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Abstract: Idiopathic pulmonary fibrosis (IPF) is a devastating chronic fibrotic lung disease. 

Although the precise cause of the disease is still unknown, recent studies have shown that the 

pathogenesis of pulmonary fibrosis involves multiple mechanisms, with abnormal behavior 

of alveolar epithelial cells considered a primary event. Pirfenidone is a multifunctional, orally 

available small molecule with anti-fibrotic, anti-inflammatory, and antioxidative activities, 

and has been shown to be a modulator of cytokines and growth factors, including TGF-β1, 

TNF-α, bFGF, IFN-γ, IL-1β, and IL-18 in animal models. Although its precise mechanism of 

action is not currently clear, pirfenidone is considered to exert inhibitory effects on multiple 

pathways involved in the pathogenesis of IPF. Two randomized placebo-controlled clinical 

trials in Japan demonstrated that pirfenidone significantly reduced the rate of decline of vital 

capacity in IPF patients. A Phase III study showed a significant increase in progression-free 

survival of patients in pirfenidone-treated groups compared to the placebo group. These results 

paved the way for the approval of pirfenidone for the treatment of IPF patients in Japan in 2008. 

The promising results of the Phase II study in Japan led to a larger international Phase III trial 

(CAPACITY). Subsequently, pirfenidone has also been approved in the European Union, South 

Korea, and Canada to date. Pirfenidone treatment is generally tolerated. Major adverse events 

are gastrointestinal symptoms, including decreased appetite, abdominal discomfort and nausea, 

photosensitivity, and fatigue, but many of these are mild and manageable. Clinical experience 

has shown that reduction in pirfenidone dose and the supportive use of gastrointestinal drugs 

are effective ways to manage these symptoms. Thus, pirfenidone treatment provides a means 

of intervention in the clinical course of IPF, and is a promising candidate for improving patient 

prognosis. For future development, it is important to establish the appropriate modality of treat-

ment with pirfenidone and/or novel potential drugs.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a devastating chronic fibrotic lung disease of 

unknown etiology. IPF is characterized by progressive deposition of collagen and other 

extracellular matrix (ECM) molecules.1 Previously, IPF was viewed as a “smoldering” 

inflammatory response that ultimately led to chronic lung injury with subsequent 

fibrosis. However, inflammation is no longer regarded as crucial to the etiology of 

IPF, largely because current anti-inflammatory therapies for IPF have provided little 

benefit for patients.2 Instead, it has become clear that abnormal behavior of alveolar 

epithelial cells (AECs) is the primary event in the development of pulmonary fibro-

sis.3,4 The disease process is initiated through repetitive injury of AECs, causing AEC 

 activation, which in turn leads to the recruitment of immune cells and fibroblasts within 
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the lung microenvironment. Aberrantly activated AECs, in 

cooperation with migrated immune cells and fibroblasts, 

secrete and activate latent TGF-β1, as well as other pro-fibrotic 

factors, which promote the differentiation of fibroblasts and 

AECs to myofibroblasts, resulting in overproduction of ECM in 

the lung. Epithelial–mesenchymal transition (EMT) may also 

be a source of ECM-producing (myo)fibroblasts in IPF.

Accumulating evidence suggests that both intrinsic fac-

tors in host lungs (ie, genetic predisposition), and extrinsic 

factors that accelerate injury of AECs play an etiologic role 

in IPF. Genetic predisposition is evidenced by the association 

of genes with disease, including telomerase reverse tran-

scriptase (TERT) and MUC5B.5–9 Close attention has also 

been paid to β1 integrins in AECs and fibroblasts, focusing 

on their potential roles in pulmonary fibrosis. Integrin-

related tetraspanin CD151 is essential for AECs to maintain 

epithelial integrity via firm adhesion to the basement mem-

brane. The deletion of CD151 promotes mesenchymal-like 

changes and activation of TGF-β signaling in AECs in mice, 

and downregulation of CD151 in AECs of IPF patients is 

considered to be the result of an extrinsic factor, rather than 

a genetic factor.10

Until pirfenidone was approved in 2008, no drug was 

proven to be effective to treat IPF, although several clinical 

trials of potential agents have been conducted.11 Novel treat-

ments for IPF, including bosentan (dual endothelin receptor 

antagonist), imatinib (tyrosine kinase inhibitor), sildenafil 

(phosphodiesterase type-5 inhibitor), etanercept (antibody 

against tumor necrosis factor (TNF)-α), and interferon (IFN)-

γ-1b have been evaluated in randomized clinical trials, but 

none of these have demonstrated a statistically significant 

treatment effect on the primary endpoint. Furthermore, a recent 

randomized trial (PANTHER-IPF [Prednisone, Azathioprine, 

and N-Acetylcysteine: A Study That Evaluates Response 

in Idiopathic Pulmonary Fibrosis]) demonstrated that triple 

therapy with prednisone, azathioprine, and N-acetylcysteine 

(NAC) was not beneficial for IPF patients, and instead, 

increased the risk of death and hospitalization as compared 

with placebo.12

Pirfenidone is the first anti-fibrotic drug approved for 

the treatment of IPF. The approval of pirfenidone in 2008 

brought hope for both IPF patients and physicians, with 

the anticipation that the drug could intervene in the disease 

course of IPF, and thus improve prognosis for this devastat-

ing disease in the future. Here, we review the efficacy and 

safety of pirfenidone for the treatment of IPF. In addition, 

the current understanding of the mechanisms of action of 

pirfenidone is described.

Mechanism of action
Pirfenidone is an orally available pyridone analog 

(5-methyl-1-phenyl-1H-pyridin-2-one) (Figure 1). It is 

multifunctional, having anti-fibrotic, anti-inflammatory, 

and antioxidant activities. Pirfenidone was discovered 

by an American pharmacologist, Solomon Margolin 

(1920–2008) in the course of a synthetic study.13 It had 

initially been developed as an anti-inflammatory agent, 

but the focus was then shifted to developing pirfenidone 

as an anti-fibrotic agent, since it was found to have anti-

fibrotic activity in a canine lung infection model,14,15 as 

well as reducing fibrosis and improving lung function in a 

hamster model of bleomycin-induced lung injury.16,17 The 

anti-fibrotic action of pirfenidone has also been reported 

in several animal models of progressive fibrotic disorders 

of other organs, including the kidney, liver, and heart.18,19 

In addition to its clinical efficacy for IPF, as described in 

detail below, a randomized and placebo-controlled study 

showed that pirfenidone also has potential benefit in dia-

betic nephropathy.20

Pirfenidone can modulate the expression of pro-fibrotic 

factors and proinflammatory cytokines, and potentially 

suppresses the production of reactive oxygen species 

(ROS)  (Figure 2). The anti-inflammatory activity of pir-

fenidone has been demonstrated in a septic shock model 

in mice.21,22  Pirfenidone was found to protect mice from 

endotoxin-induced lethal shock through the inhibition 

H3C
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Figure 1 Pirfenidone (5-methyl-1-phenyl-1H-pyridin-2-one).
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of TNF-α production. Pirfenidone inhibited TNF-α pro-

duction by post-transcriptional regulation of the TNF-α 

gene.23  Pirfenidone also enhanced the production of IL-10 

in this model. These effects on TNF-α and IL-10 are also 

considered to be involved in the anti-fibrotic activities of 

pirfenidone.

Oku et al investigated the anti-fibrotic effect of pirfenidone 

in bleomycin-induced lung fibrosis in mice using prednisolone 

as a reference agent.24 Mice were injected intravenously (iv) 

with bleomycin (10 mg/kg) for 5 consecutive days. In this 

model, lung inflammation occurred and peaked on day 10 

after the first injection of bleomycin. Following inflammation, 

lung fibrosis was initiated and progressed gradually. Both 

pirfenidone and prednisolone suppressed lung inflammation 

in this model, but only pirfenidone significantly suppressed 

the subsequent lung fibrosis as evaluated by hydroxyproline 

content and histological fibrotic score.  Pirfenidone suppressed 

the elevation of fibrogenic factors such as transforming growth 

factor (TGF)-β1 and basic fibroblast growth factor (bFGF). 

Furthermore, pirfenidone prevented the lowering of IFN-γ, 

which is known to be an anti-fibrotic cytokine through inhibi-

tion of TGF-β1 production and is also involved in type 1 helper 

T cell/type 2 helper T cell (Th1/Th2) balance.  Prednisolone, 

however, did not suppress the changes in these factors. On 

the other hand, proinflammatory cytokines in the lungs, 

such as IL-1β, IL-6, and monocyte chemoattractant protein 

(MCP)-1 were suppressed by both agents. In addition, it was 

reported that pirfenidone inhibited platelet-derived growth 

factor (PDGF) production in bleomycin-induced lung fibrosis 

in hamsters.25

The anti-fibrotic activity of pirfenidone is mainly consid-

ered to be due to the suppression of TGF-β. TGF-β is one of 

the most studied pro-fibrotic cytokines.26 In the lung, TGF-β 

is produced by a wide variety of cell types, including alveolar 

macrophages, neutrophils, activated alveolar epithelial cells, 

endothelial cells, fibroblasts, and myofibroblasts. TGF-β 

induces the proliferation of macrophages and fibroblasts via 

PDGF expression. In these cells, TGF-β also stimulates the 

expression of a number of other proinflammatory and fibro-

genic cytokines, such as TNF-α, IL-1β, and IL-13, thereby 

further enhancing and perpetuating the fibrotic response.

A recent report implied that pirfenidone suppressed 

the formation of a multi-molecular complex known as the 

NLRP3 (NOD-like receptor pyrin domain containing 3) 

inflammasome.27 This led to attenuation of the expression 

of IL-1β, which induces inflammatory and pro-fibrotic 

responses.28 That study also reported that pirfenidone 

reduced left ventricular remodeling and subsequent fibrosis 

in a mouse model of cardiac fibrosis induced by thoracic 

aortic constriction (TAC). TAC induced an elevation in 

inflammatory cell infiltration, and the production of ROS 

and inflammatory mediators including c-Jun, NLRP3, and 

IL-1β, but pirfenidone attenuated these effects. The upregula-

tion of NLRP3 following TAC suggests that inflammasome 

Alveolar
space

Immune
system

Inflammation

Injury HSP47

ECM deposition

Collagen
deposition

Fibroblast

Fibrosis

IL-18 NOX4

IL-10
IFN-γ

TGF-β
IL-1β

TNF-α

ROS

Antifibrotic

cytokines
Profibrotic

cytokines

FGF

PDGF

IL-6, IL-12
MCP-1

Corticosteroid

Pirfenidone

Epithelium

Endothelium

Mesenchyme

Figure 2 Potential mechanisms for the suppression of fibrogenesis by pirfenidone.
Notes: Pirfenidone potentially inhibits the production of pro-fibrotic cytokines, inflammatory cytokines, collagen-specific chaperone HSP-47, and reactive oxygen species, 
and stimulates the production of IFN-γ and IL-10. It has, however, little suppressive activity for immunity, which is strongly suppressed by corticosteroids.
Abbreviations: ECM, extracellular matrix; FGF, fibroblast growth factor; HSP, heat shock protein; IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant protein; 
NOX, NADPH oxidase isoform; PDGF, platelet-derived growth factor; ROS, reactive oxygen species; TGF, transforming growth factor; TNF, tumor necrosis factor.
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formation may play a role in post-TAC remodeling and fibro-

sis.  Mitochondrial production of ROS activates the NLRP3 

inflammasome, and induces the synthesis and secretion of 

cytokines IL-1β and IL-18, which in turn leads to increased 

expression of pro-fibrotic factors such as TGF-β1 and PDGF. 

Inhibition of inflammasome formation might play a role in the 

anti-fibrotic and anti-inflammatory activities of pirfenidone 

in pulmonary fibrosis, although it remains to be seen whether 

this is a primary or secondary effect of pirfenidone.29

The anti-fibrotic effect of pirfenidone is in part mediated by 

a reduction in oxidative stress. Pirfenidone inhibits NADPH-

dependent microsomal lipid peroxidation and scavenges 

hydroxyl radicals.30 Although pirfenidone is ineffective as a 

scavenger of superoxide radicals, it reduced the oxidative stress 

induced by toxic hydroxyl radicals produced during differentia-

tion of human lung fibroblasts as well as in bleomycin-induced 

pulmonary fibrosis in mice, potentially through inhibition of 

Nox4 (NADPH oxidase isoform 4) and Nox1.31

Pirfenidone was also found to inhibit the responder 

frequency of T cell receptor (TCR)-stimulated CD4+ cells 

in vitro and in vivo and to significantly diminish Th2 cyto-

kines in the bronchoalveolar lavage fluid from animals given 

chronic allergen challenge to the airway using ovalbumin.32–34 

Okazaki et al reported that pirfenidone ameliorates isolated 

cough, based on increased cough reflex sensitivity in guinea 

pigs, and suggested that it potentially relieves chronic cough 

in IPF patients.34 Pirfenidone also inhibits the expression of 

heat shock protein (HSP)-47 which is a collagen-specific 

molecular chaperone involved in the intracellular processing 

of procollagen.35,36 Furthermore, pirfenidone might suppress 

epithelial–mesenchymal transition (EMT).36,37

Although the key target molecule for pirfenidone is not 

yet clear and further research is needed to elucidate its precise 

mechanism of action, through its multifunctional activity, 

pirfenidone appears to exert inhibitory effects on multiple 

pathways that lead to the development of IPF.

Efficacy
Clinical trials of pirfenidone for iPF
Two open-label trials and four double-blind trials have been 

carried out with pirfenidone for IPF.38–42 The first double-

blind trial was a Phase II study in Japan.40 This study was 

stopped early (at 9 months) due to an increased incidence of 

acute exacerbations in patients treated with placebo, while 

none occurred in the pirfenidone group. The primary endpoint 

(lowest saturation of peripheral oxygen [SpO
2
] under exer-

tion) was not significantly different between patients treated 

with pirfenidone (1,800 mg/day) and patients treated with 

placebo at 9 months, but a significant reduction in the decline 

in vital capacity (VC) was shown in the pirfenidone group, 

suggesting potential efficacy for IPF patients.

A Phase III clinical trial of pirfenidone has also been 

conducted in Japan.41 The trial included 275 patients with 

IPF (20–75 years of age). Inclusion criteria were based on: 

1) oxygen desaturation of $5% difference between resting 

SpO
2
 and the lowest SpO

2
 during a 6-minute steady-state 

exercise test (6MET), and 2) a lowest SpO
2
 during the 

6MET of $85% while breathing air. Patients were random-

ized to three groups; high dose (1,800 mg/day), low dose 

(1,200 mg/day), and placebo, at a ratio of 2:1:2 for a period 

of 52 weeks. The primary endpoint was the change in VC 

from baseline at 52 weeks. This study demonstrated that the 

decline in VC was significantly smaller (P=0.0416) in the 

high-dose pirfenidone group (−0.09 L) than in the placebo 

group (−0.16 L). The absolute difference in VC was 70 mL 

and the relative difference was 44%. The decline in VC in 

the low-dose pirfenidone group (−0.08 L) was also signifi-

cantly reduced (P=0.0394) compared to that in the placebo 

group (Figure 3). This study also showed that pirfenidone 

significantly (P=0.0280) increased progression-free survival 

(PFS) (Figure 4). PFS was defined as the time until death 

and/or $10% decline in VC from baseline. Other secondary 

endpoints (SpO
2
, serum markers), however, did not reach 

statistical significance among the groups.

Two international clinical trials (CAPACITY [Clinical 

Studies Assessing Pirfenidone in idiopathic pulmonary 

fibrosis: Research of Efficacy and Safety Outcomes]-1, -2) 

were conducted in North America, Australia, and Europe.42 

The decline in percentage predicted forced vital capacity 

(FVC) at 72 weeks was significantly reduced in pirfenidone-

treated (2,400 mg/day) patients compared to those treated 

with placebo in CAPACITY-2, while the difference in FVC 

change at 72 weeks was not significant in CAPACITY-1. 

Pooled analysis of the two trials showed that pirfenidone 

significantly improved 6-minute walking distance.43 Appli-

cations for the approval of pirfenidone were submitted with 

the results of the CAPACITY trials to the European and 

US authorities. The data from the CAPACITY trials were 

assessed together with the data from the Japanese Phase III 

study by the European Medicines Agency (EMA), and pir-

fenidone was approved in the EU in March 2011. However, 

the US Food and Drug Administration (FDA) requested an 

additional trial, and that trial, the ASCEND (Assessment of 

Pirfenidone to Confirm Efficacy and Safety in IPF) study, is 

currently in progress. The enrollment of IPF patients (555 

patients) was completed in January 2013, and top-line results 
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from the study are expected to be available in the second 

quarter of 2014.

Meta-analysis (Cochrane review)
A recent Cochrane review summarized the studies of ten 

 non-steroid agents for the treatment of IPF and identi-

fied IFN-γ-1b and pirfenidone as suitable for analysis.44 

The  meta-analysis combining the data from two IFN-γ-1b 

randomized controlled trials showed no significant difference 

between IFN-γ-1b and placebo in the clinical endpoint of 

overall survival (Figure 5A). Since meta-analysis of three 

Phase III studies of pirfenidone showed an increase in PFS 

(Figure 5B) and a suppression of decline in VC, pirfenidone 

is the only drug to show a significant effect on IPF to date.

Among prognostic factors for IPF, a decline in VC of 

10% or more within 12 months is considered to be of most 

prognostic value.45 Marginal decline ($5%) in VC was 

also reported to be associated with poor prognosis in IPF.46 

Recently, there have been active debates on the most  clinically 

meaningful endpoint for clinical trials of therapeutic agents 

for IPF.47–49 Although it has been proposed that all-cause 

mortality and all-cause hospitalization are the most appro-

priate endpoints,47 there are some limitations that should be 

considered.48 For clinical trials to be adequate for evaluation 

of mortality as an endpoint, in terms of statistical power, 

they need to include a high number of patients (.2,500) 

and require a much longer follow-up time (.3 years).50 In 

addition, patients will not agree to stay in a trial for a long 

period of time, in either the placebo or the treatment arm, 

if their disease progresses. For these reasons, a surrogate 

marker for mortality is needed and serial changes in VC or 

FVC are currently considered to be the preferred option. It 

has also been proposed that PFS could be a clinically mean-

ingful endpoint.51

Sub-analysis of the Phase III clinical  
trial in Japan
Sub-analyses of the Japanese Phase III trial of pirfenidone 

have been carried out. Azuma et al reported that patients 

with a percentage predicted VC $70%, and a SpO
2
 at 

exertion ,90% at baseline most likely benefited from 

pirfenidone.52 In such patients, pirfenidone significantly 

suppressed the worsening of subjective symptoms of cough 

and dyspnea as compared to placebo. Furthermore, Taniguchi 

et al showed that 70% of patients who had not worsened by 

3 months, using a threshold of 5% change in VC, continued 

not to worsen by 12 months after beginning pirfenidone 

treatment.53 This finding suggests that VC changes ($5%) 

at 3 months may be indicative for making clinical decisions 

on the continuation of pirfenidone treatment.

According to an exploratory analysis of the Japanese 

Phase III trial, pirfenidone appears to be more efficacious in 

the early stage than in the advanced stage of IPF.52 Therefore, 

an early and accurate diagnosis of IPF is critical for ensur-

ing early intervention with pirfenidone, in order to suppress 

IPF progression at the early stage. With early intervention, 

improvements in the long-term clinical outcome of this 
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devastating disease might be anticipated. Recently, Cottin and 

Cordier pointed out the value of “Velcro crackles” for early 

diagnosis,54 although the assessment of Velcro-like crackling 

sounds upon lung auscultation is already routinely used for 

the diagnosis in Japan. There are several parameters which are 

informative in determining when or whether to initiate treat-

ment, including subjective symptoms, desaturation of oxygen, 

and decline in VC (.5%) within 3–6 months. However, with 

respect to early treatment, it must be taken into account that 

IPF is a heterogeneous disease, and that while many patients 

progress, some do not. Heterogeneous  components of the 

disease may affect the response to treatment with pirfenidone, 

although factors which predict the response to pirfenidone 

have not yet been elucidated.
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Safety
Phase II and Phase III clinical trials in Japan showed 

that pirfenidone was relatively well tolerated in patients 

with IPF.40,41 Major adverse events in the pooled pirfenidone 

groups from these two trials were photosensitivity reaction 

(51.7%), decreased appetite (23.0%), abdominal discomfort 

(14.0%), and nausea (12.1%). In the laboratory tests, eleva-

tion of γ-GTP was reported in 20.0% of patients receiving 

pirfenidone. Adverse events with an incidence $5% are 

listed in Table 1. International multi-center Phase III trials 

(CAPACITY)42 also showed that pirfenidone was well tol-

erated for IPF patients. The type and frequency of adverse 

events were generally consistent with those in Japanese 

clinical trials. There have been no reports on any ethnic dif-

ferences in the pharmacology of pirfenidone.

The photosensitivity reaction was generally mild-to-moder-

ate in severity, and only in 3% (n=5) of patients in pirfenidone 

groups (n=164) did these result in treatment discontinuation 

in the Phase III trial in Japan.41  Photosensitivity reactions are 

minimized by adequate UV protection, including avoiding 

exposure to direct sunlight and use of protective sunscreens. 

Recently, Okuda et al reported the safety profile of pirfenidone 

in 76 patients with IPF in clinical practice.55 The most frequent 

adverse event was anorexia (decreased appetite) with an inci-

dence of 42.1%, although the grade of anorexia in most patients 

was mild (two patients with grade 3 and others with grade 1 or 

2) (Table 2). They reported that anorexia improved in 84% of 

affected patients following reduction of the pirfenidone dose. 

On the other hand, the incidence of photosensitivity reaction in 

clinical practice was 18.4%, which was lower than that reported 

in Phase II and III clinical trials in Japan.40,41 The incidences of 

other adverse events in clinical practice were similar to those 

in clinical trials in Japan.

Findings from clinical trials and clinical practice indicate 

that one of the most important issues for the continuation of 

pirfenidone therapy is the management of gastrointestinal 

symptoms, including decreased appetite, abdominal dis-

comfort, and nausea, in order to gain maximal benefit from 

pirfenidone.

It might be an important factor for safety that  pirfenidone 

has little suppressive effect on humoral and cellular  immunity.56 

Increased susceptibility to infection is  anticipated to be less 

of a concern with clinical use of pirfenidone than with cor-

ticosteroids, and indeed this is considered to be one of the 

benefits of pirfenidone.

Routine toxicity screening performed during preclinical 

development showed that pirfenidone induced photogenotox-

icity in an in vitro assay using Chinese hamster ovary (CHO) 

cells. Because the concentration of pirfenidone required 

for photogenotoxicity was near the upper limit estimated 

from pharmacokinetics in healthy humans, a warning for an 

increased risk of skin cancer is described in the package insert 

supplied with pirfenidone in Japan. There have been no reports 

of skin cancer determined to be caused by pirfenidone since its 

launch in Japan, nor in the RECAP trial (CAPACITY exten-

sion study) or during subsequent clinical use of pirfenidone 

in the EU. Increased risk of skin cancer is not described in the 

package insert for pirfenidone in the EU. Therefore, although 

the observation period and the number of cases treated are still 

limited, the increase in risk of the development of skin cancer 

when using pirfenidone is considered to be very low.

Current clinical status  
of pirfenidone for IPF
As of September 2013, in addition to Japan, pirfenidone 

has been approved for the treatment of IPF in the  European 

Table 2 Adverse events of pirfenidone in 76 iPF patients in 
clinical practice

Event n (%) Grade

1 2 3 4–5

Adverse events 64 (84.2)
Photosensitivity 14 (18.4) 9 5 0 0
Anorexia 32 (42.1) 23 7 2 0
Nausea 9 (11.8) 7 2 0 0
Gastric stress 9 (11.8) 9 0 0 0
Fatigue 11 (14.5) 6 5 0 0
Drowsiness 5 (6.6) 5 0 0 0
Rash 5 (6.6) 5 0 0 0
Hepatic dysfunction
 γ-GTP elevation 17 (22.4) 13 4 0 0
 AST elevation 13 (17.1) 12 0 1 0
 ALT elevation 14 (18.4) 13 0 1 0
 Others 4 (5.3) 4 0 0 0

Abbreviations: γ-GTP, γ-glutamyl transpeptidase; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase.

Table 1 Incidence of major adverse events in Phase III clinical 
trial of pirfenidone in Japan

Adverse event

Pirfenidone

Placebo1,800 mg/day 1,200 mg/day

Photosensitivity 51.4 52.7 22.4
Anorexia 16.5 10.9 2.8
Abdominal discomfort 2.8 7.3 0.0
Dizziness 7.3 0.0 0.9  
γ-GTP elevation 22.9 21.8 9.3  
wBC decrease 3.7 5.5 0.0
Notes: Data are presented as %.  From Taniguchi et al.41 Reproduced with 
permission of the European Respiratory Society. EurRespir J April 2010 35:821–829; 
published ahead of print December 8, 2009, doi:10.1183/09031936.00005209.
Abbreviations: γ-GTP, γ-glutamyltranspeptidase; WBC, white blood cell.
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Union, South Korea, and Canada. It is estimated that more 

than 5,000 patients with IPF are currently prescribed 

pirfenidone in Japan. Actual clinical experience of pirfeni-

done use is being reported, and new knowledge is being 

obtained regarding its effectiveness and safety. Iwasawa et al 

retrospectively examined the changes in the extent of fibrosis 

in IPF patients using high resolution computed  tomography 

(HRCT), with both visual scoring by a radiologist and 

computer-aided analysis, over 1 year in clinical practice.57 

The study included 38 cases of patients taking pirfenidone 

and 40 age-matched control patients with IPF but not tak-

ing pirfenidone. They reported that pirfenidone significantly 

reduced the mean increase in fibrosis scores compared with 

control patients (P,0.001). Okuda et al reported clinical 

experiences of pirfenidone use in 76 Japanese patients with 

mild-to-severe IPF, and suggested that pirfenidone also had 

beneficial effects in some patients with severe and/or pro-

gressive disease.55

In Japan, post-marketing surveillance (PMS) was 

 conducted for all patients who initiated pirfenidone therapy 

within approximately 1 year after its launch (December 

2008–October 2009). More than 1,400 patients with IPF 

were registered and were followed for a maximum of 

2 years. The results from an interim analysis of 973 patients 

were  presented at the European Respiratory Society (ERS) 

congress in 2012.58 While patients enrolled in the clinical 

trials in Japan and in the CAPACITY trials had mainly 

mild-to-moderate disease severity, the PMS showed that 

pirfenidone was also being prescribed to a substantial num-

ber of patients with severe IPF. The most frequent reason 

for the discontinuation of pirfenidone was gastrointestinal 

symptoms, the incidence of which was similar to that in the 

clinical trials in Japan. In addition to the use of gastrointes-

tinal drugs, reduction of pirfenidone dose improved gastro-

intestinal symptoms as described above. The incidence of 

photosensitivity reaction in the PMS was 15%, significantly 

lower than in the clinical trials in Japan (51.7%), but con-

sistent with the incidence in clinical practice as reported by 

Okuda et al.55 This discrepancy in frequency is considered 

to be mainly the result of clinicians alerting patients to the 

need for UV protection. In terms of pirfenidone efficacy, 

analysis of VC changes suggested that the decline in VC 

might be suppressed in the majority of patients who were 

treated with pirfenidone for more than 6 months. This is 

the first official PMS for pirfenidone. The findings of the 

PMS suggest that controlling gastrointestinal symptoms is 

important in ensuring that therapy can be continued and 

maximal benefit from pirfenidone can be gained.

Summary and future directions
Pirfenidone has been used for the treatment of IPF in Japan 

for more than 5 years, and it is now also available for IPF 

patients in several countries in the EU, in South Korea, and 

in Canada. A PMS in Japan and clinical experiences in “real 

world” settings have demonstrated the benefit/risk profile of 

pirfenidone for the treatment of IPF. The profiles of adverse 

events in clinical practice were generally consistent with 

those in clinical trials, and serious adverse events were rare. 

In a 2011 statement from ATS/ERS/JRS/ALAT, pirfenidone 

received a “weak no” (ie, against the use of these treatments 

for most patients) recommendation.59 However, randomized 

controlled trial data published since that time indicate that 

reassessment of the treatment guidelines for IPF may be war-

ranted. Combination treatment with prednisone, azathioprine, 

and NAC, as well as treatment with warfarin, was given a 

“weak no” recommendation; however, this should be reas-

sessed given the safety concerns brought to light by the 

PANTHER-IPF trial.12 The “weak no” recommendation for 

the use of pirfenidone should also be reevaluated given the 

promising findings from the three Phase III trials mentioned 

earlier. Recently, recommendation for the use of pirfenidone 

was reassessed in several European countries. In German 

guidelines published early in 2013, pirfenidone received a 

“weak yes” for the treatment of IPF patients with mild-to-

moderate severity.60 Spanish guidelines were also published in 

August 2013 and pirfenidone is recommended as a first-line 

treatment for mild-to-moderate IPF patients.61

More effective therapy would ensure that the benefits for 

patients with IPF are maximized. Approaches to increasing 

therapeutic efficacy might include the selection of patients 

positive for markers which are predictive of drug response, 

or combination drug treatment with pirfenidone and NAC 

or other promising new drugs,62 or even with corticosteroids 

and/or immunosuppressants for patients with severe disease 

or with inflammatory components. BIBF 1120 (nintedanib) 

is a kinase inhibitor originally developed as an agent for 

cancer treatment, which simultaneously inhibits three recep-

tor families implicated in angiogenesis: PDGF, vascular 

endothelial growth factor (VEGF), and FGF.63 A Phase II 

12-month, randomized and placebo-controlled study of BIBF 

1120 (TOMORROW [To Improve Pulmonary Fibrosis With 

BIBF1120] study) was conducted to evaluate its safety and 

efficacy in IPF.64 Although this study did not reach significance 

for its primary endpoint (decline of VC over a 12-month 

period, tested by closed testing procedure), the annual rate of 

decline in FVC in the group receiving 300 mg/day of BIBF 

1120 was 0.06 L, as compared with 0.19 L in the placebo 
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group. Moderate gastrointestinal symptoms and liver toxicity 

were reported in the high-dose (300 mg/day BIBF 1120) arm 

compared with placebo. Currently, two multinational Phase III 

studies of BIBF 1120 are being carried out to determine its 

efficacy and safety for the treatment of IPF.

In terms of the future development of IPF treatment, 

establishing the appropriate modality of treatment with 

 pirfenidone and/or new potential novel drugs will contribute 

to the effective treatment of IPF patients.
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