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Abstract: Pirfenidone (PFD) is a non-peptide synthetic molecule issued as a broad-spectrum anti-fibrotic drug
with the ability to decrease TGF-81, TNF-a, PDGF and COLIAI expression, which is highly related to prevent
or remove excessive deposition of scar tissue in several organs. Basic and clinical evidence suggests that PFD
may safely slow or inhibit the progressive fibrosis swelling after tissue injuries. Furthermore, a number of
evidence suggests that this molecule will have positive effects in the treatment of other inflammatory diseases.
This review contains current research in which PFD has been used as the treatment of several diseases, and
focus mainly in the outcomes related to improve inflammation and fibrogenesis. Therefore, the main goal of this
review is to focus on the novel findings of PFD efficacy rather than deepen in the chemical aspects of the
molecule.

. Introduction

This review intends to draw the attention of the reader on the updated and current knowledge of the use
of Pirfenidone (PFD) in the treatment of several fibrotic diseases. It is structured in such a way that the reader
will be able to grasp easily the actual concept on PFD action on different organs. Each section is divided in the
basic preclinical studies, followed by the most recent findings in the clinical scenario. PFD is being investigated
for therapeutic profits to patients suffering from fibrosis conditions such as idiopathic pulmonary fibrosis (IPF).
PFD has also been studied to analyze pharmacologic effects in preventing, or even stopping, scarring process
found in fibrosis in injured tissues including those of lungs, skin, joints, kidneys, prostate glands and liver.*
Research suggests that PFD may safely slow or inhibit the progressive enlargement of fibrotic lesions, and
prevent formation of new lesions following tissue injuries. PFD is provided for oral administration in capsules
or tablets. Different formulations have been tested and implemented in clinical trials, additional research and
experiments. There are a number of reviews available regarding the action and pharmacokinetics of PFD.%® The
main goal of this review is to focus on the novel findings of PFD efficacy rather than deepen in the chemical
aspects of this molecule.

Role Of Pirfenidone In Regulation Of Fibrosis

Fibrosis is the state resulting from excessive accumulation of extracellular matrix components such as
collagen and fibronectin secreted by myofibroblasts in response to cellular damage. Parenchyma replacement by
extracellular matrix excess during chronic fibrosis damage eventually leads to organ failure*>. In addition,
fibrosis is a condition arising from chronic state of various diseases such as scleroderma, rheumatoid arthritis,
Crohn's disease, ulcerative colitis, systemic lupus erythematosus and idiopathic pulmonary fibrosis (IPF). These
events fall into three main mechanisms: cell damage, inflammation and eventually fibrosis. These pathologies
cause organ dysfunction, through permanent scar tissue accumulation, and many even lead to death®’. PFD has
been tested as an anti-fibrotic drug in lung, liver, kidney and myocardium. It has also been shown that PFD
reduces keloid formation in an animal model.

Effect Of Pirfenidone In Interstitial Lung Disease

The use of PFD in lung tissue has been extensively studied, which has led to describe several
therapeutic targets, especially those related to anti-inflammatory and anti-fibrogenic actions directing attention
to research development in conditions that compromise pulmonary tissue architecture, mainly in IPF. This
chronic and progressive disease is characterized by a progressive decline in lung function. The prevalence of
IPF is estimated at 20/100,000 for males and 13/100,000 for females with a greater incidence in individuals aged
over 50 years; approximately two-thirds are over the age of 60 years old at the time of disease beginning®®. The
etiology of IPF remains unclear and the only risk factors associated with the disease onset are smoking,
exposure to toxic gases, genetics and environmental factors IPF pathophysiology has not been fully defined but
is attributed to organ damage, specifically, epithelial damage with consequent activation of alveolar cells that
secrete a cascade of pro-inflammatory molecules activating fibroblast proliferation and myofibroblast
differentiation with a reduced apoptosis rate. Therefore, the main therapeutic target for IPF is the decrease of
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extracellular matrix accumulation'®*. IPF is characterized by irregular scattered fibrotic areas, fibroblast

proliferation and epithelial to mesenchymal transition, where cells in turn are the major source of profibrogenic
mediators such as platelet derived growth factor (PDGF), fibroblast growth factor (FGF) and TGF-B1, which has
been shown to increase mMRNA expression of collagen type | and heat shock protein 47 (HSP47), a collagen-
specific chaperone, located in the endoplasmic reticulum which is engaged in processing, assembly and
secretion of procollagen during fibrotic processes.

It has also been demonstrated that PFD inhibits TGF-B1-induced over-expression of collagen type I,
and heat shock protein 47 in A549 cells. These mechanisms are summarized in figure 1. PFD has been tested in
experimental and clinical models of IPF with favorable results. In phase Il and I11 clinical trials, PFD has shown
to improve the decrease of functional vital capacity (FVC) of patients at 32 and 52 weeks respectively up to
44% compared to placebo, improving survival (p=0.0280) rate. This phase Il trial, has shown that basal FVC >
70 % and oxygen saturation < 90 % (measured by pulse oximetry (SpO2)) during the 6MET, low doses of PFD
(1800 and 1200 mg/day) provide more benefits to patients in terms of FVC and progression- free survival (PFS)
changes, but also in subjective symptoms such as cough and dyspnea compared to placebo patients®. Studies as
Capacity 004 and 006 have also shown reduction in FVC decline at 72" week of treatment, improving
parameters in the test results of 6-minute walk test (6MWT) at the standard dose of 2403 mg/day™*.

In other multicenter phase 111 trial, the efficacy of PFD was analyzed in patients with IPF and results
shown in this trial suggested that, when 5 % change in VC was used as an index instead of the 10 % change, the
efficacy of PFD could be evaluated with higher sensitivity and robustness over the 12-month study. It was also
suggested that 5 % change in FVC at month 3 is clinically useful and a significant promising prognostic factor
of IPF. Systematic reviews has been conducted in order to investigate effectiveness of available IPF treatments,
Loveman E (2015) analyzed fourteen studies of clinical effectiveness, one evaluated azathioprine, three N-
acetylcysteine (NAC) (alone or in combination), four pirfenidone, one BIBF 1120, one sildenafil, one
thalidomide, two pulmonary rehabilitation, and one a disease management program. Authors observed that these
studies were generally good, with low risk of bias, and that some treatments appear to be clinically effective.
The model base-case results showed increased survival for five pharmacological treatments, but general
recommendations cannot be made due to cost-effectiveness and to limitations in the evidence base. Also, a
phase Il study (WJOG 6711L) has been developed to validate effectiveness and the safety of perioperative
administration of PFD to lung cancer patients with IPF, trying to analyse whether PFD reduces lung injury after

lung resection™.
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Figure 1: Pirfenidone targets. Different targets in vivo and in vitro for PFD have been described, the most
prominent being inhibition of TGF-B1 and TNF-a. However, it has also been shown that PFD has either direct
or indirect action on other molecules such as collagen I, PDGF, IL-6, IL-1pB, IL-13, 1L-12p40, fibronectin,
HSP47 and ICAM-1.
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Other drugs for IPF treatment

Some therapies have been developed to treat IPF, such as corticosteroids, azathioprine, azathioprine
and prednisolone, cyclophosphamide, everolimus, anticoagulants, endothelin inhibitors 1 (ET), Sildenafil,
Interferon, Etanercept, Imatinib, CC-930, N-acetylcysteine (NAC), monoclonal antibodies, angiotensin receptor
blockers as losartan A1, somatostatin analogues such as Octreotide, etc. *”?°. However some of these strategies
did not produce significant benefits, or even were more harmful for disease treatment. Besides the side effects of
different therapies, correct stratification of patients according to degree of pulmonary function is a limitation
that reduce the application of specific dose of many drugs, for example the triple therapy with NAC,
azathioprine and prednisone, which unfortunately have shown an increased death rate and hospitalization
compared with placebo’’. However other therapies such tyrosine kinase inhibitors as BIBF 1120 (Nintedanib)
have been approved for application in patients with IPF in January 2015 based on results from the replicate
Phase 111 INPULSIS trials. This therapy slowed disease progression by reducing the annual rate of decline in
lung function by 50% in a broad range of IPF patients. Regardless of the armamentarium available as potential
candidates to be used to treat this life-threatening disease, the relatively positive results in various tests of lung
function enabled PFD as one of the main approved drug to treat mild to moderate IPF in Japan, China and India
in 2008 and in February 2011 it was also approved by the European Commission for the treatment of the same
lung condition.

The ASCEND clinical trial (PIPF-016) was a randomized, double-blind, placebo controlled, phase 3
study of the efficacy and safety of PFD in patients with IPF aiming to confirm the PFD-treatment effect on
change in predicted forced vital capacity (%FVC), and to confirm the safety of PFD treatment. This clinical trial
enrolled 555 patients from 127 sites in 9 countries, mostly in the U.S., 278 were assigned to receive PFD, and
277 were assigned to receive placebo. Subjects had clinical-radiographic or biopsy-confirmed IPF, and mild to
moderate restrictive lung disease (FVC, forced vital capacity 50-90% predicted) with diffusion impairment on
pulmonary function testing, and were randomized 1:1 to PFD or placebo one-year treatment. After 52 weeks,
patients receiving PFD had a significant decline in FVC (>10% predicted) compared to placebo patients (16.5%
vs. 31.8%), which emerged early and increased during the course of the trial. Also, the 6-minute walk distance
test increased 27 m (Relative difference 44.2%; P=0.04) in subjects taking PFD. The highly significant finding
was supported by the encouraging effect on rates of death from any cause (4.0% vs. 7.2%) and from IPF (1.1%
vs. 2.5%), since progression-free survival (PFS) was reduced with PFD (HR 0.57; 95% CI 0.43-0.77; P<0.001).
As mentioned before in many clinical trials, it is difficult to reconcile results obtained from tested groups with
all established stages in a disease, since these observations were obtained from enrolled patients with mild-to-
moderate physiological impairment, results from population of patients with advanced disease are therefore
uncertain. Based on this evidence authors conclude that PFD as compared with placebo reduced disease
progression in patients with IPF, treatment was generally safe with an acceptable side-effect profile, and was
associated with fewer deaths by slowing the rate of IPF worsening. Therefore, evidence shown in this research is
positive for patients with IPF who have a very poor prognosis®®. Based in this evidence, PFD was approved by
FDA for use in IPFZ.

Adverse effects of pirfenidone

In the vast majority of the clinical protocols carried out to date, the most common adverse effects of
PFD have been shown to be photosensitivity and rash as dermatological issues; gastrointestinal: nausea,
diarrhea, and dyspepsia; neurological: fatigue, insomnia and dizziness.It is important to notice the efforts of
Onoue et al. in the sense to device an alternative delivery of PFD as an inhalable powder. By using this
pharmaceutical preparation they reduced phototoxicity in an experimental model with favorable results. This
kind of findings calls for the design of new forms of PFD delivery to reduce sensitivity and dosing required
achieving therapeutic levels increasing bioavailability in nasal mucosa. Eventually, this type of strategy will
have to be assayed in human beings under the scrutiny of controlled clinical trials. However, more studies
should be carried out since treatment effectiveness is related to the time and concentration of the drug at the site
of damage. In the case of IPF, PFD would have to be not only in the nasal mucosa but reach the alveoli for
better diffusion in the lung tissue.

Another trial named CAPACITY, rendered data that only 1% of patients discontinued treatment due to
nausea and another 1% due to rash®'°. The extension phase of the study CAPACITY named RECAP, evaluated
the safety of PFD after phase 11l studies to confirm the tolerability of PFD in patients who were treated for a
mean of 2.9 years'! though safety and tolerability of PFD treatment has been questioned by other authors. On
the other hand, a prospective, double-blind, randomized, placebo-controlled trial that included 35 patients with
type 1 Hermansky-Pudlak syndrome (HPS-1), investigated the safety and efficacy of PFD in mild to moderate
HPS-1 (NHGRI protocol 97-HG-0085). During the trial there were 10 severe adverse events (SAE) and several
non-serious adverse events including 3 deaths, considered to be part of the natural course of the lung disease,
chest pain (2 subjects), elevated CPK (2 subjects), deep vein thrombosis, hematochezia and otitis with vertigo
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on one subject each one. Furthermore, the most commonly reported non-serious adverse events include
dyspepsia and heartburn in approximately 50% of the subjects in placebo and PFD groups, and almost all
patients required anti-acid therapy. Other adverse events included photosensitivity rash. There was no evidence
of bone marrow (hemoglobin, total leucocyte count), renal (serum creatinine), hepatic toxicity (alanine
aminotransferase) or cardiac toxicity?2*.

Among the broad spectrum of PFD actions, it has been suggested the use of this molecule to treat
pulmonary fibrosis in patients previously poisoned by mustard gas, since the intermediate products originated by
this molecule tend to permanently alkylate guanine from DNA, preventing cellular division and inducing cell
death. Tissues exposed to this agent could present side effects even years after gas exposure, developing for
example abnormal skin pigmentation, eye problems, cancer and pulmonary fibrosis. Therefore, the use of PDF
could be helpful to treat exposed soldiers or workers to this hazardous material in the attempt to reduce signs
and symptoms of pulmonary fibrosis®.

Il.  Conclusion

There have been several studies in animal models of fibrosis where PFD immune modulation activities
of have been evaluated. Macrophages are effector cells of innate response they are involved in the initiation and
regulation of adaptive responses. Research has been conducted to analyse the effect of PFD in macrophages
infiltration, where PFD has shown protective effects. Nephrectomised rats showed an increase in various
molecules such as TNF-a, IL-6, and nitric synthase-2 oxide (expressed by macrophages M1), which decreased
significantly their expression after PFD treatment. But several questions relating PFD effects on the control of
transcription factors and cytokine network remain unanswered. The knowledge of these complex processes and
its regulatory pathway are essential in order to develop safe and effective anti-inflammatory therapies against
pathologies where inflammation induced damaged is relevant. Currently, a phase Il clinical trial is on-going in
order to analyse PFD effects on Systemic Sclerosis-Related Interstitial Lung Disease (NCT01933334) *°. Thus,
this type of studies will provide solid evidence for a better understanding of mechanisms involved in the effects
of anti-inflammatory and anti-fibrotic drugs.
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