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Abstract: The landscape of idiopathic pulmonary fibrosis (IPF) has changed. The significant
progress regarding our knowledge on the pathogenesis of the disease together with the experi-
ence achieved after a series of negative trials has led to the development of two drugs for the
treatment of IPF. Both pirfenidone and nintedanib can slow significantly the rate of disease
progression. They are safe with side effects that can be either prevented by close collaboration
between health care professionals and patients or treated successfully when they occur, rarely
leading to treatment discontinuation. However, there are still few unanswered questions regard-
ing the application of the beneficial results of pharmaceutical trials in the general population of
IPF patients. Long-term “real-life” studies are being undertaken to answer these questions. In
this article, we focus on the advances that have led to the development of the antifibrotic agents
with particular focus on pirfenidone.
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Outcome Evidence Implications

measures

Disease-oriented Randomized placebo controlled trials Pirfenidone received a conditional
(CAPACITY, ASCEND) demonstrated

that pirfenidone can reduce the rate

evidences recommendation for IPF treatment.
of IPF progression, as judged by serial
changes in FVC

Patient-oriented Clinical trials (CAPACITY, ASCEND) Adverse events are common (mainly

evidence in the first six months of treatment)
but can be prevented by close
collaboration between health care
professionals and patients
Economic None No formal cost-effectiveness analysis
evidence has been conducted
Introduction

There is no doubt that a new era has risen for idiopathic pulmonary fibrosis (IPF)
treatment. The statement “a disease with no known effective treatment” will not be
used anymore when we have to inform our patients about the management of their
disease. The disappointment created by a series of negative trials has been followed
by the completion of three successful randomized controlled trials and the licensing
of two novel drugs, namely, pirfenidone and nintedanib, for this dreadful disease.'?
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Definitely, that was a significant accomplishment, which has
led to the reform of the guidelines published only 4 years ago.*
In the most recent statement, both drugs have received the
label of “conditional recommendation for IPF treatment”.’ It
should be stressed that both drugs are not miraculous as they
only manage to slow the rate of IPF progression, and issues
regarding long-term efficacy and safety should be further
studied and clarified. However, there is a light at the end
of the tunnel, and future trials based on the knowledge and
experience previously accumulated may lead to the devel-
opment of more efficient drugs. In this article, we briefly
review the pathogenesis of IPF, and the completed negative
and positive trials in IPF, with particular focus on efficacy
and safety of pirfenidone.

Pathogenesis of IPF

IPF is the most frequent and devastating form of idiopathic
interstitial pneumonias.* The median survival from the time of
diagnosis is 3 years, explaining why IPF is considered more
lethal than many cancers. It commonly affects males over
60 years old with a history of cigarette smoking. The main
presenting symptoms are shortness of breath and chronic
cough. In the US, 40,000 patients die of IPF every year, and
both incidence and prevalence have been found to be higher
in patients older than 65 years than previously reported.®

According to the recent official ATS/ERS/JRS/ALAT
statement, the diagnosis of IPF requires the following:
1) exclusion of other known causes of interstitial lung dis-
ease (ILD) (eg, domestic and occupational environmental
exposures, connective tissue disease, and drug toxicity);
2) in patients not subjected to surgical lung biopsy, the
presence of a usual interstitial pneumonia (UIP) pattern on
high-resolution computed tomography, which is characteri-
zed by subpleural, basal-predominant reticular changes,
traction bronchiectasis, and honeycombing; and 3) specific
combinations of high-resolution computed tomography and
surgical lung biopsy pattern in patients subjected to surgical
lung biopsy.* Review of the cases by a multidisciplinary team
meeting with pulmonologists, radiologists, and pathologists
with special interest in the field of ILDs represents the “gold
standard” diagnostic approach.

Our understanding regarding the pathogenesis of IPF
has shifted significantly in the recent years.” Initially, it was
believed that fibrosis was the result of chronic inflammation.
However, the current belief is that the disease is the result
of an epithelial-driven and fibroblast-activated process in
which inflammation may have only an ancillary role.® An
interplay between host and environmental factors leads to

repetitive microinjuries of alveolar epithelial cells, simultane-
ous activation of multiple pathogenetic pathways, activation
of myofibroblasts, exaggerated deposition of extracellular
matrix, development of fibrosis with architectural distortion,
and consequently irreversible loss of lung function.’

Recent studies have suggested that the loss-of-function
mutations of telomerase, an enzyme that compensates
telomere shortening,'® a common polymorphism in the pro-
moter region of MUCS5B gene which confers an increased
susceptibility to develop IPF but surprisingly is associated
with a survival benefit!! and a single-nucleotide polymor-
phism in the gene for TOLLIP and SPPL2C that also promote
fibrogenesis,'? are involved in the pathogenesis of IPF. The
most well-known environmental factors are smoking, viral
and bacterial infections, and gastroesophageal reflux.!*-”

Myofibroblasts are the key cells in the process of fibro-
genesis. They are a specialized contractile type of cells that
predominate in areas of active fibrosis, namely, fibroblastic
foci. There are three possible sources of myofibroblasts.
Local fibroblasts can migrate in the site of injury attracted
by mediators such as platelet-derived growth factor (PDGF),
transforming growth factor-f (TGF-f), and tumor necrosis
factor-o. (TNF-o1) produced by injured alveolar epithelial
cells, and differentiate into myofibroblasts. Myofibroblasts
may also derive from resident epithelial cells through a
process called epithelial-to-mesenchymal transition as well
as from circulating fibrocytes through a CXCR4-CXCL12-
dependent mechanism.'®"”

Dysregulations of developmental pathways, dysfunction
of the immune system and coagulation cascade, loss of the
balance between oxidants and antioxidants, and dysregulation
of microRNAs are all mechanisms involved in the patho-
genesis of IPE° Approximately 10% of the microRNAs are
significantly changed in IPF lungs. Significantly downregu-
lated microRNAs are members of let-7, mir-29, and mir-30
families and the miR-17-92 cluster whereas mir-155 and
mir-21 are significantly upregulated.” Therefore, it becomes
conceivable that targeting a single pathway in order to slow
the progression of the disease is not realistic and may have
been one of the reasons of the failure of previous trials. The
balance of abnormalities in each of these key pathways may
vary between affected individuals. This would explain the
range of clinical, radiological, and pathological phenotypes
observed in IPF. Both pirfenidone and nintedanib target
more than one pathway, and this may explain their effect on
the progression of the disease. However, the combination
of these compounds with others may be more beneficial.
A growing body of evidence suggests that IPF has many
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clinical and biological similarities to cancer.’! The current
treatment recommendation for cancer includes a combination
of agents with different mechanisms of action, and keeping
this in mind, future studies of combination therapies in IPF
could be designed.

Negative randomized controlled

trials in IPF

Different compounds have been studied in IPF (Table 1). Most
of these studies have failed to show a significant effect in the
progression of IPF. It can be speculated that a number of rea-
sons have contributed to the failure of previous trials, but on
the other hand, the knowledge gained has definitely helped in
the design of trials that have led to the approval of two drugs
as an IPF-specific therapy. Until few years ago, it was believed
that IPF was an inflammatory-driven disease, whereas in the
last decade, it has been viewed as an epithelial-driven disease.
Therefore, it is only recently that clinical research in IPF has
shifted focus from immunomodulatory to antifibrotic and
antiproliferative compounds. Moreover, the knowledge that
multiple pathways are involved in the pathogenesis of IPF has
changed the therapeutic target. There has been a shift from
using compounds that inhibit individual mediators or signaling
pathways to compounds that are pleiotropic in their antifibrotic
properties. Inclusion criteria have been more precise in the
recently completed trials. Central review of the diagnosis of
IPF performed by radiologists and pathologists experienced
in ILD allowed the inclusion of well-defined populations of
patients. Another important issue is the choice of an end point.
Different end points have been used in the past, and that has
made comparing clinical efficacy quite difficult.

In the 2000 ATS/ERS guidelines, the use of anti-
inflammatory agents, namely, prednisolone and azathioprine,
was recommended as the standard of care.”? Subsequently,
a much criticized study, in which the combination of pred-
nisolone, azathioprine, and N-acetyl-cysteine (NAC) was
compared with prednisolone and azathioprine, showed a
significant reduction in the rate of decline of the forced vital
capacity (FVC) and of the diffusing capacity for carbon mon-
oxide (DL,,).
pathogenesis of IPF together with the disappointing results
of the recent PANTHER-IPF trial, in which the triple-therapy
arm (combination of prednisolone, azathioprine, and NAC)

2 Recent advances in the understanding of the

was terminated early because of an increase of the number
of deaths and hospitalizations as compared to the placebo
arm, have led to a strong negative recommendation against
the use of this regime in IPF.>?* Similarly, in the subsequent
modified PANTHER-IPF trial, the use of NAC versus placebo

failed to meet the primary end point of change in FVC after
60 weeks of treatment.?

Interferon-y (IFN-y) is a cytokine with immunomodula-
tory and antifibrotic properties. A large randomized control
trial that followed other smaller ones did not show any benefit
in overall survival, and the trial was terminated early.?62"-3

Etanercept, a TNF-o antagonist, failed to show a signifi-
cant effect on FVC from baseline to 48 weeks, although the
drug was generally well tolerated.?®

The knowledge that coagulation factors are overexpressed
in the fibrotic lung has led to the belief that anticoagulation
could have a positive effect in IPF. A study characterized by
several limitations has shown a 1-year survival benefit of
anticoagulation therapy (either warfarin or heparin).** How-
ever, even in this case, a better designed trial not only failed
to meet the primary end point but was also terminated early
due to increased number of deaths in the treated arm.? The
discrepancy between the two studies could be attributed to
differences in the genetic background of the study popula-
tion and in the methodology of the two studies.*’ Currently,
anticoagulants are not recommended in IPF.>

Vasodilators, such as bosentan, macitentan, and ambrisen-
tan, have been demonstrated ineffective in IPF trials in which
they have been used in the hope of a combined vascular
and interstitial effect.’*>3 Moreover, ambrisentan has been
related with disease progression. Only sildenafil has shown an
encouraging effect in patients with advanced IPF who were
more likely to have an element of pulmonary vasculopathy.**
Although in this study the primary end point has not been
achieved (ie, improvement in 6-minute walking distance),
there have been some encouraging results with regard to the
secondary end points. An improvement in DL, gas transfer
coefficient, and arterial oxygenation, in the absence of a
simultaneous effect on FVC, indicated a significant effect
on the pulmonary vessels.

The tyrosine kinase inhibitor, imatinib mesylate, has also
failed to demonstrate effectiveness in IPF with no significant
effect on time to disease progression or time to death.’

Positive randomized controlled
trials in IPF
Nintedanib

Nintedanib is an intracellular inhibitor that targets multiple
tyrosine kinases, including the PDGF receptor, vascular
endothelial growth factor receptors 1 and 2, and fibro-
blast growth factor receptors 1-3.*' Initially developed for
cancer treatment, it has been shown to additionally pos-
sess antifibrotic activities. A double-blind, randomized,
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Table | Completed clinical trials in IPF

Study drug Mechanism of action

Outcome

Negative trials
NO/AZA/CS versus NAC/CS®
antioxidant
NAC/AZAICS versus NAC
versus placebo? antioxidant

NAC versus placebo® Antioxidant

IFN-y2 Immunomodulation
IFN-y7 Immunomodulation
Etanercept® Immunomodulation
Warfarin® Anticoagulation

Bosentan (BUILD-1)®
Bosentan (BUILD-3)?
Macitentan®
Ambrisentan®

Sildenafil** PDGE-5 inhibitor
Imatinib® TKI

Positive trials
Nintedanib (TOMORROW)?3 TKI

Nintedanib (INPULSIS-1 and INPULSIS-2)* TKI

Pirfenidone (Taniguchi)® Antifibrotic
Pirfenidone (CAPACITY-1)' Antifibrotic
Pirfenidone (CAPACITY-2)' Antifibrotic
Pirfenidone (ASCEND)? Antifibrotic

Immunosuppression/anti-inflammatory/

Immunosuppression/anti-inflammatory/

Endothelin receptor antagonist
Endothelin receptor antagonist
Endothelin receptor antagonist
Endothelin receptor antagonist

Primary end point (change in FVC and DL__): met
Terminated early (increase of deaths and hospitalizations)

Primary end point (change in FVC): not met

Primary end point (progression-free survival): not met
Terminated early

Primary end point (change in FVC): not met

Terminated early (increase of mortality in the treatment arm)
Primary end point (change in 6MWD): not met

Primary end point (time to IPF worsening, death): not met
Primary end point (change in FVC): not met

Terminated early (increased risk of progression and
hospitalization in the treatment arm)

Primary end point (increase in 6MWD >20%): not met
Primary end point (time to disease progression): not met

Primary end point (annual rate of decline in FVC): not met.
Trend toward reduction of FVC decline

Primary end point (annual rate of decline in FVC): met
Primary end point (change in VC): met

Primary end point (change in FVC): met

Primary end point (change in FVC): not met

Primary end point (change in FVC): met

Abbreviations: IPF, idiopathic pulmonary fibrosis; AZA, azathioprine; CS, corticosteroid; NAC, N-acetyl-cysteine; FVC, forced vital capacity; DL,

co» diffusion capacity for

carbon monoxide; IFN-y, interferon-y; 6MWD, 6-minute walking distance; PDGE-5, phosphodiesterase-5; TKI, tyrosine kinase inhibitor; VC, vital capacity.

placebo-controlled Phase II trial of the efficacy and safety
of nintedanib showed that the annual rate of decline of FVC
in the group of patients who received 150 mg daily was
0.06 L compared with 0.19 L in the placebo arm. Moreover,
fewer acute exacerbations and preserved quality of life
were observed in the treatment arm. Gastrointestinal side
effects and liver toxicity were moderate in the high-dose
arm compared to placebo.’® The INPULSIS trials were two
parallel 52-week, randomized, double-blind, Phase I1I studies
(INPULSIS-1 and INPULSIS-2) that further evaluated the
efficacy and safety of nintedanib (at the dose of 150 mg twice
daily) compared with placebo in patients with IPF.? One
thousand and sixty-six patients were randomly assigned in
a 3:2 ratio to receive nintedanib or placebo. In INPULSIS-1,
the adjusted annual rate of decline of FVC was —114. mL in
the nintedanib arm and —239.9 mL in the placebo arm (diffe-
rence: 125.3 mL; P<<0.001). In INPULSIS-2, the respective
rates were —113.6 and —207.3 mL (difference: 93.7 mL;
P<0.001). Difference in time to the first acute exacerbation
of IPF was statistically significant in INPULSIS-2 (P=0.005)
but not in INPULSIS-1 (P=0.67). In a prespecified pooled
analysis, no significant difference in death from any cause
or death from a respiratory cause was observed (hazard ratio

[HR] 0.70; P=0.14). However, neither trial was powered to
detect statistically significant differences in mortality. The
most frequent side effect in the treatment arms was diar-
rhea, but most patients tolerated the full dose of nintedanib
during the study.

Pirfenidone

Preclinical studies

Pirfenidone (5-methyl-1-phenyl-2-[1H]-pyridone) is an
orally administered drug with antifibrotic, anti-inflammatory,
and antioxidant effects. These properties have been initially
evaluated in preclinical studies.

In vitro studies of normal human lung fibroblasts have
shown that pirfenidone abrogates TGF-f1-stimulated col-
lagen synthesis by inhibiting the upregulation of HSP47
and Coll RNA, in a concentration-dependent manner.*
In vitro experiments with rat hepatic stellate cells showed
that pirfenidone blocks the proliferative effects of PDGF
in a concentration-dependent manner.* In a more recent
study in primary human lung fibroblasts, pirfenidone has
reduced fibroblast proliferation, production of alpha smooth
muscle cells actin induced by TGF-B, and the level of
procollagen 1.

14 submit your manuscript

Dove

Core Evidence 2016:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Pirfenidone in IPF

In the in vivo model of murine lipopolysaccharide-
induced acute lung injury and endotoxic shock, pirfenidone
downregulated proinflammatory cytokines, such as TNF-o.,
IFN-y, and interleukin (IL)-6, and improved survival.**" In
both in vitro human peripheral blood lymphocytes and in vivo
mice model, pirfenidone exerts a similar anti-inflammatory
effect inhibiting staphylococcal enterotoxin B-induced prolif-
eration and synthesis of TNF-c, IFN-y, IL-18, and IL-6.%

With regard to the antioxidant properties, it has been
observed that pirfenidone can act as a scavenger of hydroxyl
(OH") and superoxide anion (O") free radicals.*’ In sheep liver
microsomes, pirfenidone blocks NADPH-dependent lipid
peroxidation in a concentration-dependent manner.*

The effects of pirfenidone in animal models of bleomycin-
induced pulmonary fibrosis suggest an attenuation of the
development of the disease. However, it should be stressed
that despite the bleomycin model being at the forefront of
basic research into the regulation of pulmonary fibrogenesis,
it does not reproduce the phenotype exhibited by IPFE. In the
bleomycin model, the initial insult results in widespread
epithelial cell apoptosis and necrosis, which subsequently
triggers a marked neutrophilic inflammatory infiltrate. The
extent of epithelial cell death and the subsequent inflam-
matory response determine the severity of the fibrosis. In
hamsters, pirfenidone has been administered 2 days prior to
a single dose of bleomycin (defined as prophylactic adminis-
tration) or after the second of three weekly consecutive
administrations. It has significantly attenuated the develop-
ment of fibrosis and reduced the markers of oxidative stress
and neutrophilic inflammation.’*? Importantly, it has been
shown that pirfenidone works even when administered at a
dose 0f 400 mg/kg/day, 14 days after the first of five adminis-
trations of bleomycin for five consecutive days, suggesting
that the drug can also act therapeutically.>

Clinical trials in IPF
The first clinical trial of pirfenidone in IPF was a Phase 11
open-label trial performed by Raghu et al.** They enrolled
54 patients with a mean FVC of 58.8% predicted and a mean
DL, of 34.3% predicted, who had been previously treated
unsuccessfully with corticosteroids with or without the addi-
tion of an immunosuppressant. Pirfenidone was administered
at a dose of 40 mg/kg up to a maximum of 3,600 mg/day, in
divided doses for an average of 25 months. One- and 2-year
survival was 78% and 63%, respectively. However, the major
limitation of the study has been the lack of a placebo arm.
A small Phase I open-label Japanese study of ten patients
with advanced IPF and scleroderma-associated pulmonary

fibrosis has shown that after 1 year of treatment, there was
no significant deterioration of the disease; the drug was well
tolerated, but the survival in 2 years has not been significantly
changed.”

Subsequently, a Phase II multicenter, randomized,
placebo-controlled trial was carried out. One hundred and
seven patients were randomized 2:1 and received 600 mg
of pirfenidone three times daily or placebo for 12 months.>
The mean vital capacity was 81.6%%20.3%, and the DL,
was 57.6%x17.2%. The primary end point was change in
the lowest arterial oxygen saturation during the 6-minute
walk test (6 MWT). The trial was terminated prematurely
at 9 months because of excess acute exacerbations in the
placebo group (5/35) compared with the pirfenidone arm
(0/72). Although the primary end point was not met, a signifi-
cantly slower decline of FVC was observed in the treatment
arm than in placebo (-0.03 vs —0.13 L; P=0.0366).

Later, a double-blind, randomized, placebo-controlled
Phase 11 trial was designed in Japan to test the efficacy and
safety of the drug over 52 weeks.?” The patients had mild-to-
moderate IPF with a mean vital capacity of 77.3%+16.8%
predicted and a mean DL, of 52.1%%16.8% predicted, and
were assigned to receive a high dose (1,800 mg/day) or a low
dose of pirfenidone (1,200 mg/day) or placebo in the ratio
of 2:1:2. The primary end point was change in FVC from
baseline to 52 weeks, and secondary end points included
progression-free survival, defined as the time until the first
progression event (decline in FVC >10%, or death), and
change in the lowest arterial oxygen saturation measured by
pulse oximetry during the 6-minute steady-state exercise test.
The primary end point was met with a significantly slower
rate of FVC decline in the high-dose group than in the pla-
cebo arm (—0.09 vs —0.16 L; P=0.04). The progression-free
survival was significantly longer in the high-dose arm com-
pared with the placebo arm (P=0.02). It should be stressed
that the study has received a lot of criticism because there
has been a change in the initial end point (ie, change in the
lowest arterial oxygen saturation measured by pulse oximetry
during the 6-minute steady-state exercise test) regardless
of whether this was decided before unblinding the study.
There was also concern regarding the handling of missing
values in the statistical analysis. The major side effect was
photosensitivity, which presented almost equally in the two
treatment arms. Following this study, the drug was licensed
in Japan, in 2008.

The two CAPACITY trials (studies 004 and 006) were
conducted in North America, Australia, and Europe.!
Patients with mild-to-moderate IPF were recruited, and
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the inclusion criteria included FVC =50% predicted,
DL_, =35% predicted, and 6MWT distance =150 m.
In study 004, 435 patients were assigned to receive either
high-dose pirfenidone (2,403 mg/day) or low-dose pirfeni-
done (1,197 mg/day) or placebo in a 2:1:2 dosing ratio; in
study 006, 344 patients were assigned to receive high-dose
pirfenidone (2,403 mg/day) or placebo. In both studies, the
primary end point was the change of FVC% predicted from
baseline to week 72. Only the study 004 met this primary
end point. Mean FVC change at week 72 was —8.0% in
the high-dose pirfenidone arm compared to —12.4% in the
placebo arm (P=0.001). Moreover, high-dose pirfenidone
reduced the proportion of patients with FVC decline =10%
compared to placebo (20% vs 35%, respectively; P<<0.001).
In study 006, mean changes in% predicted FVC were almost
identical between the two groups (-9.0% and —9.6% in the
treatment and placebo arms, respectively). However, it should
be noted that the rate of FVC decline was identical in the
treatment arms of both trials, whereas the placebo arm of
study 006 presented an attenuated FVC decline. Accord-
ing to the baseline characteristics in studies 004 and 006,
the patients enrolled in study 006 had, on average, a recent
diagnosis of early and maybe milder IPF, and the placebo
group had a greater proportion of patients with obstructive
airway disease, a characteristic associated with reduced FVC
decline. These baseline imbalances could partly explain the
attenuated rate of FVC decline in the placebo group in study
006. In the study 006, a significant decline from baseline
to week 72 in 6MWT distance was observed in patients
assigned to pirfenidone (absolute difference 31.8 m, 95%
confidence interval [CI] 3.2-60.4). In the pooled analysis of
the data, pirfenidone reduced the decline of FVC% predicted
compared to placebo (mean change: —8.5% in the treatment
arm vs —11% in the placebo arm; P<<0.005). Moreover, a
smaller proportion of patients had a decline in FVC =10% in
the pooled pirfenidone group. A 31% reduction in the mean
decline in 6GMWT distance (P<<0.001) and a 26% reduction
in the risk of death or disease progression (HR 0.74, 95%
CI 0.57-0.96; P=0.025) were also observed. Pirfenidone
was generally well tolerated, with the most common side
effects being gastrointestinal discomfort and photosensitivity.
A recent Cochrane review, including the four studies men-
tioned earlier, has shown that treatment with pirfenidone
reduced the risk of disease progression by 30% (HR 0.70,
95% CI 0.56-0.88)."

Following these studies, pirfenidone has been licensed
in Europe for IPF patients with mild-to-moderate disease.
However in the US, doubts over the unsuccessful 006 study

led to the decline of the application for licensing. The US
Food and Drug Administration (FDA) requested a subsequent
double-blind, randomized, placebo-controlled Phase III trial
(ASCEND) to be carried out.?

In the ASCEND study, 555 IPF patients were randomized
1:1 to either pirfenidone 2,403 mg/day (n=278) or placebo
(n=277). Compared to the CAPACITY trials, the inclu-
sion criteria were altered to enroll patients at higher risk
of disease progression. Patients with a ratio of the forced
expiratory volume in 1 second/FVC <0.80 were excluded,
and the minimum baseline DL, (as an inclusion criterion)
was reduced from 35% to 30% of the predicted value. As a
result, ~22% of the patients had a DL | <35% predicted. The
primary end point was the change from baseline to week 52
in the percentage of predicted FVC. The treatment effect
was achieved, and moreover, it was evident by week 13 and
increased throughout the duration of the trial. The mean
decline from baseline in FVC was 235 mL in the pirfenidone
group and 428 mL in the placebo group (absolute difference
193 mL, relative difference 45.1%; P<<0.001). Moreover,
pirfenidone also significantly reduced the proportion of
patients who had a decline of =10% in the percentage of
the predicted FVC or who died, and increased the propor-
tion of patients who had no decline in the percentage of the
predicted FVC as compared with placebo (16.5% vs 31.8%
[P<<0.001] and 22.7% vs 9.7% [P<<0.001], respectively).
Pirfenidone reduced the decline of the distance walked during
the 6BMWT and improved progression-free survival (P=0.04
and P<<0.001, respectively).

In a prespecified pooled analysis, in 1,247 patients (555
from the ASCEND study and 692 from the CAPACITY
studies), pirfenidone reduced the risk of death at 1 year by
48% compared to placebo (HR 0.52, 95% CI 0.31-0.87;
P=0.01). In addition, in the pooled population, the risk of
treatment-emergent death due to IPF at 1 year was reduced
by 68% in the pirfenidone group compared to the placebo
group (HR 0.32, 95% CI 0.14-0.76; P=0.006). The positive
results from the ASCEND study together with the results of
the INPULSIS trials have led to the licensing of both drugs
by the FDA on October 2014 for treatment of IPF regardless
of the severity of the disease.

Adverse events

The recommended daily dose of pirfenidone for adult patients
with IPF is three 267 mg capsules three times a day, for a
total of 2,403 mg/day.>® There is an uptitration of the dose:
in the first week, one capsule (267 mg) three times a day;
in the second week, two capsules (534 mg) three times a
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day; and from the third week onward, full dose of three
capsules (801 mg) three times a day. It is recommended that
pirfenidone is taken typically during food in order to prevent
drug-related side effects.

The most commonly reported adverse drug reactions in
the CAPACITY and ASCEND trials were gastrointestinal
(nausea, dyspepsia, vomiting, anorexia) and skin related
(rash and photosensitivity). All the adverse events (AEs)
were dose dependent and were mild to moderate in severity.
When IPF deterioration has been excluded as a cause of
treatment withdrawal, ~1% of the patients had discontinued
treatment because of AEs with rash, nausea, and increasing
liver enzymes having been the most frequent. The incidence
of these events is higher in the first 6 months of treatment
and declines significantly thereafter. Therefore, appropriate
education and adherence of the patients to the protective
measures are very important especially in the first six months
because it will prevent the development of side effects, which
can lead to discontinuation of the drug and to disappointment
and discouragement of the patients (Table 2).

In order to prevent gastrointestinal AEs, it is recom-
mended that the drug should be taken during a meal.” In
addition, it is better if the tablets are split through the meal or
between the courses in case of a larger meal. If despite these
measures, an AE develops, then the dose should be reduced
starting from the dose that corresponds to the time when the
event is more evident (for instance, morning nausea). If this
proves ineffective, then the drug should be discontinued for
10-15 days and reintroduced gradually. Use of prokinetics,
such as domperidone and metoclopramide, and protein pump
inhibitors can be helpful.

Table 2 Prevention of side effects related to pirfenidone

Gastrointestinal side effects (nausea, vomiting, dyspepsia,
anorexia)

The drug should be taken with the meal

When on two or three capsules, spread the intake during the meal or
during the courses in case of a more than one course meal

If a side effect is more predominant in a specific time of the day
(morning, afternoon, evening), reduce the respective dose

Use of prokinetics and protein pump inhibitors may be useful

Skin side effects (photosensitivity reaction, skin rash)

Avoid sun exposure at midday, afternoon, and after the meals

Use hats, sunglasses, trousers and shirt with long sleeves, and sunscreen
with sun protection factor >50 with protection against UV-A and UV-B
Keep in mind that UV-A can penetrate clouds, windows, and clothes
Liver side effects (elevation of ALT/AST)

Blood monitoring every month for the first 6 months and then every

3 months

Abbreviations: UV, ultraviolet; ALT, alanine transaminase; AST, aspartate
transaminase.

Skin-related AEs are usually associated with sun expo-
sure.’® These appear as erythematous or as a phototoxic
burn-like skin rash occurring on sun-exposed body areas,
which differentiate them from the allergic reactions which
occur also in areas that are not exposed to sun. The patients
have to avoid sun exposure mainly from midday until late
afternoon and for a few hours after taking the drug to allow
decrease of plasma concentration. In animal models, it has
been observed that phototoxicity is linked to plasma con-
centration. It should be noted that, although dense cloud,
thick clothing, and glasses may offer some protection against
ultraviolet (UV) exposure, UV-A rays can penetrate such
barriers, and therefore, even on a cloudy day or when the
patient drives, protective measures are always necessary. The
use of wide-brimmed hats, sunglasses, long-sleeved shirts,
trousers, gloves if possible, and sunscreens with high sun
protection factor (ie, >50) with UV-A/UV-B protection is
recommended.®® If despite the protective measures the rash
develops, the dose could be initially reduced. In case that the
rash persists after 7 days, the drug should be discontinued for
15 days and reintroduced gradually when the rash resolves.
Whenever the rash has urticarial characteristics or develops
in the parts of the body that are not exposed to sun, then it
should be considered allergic. In this case, the drug should
be discontinued permanently, and additional treatment with
antihistamines and oral prednisone should be considered.

Blood tests in order to monitor liver enzymes should be
undertaken before the introduction of treatment and repeated
monthly during the first 6 months. Subsequently, these can
be repeated every 3 months. Elevations above three times of
the upper limit of normal are significant, and the dose should
be adjusted accordingly.

Long-term safety and tolerability trials
As shown in clinical trials, pirfenidone is efficacious because
it can slow the rate of the progression of the disease. Treat-
ment benefits seen in pharmaceutical trials are not always
applicable to the general IPF population, because patients
recruited may not be truly representative of those seen in
daily clinical practice due to strict exclusion criteria. It is
unknown whether the beneficial effect observed after a year
in the recent trials can be maintained and whether long-term
use is associated with a higher incidence of AEs. In order
to provide answers to these questions, long-term safety and
tolerability trials have been carried out.

Patients who completed the CAPACITY trials were eli-
gible to participate in an open-label, long-term, follow-up
extension study, namely, RECAP.*'*? Plainly, the inclusion
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criteria were the same as those in the CAPACITY trials.
Patients who took part in the ASCEND trial were also
eligible to participate in the RECAP trial. Six hundred and
three patients have been recruited and received open-label
pirfenidone until August 2013 when an interim analysis
was performed. The median time on treatment (in addition
to the 72 weeks during which 65% of subjects from the
active treatment arms of CAPACITY received treatment)
was 163.3 weeks, and the mean daily dose of pirfenidone
was 2,332 mg/day. The most frequent treatment AEs were
similar to those reported in CAPACITY and rarely led to
treatment discontinuation. Interestingly, survival was 69%
at week 228 (4.4 years), and after 5 years of follow-up,
~50% of the patients initially randomized to pirfenidone
and subsequently included into the RECAP trial were still
receiving therapy.

PASSPORT is an ongoing, post-authorization safety
registry with a follow-up period of 2 years, following the
approval of pirfenidone in Europe in 2011.% The aim of
the registry is to provide information about the long-term
safety profile of pirfenidone. Until September 2014, 1,009
patients have been recruited from over 100 active sites in ten
European countries. Routine clinical care visits take place
approximately every 3 months. In December 2013, an interim
analysis was performed. Five hundred and thirty patients
have received at least one dose of pirfenidone with a median
exposure of 5.48 months. In accordance with the results from
the Phase III trials already completed, the most common
adverse drug reactions observed have been gastrointestinal
symptoms (nausea, decreased appetite, weight loss) and skin-
related symptoms (rash, photosensitivity reactions). Sixteen
percent of patients have discontinued treatment because of an
adverse drug reaction. However, it should be stressed that at
the time of the interim analysis, the median average exposure
was half of that in the completed Phase I1I trials. The authors
have observed that modification of the dose, either reduction
or temporary discontinuation, has been the most efficient
approach in order to treat the various side effects and carry
on with the long-term treatment. In fact, 69% of the patients
have continued the treatment after having experienced an
adverse reaction, and the dose has been modified and only
20% have discontinued the drug. The PASSPORT study is
anticipated to be completed in September 2016, and final
results will be published shortly thereafter.

Multicenter observational studies have evaluated the
effect of pirfenidone in a general population of patients
who received the drug through the European named patient
program. In the first study, which has been carried out in 12

Italian ILD centers, pulmonary function parameters (%FVC,
%DL,,) and the distance walked during the 6 MWT have been
evaluated in the year before and after treatment with pirfeni-
done was commenced.* In the time period before the intro-
duction of pirfenidone, patients may have been treated with
combination of steroids, azathioprine, and NAC. In this study,
there was an almost significant difference between the mean
reduction of FVC in the year prior to and after pirfenidone
introduction (6.3% vs 1.3%; P=0.06), whereas no differences
have been observed with regard to DL, and 6MWT. More-
over, the authors have shown that the rate of FVC decline did
not differ significantly before and after pirfenidone has been
introduced in patients with an FVC >75%, whereas there
was a significant reduction of the rate of decline in patients
with more severe disease and FVC <75%. The same result
has been observed when the patients were stratified according
to the GAP system which derives from gender (G), age (A)
and two physiologic parameters (P).* The authors concluded
that the drug may also have a beneficial effect in more severe
cases. Interestingly, in a subgroup of patients, the treatment
has resulted in a >10% increase of FVC, something that has
not been observed in the pharmaceutical trials.

Another “real-life” study has been conducted in Belgium
and the Netherlands, and included patients with comorbidi-
ties such as COPD, pulmonary embolism, and pulmonary
hypertension who are usually excluded in clinical trials.® The
authors have observed that the rate of FVC decline 6 months
before and 6 months after the introduction of pirfenidone has
been significantly different (4.8% vs 0.8%). More patients
have experienced a decline <5% and less patients >10%
after the introduction of pirfenidone. Loss of appetite and
nausea were the most frequent gastrointestinal side effects,
and nausea was the most common reason for the discontinu-
ation of the drug. Effectiveness and safety were similar to
those reported in the ASCEND study.

Two other studies have confirmed that the most frequent
side effects are gastrointestinal and skin related, which occur
mainly during the first 6 months of treatment and may lead
to the discontinuation of the drug.®*® Few important issues
have been highlighted: firstly, the importance of a frequent
review of the patients by a specialist nurse and secondly, the
importance of a contact number given to the patients so that
they can communicate whenever they have questions about
the drug or when they experience side effects. In the case of
side effects, adjustment of the dose according to the opinion
of an expert in IPF may be the best way to overcome the
difficulties mainly during the first 6 months of treatment.®
Communication is vital to ensure compliance and adherence
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of the patients to the treatment as they can benefit as much
as possible from pirfenidone.

Open questions

It is now well recognized that there are delays in the referral
of patients with IPF to expert centers and consequently in the
diagnosis of the disease.® Therefore, when the diagnosis has
been confirmed, the disease may already be advanced with an
FVC <50%. Moreover, some patients present with an acute
exacerbation or can have an inexorably progressive disease.
Are these patients eligible to be treated with pirfenidone?
Plainly, the FDA has approved both pirfenidone and ninte-
danib regardless of disease severity, but the fact remains that
patients with an FVC <50% have been excluded from the
recent trials and it is unknown, at least for the time being, if
the drugs are effective and safe in this group of patients.

Another open question is whether patients who do not
fulfill the criteria for the diagnosis of definite IPF, should
be treated with pirfenidone.* According to the guidelines,
a definite diagnosis of IPF could be reached by integrating
clinical, radiological and histological data in the multidis-
ciplinary meeting. However, the performance of surgical
lung biopsy is usually not possible because of advanced
age and stage of the disease and because of the presence
of comorbidities. Therefore, the diagnosis is based on the
clinical behavior and on radiological features. In that case
only 50% of the cases can be diagnosed with definite IPF
and receive pirfenidone. It is not certain whether the drug
works in the rest of IPF patients with a possible UIP pattern
in HRCT, as they were excluded from the clinical trials for
pirfenidone. It should be noted though, that in INPULSIS
trial a number of this type of patients was included. It was
recently observed that patients aged over 65 with a possible
UIP pattern in HRCT are more likely to have a UIP pattern
on biopsy, but this was a single study and definitely needs to
be replicated before being widely applied.”” Another group
of patients who were excluded from the clinical trials are
patients with an unclassifiable ILD after a MDT evaluation.
In this case, empirical treatment should be based on the
most probable diagnosis, disease behavior and response to
pragmatic therapy.”!

In most IPF studies, patients aged over 80 years have
been excluded. These patients usually also have other comor-
bidities for which they may already receive treatment at the
time of IPF diagnosis. The risk of interaction between these
drugs and the antifibrotic agents is possible. Administration
of the new antifibrotic agents should be based on the balance
between risk and benefit. A subgroup analysis of patients

older than 65 years in the CAPACITY studies did not show
an increased incidence of adverse side effects or reduced
efficacy, and a similar benefit of pirfenidone over placebo
on FVC decline was observed for age subgroups 65, 65-74,
and >74 years when pooled data from the ASCEND and
CAPACITY trials were recently analyzed.?

Both pirfenidone and nintedanib have managed to reduce
the rate of progression by 50%. Whereas it is highly unlikely
that a trial of direct comparison between the two compounds
will ever be carried out, studies in which the combination
of the drugs will be evaluated have already been designed.
The results of a randomized, double-blind, Phase II, dose
escalation trial that assessed the safety, tolerability, and
pharmacokinetics of nintedanib, alone and when added to
ongoing pirfenidone therapy, in Japanese patients with IPF
have been recently published.” Patients receiving pirfenidone
at the beginning of the trial were stratified to every nintedanib
dose group and placebo. AEs were reported in nine out of
17 patients receiving nintedanib alone and ten out of
21 patients receiving nintedanib added to pirfenidone. All
AEs were mild or moderate in intensity with gastrointestinal
disorders such as nausea and vomiting having been the most
common ones. Nintedanib had no effect on the pharmacoki-
netics of pirfenidone, but a trend toward lower exposure
of nintedanib when it was added to pirfenidone has been
observed. Plainly, the short duration of the study is an impor-
tant limitation, and in the future, longer studies are needed
to confirm these results, and moreover, to provide evidence
regarding the efficacy of the combination.

As already mentioned, patients with comorbidities have
been excluded from the trials. Pulmonary hypertension,
infections, and gastroesophageal reflux are very com-
mon and have been associated with disease progression.
A combination of an antifibrotic drug with antireflux agents,
antibiotics, and drugs that target the vascular component has
been recently suggested.” However, prospective studies are
definitely needed to evaluate this suggestion. In the recently
revised guidelines, it has been suggested that clinicians use
regular antiacid treatment for patients with IPF. On the other
hand, there is no recommendation regarding the treatment of
pulmonary hypertension in IPF, and specifically, there is a
conditional recommendation against the use of sildenafil.

Conclusion

The year 2014 was an amazing year for IPF. There are two
drugs, pirfenidone and nintedanib, which are currently
recommended for the treatment of the disease, and since
our knowledge on the pathogenesis of IPF is in continuous
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progress, we may expect the development of other efficacious
agents in the future. Combination of drugs that target different
pathogenetic pathways, a treatment approach widely used in
other respiratory diseases, such as asthma, COPD, tubercu-
losis, and lung cancer, seems to be the basis for the design
of future clinical trials. Until then and after years of waiting,
we are more than happy to be able to offer our patients two
weapons to combat this dismal disease. Both drugs are effica-
cious and safe with a close collaboration between doctors,
nurses, and patients being important in order to overcome side
effects that can develop, mainly at the beginning of treatment.
This approach will allow patients to gain as much benefits
as possible from the antifibrotic therapy.
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