
 
M 
F 

 
0/6 
0/6 
 
 
0/6 
0/6 
 
0/6 
0/6 
 
0/6 
0/6 

 
0/6 
0/6 
 
 
0/6 
0/6 
 
0/6 
0/6 
 
0/6 
0/6 

 
0/6 
0/6 
 
 
0/6 
0/6 
 
0/6 
0/6 
 
0/6 
0/6 

 
2/6 
0/6 
 
 
6/6 
3/5 
 
6/6 
3/5 
 
2/6 
0/6 

 
0/3 
0/3 
 
 
0/3 
0/3 
 
0/3 
0/3 
 
0/3 
0/3 

 
0/3 
0/3 
 
 
0/3 
0/3 
 
0/3 
0/3 
 
0/3 
0/3 

 
Toxicokinetics: Blood samples for measurement of plasma concentrations of 
pirfenidone (S-7701), 5-hydroxymethyl pirfenidone, and 5-carboxylic pirfenidone were 
collected on days 1 and 28 at 0.167, 0.5, 1, 2, 4, and 6 hr postdose. Plasma extracts 
were analyzed by HPLC using UV detection at a wavelength of 320 nm for S-7701-CA 
and fluorescence detection at 315 nm (excitation) and 390 nm (emission) for both S-
7701 and S-7701-OH, respectively. The method was validated for the analysis of S-
7701 over the plasma calibration standard range of 0.1 to 20 µg/mL and both S-7701-
OH and S-7701-CA over the plasma calibration standard range of 0.2 to 40 µg/mL, 
respectively. 
 
AUC and Cmax values for pirfenidone (S-7701) for males and females on day 1 were 
greater than values on day 28. AUC and Cmax values for pirfenidone on day 1 were 
significantly greater for females as compared to males; however, there were no sex-
related differences on day 28. AUC and Cmax values for the hydroxylated metabolite of 
pirfenidone (S-7701-OH) were relatively comparable on days 1 and 28. Similarly, AUC 
and Cmax values for the carboxylic metabolite of pirfenidone (S-7701-CA) were relatively 
comparable on days 1 and 28. There were no sex-related differences of AUC and Cmax 
values for the hydroxylated and carboxylic metabolites of pirfenidone on days 1 and 28.  
The carboxylic metabolite was the most abundant form although levels were relatively to 
the parent compound on day 1. Exposure to pirfenidone dropped from day 1 to 28 and 
exposure was relatively comparable to the hydroxylated metabolite on day 28. 
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Table 100 Toxicokinetic parameters in mice on days 1 and 28 

 
 
Stability and Homogeneity 
Pirfenidone as a 5% (w/v) suspension in 0.5% (w/v) CMC was stable (i.e., concentration 
was unchanged) for 6 hr at room temperature or refrigerated for 8 days at 0-8°C and for 
6 hr at room temperature. Pirfenidone was homogenous as a 5% (w/v) suspension in 
0.5% (w/v) CMC as there were no significant variations of concentrations in samples 
collected from the upper and lower layers of the suspension. There were no significant 
variations of concentrations of dosing formulations prepared during the study 
(concentration varied from 4.97 to 5.05%). 
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11 Integrated Summary and Safety Evaluation 
Pirfenidone is under development by the sponsor for the treatment of idiopathic 
pulmonary fibrosis (IPF). IPF is a consequence of many types of severe lung injury and 
is almost always associated with an alveolar inflammatory reaction. IPF is characterized 
by an increase in lung matrix and alterations in the numbers and spatial relationship of 
lung parenchymal cells. The increase in lung connective tissue primarily results from 
increased production and deposition of matrix macromolecules, which are produced 
secondary to activation and proliferation of fibroblasts at the sites of lung injury. Patients 
with IPF suffer a relentless and debilitating loss of lung function, with progressive 
respiratory insufficiency that ultimately culminates in death. Pirfenidone will be 
administered chronically to IPF patients at a dose of 2403 mg per day (three capsules 
TID with each capsule containing 267 mg pirfenidone) resulting in AUC values of 180 
µg.hr/mL for pirfenidone and 146 µg.hr/mL for it 5-carboxylic acid metabolite. 
 
The sponsor has submitted nonclinical studies with pirfenidone that included 
pharmacology, safety pharmacology, ADME, general toxicology, genotoxicity, 
carcinogenicity, and reproductive toxicology in support of the marketing of pirfenidone 
for the treatment of IPF. Specialized toxicology studies were also conducted to assess 
the phototoxic potential of pirfenidone that included photogenotoxicity, examinations of 
the skin of guinea pigs or mice administered pirfenidone for up to 1 month and irradiated 
with a combination of UVA and UVB light, and the potential ameliorating effects of 
sunscreen. 
 
 
Pharmacology: The mechanism of action of pirfenidone has not been fully established. 
The anti-inflammatory and antifibrotic effects of pirfenidone were not considered to be 
clearly substantiated in nonclinical pharmacology studies.  
 
In vitro pharmacology studies included assessments of the effects of pirfenidone on 
fibroblast proliferation in the presence and absence of growth factors and suppression 
of TGF-β1 and TNFα production. In FBS-free DMEM cultures, pirfenidone at 
concentrations ≥30 µM significantly suppressed normal human dermal fibroblast 
(NHDF) proliferation in the absence of growth factors. Pirfenidone significantly inhibited 
platelet-derived growth factor (PDGF-BB)-facilitated NHDF proliferation at 30 µM and 
1000 µM; however, dose-dependency was not evident and effects were modest. For 2% 
FBS-DMEM cultures, pirfenidone at 1000 µM significantly inhibited NHDF proliferation 
as well as interleukin-1β (IL-1β)- and PDGF-BB-stimulated NHDF proliferation. In the 
absence of growth factors, pirfenidone at 100 µM and 1000 µM significantly suppressed 
human lung fibroblast (IMR-90) proliferation; however, the dose response was flat. 
Pirfenidone at 100 µM and 1000 µM dose-dependently suppressed the PDGF-BB-
facilitated proliferation; however, it did not affect the IL-1β-stimulated proliferation 
enhancement. Pirfenidone had no effects on the LPS-induced TGF-β1 release from 
THP-1 cells in FBS-free RPMI1640 media. However, when cultures were grown in 0.2% 
FBS-RPMI 1640 media, pirfenidone significantly depressed TGF-β1 release by LPS-
stimulated THP-1 cells. Pirfenidone at concentrations of 30 to 1000 µM dose-
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dependently suppressed LPS-stimulated PDGF-AB release from THP-1 cells by 10.7 to 
41.7%. Pirfenidone inhibited NHDF collagen synthesis in a dose-dependent manner; 
significant suppression was established at 300 µM. Pirfenidone produced a dose-
dependent suppressive effect on collagen synthesis by human lung fibroblast (IMR-90); 
however, statistically significant inhibition with doses as high as 1000 µM was not 
achieved. Pirfenidone produced a dose-dependent inhibition of LPS-stimulated TNFα 
production by RAW264.7 mouse macrophage. Pirfenidone and its 5-hydroxymethyl and 
5-carboxylic acid metabolites inhibited TNFα production by THP-1 cells in response to 
LPS stimulation with estimated IC50 values of 48.3, 108.6, and >300 µg/mL, 
respectively. 
 
In vivo pharmacology studies examined effects of pirfenidone on hamster and rat 
models of bleomycin-induced lung fibrosis and on lipopolysaccharide/D-galactosamine-
induced pathological changes in mice. In a hamster model of bleomycin-induced lung 
fibrosis, treatment with pirfenidone in the diet significantly reduced bleomycin-induced 
increases of lung hydroxyproline levels and lung prolyl hydroxylase activities. Further, 
lungs from bleomycin-treated hamsters that received pirfenidone in the diet showed a 
75% reduction in fibrotic lesions. In a rat model of bleomycin-induced lung fibrosis, 
pirfenidone in the diet at doses of 100, 300, and 500 mg/kg/day,  administered from the 
day before fibrosis induction to the day of sacrifice, dose-dependently reduced lesions 
such as recess and emphysema formation by fibrosis and suppressed increases in lung 
tissue hydroxyproline content; however, administration from post-induction day 14 to 
sacrifice did not show any marked inhibitory effects on increases of the hydroxyproline 
content or histopathological score. Pirfenidone and its 5-hydroxymethyl metabolite 
inhibited in vivo TNFα production in mice treated with lipopolysaccharide (LPS) plus D-
galactosamine (D-galN) in a dose-dependent manner with estimated ED50 values of 148 
mg/kg and 281 mg/kg, respectively; however, the 5-carboxylic metabolite had no 
effects. Effects of pirfenidone on LPS/D-galN-induced pathological changes in mice 
were investigated. Pirfenidone at 500 mg/kg showed a protective effect against LPS/D-
galN-induced mortality in mice when administered at 0.5 hr prior to challenge; however, 
40% of mice died with treatment 3 hr prior challenge, and all mice died with treatment 
24 hr prior to challenge. Pirfenidone administered at an oral dose of 500 mg/kg to mice 
inhibited LPS/D-galN-induced increases of TNFα, IL-12, and IFN-γ; however, production 
of IL-10, an anti-inflammatory cytokine, was increased. Pirfenidone when administered 
to mice at a dose of 500 mg/kg either 5 min prior to or 4 hr after LPS/D-galN challenge 
completely inhibited internal hemorrhagic necrosis of the liver and apoptosis due to 
LPS-induced acute inflammation of liver tissue. This would appear to indicate that 
inhibition of hemorrhagic necrosis accompanying liver cell apoptosis, which is a cause 
of LPS-induced death due to shock in mice, may play a role in the increase in mouse 
survival rates produced by pirfenidone. Treatment of mice with 500 mg/kg pirfenidone at 
5 min before or 4 hr after LPS/D-galN administration suppressed liver tissue levels of 
TGF-β1 to 3122.3 and 3193.5 pg/100 mg liver tissue, respectively, as compared to 
9340.5 pg/100 mg liver tissue for the LPS/D-galN only. These results might suggest that 
pirfenidone can prevent death and apoptosis by inhibiting the production of 
inflammatory cytokines in the blood of mice treated with LPS. The effects of pirfenidone 
do not appear to be mediated by changes of humoral or cellular immunity.  
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Pirfenidone could potentially have a large number of secondary pharmacological 
effects. The receptor binding activities of the pirfenidone, at a concentration of 1 mM, 
were tested in 169 validated radioligand binding competition assays. Pirfenidone was 
found to have an inhibition of greater than or equal to 20% in 18 receptor binding 
competition assays although Ki values ranges from 222 µM to 5.78 mM suggesting lack 
of potency. 
 
Pharmacological classification: The sponsor contends that pirfenidone is an anti-
inflammatory and anti-fibrotic agent. However, submitted pharmacology studies as well 
as a review of the published scientific literature (177 publications) do not appear to 
adequately support it as either an anti-inflammatory or anti-fibrotic agent. The 
pharmacological classification was discussed at the wrap-up meeting on March 31, 
2010 and a decision was made to use the chemical structure (i.e., pyridone) for 
classification. 
 

1. Mechanism of action (pharmacologic action at the receptor, membrane, or 
tissue level): Unknown 

 
2. Physiological effect (pharmacologic effect at the organ, system, or whole body 
level): Submitted pharmacology studies as well as a review of the published 
scientific literature (177 publications) do not appear to adequately support 
pirfenidone as either an anti-inflammatory or antifibrotic agent. 

 
 

3. Chemical structure: Pyridone (Pirfenidone is a pyridone that was used to treat 
idiopathic pulmonary fibrosis)  

 
 
Safety Pharmacology: A complete battery of safety pharmacology studies were 
conducted with pirfenidone that included assessments of neurological, cardiovascular, 
respiratory, and gastrointestinal effects.  
 
Neurological effects of pirfenidone were assessed in mice that received pirfenidone at 
oral doses of 30, 100, and 300 mg/kg. Sedation and ptosis were observed in a dose-
related manner with doses ≥30 mg/kg. Abnormal posture and slight decreases of body 
temperature were observed at doses ≥100 mg/kg. Disturbance of gait were evident at 
300 mg/kg. Spontaneous motor activity in the 100 and 300 mg/kg groups were 
significantly lower. All symptoms disappeared by 1-2 hours postdose. The duration of 
pentobarbital anesthesia in the 300 mg/kg group was significantly longer. The 
electroshock-induced convulsive threshold and the PTZ-induced convulsive threshold in 
the 300 mg/kg group were significantly higher. The number of acetic acid-induced 
writhings in the 300 mg/kg group was significantly lower. 
 
Perfusion HEK293 expressing the hERG channel with pirfenidone (0.1-5.0 mM) 
produced a concentration-dependent inhibition of hERG mediated potassium currents; 
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the IC50 value for pirfenidone was determined to be 5.04 mM. Pirfenidone did not 
appear to be a potent inhibitor of the hERG channel. The 5-carboxylic metabolite of 
pirfenidone at concentrations up to 1000 µM had no significant effects on the hERG 
channel. Pirfenidone and its 5-carboxylic metabolite at concentrations up to 10-4 and 10-

3 M, respectively, had no effects on APD50, APD90, RMP, APA, and dV/dt max of right 
ventricular papillary muscles isolated from guinea pigs over a 30-min incubation period.  
 
Effects of pirfenidone (S-7701) on the respiratory and cardiovascular systems were 
assessed using urethane anesthetized rats that received pirfenidone at intraduodenal 
doses of 10, 30, 100, and 300 mg/kg. Respiratory volumes were increased up to 1.5-
fold at doses ≥30 mg/kg groups up to 90-min postdose. Mean, systolic, and diastolic 
blood pressures at doses ≥30 mg/kg groups were significantly lower (≤65% decrease) 
up to 30 min postdose. Heart rates at doses ≥100 mg/kg group were significantly higher 
(≤1.5-fold) up to 180 min postdose. The arterial blood flow at 300 mg/kg was 
significantly higher (≤1.5-fold) up to 90-min postdose. Pirfenidone caused a sporadic 
arrhythmia associated with premature ventricular contractions (PVC) in a dose-related 
manner at doses ≥10 mg/kg. A study with conscious rats that received identical 
intraduodenal doses produced relatively comparable results as observed with 
anesthetized rats.  
 
Pirfenidone administered to conscious male beagle dogs at oral doses of 30, 100, and 
300 mg/kg increased heart rate (up to 149.0, 168.3, and 195.3 bpm, respectively) from 
30 min up to 2 hr postdose as compared to the control value of 100 bpm. Heart rate 
returned to the predose levels within 2-6 hr postdose. RR interval showed a tendency of 
shortening (66% of control) with a peak at 2 hr postdose in dogs that received 300 
mg/kg, which correlated with increased heart rates. QRS, QT, and QTc intervals were 
increased for dogs at 100 mg/kg (QTc interval exceeded threshold of 250 msec to reach 
a range of 260-300 msec); however, no changes were observed at the high dose of 300 
mg/kg. Respiration rate increased significantly at 1 hr postdose in dogs that received 
300 mg/kg (41 breaths/min vs. 30.0 breaths/min for the control).  
 
Cardiovascular effects of pirfenidone were assessed in four male and four female 
beagle dogs that received oral doses of 0, 30, or 100 mg/kg or by intravenous infusion 
at doses of 0, 8.8, 29.3, 58.7, and 88 mg/kg/hr. Each intravenous infusion was preceded 
with a 5-min loading dose at 0, 0.9, 3.1, 6.1, and 9.2 mg/kg, respectively. Following oral 
doses of 30 and 100 mg/kg, increased heart rates up to 1.7-fold above control values 
were reached within 2 hr postdose. Similar to oral administration, increases in heart 
rate, up to 1.5-fold above control values, were observed following intravenous 
administration of ≥3.1 mg/kg bolus and 29.3 mg/kg/hr infusion within 2 hr postdose. 
Heart rate generally returned to predose baseline by 4-hr postdose. Reflective of 
increased heart rate, dose-dependent decreases in the RR interval up to 2-fold were 
observed within the 4 hr following oral dosing with ≥30 mg/kg or intravenous dosing with 
the ≥3.1 mg/kg bolus followed by the 29.3 mg/kg/hr infusion. The oral dose of 100 
mg/kg or intravenous infusion of 9.2 mg/kg bolus followed by the 88 mg/kg/hour infusion 
produced decreases in the PR interval (up to 20-25%) within the first 3-4 hr following 
dosing for both males and females. There appeared to be a slight decrease in the QT 
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interval for males (up to 25%) following oral administration of 100 mg/kg. Following 
intravenous administration, the QT interval decreased dose-dependently up to 25% in 
males with doses ≥0.9 mg/kg bolus followed by the 8.8 mg/kg/hr infusion. The QT 
interval decreased to a lesser degree in females following the 9.2 mg/kg bolus followed 
by the 88 mg/kg/hr infusion. Once corrected for heart rate, the QT interval (i.e., the QTc 
interval) did not exhibit any evidence of prolongation. Sinus tachycardia (heart rate >190 
bpm) was noted in 1/8 animals following the oral dose of 100 mg/kg and 6/8 animals 
following the 9.2 mg/kg bolus followed by the 88 mg/kg/hr infusion. These findings 
appear to be in agreement with observations of increased heart rate and decreased RR 
interval. There were no treatment-related changes of respiratory rate, tidal volume, and 
minute volume following treatment with pirfenidone. Changes of blood gas parameters 
were compatible with a mild acidosis and reduced oxygenation.  
 
Pirfenidone was evaluated in in vivo (gastric emptying and small intestinal transport) 
and in vitro (spontaneous motility of the isolated ileum) studies to assess its effects on 
the gastrointestinal system. Pirfenidone caused dose-dependent and significant 
inhibition of the gastric emptying rate at oral doses ≥30 mg/kg and small intestinal 
transport at oral doses ≥100 mg/kg. Pirfenidone at 10-4 M (0.0185 mg/mL) produced a 
slight but significant decrease in the muscle tone of the isolated ileum. In clinical trials 
conducted in Japan, pirfenidone was found to cause gastrointestinal side effects like 
upper abdominal discomfort, abdominal bloating, heartburn, nausea, emesis, diarrhea, 
constipation, and others at the relatively high rate although they were not serious in 
magnitude. The nonclinical findings in the current study confirm decreased gastric 
emptying and an inhibition of gastrointestinal motility. 
 
Potential central nervous system effects appeared to be manifested in clinical signs  
observed in the 6-month and 9-month toxicology studies with rats and dogs, 
respectively (e.g., hypoactivity, abnormal gait, difficulty in standing, rigidity, weakness of 
limbs, head shaking, convulsions, sleeping). Potential cardiovascular effects were not 
evident in long term studies with rats and dogs. Potential gastrointestinal effects were 
manifested in studies with dogs (e.g., vomiting) although it possible that these effects 
might be centrally mediated. 
 
 
ADME: The absorption, distribution, metabolism, and excretion of pirfenidone have 
been examined in mice, rats, dogs, and humans. 
 
The absorption of pirfenidone following administration of single oral doses were 
investigated in rats and dogs and compared with results from single intravenous dose 
studies. Bioavailability of pirfenidone following a single oral dose of 100 mg/kg 
administered to rats or 30 mg/kg administered to dogs were 77.1% and 56.3%. 
Bioavailability of total radioactivity following a single oral dose of [14C]Pirfenidone at 100 
mg/kg administered to rats or 30 mg/kg to dogs was 97.75% and 79%, respectively. 
Pirfenidone and its 5-carboxylic acid metabolite were measured in the plasma of mice, 
rats, and dogs. In addition, the 5-hydroxy metabolite was measured in the plasma of 
mice and rats; however, this metabolite was not observed in dogs. Cmax and AUC values 
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for pirfenidone and its 5-hydroxy and 5-carboxylic metabolites generally increased in a 
dose proportional manner. Half-lives of pirfenidone and its 5-hydroxy and 5-carboxylic 
acid metabolites in C57BL/6 mice were 1.85, 0.695, and 0.703 hr at an oral dose of 100 
mg/kg and 3.85, 2.29, and 12.0 hr at an oral dose of 500 mg/kg, respectively; half-life 
increased with increasing doses. Half-lives of pirfenidone and its 5-carboxylic acid 
metabolite in dogs following an oral dose of 30 mg/kg were 0.887 and 1.41 hr, 
respectively. Half-lives of pirfenidone in rats that received oral doses of 30, 100, and 
300 mg/kg were 2.7, 2.9, and 3.3 hr, respectively. Following an oral dose of pirfenidone 
at 801 mg TID to human subjects, half-lives of pirfenidone and the 5-carboxylic 
metabolite were 2.39 and 2.69 hr, respectively. Following an oral dose of 30 mg/kg or 
an intravenous dose of 20 mg/kg administered to dogs, exposure to the 5-carboxylic 
acid metabolite was significantly greater following an oral dose and clearance of 
pirfenidone following oral administration was twice the clearance observed with 
intravenous dosing. This might suggest a significant first pass effect. The volume of 
distribution following IV dosing was approximately equivalent to total body water (603.6 
mL/kg) suggesting extensive distribution into tissues. Following a single oral dose of 
100 mg/kg to fasted or non-fasted (fed) rats, AUC and Cmax values were approximately 
1.6-fold higher in the fasted state. Tmax, mean residence time (MRT), and half-life values 
were shorter in the fasted state suggesting that the presence of food delayed 
absorption.  
 
The protein bindings of [14C]-pirfenidone at concentrations of 1 to 100 µg/mL in dog 
(43.23-53.06%) and human sera (49.67-57.95%) were significantly higher than those in 
mouse (27.09-40.92%) and rat sera (30.43-33.27%). Saturation of the protein binding of 
[14C]-pirfenidone was observed in all species. Albumin was the major binding protein for 
[14C]-pirfenidone in human serum. The tissue distribution of radioactivity was 
determined in male Sprague-Dawley rats following a single oral administration of [14C]-
pirfenidone at 100 mg/kg. Peak concentrations of radioactivity were reached in most 
organs and tissues within 5 to 30 min post-dosing; however, the peak concentration in 
the preputial glands occurred 1-hr postdose. Subsequently, concentrations of 
radioactivity in most organs and tissues declined over time in parallel with declining 
plasma concentrations. Concentrations of radioactivity in the liver, kidneys, pancreas, 
and preputial glands remained higher than plasma concentrations with particular 
reference to the preputial glands. The distribution of radioactivity to the lungs was 
relatively low. The tissue distribution of radioactivity was determined in pigmented male 
Long Evans rats following a single oral administration of [14C]-pirfenidone at 100 mg/kg. 
Within 30 min postdose, radioactivity was widely distributed and tissue concentrations 
had reached maximum levels. At 30 min, the preputial gland showed the highest 
concentration of radioactivity, followed by the kidney, liver, and plasma. The 
concentrations of radioactivity in other tissues were lower than that in plasma at 30 min 
and decreased in parallel with plasma concentrations at later time points. The mean 
ratios of the radioactivity concentrations of eye ball and pigmented skin (melanin-
containing tissues) to plasma were in the range of 0.36-0.52 and 0.40-0.51 by 8 hr after 
dosing, respectively; suggesting radioactivity was not distributed into melanin-containing 
tissue at disproportionate levels. At 24 hr, the concentrations of radioactivity in all 
tissues substantially declined and the plasma concentration of radioactivity at 72 hr had 
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declined to the lower limit of detection. The distribution ratios of radioactivity in red blood 
cells were in the range of 17.2% - 22.3% by 8 hr postdose, 87.9% at 24 hr, and 100.0% 
at 72 hr. The preputial gland displayed the longest half-life for radioactivity at 19.3 hr. 
The half-life in lung (target for pharmacological efficacy) was 11.1 hr. There appears to 
be some potential for accumulation in tissues with chronic dosing. In a whole body 
autoradiography study with Long Evans rats, the distribution of radioactivity in organs 
and tissues was comparable. 
 
The distribution of radioactivity into milk following a single oral dose of [14C]-pirfenidone 
at 100 mg/kg was assessed in female Sprague-Dawley rats on post-partum day 12. 
Radioactivity was rapidly distributed into the milk. AUCs of radioactivity in milk and 
plasma radioactivity were 312.6 ± 140.2 and 119.1 ± 23.3 µg·hr/mL, respectively, with 
the milk AUC approximately 3-fold greater. Radioactivity was eliminated from the milk 
with a half-life comparable to that of plasma.  
 
In all species examined, including humans, the predominant biotransformation pathway 
of pirfenidone involves the hydroxylation of the methyl group on the pyridone ring 
followed by the subsequent formation of 5-carboxy-pirfenidone. Pirfenidone and its 5-
carboxylic acid metabolite were identified in the plasma of mice, rats, and dogs. In 
addition, a 5-hydroxy metabolite was detected in the plasma of mice and rats. In mice 
and dogs, exposures to pirfenidone and its 5-carboxylic acid metabolite were relatively 
comparable with oral dosing. However, in rats, exposure to the 5-carboxylic acid 
metabolite was generally greater than exposure to pirfenidone. Exposures to the 5-
hydroxy metabolite in mice and rats were lower than exposures to pirfenidone and the 
5-carboxylic metabolite. The only major metabolite (i.e., present at >10% of the 
administered dose) in the plasma or urine of humans was 5-carboxy-pirfenidone. 
Following oral administration of [14C]Pirfenidone to rats or dogs, drug-related 
radioactivity was primarily excreted in the urine. Drug-related radioactivity in urine of 
rats and dogs was primarily the 5-carboxylic metabolite. Small amounts of drug-related 
radioactivity were found in the bile and feces of rats and dogs. Radioactivity in both the 
bile and feces was primarily the 5-carboxylic metabolite. Glucuronide conjugates of the 
5-carboxylic metabolite identified as 1-O-acylglucuronide 5-carboxylic pirfenidone and 
3-O-glucuronide 5-carboxylic pirfenidone were found in bile from rats. The 3-O-
glucuronide 5-carboxylic pirfenidone was found in bile from dogs. Glucuronide 
conjugates of 5-carboxylic pirfenidone were not found in urine from rats or dogs. 
Approximately 15% of drug-related radioactivity in rats could undergo enterohepatic 
recirculation. 
 
Four-week studies of pirfenidone administered by dietary admixture to B6C3F1 mice 
(8/sex/group) at doses of 0, 800, 2000, and 5000 mg/kg/day or to F344/DuCrj (Fischer) 
rats at doses of 0, 375, 750, and 1500 mg/kg/day was conducted to assess drug-
induced hepatic enzyme induction. These doses were identical to those used in the 2-
year carcinogenicity studies with mice and rats, respectively. Absolute and relative liver 
weights were increased up to 1.6- and 1.4-fold for mouse and rat treatment groups, 
respectively. Most indices of hepatic enzyme induction were significantly increased for 
both mice and rats. Pirfenidone induced several cytochrome P450 isozymes including 
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CYP1A, CYP3A, CYP2B, and CYP2D. The induction profile of pirfenidone was similar 
to that of phenobarbital (PB), which is known that induce CYP2B and CYP3A in mice, 
rabbits, hamsters, and rats. This PB-like induction of CYP P450 isozymes was also 
observed in other oral administration studies with pirfenidone in dogs. 
 
Urinary and biliary metabolites of pirfenidone were measured following administration of 
a single oral dose of [14C]-pirfenidone at 100 mg/kg to male Sprague-Dawley rats. 
Following administration of pirfenidone at oral dose of 100 mg/kg to male rats, 
radioactivity was primarily excreted in the urine (89.63%). Levels in the feces were 
much lower (5.50%). The excretion of total radioactivity was determined in male beagle 
dogs that received [14C]-S-7701 as a single oral dose of 30 mg/kg. The predominant 
route of excretion was by the urine, indicating extensive absorption of the orally 
administered dose, with 80.61 ± 1.65% of the dose excreted by this route. Excretion of 
radioactivity in feces accounted for 8.88 ± 3.47%. Radioactivity was rapidly eliminated 
with the majority of the administered dose (90.38 ± 2.90%) excreted by 24 hr postdose. 
For humans, approximately 80-85% of the administered pirfenidone dose was 
recovered in the urine (recovery of the glucuronide metabolite was considered) and 15-
20% of the administered pirfenidone dose was likely excreted in the feces as either 
unabsorbed drug or as a result of biliary excretion (Study PIPF-005). 
 
 
General Toxicology: Given that pirfenidone will be administered on a chronic basis in a 
clinical setting for the treatment of IPF, the review focused on chronic toxicology studies 
(i.e., 6-month rat and two 9-month dog studies). The liver was a common target organ 
for both rats and dogs. Additional target organs were the thyroid gland, adrenal gland, 
urinary bladder, and kidneys for rats and submaxillary gland for dogs. Findings were 
relatively comparable in the 3-month toxicology studies with rats and dogs (NCR014 
and NCR019). There were many problems with the conduct of short-term toxicology 
studies with pirfenidone (duration ≤3 months) and these studies were not referenced in 
this review (See Appendix 8: Review of IND  dated August 23, 2000). 
 
In a 6-month oral toxicology study, rats received S-7701 at oral doses of 20, 100, 500, 
or 1000 mg/kg/day. A number of clinical signs were observed for male and female rats 
at 500 and 1000 mg/kg/day. The most prominent clinical signs were hypoactivity 
(primarily on day 0), hypoapnea (primarily on day 0), and salivation. Other clinical signs 
of lower incidences included lacrimation, lying, mydriasis, abnormal gait, bleeding nose, 
bleeding hind limb, red tears, weakness of limbs, and ptosis. Clinical signs for male and 
female rats at 100 mg/kg/day were limited to salivation. In general clinical signs did not 
persist into the recovery period. Increases of liver cytochrome P450 levels and 
cytochrome P450 isozyme activities (several fold of control) indicated that treatment 
with S-7701 produced a phenobarbital-type induction. CYP2B1 activities were increased 
8- to 9-fold. Cmax and AUC values on day 177 were less than values on day 1, which 
could be attributed to induction of cytochrome P450 isozymes. Crystals in the urine 
were observed for males and females in the 500 and 1000 mg/kg/day groups. Urinary 
specific gravity values were increased for males in the 100, 500, and 1000 mg/kg/day 
groups and females in the 500 and 1000 mg/kg/day groups. Urinary pH values were 
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decreased for males in the 100, 500, and 1000 mg/kg/day groups and females in the 
500 and 1000 mg/kg/day groups. Increased urinary specific gravity would not generally 
be expected with increased water consumption. Crystallization in urine, increases of 
urinary specific gravity, and decreases of urinary pH were attributed to the 5-carboxylic 
acid metabolite of S-7701, which is found in high concentrations in the urine. These 
findings were determined to be reversible following the recovery period. There were 
findings in the urinary bladder and kidneys that might correlate with crystalluria. Liver 
weights were increased up to 1.4-fold for males at ≥100 mg/kg/day females at ≥500 
mg/kg/day, which appeared to be associated with hepatocellular hypertrophy and 
increases of cytochrome P450 levels and cytochrome P450 isozyme activities. Target 
organs of toxicity were the liver, thyroid gland, adrenal gland, urinary bladder, and 
kidneys. Incidences of these findings were generally low. Findings in the liver and 
thyroid gland appear to correlate with findings in the 2-year carcinogenicity study with 
rats. Two males in the 1000 mg/kg/day group were observed with hepatocyte necrosis 
at the end of the dosing period. One female in the 1000 mg/kg/day group was observed 
with hepatocyte necrosis at the end of recovery period. Hepatocyte hypertrophy in the 
centrilobular zone was observed for 2 males in the 1000 mg/kg/day group at the end of 
the dosing period. Hypertrophy appeared to be associated with increases of liver 
weight, cytochrome P450 levels, and cytochrome P450 isozyme activities. One male in 
the 1000 mg/kg/day group was observed with follicle hyperplasia in the thyroid at the 
end of the dosing period. This finding might be related to induction of the cytochrome 
P450 isozymes and increased degradation of T3 and T4. An increased incidence of 
vacuolization of fasciculata cells in the adrenal gland was observed for 3 males in the 
1000 mg/kg/day group at the end of the dosing period. Inflammatory cell infiltration in 
the lamina propria of the urinary bladder was observed for 2 males in the 1000 
mg/kg/day group at the end of the dosing period. Transitional cell hyperplasia was 
observed for 1 male in the 1000 mg/kg/day group at the end of the dosing period. 
Inflammatory cell infiltration in the renal pelvis of the kidney was observed for 1 male in 
the 1000 mg/kg/day group at the end of the dosing period. Dilatation of the pelvic cavity 
was observed for 1 female in the 1000 mg/kg/day group at the end of the dosing period. 
The significance of these findings in the kidneys was unclear given their low incidences. 
These findings in the urinary bladder and kidneys may be related to crystalluria of the 5-
carboxylic acid metabolite of pirfenidone. The NOAEL was identified as 500 mg/kg/day 
based upon histopathological findings in liver, thyroid, adrenal gland, urinary bladder, 
and kidneys at 1000 mg/kg/day. AUC values for male and female rats at 500 mg/kg/day 
on day 177 were 165.7 and 199.7 µg.hr/mL, respectively. 
 
In a 9-month oral toxicology study, dogs received pirfenidone at oral doses of 0, 20, 70, 
and 200 mg/kg/day (PCLN-PIRF-072). Clinical signs for the 200 mg/kg/day group 
immediately after dosing included salivation, vomiting, abnormal gait, difficulty in 
standing, rigidity, weakness of limbs, head shake, abnormal vocalization, hypoactivity, 
tachypnea, convulsions, sleeping, or mydriasis. Clinical signs for the 70 mg/kg/day 
group were limited to salivation and vomiting. Alkaline phosphate (ALP) activities were 
increased for males and females at 70 and 200 mg/kg/day during the treatment period 
up to 1.4- and 2.9-fold, respectively, although toxicological significance (2.5 times the 
control mean) was only achieved for males and females at 200 mg/kg/day. Target 
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organs of toxicity were the liver and submaxillary glands. Hepatocellular hypertrophy 
was observed around the central vein of the liver for 3 males and 1 female at 200 
mg/kg/day. Hypertrophied cytoplasm was ground-glass in appearance. This finding 
appeared to be associated with induction of several cytochrome P450 isozymes. This 
finding was reversible as it was not evident at the end of the recovery period. The 
relationship between this histopathological finding and elevation of ALP activity was 
unclear. Acinar hypertrophy of mucous gland in the submaxillary gland was observed 
for 1 female at 70 mg/kg/day and 3 males and 3 females at 200 mg/kg/day group. At the 
end of the recovery period, acinar hypertrophy of mucous gland was still evident for 1 
male at 200 mg/kg/day. This finding appeared to be generally reversible by the end of 
the recovery period. The NOAEL was judged to be 20 mg/kg/day based upon 
histopathological findings in the submaxillary glands at 70 and 200 mg/kg/day and 
elevations of ALP activity and histopathological findings in the liver at 200 mg/kg/day. 
Findings in the submaxillary glands and liver might be judged to be monitorable in a 
clinical setting and have minimal potential adverse effects. AUC values for male and 
female dogs at 200 mg/kg/day on day 271 were 660.6 and 479.1 µg.hr/mL, respectively. 
 
In a second 9-month toxicology study, 4 dogs/sex/group received pirfenidone at oral 
doses of 0, 20, 70, and 200 mg/kg/day (administered in divided doses not less than 6 hr 
apart). BID dosing was selected to minimize vomiting and clinical signs observed in the 
first 9-month study. This study also included a 6-month interim sacrifice with 3 
dogs/sex/group and a 6-week recovery period with 2 dogs/sex/group. The dose of 200 
mg/kg/day was identified as a tolerated dose (IND  Review April 11, 2002 in 
Appendix 10). Alkaline phosphatase (ALP) activity was increased 1.7- to 4.1-fold in 
males at 70 and 200 mg/kg/day during weeks 26 and 39. ALP activity was increased 
2.7- to 2.8-fold in females at 200 mg/kg/day during weeks 26 and 39. Histopathological 
findings were evident in the liver; however, the relationship of these findings to 
treatment was unclear. The incidence of minimal lymphohistiocytic infiltrate in the liver 
was increased for males and females at 200 mg/kg/day during week 26 and males at 
20, 70, and 200 mg/kg/day during week 40. However, the incidence for female controls 
during week 40 was 75% (3/4) and comparable to incidences for females at 70 and 200 
mg/kg/day. The NOAEL was identified as 200 mg/kg/day. AUC values for male and 
female dogs at 200 mg/kg/day (100 mg/kg BID) at week 39 were 284.9 and 342.0 
µg.hr/mL, respectively; achieved exposures were less than those observed in the 9-
month dog study (PCLN-PIRF-072) summarized above. 
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Table 101 Incidence of minimal lymphohistiocytic infiltrate in the liver from dogs treated 
with doses of 20, 70, and 200 mg/kg/day (10, 35, and 100 mg BID, respectively) (PCLN-
PIRF-034) 
Week Sex 0 20 70 200 

Males 1/3 0/3 1/3 2/3 26 
Females 0/3 1/2 0/3 3/3 
Males 1/4 2/4 4/4 4/4 40 
Females 3/4 0/4 3/4 2/4 

 
Safety margins for proposed clinical doses are compared to NOAELs on a mg/kg basis 
identified for the 6-month rat and two 9-month dog (  and Shionogi) toxicology 
studies in the table below. Based upon the 6-month rat study, the safety margin was 
10.4-fold for the clinical dose of 2403 mg/day. Based upon the 9-month dog studies, 
safety margins were less than 6-fold (i.e., 4.2-fold) for the clinical dose of 2403 mg/day. 
 
Table 102 Safety margins for proposed clinical doses based on NOAELs of the 6-month 
toxicology study with rats and 9-month toxicology study with dogs. 

Exposure margins Clinical dose 
6-month rat study 9-month dog study 

(  PCLN-PIRF-
034) 

9-month dog study 
(Shionogi, PCLN-PIRF-
072) 

mg/day mg/kg/day NOAEL = 500 
mg/kg/day 

NOAEL = 200 
mg/kg/day 

NOAEL = 200 
mg/kg/day 

2403 48 10.4 4.2 4.2 
 
Safety margins for clinical exposures to pirfenidone and its 5-carboxylic acid metabolite 
are compared to exposures from the 6-month rat and two 9-month dog (  and 
Shionogi) toxicology studies in the tables below. Doses ≥500 mg/kg/day in rats, ≥70 
mg/kg/day in dogs (PCLN-PIRF-072), and ≥200 mg/kg/day in dogs (PCLN-PIRF-034) 
provide exposure margins greater than 1 for clinical exposures to pirfenidone achieved 
with a clinical dose of pirfenidone at 2403 mg/day.  Doses ≥100 mg/kg/day in rats, ≥70 
mg/kg/day in dogs (PCLN-PIRF-072), and ≥200 mg/kg/day in dogs (PCLN-PIRF-034) 
provide estimated exposure margins greater than 1 for clinical exposures to the 5-
carboxylic acid metabolite of pirfenidone achieved with a clinical dose of pirfenidone at 
2403 mg/day. Thus, the 6-month rat and 9-month dog toxicology studies appear to 
adequately support the clinical dose of 2403 mg/day. 
 

(b) (4)
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Table 103 Exposure margins for clinical exposure to pirfenidone with a dose of 2403 
mg/day 
Study 
 

Dose 
mg/kg/day 

AUC (M+F) 
µg*hr/mL 

Exposure margins for clinical dose of 
2403 mg/day (AUC = 180 µg*hr/mL) 

20 19.0 0.11 
100 105.2 0.58 
500 182.7 1.02 

6-month rat 
PCLN-PIRF-073 
 
 1000 337.1 1.87 
    

20 46.5 0.26 
70 180.6 1.00 

9-month dog 
PCLN-PIRF-072 
 200 569.9 3.17 
    

20 (10 BID) 26.3 0.15 
70 (35 BID) 118.0 0.66 

9-month dog 
PCLN-PIRF-034 
 200 (100 BID) 313.5 1.74 
 
Table 104 ESTIMATED Exposure margins for clinical exposure to 5-carboxylic acid 
metabolite of pirfenidone with a dose of 2403 mg/day 
Study 
 

Dose 
mg/kg/day 

AUC (M+F) 
µg*hr/mL 

Exposure margins for clinical dose of 
2403 mg/day (AUC = 146 µg*hr/mL) 

20 99.4 0.68 
100 551.8 3.78 
500 958.7 6.57 

6-month ratA 
PCLN-PIRF-073 
 
 1000 1768.9 12.12 
    

20 35.1 0.24 
70 136.4 0.93 

9-month dogB 
PCLN-PIRF-072 
 200 430.3 2.95 
    

20 (10 BID) 19.8 0.14 
70 (35 BID) 89.1 0.61 

9-month dogB 
PCLN-PIRF-034 
 200 (100 BID) 236.7 1.62 
A. Estimated based upon multiplying the pirfenidone exposure by the ratio of AUC 
values of 5-carboxylic acid pirfenidone (48.8 µg.hr/mL) and pirfenidone (9.3 µg.hr/mL) 
from rats treated with pirfenidone at 100 mg/kg/day for 14 days (PCLN-PIRF-096) 
B. Estimated based upon multiplying the pirfenidone exposure by the ratio of AUC 
values of 5-carboxylic acid pirfenidone (40.4 µg.hr/mL) and pirfenidone (53.5 µg.hr/mL) 
from dogs treated with a single oral dose of pirfenidone at 30 mg/kg (NCR119) 
 
 
Genetic Toxicology: The potential genetic toxicity of pirfenidone was assessed in two 
in vitro bacterial mutagenicity assays, two in vitro Chinese hamster ovary cell 
chromosomal aberration assays, an in vivo mouse micronucleus study, and an in vivo/in 
vitro rat liver UDS assay. All studies were negative. 
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Pirfenidone (Lot #1818) at concentrations up to 5 mg/plate ± S9 was negative with 
strains TA98, TA100, TA1535, TA1537, and TA1538 (Report date: September 7, 1984). 
Strain selection does not meet current criteria as described in the ICH S2A and S2B 
Guidances. 
 
Pirfenidone at dose up to 5000 µg/plate ± S9 did not induce any significant increases in 
the number of revertant colonies for tester strains, TA98, TA100, TA1535, TA1537, and 
WP2 uvrA. Tester strain selection was adequate. 
 
The clastogenic potential of pirfenidone (S-7701) was assessed in the in vitro Chinese 
hamster lung cell chromosomal aberration assay (Study number PCLN-PIRF-100).  For 
short-term treatment, cells were incubated with S-7701 at concentrations of 1.25 to 10 
mM in the present and absence of S9 for 6 hr. For continuous treatment, cells were 
incubated with S-7701 in the absence of S9 for 24 hr at concentrations of 1.25 to 10 mM 
and 48 hr at concentrations of 0.625 to 5 mM. S-7701 in the presence and absence of 
S9 had no effects on the number or incidence of structural or numerical chromosomal 
anomalies. Pirfenidone (S-7701) was negative in the in vitro Chinese hamster lung cell 
chromosomal aberration assay. 
 
Pirfenidone was tested for its potential to induce chromosome aberrations in cultured 
Chinese hamster ovary (CHO) cells with and without exogenous metabolic activation. 
The top concentration for testing was limited by apparent solubility in culture medium to 
2800 µg/mL (maximum feasible dose). In a 3-hr incubation, pirfenidone at 
concentrations up to 2800 µg/mL in the absence of S-9 and 1400 µg/mL in the presence 
of S-9 did not produce any increases in the incidences of chromosomal aberrations. 
Pirfenidone showed no clastogenic potential; however, a later time point (e.g., 18-24 hr) 
in the absence of S-9 was not assessed, which is the standard practice when the 3-hr 
incubation was negative. However, the sponsor has conducted another chromosomal 
aberration assay with pirfenidone (Study number PCLN-PIRF-100), which was judged to 
be acceptable and the test article possessed no clastogenic potential. 
 
In a micronucleus test, male mice received pirfenidone as single oral doses of 200, 400, 
and 800 mg/kg. Dose selection was based upon a single dose range finding study in 
which 3 mice/sex/group received oral doses up to 800 mg/kg; there were no differences 
of toxicity between males and females. Mice were sacrificed at 24 and 48 hr postdose 
for analysis of bone marrow cell frequencies of micronuclei. Slight hypoactivity was 
observed at 200 mg/kg immediately after dosing; however, pronounced hypoactivity 
was observed at doses ≥400 mg/kg. At 800 mg/kg, animals showed ataxia and 
polyapnea in addition to hypoactivity. Pirfenidone did not induce a statistically significant 
increase in the frequency of micronucleated polychromatic erythrocytes (MN-PCEs) as 
compared with the vehicle controls at the two time points. The pirfenidone dose 
selection was judged to be appropriate based upon clinical signs of toxicity. 
 
Pirfenidone administered as single oral doses of 1000 or 2000 mg/kg to male rats was 
negative in the in vivo/in vitro unscheduled DNA assay with hepatocytes.  The incidence 
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of DNA repair was slightly higher in pirfenidone-treated group although it did not meet 
pre-specified criteria for a positive result. 
 
 
Carcinogenicity: Given the unmet medical need for this disease, the Division initially 
stated that carcinogenicity studies could be conducted as a Phase IV commitment. 
However, the sponsor, in a 15-day safety alert submitted to IND 67,284 on May 12, 
2006, notified the Division of tumor findings in 2-year carcinogenicity studies with mice 
and rats conducted by Shionogi of Japan (See Reviews in Appendices 14 and 15). The 
Division requested that the Investigator's Brochure and Patient Informed Consent be 
updated to inform medical personnel and patients of these tumor findings. Further, the 
Division requested that carcinogenicity studies be submitted with the NDA.  
 
In 2-year carcinogenicity studies, pirfenidone was administered to mice and rats by 
admixture to the diet. Mice received doses of 0, 800, 2000, and 5000 mg/kg/day and 
rats received doses of 0, 375, 750, and 1500 mg/kg/day. The sponsor did not seek 
concurrence for doses for either study from the ECAC. There were no treatment-related 
effects on survival in either study. Maximum tolerated doses were achieved in both 
studies based upon observed reductions of absolute body weights >10% as compared 
to controls. Pirfenidone was determined to be tumorigenic in both mice and rats.  
 
For mice, treatment-related neoplastic findings were observed in the liver. For male 
mice, hepatocellular adenoma, the combination of hepatocellular adenomas and 
carcinomas, and hepatoblastomas were observed at statistically significant increased 
incidences for all treatment group and hepatocellular carcinomas were observed at 
statistically significant increased incidences for doses of 2000 and 5000 mg/kg/day. For 
female mice, hepatocellular adenoma and the combination of hepatocellular adenomas 
and carcinomas were observed at statistically significant increased incidences for doses 
of 2000 and 5000 mg/kg/day and hepatocellular carcinomas were observed at a 
statistically significant increased incidence for the dose of 5000 mg/kg/day. 
 
Observed incidences of the combination of hepatocellular adenoma and carcinoma for 
all male treatment groups and females at 2000 and 5000 mg/kg/day in the present study 
were outside of the historical control range of NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
Hepatoblastomas were essentially not observed in NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). It is 
noted that this NTP reference may not be appropriate for comparison to studies 
conducted in Japan. 
 
There were non-neoplastic findings in the liver that appeared to be related to neoplastic 
findings (e.g., hepatocellular hypertrophy, eosinophilic focus of cellular alteration, 
pigment deposition in Kupffer cells, single cell necrosis, macrophage accumulation, 
angiectasis). In most cases, single cell necrosis and pigment deposition in Kupffer cells 
were observed in animals that had hepatocellular tumors. 
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Other non-neoplastic target organs of toxicity included the kidneys, urinary bladder, 
pituitary gland, adrenal gland, glandular stomach, bone marrow, spleen, salivary gland, 
prostate, seminal vesicles, epididymides, ovaries, uterus, vagina, and thymus.  
 
For mice, plasma concentrations of the 5-carboxylic metabolite of pirfenidone, S-7701-
CA, were significantly greater than the parent compound, S-7701. Plasma 
concentrations of S-7701-CA increased with elevating dose in a generally dose 
proportional or greater than dose proportional manner. In contrast, plasma 
concentrations of S-7701 did not increase with elevating dose or plasma concentrations 
were relatively comparable at 800 and 2000 mg/kg/day but elevated at 5000 mg/kg/day. 
It could be inferred that treatment-related neoplastic and non-neoplastic findings 
correlated with the 5-carboxylic metabolite of pirfenidone rather than the parent 
compound, pirfenidone. 
 
For rats, treatment-related neoplastic findings were observed in the liver and uterus. 
Hepatocellular adenomas and the combined hepatocellular adenoma and 
carcinomas were observed at statistically significant increased incidences for males 
at 750 and 1500 mg/kg/day and females at 1500 mg/kg/day. Incidences of uterine 
adenocarcinomas and combined incidences of adenocarcinomas and adenomas 
were increased for females receiving doses ≥375 mg/kg/day although statistical 
significance was only achieved for females at 1500 mg/kg/day. Thyroid follicular cell 
adenomas and carcinomas were observed at increased incidences for males and 
females at 1500 mg/kg/day; however, statistical significance was not achieved for 
thyroid tumors. The findings of thyroid tumors appear biologically plausible. 
 
Observed incidences of the combination of hepatocellular adenoma and carcinoma for 
all male treatment groups and females at 1500 mg/kg/day in the present study were 
outside of the historical control range for NTP carcinogenicity studies with administration 
by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). There were no 
findings of uterine adenocarcinoma for F344 female rats in NTP carcinogenicity studies 
with administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
Observed incidences of thyroid follicular cell adenoma and carcinoma for male and 
female rats at 1500 mg/kg/day in the present study appear to be within the upper end of 
the historical control range (Toxicologic Pathology 26: 428-441, 1998) although there 
were no findings for the concurrent control groups. It is noted that this NTP reference 
may not be appropriate for comparison to studies conducted in Japan. 
 
Non-neoplastic findings in the liver, uterus, and thyroid appeared to be related to 
neoplastic findings. Non-neoplastic findings in the liver that appeared to be correlated 
with neoplastic findings included centrilobular hepatocellular hypertrophy, foci of mixed 
cells, foci of eosinophilic cells, foci of clear cells, pigment deposition in hepatocytes, 
fatty changes in hepatocytes, single cell necrosis, and spongiosis hepatis. Foci of 
hepatocellular alteration (i.e., clear cell, eosinophilic cell, and mixed cell) may represent 
progenitor lesions from which hepatocellular neoplasia may arise. Non-neoplastic 
findings in the uterus that appeared to be correlated with the neoplastic finding 
consisted of increased incidences of findings including cystic endometrial hyperplasia, 
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endometrial glandular hyperplasia, and squamous metaplasia for females receiving 
doses ≥750 mg/kg/day. Non-neoplastic findings in the thyroid gland that appeared to be 
correlated with the neoplastic findings consisted of follicular cell hyperplasia for males 
and females receiving doses ≥375 mg/kg/day.  
 
Other non-neoplastic target organs of toxicity included the lung, kidneys, and glandular 
stomach. There were additional findings in the testis, ovary, vagina, adrenal gland, 
spinal cord, sciatic nerve, cecum, colon, and spleen that might have relationships to 
treatment. 
 
For rats, plasma concentrations of S-7701 and S-7701-CA in male and female rats 
increased with elevating doses during weeks 1, 26, and 52 and were generally dose 
proportional or slightly less than dose proportional. Plasma concentrations of S-
7701-CA in male and female rats were significantly greater (≥3-fold) than plasma 
concentrations of S-7701. It might be inferred that the 5-carboxylic metabolite of 
pirfenidone played a greater role in the observed treatment-related neoplastic and 
non-neoplastic findings than the parent compound, pirfenidone. 
 
Pirfenidone was judged to be tumorigenic based upon liver tumors in mice and liver, 
and uterus tumors in rats. 
 
Observed liver tumors in both mice and rats and thyroid tumors in rats may be rodent-
specific. Tumor findings in the liver and thyroid gland may be related to induction of 
cytochrome P450 levels in the liver. In the 6-month toxicology study with rats, 
cytochrome P450 levels (CYP2B6, CYP3A4/5, and CYP2B1) were significantly 
increased for males and/or females. Treatment with pirfenidone produced a 
phenobarbital-type induction. In 2-year studies, there were findings of centrilobular 
hepatocellular hypertrophy, suggestive of potential hepatic enzyme induction, in male 
mice at doses of 800, 2000, and 5000 mg/kg/day, female mice at 5000 mg/kg/day, and 
male and female rats receiving doses ≥375 mg/kg/day. The plasma T4 half-life in rats 
is 12-24 hr as compared to 5-9  days  in humans. In humans and monkeys, 
circulating T4 is bound primarily to thyroxine-blinding globulin (TBG), but this high 
affinity binding protein is not present in rodents, birds, amphibians, or fish. The high 
affinity of TBG for T4 is approximately 1000-times higher than for prealbumin. The 
percent of unbound active T4 is lower in species with high levels of TBG than in 
animals in which T4 binding is limited to albumin and prealbumin. Glucuronidation is 
the rate-limiting step in the biliary excretion of T4 and sulfation by phenol 
sulfotransferase for the excretion of T3. Hepatic enzyme induction and chronic 
stimulation of the thyroid gland by TSH due to increased clearance of thyroxine (T4) by 
T4-UDP-glucuronyl transferase have been linked to the development of follicular cell 
adenoma and carcinoma.  
 
The sponsor also contended that uterine tumors observed in rats were rodent-specific 
through a mechanism involving dopamine release and subsequent  prolactin secretion; 
however, the evidence provided was judged to be inadequate to support such a 
mechanism. Uterine neoplasms may result from a suppressed luteinizing hormone (LH) 
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response to gonadotropin releasing hormone (GnRH) in combination with estrogen 
dominance in aged female rats (Personal communication from Dr. Abby Jacobs). 
 
Exposure ratios for clinical exposures to pirfenidone, 5-carboxylic pirfenidone, and total 
systemic exposure (pirfenidone + 5-carboxylic pirfenidone) are shown in the tables 
below. Exposures achieved in carcinogenicity studies for the parent drug, pirfenidone, 
do not generally provide ratios greater than 1 with the exception of rats at 1500 
mg/kg/day. Exposures achieved in carcinogenicity studies for the 5-carboxylic 
metabolite of pirfenidone were generally greater than 1. Exposures achieved in 
carcinogenicity studies for the total systemic exposure (pirfenidone + 5-carboxylic 
metabolite of pirfenidone) were generally greater than 1 for mice at 5000 mg/kg/day and 
rats at ≥750 mg/kg/day. 
 
Table 105 Exposure margins for pirfenidone achieved with a clinical dose of pirfenidone 
at 2403 mg/day 

AUC (M+F) 
µg*hr/mL 

Exposure margins for a clinical dose of 
2403 mg/day (AUC = 180 µg*hr/mL) 

Study 
 
 

Dose 
mg/kg/day 
 M F M F 

800 35.628 13.132 0.2 0.1
2000 50.100 31.904 0.3 0.2

2-year mouse 
 
 5000 66.924 44.672 0.4 0.2
      

375 51.816 53.582 0.3 0.3
750 87.192 136.037 0.5 0.8

2-year rat 
 
 1500 157.222 219.175 0.9 1.2
A. The AUC value at 1500 mg/kg/day was obtained from a 13-week dose range finding 
study in which pirfenidone was administered to rats by dietary admixture (NCR014). 
AUC values at 375 and 750 mg/kg/day were calculated by interpolation from lower 
doses of 500 and 1000 mg/kg/day used in the 13-week study. 
 
Table 106 Exposure margins for the 5-carboxylic acid metabolite of pirfenidone 
achieved with a clinical dose of pirfenidone at 2403 mg/day 

AUC (M+F) 
µg*hr/mL 

Exposure margins for a clinical dose of 
2403 mg/day (AUC = 146 µg*hr/mL) 

Study 
 
 

Dose 
mg/kg/day 
 M F M F 

800 94.744 73.308 0.6 0.5
2000 213.296 183.908 1.5 1.3

2-year mouse 
 
 5000 428.040 525.596 2.9 3.6
      

375 270.51 207.222 1.9 1.4
750 545.8265 446.668 3.7 3.1

2-year rat 
 
 1500 1078.703 744.446 7.4 5.1
A. The AUC value at 1500 mg/kg/day was obtained from a 13-week dose range finding 
study in which pirfenidone was administered to rats by dietary admixture (NCR014). 
AUC values at 375 and 750 mg/kg/day were calculated by interpolation from lower 
doses of 500 and 1000 mg/kg/day used in the 13-week study. 
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Table 107 Exposure margins for the sum of pirfenidone + the 5-carboxylic acid 
metabolite of pirfenidone achieved with a clinical dose of pirfenidone at 2403 mg/day 

AUC (M+F) 
µg*hr/mL 

Exposure margins for a clinical dose of 
2403 mg/day (AUC = 326 µg*hr/mL) 

Study 
 
 

Dose 
mg/kg/day 
 M F M F 

800 130.372 86.440 0.4 0.3
2000 263.396 215.812 0.8 0.7

2-year mouse 
 
 5000 494.964 570.268 1.5 1.7
      

375 322.326 260.804 1.0 0.8
750 633.019 582.705 1.9 1.8

2-year rat 
 
 1500 1235.925 963.621 3.8 3.0
A. The AUC value at 1500 mg/kg/day was obtained from a 13-week dose range finding 
study in which pirfenidone was administered to rats by dietary admixture (NCR014). 
AUC values at 375 and 750 mg/kg/day were calculated by interpolation from lower 
doses of 500 and 1000 mg/kg/day used in the 13-week study. 
 
The ECAC had the following conclusions for the 2-year rat and mice carcinogenicity 
studies with pirfenidone (see meeting minutes dated February 23, 2010 for additional 
details): 
 

 
 
In communication with the medical officer, based upon the morbidity and short life 
expectancy associated with IPF, these tumor findings with pirfenidone would not appear 
to impact approval for the treatment of this disease. 
 
 
Reproductive Toxicology: The sponsor has reproductive toxicology studies with 
pirfenidone that include a combined fertility and reproductive performance and 
embryofetal development study in rats, embryofetal development studies in rats and 
rabbits, and a pre- and postnatal development study in rats. 
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A combined fertility and reproductive performance and embryofetal development study 
in rats was conducted with oral doses of 0, 450, and 900 mg/kg/day. Pirfenidone was 
administered to the males for 28 days prior to mating and continuously until termination. 
The female rats were treated for 14 days prior to mating and through gestation day 20. 
Animals were allowed to mate for maximum of 3 weeks. On day 20 of pregnancy, 
females were killed and examined. Males were sacrificed after 10 weeks of treatment. 
Body weight gains were reduced for male and female treatment group prior to mating 
and for females during the gestation period. Mating and reproductive performance were 
unaffected for males and females with doses up to 900 mg/kg/day. Sperm counts and 
motility were unaffected. There were no treatment-related external, visceral, or skeletal 
malformations. A number of treatment-related visceral and skeletal variations were 
observed at 450 and/or 900 mg/kg/day that might be attributed to maternal toxicity (i.e., 
decreased body weight gain). Incidences of dilatation of the lateral ventricle and 5th 
sternebrae unossified were increased at 450 and 900 mg/kg/day. Incidences of renal 
pelvic cavitation, dilated ureters, and 6th sternebrae unossified were increased at 900 
mg/kg/day. Pirfenidone at doses up to 900 mg/kg/day had no effects on mating and 
reproductive performance in male and female rats and was not teratogenic in rats. 
 
The effects of pirfenidone (S-7701) on fertility, pregnancy and embryo-fetal 
development was examined in rats that received S-7701 at oral doses of 0, 50, 150, 450 
and 1000 mg/kg/day. The dosing period encompassed 4 weeks prior to mating and 
continuously until the day before necropsy for males and 2 weeks prior to mating and 
through GD 17 for females. Male rats at 450 and 1000 mg/kg/day exhibited overt 
toxicity, including adverse clinical signs and decreases in body weight gains and food 
consumption. Male rats at 1000 mg/kg/day also displayed hepatocellular hypertrophy 
with increased organ weights in the liver and kidneys. Female rats at 150, 450 and 
1000 mg/kg/day also exhibited overt toxicity, adverse clinical signs, decreased body 
weight gains during the gestation period.  Decreased food consumption was also seen 
in female rats at 450 and 1000 mg/kg/day during the premating period and in females at 
1000 mg/kg/day during the gestation period. Female rats at 1000 mg/kg/day exhibited 
acyclic/irregular cycles (e.g., prolonged estrous cycles).  There were no other test 
article-related effects on reproductive parameters, including sperm analysis, mating 
index, fertility index, and pre- and post-implantation loss. There were no test article-
related effects on fetal parameters including body weight, sex ratio, and external, 
visceral, and skeletal observations, except slightly increased incidence of delayed 
ossification in sternebrae at 450 and 1000 mg/kg/day. S-7701 was not teratogenic in 
rats at oral dose up to 1000 mg/kg/day. 
 
In an embryofetal development, time-mated female rabbits received S-7701 at oral 
doses of 0, 30, 100, and 300 mg/kg/day.  Rabbits at 100 and 300 mg/kg/day exhibited 
maternal toxicity including mortality and abortion at 300 mg/kg/day, premature delivery 
at 100 mg/kg/day, adverse clinical signs, and decreases in food consumption and body 
weight gains. There were no test article-related effects on post-implantation loss and 
fetal parameters including body weight, sex ratio, external, visceral, or skeletal 
observations. S-7701 was not teratogenic in rabbits at oral dose up to 300 mg/kg/day. 
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In the pre- and postnatal developmental toxicity study, mated F0 female rats received 
pirfenidone at oral doses of 0, 100, 300, and 1000 mg/kg/day from GD 7 to lactation day 
20. F0 females at ≥100 mg/kg/day exhibited a dose-dependent increased incidence of 
adverse clinical signs on the first day of dosing and a dose-related decrease in body 
weight gain and food consumption during the first week of dosing.  At 1000 mg/kg/day, 
some of these adverse effects persisted throughout the entire dosing period and five 
females were found dead between GD 19 and 23. A slight increase in gestation period 
and decreases of parturition index and numbers of total pups and live pups were 
observed at 1000 mg/kg/day. Viability of F1 pups on Day 4 was also slightly lower in the 
1000 mg/kg/day group. Although F1 pups at ≥300 mg/kg/day had similar birth weights to 
the control pups, there was a slight decrease in body weight at the end of weaning 
period. There were no other test article-related effects on physical, neurobehavioral, 
and reproductive parameters in F1 animals. There were no test article-related effects on 
viability of F2 fetuses at any dose groups, which was examined on GD 15. 
 
Exposure ratios of nonclinical doses used in reproductive toxicology studies to the 
clinical dose are shown below in the table in the labeling section. Based upon findings 
of decreased number of live newborns and reduced viability and body weight of F1 pups 
on day 4 in the pre- and postnatal development study in rats, pirfenidone should be 
placed in Pregnancy Category C. 
 
Photogenotoxicity: Pirfenidone was assessed for photogenotoxic potential with an in 
vitro photomutagenicity assay with bacteria that was determined to be equivocal and an 
in vitro photoclastogenicity assay with Chinese hamster lung fibroblast cells that was 
determined to be positive. The reliability of these photogenotoxicity tests was judged to 
be questionable. In addition, the in vitro clastogenic potential of a photodegradation 
product was determined to be negative with Chinese hamster lung fibroblasts.  
 
The photomutagenic potential of pirfenidone was assessed with bacterial tester strains, 
TA102, WP2/pKM101, and TA98, in the presence and absence of stimulated sun light. 
In Photomutagenicity test 2, revertant counts for strains, WP2/pKM101 and TA98, in the 
presence of light approached the level of toxicological significance (2.0-fold of the 
control) and might be judged to be positive. Revertant counts for strain, WP2/pKM101, 
were elevated at concentrations of 1250 and 2500 µg/mL to 1.69- and 1.76-fold of the 
control, respectively. Revertant counts for strain, TA98, were elevated at concentrations 
of 2500 and 5000 µg/mL to 1.71- and 1.45-fold of the control, respectively. However, 
Photomutagenicity test 1 was judged to be negative as observed maximum increases 
did not reach the level of toxicological test (i.e., strains, TA102, WP2/pKM101, and 
TA98, reached maximum increases of 1.10-, 1.40-, and 1.43-fold of controls, 
respectively). The study was concluded to be equivocal based upon a positive response 
in test 2 and negative response in test 1. 
 
The photoclastogenic potential of S-7701 (pirfenidone) was assessed in vitro with 
cultured Chinese hamster lung fibroblast cells. S-7701 at concentrations up to the limit 
dose of 1.9 mg/mL (10 mM) in the absence of light was not clastogenic. S-7701 at 
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were comparable to the vehicle-control.  The phototoxic potential of pirfenidone was 
evident at doses of 40 and 160 mg/kg/day. The treatment-related lesion was 
characterized by inflammatory changes and primarily occurred in the dermis of the skin 
exposed to pirfenidone + UV irradiation. For pirfenidone at 160 mg/kg/day with UV 
irradiation, the lesion in the dermis extended to the epidermis. The NOAEL for this 3-
day treatment period was 10 mg/kg/day. The AUC value at the NOAEL of 10 mg/kg/day 
was 6.4 µg.hr/mL, which was 3.6% of the exposure at the proposed clinical dose at 801 
mg TID (AUC = 180 µg.hr/mL for parent drug). 
 
Effects of increasing the interval between administration of pirfenidone at 160 mg/kg 
and the start of UV irradiation (10 J/cm2) was examined with respect to the development 
of phototoxic lesions on the auricles of female guinea pigs. Further, effects of lowering 
the dose of UV irradiation (1.25, 2.5, and 5 J/cm2) were examined. Following an oral 
dose of pirfenidone at 160 mg/kg, the Tmax was found to occur between 0.5 and 1 hr 
postdose. The severity of the lesions was significantly reduced with extension of the 
interval between administration of pirfenidone and UV irradiation. Histopathological 
findings in animals irradiated with UV at 6 hr after administration of pirfenidone were 
minimal and similar to the vehicle + UV. Lowering the UV at dose to 1.25 J/cm2 after 
administration of pirfenidone decreased the severity of the lesion to minimal (Total 
Score = 2.0); however, this was significantly higher than that in the vehicle + UV (1.25 
J/cm2) (Total Score = 0.0). Therefore, the safe irradiation dose of UV light after 
administration of pirfenidone was considered to be lower than 1.25 J/cm2. 
 
Effects of sunscreens to ameliorate the phototoxic lesions on the auricles of guinea pigs 
induced by a single oral dose of pirfenidone (160 mg/kg) in combination with UV 
irradiation were examined. Histopathological examination of the auricles from animals in 
Group 2 (no sunscreen + pirfenidone) identified a lesion in the dermis characterized by 
inflammatory cell infiltration consisting of neutrophils and eosinophils, edema, and 
hyperemia. These histopathological findings were also observed in the animals from 
Group 3 (Sunscreen 1 [SPF (sun protection factor) 20 with PA+ (protection grade of 
UVA)] + pirfenidone), Group 4 (Sunscreen 2 [SPF 32 with PA++] + pirfenidone), and 
Group 5 (Sunscreen 3 [SPF 50+ with PA+++] + pirfenidone); however, the lesion 
severity was ameliorated with the higher SPF and PA values. No remarkable changes 
were observed in Group 6 (Sunscreen 4 [SPF 50+ with PA+++] + pirfenidone). Groups 5 
and 6 showed statistically significant lower total scores (1.5 ± 2.0 and 0.0 ± 0.0, 
respectively) of histopathological findings in comparison with Group 2 (5.8 ± 2.0). 
 
The phototoxic potential of pirfenidone was evaluated in Hos:HR-1 hairless mice that 
received 0 (vehicle control) and 500 mg/kg/day pirfenidone by oral gavage with or 
without UV irradiation (5 J/cm2) for 28 day. Reversibility of the toxic effects was 
assessed after a 28-day recovery period. Erythema was observed on the skin of all 
mice of UV-irradiated 500 mg/kg groups from day 1. The erythema did not worsen with 
repeated dosing and UV irradiation. Erythema was generally no longer evident by days 
15 and 18 for males and females, respectively, in the UV-irradiated 500 mg/kg/day 
group. A complete set of organs and tissues was submitted to histopathological 
examination; however, findings were limited to the ear (auricle) and skin. Treatment-
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related mild acanthosis accompanied with mild single cell necrosis were observed in the 
epidermis of the auricle and the dorsal skin in the UV-irradiated 500 mg/kg/day group. 
No such lesions were seen in the pirfenidone alone (500 mg/kg/day) or UV-irradiated 
control groups. No skin lesion was observed in the one month recovery study groups. 
 
Pirfenidone was demonstrated to be phototoxic in guinea pigs and mice. Lengthening 
the period between drug administration and exposure to sunlight might be beneficial in 
reducing phototoxic lesions. Use of sunscreens with high SPF and PA values might 
assist in ameliorating phototoxicity. As noted earlier, pirfenidone was equivocal in a 
photomutagenicity assay and positive in a photoclastogenicity assay. A 
photocarcinogenicity study is not considered to be necessary given that it would not 
affect approval based upon the morbidity associated with IPF and appropriate product 
labeling can be used to warn patients of the potential for phototoxic lesions and 
appropriate behavior modification (e.g., use of sunblock and to wear clothing that 
protects against sun exposure) to minimize the development of these lesions. 
 
Conclusions: The applicant has a complete nonclinical pharmacology and toxicology 
program for pirfenidone, which supports the safety of the proposed clinical dose of 2403 
mg/day for the chronic treatment of idiopathic pulmonary fibrosis. 
 
Unresolved toxicology issues (if any): None.  
 
Recommendations: From a nonclinical pharmacology and toxicology standpoint, the 
application is recommended for approval. 
 
Evaluation of labeling:  
The sponsor submitted proposed labeling in general conformance with 21 CFR Parts 
201, 314, and 601 Requirements on Content and Format of Labeling for Human 
Prescription Drug and Biological Products and Draft Guidances and Two Guidances for 
Industry on the Content and Format of Labeling for Human Prescription Drug and 
Biological Products; Final Rule and Notices (January 24, 2006). 
 
A photocarcinogenicity study is not considered to be necessary given that it would not 
affect approval based upon the morbidity associated with IPF and appropriate product 
labeling can be used to warn patients of the potential for phototoxic lesions and 
appropriate behavior modification (e.g., use of sunblock and to wear clothing that 
protects against sun exposure) to minimize the development of these lesions. See 
Section 5.2 under Warnings and Precautions. 
 
Under Sections 8.1  findings of decreased numbers of live newborn and 
reduced pup viability and body weights from the pre- and postnatal study in rats (PCLN-
PIRF-079) that received a dose of 1000 mg/kg were added. Significant maternal toxicity 
was evident at this dose; however, the dose is only 3-fold higher than the maximum 
recommended human dose in adults on a mg/m2 basis. The pregnancy category should 
be revised to C based upon these data. 
 

(b) (4)
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Table 108 Exposure ratios of doses used in nonclinical studies as compared to the 
clinical dose on a mg/m2 basis 
Drug: Pirfenidone

# daily
age mg/dose doses mg/day kg mg/kg factor mg/m²

Adult >12 801 3 2403 50 48.0600 37 1778.22
conv. Dose Ratio Rounded Dose Ratio

route mg/kg/d factor mg/m² Adults Adults
Reproduction and Fertility:

rat Oral 450 6 2700 1.52 1
rat Oral 900 6 5400 3.04 3

Teratogenicity:
rat Oral 450 6 2700 1.52 1
rat Oral 900 6 5400 3.04 3
rat Oral 50 6 300 0.17 0.2
rat Oral 150 6 900 0.51 0.5
rat Oral 450 6 2700 1.52 1
rat Oral 1000 6 6000 3.37 3

rabbit Oral 30 12 360 0.20 0.2
rabbit Oral 100 12 1200 0.67 0.7
rabbit Oral 300 12 3600 2.02 2

Overdosage:
mouse Oral 792.5 3 2378 1.34 1
mouse Oral 1000 3 3000 1.69 2
mouse Oral 2000 3 6000 3.37 3

rat Oral 500 6 3000 1.69 2
rat Oral 1000 6 6000 3.37 3

dog Oral 200 20 4000 2.25 2
dog Oral 1000 20 20000 11.25 11

Other:
guinea pig Oral 160 4 640 0.36 0.4

mouse Oral 500 3 1500 0.84 1
Conversion, Correction, and Rounding  Factors:

Human Age Weight Factor Factor Exposure greater than Round to
(yr) (kg) (kg/m²) Species (kg/m²) x-times human nearest

0 3 25 dog 20 1 1
1 10 25 guinea pig 8 10 5
2 12 25 hamster 4 100 10
4 16 25 monkey 12 1000 100
6 20 25 mouse 3 10000 1000

12 50 37 rabbit 12
rat 6  
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1 Executive Summary 

 
1.2 Brief Discussion of Nonclinical Findings in Reproductive and 

Developmental Studies 
Pirfenidone had no effects on fertility and reproductive performance in rats at oral 
doses up to 1000 mg/kg/day. There was no evidence of teratogenicity in rats and 
rabbits that received oral doses up to 1000 and 300 mg/kg/day, respectively, 
during the period of organogenesis. Acyclic/irregular cycles were seen in rats at 
oral doses ≥450 mg/kg/day in the presence of other maternal toxicity. Further, 
prolongation of the gestation period, decreased numbers of live pups, and 
reduced pup viability and body weights were seen in rats at an oral dose of 
1000 mg/kg/day.  Due to the findings of decreased numbers of live newborn and 
reduced pup viability and body weights from the pre- and postnatal study in rats, 
Pirfenidone is recommended as Pregnancy Category C. 

 

2 Drug Information 

2.1 Drug 
  

Esbriet® 
 

2.1.1  CAS Registry Number (Optional) 

 CAS registry number: 53179-13-8 
 

2.1.2  Generic Name 

 Pirfenidone 
 

2.1.3  Code Name 

 S-7701 or AMR-69 
 

2.1.4 Chemical Name 

5-methyl-1-phenyl-2-(1H)-pyridone 
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9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

Study title:  S-7701: Oral (Gavage) Study for Effects on Fertility and Embryo-
Fetal Development in Rats 

Study no.: PCLN-PIRF-078  
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd. 1-1, Futaba-cho 3-
chome, Toyonaka, Osaka 561-0825, 
Japan 

Date of study initiation: August 2, 1999 
GLP compliance: There was no statement of GLP 

compliance with the study director's 
signature; however, it was stated that the 
study was conducted in compliance with 
Japanese Ministry of Health and Welfare 
Ordinance No. 21 and the Guideline for 
reproductive and developmental toxicity 
studies 

QA statement: Not provided, but “Inspection Records” 
are included 

Drug, lot #, and % purity: S-7701, lot # PIRD (03) 03-97, 99.85%  
purity 

Key Study Findings 

• The effects of S-7701 on fertility, reproductive performance and embryo-fetal 
development were examined in rats that received S-7701 at oral doses of 0, 50, 
150, 450 and 1000 mg/kg/day. The dosing period encompassed 4 weeks prior to 
mating and continuously until the day before necropsy for males and 2 weeks 
prior to mating and through Gestation Day (GD) 17 for females.   

• Male rats at 450 and 1000 mg/kg/day exhibited overt toxicity, including adverse 
clinical signs and decreases in body weight gains and food consumption. Male 
rats at 1000 mg/kg/day also displayed hepatocellular hypertrophy with increased 
organ weights in the liver and kidneys.   

• Female rats at 150, 450 and 1000 mg/kg/day also exhibited overt toxicity, 
adverse clinical signs of decreased body weight gains during the gestation 
period.  Decreased food consumption was also seen in female rats at 450 and 
1000 mg/kg/day during the premating period and in females at 1000 mg/kg/day 
during the gestation period.   

• Female rats at 450 and 1000 mg/kg/day exhibited acylic/irregular cycles (e.g., 
prolonged estrous cycles).  There were no other test article-related effects on 
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reproductive parameters, including sperm analysis, mating index, pre- and post-
implantation loss. 

• There were no test article-related effects on post-implantation loss and fetal 
parameters including body weight, sex ratio, external, visceral or skeletal 
observations, except slightly increased incidence of delayed ossification in 
sternebrae at 450 and 1000 mg/kg/day. 

• S-7701 was not teratogenic in rats at oral dose up to 1000 mg/kg/day. 
 
 
Methods 

Doses: 0, 50, 150, 450 and 1000 mg/kg/day 
Frequency of dosing: Once daily; the dosing period encompassed 4 

weeks prior to mating and continuously until the 
day before necropsy for males and 2 weeks 
prior to mating and through GD 17 for females. 

Dose volume: 10 mL/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: Aqueous 0.5% (w/v) sodium carboxymethyl 
cellulose (CMC) 

Species/Strain: Rat, Jcl:SD (Sprague-Dawley) 
Number/Sex/Group: 20/sex/group 

Satellite groups: None 
Study design: Combined study of fertility and early embryonic 

developmental toxicity study with embryo-fetal 
developmental toxicity study 

Deviation from study protocol: Listed deviations in the report would not impact 
the overall interpretation of the study results. 

Basis for Dose Selection:  

The doses were selected based on the maternal and fetal toxicity observed in a 
previous fertility and fetal developmental study of S-7701 in rats administered orally as a 
dietary formulation at doses of 450 and 900 mg/kg/day. The high dose of 1000 
mg/kg/day was also the high dose of the 6-month oral gavage toxicity study in rats and 
the limiting daily dose as stipulated in the Guideline for the Toxicity Studies of Drugs. 

Observations and Results 

Mortality:   

Animals were observed twice daily, except once on holidays and the necropsy day. 
Three females at 1000 mg/kg/day were found dead on the first day of dosing, and prior 
to death, these females exhibited hypoactivity, hypopnea, and/or weakness of limbs. At 
necropsy, these females had dark red lungs, liver, and ovaries, pale spleen and/or 
retention of little contents or aqueous contents in the stomach.  Relationship to test 
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article is questionable since these females died after the first dose and there were no 
deaths at 1000 mg/kg/day in the 6-month rat toxicity study. 
 
One male rat at 50 mg/kg/day was found dead on Day 52, but the death of this male 
was considered incidental due to a dosing error since compound-like material was 
present in the trachea and lungs, lungs were discolored and displayed emphysematous 
changes.  

Clinical Signs:  

Clinical observations were performed twice daily, except once on holidays and the 
necropsy day.  
A majority of male rats at 450 and 1000 mg/kg/day exhibited hypoactivity, weakness of 
limbs, abnormal gaits, hypopnea (only at 1000 mg/kg/day) and/or ptosis on the first day 
and first two days of dosing, respectively.  Two male rats at 150 mg/kg/day also showed 
ptosis on the first day of dosing. 
 
On the first day of dosing, two female rats at 50 mg/kg/day and 20 females at 
150 mg/kg/day exhibited hypoactivity and some of these females also had ptosis.  In 
addition, all female rats at 450 and 1000 mg/kg/day exhibited hypoactivity, weakness of 
limbs, abnormal gaits, hypopnea and/or ptosis on the first day of dosing and as well as 
on the second day of dosing but in fewer number of animals.  These signs were 
observed in females at 1000 mg/kg/day throughout two weeks of the premating period.  
A single incidence of twitching or hypothermia was also observed in females at 1000 
mg/kg/day on the first day of dosing.  Hypoactivity, weakness of limbs, abnormal gait 
and ptosis were sporadically observed in females at the 1000 mg/kg/day during the 
gestation period. 

Body Weight:   

Body weight was measured twice a week for males, and twice a week before copulation 
and daily from GD 0 to 21 after copulation for females. 
A decrease in mean body weight gain was observed in males at 450 and 
1000 mg/kg/day (11.9 and 9.7%, respectively), relative to the control group (266.3 g) 
during the entire dosing period. 
 
During the premating period, an increase in mean body weight gain was observed in 
females at 1000 mg/kg/day (40.4%), relative to the control group (25.0 g).  The increase 
at 1000 mg/kg/day was correlated with the pseudopregancy observed in this group as 
described in the Fertility Parameters section. Eight pseudopregnant rats had mean 
body weight gain of 46.6 g and also increased food consumption, whereas non-
pseudopregnant rats in this group had a similar mean body weight gain (24.9 g) as the 
control female group. 
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In pregnant rats, a decrease in mean body weight gain was observed at 150, 450 and 
1000 mg/kg/day (10.3, 7.7 and 16.0%, respectively), relative to the control group 
(131.8 g) during the dosing period (GD 0-17).  

Feed Consumption:  

Food consumption was measured once a week for males, and once a week before 
copulation and daily from GD 0 to 21 after copulation for females. 
A slight, but statistically significant decrease in mean food consumption was observed in 
male rats at 450 and 1000 mg/kg/day (6.1 and 11.3%, respectively), relative to the 
control group (29.3 g/day/rat) during the first week of dosing. 
 
During the first week of the premating period, a slight, but statistically significant 
decrease in mean food consumption was observed in females at 450 and 
1000 mg/kg/day (7.5 and 11.4%, respectively), relative to the control group 
(20.1 g/day/rat). During the second week of the premating period, a statistically 
significant increase in mean food consumption was observed in females at 
1000 mg/kg/day (9.4%, respectively), relative to the control group (20.3 g/day/rat), 
however, this increase was most likely due to pseudopregancy observed in this group 
as described in the Fertility Parameters section.  The pseudopregnant rats had higher 
food consumption (24.5 g/day/rat) during the second week of premating period, which 
was also associated with increased body weight gain.  The food consumption 
(20.3 g/day/rat) in the remaining females at 1000 mg/kg/day was comparable to the 
control females during this period.  
 
In pregnant rats, slightly decreased mean food consumption was observed at 
1000 mg/kg/day (a daily change ranges from +1.4 to -14.4%), relative to the control 
group during the dosing period (GD 0-17). 

Toxicokinetics:  

Not performed 

Stability and Homogeneity:  

S-7701 in 0.5%(w/v) CMC was stable at a concentration of 0.01% and 20% for 8 days 
at 4°C and then for 4 hours at room temperature (Study No. S-7701-B-15-L), and also 
homogenous at concentrations of 1.5 and 20%.  The concentration range of 0.5% to 
10% was within the range of 100.0-101.8% of the nominal concentrations at the first 
preparation and 98.6-102.2% at the last preparation. 

Necropsy:  

Males (on study day 63) and females (on GD 21 for pregnant and the last day of mating 
period for un-copulated) were necropsied, and the following organs were weighed: 
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heart, lungs, liver, kidneys, spleen, testes, prostate (ventral lobe), seminal vesicles 
(excluding contents), epididymides, uterus (for nonpregnant rats), and ovaries. 
Liver, kidneys and testes from six males from control and 1000 mg/kg groups were 
histopathologically examined. In addition, ovaries and uterus of the nonpregnant rats, 
and testes, epididymides and prostate of males mated with these females, kidney and 
urinary bladder were also histopathologically examined.   
 
There were no test article-related necropsy findings in males and females and change 
in organ weights in females.  There was a test article-related increase in the absolute 
and relative organ weights of the kidneys and liver in male rats at 1000 mg/kg/day.  
Hepatocellular hypertrophy in the centrilobular zone was observed in male rats at 
1000 mg/kg/day, which was correlated with the increased liver weights. 
 

Table 1 Organ weights in male rats 
Parameter 0  (control) 50 

mg/kg/day 
150 

mg/kg/day 
450 

mg/kg/day 
1000 

mg/kg/day 
Relative kidney weight 
(per 100 g BW)  

0.55 g +7.3% +5.5% +12.7%* +18.2%* 

Relative liver weight 
(per 100 g BW) 

3.44 g +4.1% +4.7% +11.6%* +23.3%* 

Relative lung weight 
(per 100 g BW) 

0.26 g +3.8% +7.7% +7.7% +11.5%*,a 

Relative spleen weight 
(per 100 g BW) 

0.16 g 0% 0% 0% +12.5%*,a 

Relative testes weight 
(per 100 g BW)  

0.66 g +6.1% +3.0% +6.1% +13.6%* 

Absolute testes weight 3.90 g +5.4% +1.8% +0.3% +7.7%*  
* statistically significant 
a Although there was a statistically significant increase in relative weights in the lungs and spleen and the 
absolute and relative testes weights at 1000 mg/kg/day and relative weights in the kidney and liver at 450 
mg/kg/day, the increase is not considered test article-related due to small increase in magnitude, a lack of 
dose-response relationship, and/or lack of abnormal histopathological findings in testes.  In addition, the 
decreased body weight gain may have influenced these changes. 

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation 
Loss, etc.):  

Estrous cycle observation, sperm head counts/motility for the control and 
1000 mg/kg/day groups, mating/fertility indices, number of corpora lutea, implantations, 
live and dead fetuses and placental anomalies were examined.  
 
There was an increased incidence of acylic/irregular cycles in the 450 and 
1000 mg/kg/day groups (7 and 12 rats, respectively), relative to the control group 
(3 rats).  Female rats at 1000 mg/kg/day exhibited prolonged estrous cycles (mean of 
9.9 days per cycle), compared to the control group (mean of 4.1 days per cycle).  Out of 
the 17 females at 1000 mg/kg/day, eight females (E202, E204, E205, E208, E209, 
E210, E217 and E218) exhibited anestrous state for at least 14 days, indicating 
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pseudopregnancy. These rats had increased body weight gain and food consumption 
as described in the Body Weight and Feed Consumption sections. 
 
A slightly decreased fertility index was observed in the 1000 mg/kg/day group (82%, 3 
nonpregant rats out of 17 mated rats), compared to the control group (90%, 2 
nonpregant rats out of 20 mated rats). Since the increase was minor in magnitude, its 
relationship to test article is questionable.  There were no test article-related effects on 
sperm head counts/motility at 1000 mg/kg/day, mating index, placental observation, pre-
implantation loss and postimplantation loss. 
   
Table 2  Cesarean section data 
Parameter 0  (control) 50 

mg/kg/day 
150 

mg/kg/day 
450 

mg/kg/day 
1000 

mg/kg/day 
Mating Index (%)a 100 (20/20) 100 (20/20) 100 (20/20) 100 (20/20) 100 (17/17) 
Fertility Index (%)b 90 (18/20) 90 (18/20) 95  (19/20) 100 (20/20) 82 (14/17) 
No. of pregnant rats  18 18 19 20 14 
Litter mean no. of 
corpora lutea  

18.3 18.7 18.7 19.3 19.5 

Litter mean no. of 
implantation  

16.4 16.6 15.8 17.4 18.4 

Litter mean no. of live 
fetuses  

14.4 15.4 14.3 16.7 17.6 

Fetal sex ratio (M%:F%) 52:48 55:45 53:47 47:53 49:51 
Preimplantation loss 
(litter mean % ± S.D.) 

13 ± 20 11 ± 16 14 ± 17 10 ± 11 6 ± 6 

Postimplantation loss 
(litter mean % ± S.D.) 

11 ± 10 7 ± 9 10 ± 11 4 ± 5 5 ± 5 

aMating Index (%) = (No. of pairs copulated/No. of pairs cohabited) 
bFertility Index (%) = (No. of pregnant females/No. of mated females) 

Offspring (Malformations, Variations, etc.):   

Fetuses were sexed, weighed and examined for external anomalies.  Approximately 
one-half of the live fetuses from each litter were examined for visceral changes, and the 
remaining fetuses were examined for skeletal changes.  Fetuses for visceral 
examinations were fixed with Bouin’s fluid and were examined using the free hand razor 
blade section technique for the control, 450 and 1000 mg/kg/day groups.  Fetuses for 
skeletal examinations were stained with alizarin red S and performed for the control, 
450 and 1000 mg/kg/day groups. 
 
S-7701 was not teratogenic in rats at oral doses up to 1000 mg/kg/day.  There were no 
test article-related effects on fetal parameters including sex ratio, body weight, external, 
visceral and skeletal observations, except slightly increased incidence of delayed 
ossification in sternebrae at 450 and 1000 mg/kg/day.  The increase in unossified 
sternebrae V or VI was also observed in the previous fertility and fetal developmental 
study in rats given dietary dose of 450 and 900 mg/kg/day of S-7701 (Study No. 

 6896-100). 
 

(b) (4)
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At 450 mg/kg/day, 3 fetuses from 3 different litters had transverse foramen of 7th 
cervical arch.  This finding was not observed in the control group as well in the 
1000 mg/kg/day group.  Since the skeletal examinations were not performed in the 50 
and 150 mg/kg/day groups, its relationship to test article administration was uncertain. 
 

Table 3  Fetal visceral observations (No. of affected fetuses (No. of affected litters)) 
Parameter 0  (control) 450 

mg/kg/day 
1000 

mg/kg/day 
No. of fetuses examined/No. 
litters observed  

133/18 172/20 125/14 

Ventricular septal defect 0 0 1 (1)a 
Persistent truncus arteriosus 0 0 1 (1)a 
Dilatation of renal pelvis 4 (4) 6 (4)b 5 (4) b 
 aDue to a single incidence, the finding is not considered test article-related. 
 bDue to slightly increased incidence, the finding is not considered test article-related. 
 

Table 4  Fetal skeletal observations (No. of affected fetuses (No. of affected litters)) 
Parameter 0  (control) 450 

mg/kg/day 
1000 

mg/kg/day 
No. of fetuses examined/No. 
litters observed  

126/18 162/20 121/14 

Transverse foramen of 7th cervical 
arch 

0 (0) 3 (3) 0 (0) 

Retarded ossification in hyoid 
bone 

2 (2) 1 (1) 4 (1) 

Retarded ossification in 
sternebrae I-VI 

12 (10) 27 (16) 26 (10) 
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Methods 
Doses: 0, 30, 100, and 300 mg/kg/day 

Frequency of dosing: Once daily for 13 days during the organogenesis 
(GD 6 -18) 

Dose volume: 10 mL/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% (w/v) carboxymethyl cellulose (CMC) 
Species/Strain: Japanese White rabbits (Kbl: JW) 

Number/Sex/Group:  20 females/group 
Satellite groups: None 

Study design: No unique study design  
Deviation from study protocol: Not provided 

Basis for Dose Selection:  

The doses were selected based on the a dose-range study in non-pregnant rabbits 
given 100, 300 and 1000 mg/kg/day for 5 days and a preliminary embryo-fetal 
development study in pregnant rabbits given 30, 100, 300 and 600 mg/kg/day. 

Observations and Results 

Mortality:  

Animals were observed for general condition once daily prior to initiation of dosing, 3 
times daily during the dosing period, and twice daily during the postdose period (GD 19-
28) and once on GD 29. 
 
One rabbit at 300 mg/kg/day (Dam No. 311) was found dead on GD 27.  In addition, two 
rabbits at the 300 mg/kg/day (Dam Nos. 301 and 317 for GD 26 and GD 24, 
respectively) were preterminally sacrificed due to abortion, and one rabbit (Dam No. 
209) at 100 mg/kg/day was preterminally sacrificed due to premature delivery on GD 28.  
One rabbit in the control group (Dam No. 1) was also preterminally sacrificed due to 
abortion on GD 27. 
 
Prior to death, rabbit No. 311 exhibited adverse clinical signs, including accelerated 
respiration, deep respiration, prone position, dilatation of auricular vessels, sluggish 
startle reaction, salivation, ptosis, and ear drop during the dosing period and fecal 
findings (scant or no feces) from GD 14 until found dead, and no urine for two days prior 
to the death. In addition, no or almost no food consumption was observed from GD 12-
25.  At necropsy, congested trachea and lungs, enlarged kidneys and pale and enlarged 
liver were noted for this rabbit. 
 
The aborted rabbits at the 300 mg/kg/day had similar antemortem findings to those 
observed in rabbit No. 311, with respect to clinical signs and decreased food 
consumption.   
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Rabbit No. 209 at 100 mg/kg/day that had premature delivery was observed with 
accelerated respiration during the dosing period and scant or no feces during the 
postdose period with 3 days with no urine prior to sacrifice.  No or almost no food 
consumption was observed from GD 18-27.  The necropsy findings for this rabbit 
included accentuation in the corticomedullary junction and enlargement in the kidneys. 
 
The aborted control rabbit exhibited accelerated respiration, prone position, salivation 
and scant feces on the day abortion occurred, but did not exhibit any other adverse 
antemortem observations. 

Clinical Signs:  

Animals were observed for general condition once daily prior to initiation of dosing, 3 
times daily during the dosing period, and twice daily during the postdose period (GD 19-
28) and once on GD 29. 
 
Rabbits at the 100 and 300 mg/kg/day exhibited a dose-related increase in adverse 
clinical signs, including accelerated respiration, deep respiration, prone position, 
dilatation of auricular vessels, sluggish startle reaction, salivation, ptosis, ear drop 
and/or lacrimation as shown in Table 5.  These findings were observed several minutes 
after dosing and disappeared within several hours postdose (e.g, 3 hours) and many of 
these findings were observed almost every day during dosing. In addition, test article-
related fecal findings (scant or no feces) were observed at 100 and 300 mg/kg/day, 
which were associated with a decrease in food consumption and body weights.  
Although scant or no feces were also observed in rabbits in control and 30 mg/kg/day 
groups, this finding was observed only during the postdose period in these groups, 
whereas rabbits in the 100 and 300 mg/kg/day groups had scant or no feces during the 
dosing and postdose periods. 
 
Reviewer’s Note: Some individual clinical observation data were not properly scanned 
and thereby some data were missing.  

Table 5  Clinical observations (GD 0-29) 
No. of pregnant dams with the 
following signs 

0  (control) 30 
mg/kg/day 

100 
mg/kg/day 

300 
mg/kg/day 

Accelerated respiration 0 0 15 16 
Deep respiration 0 0 0 1 
Prone position 0 0 11 16 
Dilatation of auricular vessels 0 0 12 16 
Sluggish startle reaction 0 0 2 16 
Salivation 0 0 0 10 
Ptosis 0 0 1 16 
Ear drop  0 0 1 16 
Lacrimation 0 0 0 5 
Scant feces or no feces 3 6 5 5 
No urine 0 1 1 0 
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Body Weight:  

Body weight was recorded on GD 0, 2, and 5-19, and then every other days for GD 21-
29.  Values from non-pregnant animals were excluded from mean calculations. 
 
During the dosing period, there was a dose-related decrease in mean body weight gains 
in the rabbits at the 100 and 300 mg/kg/day, which was associated with decreased food 
consumption and fecal findings (scant or no feces) in these dose groups. 
 
Changes in mean body weight gain during the dosing period were 170 g (0%), 40 g 
(-77%), and -10 g (-100%) for rabbits at the 30, 100 and 300 mg/kg/day, relative to the 
rabbits in the control group (170 g).  Mean body weight of the control rabbits on 
gestation day 6 and 18 were 3.81 and 3.98 kg, respectively.  Changes in mean body 
weight gain during the postdose period were 40 g (-50%), 120 g (+50%), and 200 g 
(+150%) for rabbits at the 30, 100 and 300 mg/kg/day, respectively, relative to the 
rabbits in the control group (80 g).  Mean body weight of the control rabbits on gestation 
day 19 and 29 were 3.99 and 4.07 kg, respectively.  Due to increase in body weight 
gain at 100 and 300 mg/kg/group during the postdose period, rabbits in these groups 
had comparable body weights to rabbits in the control group on the necropsy day. 
 
Reviewer’s Note: Some individual body weight data were not properly scanned and 
thereby some data were missing. 

Feed Consumption:  

Rabbits were allowed ad libitum access to feed. Food consumption was measured on 
the days of body weight measurement, except GD 0. Values from non-pregnant animals 
were excluded from mean calculations. 
 
A decreased in mean food consumption was observed in rabbits at 100 and 
300 mg/kg/day around the dosing period, and the statistically significant decreases were 
noted on GDs 7, 9, 10 and 14-23 in the 100 mg/kg/day group and during GD 7-23 in the 
300 mg/kg/day group.  The decreased food consumption was associated with the 
decrease in body weight gain and fecal findings in these groups. Individual food 
consumption data on animals that were preterminally sacrificed or found dead were 
presented in the Mortality section. 

Toxicokinetics:  

Blood was collected from the auricular vein of pregnant animals from the test article-
treated groups (N =4, 5, 5 for 30, 100 and 300 mg/kg/day groups, respectively) at 30 
minutes and 24 hours postdose on the first day (GD 6) and last day (GD 19) of dosing.  
Mean plasma concentrations values with standard deviations were calculated. 
 
Concentration at 30 minutes postdose increased with elevating dose, and test article 
was below the limit of quantitation in all dose groups at 24 hr postdose. 
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Table 6 Plasma concentration of S-7701 in dams administered orally on GDs 6 and 18 

 

Stability and Homogeneity:  

The stability of 0.01 and 1% solutions and 2 and 20% suspensions of S-7701 in 0.5% 
CMC has been assured by the Shionogi Study No. S-7701-B-15-L for 4 hours at room 
temperature and for 8 days at 4 °C followed by 4-hour at room temperature.  The 
homogeneity of 2 and 20% suspensions has been assured in Shionogi Study 
No. S-7701-B-15-L.   

Necropsy:  

Animals were sacrificed on GD 29, the uterus was examined for evidence of pregnancy 
and complete macroscopic postmortem examinations were performed.   For pregnant 
rabbits, the heart, lungs, liver, kidneys, spleen, ovaries and gravid uterus were weighed 
and the number of corpora lutea was counted.  Paired organs were weighed separately. 
Dead animals were necropsied immediately after they were found and examined for 
evidence of pregnancy, and the number of corpora lutea was counted.  Animals aborted 
or delivered prematurely were necropsied immediately after they were found and the 
number of corpora lutea was counted. 
 
There were no test article-related necropsy findings, except what was described for the 
rabbit that was found dead in the Mortality section. There was an increase in mean 
absolute and relative weights of the spleen in the 300 mg/kg group (20.0% increase for 
relative weight, relative to the control group). 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation 
Loss, etc.):  

The number of implantation, and live and dead fetuses (early or late deaths) were 
counted.  The properties of amniotic fluid and the appearance of the placenta were 
observed and placental weight was measured. 
 
There were no test article-related effects on reproductive parameters, including 
postimplantation loss, live and dead fetuses.  One rabbit at 300 mg/kg/day (rabbit 
No. 309) did not have any viable fetuses, however, this dam had only single 
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implantation and consequently a single fetus.  An increase in the litter mean % of dead 
fetuses was observed at 300 mg/kg/day; however, if the value of rabbit No. 309 is 
excluded from the calculation, the litter mean % of dead fetuses in this group is 15.1%, 
which is comparable to the control group (15.7%). 

Table 7  Cesarean section data 

Parameter 0  (control) 30 
mg/kg/day 

100 
mg/kg/day 

300 
mg/kg/day 

No. of pregnant rabbits  19a 18 19a 19a 
No. of pregnant rabbits with no 
viable fetuses 

0 0 0 1 

Litter mean  no. of corpora 
lutea  

11.8 10.8 11.0 10.8 

Litter mean no. of implantation  9.1 8.8 7.8 8.6 
Litter mean no. of live fetuses  7.6 7.9 7.0 7.1 
Fetal sex ratio (M%:F%) 45:55 57:43 50:50 47:53 
No. of dead fetuses (litter mean 
% ± S.D.) 

28 (15.7 
±12.2) 

16 (8.8 
±16.7) 

14 (10.1 
±15.4) 

25 (20.4 
±28.2) 

No. of early dead fetuses (litter 
mean %) 

14 (7.9) 5 (3.3) 4 (2.7) 8 (10.9) 

No. of late dead fetuses (litter 
mean %) 

14 (7.8) 11 (5.5) 10 (7.4) 17 (9.5) 

a values from pregnant rabbits either found dead or preterminally sacrificed as described in the Mortality 
section were excluded. 
 
Offspring (Malformations, Variations, etc.):  
 
Live fetuses were examined for external anomalies including those in the oral cavity and 
were sexed and weighed.  The visceral organs and tissues, except for the brain, of all 
live fetuses with no external anomalies were examined using gross pathological 
techniques, and the heart was removed and fixed in 10% neutral buffered formalin and 
examined under a stereoscopic microscope according to the modified method of 
Nishimura.  After visceral examinations, fetuses were stained with alizarin red S for 
skeletal examinations.  For animals found dead, aborted or prematurely delivered, the 
number of implantations, physical development and external morphology of fetuses or 
pups were evaluated to the extent possible. Fetal data were pooled by litter (separately 
for body weight by sex) and the litter was served as the unit of analysis. 
 
There were no test article-related effects on fetal parameters including sex ratio, body 
weight, external, visceral and skeletal observations.   
 
Flexion contracture of the wrist joint was observed in one fetus at 30 mg/kg/day.  
However, this finding was considered incidental since a single incidence was observed 
in only low-dose group.  In addition, a slight increase in incidence of sutural bone was 
observed at 300 mg/kg/day (3.8%), compared to the control group (1.6%).  Since the 
magnitude of the increase was minor and there was lack of other potential test article-
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related skeletal variation or malformations, the finding on sutural bone at 300 mg/kg/day 
was not considered test article-related. 

Table 8  Fetal visceral observations (No. of affected fetuses (mean litter % incidence)) 
Parameter 0  (control) 30 mg/kg/day 100 

mg/kg/day 
300 

mg/kg/day 
No. of fetuses/No. litters observed  135/18 141/18 126/18 113/15 
Persistent left azygos vein 0 0 0 1 (0.7)a 
Hypoplasia of right ventricle 0 0 0 1 (0.7) a 
Thymic remnant in neck 0 0 0 1 (0.6) a 
aDue to a single incidence, the finding is not considered test article-related. 

Table 9  Fetal skeletal observations (No. of fetuses (mean litter % incidence)) 
Parameter 0  (control) 30 mg/kg/day 100 

mg/kg/day 
300 

mg/kg/day 
No. of fetuses/No. litters observed  135/18 141/18 126/18 113/15 
Sutural bone  2 (1.6) 3 (1.7) 2 (1.2) 5 (3.8) 

9.3 Prenatal and Postnatal Development   

Study title:  S-7701: Oral (Gavage) Study for Effects on Pre- and Postnatal 
Development, Including Maternal Function in Rats 

Study no: PCLN-PIRF-079 (original report written in 
Japanese) 

Study report location: EDR 
Conducting laboratory and location: Developmental Research Laboratories, 

Shionogi & Co., Ltd. 3-1-1, Futaba-cho, 
Toyonaka, Osaka 561-0825, Japan 

Date of study initiation: January 10, 2002 
GLP compliance: Yes, GLP standard of Japanese Ministry 

of Health and Welfare Ordinance No. 21 
QA statement: Yes 

Drug, lot #, and % purity: S-7701, Lot No. PIRD (03)03-97, 100.1% 
purity 

Key Study Findings 

• In a pre- and postnatal development study, mated F0 female rats received S-
7701 at oral doses of 0, 100, 300, and 1000 mg/kg/day from Gestation Day (GD) 
7 to Lactation Day (LD) 20. 

• F0 females at ≥100 mg/kg/day exhibited a dose-dependent increased incidence 
of adverse clinical signs on the first day of dosing and a dose-related decrease in 
body weight gain and food consumption during the first week of dosing.  At 
1000 mg/kg/day, some of these adverse effects persisted throughout the entire 
dosing period, and five females were found dead between GD 19 and 23. 
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• A slight increase in gestation period and a decrease in parturition index and 
number of total pups and live pups were observed at 1000 mg/kg/day. Viability of 
F1 pups on Day 4 was also slightly lower in the 1000 mg/kg/day. 

• Although F1 pups at ≥300 mg/kg/day had similar birth weights to the control pups, 
there was a slight decrease in body weight at the end of weaning period. There 
were no other test article-related effects on physical, neurobehavioral, and 
reproductive parameters in F1 animals. 

• There were no test article-related effects on viability of F2 fetuses at any dose 
groups, which was examined on GD 15. 

 
Methods 

Doses: 0, 100, 300 and 1000 mg/kg/day  
Frequency of dosing: Once daily dosing from GD 7 to LD 20 

Dose volume: 10 mL/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% (w/v) sodium carboxymethyl cellulose 
(CMC) 

Species/Strain: Rat, Jcl:SD (Sprague-Dawley) 
Number/Sex/Group: 20 F0 females/group 

Satellite groups: None 
Study design: For F2 generation, only viability of fetuses was 

evaluated on GD 15. 
Deviation from study protocol: Listed deviations in the report would not impact 

the overall interpretation of the study results. 

Basis for Dose Selection:  

Doses for this study were selected based on the results of the fertility and embryo-fetal 
developmental toxicity study in rats that were administered 50, 150, 450, and 
1000 mg/kg/day of S-7701. 
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Observations and Results  

F0 Dams 
Survival: Five dams at 1000 mg/kg/day were found dead from 

GD 19 through GD 23.  All these rats exhibited 
adverse clinical signs including hypoactivity, 
hypopnea, salivation and/or perinasal staining. 
Necropsy findings for these rats were black points 
and specks in the glandular stomach, dilatation of 
the stomach and/or dark-red discoloration of the 
lungs.  The cause of death was unclear. 

Clinical signs: Clinical observations were performed twice daily, 
except once on weekends and holidays.   
After the first dose, females in S-7701-dosed groups 
exhibited following signs: hypoactivity in 12 rats at 
100 mg/kg/day and all rats at 300 and 
1000 mg/kg/day, hypopnea (in 1 and 16 rats at 300 
and 1000 mg/kg/day, respectively) and lacrimation 
(2 rats at 1000 mg/kg/day).  In the 100 and 
300 mg/kg/day groups, these clinical signs were not 
observed from the second day of dosing until the 
end of gestation, except hypoactivity on GDs 20-21 
and LD 1-2 (with two occasions of salivation on 
LD 1) in rats at 300 mg/kg/day. Rats at 
1000 mg/kg/day continued to exhibit some of these 
signs throughout the gestation and lactation 
periods, but the incidences were decreased. Rats at 
1000 mg/kg/day also exhibited salivation from 
GD 12 onward until the end of gestation and a few 
times during the lactation period.  In addition, one 
occasion of poor nursing was observed on LD 0 (in 
each S-7701-dosed groups) and LD 1 (in 300 and 
1000 mg/kg/day groups). 

Body weight: Body weight was measured on GD 0, 4, daily from 
GD 7 through the day of parturition, LD 4, 7, 11, 14, 
18 and 21. 
A dose-dependent decrease in mean body weight 
gain was observed during the first week of the 
dosing period (12.9, 16.7 and 21.3% decrease at 
100, 300, and 1000 mg/kg/day, respectively, relative 
to the control [48.0 g]). Females at 1000 mg/kg/day 
still exhibited a decreased mean body weight gain 
during the second week of the dosing period (8.1% 
decrease relative to the control group [135.1 g] 
between GD 7 and 21) and a slight decrease in 
body weight on LD 21 (5.1% decrease relative to 
the control [366.3g]). 
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Feed consumption: Food consumption was measured from GD 7 to 21, 
LD 4, 7, 11, 14, 18 and 21. 
A dose-dependent and statistically significant 
decrease in mean food consumption was observed 
in F0 females in all S-7701-dosed groups during the 
first week of the dosing period.  F0 females at 
1000 mg/kg/day still exhibited decreased food 
consumption until GD 19.  In addition, F0 females at 
≥300 mg/kg/day exhibited slightly decreased food 
consumption during the lactation period. 

Uterine content: Ovary and uterus were weighed at the necropsy 
and there were no test article-related effects on 
these organ weights. 

Necropsy observation: F0 females were sacrificed on LD 21.  There were 
no test article-related necropsy findings. 

Toxicokinetics: Not performed 
Stability and homogeneity: There was no issue on stability and homogeneity of 

the drug preparation. 
Drug formulations prepared on 2/6/2002 and 
3/13/2002 were in the range of 99.5-100% and 
97.6-110%, respectively, of the nominal 
concentrations. 

Reproductive Parameters: Females at 1000 mg/kg/day exhibited statistically 
significant changes in the following parameters: 
increased gestation period, a decrease in parturition 
index, mean number of total newborns and live 
newborns. 

 

Table 10  Reproductive assessment of F0 females 
Parameter 0  (control) 100 

mg/kg/day 
300 

mg/kg/day 
1000 

mg/kg/day 
No. of pregnant rats  20 20 19 20 
No. of parturient rats 20 20 19 15 
Parturition index (%) 100 100 100 75* 
Mean gestation period (days)  22.2 22.2 22.1 22.7* 
Litter mean no. of implant sites 18.0 17.8 18.0 17.5 
Litter mean no. of total newborns 16.2 17.0 16.1 14.4* 
Litter mean no. of live newborns 16.0 16.8 15.5 13.4* 
Fetal sex ratio (M%:F%) 52:48 48:52 53:47 52:48 
Viability of F1 pups on Day 0 (%)a 88.9 94.7 86.0 77.2* 
Viability of F1 pups on Day 4 (%)b 98.2 94.4 93.7 89.4 
Viability of F1 pups on Day 7 (%)c 100.0 100.0 100.0 93.3 
* Statistically significant 
aViability of F1 pups on Day 0 (%) = (No. live pups/Total No. implants) x 100 
bViability of F1 pups on Day 4 (%) = (No. live pups on day 4/ No. live pups on day 0) x 100 
cViability of F1 pups on Day 7(%) = (No. live pups on day 7/ No. live pups after adjustment on day 4) x 100 
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F1 Generation 
Survival: Viability indices of F1 pups were calculated for PD 0, 

4, 7, 14 and 21. 
A statistically significant decrease in mean viability of 
F1 pups was observed on Postpartum Day (PD) 0 in 
the 1000 mg/kg/day group. A slight, but not 
statistically significant decrease in viability rate was 
still observed on PD 4 in the 1000 mg/kg/day group. 

Clinical signs: The report stated that clinical observations were 
daily performed on PD 0 to 21 and PD 22 to the day 
of necropsy (for assigned for neurobehavioral and 
reproduction function tests). However, data of clinical 
observations were not included in the report. 

Body weight: Body weight was measured on PD 0, 4, 7, 11, 14, 18 
and 21, PD 28 (open field test), PD 42 (water maze 
test), weekly from PD 4 weeks to 15 weeks (for rats 
assigned for reproduction test) and GD 0, 7 and 15 
(for mated females). 
There was no test article-related effect on body 
weight of newborns on PD 0, however, a slight 
decrease in mean body weight was observed in 
males in the 300 and 1000 mg/kg/day groups (-6.7% 
and -6.7%, respectively, relative to the control (62.7 
g) and females in the 300 and 1000 mg/kg/day 
groups (-5.9% and -7.9%, respectively, relative to the 
control (60.6 g) on PD 21.  In the 1000 mg/kg/day 
group, slightly lower mean body weights were still 
observed in males (-4.8% relative to the control) and 
females (-6.6% relative to the control) on PD 42 as 
well as in pregnant females during the gestation 
period. 

Feed consumption: Not performed 
Physical development: Physical development was assessed by the following 

parameters: external examination on PD 0, auricular 
development on PD 4, abdominal hair growth and 
incisor eruption on PD 14, eye opening on PD 16; air 
righting, pinna reflex, auditory reflex, corneal reflex, 
pain reflex and surface righting on PD 20; skeletal 
examinations by soft X-ray for pups in the control 
and 1000 mg/kg/day groups. 
There were no test article-related effects on any 
parameters examined.  There were slightly increased 
incidences of skeletal variation at 1000 mg/kg/day, 
including lumbarization (mean of 7.1 vs. 3.8 in the 
control), rudimentary lumbar ribs (mean of 19.6 vs. 
12.5 in the control) and accessory sternebrae (mean 
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of 25.0 vs. 20.0 in the control).  Due to the small 
magnitude increase, these findings are not 
considered test article-related. 

Neurological assessment: An open field test on PD 28 and water multiple T-
maze test on PD 42-45 were performed. 
There were no test article-related effects on these 
neurobehavioral assessments. 

Reproduction: Penile maturation and vaginal opening from PD 25, 
estrous cycle from PD 56 to mating, as well as 
mating and fertility indices were evaluated. In 
addition, testes, epididymides and ovary were 
weighted. 
There were no test article-related effects on any 
reproductive parameters examined. 

Other: Necropsy was performed on PD 21, except for the 
rats assigned for reproduction function test or 
neurobehavioral tests.  Animals assigned for 
neurobehavioral tests were sacrificed on 7 weeks of 
age and animals assigned for the reproduction test 
were sacrificed on 15 weeks of age for males and on 
GD 15 for pregnant females. 
There were no test article-related necropsy findings. 

 

Table 11  Reproductive assessment of F1 animals 
Parameter 0  (control) 100 

mg/kg/day 
300 

mg/kg/day 
1000 

mg/kg/day 
Mating index (%)  95 (19/20) 100 (19/19) 100 (19/19) 100 (14/14) 
Fertility index (%) 89 (17/19) 89 (17/19) 95 (18/19) 100 (14/14) 
Mean no. of corpora lutea  18.5 18.5 18.4 17.3 
Mean litter no. of implantation  15.9 16.8 16.1 15.3 
Mean litter no. of live fetuses  14.2 15.2 14.8 13.9 
Mean litter no. of dead fetuses 1.7 1.6 1.3 1.4 
Mean preimplantation loss per 
litter (%) 

13 9 12 11 

Mean postimplantation loss per 
litter (%) 

11 10 9 11 

 
For F2 generation, only viability of fetuses was evaluated on GD 15 as shown in 
Table 11. 
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11 Integrated Summary and Safety Evaluation 
 

Pirfenidone is under development by the sponsor for the treatment of idiopathic 
pulmonary fibrosis (IPF). IPF is a consequence of many types of severe lung injury and 
is almost always associated with an alveolar inflammatory reaction. IPF is characterized 
by an increase in lung matrix and alterations in the numbers and spatial relationship of 
lung parenchymal cells. The increase in lung connective tissue primarily results from 
increased production and deposition of matrix macromolecules, which are produced 
secondary to activation and proliferation of fibroblasts at the sites of lung injury. Patients 
with IPF suffer a relentless and debilitating loss of lung function, with progressive 
respiratory insufficiency that ultimately culminates in death. Pirfenidone will be 
administered chronically to IPF patients at a dose of 2403 mg per day (three capsules 
TID with each capsule containing 267 mg pirfenidone) resulting in AUC values of 180 
µg.hr/mL for pirfenidone and 146 µg.hr/mL for it 5-carboxylic acid metabolite. 
 
Summaries and evaluations of reproductive toxicology studies conducted with 
pirfenidone are provided in this review.  These reproductive toxicology studies include 
combined fertility and embryo-fetal developmental toxicity study in the rat, embryo-fetal 
developmental toxicity study in the rabbit, and pre- and postnatal developmental toxicity 
study in the rat. 
 
In the combined fertility and embryo-fetal developmental toxicity study, the effects of 
pirfenidone (S-7701) on fertility, pregnancy and embryo-fetal development was 
examined in rats that received S-7701 at oral doses of 0, 50, 150, 450 and 
1000 mg/kg/day. The dosing period encompassed 4 weeks prior to mating and 
continuously until the day before necropsy for males and 2 weeks prior to mating and 
through GD 17 for females. Male rats at 450 and 1000 mg/kg/day exhibited overt 
toxicity, including adverse clinical signs and decreases in body weight gains and food 
consumption. Male rats at 1000 mg/kg/day also displayed hepatocellular hypertrophy 
with increased organ weights in the liver and kidneys. Female rats at ≥150 mg/kg/day 
also exhibited overt toxicity, including adverse clinical signs, decreased body weight 
gains during the gestation period.  Decreased food consumption was also seen in 
female rats at 450 and 1000 mg/kg/day during the premating period and in females at 
1000 mg/kg/day during the gestation period. Female rats at 450 and 1000 mg/kg/day 
exhibited acyclic/irregular cycles (e.g., prolonged estrous cycles).  There were no other 
test article-related effects on reproductive parameters, including sperm analysis, mating 
index, fertility index, and pre- and post-implantation loss. There were no test article-
related effects on fetal parameters including body weight, sex ratio, and external, 
visceral, and skeletal observations, except slightly increased incidence of delayed 
ossification in sternebrae at 450 and 1000 mg/kg/day. S-7701 was not teratogenic in 
rats at oral dose up to 1000 mg/kg/day. 
 
In the embryo-fetal developmental toxicity study, time-mated female rabbits received 
S-7701 at oral doses of 0, 30, 100, and 300 mg/kg/day from GD 6 through GD 18.  
Rabbits at ≥100 mg/kg/day exhibited maternal toxicity including mortality, abortion at 
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300 mg/kg/day, premature delivery at 100 mg/kg/day, adverse clinical signs, and 
decreases in food consumption and body weight gains. There were no test article-
related effects on post-implantation loss and fetal parameters including body weight, 
sex ratio, external, visceral, or skeletal observations. S-7701 was not teratogenic in 
rabbits at oral dose up to 300 mg/kg/day. 
 
In the pre- and postnatal developmental toxicity study, mated F0 female rats received 
S-7701 at oral doses of 0, 100, 300, and 1000 mg/kg/day from GD 7 to lactation day 20. 
F0 females at ≥100 mg/kg/day exhibited a dose-dependent increased incidence of 
adverse clinical signs on the first day of dosing and a dose-related decrease in body 
weight gain and food consumption during the first week of dosing.  At 1000 mg/kg/day, 
some of these adverse effects persisted throughout the entire dosing period, and five 
females were found dead between GD 19 and 23. A slight increase in gestation period 
and a decrease in parturition index and number of total pups and live pups were 
observed at 1000 mg/kg/day. Viability of F1 pups on Day 4 was also slightly lower in the 
1000 mg/kg/day. Although F1 pups at ≥300 mg/kg/day had similar birth weights to the 
control pups, there was a slight decrease in body weight at the end of weaning period. 
There were no other test article-related effects on physical, neurobehavioral, and 
reproductive parameters in F1 animals. There were no test article-related effects on 
viability of F2 fetuses at any dose groups, which was examined on GD 15. 
 
Due to the findings of decreased numbers of live newborn and reduced pup viability and 
body weights from the pre- and postnatal study in rats that received a dose of 
1000 mg/kg/day, the pregnancy category should be revised to C.  See Dr. Timothy 
Robison’s review of NDA 22-535 completed on April 5, 2010 for Suggest Labeling. 
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Appendix 17: Minutes of ECAC Meeting dated February 23, 2010 



Executive CAC 
Date of Meeting: February 23, 2010 
 
Committee: David Jacobson-Kram, Ph.D., OND IO, Chair 

Abby Jacobs, Ph.D., OND IO, Member 
Paul Brown, Ph.D., OND IO, Member 
Molly Shea, Ph.D., DPAP, Team Leader 
Tim Robison, Ph.D., DPAP, Presenting Reviewer 

 
Author of Draft: Tim Robison, Ph.D. 
 
The following information reflects a brief summary of the Committee discussion and its 
recommendations.  
 
NDA# 22-535 
Drug Name: Pirfenidone (Esbriet®) 
Sponsor: InterMune 
 
Background: Two-year mouse and rat carcinogenicity studies with pirfenidone were 
conducted by the  

 The sponsor did not have prior FDA concurrence on doses for either 
study. 
 
Rat Carcinogenicity Study:  
In a 2-year carcinogenicity study, rats received pirfenidone by admixture to the feed at 
nominal doses of 0, 375, 750, and 1500 mg/kg/day. There were no treatment-related 
effects on mortality rates. The mortality rate did not exceed 22% for any control or 
treatment group. By the end of the 104-week treatment period, absolute body weights at 
doses of 375, 750, and 1500 mg/kg/day were decreased to 94.1, 88.2, and 78.0% of the 
control for males and 91.7, 79.8, and 71.0% of the control for females, respectively. 
Treatment-related neoplastic findings were observed in the liver and uterus. 
Hepatocellular adenomas and combined hepatocellular adenomas and carcinomas were 
observed at statistically significant increased incidences for males at 750 and 1500 
mg/kg/day and females at 1500 mg/kg/day. Incidences of uterine adenocarcinomas and 
combined incidences of adenocarcinoma and adenoma were observed at statistically 
significant increased incidences for females at 1500 mg/kg/day. 
 
Mouse Carcinogenicity Study:  
In a 2-year carcinogenicity study, mice received pirfenidone by admixture to the feed at 
nominal doses of 0, 800, 2000, and 5000 mg/kg/day. There were no treatment-related 
effects on mortality. By the end of the 104-week treatment period, absolute body weights 
at doses of  800, 2000, and 5000 mg/kg/day were decreased to 87.8, 77.3, and 67.0% of 
the control for males and 94.7, 89.7, and 80.6% of the control for females, respectively. 
For male mice, hepatocellular adenoma, the combination of hepatocellular adenomas and 
carcinomas, and hepatoblastomas were observed at statistically significant increased 
incidences for all treatment groups and hepatocellular carcinomas were observed at 

(b) (4)



statistically significant increased incidences for doses of 2000 and 5000 mg/kg/day. For 
female mice, hepatocellular adenoma and the combination of hepatocellular adenomas 
and carcinomas were observed at statistically significant increased incidences for doses 
of 2000 and 5000 mg/kg/day and hepatocellular carcinomas were observed at a 
statistically significant increased incidence for the dose of 5000 mg/kg/day. 
 
Executive CAC Recommendations and Conclusions: 
 
Rat: 
 

• The Committee agreed that the study was adequate. 
 
• The Committee concluded that the neoplastic findings in the liver of males and 

females (hepatocellular adenomas and combined hepatocellular adenomas and 
carcinomas) and uterus (adenocarcinomas and combined adenocarcinoma and 
adenoma) were drug related.  

 
Mouse: 
 

• The Committee agreed that the study was adequate. 
 
• The Committee concluded that the hepatocellular adenomas, hepatocellular 

carcinomas, combined hepatocellullar adenomas and carcinomas in male and 
female mice, and hepatoblastomas in males were drug related. 

 
 
David Jacobson-Kram, Ph.D. 
Chair, Executive CAC 
 
 
cc:\ 
/NDA 22-535 Division File, DPAP 
/MShea, DPAP 
/TRobison, DPAP 
/EChung, DPAP 
/ASeifried, OND IO 
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 1. Background  
 
In this submission the sponsor included reports of two animal carcinogenicity studies, one in rats and one in 
mice. These studies were intended to assess the carcinogenic potential of Pirfenidone (S-7701) in rats and mice 
when administered daily by admixture to the oral feed for 104 weeks. Results of this review have been discussed 
with the reviewing pharmacologist Dr. Robinson. 
 
In this review, the phrase "dose response relationship" refers to the linear component of the effect of treatment, 
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases. 
  

2. Rat Study 
 
Two separate experiments were conducted, one in males and one in females. In each of these two 
experiments there were three treated groups, and one control group. The dose levels for treated groups were 
375, 750, and 1500 mg/kg/day.  In this review these dose groups were referred to as the low, medium, and 
high dose group, respectively. The animals in the control group remained untreated. Two hundred 
F344/DuCrj(Fischer)[SPF] rats of each sex were randomly allocated stratified by body weight to treated and 
control groups in equal size of 50 animals.  
 
All animals were observed for general condition twice a day (morning and afternoon) or more. Mortality was 
observed regularly until necropsy. The palpation was performed once every week. Individual body weights 
were measured once a week from the initiation to Week 26 of dosing and thereafter once every 2 weeks. The 
final body weight of moribund and dead animals was measured when they were found. The body weight of 
the animals scheduled for necropsy at the termination of dosing was measured on the day of necropsy. All 
organs and tissues of all animals in all treatment groups were examined histopathologically. 
 

2.1. Sponsor's analyses 
 
2.1.1. Survival analysis 
 
The sponsor estimated the survival function of each treatment group using the Kaplan-Meier product limit 
method and presented graphically. The survival rates of control group and each treatment group were 
compared using the Log-rank test at two tail 5% level of significance. 
 
Sponsor’s findings: For male rats the sponsor’s analysis showed mortality rates of 16%, 14%, 14%, and 20% 
in control , low, medium, and high dose groups, respectively; and for female rats these were 18%, 16%, 22%, 
and 18% in control , low, medium, and high dose groups, respectively. The sponsor concluded that there 
were no treatment related effects on mortality in either sex. 
 
2.1.2. Tumor data analysis 
 
The sponsor analyzed the tumor data for dose response relationship using the methodologies suggested by 
Peto et al. (1980) at one tail 5% level of significance. In addition, pairwise comparisons tumor incidences 
were performed between the control group and each treatment group using the Fisher’s exact test at two tail 
5% level of significance. 
 
Sponsor’s findings: Sponsor’s analyses showed statistically significant dose response relationships in the 
incidences of hepatocellular adenoma in both sexes, and uterus adenocarcinoma in females. The pairwise 
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comparisons showed statistically significant increased incidence of hepatocellular adenoma in medium and 
high dose males and high dose females compared to their respective controls. The sponsor’s pairwise 
comparisons also showed statistically significant increased incidence of uterus adenocarcinoma in medium 
and high dose in females compared to the control. 
  

2.2. Reviewer's analyses  
 
To verify sponsor’s analyses and to perform additional analysis suggested by the reviewing pharmacologist, this 
reviewer independently performed survival and tumor data analyses. Data used in this reviewer's analyses were 
provided by the sponsor electronically. 
 
2.2.1. Survival analysis 
 
The survival distributions of animals in all four treatment groups were estimated by the Kaplan-Meier product 
limit method. The dose response relationship was tested using the likelihood ratio test and homogeneity of 
survival distributions was tested using the log-rank test.  The intercurrent mortality data are given in Tables 1A 
and 1B in the appendix for male and female rats, respectively. The Kaplan-Meier curves for survival rate are 
given in Figures 1A and 1B in the appendix for male and female rats, respectively. Results of the tests for dose 
response relationship and homogeneity of survivals, are given in Tables 2A and 2B in the appendix for male and 
female rats, respectively.   
 
Reviewer’s findings: This reviewer’s analysis showed mortality rates of 16%, 14%, 14%, and 20% in control , 
low, medium, and high dose groups, respectively in male rats; and 18%, 16%, 22%, and 18% in control , low, 
medium, and high dose groups, respectively in female rats. These rates match with the analysis results of the 
sponsor. This reviewer’s analysis showed no statistically significant dose response relationship in mortality 
across treatment groups in either sex. The pairwise comparisons also did not show statistically significant 
increased mortality in any treated group compared to the combined control. 
 
2.2.2. Tumor data analysis 
 
This reviewer analyzed the tumor data for dose response relationships and pairwise comparisons of control 
with each of the treated groups. Both the dose response relationship tests and pairwise comparisons were 
performed using the Poly-k method described in the paper of Bailer and Portier (1988) and Bieler and Williams 
(1993). In this method an animal that lives the full study period ( maxw ) or dies before the terminal sacrifice with 

at least one tumor gets a score of hs =1. An animal that dies at week hw  without a tumor before the end of the 

study gets a score of hs =
k

h

w
w

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

max

<1. The adjusted group size is defined as Σ hs . As an interpretation, an 

animal with score hs =1 can be considered as a whole animal while an animal with score hs <1 can be 

considered as a partial animal. The adjusted group size Σ hs is equal to N (the original group size) if all animals 
live up to the end of the study or if each animal develops at least one tumor, otherwise the adjusted group size is 
less than N. These adjusted group sizes are then used for the dose response relationship (or the pairwise) tests 
using the Cochran-Armitage test. One critical point for Poly-k test is the choice of the appropriate value of k, 
which depends on the tumor incidence pattern with the increased dose. For long term 104 week standard rat 
and mouse studies, a value of k=3 is suggested in the literature. Hence, this reviewer used k=3 for the analysis of 
this data. For the calculation of p-values the exact permutation method was used. The tumor rates and the p-
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values of the tumor types tested for dose response relationship and pairwise comparisons of treated and control 
groups are given in Tables 3A and 3B in the appendix for male and female rats, respectively.   
 
Multiple testing adjustment:  For the adjustment of multiple testing of dose response relationship the FDA 
guidance for the carcinogenicity study design and data analysis suggests the use of test levels α=0.005 for 
common tumors and α=0.025 for rare tumors for a submission with two species, and a significance level 
α=0.01 for common tumors and α=0.05 for rare tumors for a submission with one species study in order to 
keep the false-positive rate at the nominal level of approximately 10%. A rare tumor is defined as one in which 
the published spontaneous tumor rate is less than 1%. For multiple pairwise comparisons of treated group 
with control the FDA guidance the suggested the use of test levels α=0.01 for common tumors and α=0.05 
for rare tumors, in order to keep the false-positive rate at the nominal level of approximately 10% for both 
submissions with two or one submission. 
 
It should be noted that the FDA guidance for multiple testing for dose response relationship is based on a 
publication by Lin and Rahman (1998). In this work the authors investigated the use of this rule for Peto 
analysis. However, in a later work Lin and Rahman (2008) showed that this rule for multiple testing for dose 
response relationship is also suitable for Poly-K tests. 
 
Reviewer’s findings: In this reviewer’s analysis the following tumor types showed p-values less than or equal 
to 0.05, either for dose response relationship and/or pairwise comparisons of treated and control groups. 
 

Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise Comparisons 
 

 

                                                 Cont    Low     Med     High   P_Value    P_Value  P_Value  P_Value 

 Sex      Organ Name        Tumor Name           N=50    N=50    N=50    N=50   Dose Resp  C vs. L  C vs. M  C vs. H 

 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 Male       liver            adenoma+carcinoma     2       6       34      41    <0.001*    0.1407   <0.001*  <0.001* 

                             adenoma, hepatocellu  1       5       34      41    <0.001*    0.1067   <0.001*  <0.001* 

 

            testis           interstitial cell tu  44      44      49      49    0.0222     0.6298   0.0976   0.0976 

 

            thyroid gland    adenoma+carcinoma     0       0       0       4     0.0039*    .        .        0.0638 

                             follicular cell carc  0       0       0       3     0.0159*    .        .        0.1289 

 

 Female     liver            adenoma+carcinoma     1       3       1       18    <0.001*    0.3084   0.7527   <0.001* 

                             adenoma, hepatocellu  1       3       1       18    <0.001*    0.3084   0.7527   <0.001* 

 

            uterus           adenocarcinoma        2       6       8       13    0.0013*    0.1407   0.0488   0.0021* 

                             adenoma+adenocarcino  3       8       12      14    0.0031*    0.1058   0.0123   0.0036*  

 

 
Based on the criteria of adjustment for multiple testing discussed above the incidences of hepatocellular 
adenoma, combined incidences of hepatocellular adenoma and hepatocellular carcinoma in both sexes, 
thyroid gland follicular cell carcinoma, combined incidences of thyroid gland adenoma and thyroid gland 
carcinoma in male rats, uterus adenocarcinoma, and combined incidences of uterus adenoma and uterus 
adenocarcinoma in female rats were considered to have statistically significant positive dose response 
relationships. Also all pairwise comparisons of treated groups with the combined control marked by the 
asterisks were considered to be statistically significant for increased tumor incidences in the treated group. 
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3. Mouse Study  
 
Two separate experiments were conducted, one in males and one in females. In each of these two 
experiments there were three treated groups, and one control group. The dose levels for treated groups were 
800, 2000, and 5000 mg/kg/day.  In this review these dose groups were referred to as the low, medium, and 
high dose group, respectively. The animals in the control group remained untreated. Two hundred Slc:B6C3F1 
mice of each sex were randomly allocated stratified by body weight to treated and control groups in equal size 
of 50 animals.  
 
All animals were observed for general condition twice a day (morning and afternoon) or more. Mortality was 
observed regularly until necropsy. The palpation was performed once every week. Individual body weights 
were measured once a week from the initiation to Week 26 of dosing and thereafter once every 2 weeks. The 
final body weight of moribund and dead animals was measured when they were found. The body weight of 
the animals scheduled for necropsy at the termination of dosing was measured on the day of necropsy. All 
organs and tissues of all animals in all treatment groups were examined histopathologically. 
 

3.1. Sponsor's analyses 
3.1.1. Survival analysis 
 
The sponsor analyzed the survival data from the mouse study using the same statistical methodologies as they 
used to analyze the survival data from the rat study.  
 
Sponsor’s findings: For male mice the sponsor’s analysis showed mortality rates of 32%, 34%, 22%, and 
38% in control , low, medium, and high dose groups, respectively; and for female mice these were 42%, 36%, 
26%, and 28% in control , low, medium, and high dose groups, respectively. The sponsor concluded that 
there were no treatment related effects on mortality. 
 
 
3.1.2. Tumor data analysis 
 
The sponsor analyzed the tumor data from the mouse study using the same statistical methodologies as they 
used to analyze the tumor data from the rat study.   
 
Sponsor’s findings: Sponsor’s analysis showed statistically significant dose response relationship in the 
incidences of hepatocellular adenoma and hepatocellular carcinoma in both sexes, and hepatoblastoma in 
male mice. The pairwise comparisons showed that the incidence of hepatocellular adenoma in all treated 
males and females, the incidence of hepatocellular carcinoma in males receiving 2,000 mg/kg/day and both 
males and females receiving 5,000 mg/kg/day, and the incidence of hepatoblastoma in all treated males were 
significantly increased compared to those in controls. The pairwise comparisons also showed statistically 
significant increment in the incidences of malignant lymphoma in lymph node and combined incidences of 
malignant lymphoma in all sites in females receiving 800 mg/kg/day. 
   

3.2. Reviewer's analyses  
 
This reviewer independently performed survival and tumor data analyses from the mouse study. For the mouse 
data analyses this reviewer used similar methodologies as he used to analyze the data from the rat study. Data 
used in this reviewer's analyses were provided by the sponsor electronically. 
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3.2.1. Survival analysis 
 
The intercurrent mortality data are given in Tables 4A and 4B in the appendix for male and female mice, 
respectively. The Kaplan-Meier curves for death rate are given in Figures 2A and 2B in the appendix for male 
and female mice, respectively. Results for test of dose response relationship and homogeneity of survivals 
among treatment groups are given in Tables 5A and 5B in the appendix for male and female mice, respectively.  
 
Reviewer’s findings: This reviewer’s analysis showed mortality rates of 32%, 34%, 22%, and 38% in control, 
low, medium, and high dose groups, respectively in male mice; and 42%, 36%, 26%, and 28% in control, low, 
medium, and high dose groups, respectively in female mice. This reviewer’s analysis showed no statistically 
significant dose response relationship in mortality across treatment groups in either sex. The pairwise 
comparisons also did not show statistically significant increased mortality in any treated group compared to the 
respective control. 
 
3.2.2. Tumor data analysis 
 
The tumor rates and the p-values of the tumor types tested for dose response relationship and pairwise 
comparisons of treated and control groups are given in Table 6A and 6B in the appendix for male and female 
mice, respectively.  
  
Reviewer’s findings: Following tumor types showed p-values less than or equal to 0.05 either for dose 
response relationship or pairwise comparisons of treated and control groups.  
 

Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise Comparisons 
 

 

                                                  Cont    Low     Med     High   P_Value    P_Value  P_Value  P_Value 

   Sex     Organ Name        Tumor Name           N=50    N=50    N=50    N=50   Dose Resp  C vs. L  C vs. M  C vs. H 

   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

  Male     liver             adenoma+carcinoma     21      39      47      49      <0.001*  <0.001*  <0.001*  <0.001* 

                             adenoma, hepatocellu  16      36      47      46      <0.001*  <0.001*  <0.001*  <0.001* 

                             carcinoma, hepatocel  7       13      35      45      <0.001*  0.0744   <0.001*  <0.001* 

                             hepatoblastoma        0       7       14      21      <0.001*  0.0055*  <0.001*  <0.001*   

 

  Female   liver             adenoma+carcinoma     15      26      42      48      <0.001*  0.0330   <0.001*  <0.001* 

                             adenoma, hepatocellu  8       20      38      45      <0.001*  0.0101   <0.001*  <0.001* 

                             carcinoma, hepatocel  8       7       15      28      <0.001*  0.7463   0.1139   <0.001* 

                             hepatoblastoma        0       1       0       3       0.0339   0.5172   .        0.1294 

 

            lymph node       malignant lymphoma    12      23      15      12      0.8858   0.0273   0.4276   0.6673 

 

 
Based on the multiple testing adjustment procedure discussed in the rat data analysis section, the incidences 
of hepatocellular adenoma, hepatocellular carcinoma, combined incidences of hepatocellular adenoma and 
hepatocellular carcinoma in both sexes, and hepatoblastoma in male mice were considered to have statistically 
significant positive dose response relationships. Also all pairwise comparisons of treated groups with the 
combined control marked by the asterisks were considered to be statistically significant for increased tumor 
incidences in the treated group.  
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4.  Summary  
 
In this submission the sponsor included reports of two animal carcinogenicity studies, one in rats and one in 
mice. These studies were intended to assess the carcinogenic potential of Pirfenidone (S7701) in rats and mice 
when administered daily through orally feed at appropriate drug levels for about 104 weeks.  
 
In this review, the phrase "dose response relationship" refers to the linear component of the effect of treatment, 
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases. 
  
Rat Study: Two separate experiments were conducted, one in male and one in female rats. In each of these 
two experiments there were three treated groups, and one control group. The dose levels for treated groups 
were 375, 750, and 1500 mg/kg/day.  In this review these dose groups were referred to as the low, medium, 
and high dose group, respectively. The animals in the control group remained untreated. Two hundred 
F344/DuCrj(Fischer)[SPF] rats of each sex were randomly allocated stratified by body weight to treated and 
control groups in equal size of 50 animals.  
 
All animals were observed for general condition twice a day (morning and afternoon) or more. Mortality was 
observed regularly until necropsy. The palpation was performed once every week. Individual body weights 
were measured once a week from the initiation to Week 26 of dosing and thereafter once every 2 weeks. The 
final body weight of moribund and dead animals was measured when they were found. The body weight of 
the animals scheduled for necropsy at the termination of dosing was measured on the day of necropsy. All 
organs and tissues of all animals in all treatment groups were examined histopathologically. 
 
Tests showed no statistically significant dose response relationship in mortality across treatment groups in either 
sex. The pairwise comparisons also did not show statistically significant increased mortality in any treated group 
compared to the combined control. Test showed statistically significant positive dose response relationship in 
the incidences of hepatocellular adenoma, combined incidences of hepatocellular adenoma and hepatocellular 
carcinoma in both sexes, thyroid gland follicular cell carcinoma, combined incidences of thyroid gland 
adenoma and thyroid gland carcinoma in male rats, uterus adenocarcinoma, and combined incidences of 
uterus adenoma and uterus adenocarcinoma in female rats. The following pairwise comparisons showed 
statistically significant increased incidences of indicated tumor types in the respective treated groups: 
 

 

 Sex      Organ Name        Tumor Name                    C vs. M  C vs. H 

 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 Male       liver            adenoma+carcinoma               *        * 

                             adenoma, hepatocellular         *        * 

 

 Female     liver            adenoma+carcinoma                        * 

                             adenoma, hepatocellu                     * 

            uterus           adenocarcinoma                           * 

                             adenoma+adenocarcino                     *  

 

 
Mouse Study: Two separate experiments were conducted, one in male and one in female mice. In each of 
these two experiments there were three treated groups, and one control group. The dose levels for treated 
groups were 800, 2000, and 5000 mg/kg/day.  In this review these dose groups were referred to as the low, 
medium, and high dose group, respectively. The animals in the control group remained untreated. Two 
hundred S-7701 in Slc:B6C3F1 mice of each sex were randomly allocated stratified by body weight to treated 
and control groups in equal size of 50 animals. 
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All animals were observed for general condition twice a day (morning and afternoon) or more. Mortality was 
observed regularly until necropsy. The palpation was performed once every week. Individual body weights 
were measured once a week from the initiation to Week 26 of dosing and thereafter once every 2 weeks. The 
final body weight of moribund and dead animals was measured when they were found. The body weight of 
the animals scheduled for necropsy at the termination of dosing was measured on the day of necropsy. All 
organs and tissues of all animals in all treatment groups were examined histopathologically. 
 
Tests showed no statistically significant dose response relationship in mortality across treatment groups in either 
sex. The pairwise comparisons also did not show statistically significant increased mortality in any treated group 
compared to the combined control. Test showed statistically significant positive dose response relationships in 
the incidences of hepatocellular adenoma, hepatocellular carcinoma, combined incidences of hepatocellular 
adenoma and hepatocellular carcinoma in both sexes, and hepatoblastoma in male mice. The following 
pairwise comparisons showed statistically significant increased incidences of indicated tumor types in the 
respective treated groups: 
 

 

   Sex     Organ Name    Tumor Name                C vs. L  C vs. M  C vs. H 

   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

  Male     liver          adenoma+carcinoma           *        *        * 

                          adenoma, hepatocellu        *        *        * 

                          carcinoma, hepatocel                 *        * 

                          hepatoblastoma              *        *        *   

 

  Female   liver          adenoma+carcinoma                    *        * 

                          adenoma, hepatocellu                 *        * 

                          carcinoma, hepatocel                          * 

 

 
 
 
                                                                                                                   Mohammad Atiar Rahman, Ph.D. 
                                                                                                                   Mathematical Statistician 
Concur: Karl Lin, Ph.D. 
              Team Leader, Biometrics-6 
 
cc: 
Archival NDA 22-535            
Dr. Robison                                                                                  Dr. Machado  
Mr. Keefe                                                                                      Dr. Lin 
Ms. Chung                                                                                     Dr. Rahman 
                                                                                                      Ms. Patrician 
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5. Appendix 

 
Table 1A: Intercurrent Mortality Rate 

Male Rats 
 

                                         Control          375mg|kg|day     750mg|kg|day     1500mg|kg|day 

                                        No. of           No. of           No. of           No. of 

                         Week            Death  Cum. %    Death  Cum. %    Death  Cum. %    Death  Cum. % 

                         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                         0 - 52              1    2.00        .     .          .     .          .     . 

                         53 - 78             .     .          1    2.00        .     .          .     . 

                         79 - 91             2    6.00        2    6.00        2    4.00        1    2.00 

                         92 - 104            5   16.00        4   14.00        5   14.00        9   20.00 

                         Ter. Sac.          42   84.00       43   86.00       43   86.00       40   80.00 

 

 
 

Table 1B: Intercurrent Mortality Rate 
Female Rats 

 

                                         Control          375mg|kg|day     750mg|kg|day     1500mg|kg|day 

                                        No. of           No. of           No. of           No. of 

                         Week            Death  Cum. %    Death  Cum. %    Death  Cum. %    Death  Cum. % 

                         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                         53 - 78             2    4.00        .     .          .     .          1    2.00 

                         79 - 91             2    8.00        5   10.00        3    6.00        2    6.00 

                         92 - 104            5   18.00        3   16.00        8   22.00        6   18.00 

                         Ter. Sac.          41   82.00       42   84.00       39   78.00       41   82.00 

 

 
 
 

Table 2A: Intercurrent Mortality Comparison 
Male Rats 

 
                                            Test             Statistic         P_Value 

                                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                                            Dose-Response    Likelihood Ratio   0.8199 

                                            Homogeneity      Log-Rank           0.8628 

 

 
 

Table 2B: Intercurrent Mortality Comparison 
Female Rats 

 
                                            Test             Statistic         P_Value 

                                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                                            Dose-Response    Likelihood Ratio   0.9438 

                                            Homogeneity      Log-Rank           0.9049 
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Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Male Rats 

 
                                                   0 mg    375 mg  750 mg 1500 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            adrenal gland    pheochromocytoma, be  2       2       1       3       0.3674   0.6995   0.8829   0.5199 

 

            brain            astrocytoma           0       0       1       0       0.5026   .        0.5053   . 

                             malignant meningioma  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             malignant reticulosi  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             meningioma            0       0       1       0       0.5026   .        0.5053   . 

 

            colon            adenoma               0       0       0       1       0.2513   .        .        0.5053 

 

            cranial bone     osteosarcoma          0       0       1       0       0.5052   .        0.5104   . 

 

            heart            schwannoma, intramur  0       1       0       0       0.7539   0.5053   .        . 

 

            heart sac        mesothelioma          1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            ileum            leiomyosarcoma        0       0       0       1       0.2513   .        .        0.5053 

 

            kidney           lipoma                0       0       1       1       0.1898   .        0.5104   0.5053 

                             malignant schwannoma  0       0       1       0       0.5052   .        0.5104   . 

 

            liver            adenoma+carcinoma     2       6       34      41      <0.001*  0.1407   <0.001*  <0.001* 

                             adenoma, hepatocellu  1       5       34      41      <0.001*  0.1067   <0.001*  <0.001* 

                             carcinoma, hepatocel  1       1       0       2       0.3039   0.7579   1.0000   0.5080 

 

            lumbar vertebra  malignant schwannoma  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            lung             alveolar/bronchiolar  5       1       1       2       0.8908   0.9868   0.9868   0.9475 

 

            mammary gland    fibroadenoma          0       2       2       0       0.6862   0.2526   0.2526   . 

                             fibroma               2       0       1       0       0.9404   1.0000   0.8829   1.0000 

 

            pancreatic isle  adenocarcinoma        4       2       1       0       0.9939   0.8981   0.9720   1.0000 

                             adenoma               5       7       3       4       0.7741   0.3944   0.8661   0.7570 

 

            parathyroid gla  adenoma               0       0       0       1       0.2552   .        .        0.5104 

 

            peritoneum       lipoma                1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            pituitary gland  adenoma, pars distal  11      10      3       1       0.9999   0.6889   0.9963   0.9999 

                             carcinoma, pars dist  5       3       1       4       0.6731   0.8661   0.9876   0.7671 

 

            preputial gland  adenocarcinoma        0       1       0       0       0.7539   0.5053   .        . 

                             adenoma               0       0       1       1       0.1891   .        0.5053   0.5053 

 

            prostate         adenoma               1       0       1       1       0.4576   1.0000   0.7579   0.7579 

 

            scrotum          mesothelioma          2       1       1       0       0.9430   0.8789   0.8789   1.0000 

(Continued) 
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Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Male Rats 

(Continued) 
                                                   0 mg    375 mg  750 mg 1500 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            skin             basal cell epithelio  0       0       0       1       0.2513   .        .        0.5053 

                             neural crest tumor    1       0       2       1       0.4332   1.0000   0.5158   0.7629 

                             sebaceous adenoma     0       0       0       1       0.2513   .        .        0.5053 

                             sebaceous cell carci  1       0       0       1       0.5052   1.0000   1.0000   0.7577 

                             squamous cell papill  0       2       0       1       0.4576   0.2526   .        0.5053 

 

            spinal cord      glioma                0       0       1       0       0.5026   .        0.5053   . 

 

            spleen           LGL leukemia          9       14      12      3       0.9849   0.1695   0.3306   0.9876 

 

            subcutaneous ti  fibroma               8       4       2       3       0.9681   0.9446   0.9930   0.9788 

                             malignant schwannoma  0       0       0       1       0.2552   .        .        0.5104 

 

            subcutaneous_ti  fibroma+fibrosarcoma  8       4       2       3       0.9681   0.9446   0.9930   0.9788 

 

            testis           interstitial cell tu  44      44      49      49      0.0222   0.6298   0.0976   0.0976 

                             mesothelioma          0       0       0       1       0.2552   .        .        0.5104 

 

            thyroid gland    adenoma+carcinoma     0       0       0       4       0.0039*  .        .        0.0638 

                             C-cell_adenoma+carci  9       14      10      11      0.5190   0.1842   0.5407   0.4423 

                             C-cell adenoma        5       10      8       7       0.4782   0.1398   0.3041   0.4096 

                             C-cell carcinoma      4       4       2       4       0.5882   0.6547   0.9029   0.6660 

                             follicular cell aden  0       0       0       1       0.2513   .        .        0.5053 

                             follicular cell carc  0       0       0       3       0.0159*  .        .        0.1289 

 

            tongue           squamous cell carcin  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            urinary bladder  transitional cell ca  0       1       0       0       0.7552   0.5104   .        . 

                             transitional cell pa  1       1       0       0       0.9404   0.7579   1.0000   1.0000 

 

            vertebral bone   chordoma              0       1       0       0       0.7539   0.5053   .        . 

 

            zymbal's gland   adenoma               0       0       1       1       0.1891   .        0.5053   0.5053 
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Table 3B:  Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Female Rats 

 

                                                   0 mg    375 mg  750 mg 1500 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            adrenal gland    pheochromocytoma, be  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             pheochromocytoma, ma  1       1       0       0       0.9385   0.7527   1.0000   1.0000 

 

            brain            malignant reticulosi  0       0       1       0       0.5000   .        0.5000   . 

 

            duodenum         leiomyoma             0       1       0       0       0.7500   0.5000   .        . 

 

            ileum            leiomyosarcoma        0       1       0       0       0.7500   0.5000   .        . 

 

            kidney           adenoma, renal tubul  0       1       0       0       0.7500   0.5000   .        . 

                             carcinoma, renal tub  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            liver            adenoma+carcinoma     1       3       1       18      <0.001*  0.3084   0.7527   <0.001* 

                             adenoma, hepatocellu  1       3       1       18      <0.001*  0.3084   0.7527   <0.001* 

 

            lumbar vertebra  osteosarcoma          0       0       1       0       0.5000   .        0.5000   . 

 

            lung             alveolar/bronchiolar  5       0       2       0       0.9939   1.0000   0.9446   1.0000 

 

            lymph node       malignant lymphoma    1       1       0       0       0.9392   0.7579   1.0000   1.0000 

 

            mammary gland    adenocarcinoma        0       2       1       0       0.7351   0.2473   0.5000   . 

                             adenoma               0       1       0       0       0.7500   0.5000   .        . 

                             fibroadenoma          5       3       2       1       0.9711   0.8663   0.9446   0.9868 

                             fibroma               1       1       0       0       0.9385   0.7527   1.0000   1.0000 

 

            ovary            malignant granulosa-  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            pancreatic isle  adenoma               3       2       0       1       0.9222   0.8193   1.0000   0.9415 

 

            pituitary gland  adenoma, pars distal  6       8       7       4       0.8176   0.3865   0.5165   0.8420 

                             carcinoma, pars dist  5       3       3       3       0.7704   0.8663   0.8729   0.8663 

                             ganglioneuroma        1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            sacral vertebra  chordoma              0       1       0       0       0.7500   0.5000   .        . 

 

            salivary gland   malignant schwannoma  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            skin             neural crest tumor    0       1       0       0       0.7500   0.5000   .        . 

                             squamous cell carcin  0       0       1       0       0.5000   .        0.5000   . 

                             squamous cell papill  0       0       1       0       0.5000   .        0.5000   . 

 

            spleen           LGL leukemia          8       4       3       0       0.9994   0.9301   0.9701   1.0000 

 

            subcutaneous ti  fibrosarcoma          0       0       0       1       0.2540   .        .        0.5053 

                             malignant schwannoma  0       1       0       0       0.7500   0.5000   .        . 

                             osteosarcoma          1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            subcutaneous_ti  fibroma+fibrosarcoma  0       0       0       1       0.2540   .        .        0.5053 

(Continued) 
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Table 3B:  Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Female Rats 

(Continued) 
                                                   0 mg    375 mg  750 mg 1500 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            thyroid gland    adenoma+carcinoma     0       0       0       2       0.0615   .        .        0.2473 

                             c-cell_adenoma+carci  6       8       6       8       0.3621   0.3865   0.6207   0.3865 

                             C-cell adenoma        5       7       6       6       0.4661   0.3793   0.5000   0.5000 

                             C-cell carcinoma      1       1       0       2       0.2999   0.7527   1.0000   0.5000 

                             follicular cell aden  0       0       0       1       0.2500   .        .        0.5000 

                             follicular cell carc  0       0       0       1       0.2500   .        .        0.5000 

 

            urinary bladder  transitional cell pa  0       0       1       0       0.5000   .        0.5000   . 

 

            uterus           adenocarcinoma        2       6       8       13      0.0013*  0.1407   0.0488   0.0021* 

                             adenoma               1       2       4       1       0.5379   0.5000   0.1807   0.7527 

                             adenoma+adenocarcino  3       8       12      14      0.0031*  0.1058   0.0123   0.0036* 

                             adenoma+all_carcinom  1       3       5       2       0.3871   0.3165   0.1017   0.5000 

                             deciduoma             0       0       1       0       0.5000   .        0.5000   . 

                             endometrial stromal   0       0       1       0       0.5000   .        0.5000   . 

                                                   20      13      13      19      0.4194   0.9424   0.9424   0.5973 

                             hemangioma            1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             leiomyoma             0       0       0       1       0.2500   .        .        0.5000 

                             leiomyoma+leiomyosar  0       0       0       2       0.0615   .        .        0.2473 

                             leiomyosarcoma        0       0       0       1       0.2500   .        .        0.5000 

                             malignant schwannoma  0       2       0       0       0.8122   0.2526   .        . 

                             undifferentiated car  0       1       1       1       0.2949   0.5053   0.5000   0.5000 

 

            vagina           squamous cell carcin  1       0       0       0       1.0000   1.0000   1.0000   1.0000  
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Table 4A: Intercurrent Mortality Rate in 
Male Mice 

 
                                         0mg|kg|day      800mg|kg|day     2000mg|kg|day    5000mg|kg|day 

                                        No. of           No. of           No. of           No. of 

                         Week            Death  Cum. %    Death  Cum. %    Death  Cum. %    Death  Cum. % 

                         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

                         0 - 52              .     .          .     .          1    2.00        .     . 

                         53 - 78             3    6.00        7   14.00        3    8.00        2    4.00 

                         79 - 91             5   16.00        5   24.00        4   16.00        6   16.00 

                         92 - 104            8   32.00        5   34.00        3   22.00       11   38.00 

                         Ter. Sac.          34   68.00       33   66.00       39   78.00       31   62.00 

 

 
 

Table 4B: Intercurrent Mortality Rate 
Female Mice 

 
                                         0mg|kg|day      800mg|kg|day     2000mg|kg|day    5000mg|kg|day 

                                        No. of           No. of           No. of           No. of 

                         Week            Death  Cum. %    Death  Cum. %    Death  Cum. %    Death  Cum. % 

                         ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

                         0 - 52              2    4.00        .     .          .     .          .     . 

                         53 - 78             4   12.00        4    8.00        1    2.00        4    8.00 

                         79 - 91             7   26.00        2   12.00        6   14.00        5   18.00 

                         92 - 104            8   42.00       12   36.00        6   26.00        5   28.00 

                         Ter. Sac.          29   58.00       32   64.00       37   74.00       36   72.00 

 

 
 

 
Table 5A: Intercurrent Mortality Comparison 

Male Mice 
 
                                            Test             Statistic          P_Value 

                                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                                            Dose-Response    Likelihood Ratio   0.8121 

                                            Homogeneity      Log-Rank           0.4510 

 

 
  

Table 5B: Intercurrent Mortality Comparison 
Female Mice 

 
                                            Test             Statistic         P_Value 

                                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                                            Dose-Response    Likelihood Ratio   0.4545 

                                            Homogeneity      Log-Rank           0.3414 
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Table 6A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Male Mice 

 
                                                   0 mg    800 mg 2000 mg 5000 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            bone marrow      sarcoma, histiocytic  0       1       0       0       0.7500   0.4943   .        . 

 

            duodenum         adenoma               1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            epididymis       sarcoma, histiocytic  0       0       2       0       0.5057   .        0.2528   . 

 

            forestomach      squamous cell papill  0       2       0       0       0.8165   0.2356   .        . 

 

            glandular stoma  adenoma               0       0       1       0       0.5086   .        0.5056   . 

 

            harderian gland  adenoma               8       2       6       3       0.8631   0.9899   0.8082   0.9729 

 

            heart            hemangioma            0       1       0       0       0.7486   0.4884   .        . 

 

            hindlimb         osteosarcoma          0       0       0       1       0.2514   .        .        0.5000 

 

            ileum            adenoma               0       0       1       0       0.5086   .        0.5056   . 

                             malignant lymphoma    1       0       0       2       0.1562   1.0000   1.0000   0.5000 

 

            jejunum          adenoma               1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             malignant lymphoma    0       0       0       1       0.2514   .        .        0.5000 

 

            liver            adenoma+carcinoma     21      39      47      49      <0.001*  <0.001*  <0.001*  <0.001* 

                             adenoma, hepatocellu  16      36      47      46      <0.001*  <0.001*  <0.001*  <0.001* 

                             carcinoma, hepatocel  7       13      35      45      <0.001*  0.0744   <0.001*  <0.001* 

                             hemangioma            1       1       0       0       0.9379   0.7412   1.0000   1.0000 

                             hemangiosarcoma       0       2       2       0       0.7331   0.2356   0.2528   . 

                             hepatoblastoma        0       7       14      21      <0.001*  0.0055*  <0.001*  <0.001* 

                             malignant lymphoma    1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            lung             alveolar/bronchiolar  3       2       0       0       0.9947   0.8051   1.0000   1.0000 

                                                   6       5       2       3       0.8748   0.6979   0.9709   0.9161 

 

            lymph node       malignant lymphoma    8       3       4       2       0.9650   0.9676   0.9408   0.9925 

 

            mesenterium      hemangioma            1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            pancreatic isle  adenoma               0       1       0       0       0.7486   0.4884   .        . 

 

            rectum           sarcoma, histiocytic  1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            spleen           hemangioma            0       1       0       0       0.7486   0.4884   .        . 

                             hemangiosarcoma       1       0       0       1       0.4407   1.0000   1.0000   0.7529 

                             malignant lymphoma    0       0       1       2       0.0636   .        0.5056   0.2471 

                             mast cell tumor, mal  0       0       1       0       0.5086   .        0.5056   . 

                             sarcoma, histiocytic  1       2       1       0       0.8796   0.4913   0.7584   1.0000 

 

            thyroid gland    follicular cell aden  2       0       1       0       0.8965   1.0000   0.8834   1.0000 

 

            whole_body       hemangioma+hemangios  3       5       2       1       0.9274   0.3305   0.8267   0.9418  
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Table 6B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Female Mice 

 
                                                   0 mg    800 mg 2000 mg 5000 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            adrenal gland    pheochromocytoma, be  0       1       0       0       0.7614   0.5116   .        . 

                             pheochromocytoma, ma  0       1       0       1       0.3228   0.5172   .        0.5172 

 

            cecum            leiomyoma             1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            glandular stoma  sarcoma, NOS          1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            harderian gland  adenocarcinoma        0       1       1       0       0.6372   0.5116   0.5227   . 

                             adenoma               2       3       2       3       0.3890   0.5331   0.7255   0.5223 

 

            ileum            malignant lymphoma    1       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            kidney           malignant lymphoma    0       0       1       0       0.5114   .        0.5227   . 

 

            liver            adenoma+carcinoma     15      26      42      48      <0.001*  0.0330   <0.001*  <0.001* 

                             adenoma, hepatocellu  8       20      38      45      <0.001*  0.0101   <0.001*  <0.001* 

                             carcinoma, hepatocel  8       7       15      28      <0.001*  0.7463   0.1139   <0.001* 

                             hemangioma            0       0       1       0       0.5114   .        0.5227   . 

                             hemangiosarcoma       0       0       0       2       0.0614   .        .        0.2588 

                             hepatoblastoma        0       1       0       3       0.0339   0.5172   .        0.1294 

                             sarcoma, histiocytic  2       0       0       0       1.0000   1.0000   1.0000   1.0000 

 

            lung             alveolar/bronchiolar  1       4       3       3       0.3432   0.1949   0.3434   0.3259 

                                                   2       1       1       1       0.6955   0.8878   0.8954   0.8878 

 

            lymph node       hemangioma            0       0       0       1       0.2500   .        .        0.5116 

                             malignant lymphoma    12      23      15      12      0.8858   0.0273   0.4276   0.6673 

                             mast cell tumor, mal  1       1       1       0       0.8398   0.7698   0.7751   1.0000 

                             sarcoma, histiocytic  0       1       1       0       0.6358   0.5172   0.5227   . 

 

            mammary gland    adenocarcinoma        6       7       6       5       0.7226   0.5358   0.6831   0.7772 

                             adenoma               0       0       1       0       0.5114   .        0.5227   . 

 

            ovary            cystadenoma           0       0       0       1       0.2500   .        .        0.5116 

                             granulosa-theca cell  0       1       0       0       0.7614   0.5116   .        . 

                             hemangiosarcoma       0       0       1       0       0.5114   .        0.5227   . 

                             luteoma               0       1       0       0       0.7614   0.5116   .        . 

 

            pancreatic isle  adenoma               0       0       1       0       0.5114   .        0.5227   . 

 

            pituitary gland  adenoma, pars distal  3       3       3       2       0.7075   0.6840   0.7043   0.8342 

                             adenoma, pars interm  1       2       0       0       0.9447   0.5176   1.0000   1.0000 

                             carcinoma, pars dist  0       2       0       1       0.4513   0.2646   .        0.5172 

 

            skin             squamous cell papill  0       1       1       0       0.6372   0.5116   0.5227   . 

 

            spleen           hemangioma            1       0       1       0       0.7627   1.0000   0.7751   1.0000 

                             hemangiosarcoma       1       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             malignant lymphoma    4       5       3       2       0.8742   0.5300   0.8191   0.9092 

(Continued) 
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Table 6B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 
Female Mice 

(Continued) 
                                                   0 mg    800 mg 2000 mg 5000 mg  P_Value 

                                                   Cont    Low     Med     High    Dose     P_Value  P_Value  P_Value 

            Organ Name       Tumor Name            N=50    N=50    N=50    N=50    Resp     C vs. L  C vs. M  C vs. H 

            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

            spleen           sarcoma, histiocytic  1       0       1       0       0.7627   1.0000   0.7751   1.0000 

 

            subcutaneous ti  hemangiosarcoma       0       1       1       0       0.6372   0.5116   0.5227   . 

                             mast cell tumor, ben  2       0       0       0       1.0000   1.0000   1.0000   1.0000 

                             mast cell tumor, mal  0       0       0       1       0.2500   .        .        0.5116 

                             rhabdomyosarcoma      0       1       0       0       0.7627   0.5172   .        . 

                             sarcoma, histiocytic  0       2       0       0       0.8234   0.2646   .        . 

 

            thyroid gland    follicular cell aden  0       0       1       0       0.5114   .        0.5227   . 

 

            uterus           adenocarcinoma        0       1       0       0       0.7614   0.5116   .        . 

                             adenoma               0       0       1       0       0.5114   .        0.5227   . 

                             endometrial stromal   0       0       0       1       0.2500   .        .        0.5116 

                                                   2       6       3       2       0.7666   0.1482   0.5436   0.7094 

                             hemangioma            0       0       1       1       0.1929   .        0.5227   0.5116 

                             sarcoma, histiocytic  5       3       2       0       0.9953   0.8813   0.9546   1.0000 

 

            whole_body       hemangioma+hemangios  2       1       5       4       0.1341   0.8878   0.2563   0.3606 
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Figure 1A: Kaplan-Meier Survival Functions for Male Rats 
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Figure 1B: Kaplan-Meier Survival Functions for Female Rats 
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Figure 2A: Kaplan-Meier Survival Functions for Male Mice 
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Figure 2B: Kaplan-Meier Survival Functions for Female Mice 
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Pirfenidone was judged to be tumorigenic based upon liver tumors in mice and 
liver and uterus in rats. Observed liver tumors in both mice and rats may be 
rodent-specific. The sponsor contended  that uterine tumors were also rodent-
specific; however, the evidence provided was judged to be inadequate. 

 
2 Drug Information 
 
2.1 Drug:  

Tradename: Esbriet® 
 CAS Registry Number: 53179-13-8 
 Generic Name: Pirfenidone 
 Code Name: S-7701 
 Chemical Name: 5-methyl-1-phenyl-2-(1H)-pyridone 
 Molecular Formula/Molecular Weight: C12H11NO/ MW = 185.23 g/mole 
 Structure: 

 
Pharmacologic class: anti-inflammatory agent, Antifibrotic agent 

 
2.2 Relevant IND/s, NDA/s, and DMF/s 
 IND 67,284 (InterMune, Pirfenidone) 
 IND 9969 (Marnac, Pirfenidone) 
 
2.3 Clinical Formulation 
 The proposed clinical dose is approximately 9 capsules per day, with 
 each  capsule containing 267 mg pirfenidone, for a total daily dose of 
 2403 mg. 
 

(b) (4)
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2.5.2 History of Regulatory Submission 

InterMune acquired the U.S. rights to pirfenidone from Marnac Inc., the sponsor 
of IND 9969. IND 9969 was originally submitted by  to 
the FDA on August 1, 1973 and subsequently transferred to Marnac, Inc. of 
Dallas, TX. In March 2002, InterMune licensed worldwide rights to pirfenidone 
(with the exception of Japan, South Korea, and Taiwan) from Marnac, Inc. for 
development  The transfer of clinical trial sponsor 
obligations from Marnac, Inc. to InterMune, Inc. was submitted to IND 9969 on 
October 18, 2002. In a teleconference with the Division on March 14, 2003, 
InterMune discussed its plans to consolidate the patients in the pulmonary 
fibrosis “Individual Patient Protocol” and Protocol PIPF-001, both currently under 
IND 9969, and continue access to pirfenidone under a single open-label safety 
and efficacy study under an InterMune IND. 

 
IND 67,284 was submitted by InterMune, Inc on April 18, 2003 for the use of 
pirfenidone in the treatment of idiopathic pulmonary fibrosis. 

 
An EOP2 meeting was held with the sponsor on December 14, 2004. The 

 sponsor was told that carcinogenicity studies would be required as part of the 
 safety assessment of pirfenidone; however, these studies could be performed as 
 a Phase IV commitment given the unmet medical need for the treatment of IPF 
 and poor prognosis for patients with this disease. 
 

The sponsor, in a 15-day safety alert dated May 12, 2006, provided preliminary 
results of 2-year carcinogenicity studies with pirfenidone in rats and mice 
conducted by Shionogi & Co. Ltd. of Japan. These studies indicated findings of 
treatment-related liver and uterus tumors in rats and liver tumors in mice. The 
Division requested that the Sponsor report these tumor findings in the 
Investigator Brochure and Patient Informed Consent. Further, the Division 
requested that the sponsor re-consent all patients due to these tumor findings. 
 

(b) (4)

(b) (4)
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course of the 104-week treatment period were 819.2, 2016.4, and 5025.7 mg/kg/day for 
males and 832.7, 2015.4, and 5037 mg/kg/day for females, respectively. 
 
● There were no treatment-related effects on mortality. 
 
● At the end of the treatment period (week 104), absolute body weights were decreased 
>10% for males at 800, 2000, and 5000 mg/kg/day and females at 2000 and 5000 
mg/kg/day. Examination of body weight curves suggested lower body weights for all 
male and female treatment groups. 
 
● Treatment-related neoplastic findings were observed in the liver for both male and 
females consisting of hepatocellular adenomas and carcinomas and hepatoblastomas 
(see details below).  
 
● There were non-neoplastic findings in the liver that appeared to be related to 
neoplastic findings (e.g., hepatocellular hypertrophy, eosinophilic focus of cellular 
alteration, pigment deposition in Kupffer cells, single cell necrosis, macrophage 
accumulation, angiectasis). In most cases, single cell necrosis and pigment deposition 
in Kupffer cells were observed in animals that had hepatocellular tumors. 
 
● Other non-neoplastic target organs of toxicity included the kidneys, urinary bladder, 
pituitary gland, adrenal gland, glandular stomach, bone marrow, spleen, salivary gland, 
prostate, seminal vesicles, epididymides, ovaries, uterus, vagina, and thymus. 
 
● Plasma concentrations of the 5-carboxylic metabolite of pirifenidone, S-7701-CA, 
were significantly greater than the parent compound, S-7701. Plasma concentrations of 
S-7701-CA increased with elevating dose in a generally dose proportional or greater 
than dose proportional manner. In contrast, plasma concentrations of S-7701 did not 
increase with elevating dose or plasma concentrations were relatively comparable at 
800 and 2000 mg/kg/day but elevated at 5000 mg/kg/day. It could be inferred that 
treatment-related neoplastic and non-neoplastic findings correlated with the 5-carboxylic 
metabolite of pirfenidone rather than the parent compound, pirfenidone. 
  
● Pirfenidone was tumorigenic in mice based upon treatment-related findings of 
hepatocellular adenoma and carcinoma and hepatoblastomas.  
 
Adequacy of Carcinogenicity Study 
 
● The duration of treatment at 104 week was adequate. 
 
● It appeared that a maximum tolerated dose was achieved in the study based upon 
decreases of absolute body weights. At the end of the treatment period (week 104), 
absolute body weights were decreased >10% for males at 800, 2000, and 5000 
mg/kg/day and females at 2000 and 5000 mg/kg/day. Examination of body weight 
curves indicated lower body weights for all male and female treatment groups. 
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Appropriateness of Test Models 
 
● This was a 2-year carcinogenicity study in B6C3F1 mice with drug administered by 
admixture to the feed. The B6C3F1 mouse is a standard model for assessment of 
carcinogenic potential. The route models oral administration used in the clinical setting. 
Concurrence for the study design was not obtained from the ECAC. 
 
Evaluation of Tumor Findings 
 
● Treatment-related neoplastic findings were observed in the liver.  
 
● For male mice, hepatocellular adenoma, the combination of hepatocellular adenomas 
and carcinomas, and hepatoblastomas were observed at statistically significant 
increased incidences for all treatment group and hepatocellular carcinomas were 
observed at statistically significant increased incidences for doses of 2000 and 5000 
mg/kg/day. 
 
● For female mice, hepatocellular adenoma and the combination of hepatocellular 
adenomas and carcinomas were observed at statistically significant increased 
incidences for doses of 2000 and 5000 mg/kg/day and hepatocellular carcinomas were 
observed at a statistically significant increased incidence for the dose of 5000 
mg/kg/day. 
 
● Observed incidences of the combination of hepatocellular adenoma and carcinoma 
for all male treatment groups and females at 2000 and 5000 mg/kg/day in the present 
study were outside of the historical control range of NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
Hepatoblastomas were essentially not observed in NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
 
● Pirfenidone was tumorigenic in mice based upon treatment-related findings of 
hepatocellular adenomas, hepatocellular carcinomas, combined hepatocellullar 
adenomas and carcinomas in male and female mice, and hepatoblastomas in males. 
 
● Tumor findings in the liver may be related to induction of cytochrome P450 levels. In 
the 6-month toxicology study with rats, cytochrome P450 levels (CYP2B6, CYP3A4/5, 
and CYP2B1) were significantly increased for males and/or females. Treatment with 
pirfenidone produced a phenobarbital-type induction. In the 2-year study, there were 
findings of centrilobular hepatocellular hypertrophy, suggestive of potential hepatic 
enzyme induction, in male mice at doses of 800, 2000, and 5000 mg/kg/day and female 
mice at 5000 mg/kg/day. 
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it was used for the first week and the other half was stored at room temperature for use 
in the following week. The prepared diet was used within 15 days and unused diet was 
incinerated. 
 
Table 1 Study design of mouse carcinogenicity study 

 
 

Samples (n=3) were taken for determination of the concentration of S-7701 in all test 
diets (0, 800, 2,000, and 5,000 mg/kg) at the first preparation and thereafter every 3 
months. The mean value and the ratio to the nominal concentration were calculated 
based on the obtained results. It was judged that the test feed was appropriately 
prepared when the concentration was 85% to 115% of the nominal concentration. The 
test substance was not detected in the diet for control animals. 
 
Table 2 Mean test substance intake (mg/kg/day) from weeks 0 to 104 

Calculated mean test substance intake, mg/kg/day Nominal dose, mg/kg/day 
Males Females 

800 819.3 ± 123.6 (102.4%) 832.7 ± 144.6 (104.1%) 
2000 2016.4 ± 301.5 (100.8%)  2015.4 ± 366.5 (100.8%) 
5000 5025.7 ± 930.2 (100.5%) 5037.0 ± 767.0 (100.7%) 
Values in parentheses are percent of nominal dose. 
 
Basis of Dose Selection: The sponsor conducted a 13-week dose range finding study 
(NCR013) in which B6C3F1 mice received pirfenidone by admixture to the diet at 
nominal doses of 0, 200, 600, and 2000 mg/kg/day. There were no deaths. Body weight 
gains at doses of 0, 200, 600, and 2000 mg/kg/day were 89.6, 92.8, and 84.0% of the 
control for males and 85.6, 89.8, and 84.2% of the control for females, respectively. 
Examination of body weight curves for male and female control and treatment groups 
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indicated no differences of body weight gain. A limited set of organs and tissues was 
submitted to histopathological examination. Histopathological findings were observed in 
the liver and spleen. Centrilobular hepatocellular hypertrophy was observed for 6 of 10 
males at 2000 mg/kg/day. Extramedullary hematopoiesis in the spleen at doses of 0, 
200, 600, and 2000 mg/kg/day was observed for 2, 0, 5, and 8 males (10/group) and 5, 
5, 8, and 9 females (10/group), respectively.   

 
Observations and Results 
 
Mortality 
Animals were observed twice daily for moribundity/mortality.  
 
There were no treatment-related effects on mortality. Mortality in the control, 800, 2000, 
and 5000 mg/kg/day groups at the end of the administration period (Week 104 of 
dosing) was 32.0%, 34.0%, 22.0%, and 38.0%, respectively, for males and 42.0%, 
36.0%, 26.0%, and 28.0%, respectively, for females. 
 
Figure 1 Survival of mice during the 104-week treatment period 
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Clinical Signs 
Animals were observed twice daily for clinical signs. Palpations were performed once 
every week and nodules/masses were recorded. 
 
Loss of hair in local sites was decreased for males and females at 5000 mg/kg/day 
throughout the treatment period although the significance of this finding was unclear. 
Abdominal tissue masses were increased for males at 2000 and 5000 mg/kg/day during 
the period of weeks 79 to 104 that appear to correlate with findings of liver adenomas 
and carcinomas. Incidences of abdominal distention were increased for males at 5000 
mg/kg/day. Incidences of pallor in the auricles were increased for males at 2000 and 
5000 mg/kg/day during the period of weeks 79 to 104. 
 
Table 3 Clinical signs during weeks 1-26, 27-52, 53-78, and 79-104 

Males Females Clinical signs Period 
0 300 2000 5000 0 300 2000 5000 

Wk1-26 29 26 27 15 29 25 22 18 
Wk27-52 40 41 40 20 45 42 35 31 
Wk53-78 43 42 41 26 45 48 40 38 

Loss of 
hair/local 

Wk79-104 42 39 40 26 41 44 41 36 
Wk53-78 12 11 13 18 9 8 5 3 Tissue-mass/ 

abdomen Wk79-104 18 15 31 44 19 24 17 26 
Wk53-78 1 2 3 4 1 0 0 2 Pallor/Auricles

, etc.  Wk79-104 5 4 11 30 6 8 5 6 
Abdominal 
distension 

Wk79-104 0 0 1 7 1 7 1 5 

 
Body Weights 
Body weights were measured once a week thru week 26 and once every 2 weeks 
thereafter. 
 
At the end of the treatment period (week 104), absolute body weights were decreased 
>10% for males at 800, 2000, and 5000 mg/kg/day and females at 2000 and 5000 
mg/kg/day. Body weight curves shown in the figure below suggest lower body weights 
for all male and female treatment groups. 
 
By week 26, absolute body weights were decreased >10% for males and females at 
5000 mg/kg/day. By week 52, absolute body weights were decreased >10% for males 
and females at 2000 and 5000 mg/kg/day. By week 104, absolute body weights were 
decreased >10% for males at 800, 2000, and 5000 mg/kg/day and females at 2000 and 
5000 mg/kg/day. 
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Table 4 Changes of absolute body weights and body weight gains during the 104-week treatment 
period 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

A B C D E F G H I
Parameter

Control 800 mg/kg 2000 mg/kg 5000 mg/kg Control 800 mg/kg 2000 mg/kg 5000 mg/kg

Wk0 21.1 21.2 21.2 21.3 18.4 18 18 18.3

Wk26 33.3 32.5 30.2 27.5 29.5 29.2 27 24.8

Absolute BW, % Control 100.0 97.6 90.7 82.6 100.0 99.0 91.5 84.1

Δ, g 12.2 11.2 9 6.2 11.1 11.2 9 6.5

BW Gain, % Initial 57.8 52.8 42.5 29.1 60.3 62.2 50.0 35.5

BW Gain, % Control 100.0 91.4 73.4 50.3 100.0 103.1 82.9 58.9

Wk52 39.8 37.2 33.4 29 35.4 33.5 31.4 26.5

Absolute BW, % Control 100.0 93.5 83.9 72.9 100.0 94.6 88.7 74.9

Δ, g 18.7 16.0 12.2 7.7 17.0 15.5 13.4 8.2

BW Gain, % Initial 88.6 75.5 57.5 36.2 92.4 86.1 74.4 44.8

BW Gain, % Control 100.0 85.6 65.2 41.2 100.0 93.2 80.6 48.5

Wk78 39.5 36.9 34 29.2 36.3 34.2 32.4 28.1

Absolute BW, % Control 100.0 93.4 86.1 73.9 100.0 94.2 89.3 77.4

Δ, g 18.3 15.6 12.8 7.9 18 16.3 14.3 9.9

BW Gain, % Initial 86.7 73.6 60.4 37.1 97.8 90.6 79.4 54.1

BW Gain, % Control 100.0 84.8 69.6 42.8 100.0 92.6 81.2 55.3

Wk104 40.9 35.9 31.6 27.4 34.1 32.3 30.6 27.5

Absolute BW, % Control 100.0 87.8 77.3 67.0 100.0 94.7 89.7 80.6

Δ, g 19.6 14.6 10.5 6.1 15.7 14.3 12.5 9.2

BW Gain, % Initial 92.9 68.9 49.5 28.6 85.3 79.4 69.4 50.3

Males Females
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Figure 2 Mouse body weights during the 104-week treatment period 

 
Feed Consumption 
 
Food consumption was measured for all mice on a weekly basis. 
 
Food consumption from weeks 0-104 was slightly increased for males and females at 
5000 mg/kg/day. Examination of food consumption curves in the figure below suggests 
that food consumption was higher for males at 5000 mg/kg/day over the dosing period 
from weeks 0 to 104 and males at 2000 mg/kg/day and females at 5000 mg/kg/day over 
the dosing period from weeks 91 to 104. 
 
Food efficiency from weeks 0-26 was decreased for males and females at 2000 and 
5000 mg/kg/day. 
 
Table 5 Food consumption, weeks 0-104 
Dose, mg/kg/day Males Females 
0 3709.2 3977.4 
800 3647.5 3937.8 
2000 3723.7 4048.3 
5000 4119.6* (111%) 4145.2* (104.2%) 
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* Statistical significance was achieved, p<0.05 
 
Figure 3 Food consumption during the 104-week treatment period 

 
 
Table 6 Food efficiency (%), weeks 0-26 
Dose, mg/kg/day Males Females 
0 1.4 1.2 
800 1.3 1.2 
2000 1.0* (71.4%) 0.9* (75%) 
5000 0.6* (42.9%) 0.6* (50%) 
* Statistical significance was achieved, p<0.05 
 
Hematology  
Complete hematological examinations were performed on all surviving animals in 
carcinogenicity study groups at the end of the administration period. Clinical chemistry 
examinations were not performed as these parameters are not required for a 
carcinogenicity study. 
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White blood cell counts during week 104 were decreased for all male and female 
treatment groups that appeared to be primarily attributable to declines of lymphocyte 
counts. Decreases of neutrophil, monocyte, eosinophil, and large unstained cell counts 
were also evident. Reticulocyte percentages were elevated for males at 2000 and 5000 
mg/kg/day. Platelet counts were increased for females at 5000 mg/kg/day.   
 
Table 7 Hematology, Week 104 

Males Females Parameter 
0 800 2000 5000 0 800 2000 5000 

White blood cells 
x 103/mm3 

3.62 2.94 
(81%) 

2.35* 
(65%) 

2.15* 
(59%) 

2.24 1.33 
(59%) 

1.19* 
(53%) 

1.23* 
(55%) 

Neutrophils 
x 103/mm3 

NC NC NC NC 0.61 0.46 
(75%) 

0.45 
(74%) 

0.45 
(74%) 

Neutrophils 
% 

30.9 42.6* 
(138%) 

44.1* 
(143%) 

49.6* 
(161%) 

NC NC NC NC 

Lymphocytes 
x 103/mm3 

2.40 1.58* 
(66%) 

1.17* 
(49%) 

0.93* 
(39%) 

1.49 0.81 
(54%) 

0.69 
(46%) 

0.74 
(50%) 

Lymphocytes 
% 

65.2 54.2 
(83%) 

52.5* 
(81%) 

47.8* 
(73%) 

NC NC NC NC 

Monocytes 
x 103/mm3 

0.07 0.5 
(71%) 

0.03* 
(43%) 

0.03* 
(43%) 

0.04 0.02* 
(50%) 

0.01* 
(25%) 

0.02* 
(50%) 

Monocytes 
% 

NC NC NC NC 2.2 1.6 
(73%) 

1.4* 
(64%) 

1.3* 
(59%) 

Eosinophils 
x 103/mm3 

0.04 0.02* 
(50%) 

0.01* 
(25%) 

0.01* 
(25%) 

0.02 0.01 
(50%) 

0.01 
(50%) 

0.01 
(50%) 

Eosinophils 
% 

1.2 0.9* 
(75%) 

0.4* 
(33%) 

0.4* 
(33%) 

1.5 1.1 
(73%) 

0.8 
(53%) 

0.8* 
(53%) 

LUC 
x 103/mm3 

0.03 0.02 0.08* 
(267%) 

0.01* 
(33%) 

0.07 0.02 
(29%) 

0.03 
(43%) 

0.01 
(14%) 

LUC 
% 

0.7 0.6 1.8 
(257%) 

0.4* 
(57%) 

2.1 1.5 
(71%) 

1.6 
(76%) 

1.0 
(48%) 

Reticulocytes 
% 

4.1 3.5 7.0* 
(171%) 

7.9* 
(193%) 

NC NC NC NC 

Platelets 
x 103/mm3 

NC NC NC NC 851 928 
(109%) 

993 
(117%) 

1332* 
(157%) 

* Statistical significance was achieved, p<0.05 
NC = No change 
 
Gross Pathology 
Complete necropsy examinations were performed on moribund and dead animals 
immediately and on surviving animals at scheduled terminations. 
 
Potential treatment-related gross pathological findings were observed in the liver, 
kidneys, stomach, small intestine, thymus, testis, prostate, seminal vesicles, 
epididymides, ovary, uterus, clitoral gland, and whole body. 
 
There were multiple gross pathological findings for the liver. Incidences of brown patch 
or zone were increased for all male and female treatment groups and appeared to 
correspond with histopathological findings of centrilobular hepatocellular hypertrophy. 
Incidences of dark liver were increased for males and females at 5000 mg/kg/day. 
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Incidences of nodules were increased for all male and female treatment groups and 
appeared to correspond with findings of hepatocellular adenomas and carcinomas.  
 
There was an increased incidence of findings of dark kidneys for males at 5000 
mg/kg/day that may have corresponded to pigment deposition in the tubular epithelium. 
 
For the stomach, there were increased incidences of black patch or zone for males and 
females at 2000 and 5000 mg/kg/day that appeared to correspond to histopathological 
findings of erosion. In contrast, white patches or zones decreased with increasing dose.  
 
Increased incidences of thymic atrophy were observed for males and females at 5000 
mg/kg/day. 
 
Increased incidences of atrophy of the testes, prostate, seminal vesicles, and 
epididymides were observed for males at 5000 mg/kg/day. 
 
Increased incidences of atrophy of the ovary and uterus were observed for females at 
5000 mg/kg/day. 
 
There was an increased incidence of enlargement of the clitoral gland for females at 
5000 mg/kg/day. 
 
Incidences of whole body wasting were increased for males at 5000 mg/kg/day that 
appeared to correspond with decreases of absolute body weight and body weight gain.  
 
Table 8 Gross pathological findings for mice treated with pirfenidone for up to 104 weeks 

Males Females Organ/Tissue 
0 800 2000 5000 0 800 2000 5000 

N =  50 50 50 50 50 50 50 50 
Liver 
-brown patch/zone 
-dark 
-nodule 

 
5 
0 
26 

 
19 
0 
40 

 
22 
0 
49 

 
15 
3 
49 

 
3 
0 
19 

 
13 
0 
27 

 
17 
0 
41 

 
20 
8 
45 

Kidneys 
-dark 

 
0 

 
0 

 
0 

 
15 

 
0 

 
0 

 
0 

 
1 

Stomach 
-black patch/zone 
-white patch/zone 

 
2 
10 

 
4 
13 

 
9 
16 

 
25 
7 

 
1 
15 

 
1 
6 

 
4 
6 

 
4 
1 

Small Intestine 
-black contents 

 
1 

 
0 

 
1 

 
4 

 
0 

 
0 

 
0 

 
0 

Thymus 
-atrophic 

 
6 

 
9 

 
6 

 
24 

 
9 

 
7 

 
3 

 
13 

Testis 
-atrophic 

 
1 

 
0 

 
1 

 
4 

    

Prostate 
-atrophic 

 
0 

 
0 

 
1 

 
17 

    

Seminal vesicles 
-atrophic 

 
0 

 
0 

 
2 

 
26 

    

Epididymis 
-atrophic 

 
0 

 
0 

 
0 

 
1 
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Males Females Organ/Tissue 
0 800 2000 5000 0 800 2000 5000 

Ovary 
-atrophic 

 
 

    
2 

 
6 

 
6 

 
16 

Uterus 
-atrophic 

     
0 

 
0 

 
1 

 
7 

Clitoral gland 
-enlarged 

     
0 

 
1 

 
0 

 
3 

Whole body 
-wasting 

 
6 

 
12 

 
6 

 
40 

 
10 

 
11 

 
7 

 
12 

 
Organ weights 
Absolute and relative organ weights were determined for the heart, liver, spleen, 
kidneys, adrenal glands, testes, ovaries, brain, lungs, and thymus.  
 
Differences in organ weights between control and treatment groups were observed for 
the liver, thymus, kidneys, and spleen. Based upon decreased absolute body weights 
or body weight gains for treatment groups, weights for several organs were 
increased when expressed as a percentage of body weight gain although they were 
generally unchanged on an absolute weight or % brain weight basis. 
 
Absolute and relative liver weights were increased for all male treatment groups and 
females at 5000 mg/kg/day. These findings appear to correlate with histopathological 
findings of centrilobular hepatocellular hypertrophy. 
 
Absolute and relative thymus weights were decreased for males and females at 5000 
mg/kg/day. These findings appeared to correlate with histopathological findings of 
thymic atrophy. 
 
Absolute and relative (% brain weight) kidney weights were decreased for males at 
2000 and 5000 mg/kg/day and females at 5000 mg/kg/day. These findings might 
correlate with histopathological findings in the kidneys. Percent of body weight values 
appear to provide misleading results due to body weight losses. 
 
Absolute and relative spleen weights were increased for male treatment groups, but 
decreased for female treatment groups. An explanation for these differences was not 
apparent. 
 
Table 9 Absolute and relative organ weights for mice at week 104 

Males Females Organ 
0 800 2000 5000 0 800 2000 5000 

Liver 
g 

1.75 2.36* 
(135%) 

3.89* 
(222%) 

4.83* 
(276%) 

1.84 1.72 1.85 3.22* 
(175%) 

Liver 
%BW 

4.632 7.091* 
(153%) 

13.349* 
(288%) 

19.356* 
(418%) 

5.727 5.760 6.463* 
(113%) 

12.814* 
(224%) 

Liver 
%BrW 

350.66 467.04* 
(133%) 

790.86* 
(226%) 

1028.13*
(293%) 

359.66 326.81 356.98 649.70* 
(181%) 

Thymus 
Mg 

8 8 7 4* 
(50%) 

13 14 16 9* 
(69%) 
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For male mice, hepatocellular adenoma, the combination of hepatocellular adenomas 
and carcinomas, and hepatoblastomas were observed at statistically significant 
increased incidences for all treatment group and hepatocellular carcinomas were 
observed at statistically significant increased incidences for doses of 2000 and 5000 
mg/kg/day. See the Statistician's table below. 
 
For female mice, hepatocellular adenoma and the combination of hepatocellular 
adenomas and carcinomas were observed at statistically significant increased 
incidences for doses of 2000 and 5000 mg/kg/day and hepatocellular carcinomas were 
observed at a statistically significant increased incidence for the dose of 5000 
mg/kg/day. See the Statistician's table below. 
 
Most males and females in treatment groups had findings of both hepatocellular 
adenoma and carcinoma; however, this did not occur for male and female controls. 
 
Background incidences of hepatocellular adenoma or carcinoma for male and female 
B6C3F1 mice from NTP carcinogenicity studies with administration by admixture to the 
feed were reported as 42.2% (10-68%) and 23.6% (6-56%), respectively (Toxicologic 
Pathology 26: 428-441, 1998). Observed incidences of the combination of 
hepatocellular adenoma and carcinoma for all male treatment groups and females at 
2000 and 5000 mg/kg/day in the present study were outside of the historical control 
range. 
 
Hepatoblastomas were essentially not observed in NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998).  
 
Hepatocellular tumors were diagnosed according to the following criteria. 
Hepatocellular adenomas: Nodular expansive lesions composed of well-differentiated 
tumor cells. Hepatocellular adenoma was well demarcated from surrounding 
parenchyma. Loss of normal lobular and plate architecture is observed. There was 
distinct compression of surrounding tissue. 
 
Hepatocellular carcinomas: Less differentiated tumors than hepatocellular adenomas. 
There were distinct compressions and marked cellular atypia. Trabecular or glandular 
pattern is observed within hepatocellular carcinoma. Sometimes, tumor cells 
metastasize or invade to surrounding tissue. 
 
Hepatoblastomas: The diagnosis of hepatoblastoma was made whenever primitive 
tumor cells, which are small, dark ovoid- to spindle-shaped cells, were present. 
Hepatoblastomas appear to arise within hepatocellular adenoma or carcinoma. To avoid 
duplicate diagnoses, there was no separate diagnosis made once hepatoblastoma 
occurs. 
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Table 10 Neoplastic findings for mice treated with pirfenidone for up to 104 weeks  
Males Females Organ/Tissue 

0 800 2000 5000 0 800 2000 5000 
Liver 
-number examined 
-adenoma, hepatocellular 
-carcinoma, hepatocellular 
-adenoma + carcinoma 
 
-hepatoblastoma 

 
50 
16 
7 
21 
 
0 

 
50 
36 
13 
39 
 
7 

 
50 
47 
35 
47 
 
14 

 
50 
46 
45 
49 
 
21 

 
50 
8 
8 
15 
 
0 

 
50 
20 
7 
26 
 
1 

 
50 
38 
15 
42 
 
0 

 
50 
45 
28 
48 
 
3 

 
Table 11 Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise 
Comparisons (From Statistician's review) 

 

                                                  Cont    Low     Med     High   P_Value    P_Value  P_Value  P_Value 

   Sex     Organ Name        Tumor Name           N=50    N=50    N=50    N=50   Dose Resp  C vs. L  C vs. M  C vs. H 

   ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

  Male     liver             adenoma+carcinoma     21      39      47      49      <0.001*  <0.001*  <0.001*  <0.001* 

                             adenoma, hepatocellu  16      36      47      46      <0.001*  <0.001*  <0.001*  <0.001* 

                             carcinoma, hepatocel  7       13      35      45      <0.001*  0.0744   <0.001*  <0.001* 

                             hepatoblastoma        0       7       14      21      <0.001*  0.0055*  <0.001*  <0.001*   

 

  Female   liver             adenoma+carcinoma     15      26      42      48      <0.001*  0.0330   <0.001*  <0.001* 

                             adenoma, hepatocellu  8       20      38      45      <0.001*  0.0101   <0.001*  <0.001* 

                             carcinoma, hepatocel  8       7       15      28      <0.001*  0.7463   0.1139   <0.001* 

                             hepatoblastoma        0       1       0       3       0.0339   0.5172   .        0.1294 

 

            lymph node       malignant lymphoma    12      23      15      12      0.8858   0.0273   0.4276   0.6673 

 

 
 
Non Neoplastic 
Non-neoplastic target organs of toxicity were the liver, kidneys, urinary bladder, pituitary 
gland, adrenal gland, glandular stomach, bone marrow, spleen, salivary gland, prostate, 
seminal vesicles, epididymides, ovaries, uterus, vagina, and thymus. 
 
Liver: Non-neoplastic findings in liver (e.g., hepatocellular hypertrophy, eosinophilic 
focus of cellular alteration, pigment deposition in Kupffer cells, single cell necrosis, and 
angiectasis) appeared to be associated with neoplastic findings. Incidences of 
centrilobular hepatocellular hypertrophy were increased for all male treatment groups 
and females at 5000 mg/kg/day. Dark liver noted in necropsy correlated with 
centrilobular hepatocyte hypertrophy. In addition, low incidences of diffuse 
hepatocellular hypertrophy were observed for all male treatment groups and females at 
5000 mg/kg/day. Low incidences of perilobular hepatocellular hypertrophy were 
observed for males at 5000 mg/kg/day and females at 2000 mg/kg/day. Incidences of 
eosinophilic focus of cellular alteration were increased for all male and female treatment 
groups.  Foci of cellular alteration were noted grossly as brown patches/zones or 
nodules. Incidences of pigment deposition in Kupffer cells were increased for all male 
treatment groups and females at 2000 and 5000 mg/kg/day. Pigment in Kupffer cells 
was yellow-brown-colored and showed positive reaction to the Schmorl method 
indicating the presence of lipofuscin, but negative to the Hall method and Prussian blue 
stain indicating the absence of bilirubin and iron, respectively. There was no positive 
reaction to the Schmorl method, Hall method, or Prussian blue stain in Kupffer cells in 
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control animals examined. Incidences of single cell necrosis were increased for all male 
treatment groups. In most cases, single cell necrosis and pigment deposition in Kupffer 
cells were observed in animals that had hepatocellular tumors. Incidences of 
macrophage accumulation were increased for males at 2000 and 5000 mg/kg/day. 
Incidences of angiectasis were increased for males and females at 5000 mg/kg/day.  
 
Foci of cellular alteration were localized lesions usually recognized by tinctorial variation 
from surrounding normal hepatic parenchyma. Hepatocytes in foci of cellular alteration 
merged with adjacent parenchyma. Although hepatic plates were altered, lobular 
architecture was preserved. There was slight or no compression of surrounding tissue. 
Based on cytoplasmic staining with hematoxylin and eosin, foci of cellular alteration 
were classified as eosinophilic. Eosinophilic foci of cellular alteration were mainly 
composed of enlarged hepatocytes with eosinophilic or pale cytoplasm. The severity of 
lesions was judged by the following criteria: slight, small lesions with no compression; 
moderate, intermediate stage between slight and marked foci; and marked, borderline 
lesions between foci and hepatocellular adenoma. Slight compression and/or slight 
cellular atypia were observed. 
  
Kidneys: Vacuoles in the proximal tubules, which normally exist in kidneys of male 
mice, were decreased in all males receiving 5000 mg/kg/day. The incidence of pigment 
deposition in tubular epithelium was increased for males at 2000 and 5000 mg/kg/day 
and females at 5000 mg/kg/day. Dark kidneys noted in necropsy correlated with 
pigment deposition. Pigment deposition was prominent in the proximal tubules of the 
cortex. Pigment was yellow-brown to brown-colored and showed positive reaction to the 
Schmorl method and/or Prussian blue stain indicating the presence of lipofuscin and 
iron, respectively, but negative to the Hall method indicating the absence of bilirubin. 
There was no positive reaction to the Schmorl method, Hall method, or Prussian blue 
staining in the control animals examined, excluding a weakly positive reaction to 
Prussian blue stain suggesting the presence of iron in a very few tubules of females.  
 
Urinary bladder: Incidences of hyaline droplets in the epithelium were increased in all 
male and female treatment groups. Hyaline droplets were eosinophilic, varied in size, 
and localized in umbrella cells (superficial transitional epithelial cells). 
 
Adrenal glands: Incidences of eosinophilic change of the cortex were increased for all 
male treatment groups and females at 2000 and 5000 mg/kg/day. Cortical cells with 
eosinophilic change were slightly hypertrophic and characterized by dense eosinophilic 
cytoplasm with reduction in cytoplasmic lipid. The zona fasciculata was mainly affected. 
Extramedullary hematopoiesis was increased for females at 5000 mg/kg/day. 
 
Glandular stomach: The incidences of erosion were increased for males at 2000 and 
5000 mg/kg/day. Black patches/zones in glandular stomach noted in necropsy 
correlated with erosion. Gland dilatation was possibly increased for males at 5000 
mg/kg/day. 
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Bone marrow and Spleen: The incidences of increased hematopoiesis in bone marrow 
and increased extramedullary hematopoiesis in the spleen were greater in males at 
5000 mg/kg/day. Increased extramedullary hematopoiesis in the spleen was also 
possibly increased for males at 2000 mg/kg/day. In bone marrow, various components 
of hematopoietic cells including granulocytic series, erythrocytic series, and 
megakaryocytic series were increased. In the spleen, the major component of increased 
extramedullary hematopoiesis was the erythrocytic series. 
 
Salivary gland: The incidence of decreased eosinophilic granules of granular ducts 
was increased for males at 5000 mg/kg/day. The granular duct is a unique component 
of rodent mandibular glands. The granular ducts of adult male mice or rats normally 
contain abundant eosinophilic intracytoplasmic granules. 
 
Pituitary gland: Incidences of atrophy of the pars distalis was increased for males and 
females at 5000 mg/kg/day. Atrophy was characterized by a decreased population of 
eosinophilic cells, loss of cell cytoplasm, and a decrease in the size of the pars distalis. 
 
Male reproductive system: Incidences of atrophy of the prostate were increased for 
males at 2000 and 5000 mg/kg/day. Incidences of atrophy of epididymides and seminal 
vesicles were increased for males at 5000 mg/kg/day. For the seminal vesicles, 
incidences of hyposecretory change and lymphocyte infiltration were increased for 
males at 2000 and 5000 mg/kg/day. For the epididymides, incidences of lymphocyte 
infiltration were slightly increased for males at 2000 and 5000 mg/kg/day. 
 
Female reproductive system: There was an increase in the incidence of ovarian 
atrophy for females at 5000 mg/kg/day. Incidences of atrophy, glandular dilatation, and 
luminal dilatation of the uterus were increased for females at 5000 mg/kg/day. 
Increased incidences of lymphocyte infiltration and inflammation in the vagina were 
increased for females at 5000 mg/kg/day. The incidence of cystic endometrial 
hyperplasia was decreased for females at 5000 mg/kg/day although the significance of 
this finding was unclear. 
 
Thymus: Incidences of thymic atrophy were increased for males and females at 5000 
mg/kg/day.  
 
Table 12 Non-neoplastic findings for mice treated with pirfenidone for up to 104 weeks 

Males Females Organ/Tissue 
0 800 2000 5000 0 800 2000 5000 

Liver 
-number examined 
-hypertrophy, hepatocyte, centrilobular 
-hypertrophy, hepatocyte, diffuse 
-hypertrophy, hepatocyte, perilobular 
-focus of cellular alteration, eosinophilic
-deposit, pigment, Kupffer cell 
-single cell necrosis, hepatocytes 
-accumulation of macrophages 
-angiectasis 

 
50 
0 
0 
0 
5 
1 
1 
8 
0 

 
50 
15 
1 
0 
13 
8 
5 
9 
0 

 
50 
36 
1 
0 
16 
34 
20 
15 
0 

 
50 
35 
1 
2 
18 
42 
12 
15 
3 

 
50 
1 
0 
0 
3 
2 
2 
12 
0 

 
50 
5 
0 
0 
11 
2 
3 
6 
0 

 
50 
2 
0 
1 
20 
9 
2 
10 
0 

 
50 
32 
2 
0 
21 
31 
3 
7 
1 

Kidneys         
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Males Females Organ/Tissue 
0 800 2000 5000 0 800 2000 5000 

-number examined 
-decrease, vacuolation, tubule 
-deposit, pigment, tubular, epithelium 

50 
2 
1 

50 
0 
3 

50 
9 
18 

50 
50 
43 

50 
0 
6 

50 
0 
5 

50 
0 
4 

50 
0 
14 

Urinary bladder 
-number examined 
-hyaline droplet, epithelium 

 
50 
1 

 
50 
35 

 
50 
47 

 
50 
48 

 
50 
19 

 
50 
50 

 
50 
50 

 
50 
50 

Pituitary gland 
-number examined 
-atrophy, pars distalis 

 
50 
0 

 
49 
0 

 
50 
0 

 
50 
27 

 
50 
0 

 
49 
0 

 
50 
0 

 
50 
10 

Adrenal gland 
-number examined 
-eosinophilic change, cortex 
-extramedullary hematopoiesis 

 
50 
7 
0 

 
50 
13 
0 

 
50 
19 
0 

 
50 
36 
0 

 
50 
19 
3 

 
50 
19 
2 

 
50 
24 
3 

 
50 
39 
6 

Glandular stomach 
-number examined 
-dilatation, gland 
-erosion 

 
50 
6 
7 

 
50 
11 
6 

 
50 
9 
14 

 
50 
16 
25 

 
50 
16 
6 

 
50 
13 
6 

 
50 
13 
9 

 
50 
7 
7 

Bone marrow 
-number examined 
-hematopoiesis, increased 

 
50 
13 

 
50 
11 

 
50 
13 

 
50 
24 

 
50 
15 

 
50 
12 

 
50 
15 

 
50 
11 

Spleen 
-number examined 
-increase, extramedullary 
hematopoiesis 
-increase, pigment deposition 

 
50 
17 
 
2 

 
50 
20 
 
5 

 
50 
27 
 
2 

 
50 
32 
 
4 

 
50 
27 
 
7 

 
50 
21 
 
13 

 
50 
21 
 
8 

 
50 
25 
 
14 

Salivary gland 
-number examined 
-decrease, eosinophilic granule, 
granular duct 

 
50 
5 

 
50 
6 

 
50 
5 

 
50 
28 

 
50 
0 

 
50 
0 

 
50 
0 

 
50 
0 

Prostate 
-number examined 
-atrophy 

 
50 
0 

 
50 
1 

 
50 
9 

 
50 
29 

    

Seminal vesicle 
-number examined 
-atrophy 
-hyposecretory change 
-cellular infiltration, lymphocytes 

 
50 
0 
0 
5 

 
50 
1 
1 
4 

 
50 
0 
7 
7 

 
50 
6 
23 
8 

    

Epididymis 
-number examined 
-atrophy 
-cellular infiltration, lymphocyte 

 
50 
0 
14 

 
50 
1 
14 

 
50 
1 
20 

 
50 
7 
19 

    

Ovary 
-number examined 
-angiectasis 
-atrophy 

 
 

    
50 
1 
28 

 
50 
1 
29 

 
50 
1 
24 

 
50 
3 
39 

Uterus 
-number examined 
-atrophy 
-dilatation, gland 
-dilatation, lumen 
-cystic endometrial hyperplasia 

     
50 
2 
13 
0 
37 

 
50 
1 
14 
1 
36 

 
50 
2 
9 
1 
41 

 
50 
13 
33 
3 
17 

Vagina 
-number examined 

     
50 

 
50 

 
50 

 
50 
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Males Females Organ/Tissue 
0 800 2000 5000 0 800 2000 5000 

-cellular infiltration, lymphocytes 
-inflammation 

4 
0 

3 
0 

4 
0 

10 
1 

Thymus 
-number examined 
-atrophy 

 
49 
38 

 
50 
38 

 
48 
42 

 
47 
46 

 
49 
40 

 
50 
35 

 
50 
39 

 
50 
47 

 
Toxicokinetics 
Blood samples were collected from 3 animals at each of 4 time points (6:00, 14:00, 
22:00, and 6:00 [next day]) at Week 4 of dosing and at 1 time point each (22:00) at 
Weeks 1, 26, and 52 of dosing. Additional blood samples were collected from 3 females 
in the 5000 mg/kg/day group at Week 55 of dosing at 22:00. Plasma concentrations of 
pirfenidone and the 5-carboxylic metabolite of pirfenidone were measured by HPLC with 
ultraviolet  and fluorescence detection  

. Standard curve ranges for pirfenidone (S-7701) and the 5-carboxylic 
metabolite of pirfenidone (S-7701-CA) were from 0.1 to 20 µg/mL and 0.2 to 40 µg/mL, 
respectively. 
 
Plasma concentrations during weeks 1, 26, and 52: 
 
S-7701-CA: Plasma concentrations of the 5-carboxylic metabolite, S-7701-CA, were 
significantly greater than the parent compound, S-7701. Plasma concentrations of S-
7701-CA increased with elevating dose. These increases were generally dose 
proportional or greater than dose proportional. Plasma concentrations during week 1 for 
males at 5000 mg/kg/day and females at 2000 and 5000 mg/kg/day were greater than 
values observed during weeks 26 or 52. Plasma concentrations for females at 2000 and 
5000 mg/kg/day during week 1 and females at 5000 mg/kg/day during week 26 were 
greater than corresponding values for males. 
 
S-7701: It was difficult to make generalizations of the plasma concentration data for S-
7701. In many instances, plasma concentrations of S-7701 did not increase with 
elevating dose or plasma concentrations were relatively comparable at 800 and 2000 
mg/kg/day but elevated at 5000 mg/kg/day.  
 
 
It could be inferred that treatment-related neoplastic and non-neoplastic findings 
correlated with the 5-carboxylic metabolite of pirfenidone rather than the parent 
compound, pirfenidone. 
 

(b) (4) (b) (4)
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Table 13 Plasma concentrations of pirfenidone and its 5-carboxylic metabolite at weeks 1, 26, 52, 
and 55 

 
 

AUC and Cmax values during week 4: AUC and Cmax values for the parent compound, 
S-7701, and the 5-carboxylic metabolite, S-7701-CA,  during week 4, increased with 
elevating dose although increases for S-7701 were less than dose proportional while 
increases for S-7701-CA were approximately dose proportional. AUC and Cmax values 
for S-7701-CA were significantly greater than corresponding values for S-7701. AUC 
and Cmax values for S-7701 were greater in males as compared to females. AUC and 
Cmax values for S-7701-CA were relatively comparable between males and females. 
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Table 14 Toxicokinetic parameters for pirfenidone at week 4 
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Table 15 Toxicokinetic parameters for the 5-carboxylic metabolite of pirfenidone at weeks 4 

 
 
Stability and Homogeneity 
Six samples were prepared from feed containing the drug at a concentration of 60000 
µg/g for analysis of homogeneity. Three samples were analyzed for drug concentration 
after storage in an animal room for 8 and 15 days.  
 
With respect to homogeneity, the coefficient of variation and relative error at 60000 µg/g 
were 1.4% and -4.7%, respectively. These data met predefined criteria and samples 
were considered uniformly mixed. 
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Table 16 Homogeneity of pirfenidone in the feed 
 

 
 
After preservation for 8 and 15 days at room temperature (actual temperature ranged 
from 22.5° to 23.3°C), the change of initial concentration in feed at 60,000 µg/g was 
0.2% and 4.0%, respectively. These data met predefined criteria and samples were 
considered stable. 
 
Table 17 Stability of pirfenidone in the feed 
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alteration (i.e., clear cell, eosinophilic cell, and mixed cell) may represent progenitor 
lesions from which hepatocellular neoplasia may arise.  
 
● Non-neoplastic findings in the uterus that appeared to be correlated with the 
neoplastic finding consisted of increased incidences of findings including cystic 
endometrial hyperplasia, endometrial glandular hyperplasia, and squamous metaplasia 
for females receiving doses ≥750 mg/kg/day. 
 
● Non-neoplastic findings in the thyroid gland that appeared to be correlated with the 
neoplastic findings consisted of follicular cell hyperplasia for males and females 
receiving doses ≥375 mg/kg/day. 
 
● Additional non-neoplastic target organs of toxicity were the lung, kidneys, and 
glandular stomach. There were additional findings in the testis, ovary, vagina, adrenal 
gland, spinal cord, sciatic nerve, cecum, colon, and spleen that might have relationships 
to treatment. 
 
● Plasma concentrations of S-7701 and S-7701-CA in male and female rats 
increased with elevating doses during weeks 1, 26, and 52 and were generally dose 
proportional or slightly less than dose proportional. Plasma concentrations of S-
7701-CA in male and female rats were significantly greater (≥3-fold) than plasma 
concentrations of S-7701. It might be inferred that the 5-carboxylic metabolite of 
pirfenidone played a greater role in the observed treatment-related neoplastic and 
non-neoplastic findings than the parent compound, pirfenidone. 
  
● Pirfenidone was tumorigenic in rats based upon neoplastic findings in the liver, 
uterus, and thyroid gland. Neoplastic findings in the liver and thyroid gland might be 
rat-specific. 
 
Adequacy of Carcinogenicity Study 
● The duration of treatment at 104 weeks was adequate. 
 
● It appeared that a maximum tolerated dose was achieved in the study based upon 
decreased absolute body weights greater than 10% for males and females at 750 and 
1500 mg/kg/day. Thus, the study appears adequate. 
 
● Pirfenidone was administered by admixture to the feed. Absolute body weights for 
male and female rats in control and treated groups appear to possibly indicate that 
dietary restriction was in use during the study although not explicitly stated by the 
sponsor. It was noted that absolute body weights for male and female rats in control and 
treated groups were significantly lower as compared to the 6-month toxicology study. 
Further, survival rates for control and treated groups were significantly higher as 
compared to 2-year study with feed available ad libitum.  In an email communication 
with Dr. Abby Jacobs, she indicated that rats, used in carcinogenicity studies conducted 
in Japan, were typically much leaner than rats used in the United States.  
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Appropriateness of Test Models 
● This was a 2-year carcinogenicity study in F344/DuCrj (Fischer) [SPF] rats with drug 
administered by admixture to the feed. The Fischer rat is a standard model for 
assessment of carcinogenic potential. The route models oral administration used in the 
clinical setting. Concurrence for study design was not obtained from the ECAC. 
 
Evaluation of Tumor Findings 
 
● Potential treatment-related neoplastic findings were observed in the liver and uterus.  
 
● Hepatocellular adenomas and combined hepatocellular adenomas and 
carcinomas were observed at statistically significant increased incidences for males 
at 750 and 1500 mg/kg/day and females at 1500 mg/kg/day. Observed incidences of 
the combination of hepatocellular adenoma and carcinoma for all male treatment groups 
and females at 1500 mg/kg/day in the present study were outside of the historical 
control range (Toxicologic Pathology 26: 428-441, 1998). 
 
● Incidences of uterine adenocarcinomas and combined incidences of 
adenocarcinoma and adenoma were increased for females receiving doses ≥375 
mg/kg/day; however, statistical significance was only achieved for females at 1500 
mg/kg/day. There were no findings of uterine adenocarcinoma for F344 female rats in 
NTP carcinogenicity studies with administration by admixture to the feed (Toxicologic 
Pathology 26: 428-441, 1998). 
 
● Follicular cell adenomas and carcinomas were observed at increased incidences for 
males and females in the 1500 mg/kg/day group. Statistical significance was achieved 
for males at 1500 mg/kg/day with the trend test, but not by pairwise comparison. 
Observed incidences of thyroid follicular cell adenoma and carcinoma for male and 
female rats at 1500 mg/kg/day in the present study appear to be within the upper end of 
the historical control range although there were no findings for the concurrent control 
groups. There is a biological plausibility for these findings in the present study as 
discussed below. 
 
● Pirfenidone was tumorigenic in rats based upon neoplastic findings in the liver and 
uterus.  
 
● Neoplastic findings in the liver and thyroid gland might be rat-specific. Tumor 
findings in the liver and thyroid gland may be related to induction of cytochrome P450 
levels in the liver. In the 6-month toxicology study with rats, cytochrome P450 levels 
(CYP2B6, CYP3A4/5, and CYP2B1) were significantly increased for males and/or 
females. Treatment with pirfenidone produced a phenobarbital-type induction. There 
were findings of centrilobular hepatocellular hypertrophy, indicative of potential hepatic 
enzyme induction, in the present study for male and female rats receiving doses ≥375 
mg/kg/day. The plasma T4 half-life in rats is 12-24 hr as compared to 5-9 days in 
humans. In humans and monkeys, circulating T4 is bound primarily to thyroxine-
blinding globulin (TBG), but this high affinity binding protein is not present in rodents, 
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birds, amphibians, or fish. The high affinity of TBG for T4 is approximately 1000-
times higher than for prealbumin. The percent of unbound active T4 is lower in 
species with high levels of TBG than in animals in which T4 binding is limited to 
albumin and prealbumin. Glucuronidation is the rate-limiting step in the biliary 
excretion of T4 and sulfation by phenol sulfotransferase for the excretion of T3. 
Hepatic enzyme induction and chronic stimulation of the thyroid gland by TSH due to 
increased clearance of thyroxine (T4) by T4-UDP-glucuronyl transferase have been 
linked to the development of follicular cell adenoma and carcinoma.  
 
● The sponsor also contended that uterine tumors observed in rats were rodent-specific 
through a mechanism involving dopamine release and subsequent  prolactin secretion; 
however, the evidence provided was judged to be inadequate to support such a 
mechanism. 
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Methods 
Doses: Nominal doses were 0, 375, 750, and 1500 

mg/kg/day 
Frequency of dosing: Daily by admixture to the feed 

Dose volume: Drug was admixed with the feed 
Route of administration: The drug was administered by admixture with 

the feed. 
Formulation/Vehicle: The drug was admixed with the feed. 

Basis of dose selection: Shionogi conducted a 13-week dose range 
finding study 

Species/Strain: F344/DuCrj (Fischer) [SPF] rats obtained from 
 

Number/Sex/Group: 50 rats/sex/group for the carcinogenicity study 
Age: Administration was initiated at 5 weeks of 

age (body weight ranges: 81 to 91 g for 
males, 67 to 81 g for females). 

Animal housing: Animals were housed individually in 
aluminum cages with stainless steel wire 
mesh fronts and floors 

Paradigm for dietary restriction: Study results appear to suggest that dietary 
restriction was used. Drug was administered by 
admixture to the diet. 

Dual control employed: No 
Interim sacrifice: No 
Satellite groups: 6 rats/sex/group for Toxicokinetic assessments 

Deviation from study protocol: Deviations (e.g., sporadic errors in monitoring 
of room temperature and humidity, refrigerator 
and freezer temperatures,  and animal 
identification and variations in body weight and 
hematology measurements, microorganism 
monitoring, and concentrations of test article in 
the diet) did not appear to impact the integrity 
of the study. 

 
Nominal doses and assignments of animal numbers are shown in the tables below. The 
concentration of the test substance was calculated based on the historical body 
weight and food consumption data of rats of the same strain and same age at the 
initiation of dosing and at Week 2 of dosing. Thereafter, it was calculated based on 
the body weight and food consumption (both group means) to be measured 2 weeks 
before preparation of the test diet. A required amount of the test substance, which 
was corrected by content factor of each lot from Week 3 of dosing and that of the 
basal diet, was measured for preparation of the diet containing the test substance. A 
small amount of the basal diet was taken and mixed with the test substance 
measured in a mortar. The mixture was riddled through a  filter and added to 
the remainder of the basal diet. It was mixed with a ribbon mixer  
for 20 min. The diet containing the test substance was prepared once every 2 weeks 

(b) (4)

(b) (4)

(b) (4)
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and divided into two packs: half of it was used for the first week and the other half was 
stored at room temperature for use in the following week. The prepared diet was used 
within 15 days and the unused diet was incinerated. 
 
Samples (n=3) were taken for determination of the concentration of S-7701 in all test 
feeds (0, 375, 750, and 1,500 mg/kg) at the first preparation and thereafter every 3 
months. The mean value and the ratio to the nominal concentration were calculated 
based on the obtained results. It was judged that the test feed was appropriately 
prepared when the concentration of test substance was 85% to 115% of the nominal 
concentration (test substance was not detected for 0 mg/kg). 
 
Table 18 Study design of rat carcinogenicity study 

 

 
 
Table 19 Mean test substance intake (mg/kg/day) from weeks 0 to 104 

Calculated mean test substance intake, mg/kg/day Nominal dose, mg/kg/day 
Males Females 

375 384.2 ± 40.4 (102.45%) 382.5 ± 33.0 (102.00%) 
750 767.6 ± 74.4 (102.35%) 775.5 ± 66.0 (103.40%) 
1500 1532.8 ± 159.0 (102.19%) 1546.3 ± 141.8 (103.09%) 
Values in parentheses are percent of nominal dose. 
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Basis of Dose Selection: The sponsor conducted a 13-week dose range finding study 
(NCR014) in which rats received pirfenidone by dietary admixture at nominal doses of 0, 
500, 1000, and 1500 mg/kg/day. A limited set of organs and tissues was submitted to 
histopathological examination. There were no deaths. Body weight gains were 
unaffected for male treatment groups and females at 500 and 1000 mg/kg/day. Body 
weight gain and food consumption for females at 1500 mg/kg/day was reduced to 87.2 
and 93.3% of the control, respectively. Target organs were the liver and kidneys. Liver 
findings consisted of hepatocellular fatty change for all male treatment groups and 
centrilobular hepatocellular ground glass appearance and centrilobular hepatocellular 
hypertrophy for males and females at 1000 and 1500 mg/kg/day. Kidney findings were 
confined to males at 1000 and 1500 mg/kg/day and consisted of hyaline casts, and 
tubular epithelium degeneration and regeneration. With respect to the 6-month 
toxicology study with rats, kidneys findings were not observed and incidences of liver 
findings were lower. 
 
Table 20 Histopathological findings in rats from the 13-week dose range finding study 
Organ/Tissue Sex 0 500 1000 1500 
Liver 
-fatty change, hepatocellular 
 
 
- ground glass appearance, 
hepatocellular, centrilobular 
 
-hypertrophy, hepatocyte, centrilobular 

 
M 
F 
 
M 
F 
 
M 
F 

 
1/10 
1/10 
 
0/10 
0/10 
 
0/10 
0/10 

 
4/10 
0/10 
 
0/10 
0/10 
 
0/10 
0/10 

 
10/10 
0/10 
 
10/10 
10/10 
 
10/10 
10/10 

 
10/10 
0/10 
 
10/10 
10/10 
 
10/10 
10/10 

Kidneys 
-basophilic tubules 
 
 
-cast, hyaline 
 
 
-degeneration, tubular epithelium 
 
 
-regeneration, tubular epithelium 

 
M 
F 
 
M 
F 
 
M 
F 
 
M 
F 

 
8/10 
1/10 
 
1/10 
0/10 
 
0/10 
0/10 
 
0/10 
0/10 

 
10/10 
0/10 
 
2/10 
0/10 
 
0/10 
0/10 
 
0/10 
0/10 

 
0/10 
2/10 
 
0/10 
0/10 
 
2/10 
0/10 
 
10/10 
0/10 

 
0/10 
1/10 
 
9/10 
0/10 
 
7/10 
0/10 
 
10/10 
0/10 
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Observations and Results 
 
Mortality 
Rats were observed twice daily for moribundity/mortality. 
 
There were no treatment-related effects on mortality rates. Mortality rates in the 
control, 375, 750, and 1,500 mg/kg/day groups at the end of the administration 
period (Week 104 of dosing) were 16.0%, 14.0%, 14.0%, and 20.0% for males, 
respectively, and 18.0%, 16.0%, 22.0%, and 18.0% for females, respectively.  
 
Mortality rates for control and treatment groups appear to be unusually low providing 
some supportive evidence that dietary restriction may have been used in the study. 
 
Figure 4 Survival for rats in the 104-week carcinogenicity study 

 
Clinical Signs 
Rats were observed twice daily for clinical signs. Palpations were performed once every 
week and nodules/masses were recorded. 
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Potentially treatment-related clinical signs were evident during the observation 
period from weeks 79 to 104. Tissue masses in the abdomen were increased for 
male treatment groups although this finding was not evident for female treatment 
groups. It is noted that nodules and masses were observed in multiple tissues for all 
groups including controls. The incidence of dirty nose was increased for males at the 
high dose. Pallor of the auricles was increased for females at the high dose. 
Incidences of subnormal temperatures were increased for all female treatment 
groups and males at the mid and high doses although dose-response relationships 
were not present. Incidences of opacity of the eye were increased for female 
treatment groups although this was not observed for male treatment groups and this 
finding is known to be a common background finding for older rats. Incidences of 
intraocular hemorrhage and urogenital hemorrhage were increased for females at 
the high dose. 
 
Table 21 Clinical signs observed from weeks 79 to 104 

Males Females Clinical signs 
0 375 750 1500 0 375 750 1500 

Moribund 2 5 5 8 6 5 10 6 
Wasting 4 3 2 9 3 6 4 5 
Tissue mass/abdomen 4 6 8 11 9 11 8 10 
Dirty nose 0 1 1 3 0 1 0 1 
Pallor/auricles, etc. 3 4 4 4 4 5 4 7 
Subnormal temperature 1 1 2 2 0 4 8 3 
Opacity of eyeball 7 6 6 3 1 6 5 6 
Intraocular hemorrhage 1 0 2 1 0 0 0 3 
Urogenital hemorrhage - - - - 2 2 2 4 
Note: All animals in the carcinogenicity study groups were observed for general 
condition twice a day or more. Palpations were performed once every week and 
nodules/masses were recorded. 
 
Body Weights 
Body weights were measured weekly thru week 26 and once every 2 weeks thereafter. 
 
By the end of the 104-week treatment period, absolute body weights for males and 
females at 750 and 1500 mg/kg/day were decreased by >10% as compared to controls. 
Absolute body weights for control and treatment groups appeared to be unusually low 
as compared to the 6-month toxicology study with rats suggesting that food restriction 
was possibly used in the present study. In a conversation with Dr. Abby Jacobs, she 
indicated that rats, used in carcinogenicity studies conducted in Japan, were typically 
much leaner than rats used in the United States. 
 
By week 26, absolute body weights for females at 1500 mg/kg/day were 89.0% of the 
control. By week 52, absolute body weights for females at 750 and 1500 mg/kg/day 
were 88.4 and 82.3% of the control, respectively. By week 78, absolute body weights for 
males at 1500 mg/kg/day were 81.6% of the control and females at 750 and 1500 
mg/kg/day were 85.5 and 77.7% of the control, respectively. By week 104, absolute 
body weights for males at 750 and 1500 mg/kg/day were 88.2 and 78.0% of the control 
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and females at 750 and 1500 mg/kg/day were 79.8 and 71.0% of the control, 
respectively.  
 
Table 22 Absolute body weights and body weight gains 
Parameter

Control 375 mg/kg 750 mg/kg 1500 mg/kg Control 375 mg/kg 750 mg/kg 1500 mg/kg

Wk0 86 85 85 86 74 74 75 74

Wk26 322 323 318 306 173 169 161 154

Absolute BW, % Control 100.0 100.3 98.8 95.0 100.0 97.7 93.1 89.0

Δ, g 236 238 233 220 99 95 86 80

BW Gain, % Initial 274.4 280.0 274.1 255.8 133.8 128.4 114.7 108.1

BW Gain, % Control 100.0 102.0 99.9 93.2 100.0 96.0 85.7 80.8

Wk52 362 360 352 330 198 190 175 163

Absolute BW, % Control 100.0 99.4 97.2 91.2 100.0 96.0 88.4 82.3

Δ, g 276 275 267 243 125 115 100 89

BW Gain, % Initial 320.9 323.5 314.1 282.6 168.9 155.4 133.3 120.3

BW Gain, % Control 100.0 100.8 97.9 88.0 100.0 92.0 78.9 71.2

Wk78 374 366 351 321 220 210 188 171

Absolute BW, % Control 100.0 97.9 93.9 85.8 100.0 95.5 85.5 77.7

Δ, g 288 281 266 235 147 135 114 97

BW Gain, % Initial 334.9 330.6 312.9 273.3 198.6 182.4 152.0 131.1

BW Gain, % Control 100.0 98.7 93.4 81.6 100.0 91.8 76.5 66.0

Wk104 373 351 329 291 252 231 201 179

Absolute BW, % Control 100.0 94.1 88.2 78.0 100.0 91.7 79.8 71.0

Δ, g 287 266 244 205 179 156 126 105

BW Gain, % Initial 333.7 312.9 287.1 238.4 241.9 210.8 168.0 141.9

BW Gain, % Control 100.0 93.8 86.0 71.4 100.0 87.2 69.5 58.7

Males Females
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Figure 5 Body weights for rats in 2-year study 

 
 

Feed Consumption 
Food consumption was determined weekly. 
 
During the treatment period from weeks 0 to 104, food consumption for females in the 
750 and 1500 mg/kg/day groups were decreased to 94.3 and 90.5% of the control, 
respectively. Mean weekly food efficiencies during the treatment period for males 
receiving 750 or 1,500 mg/kg/day and for all female treatment groups were 
significantly lower than controls although the toxicological significance of these small 
differences was unclear. 
 
Table 23 Food consumption, weeks 0-104 
Dose, mg/kg/day Males Females 
0 10003 7651 
375 10101 7632 
750 9974 7214* (94.3%) 
1500 9802 6927* (90.5%) 
*Statistical significance was achieved, p <0.05 
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Figure 6 Food consumption 

 
 
Table 24 Food efficiency (%), weeks 0-26 
Dose, mg/kg/day Males Females 
0 9.9 5.8 
375 9.8 5.5* 
750 9.7* 5.3* 
1500 9.2* 5.1* 
*Statistical significance was achieved, p <0.05 
 
Hematology 
Complete hematological examinations were performed on all surviving animals in 
the carcinogenicity study groups at the end of the administration period. Clinical 
chemistry examinations were not performed as this is not a requirement of 
carcinogenicity studies. 
 
Neutrophil counts were increased for all male and female treatment groups. In 
contrast, lymphocyte counts were decreased for all male and female treatment 
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groups. The toxicological significance of these observed differences was unclear 
although, with the possible exception of increased neutrophil counts at the high 
dose, these changes were generally small. Differences of other parameters between 
control and treatment groups were small and had little or no significance. 
 
Red blood cell counts were slightly increased for males at 750 and 1500 mg/kg/day. 
Hematocrit and hemoglobin concentration were slightly decreased for females at 
750 and 1500 mg/kg/day. MCV values were slightly decreased for all male treatment 
groups and females at 1500 mg/kg/day. MCH values were slightly decreased for all 
male treatment groups. Reticulocyte percentages were decreased for males at 750 
and 1500 mg/kg and females at 1500 mg/kg/day. 
 
White blood cell counts were increased for males and females at 1500 mg/kg/day. 
Neutrophil counts were increased for all male and female treatment groups. 
Lymphocyte counts were decreased for all male and female treatment groups. 
Monocyte counts were increased for males at 1500 mg/kg/day. Eosinophils counts 
were slightly increased for male treatment groups; however, a decrease was 
observed for females at 1500 mg/kg/day. Basophil counts were decreased for males 
and females at 750 and 1500 mg/kg/day. Large unstained cells were decreased for 
males at 750 and 1500 mg/kg/day and all female treatment groups.  
 
Platelet counts were increased for males at 1500 mg/kg/day and all female 
treatment groups. 
 
Table 25 Hematology parameters at week 104 

Males Females Parameter 
0 375 750 1500 0 375 750 1500 

RBC 
x 106/mm3 

9.71 9.02 9.59* 
(110%) 

9.79* 
(112%) 

NC NC NC NC 

Hematocrit 
% 

NC NC NC NC 42.1 41.5 41.0 39.4* 
(94%) 

Hemoglobin 
g/dL 

NC NC NC NC 15.1 14.8 14.8 14.2* 
(94%) 

MCV 
µm3 

49.0 46.9* 
(96%) 

45.6* 
(93%) 

43.9* 
(90%) 

52.0 50.2* 49.3* 47.9* 
(92%) 

MCH 
pg 

17.1 16.5* 
(97%) 

15.9* 
(93%) 

15.3* 
(89%) 

NC NC NC NC 

WBC 
x 103/mm3 

7.92 8.03 8.04 8.74* 
(110%) 

4.30 4.97 4.02 4.88* 
(113%) 

Neutrophils 
% 

42.3 45.9 50.1* 
(118%) 

54.7* 
(129%) 

40.0 47.2* 
(118%) 

46.5* 
(116%) 

56.7* 
(142%) 

Neutrophils 
x 103/mm3 

2.97 3.44 
(116%) 

3.96 
(133%) 

4.69 
(158%) 

1.64 2.14 
(130%) 

1.90 
(116%) 

2.79 
(170%) 

Lymphocytes 
% 

51.0 46.6* 
(91%) 

43.3* 
(85%) 

38.6* 
(75.7%) 

52.9 46.3* 
(88%) 

46.6* 
(88%) 

37.8* 
(72%) 

Lymphocytes 
x 103/mm3 

4.34 3.90 
(90%) 

3.54 
(82%) 

3.41 
(79%) 

2.32 2.17 1.84 
(79%) 

1.81 
(78%) 

Monocytes 
x 103/mm3 

0.29 0.33 0.30 0.39 
(134%) 

NC NC NC NC 
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Males Females Parameter 
0 375 750 1500 0 375 750 1500 

Eosinophils 
% 

NC NC NC NC 1.8 1.5* 
(83%) 

1.5 
(83%) 

1.0* 
(56%) 

Eosinophils 
x 103/mm3 

0.08 0.10 
(125%) 

0.147 
(175%) 

0.16 
(200%) 

0.07 0.06 0.06 0.05 
(71%) 

Basophils 
% 

0.2 0.2 0.2 0.1 
(50%) 

0.2 0.2 0.2 0.1 
(50%) 

Basophils 
x 103/mm3 

0.05 0.04 
(80%) 

0.01 
(20%) 

0.01 
(20%) 

0.01 0.01 0.00 0.00 

LUC 
x 103/mm3 

0.20 0.22 0.09 
(45%) 

0.09 
(45%) 

0.09 0.06 
(67%) 

0.06 
(67%) 

0.05 
(56%) 

Platelets 
x 103/mm3 

733 731 709 838* 
(114%) 

632 670* 
(106%) 

723* 
(114%) 

831* 
(131%) 

Reticulocytes 
% 

3.4 3.5 2.8* 
(82%) 

2.5* 
(74%) 

3.1 3.6 3.0 2.5* 
(81%) 

*Statistical significance was achieved, p <0.05 
NC = No change 
 
Gross Pathology 
Complete gross necropsy examinations were performed on moribund and dead animals 
immediately and animals that survived to scheduled terminations.  
 
Gross pathological findings were observed for the liver, uterus, thyroid gland, lung, 
kidneys, and stomach that appeared to correlate with neoplastic and/or non-neoplastic 
findings. There were additional findings with unclear relationships to treatment. 
 
For the liver, there were increased incidences of findings including brown patches/zones 
for all male treatment groups, dark appearance for males and females at 750 and 1500 
mg/kg/day, nodules for all male treatment groups, and white patches/zones for all male 
treatment groups and females at 750 and 1500 mg/kg/day. These findings appear to 
correlate with neoplastic and non-neoplastic findings in the liver. 
 
For the uterus, there were increased incidences of findings including nodules and 
luminal dilatation for all female treatment groups. These findings appear to correlate 
with neoplastic and non-neoplastic findings in the uterus. 
 
For the thyroid gland, there were increased incidences of nodules for all male treatment 
groups and females at 1500 mg/kg/day. These findings may correlate with 
histopathological findings of follicular cell hyperplasia for males and females at all doses 
and follicular cell adenomas and carcinomas for males and females at the high dose. 
 
For the lung, there were increased incidences of white patches/zones that appear to 
correlate with non-neoplastic findings. 
 
For the kidneys, there were increased incidences of findings including granular 
appearance for all male treatment groups and females at the high dose and dark 
appearance for males at 1500 mg/kg/day that appear to correlate with non-neoplastic 
findings.   
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There were gross findings for seminal vesicles (increased incidences of atrophic 
appearance for all male treatment groups), omentum (nodules for all female treatment 
groups that correlated with metastases), skin (increased incidence of nodules for males 
at the high dose), and whole body (wasting for males at the high dose and females at 
the mid and high doses) that did not appear to correlate with any treatment-related 
histopathological findings. 
 
Table 26 Gross findings in rats treated with pirfenidone for up to 104 weeks (n=50 rats/sex/group) 

Males Females Organ/Tissue 
0 375 750 1500 0 375 750 1500 

Liver 
-brown patch/zone 
-dark 
-nodule 
-white patch/zone 

 
13 
0 
2 
4 

 
23 
0 
5 
24 

 
31 
29 
17 
40 

 
22 
39 
22 
42 

 
20 
0 
1 
14 

 
22 
0 
4 
9 

 
22 
30 
1 
19 

 
18 
40 
4 
44 

Uterus 
-nodule 
-dilated lumen 

     
8 
13 

 
13 
16 

 
10 
17 

 
15 
18 

Thyroid gland 
-nodule 

 
0 

 
2 

 
6 

 
6 

 
2 

 
1 

 
1 

 
4 

Lung 
-white patch/zone 

 
2 

 
4 

 
1 

 
11 

 
6 

 
24 

 
17 

 
31 

Kidneys 
-granular 
-dark 

 
3 
0 

 
12 
2 

 
15 
1 

 
30 
4 

 
2 
2 

 
1 
0 

 
2 
1 

 
8 
2 

Stomach 
-black patch/zone 
-white patch/zone 

 
1 
3 

 
1 
6 

 
0 
7 

 
5 
14 

 
3 
2 

 
3 
0 

 
2 
4 

 
6 
6 

Seminal vesicle 
-atrophic 

 
29 

 
36 

 
40 

 
44 

    

Omentum 
-nodule 

     
0 

 
3 

 
3 

 
3 

Skin 
-nodule 

 
1 

 
3 

 
2 

 
4 

 
0 

 
0 

 
0 

 
1 

Whole body 
-wasting 

 
2 

 
3 

 
2 

 
9 

 
3 

 
4 

 
8 

 
10 

 
Organ Weights  
Organ weights were determined for the heart, liver, spleen, kidneys, adrenal glands, 
testes, ovaries, brain, lung, and thymus.  
 
Differences of liver, kidneys, spleen, testes, and adrenal weights were observed 
between control and treatment group although only changes of liver and kidney 
weights appeared to correlate with histopathological findings. Based upon 
decreased absolute body weights or body weight gains for treatment groups, 
weights for several organs were increased when expressed as a percentage of body 
weight gain although they were generally unchanged on an absolute weight or % 
brain weight basis.  
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Pathology 26: 428-441, 1998). Background incidences of uterine adenoma for F344 
female rats from NTP carcinogenicity studies with administration by admixture to the 
feed were reported as 0.4% (0-4%) (Toxicologic Pathology 26: 428-441, 1998).  
 
Thyroid: Follicular cell adenomas and carcinomas were observed at increased 
incidences for males and females in the 1500 mg/kg/day group. Statistical significance 
was achieved for males at 1500 mg/kg/day with the trend test, but not by pairwise 
comparison.  
 
Background incidences of thyroid follicular cell adenoma for male and female F344 rats 
from NTP carcinogenicity studies with administration by admixture to the feed were 
reported as 0.9% (0-4%) and 0.4% (0-2%), respectively (Toxicologic Pathology 26: 428-
441, 1998). Background incidences of thyroid follicular cell carcinoma for male and 
female F344 rats from NTP carcinogenicity studies with administration by admixture to 
the feed were reported as 1.2% (0-6%) and 0.5% (0-4%), respectively (Toxicologic 
Pathology 26: 428-441, 1998). Observed incidences of thyroid follicular cell adenoma 
and carcinoma for male and female rats at 1500 mg/kg/day in the present study appear 
to be within the upper end of the historical control range although there were no findings 
for the concurrent control groups. There is a biological plausibility for these findings in 
the present study as discussed below. 
 
Hepatic enzyme induction and chronic stimulation of the thyroid gland by TSH due to 
increased clearance of thyroxine (T4) by T4-UDP-glucuronyl transferase have been 
linked to the development of follicular adenoma and carcinoma. There were findings of 
centrilobular hepatocellular hypertrophy in the present study for males and females 
receiving doses ≥375 mg/kg/day.  
 
Table 28 Neoplastic findings in rats treated with pirfenidone for up to 104 weeks 

Males Females Organ/Tissue 
0 375 750 1500 0 375 750 1500 

Liver 
-total examined 
-adenoma, hepatocellular 
-carcinoma, hepatocellular 
-adenoma + carcinoma (total) 

 
50 
1 
1 
2 

 
50 
5 
1 
6 

 
50 
34 
0 
34 

 
50 
41 
2 
41* 

 
50 
1 
0 
1 

 
50 
3 
0 
3 

 
50 
1 
0 
1 

 
50 
18 
0 
18 

Uterus 
-total examined 
-adenocarcinoma 
-adenoma 
-adenoma + adenocarcinoma 
 
-undifferentiated carcinoma 
-adenoma + all carcinomas 

     
50 
2 
1 
3 
 
0 
3 

 
50 
6 
2 
8 
 
1 
9 

 
50 
8 
4 
12 
 
1 
13 

 
50 
13 
1 
14 
 
1 
15 

Thyroid 
-number examined 
-follicular cell adenoma 
-follicular cell carcinoma 
-adenoma + carcinoma 

 
50 
0 
0 
0 

 
50 
0 
0 
0 

 
50 
0 
0 
0 

 
50 
1 
3 
4 

 
50 
0 
0 
0 

 
50 
0 
0 
0 

 
50 
0 
0 
0 

 
50 
1 
1 
2 

* Two males in the 1500 mg/kg/day (1302 and1317) had findings of both multiple 
adenomas and carcinoma. 
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Table 29 Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise 
Comparisons (From Statistician's Review) 
 

 

                                                 Cont    Low     Med     High   P_Value    P_Value  P_Value  P_Value 

 Sex      Organ Name        Tumor Name           N=50    N=50    N=50    N=50   Dose Resp  C vs. L  C vs. M  C vs. H 

 ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 Male       liver            adenoma+carcinoma     2       6       34      41    <0.001*    0.1407   <0.001*  <0.001* 

                             adenoma, hepatocellu  1       5       34      41    <0.001*    0.1067   <0.001*  <0.001* 

 

            testis           interstitial cell tu  44      44      49      49    0.0222     0.6298   0.0976   0.0976 

 

            thyroid gland    adenoma+carcinoma     0       0       0       4     0.0039*    .        .        0.0638 

                             follicular cell carc  0       0       0       3     0.0159*    .        .        0.1289 

 

 Female     liver            adenoma+carcinoma     1       3       1       18    <0.001*    0.3084   0.7527   <0.001* 

                             adenoma, hepatocellu  1       3       1       18    <0.001*    0.3084   0.7527   <0.001* 

 

            uterus           adenocarcinoma        2       6       8       13    0.0013*    0.1407   0.0488?   0.0021* 

                             adenoma+adenocarcino  3       8       12      14    0.0031*    0.1058   0.0123?   0.0036*  

 

 
 
Non Neoplastic 
Non-neoplastic target organs of toxicity were the liver, uterus, thyroid gland, lung, 
kidneys, and glandular stomach. There were additional findings in the testis, ovary, 
vagina, adrenal gland, spinal cord, sciatic nerve, cecum, colon, and spleen that might 
have relationships to treatment.  
 
Liver: There were increased incidences of findings including pigment deposition in 
hepatocytes for males receiving doses ≥750 mg/kg/day and females receiving doses 
≥375 mg/kg/day, fatty changes in hepatocytes and foci of mixed cells for males 
receiving doses ≥375 mg/kg/day and females at 1500 mg/kg/day, centrilobular 
hepatocellular hypertrophy and foci of eosinophilic cells for males and females receiving 
doses ≥375 mg/kg/day, foci of clear cells for males receiving doses ≥750 mg/kg/day and 
females at 1500 mg/kg/day, single cell necrosis and spongiosis hepatis for males 
receiving doses ≥375 mg/kg/day, and mixed cellular infiltration for females at 1500 
mg/kg/day. 
 
Foci of hepatocellular alteration (i.e., clear cell, eosinophilic cell, and mixed cell foci) 
may represent progenitor lesions from which hepatocellular neoplasia may arise 
(Fundamentals of Toxicologic Pathology, Edited by W.M. Haschek and C.G. 
Rousseaux, 1998, Pages 146-147). These foci are composed of hepatocytes, which 
have cytological or histochemical alteration, but merge imperceptibly with surrounding 
hepatocytes. Their boundaries have little or no compression of adjacent parenchyma. 
Foci occur spontaneously in rats and mice, although, they are generally found in much 
greater numbers in the liver of rodents treated with carcinogens. Similar cytologic and 
histochemical alterations in both foci and neoplasms and the appearance of foci prior to 
appearance of neoplasms, as well as a higher rate of DNA replication in cells of foci 
than in normal hepatocytes, provide evidence for foci as progenitors to hepatocellular 
neoplasia. The spectrum of markers may be shifted by carcinogens, although, no 
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technique uniformly marks all foci or neoplasms induced by any treatment regimen. 
There is no mechanistic evidence that links any histochemical alteration with neoplastic 
development. Regression of early hepatocellular proliferative lesions following chemical 
removal is seen in some but not all experimental protocols for induction of 
hepatocellular neoplasia. This variability in progression or regression makes it difficult to 
predict future events for any single lesion or group of lesions observed at one distinct 
point in time. 
 
Uterus: There were increased incidences of findings including cystic endometrial 
hyperplasia, endometrial glandular hyperplasia, and squamous metaplasia for females 
receiving doses ≥750 mg/kg/day. These findings appear to have some relation to 
neoplastic findings. 
 
Thyroid gland: There were increased incidences of follicular cell hyperplasia for males 
and females receiving doses ≥375 mg/kg/day. Findings of follicular cell hyperplasia may 
have been the result of chronic stimulation of the thyroid gland with TSH. Hepatic 
enzyme induction and chronic stimulation of the thyroid gland by TSH due to increased 
clearance of thyroxine (T4) by T4-UDP-glucuronyl transferase have been linked to the 
development of follicular adenoma and carcinoma, which was observed in the present 
study. There were findings of centrilobular hepatocellular hypertrophy in the present 
study for males and females receiving doses ≥375 mg/kg/day. 
 
Lung: There were increased incidences of findings including macrophage accumulation 
for males and females receiving doses ≥375 mg/kg/day and foreign body reaction for 
females receiving doses ≥375 mg/kg/day. 
 
Kidneys: There were increased incidences of findings including chronic nephropathy for 
males and females receiving doses ≥375 mg/kg/day, transitional cell hyperplasia for 
males receiving doses ≥750 mg/kg/day, necrosis of tubular epithelium for females at 
1500 mg/kg/day, and mixed cellular infiltration and pyelonephritis for males at 1500 
mg/kg/day. Chronic nephropathy is a rat-specific finding although drug treatment 
appears to have increased the incidence as compared to the concurrent control. 
 
Glandular stomach: There were increased incidences of findings including glandular 
dilatation for males and females receiving doses ≥750 mg/kg/day and erosion for males 
at 1500 mg/kg/day and females receiving doses ≥750 mg/kg/day. 
 
Testes: There was an increased incidence of mineralization for males at 1500 
mg/kg/day. 
 
Ovaries: There were increased incidences of findings including decreased corpus 
luteum for females at 1500 mg/kg/day and cysts and interstitial cell hyperplasia for 
females receiving doses ≥750 mg/kg/day. 
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Vagina: There were increased incidences of findings including cystic dilatation of the 
vaginal fornix for females receiving doses ≥750 mg/kg/day and hyperkeratosis for 
females receiving doses ≥375 mg/kg/day. 
 
Adrenal gland: There were increased incidences of medullary hyperplasia for males 
receiving doses ≥375 mg/kg/day although a dose-response relationship was not 
evident. 
 
Spinal cord: There were increased incidences of axonal swelling for males and females 
receiving doses ≥750 mg/kg/day although dose-response relationships were not 
present. 
 
Sciatic nerve: There were increased incidences of macrophage accumulation for 
females receiving doses ≥750 mg/kg/day. 
 
Cecum: There was an increased incidence of luminal dilatation for males at 1500 
mg/kg/day. 
 
Colon: There were increased incidences of lymphoid tissue hyperplasia for males 
receiving doses ≥375 mg/kg/day although a dose-response relationship was not 
present. 
 
Spleen: There were increased incidences of atrophy for males at 1500 mg/kg/day and 
females receiving doses ≥750 mg/kg/day. 
 
Table 30 Non-neoplastic findings in rats treated with pirfenidone for up to 104 weeks 

Males Females Organ/Tissue 
0 375 750 1500 0 375 750 1500 

Liver 
-number examined 
-deposit, pigment, hepatocyte 
-fatty change, hepatocyte 
-hypertrophy, hepatocyte, 
centrilobular 
-hypertrophy, hepatocyte 
-focus of cellular alteration, clear 
cell 
-focus of cellular alteration, 
eosinophilic 
-focus of cellular alteration, 
mixed 
-single cell necrosis, hepatocyte 
-spongiosis hepatis 
-cellular infiltration, mixed 

 
50 
0 
13 
0 
 
0 
3 
 
17 
 
0 
 
2 
0 
1 

 
50 
2 
23 
30 
 
0 
5 
 
39 
 
8 
 
4 
4 
2 

 
50 
36 
41 
42 
 
0 
9 
 
46 
 
18 
 
5 
5 
1 

 
50 
41 
44 
43 
 
0 
24 
 
42 
 
8 
 
4 
5 
0 

 
50 
0 
4 
0 
 
0 
6 
 
10 
 
1 
 
10 
0 
0 

 
50 
14 
3 
25 
 
0 
1 
 
18 
 
0 
 
5 
0 
1 

 
50 
41 
3 
41 
 
0 
4 
 
16 
 
2 
 
10 
0 
1 

 
50 
41 
26 
42 
 
1 
18 
 
33 
 
12 
 
8 
0 
3 

Uterus 
-number examined 
-cystic endometrial hyperplasia 
-hyperplasia, endometrium, 
glandular 
-squamous metaplasia 

     
50 
7 
6 
 
0 

 
50 
7 
8 
 
0 

 
50 
15 
11 
 
1 

 
50 
15 
18 
 
2 

Thyroid gland         
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Males Females Organ/Tissue 
0 375 750 1500 0 375 750 1500 

-number examined 
-follicular cell hyperplasia 

50 
0 

50 
7 

50 
21 

50 
43 

50 
0 

50 
6 

50 
16 

50 
43 

Lung 
-number examined 
-accumulation of macrophages 
-foreign body reaction 

 
50 
4 
1 

 
50 
10 
2 

 
50 
10 
1 

 
50 
11 
2 

 
50 
12 
4 

 
50 
21 
7 

 
50 
16 
8 

 
50 
21 
11 

Kidney 
-number examined 
-chronic nephropathy 
-hyperplasia, transitional cell 
-necrosis, tubular, epithelium 
-cellular infiltration, mixed 
-pyelonephritis 

 
50 
40 
1 
0 
0 
0 

 
50 
48 
2 
0 
0 
0 

 
50 
50 
6 
0 
0 
0 

 
50 
50 
22 
0 
5 
2 

 
50 
20 
0 
0 
0 
0 

 
50 
35 
0 
0 
0 
0 

 
50 
43 
0 
0 
0 
0 

 
50 
44 
0 
2 
0 
0 

Glandular stomach 
-number examined 
-dilatation, gland 
-erosion 

 
50 
12 
1 

 
50 
9 
2 

 
50 
15 
0 

 
50 
16 
6 

 
50 
12 
2 

 
50 
14 
2 

 
50 
21 
4 

 
50 
21 
7 

Testis 
-number examined 
-mineralization 

 
50 
10 

 
50 
8 

 
50 
10 

 
50 
16 

    

Ovary 
-number examined 
-corpus luteum, decreased 
-cyst 
-interstitial cell hyperplasia 

     
50 
3 
6 
1 

 
50 
0 
6 
0 

 
50 
1 
11 
2 

 
50 
6 
11 
3 

Vagina 
-number examined 
-cystic dilatation, vaginal fornix 
-hyperkeratosis 

     
50 
1 
0 

 
50 
0 
1 

 
50 
4 
1 

 
50 
5 
1 

Adrenal gland 
-number examined 
-hyperplasia, medullary 

 
50 
1 

 
50 
3 

 
50 
5 

 
50 
3 

 
50 
1 

 
50 
1 

 
50 
0 

 
50 
1 

Spinal cord 
-number examined 
-axonal swelling 

 
50 
0 

 
50 
0 

 
50 
3 

 
50 
3 

 
50 
0 

 
50 
0 

 
50 
2 

 
50 
1 

Sciatic nerve 
-number examined 
-accumulation of macrophages 

 
50 
0 

 
50 
0 

 
50 
0 

 
50 
0 

 
50 
0 

 
50 
0 

 
50 
1 

 
50 
3 

Cecum 
-number examined 
-dilatation, lumen 

 
49 
0 

 
49 
0 

 
50 
0 

 
50 
3 

 
50 
0 

 
50 
1 

 
49 
2 

 
49 
0 

Colon 
-number examined 
-hyperplasia, lymphoid tissue 

 
49 
2 

 
49 
4 

 
50 
4 

 
50 
4 

 
50 
1 

 
50 
0 

 
50 
1 

 
48 
0 

Spleen 
-number examined 
-atrophy 

 
50 
3 

 
50 
3 

 
50 
0 

 
50 
5 

 
50 
5 

 
50 
5 

 
50 
9 

 
50 
8 

 
Toxicokinetics 
Blood samples were collected from 3 animals at 1 time point each at Weeks 1, 26, 
and 52 of dosing. Plasma concentrations of pirfenidone (S-7701) and the 5-
carboxylic metabolite of pirfenidone (S-7701-CA) were measured. Plasma 
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concentrations of pirfenidone and the 5-carboxylic metabolite of pirfenidone were 
measured by HPLC with ultraviolet  and fluorescence detection  

. Standard curve ranges for pirfenidone and the 5-
carboxylic metabolite of pirfenidone were from 0.1 to 20 µg/mL and 0.2 to 40 µg/mL, 
respectively. 
 
Plasma concentrations of S-7701 and S-7701-CA in male and female rats increased 
with elevating doses during weeks 1, 26, and 52. Increases were generally dose 
proportional or slightly less than dose proportional. Plasma concentrations of S-
7701-CA in male and female rats were significantly greater (≥3-fold) than plasma 
concentrations of S-7701. Plasma concentrations of S-7701 and 5-carboxylic S-
7701  with doses of 750 and 1500 mg/kg/day during weeks 26 and 52 were 
generally greater than concentrations during week 1 suggesting some accumulation 
of drug in the process to achieve steady state. Plasma concentrations of S-7701 and 
5-carboxylic S-7701 during week 52 were generally comparable to or lower than 
values during week 26 indicating that steady state had been achieved by week 26 
and there was no further accumulation.  
 
It might be inferred that the 5-carboxylic metabolite of pirfenidone played a greater 
role in the observed treatment-related neoplastic and non-neoplastic findings than 
the parent compound, pirfenidone.   
 

(b) (4) (b) (4)
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Table 31 Plasma concentrations of pirfenidone in the 2-year rat study 

 
 
Stability and Homogeneity 
The concentration of the test substance in the test feed was determined based on the 
Analytical Method Validation for the Determination of S-7701 in Feed and Stability Test 
[Exp. No. 6180 (250-038)]). S-7701 in feed (100 and 40,000 µg/g) was confirmed to be 
homogeneous and stable at room temperature for 15 days in the 13-Week Preliminary 
Carcinogenicity Study of S-7701 by Feed in Rats [Exp. No. 6130 (250-035)]). In 
addition, S-7701 in feed (60,000 µg/g) was confirmed to be homogeneous and stable at 
room temperature for 15 days in the Carcinogenicity Study (Feed) of S-7701 in Mice for 
104 Weeks [Exp. No. 6649 (250-048)] ). 
 
Concentrations of drug in the feed during month 24 are shown in the table below. Actual 
concentrations of drug in feed as a percentage of nominal concentrations at the first 
preparation and months 3, 6, 9, 12, 15, 18, 21, and 24 were greater than 90%.  
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Histopathology inventory (optional)   
 

Study  104-week 
study 

104-week 
study 

Species Mice Rats 
Adrenals X* X* 
Anus   
Aorta X X 
Bone Marrow smear   
Bone (femur) X X 
Brain X* X* 
Bronchial tubes  X 
Cecum X X 
Cervix   
Colon X X 
Diaphragm   
Duodenum X X 
Epididymis X X 
Esophagus X X 
Eye X X 
Fallopian tube   
Gall bladder X  
Gross lesions X X 
Harderian gland X X 
Heart X* X* 
Ileum X X 
Injection site   
Jejunum X X 
Kidneys X* X* 
Lachrymal gland   
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Larynx   
Lip   
Liver X* X* 
Lungs X* X* 
Lymph nodes, cervical   
Lymph nodes mandibular X X 
Lymph nodes, mesenteric X X 
Lymph node, neck   
Mammary Gland X (Females) X (Females) 
Nasal cavity   
Optic nerves X X 
Ovaries X* X* 
Pancreas X X 
Parathyroid X X 
Parotid gland   
Peripheral nerve (Sciatic) (Sciatic) 
Pharynx   
Pituitary X X 
Prostate X X 
Rectum X X 
Rib   
Salivary gland 
(Mandibular) 

X X 

Salivary gland 
(Sublingual) 

X X 

Submandibular gland   
Submaxillary gland   
Sciatic nerve X X 
Seminal vesicles X X 
Skeletal muscle X X 
Skin X X 
Spinal cord X X 
Spleen X* X* 
Sternum X X 
Stomach X X 
Testes X* X* 
Thymus X* X* 
Thyroid X X 
Tongue X X 
Tonsil   
Trachea X X 
Urinary bladder X X 
Ureter   
Uterus X X 
Vagina X X 
Zymbal gland  X 

   X, histopathology performed 
   *, organ weight obtained 
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10 Special Toxicology Studies 
 
Study title: Effects of S-7701 on Extracellular Dopamine Levels in Rat 
Hypothalamus    

Study no.: NCR015 Rev 01 
Study report location: EDR 

Conducting laboratory and location: Shionogi Research Laboratories, Shionogi & 
Co., Ltd. 
12-4, Sagisu 5-chome, Fukushima-ku, 
Osaka 553-0002, Japan 
Developmental Research Laboratories, 
Shionogi & Co., Ltd. 
1-1, Futaba-cho 3-chome, Toyonaka, Osaka 
561-0825, Japan 

Date of study initiation: March 20, 2006 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: Pirfenidone, Lot No. PIRFA00502 (99.7%) 

 
Key Study Findings 
 
● Effects of single oral doses of pirfenidone (30, 100, and 300 mg/kg) on 
dopamine levels in the arcuate nucleus of the medial basal hypothalamus were 
examined in female rats (8/group) implanted with microdialysis probes. The 
sponsor has speculated that release of dopamine might stimulate the secretion of 
prolactin. Excessive prolactin might lead to the development of uterine adenoma and 
carcinomas as observed in the 2-year carcinogenicity study. 
 
● Pirfenidone was administered by oral gavage and dialysate samples were collected 
every 20 min up to 2 hr after dosing. 
 
● Pirfenidone at an oral dose of 30 mg/kg had no effects on dopamine levels. However, 
doses of 100 and 300 mg/kg significantly increased dopamine levels from 20 to 80 min 
and 20 to 120 min postdose, respectively. Peak increases after treatment with doses of 
100 and 300 mg/kg/day occurred at the 20-40 min time point and were approximately 
2.7- and 12.0-fold higher than the control (0.130 pg/min), respectively. 
 
● In Study NCR034 Rev 01 (below), dopamine levels were decreased in the striatum 
following an oral dose of 300 mg/kg. 
 
Methods 

Doses: 0, 30, 100, and 300 mg/kg 
Frequency of dosing: Single oral dose 

Route of administration: Oral 
Dose volume: 10 mL/kg 

Formulation/Vehicle: 0.5 w/v% carboxymethylcellulose aqueous solution 
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Species/Strain: F344/DuCrlCrlj female rats obtained from  
 

Number/Sex/Group: 8 rats/group 
Age: 16-17 weeks old at implantation of microdialysis 

probe 
Weight: 168-196 g 

Satellite groups: Not applicable 
Unique study design: The present study was conducted to assess the 

effects of S-7701 on the extracellular dopamine 
levels in the hypothalamus because prolactin 
secretion, which is regulated by hypothalamic 
dopamine. 

Deviation from study protocol: Not provided in this non-GLP study 
 
Methods: Effects of single oral doses of pirfenidone on dopamine levels in the arcuate 
nucleus of the medial basal hypothalamus were examined in female rats. The sponsor 
has speculated that release of dopamine might stimulate the secretion of prolactin. 
Excessive prolactin might lead to the development of uterine adenoma and carcinomas 
as observed in the 2-year carcinogenicity study. 
 
Female rats were anesthetized with sodium pentobarbital (50 mg/kg IP) and placed on a 
stereotaxic frame. A microdialysis probe (poly-carbonate membrane 1 mm long with an 
outer diameter of 220 μm) was inserted in the right hypothalamus (coordinates were 3.7 
mm posterior to bregma, 1.6 mm lateral to the midline suture, and 9.0 mm below the 
dura surface at an angle of 8°). The dialysis probe was fixed to the skull with quick self-
curing acrylic resin. Animals were allowed a recovery period of at least 24 hr. 
 
Microdialysis experiments were conducted in freely moving animals. Microdialysis 
probes were connected to a microinjection pump through the teflon tube and perfused 
with the Ringer solution at a flow rate of 2 μL/min. Dialysate samples were collected 
from animals every 20 min. After stabilization of dopamine levels, female rats were 
treated with pirfenidone by oral gavage at doses of 0, 30, 100, and 300 mg/kg/day. 
Dialysate samples were collected up to 2 hr after dosing. Dialysate samples were 
injected into an HPLC system with a graphite electrode for measurement of dopamine 
(no further details of the method were provided).  
 
At the end of microdialysis experiments, animals were sacrificed and correct placement 
of probes was confirmed by infusing dye through the probes and visual inspection after 
cutting the brains at the appropriate coronal sections. 
 
Results: Pirfenidone at an oral dose of 30 mg/kg had no effects on dopamine levels. 
However, doses of 100 and 300 mg/kg significantly increased dopamine levels from 20 
to 80 min and 20 to 120 min, respectively, after treatment. Peak increases after 
treatment with pirfenidone at 100 and 300 mg/kg/day occurred at the 20-40 min time 
point and were approximately 2.7- and 12.0-fold higher than the control (0.130 pg/20 
min), respectively. 
 

(b) (4)
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Figure 7 Effects of Pirfenidone on extracellular dopamine levels in the rat hypothalamus 

 
 
Study title: Effects of S-7701 on Extracellular Dopamine Levels in Rat 
Striatum  

Study no.: NCR034 Rev 01 
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd. 
1-1, Futaba-cho 3-chome, Toyonaka, Osaka 
561-0825, Japan 
Shionogi Research Laboratories, Shionogi & 
Co., Ltd. 
12-4, Sagisu 5-chome, Fukushima-ku, 
Osaka 553-0002, Japan 

Date of study initiation: Pirfenidone, Lot No. PIRFA00502 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: S-7701, Lot No. PIRFA00502 (99.7%) 

 
Key Study Findings 
 
● In the previous study, single oral doses of pirfenidone at 100 and 300 mg/kg/day 
increased dopamine levels in the arcuate nucleus of the medial basal hypothalamus. In 
the present study, the selectivity of this effect was evaluated by examining dopamine 
levels in the striatum. A microdialysis probe was inserted in the right striatum. 
 
● Female rats were treated with pirfenidone by oral gavage at doses of 0, 30, 100, and 
300 mg/kg/day and dialysate samples were collected from the striatum up to 2 hr after 
dosing. 
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● Pirfenidone at oral doses of 30 and 100 mg/kg had no effects on dopamine levels in 
the striatum. However, a dose of 300 mg/kg slightly decreased dopamine levels from 20 
to 40 min and 40 to 60 min postdose to 97.43 ± 7.43% and 92.29 ± 7.22% of the 
control, respectively. These decreases appear to have little or no toxicological 
significance. 
 
Methods 

Doses: 0, 30, 100, and 300 mg/kg 
Frequency of dosing: Single oral dose 

Route of administration: Oral 
Dose volume: 10 mL/kg 

Formulation/Vehicle: 0.5 w/v% carboxymethylcellulose aqueous solution 
Species/Strain: F344/DuCrlCrlj female rats obtained from  

 
Number/Sex/Group: 8 female rats/group 

Age: 14 to 15 weeks old 
Weight: 173 - 185 g 

Satellite groups: None 
Unique study design: In the previous study, pirfenidone at 100 and 

300 mg/kg/day increased dopamine levels in 
the arcuate nucleus of the medial basal 
hypothalamus. In the present study, the 
selectivity of this effect was evaluated by 
examining dopamine levels in the striatum.  

Deviation from study protocol: Not provided in this non-GLP study 
 
Methods: In the previous study, single oral doses of pirfenidone at 100 and 300 
mg/kg/day increased dopamine levels in the arcuate nucleus of the medial basal 
hypothalamus. In the present study, the selectivity of this effect was evaluated by 
examining dopamine levels in the striatum. The sponsor has speculated that release of 
dopamine might stimulate the secretion of prolactin. Excessive prolactin might lead to 
the development of uterine adenoma and carcinomas as observed in the 2-year 
carcinogenicity study. 
 
Female rats were anesthetized with sodium pentobarbital (50 mg/kg IP) and placed on a 
stereotaxic frame. A microdialysis probe (poly-carbonate membrane 1 mm long with an 
outer diameter of 220 μm) was inserted in the right striatum (coordinate was 0.2 mm 
anterior to bregma, 3.0 mm lateral to the midline suture and 6.0 mm below the dura 
surface). The dialysis probe was fixed to the skull with quick self-curing acrylic resin. 
Animals were allowed a recovery period of at least 24 hr. 
 
Microdialysis experiments were conducted in freely moving animals. Microdialysis 
probes were connected to a microinjection pump through the teflon tube and perfused 
with the Ringer solution at a flow rate of 2 μL/min. Dialysate samples were collected 
from animals every 20 min. After stabilization of dopamine levels, female rats were 
treated with pirfenidone by oral gavage at doses of 0, 30, 100, and 300 mg/kg/day. 

(b) (4)
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Dialysate samples were collected up to 2 hr after dosing. Dialysate samples were 
injected into an HPLC system with a graphite electrode for measurement of dopamine 
(no further details of the method were provided).  
 
At the end of microdialysis experiments, animals were sacrificed and correct placement 
of probes was confirmed by infusing dye through the probes and visual inspection after 
cutting the brains at the appropriate coronal sections. 
 
Results: Pirfenidone at oral doses of 30 and 100 mg/kg had no effects on dopamine 
levels in the striatum. However, a dose of 300 mg/kg slightly decreased dopamine 
levels from 20 to 40 min and 40 to 60 min postdose to 97.43 ± 7.43% and 92.29 ± 
7.22% of the control, respectively. These decreases appear to have little or no 
toxicological significance.  
 
Figure 8 Effects of pirfenidone on extracellular dopamine levels in the rat striatum 
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Study title: One-Month Dietary Study for Effects of S-7701 on Sex 
Hormones in Female F344 Rats  

Study no.: NCR006 Rev 01 and NCR012 Rev 01 
Study report location: EDR 

Conducting laboratory and location: Developmental Research Laboratories, 
Shionogi & Co., Ltd. 
1-1, Futaba-cho 3-chome, Toyonaka, 
Osaka 561-0825, Japan 

Date of study initiation: July 5, 2005 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: Pirfenidone, Lot No. PIRFA00502 (99.7%) 

 
Key Study Findings 
 
● Effects of pirfenidone on plasma concentrations of estradiol, progesterone, and 
prolactin were assessed in female rats treated with a nominal oral dose of 1500 
mg/kg/day for 1 month. The actual dose of pirfenidone was 1168 mg/kg/day.  
 
● A prolongation of one estrous cycle duration (more than 7 days) was observed in 13 
of 20 pirfenidone-treated animals during the treatment period as compared to 2 of 20 
animals in the control group. 
 
● Absolute and relative uterus weights were reduced for females at 1500 mg/kg/day by 
78 and 80%, respectively. This may be related to decreased body weight gains for the 
treatment group. 
 
● Estradiol levels for females at 1500 mg/kg/day were slightly elevated by 
approximately 1.3-fold of the control at weeks 1 and 4. Progesterone concentrations 
were decreased to 0.3- and 0.7-fold of the control at weeks 1 and 4, respectively. The 
estradiol to progesterone ratios were increased by 7.7- and 1.8-fold at weeks 1 and 4, 
respectively. Prolactin concentrations were decreased to 0.3-fold of the control at week 
1; however, abnormally high concentrations were observed for both the control and 
treatment groups at week 4. 
 
● These data were judged to be inadequate to draw any links between hormone 
concentrations and subsequent development of uterine adenomas and 
adenocarcinomas with chronic treatment. 
 
Methods 

Doses: 0 and 1500 mg/day admixed to the diet 
Frequency of dosing: Daily for 1 month 

Route of administration: Oral by diet 
Dose volume: Not applicable 

Formulation/Vehicle: Admixed diet (Pirfenidone concentration in the 
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diet ranged from 2.14 to 2.38%. 
Species/Strain: F344/DuCrlCrlj rats obtained from the  

 
Number/Sex/Group: 20 female rats/group 

Age: 11 weeks old at the start of dosing 
Weight: 141.8 to 156.8 g at the start of dosing 

Satellite groups: None 
Unique study design: The sponsor measured plasma concentrations 

of estradiol, progesterone, and prolactin. 
Potentially, elevated concentrations of these 
hormones might offer an explanation for 
observed uterine tumors in the 2-year 
carcinogenicity study with rats. 

Deviation from study protocol: Not provided in this non-GLP study 
 
 
Methods: The sponsor measured plasma concentrations of estradiol, progesterone, 
and prolactin in female rats treated with pirfenidone at a nominal dose of 1500 
mg/kg/day. The sponsor has speculated that elevated levels of estradiol, progesterone, 
and prolactin might explain the development of uterine adenoma and carcinomas that 
were observed in the 2-year carcinogenicity study. 
 
Pirfenidone was administered at a nominal oral dose of 1500 mg/kg/day for 
approximately 1 month. The mean actual dose was calculated to be 1168 mg/kg/day. 
 
Table 32 Study Design 

 
 
Results: 
 
Clinical observations: Rats were observed for mortality and clinical signs on a 
daily basis. There were no treatment-related clinical signs. 
 
Body weight: Body weights were measured every 2 days. 
 
Body weight gain for female rats at 1500 mg/kg/day over the 30-day treatment period 
was reduced to 58.6% of the control.  
 
Food consumption: Food consumption was measured every 2 days. 

(b) (4)
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Table 34 Plasma concentrations of estradiol, progesterone, and prolactin at weeks 1 and 4 
Hormone Week (End of) Control 1500 mg/kg/day 
Estradiol 
pg/mL 

1 
 
4 

13.5 ± 0.7 
 
13.5 ± 2.2 

18.1 ± 10.2 (134.1%) 
 
16.66 ± 7.7 (123.4%) 

Progesterone 
ng/mL 

1 
 
4 

16.44 ± 7.87 
 
15.55 ± 6.58 

4.93 ± 4.79 (30%) 
 
11.55 ± 4.88 (74.3%) 

Prolactin 
ng/mL 

1 
 
4 

9.25 ± 7.62 
 
716.46 ± 1335.08 

2.82 ± 2.01 (30.5%) 
 
290.71 ± 488.95 

Estradiol/Progesterone 
Ratio 

1 
 
4 

0.95 ± 0.34 
 
0.97 ± 0.35 

7.30 ± 4.77 (770%) 
 
1.73 ± 0.67 (178%) 

 
 
11 Integrated Summary and Safety Evaluation 
Pirfenidone (Esbriet®) is under development for the treatment of idiopathic pulmonary 
fibrosis. This indication will involve chronic treatment with pirfenidione. Given the unmet 
medical need for this disease, the Division initially stated that carcinogenicity studies 
could be conducted as a Phase IV commitment. However, the sponsor, in a 15-day 
safety alert, notified the Division of tumor findings in 2-year carcinogenicity studies with 
mice and rats conducted by Shionogi of Japan. The Division requested that the 
Investigator's Brochure and Patient Informed Consent be updated to inform medical 
personnel and patients of these tumor findings. Further, the Division requested that 
carcinogenicity studies be submitted with the NDA.  
 
Pirfenidone was negative in the standard battery of genetic toxicity studies, although the 
sponsor provided studies indicating a positive photogenotoxic potential. 
 
In 2-year carcinogenicity studies, pirfenidone was administered to mice and rats by 
admixture to the diet. Mice received doses of 0, 800, 2000, and 5000 mg/kg/day and 
rats received doses of 0, 375, 750, and 1500 mg/kg/day. The sponsor did not seek 
concurrence for doses for either study from the ECAC. There were no treatment-related 
effects on survival in either study. Maximum tolerated doses were achieved in both 
studies based upon observed reductions of absolute body weights >10% as compared 
to controls. Pirfenidone was determined to be tumorigenic in both mice and rats.  
 
For mice, treatment-related neoplastic findings were observed in the liver. For male 
mice, hepatocellular adenoma, the combination of hepatocellular adenomas and 
carcinomas, and hepatoblastomas were observed at statistically significant increased 
incidences for all treatment group and hepatocellular carcinomas were observed at 
statistically significant increased incidences for doses of 2000 and 5000 mg/kg/day. For 
female mice, hepatocellular adenoma and the combination of hepatocellular adenomas 
and carcinomas were observed at statistically significant increased incidences for doses 
of 2000 and 5000 mg/kg/day and hepatocellular carcinomas were observed at a 
statistically significant increased incidence for the dose of 5000 mg/kg/day. 
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Observed incidences of the combination of hepatocellular adenoma and carcinoma for 
all male treatment groups and females at 2000 and 5000 mg/kg/day in the present study 
were outside of the historical control range of NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
Hepatoblastomas were essentially not observed in NTP carcinogenicity studies with 
administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
 
There were non-neoplastic findings in the liver that appeared to be related to neoplastic 
findings (e.g., hepatocellular hypertrophy, eosinophilic focus of cellular alteration, 
pigment deposition in Kupffer cells, single cell necrosis, macrophage accumulation, 
angiectasis). In most cases, single cell necrosis and pigment deposition in Kupffer cells 
were observed in animals that had hepatocellular tumors. 
 
Other non-neoplastic target organs of toxicity included the kidneys, urinary bladder, 
pituitary gland, adrenal gland, glandular stomach, bone marrow, spleen, salivary gland, 
prostate, seminal vesicles, epididymides, ovaries, uterus, vagina, and thymus.  
 
For mice, plasma concentrations of the 5-carboxylic metabolite of pirifenidone, S-7701-
CA, were significantly greater than the parent compound, S-7701. Plasma 
concentrations of S-7701-CA increased with elevating dose in a generally dose 
proportional or greater than dose proportional manner. In contrast, plasma 
concentrations of S-7701 did not increase with elevating dose or plasma concentrations 
were relatively comparable at 800 and 2000 mg/kg/day but elevated at 5000 mg/kg/day. 
It could be inferred that treatment-related neoplastic and non-neoplastic findings 
correlated with the 5-carboxylic metabolite of pirfenidone rather than the parent 
compound, pirfenidone. 
 
For rats, treatment-related neoplastic findings were observed in the liver and uterus. 
Hepatocellular adenomas and the combined hepatocellular adenoma and 
carcinomas were observed at statistically significant increased incidences for males 
at 750 and 1500 mg/kg/day and females at 1500 mg/kg/day. Incidences of uterine 
adenocarcinomas and combined incidences of adenocarcinomas and adenomas 
were increased for females receiving doses ≥375 mg/kg/day although statistical 
significance was only achieved for females at 1500 mg/kg/day. Thyroid follicular cell 
adenomas and carcinomas were observed at increased incidences for males and 
females at 1500 mg/kg/day; however, statistical significance was not achieved for 
thyroid tumors. The findings of thyroid tumors appear biologically plausible. 
 
Observed incidences of the combination of hepatocellular adenoma and carcinoma for 
all male treatment groups and females at 1500 mg/kg/day in the present study were 
outside of the historical control range for NTP carcinogenicity studies with administration 
by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). There were no 
findings of uterine adenocarcinoma for F344 female rats in NTP carcinogenicity studies 
with administration by admixture to the feed (Toxicologic Pathology 26: 428-441, 1998). 
Observed incidences of thyroid follicular cell adenoma and carcinoma for male and 
female rats at 1500 mg/kg/day in the present study appear to be within the upper end of 
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the historical control range (Toxicologic Pathology 26: 428-441, 1998) although there 
were no findings for the concurrent control groups.  
 
Non-neoplastic findings in the liver, uterus, and thyroid appeared to be related to 
neoplastic findings. Non-neoplastic findings in the liver that appeared to be correlated 
with neoplastic findings included centrilobular hepatocellular hypertrophy, foci of mixed 
cells, foci of eosinophilic cells, foci of clear cells, pigment deposition in hepatocytes, 
fatty changes in hepatocytes, single cell necrosis, and spongiosis hepatis. Foci of 
hepatocellular alteration (i.e., clear cell, eosinophilic cell, and mixed cell) may represent 
progenitor lesions from which hepatocellular neoplasia may arise. Non-neoplastic 
findings in the uterus that appeared to be correlated with the neoplastic finding 
consisted of increased incidences of findings including cystic endometrial hyperplasia, 
endometrial glandular hyperplasia, and squamous metaplasia for females receiving 
doses ≥750 mg/kg/day. Non-neoplastic findings in the thyroid gland that appeared to be 
correlated with the neoplastic findings consisted of follicular cell hyperplasia for males 
and females receiving doses ≥375 mg/kg/day.  
 
Other non-neoplastic target organs of toxicity included the lung, kidneys, and glandular 
stomach. There were additional findings in the testis, ovary, vagina, adrenal gland, 
spinal cord, sciatic nerve, cecum, colon, and spleen that might have relationships to 
treatment. 
 
For rats, plasma concentrations of S-7701 and S-7701-CA in male and female rats 
increased with elevating doses during weeks 1, 26, and 52 and were generally dose 
proportional or slightly less than dose proportional. Plasma concentrations of S-
7701-CA in male and female rats were significantly greater (≥3-fold) than plasma 
concentrations of S-7701. It might be inferred that the 5-carboxylic metabolite of 
pirfenidone played a greater role in the observed treatment-related neoplastic and 
non-neoplastic findings than the parent compound, pirfenidone. 
 
Pirfenidone was judged to be tumorigenic based upon liver tumors in mice and liver, 
and uterus tumors in rats. 
 
Observed liver tumors in both mice and rats and thyroid tumors in rats may be rodent-
specific. Tumor findings in the liver and thyroid gland may be related to induction of 
cytochrome P450 levels in the liver. In the 6-month toxicology study with rats, 
cytochrome P450 levels (CYP2B6, CYP3A4/5, and CYP2B1) were significantly 
increased for males and/or females. Treatment with pirfenidone produced a 
phenobarbital-type induction. In 2-year studies, there were findings of centrilobular 
hepatocellular hypertrophy, suggestive of potential hepatic enzyme induction, in male 
mice at doses of 800, 2000, and 5000 mg/kg/day, female mice at 5000 mg/kg/day, and 
male and female rats receiving doses ≥375 mg/kg/day. The plasma T4 half-life in rats 
is 12-24 hr as compared to 5-9  days  in humans. In humans and monkeys, 
circulating T4 is bound primarily to thyroxine-blinding globulin (TBG), but this high 
affinity binding protein is not present in rodents, birds, amphibians, or fish. The high 
affinity of TBG for T4 is approximately 1000-times higher than for prealbumin. The 
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5. Dr. Atiar Rahman's statistical review of the 2-year carcinogenicity studies with mice 
and rats 
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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: 22-535 Applicant: InterMune Stamp Date: November 4, 2009

Drug Name: Pirfenidone NDA/BLA Type: New  

 
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 
  

 
Electronic datasets for the 2-year 
carcinogenicity studies with mice and rats 
were provided in a submission dated 
December 3, 2009. 

 
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). 

  
 

 
Not applicable. 
Toxicology studies were conducted through 
Marnac and Shionogi. Pirfenidone lots 
through these two different sources are 
apparently not significantly different based 
upon chemist’s presentation at the filing 
meeting. 

 
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 
 

 
 

Some older studies may predate GLP 
requirements although most are not pivotal. 
 

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

 
A one-month IV toxicology study in rats 
and a repeat teratology study with rabbits 
were provided. Electronic datasets for the 2-
year carcinogenicity studies with mice and 
rats were provided in a submission dated 
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Content Parameter 

 
Yes

 
No 

 
Comment 

December 3, 2009. 

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 labeling will require extensive work to 
bring it into compliance with current 
standards. 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

 X 

 
Two impurities with structural alerts were 
identified. Proposed levels of both 
impurities exceed 1.5 µg/day. Structures 
were sent to the FDA/CDER Computational 
Analysis Service for evaluation. Proposed 
levels of both impurities appear to be in 
compliance with ICH Q3A and Q3B if 
structural alerts can be discounted. 

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. 
 
Two impurities with structural alerts were identified. Proposed levels of both impurities exceed 
1.5 µg/day. Structures were sent to the FDA/CDER Computational Analysis Service for 
evaluation. Proposed levels of both impurities appear to be in compliance with ICH Q3A and 
Q3B if structural alerts can be discounted. 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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