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Abstract: Pirfenidone is a pyridine-derived, double-ringed molecule that has a number of
biologic effects including anti-inflammatory and antifibrotic properties in rodent models of acute
lung injury and fibrosis, in addition to scavenging reactive oxygen species. These effects are
clinically relevant, because idiopathic pulmonary fibrosis (IPF) is a progressive and increasingly
prevalent disease characterized by diffuse lung scarring due to alveolar epithelial cell injury,
which typically leads to death 35 years after diagnosis. No proven therapy for IPF exists, and
many IPF patients eventually require lung transplantation, making the need for pharmacologic
therapy great. Pirfenidone is rapidly distributed in body water and metabolized by the liver.
Several clinical trials have tested pirfenidone in patients with IPF and found it well-tolerated with
acceptable side effects. Pirfenidone in clinical trials has been found to improve progression-free
survival and pulmonary function of IPF patients. Although the specific mechanism accounting
for its benefits is not known, pirfenidone decreases collagen synthesis and fibroblast prolifera-
tion, and it may down-regulate inflammation by virtue of its effects on mitogen-activated protein
kinases. Pirfenidone has gained regulatory approval for marketing in Japan and in the European
Union. It could prove to be a useful therapeutic agent for patients with IPF.
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Introduction

Pirfenidone has been found over the last three decades to reduce inflammation, limit
fibrosis, and have radical scavenging properties, which have made it interesting both to
scientists investigating basic mechanisms of fibrosis and clinicians seeking therapies
for fibrotic diseases.! Pirfenidone has enjoyed recent interest because of antifibrotic
properties in the lung and its testing in large scale clinical trials.?

Idiopathic pulmonary fibrosis (IPF), a fatal fibrosing lung disease occurring pre-
dominantly in older men, has been the most prominent target in clinical trials. Smaller
trials have been reported in other fibrosing diseases. Therefore, it is timely to review
its underlying chemistry, pharmacology, and preclinical testing, which could lead to
the use of pirfenidone in several disease states. Pirfenidone’s effectiveness in preclini-
cal trials of lung fibrosis has also stimulated interest in its possible therapeutic use in
diseases that result in kidney or liver fibrosis, among others.

This review presents an overview of preclinical and clinical studies involv-
ing pirfenidone mainly in the context of IPF. We present clinical information that
demonstrates a need for effective antifibrotic therapy, and summarize basic chemical
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and pharmacological data that have led to clinical testing of
pirfenidone. Finally, we place the future clinical use of pirfeni-
done in the context of preceding basic and clinical research.

Pirfenidone clearly inhibits bleomycin-induced lung
inflammation and fibrosis in rodents.®> Cell culture studies
have confirmed its inhibitory effects on collagen produc-
tion induced by transforming growth factor-beta (TGF-B),
as described below.*

Itisuseful as a drug, since pirfenidone is rapidly absorbed and
reaches peak concentration in the circulation in 30—-60 minutes.
Itis rapidly metabolized by the liver and excreted by the kidney.
It appears well-tolerated in human trials.?

Large international clinical trials have tested the efficacy of
pirfenidone in IPE. Pirfenidone has been presented to United
States and European regulatory authorities for marketing
approval, and it may soon prove useful in clinical practice.

Clinical context
IPF is a progressive disease characterized by diffuse lung
scarring, which typically results in death about 3—5 years after
diagnosis.® While evidence exists for alveolar epithelial cell
injury as a precedent of IPE, the predominant pathophysiology
involves dysregulated fibrosis, suggesting aberrant wound
healing. Alveolar epithelial cell injury may result in an endo-
plasmic reticulum stress response that leads to fibrosis.’
The epidemiology of IPF is not entirely clear, but around
100,000 cases probably exist in the United States at any time,
and the incidence may be around 30,000 new cases per year.®
A number of risk factors for IPF have been recognized. An
increasing number of cases are defined as familial or genetic.
Surfactant protein C (SP-C) and other gene abnormalities may
account for a significant fraction of IPF cases; other possible
inherited risk factors are being identified.” Cigarette smoke
exposure is a major factor that increases the relative risk of
developing IPE. Although biologically plausible, causality
attributable to smoking has not been established.'’ Inhalation
of wood, heavy metal, or other environmental dusts increases
risk of developing IPF.!" Aspiration of stomach acid possibly
due to gastroesophageal reflux is associated with IPF, although
it is not directly related to the pathogenesis of fibrosis.'?
IPF is one of the idiopathic interstitial pneumonias, a group
of diffuse parenchymal lung diseases characterized by combina-
tion of inflammation, cellular infiltration, and fibrosis. Among
these, it is the most common and clinically significant. IPF
usually has a slow, insidious onset, and symptoms may present
years or months before diagnosis. The pathological pattern of
chronic, fibrosing interstitial pneumonia is characterized his-
tologically as usual interstitial pneumonia (UIP).!3

UIP is typified by multiple areas of proliferating
myofibroblasts (fibroblastic foci), and temporal heterogeneity
ranging from alveolar epithelial cell injury to accumulation of
mature interstitial collagen. A number of growth factors and
cytokines have been implicated in myofibroblast proliferation
and collagen production, including TGF-B, insulin-like
growth factor (IGF-1), keratinocyte growth factor (KGF),
connective tissue growth factor (CTGF), and platelet-derived
growth factor (PDGF). TGF- is generally recognized as a
predominant driver of the fibrotic phenotype.'*

IPF is most readily detected by high resolution computed
tomographic (HRCT) scanning of the chest as in Figure 1.
Typical findings include bilateral, peripheral reticular abnor-
malities, which involve the lung bases more than the apices,
subpleural honeycombing that becomes more prominent
over time, traction bronchiectasis, and thickened interlobular
septae. Ground glass opacities are typically minimal.'

Antifibrotic therapies
No proven therapies for IPF exist, although several agents have
been in clinical trials. Antifibrotic therapies have been proposed
as possibly effective in IPF; however, most have failed when
subjected to large-scale clinical trials or extensive clinical
experience. Many patients require lung transplantation.
Corticosteroids were one of the earliest treatments used for
IPF, because lung fibrosis was seen as final result of long-term
inflammation.'¢!* Misclassification of lung diseases occurring
in corticosteroid-responsive conditions, such as collagen-
vascular diseases, reinforced the use of corticosteroids in these

Figure | High resolution computed tomographic (HRCT) scan shows advanced
idiopathic pulmonary fibrosis in a patient who eventually required lung transplantation.
The scan demonstrates interlobular thickening, traction bronchiectasis and advanced
honeycomb formation at the peripheral lung bases.
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studies. Although frequently used until recently, corticoster-
oids are now recognized as not effective in true IPF, although
some patients, apparently with concomitant inflammatory
processes, may appear to respond favorably.'

Corticosteroids with or without azathioprine continue
to be used as treatment for IPF, but no prospective studies
showing efficacy of combination anti-inflammatory therapies
have been published.?*> Most studies using a combination
of corticosteroids and other immunosuppressive agents
to treat IPF have failed to show a statistically significant
improvement in survival. A multicenter NIH sponsored trial
evaluating prednisone and azathioprine in IPF is underway
(PANTHER-IPF; NTC 00650091).

No clinically useful biomarkers exist as surrogate
endpoints in IPF trials. One study that sampled broncho-
alveolar lavage fluid from IPF patients found decreases in
neutrophils in the group receiving high-dose corticosteroids
compared to those receiving low-dose.? It is unclear in IPF
whether biomarkers of inflammation are related to disease
progression, so the significance of this finding is unknown.

Pulmonary hypertension commonly develops in patients
with IPE>"* Bosentan, an endothelin antagonist with antifi-
brotic properties, failed to affect pulmonary function, sur-
vival, or exercise tolerance measured by a 6-minute walk in
IPF patients.?”” Similar negative results have been reported
using other vasodilators.

Oxidant stress in the alveolar space has been documented
in IPF patients and it may be pathophysiologically impor-
tant in the development of fibrosis.'* N-acetyl-L-cysteine
(N-Ac or NAC), a sulthydryl antioxidant, appeared to suppress
progressive decreases in respiratory function of IPF patients
who were also treated with azathioprine and prednisone.?® That
finding suggested the importance of redox signaling in IPF
progression. No true control group was studied, so additional
data from placebo-controlled trials are required.

Prednisolone (prednisone) and azathioprine along with
N-acetyl-L-cysteine carries a weak society recommendation
with the stipulation that further studies, such as that cited
above, are required.'*

Therefore, while many agents including pirfenidone
have been tested in IPF patients, none have been found that
unequivocally improve outcomes in IPF.*3° Supportive care
is considered an important and specific treatment strategy in
all patients with IPE."®

Chemical and molecular properties
Pirfenidone is a heterocyclic pyridone, the molecular weight
of which is 185.22 grams/mole. The International Union

for Physics and Applied Chemistry name for pirfenidone is
5-methyl-1-phenyl-1H-pyridin-2-one;*' however, alternate
nomenclature often appears in the literature. The molecular
structure of pirfenidone is shown in Figure 2. Pyridines are
derived from coal carbonization and can be synthesized
from acetaldehyde and ammonia. Pyridines have industrial
uses as solvents, denaturants, and dyes. The compound is
two-fold more soluble (10 mg/mL) in dimethyl sulfoxide
than in water.

Pirfenidone appears to possess reactive oxygen species
(ROS) scavenging properties, independent of its antifibrotic
effects. Pirfenidone inhibits NADPH-dependant lipid per-
oxidation in a dose-dependant fashion in vitro.*? It does not
scavenge superoxide (O,") directly, but electron resonance
spin trapping studies suggest it (in low mM concentrations)
may scavenge hydroxyl radical (OH®). Pirfenidone forms
complexes with metal ions (eg, Fe*") that have radical
scavenging activity.®* It forms a metal complex with iron
when it reacts with iron chloride in ethanol and water.
Pirfenidone may also modulate oxidative and nitrosative
stress through inhibition of inducible nitric oxide synthase
(iNOS) gene expression and decreased nitric oxide (°NO)
production. That mechanism may be most relevant to the
inflammatory stage of acute lungs, injury models in which
O, and °NO react to produce peroxynitrite (ONOO").
Peroxynitrite is widely distributed in IPF lungs and its
existence may indicate previous injury of the epithelium by
reactive nitrogen species.*

Figure 2 Diagram showing the molecular structure of pirfenidone. Pirfenidone is a
heterocyclic pyridone, the molecular weight of which is 185.22 g/mol. The International
Union for Physics and Applied Chemistry name for pirfenidone is 5-methyl-1-
phenylpyridin-2-one.
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These properties could be related to the ability of
pirfenidone to inhibit fibrosis, which is preceded by acute
inflammation of the lungs in rodent models. Radical scavenging
activity of pirfenidone may be less important in chronic fibrotic
diseases like IPFE. Pirfenidone is anti-inflammatory because
it suppresses cytokine and chemokine (including TNF-o)
production, in addition to decreasing TGF-B, platelet derived
growth factors-A and B and fibroblast growth factor.

Pharmacokinetics

Mice clear intravenous pirfenidone rapidly. The parent com-
pound has a terminal elimination half-life of 8.6 minutes, and
pirfenidone is rapidly distributed in body water. Essentially
all pirfenidone is metabolized to the carboxylic acid and very
little (3%) of the parent compound is excreted intact.*

When administered orally to male and female beagles,
the maximum pirfenidone concentration depended on
gender. Clearance of pirfenidone (40 mg/kg day) was
1.99 £ 0.13 (SE) liters/hour/kilogram and decreased with
higher doses.*

After intravenous administration to sheep, organs
containing the highest concentrations of pirfenidone were
the lungs, liver, and intestine. Urine metabolites included
hydroxylpirfenidone, carboxypirfenidone, hydroxylpirfeni-
doneglucuronide, and autoxypirfenidone. Less than 1%
appeared in urine as the parent drug.”’

Pirfenidone’s pharmacokinetics have also been studied in
clinically relevant oral doses in normal human volunteers.’
Plasma levels and areas under the curve were proportional
to the oral dose. Oral pirfenidone was absorbed rapidly
(around 20—-60 minutes) and cleared with a half life of about
2-2.5 hours. Food intake reduced absorption, but was associ-
ated with fewer side effects.

Pharmacokinetics of pirfenidone at 801 mg three times
daily by mouth have been studied in detail in healthy subjects
aged 50-79. The effects of food and antacids were assessed
during the study.*® The pharmacokinetics of pirfenidone were
described by a five compartment linear model with a first
pass effect and first order absorption followed by a lag time.
The primary metabolite, 5-carboxypirfenidone, appeared
rapidly in plasma. Food reduced and delayed the absorption
of pirfenidone, and it tended to increase conversion to the
primary metabolite. Feeding decreased adverse reactions,
including nausea and dizziness. The dose of 801 mg three
times daily with meals appeared to be appropriate and safe,
as demonstrated in the clinical trials cited above.

The clinical dose of pirfenidone used for IPF therapy is
801 mg three times daily (2403 mg total dose per day), which

is reached by increasing the dose incrementally over 2 weeks.
Pirfenidone is marketed as 267 mg capsules. No dose
adjustment is required in patients with mild to moderate liver
disease, although liver enzymes should be monitored.

Although pirfenidone is dialyzable to a small extent, no dos-
age adjustment appears necessary for hemodialysis patients.*
However, pirfenidone is not recommended for use in patients
with end stage renal disease or those on hemodialysis.

Preclinical experiments

Intrabroncheal instillation of bleomycin has frequently been
used to model pulmonary fibrosis. Bleomycin causes an initial
acute inflammatory reaction in the lung, followed by fibrosis
and healing. It has been used to test potential therapies for
IPF, although it may more accurately model acute lung injury
and postinflammatory pulmonary fibrosis.

Bleomycin-treated hamsters develop lung fibrosis charac-
terized by increased hydroxyproline content due to collagen
and histologic evidence of diffuse alveolar damage and lung
fibrosis. Feeding pirfenidone to bleomycin-instilled hamsters
significantly decreased hydroxyproline and malondialdehyde,
and it prevented the increase in prolyl hydroxylase activity in
the lung due to bleomycin.* Pirfenidone was also effective in
decreasing lung fibrosis in a hamster model when fed after
the second of three consecutive intratracheal instillations of
bleomycin,* suggesting it may be useful after the develop-
ment of pulmonary fibrosis.

Pirfenidone had a similar protective effect in mice treated
intraperitoneally with cyclophosphamide. Intraperitoneal
cyclophosphamide causes lung fibrosis evident histologically
and as increased hydroxyproline content. Ingestion of oral pir-
fenidone (0.2% w/w in diet) decreased lung hydroxyproline
content but not the rate of hydroxyproline synthesis.*!
These results suggest that pirfenidone may change the
rate of collagen degradation or remodeling by matrix
metalloproteinases.

Intratracheal bleomycin causes lung inflammation,
characterized by increased inflammatory cells, protein, and
TGF-f in bronchoalveolar lavage fluid. In a hamster model
of intratracheal bleomycin instillation, oral pirfenidone
(0.5% w/w in diet) significantly inhibited bleomycin-induced
lung inflammation early after administration.*

Such studies demonstrate an effect of pirfenidone
in an in vivo model of lung inflammation and fibrosis.
The bleomycin model does not exactly represent IPF, but
resembles acute respiratory distress syndrome (ARDS),
where acute lung inflammation is followed by fibrosis that
resolves with time. Extrapolation of results from the rodent
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bleomycin model of pulmonary fibrosis has not yet led to
effective therapies for IPF.

Despite its limitations as a preclinical model, the
bleomycin model has revealed several of pirfenidone’s anti-
fibrotic mechanisms, which involve TGF-f. Intratracheal
bleomycin increases TGF-P in bronchoalveolar lavage fluid
of hamsters. Dietary pirfenidone suppresses the bleomycin-
induced overexpression of TGF-§ by decreasing its rate of
transcription, which precedes a decrease in bronchoalveolar
lavage TGF- protein concentration.*

Pirfenidone inhibits inflammation and cytokine
production. It inhibits TNF-o production by a translational
mechanism.** In addition to its anti-inflammatory effect,
pirfenidone down-regulates the over-expression of lung pro-
collagen I and I1I genes in the hamster model.** Pirfenidone
inhibits the synthesis of PDGF-A and PDGF-B isoforms
associated with a decrease in mitogenic activity of the bron-
choalveolar lavage fluid.*

Pirfenidone is effective in other models of lung injury.
Pirfenidone inhibits allergen-induced pulmonary inflamma-
tion in mice and guinea pigs, and it inhibits LPS-induced lung
inflammation in rats.* In these models, pirfenidone does not
appear to decrease TNF-a in bronchoalveolar lavage fluid,
but it decreases 1L-6 significantly.

Lung transplantation

Pirfenidone has been tested in rodent lung transplant models
in which both airway and lung fibrosis develops. Since
pirfenidone inhibits TGF-f3 activity and limits collagen, it
has been tested and found effective in models of allograft
rejection.

One of the leading causes of allograft failure is graft dys-
function caused by inflammation and progressive fibrosis.*
Pirfenidone also decreased lung myeloperoxidase activity,
an indicator of inflammatory cell activation. Pirfenidone
decreases TNF-o. and appears to limit ischemia-reperfusion
injury. This is a particular problem in lung transplantation,
wherein chronic fibrosis of the small airways, obliterative
bronchiolitis, causes graft dysfunction and failure, which
may require retransplantation. Pirfenidone decreases lung
collagen content in association with the down-regulation
of arginase protein expression and activity attributed to a
decrease in TGF-J in the transplanted lungs.*’

It is also effective in a rat model of obliterative bronchi-
olitis that consists of heterotopic tracheal transplantation,
which histologically resembles chronic rejection. This
model is not consistently reproducible and the trachea is not
situated as an airway.*® It has allowed studies of immune

cell function and fibrosis in rodents and it has consistently
demonstrated that pirfenidone minimizes tracheal obliteration
by fibrotic tissue. In a murine heterotopic tracheal transplant
model, pirfenidone also inhibited the development of airway
obliteration by fibrosis.*

Clinical trials

In the late 1990s, the ability of preterminal IPF patients to
tolerate pirfenidone was tested in an observational study.”
Fifty-four IPF patients received pirfenidone (up to 3600 mg per
day) for 15 days after they were perceived to fail conventional
therapy (usually prednisone and an immunosuppressive).
Two-year survival was 63% (95% confidence intervals
[CT]: 50%—76%), but no control group was studied, making
it difficult to ascertain an effect of the drug.

A more recent trial conducted (by Azuma and colleagues)
in Japan enrolled 73 pirfenidone and 36 placebo-treated
subjects.*® The trial design was changed after it was under-
way, resulting in the exclusion of some subjects with more
severe disease. The original primary endpoint, the lowest O,
saturation during a 6-minute walk test, was not significantly
different, although two secondary endpoints (vital capacity
and number of exacerbations) differed between the groups.
The change in vital capacity after 9 months was significantly
less in the pirfenidone-treated group. A data safety monitor-
ing board stopped the trial, because of an apparent beneficial
effect of pirfenidone on the number of exacerbations.

In a larger, randomized, placebo-controlled trial (by
Taniguchi and colleagues) of pirfenidone in 275 IPF patients,
significant differences were found in the decrease in vital
capacity over 52 weeks and the progression free survival (PFS)
time. The primary endpoint was the change in vital capacity
and the secondary endpoint was PFS. Pirfenidone was associ-
ated with photosensitivity reactions and gastrointestinal symp-
toms, although it was generally well-tolerated.? Pirfenidone
significantly decreased the rate of decline in VC and increased
the PFS time over the 52-week trial.

It is worth noting that this trial raised interesting issues
regarding the choice of appropriate endpoints and the
handling of missing data, which may have impacted the
conclusions.’! While the decrease in the rate of deterioration
of the vital capacity appeared to be favorably influenced
by pirfenidone, the original endpoint was intended to be
change in lowest oxygen saturation during a 6-minute walk.
The authors provided ample justification for the use of
vital capacity as the endpoint, although it appears that the
decision to use that endpoint occurred after examination of
interim data.’' The study used the last observation carried
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forward to compensate for missing data in about one-third
of the subjects, and this approach may have contributed to
the apparent difference between the groups. Using the last
observation carried forward to replace missing data may
make the group with the greater dropout rate appear to do
better, if lung function decreases progressively with time.

Although the data have not been published, two large
industry sponsored randomized, placebo-controlled trials
of pirfenidone in IPF have been completed. A total of
769 patients were enrolled in CAPACITY 1 and 2 trials.
Pirfenidone resulted in a 30% decrease overall in the percent
of patients who experienced a 10% decrease in forced vital
capacity (FVC), a primary indicator of disease progression.™
The first CAPACITY trial (PIPF-006; NCT00287729)
demonstrated a favorable effect on the change in percent
forced vital capacity at 72 weeks; whereas, the second
CAPACITY trial (PIPF-004; NCT00287716) did not detect a
significant change in percent FVC. Pooled data from the stud-
ies showed clinically important salutary effects on percent
FVC, PFS, and 6-minute walk test distance. Summary data
were presented to the United States Food and Drug Adminis-
tration in May 2010 and are available at http://www.fda.gov/
downloads/AdvisoryCommittees/CommitteesMeetingMate
rials/Drugs/Pulmonary-AllergyDrugsAdvisoryCommittee/
UCM206399.pdf.

The primary endpoint in the CAPACITY trials and
the Taniguchi study was change percent of predicted FVC
at week 72 or vital capacity at week 52, respectively.”
PFS, defined as time to death or disease progression, was
a secondary endpoint. Primary and PFS endpoints were
achieved in one CAPACITY trial and the Taniguchi study,
but not in the second CAPACITY trial. The standardized
treatment effect (STE) for change in lung function was
comparable in all. Meta-analyses of the three studies showed
similar STE and confidence intervals (CI), and appeared to
exclude lack of effect. Hazard ratios (HR) for PFS were simi-
lar and the confidence intervals from all three studies were
overlapping. HR for mortality from the meta-analysis of all
three studies was 0.71 (CI: 0.57-0.89), showing a beneficial
effect on survival. Results from these three Phase I1I studies,
including meta-analyses of the STE on primary endpoints and
PFS, suggested a beneficial pirfenidone effect. Pirfenidone
reduced the rate of progression by 30% (HR = 0.70; 95%
CI: 0.56-0.88).

Pirfenidone was well-tolerated by most patients. The
most commonly reported adverse reactions were nausea
(33%), rash (29%)), fatigue (22%), diarrhea (22%), dyspepsia
(17%), and photosensitivity (12%). All of these occurred

more frequently in pirfenidone treated patients than in those
receiving placebo.

These three trials provide most of the clinical information
available on pirfenidone as therapy for IPF. Overall analysis
of the risk of disease progression suggests that pirfenidone
decreases the risk by about 30% (hazard ratio 0.7).% Both the
Azuma trial*® and the Taniguchi trial> showed a decrease in
the rate of decline in vital capacity favoring the pirfenidone
treated groups. Additional data on pirfenidone’s effect on
survival time and quality of life would add certainty to its
value as a clinically useful agent.

The focus of this review is the use of pirfenidone in IPF,
a fibrosing lung disease that often requires lung transplantation.
Pirfenidone has shown efficacy and is an active subject of
research in kidney and liver diseases, among others.

Pirfenidone is effective in several experimental models
of kidney fibrosis in rats.**¢ In an open label trial to
assess safety and efficacy in patients with focal segmental
glomerulosclerosis, the monthly change in glomerular filtra-
tion rate (GFR) was followed. The change in GFR appeared
to improve in patients who received 800 mg pirfenidone three
times daily for 12 months. The study lacked a control group,
and it remains possible that the improvement in GFR rate of
decline may simply have reflected regression to the average
rate. Only one dose of pirfenidone was tested and patients
had moderate to severe chronic kidney disease at baseline,
possibly biasing the study toward a negative result.”’

Liver fibrosis also occurs in response to injury, and extra-
cellular matrix accumulates as a result of transformation of
cells to a myofibroblast phenotype, possibly similar to the
process in fibrotic lung.’' As in the lung and kidney, several
experimental models of liver fibrosis support the efficacy of
pirfenidone.’®> In a pilot study, pirfenidone (1200 mg per
day for 12 months) appeared to improve liver histology in
15 patients with chronic hepatitis C infection.* The histology
of liver biopsies improved, as did the patients’ quality of life
as demonstrated by a questionnaire.

Regulatory status
Pirfenidone has been approved for use in IPF patients by
Japanese and European regulatory authorities, and two large
randomized controlled trials (RCT) of pirfenidone in the
United States have been completed but not yet published as
of early 2011.! Four important clinical trials are summarized
in Table 1.

The Japanese approval for marketing pirfenidone is based
on several clinical trials including one published in 2010.%%
It was placebo controlled and enrolled 275 patients; the
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Table | Summary of human trials of pirfenidone as therapy for IPF

Author Funding source Patients enrolled Design Time course Outcome measures
Raghu G* Not stated MARNAC 54 Observational 24 months Survival and lung
Inc provided drug function (FVC, TLC, D CO)
Azuma A% Shionogi & Co Ltd 109 Double blind, placebo 9 months Change in lowest SPOZ during
controlled, prospective 6-MWT VC, TLC, DLCO
Taniguchi H?? Japanese Ministry 275 Double blind, placebo 12 months VC:? Progression free survival
of Health controlled, prospective
Noble P'® InterMune Inc 779 (344 and 435 in Double blind, placebo 72 weeks FVC Progression free survival

two parallel studies)

controlled, prospective

Notes: *The Taniguchi trial changed the primary outcome measure during the trial from S O, to VC; *Published only in abstract form to date.
Abbreviations: 6-MWT, 6-minute walk test distance; DLCO, diffusing capacity of the lungs for carbon monoxide; FVC, forced vital capacity; IPF, idiopathic pulmonary
fibrosis; SPOZ, arterial oxygen saturation measured percutaneously; TLC, total lung capacity; VC, vital capacity.

primary endpoint was the decline in vital capacity and the
secondary endpoint was PFS time. Both endpoints showed
positive treatment effects. The drug was well-tolerated.
Photosensitivity occurred more frequently in the high (51%)
and low (53%) dose pirfenidone treated groups, than placebo
(22%). Postmarketing efficacy and safety data for pirfenidone
from Japan have not been published.

A United States Food and Drug Administration (FDA)
Advisory Committee recommended approval of a pirfenidone
new drug application; however the FDA declined to approve
pending more data.! A response was issued by the FDA
Center for Drug Evaluation and Research which requested
an additional clinical trial to confirm the effectiveness of
pirfenidone. Planning for this large trial is underway. The
United States distributor, InterMune, Inc, also submitted
a Marketing Authorization Application to the European
Medicines Agency.

Failure to achieve approval in the United States resulted
from discordant results of two clinical trials in which over
700 patients were enrolled. The CAPACITY 1 and 2 trials
enrolled 344 and 435 IPF patients respectively, and assessed
changes in forced vital capacity at 72 weeks. Progression-free
survival served as a secondary endpoint. In only one of the trials
was the primary endpoint of improvement in FVC achieved.

Whether pirfenidone will be approved in the United States
is not yet known. InterMune, Inc has achieved approval to
market pirfenidone (as Esbriet) from the European Medicines
Agency. Pirfenidone was previously granted orphan drug
status for the treatment of IPF in Europe.

Summary

Pirfenidone has been investigated for many years as a
potentially useful antifibrotic agent in animal models and
clinical trials. However, the ultimate utility and role of pir-
fenidone in IPF, a fatal disease due to excess lung scarring,
are yet to be settled. It clearly inhibits lung inflammation

and fibrosis in the bleomycin model of lung injury and repair
through mechanisms that appear to include modulating of
inflammation, scavenging ROS and inhibiting fibroblast
production of collagen. Pirfenidone is used as a clinical
therapy to attempt to improve outcomes in IPF. Individual
variability exists; however, the average effect in the overall
IPF population is most important in drug development.
It seems well-tolerated, but both gastrointestinal and skin
adverse reactions have occurred. Results from large clinical
trials have been equivocal, although unpublished data appear
to show a decrease in the decline of pulmonary function and a
possible survival benefit. Recent clinical trials that evaluated
pirfenidone in large numbers of IPF patients have been com-
pleted but are not yet published. A preliminary meta-analysis
of three pirfenidone clinical trials has been completed, and it
suggests that pirfenidone may be efficacious in IPF. In addi-
tion, some proprietary data are not yet available. The ultimate
role and possible utility of pirfenidone is not yet known. In
the near term, it is likely that pirfenidone will prove to be a
beneficial agent for patients with IPE.
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