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Abstract: Idiopathic pulmonary fibrosis (IPF) is a progressive disease with poor prognosis. The
molecular mechanisms involved in the progression of IPF are not fully understood; however, the
platelet-derived growth factor (PDGF)/PDGF receptor pathway is thought to play a critical role
in fibrogenesis of the lungs. Other growth factors, including fibroblast growth factor and vascu-
lar endothelial growth factor, are also thought to contribute to the pathogenesis of pulmonary
fibrosis. Nintedanib is an inhibitor of multiple tyrosine kinases, including receptors for PDGE,
fibroblast growth factor, and vascular endothelial growth factor. In the Phase Il TOMORROW
trial, treatment with 150 mg of nintedanib twice daily showed a trend to slow the decline in lung
function and significantly decrease acute exacerbations in patients with IPF, while showing an
acceptable safety profile. The Phase III INPULSIS trials demonstrated a significant decrease
in the annual rate of decline in forced vital capacity in IPF patients treated with 150 mg ninte-
danib twice daily. In the INPULSIS-2 trial, the time to the first acute exacerbation significantly
increased in IPF patients who were treated with 150 mg of nintedanib twice daily. Pirfenidone,
another antifibrotic drug, was shown to limit the decline in pulmonary function in patients with
IPF in the ASCEND trial. Combination therapy with nintedanib and pirfenidone is anticipated,
although further evaluation of its long-term safety is needed. There is limited evidence for the
safety of the combination therapy although a Phase II trial conducted in Japan demonstrated
that combination therapy with nintedanib and pirfenidone was tolerable for 1 month. Available
antifibrotic agents (ie, pirfenidone and N-acetylcysteine) have limited efficacy as single therapies
for IPF; therefore, further study of combination therapy with antifibrotic agents is needed.
Keywords: platelet-derived growth factor, fibroblast growth factor, vascular endothelial growth
factor, pirfenidone, forced vital capacity

Core evidence clinical impact summary for the treatment of patients with IPF
with 150 mg nintedanib

Outcome measure Evidence Implications
Disease-oriented Clinical Nintedanib treatment has been shown to significantly decrease
evidence trials the annual rate of decline in forced vital capacity and be
effective in increasing the time to the first acute exacerbation.
Patient-oriented Clinical Nintedanib treatment has been shown to reduce the numerical
evidence trials risk of all-cause mortality and improve health-related quality of
Correspondence: Arata Azuma life; however, the results are not statistically significant.
Department of Pulmonary Medicine and The most frequent adverse event was diarrhea and that
Oncology, Graduate School of Medicine, was almost always mild or moderate.
Nippon Medical School, I-1-5 Sendagi, Nintedanib therapy has been shown to be well tolerated
Bunkyo-ku, Tokyo 113-8603, Japan without serious adverse events.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common
form of chronic fibrosing idiopathic interstitial pneumonia
and is characterized by worsening dyspnea and progressive
loss of lung function. The pathogenesis of IPF is thought
to involve aberrant wound healing mediated by multiple
signaling pathways.! Activation of cell signaling pathways
through profibrotic growth factors, including platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF), and
vascular endothelial growth factor (VEGF), has been impli-
cated in the pathogenesis of IPF.** Nintedanib (formerly
known as BIBF1120) is a potent intracellular inhibitor of
tyrosine kinases, which targets PDGF receptors (PDGFRs),
FGF receptors (FGFRs), and VEGF receptors (VEGFRs).’
Recently, two randomized trials of nintedanib showed signifi-
cant reductions in the annual decline of forced vital capacity
(FVCO) in patients with IPF, demonstrating that nintedanib
should become the standard treatment for patients with
IPES7 Pirfenidone has been licensed in Japan, Europe, and
USA, and is currently a first-line treatment in European and
UK guidelines; nintedanib would be a suitable addition to
current practice.® 1

Molecular pathogenesis of IPF

The molecular mechanisms involved in the progression of
IPF are not fully understood; however, alveolar epithelial
type II cells (AECII) and fibroblasts are thought to be the
main mediators of the process.!"!> The first event in the
progression of IPF is AECII injury caused by endoplasmic
reticulum stress, lysosomal stress, and mitochondrial and
DNA damage.'"!? Patients with familial pulmonary fibrosis
may have genetic predispositions, including mutations in
surfactant protein C or A2, telomerase, or MUCS5B, that lead
to increased susceptibility of AECII to secondary stimuli such
as cigarette smoking or viral infection. After exposure to the
secondary stimuli, injured AECs show a tendency to undergo
apoptosis. The link between injured AECII and fibrosis is
not well understood, but it has been reported that AECII
produces profibrotic mediators, among which transforming

growth factor (TGF)-B and PDGF are thought to play a
critical role in fibrogenesis of the lungs. Other growth fac-
tors, including FGF, VEGF, and insulin-like growth factor
(IGF)-1, are also thought to contribute to the pathogenesis
of pulmonary fibrosis.

Roles of growth factors

in pulmonary fibrosis

Profibrotic growth factors, including PDGF, TGF-f, and
FGE, have been studied to clarify their roles in pulmonary
fibrosis, and their contributions are summarized in Table 1.

PDGF and PDGFRs

PDGEF is a homo- or heterodimeric molecule with a molecular
weight of 30 kDa.!* There are four PDGF genes, PDGF-A,
PDGF-B, PDGF-C, and PDGF-D, which are located on
chromosomes 7,22, 4, and 11, respectively.'*!* There are two
types of PDGFRs, o and 3, which have a molecular weight of
170-180 kDa and are composed of homo- or heterodimers.
In vitro studies have shown that the possible PDGF/PDGFR
interactions are complex.!> However, in vivo studies have
shown that PDGF-AA and PDGF-CC bind to PDGFR-0,
while PDGF-BB binds to PDGFR-f."

PDGFs are expressed in many types of cells, including
fibroblasts, vascular endothelial cells, macrophages, and
platelets/megakaryocytes.'”> PDGFs are major mitogens for
mesenchymal cells, and PDGF is the strongest identified
proliferative stimulus for fibroblasts.'>!* In addition, binding
of PDGF to PDGFRs induces Ca** influx and rearrangement
of the cytoskeleton involving changes in the arrangement of
actin stress fibers. Through these cytoskeletal responses,
PDGF stimulates the migration of various cell types.

Knockout of the PDGF-A gene in mice is homozygous
lethal with two different restriction points, one prenatal
and one postnatal.'® Postnatally, PDGF-A-deficient mice
develop lung emphysema due to loss of alveolar myofibro-
blasts expressing PDGFR-o. In contrast, PDGFR-o null
mice showed cranial malformations and deficient myotome
formation.!” Mice deficient in PDGF-B or PDGFR-J showed

Table | Producing cells and biological effects of growth factors related to pulmonary fibrosis

Growth Producing cells Biological effects for fibroblasts Profibrotic

factor Epithelial Fibroblasts Fibrocytes Macrophases Proliferation Migration Collagen in vitro
cells production

TGF-B + + + + - T ™ T

PDGF + + + + ™ ™ T T

FGF-2 - + + + T T T ?

Notes: +, produce; —, not produce; The arrows show the level of stimulation: —, not stimulate; T. weak; TT' strong; !, not determined.
Abbreviations: TGF, transforming growth factor; PDGF, platelet-derived growth factor; FGF, fibroblast growth factor.
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renal, cardiovascular, and hematological abnormalities,
but their lungs were normal.'®!” These results show that
the PDGF-A/PDGFR-0. pathway plays a role in the sec-
ondary septation process, because PDGFR-a-expressing
cells located in the alveolar entry ring have characteristics
of myofibroblasts.’> PDGF is known to play a role in the
pathogenesis of pulmonary fibrosis.'*!* Bleomycin (BLM)-
induced pulmonary fibrosis in mice and rats has been used
in the analyses of the molecular basis of pathogenesis of
pulmonary fibrosis. Maeda et al reported increased expres-
sion of the PDGF-A gene in mice with BLM-induced pul-
monary fibrosis.?! Walsh et al examined the bronchoalveolar
lavage fluid (BAL) of rats treated with BLM and found that
38-40 kDa and 29 kDa peptides detected with anti-PDGF-BB
and anti-PDGF-AA antibodies, respectively, showed
growth-promoting activity in lung fibroblasts; however,
anti-PDGF-BB and anti-PDGF-AA antibodies reduced this
growth-promoting activity by 64% and 15%, respectively.?
In contrast, Zhuo et al showed that expression of PDGF-C,
but not of PDGF-A, PDGF-B, or PDGF-D, was induced in
the lungs of BLM-treated mice.?* Shimizu et al reported that
PDGF-A and PDGF-B expression was elevated in the lungs
of BLM-treated mice at the mRNA and protein levels.?
Adoptive transfer of an adenovirus expressing the PDGF-B
gene into the lung induced severe fibrosis in mice.” Based
on these reports, expression of PDGF isoforms could be
enhanced during fibrogenesis of the lungs, but further study
is necessary to determine the precise mechanisms underlying
this phenomenon.

Enhanced expression of PDGF in epithelial cells and
alveolar macrophages in the lungs of patients with IPF has
been reported.’®?” However, the mechanisms involved in
enhanced PDGF expression and activity in the fibrotic lung
are poorly understood. Recently, Gochuico et al examined
growth factors in alveolar lining fluid from patients with
rheumatoid arthritis complicated with pulmonary fibrosis
and reported that PDGF-AB and PDGF-BB, but not TGF-3
and PDGF-AA, were associated with the progressive stage of
pulmonary fibrosis,? indicating the importance of PDGF-B
in fibrogenesis of the lungs.

The evidence described above suggests that targeting
the PDGF/PDGEFR signaling pathway may have therapeutic
effects against pulmonary fibrosis. This hypothesis has been
investigated using animal models of pulmonary fibrosis with
specific PDGFR inhibitors. First, Rice et al reported that
AG1296, a PDGFR inhibitor, prevented pulmonary fibro-
sis induced by vanadium pentoxide (V,0,) in rats.* Next,
imatinib mesylate (Gleevec in the United States and Glivec

in Europe), a potent and specific inhibitor of tyrosine kinases
c-abl, ber-abl, and c-kit, was tested in animal models of pul-
monary fibrosis because imatinib is also a specific inhibitor of
PDGFR.* Studies using various pulmonary fibrosis models
have shown that imatinib strongly inhibits fibrogenesis in
the lungs.>!* In addition, Yoshida et al reported that in vivo
gene transfer of an extracellular domain of PDGFR-3 reduced
BLM-induced pulmonary fibrosis.** Recently, nilotinib, a
compound with a profile similar to that of imatinib, was
reported to inhibit fibrotic activity more effectively than
imatinib.>* These observations suggest that PDGFR is a
potential therapeutic target for pulmonary fibrosis.*

FGF and FGFRs

FGF and the FGFR are thought to be involved in fibrogen-
esis in the lungs. The FGF/FGFR family is composed of 18
FGF ligands and four FGFRs.373 Alternative splicing of
domain III of FGFR1-3 yields two different isoforms: IIIb
in epithelial tissue and Illc in mesenchymal tissue. Heparan
sulfate glycosaminoglycan binds to both FGF and the FGFR
and stabilizes their binding by facilitating dimerization. The
specificity of different FGFs for different receptor isoforms
has been reported.*

The physiological functions of FGF are diverse and
complex. In vitro studies with FGF proteins and in vivo stud-
ies with genetically modified mice have been performed.>”
Because FGFs possess mitogenic, chemotactic, and angio-
genic activities, they have been studied in cancer research.
In addition, FGF knockout mice have demonstrated the role
of FGFs in the embryonic development of some organs.
However, the physiological roles of most FGFs and FGFRs
are unclear. Fgfl knockout (—/—) and Fgf2 —/— mice are
viable, fertile, and show some abnormalities in the vascu-
lar system, and exogenous FGF2 induces proliferation of
endothelial cells, smooth muscle cells, and fibroblasts in
these mice.

The profibrogenic activity of FGF-2 (basic FGF) has been
confirmed experimentally. Hetzel et al reported a prolifera-
tive effect of FGF-2 in lung fibroblasts.*’ In comparison with
normal fibroblasts, fibroblasts derived from IPF patients
showed reduced response to FGF-2, IGF-1, and EGF, but
not to PDGFs. Kanazawa et al reported that FGF-2 pro-
moted migration of skin fibroblasts; however, FGF-2 did not
stimulate the production of fibronectin in lung fibroblasts.*!
No data exist regarding the production of FGF in the lungs
of patients with IPE, but expression of FGF-2 mRNA was
reported to be upregulated in the lungs of BLM-treated
mice.* Immunohistochemical staining for FGF-2 showed

Core Evidence 2015:10

submit your manuscript 91

Dove


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

Inomata et al

Dove

FGF-2 expression in inflammatory cells; however, the role
of FGF-2/FGFR signaling in mouse models of lung fibrosis
remains unclear. Ju et al reported that administration of a
soluble FGFR2¢ ectodomain significantly reduced TGF-
B-induced lung fibrosis in mice.** On the other hand, Guzy
et al recently reported that Fgf2 —/— mice showed increased
mortality due to epithelial injury induced by BLM, without an
associated change in lung fibrosis.*? These conflicting results
make it impossible to conclude regarding the role of FGF-2
in pulmonary fibrosis in mice and human beings.

In contrast to FGF-2, FGF-1 has been reported to be an
antifibrotic factor. FGF-1 reverses the profibrogenic effects
of TGF-B such as alpha-smooth muscle actin (0-SMA)
induction.** In addition, FGF-1 reduced expression of
collagen I and induced apoptosis in lung fibroblasts.*>4

It is difficult to determine the overall roles of FGF/
FGEFR in the pathogenesis of IPF from published reports.
Further studies using specific FGFR inhibitors in pulmonary
fibrosis models may help to clarify the roles of FGF/FGFR,
although specific analysis of each isoform of FGF/FGFR
will be difficult.

VEGF and VEGFR

VEGF and VEGEFR play central roles in physiological and
pathological angiogenesis.*’ The VEGF family is composed
of seven members: VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, PIGF, and svVEGF. The three main subtypes of
VEGEFR are VEGFR1, VEGFR2, and VEGFR3. VEGF-A
has been reported to play a key role in angiogenesis. The
splicing of the VEGF gene also controls angiogenesis and
can produce the pro-angiogenic VEGF165 isoform, which
is generated by proximal splice site selection in exon
8a, or the anti-angiogenic VEGF165b isoform, which is
generated by distal splice site selection 66 bp further into
exon 8 and generates mRNA isoforms that contain exon 8b.*
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Figure | Chemical structure of nintedanib.
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Ebina et al reported that the number of CD34-positive
vessels in the lung increased in the early phase of IPE.#
However, the role of angiogenesis in the development of
lung fibrogenesis remains unclear, and there is little evi-
dence on the relationship between VEGF and lung fibrosis.
Antoniou et al showed elevated VEGF levels in the BAL of
IPF patients.*® Farkas et al reported direct effects of VEGF-A
on lung fibroblasts and found that VEGF-A enhanced col-
lagen I expression induced by TGF-B.>! Hamada et al dem-
onstrated that gene therapy with a soluble form of the fit-/
gene reduced BLM-induced pulmonary fibrosis in mice.’> Ou
et al reported that VEGFR-2 antagonist SU5416 attenuated
BLM-induced lung fibrosis in mice.** These reports suggest
the possibility that VEGF-targeted therapy might ameliorate
pulmonary fibrosis, although the identity of the best target
is an unresolved question.

Development and pharmacological
activities of nintedanib (BIBF1120)

The development of nintedanib began with the identification
of a lead compound from a group of six-substituted indoli-
nones via assessment of tumor angiogenesis inhibition, and
this compound was shown to inhibit VEGFR-2.>* Derivatives
of the lead compound were screened for triple angiokinase
(eg, VEGFR-2, FGFR-1, and PDGFR0) inhibitory activity.
Two compounds, BIBF1000 and BIBF1120, were developed,
their antitumor activities were assessed, and BIBF1120 was
selected for clinical trials (Figure 1).3 The kinase inhibition
profile of BIBF1120 is provided in Table 2.*

As mentioned in the section PDGF and PDGFRs, the
PDGF/PDGFR pathway plays a critical role in the develop-
ment of lung fibrosis. The antifibrotic effects of BIBF1000—a
compound similar to BIBF1120 — have been demonstrated in
a BLM model in rats, and BIBF1000 weakly inhibited TGF-3
activity and subsequent o.-SMA expression in lung fibroblasts

BIBF 1120
(nintedanib)
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Notes: Indolinone lead compounds substituted at position 6 were selected by assessing inhibition of tumor angiogenesis and shown to inhibit VEGFR-2. Derivatives of the
lead compound were further screened to enhance triple angiokinase (VEGFR-2, FGFR-1, and PDGFR-0) inhibitory activity. Two compounds, BIBFI000 and BIBF1 120, were

tested in assays of antitumor activity, and BIBF 120 was selected for clinical trials.

Abbreviations: VEGFR, vascular endothelial growth factor receptor; FGFR, fibroblast growth factor receptor; PDGFR, platelet-derived growth factor receptor.
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Table 2 Tyrosine kinase inhibition by nintedanib in a cellular BA/
F3 assay

Assay 1C50 (nM)
FGFRI 300-1,000
FGFR2 257
FGFR3 300-1,000
FGFR4 300-1,000
PDGFRo. 41
PDGFRB 58
VEGFRI 300-1,000
VEGFR2 46
VEGFR3 33

LCK 22

LYN 300-1,000
SRC 8l

FLT-3 17

Abbreviations: FGFR, fibroblast growth factor receptor; PDGFR, platelet-derived
growth factor receptor; VEGFR, vascular endothelial growth factor receptor.

in vitro.2 However, the kinase inhibitory profile of nintedanib
suggests that PDGFR, FGFR, and VEGFR play important
roles in lung fibrosis. Interestingly, nintedanib had a similar
IC,, for PDGFRs and VEGFRs, but PDGFRs seem to be more
critical for the antifibrotic effects of nintedanib. In addition,
Wollin et al reported sustained inhibition of PDGFRs in human
lung fibroblasts by nintedanib, and they found that nintedanib
inhibited PDGFR activity more effectively than imatinib (by
20-50 fold).> Recently, the preventive and therapeutic effects
of nintedanib were clearly demonstrated in a mouse model of
pulmonary fibrosis induced by BLM and silica.

TGEF-p is thought to play a central role in lung fibrosis.
However, Andrianifahanana et al showed that profibrotic
TGF-[ responses require the cooperative action of PDGF
and ErbB receptor tyrosine kinases.’* Moreover, the action
of TGF-B is partly mediated by the production of connective
tissue growth factor (CTGF) and FGF-2.°7"8 These reports
demonstrate that the profibrotic effects of TGF-f are medi-
ated by several growth factors, including PDGF, EGFE, CTGE,
and FGF-2, indicating that the role of TGF- in lung fibro-
genesis may have been overestimated in previous studies. The
wide range of growth factors involved in pulmonary fibrosis
that are inhibited by nintedanib is shown in Figure 2.

Clinical trials

To evaluate the efficacy and safety of four different doses of
nintedanib in patients with IPF, a randomized, double-blind,
placebo-controlled, Phase II trial known as the TOMORROW
trial was conducted.® IPF patients (>40 years old) with FVC
that was 50% or more of their predicted value and a diffus-
o) that
was 30%—-79% of their predicted value were recruited for

ing capacity of the lung for carbon monoxide (D

TGF-B

vyl

TGF-3 CTGF IGF FGF-2 PDGF

!

Figure 2 Mode of action of nintedanib in pulmonary fibrosis.

Notes: The profibrotic effects of TGF-B are mediated by several growth factors,
including PDGF and FGF-2. Nintedanib improves pulmonary fibrosis by inhibiting
the action of PDGF, FGF-2, and vascular endothelial growth factor, indicating
indirect inhibitory effects on TGF-f3 signaling. The arrow size indicates the degree of
contribution to pulmonary fibrosis suggested by the published data. The dotted line
indicates that very little data was available.

Abbreviations: TGF, transforming growth factor; PDGF, platelet-derived growth
factor; FGF, fibroblast growth factor; VEGF, vascular endothelial growth factor;
CTGF, connective tissue growth factor.
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the study. A total of 432 patients with IPF were randomly
assigned to receive placebo or one of the four different
nintedanib doses: 50 mg once per day, 50 mg twice per day,
100 mg twice per day, or 150 mg twice per day for 12 months.
In the group that received 150 mg of nintedanib twice daily,
the primary endpoint of the annual rate of decline in FVC
was 60 mL, while that of the placebo group was 190 mL,
corresponding to a reduction of 68.4% in the rate of FVC
loss after nintedanib treatment. Despite the failure to achieve
the primary endpoint, a number of clinically important and
significant changes in secondary endpoints were found.
Treatment with 150 mg nintedanib twice daily resulted in a
significantly reduced incidence of acute exacerbations, which
was an important result because acute exacerbation of IPF
is associated with high morbidity and mortality, as well as
a worsened prognosis.” Although chronic therapy of IPF
patients may reduce the risk of acute exacerbation,® preven-
tion of acute exacerbation is an important effect. Treatment
with 150 mg nintedanib twice daily also resulted in a small
decrease in the St George’s Respiratory Questionnaire score
in comparison with placebo. Although there were no signifi-
cant differences in the rate of death from any cause between
any of the groups, non-significant trends for fewer deaths
from respiratory causes were found in the groups receiving
100 mg and 150 mg nintedanib twice daily in comparison
with the placebo group. The most frequent adverse event
in the group receiving 150 mg nintedanib twice daily was
diarrhea (55.3% vs 15.3% in the placebo group), followed by
nausea (23.5%) and vomiting (12.9%). The adverse events
most frequently leading to discontinuation were also diarrhea,
nausea, and vomiting, and the proportion of patients who
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discontinued the study medication because of adverse events
was 30.6% in the group receiving 150 mg nintedanib twice
daily, compared with 25.9% in the placebo group. Clinically
significant elevations in liver enzyme levels were observed
in eight patients in the group receiving nintedanib; however,
only two patients discontinued the study medication because
of abnormal results in liver function tests.

The Phase I TOMORROW trial showed clinical benefits
of nintedanib with an acceptable safety profile in IPF patients
receiving 150 mg nintedanib twice daily; therefore, the Phase
I INPULSIS™ trials were conducted to evaluate the efficacy
and safety of 150 mg nintedanib twice daily in comparison
with placebo.” The INPULSIS™ trials were a series of two
randomized, double-blind, 52-week, Phase III trials (INPUL-
SIS-1 and INPULSIS-2). The eligibility criteria for IPF
patients more than 40 years old were identical to those of the
TOMORROW trial: FVC that was =50% of their predicted
value and a D, ., that was 30%-79% of their predicted value.
In the TOMORROW and INPULSIS trials, concomitant
therapy with =15 mg of prednisone per day or the equivalent
was permitted if the treatment dose had been stable for at least
8 weeks before screening. In the INPULSIS-1 and INPUL-
SIS-2 trials, the annual rate of decline in FVC (the primary
endpoint) in the nintedanib group was significantly lower
than that of the placebo group: —114.7 mL per year in the
nintedanib group in comparison with —239.9 mL per year in
the placebo group for INPULSIS-1 and —113.6 mL per year in
the nintedanib group in comparison with —207.3 mL per year
in the placebo group for INPULSIS-2. A prespecified pooled
analysis of data from the INPULSIS-1 and INPULSIS-2 trials
showed that the proportion of patients with a decline in the
percentage of predicted FVC that was not more than 5% or
10% in the nintedanib group was significantly greater than
the corresponding proportion in the placebo group.

Although chronic treatment of IPF may reduce the risk
of acute exacerbation,® prevention of acute exacerbation
is an important treatment effect. In the INPULSIS-2 trial
and a prespecified sensitivity analysis of pooled data, the
time to the first acute exacerbation (a secondary endpoint)
was significantly increased in the nintedanib group in com-
parison with the placebo group, but not in the INPULSIS-1
trial. The difference between the results could have several
causes. The diagnostic criteria of acute exacerbation were
not standardized internationally, and different investigators
and difference in the number of cases performed with chest
computed tomography were responsible for the diagnosis of
acute exacerbation. Furthermore, there was a difference in
the incidence of acute exacerbation in placebo arms between

the TOMORROW and the INPULSIS trials. The incidence
of concomitant use of corticosteroids (CS) was different
between TOMORROW (~49%) and INPULSIS (~20%) even
though the eligibility criteria in both trials allowed concomi-
tant use of <15 mg CS per day. The PANTHER trial reported
the danger of CS in-between the two nintedanib trials, and this
certainly influenced the different incidence.®' The incidence
of concomitant use of CS might influence the difference of
acute exacerbation in placebo arms because inappropriate
dose reduction of CS and/or long-term use of CS could be
a cause of acute exacerbation during management of IPF.
There was no significant between-group difference in death
in the prespecified pooled analysis of the INPULSIS-1 and
INPULSIS-2 trials; however, a prespecified pooled analysis
also revealed that patients treated with nintedanib had a
numerical risk reduction in all-cause mortality by 30% in
comparison with patients in the placebo group.

The most frequent adverse event in the nintedanib groups
in the INPULSIS-1 and INPULSIS-2 trials was diarrhea,
which was mostly mild or moderate. Treatment with nin-
tedanib was associated with significant improvements in
the primary endpoint and many secondary outcomes in the
INPULSIS-1 and INPULSIS-2 trials, suggesting that this
agent is a promising treatment for IPF. The lower incidence
of acute exacerbation in the INPULSIS-2 trial may have
contributed to the more stable quality of life observed in
this trial. Moreover, this result indicates that treatment with
nintedanib provided a benefit with respect to health-related
quality of life.

To assess the impact of baseline FVC on the effect of
nintedanib, a prespecified subgroup analysis of patients
with baseline FVC >70% and =70% of the predicted value
was conducted using pooled data from both INPULSIS
trials.®* There was no difference in the effect of nintedanib
between IPF patient subgroups defined by FVC% predicted
at baseline. Treatment with pirfenidone was shown to have
a better response in patients with IPF who have preserved
lung function;* however, this result indicated that nintedanib
was effective in IPF patients despite severe lung function
impairment at baseline. The incidence of acute exacerbation
in patients with baseline FVC =70% of the predicted value
was higher than that of patients with baseline FVC >70%
of the predicted value. Moreover, in patients with baseline
FVC =70% of the predicted value, the incidence of acute
exacerbation in the nintedanib group was lower than that of
the placebo group. The St George’s Respiratory Question-
naire score of the nintedanib group was also lower than that
of the placebo group in patients with baseline FVC =70%
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of the predicted value. There are limitations to subgroup
analysis, but the data indicate that nintedanib might even be
effective in patients with moderate-to-severe lung function
impairment.

In clinical trials in patients with IPF, change in FVC has
been used as a primary endpoint because it is reproducible
and provides a reasonable surrogate for long-term prognosis
and survival.**¢ However, the choice of an endpoint in such
studies remains controversial. Measurement of lung func-
tion (ie, FVC and D, ,) and exercise tolerance tends to be
difficult in patients with greater lung function impairment,
and the incidence of acute exacerbation could be low in
patients with lesser lung function impairment.®®¢’ Therefore,
in comparison with nontreated groups, it is suggested that
measurement of lung function, a 6-minute walk test, and
the GAP index (gender [G], age [A], and two lung physi-
ology variables [P] [FVC and D, ])** should be assessed
in mild-to-moderate IPF patients, while the incidence of
acute exacerbation, overall survival, mortality, and health-
related quality of life should be assessed in advanced IPF
patients.

Mechanism and clinical

evidence of pirfenidone

Pirfenidone is an oral antifibrotic therapeutic that has been
evaluated for the treatment of IPF. Pirfenidone is a small
molecule with combined anti-inflammatory, antioxidant,
and antifibrotic effects in experimental models of pulmonary
fibrosis.® 7 Pirfenidone suppresses BLM-induced infiltration
of inflammatory cells into the BAL, and an effect on TGF-f3
and PDGF has been reported.””” In an experimental model,
both pirfenidone and prednisolone suppressed lung inflam-
matory edema; however, pulmonary fibrosis was only sig-
nificantly suppressed by pirfenidone. Pirfenidone prevented
the BLM-induced decrease in lung interferon (IFN)-y levels
and suppressed elevation of lung bFGF and TGF-B1 levels,
but prednisolone had no such effect. Pirfenidone exerts its
antifibrotic effect through regulation of lung IFN-y, bFGF,
and TGF-B1 levels during the development of BLM-induced
pulmonary fibrosis in mice.”® Nintedanib and pirfenidone
have different mechanisms of action so combination therapy
with these two drugs could be effective.

To date, several placebo-controlled randomized control
trials have evaluated the efficacy of pirfenidone in IPF
patients.®*7# A Japanese Phase III study demonstrated
a significant effect on decline of FVC and progression-
free survival.”” In the CAPACITY 004 and 006 studies,
the primary end point was the change in the percentage of

the predicted FVC from baseline to week 72, and this was
met in study 004 but not in study 006; an additional trial to
support the approval of pirfenidone was then requested.® In
patients with IPF in the Phase 11l ASCEND trial, treatment
with pirfenidone significantly reduced the change in the
percentage of the predicted FVC (the primary endpoint) from
baseline in comparison with placebo.®! The mean decline
from baseline in FVC was significantly reduced in the pir-
fenidone group (235 mL) compared with the placebo group
(428 mL). Pirfenidone treatment also reduced the decline
in distances on the 6-minute walk test. In a prespecified
mortality analysis combining the 1-year results from both
the ASCEND trial and the previously reported CAPACITY
trials, there was evidence that pirfenidone reduced mortality
in IPF patients.®!

Concomitance with pirfenidone
Although treatment with nintedanib and pirfenidone reduced
the rate of decline in FVC, the mean annual declines in
FVC in the pirfenidone and placebo groups were —235 mL
and —428 mL, respectively, in the ASCEND trial, while the
mean annual declines in FVC in the nintedanib and placebo
groups in the INPULSIS trials were =95 mL and —205 mL,
respectively. The inclusion criteria in the ASCEND and
INPULSIS trials were different, and this prohibits a simple
comparison of these trials. However, these differences in
the results of the ASCEND and INPULSIS trials could be
due to the differences in the populations of patients with
normal FVC values. Only the INPULSIS trial included
patients with =90% of the predicted FVC value meaning
that the IPF patients in the INPULSIS trial had a milder
disease than the patients in the ASCEND trial. With respect
to adverse events, there is some overlap in the adverse event
profiles of pirfenidone and nintedanib in patients with IPF
in terms of gastrointestinal events and increases in liver
enzymes. 5780482

Treatment with either nintedanib or pirfenidone sig-
nificantly reduced the decline in FVC (primary endpoint);
therefore, potential differences in secondary end points are
discussed. Nintedanib improved the time to first acute exac-
erbation and health-related quality of life in INPULSIS-2;
however, pirfenidone significantly slowed the reduction in
the average distance walked in 6 minutes and improved
progression-free survival. In a prespecified analysis com-
bining results from the ASCEND and CAPACITY trials,
all-cause death at 1 year was significantly reduced from 6.7%
in the placebo group to 3.5% in the pirfenidone group. These
findings suggest that patients with IPF should be treated
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with nintedanib and pirfenidone; however, there has been
little evidence of the efficacy of combination therapy with
these drugs or superiority of one drug over the other. Until
further data are available, clinicians should consider cost,
local availability, individual tolerance, and risk of disbenefit
when deciding on a single drug with which to treat an IPF
patient.®3

A randomized, double-blind, Phase II, dose-escalation
trial was conducted to assess the safety, tolerability, and
pharmacokinetics of nintedanib in Japanese patients with IPE,
both alone and when added to ongoing pirfenidone therapy.®
The results of this study show that, even when introduced to
patients undergoing ongoing pirfenidone therapy, treatment
with 150 mg nintedanib twice daily had an acceptable safety
and tolerability profile in Japanese patients with IPE, and all
adverse events reported in this trial were mild or moderate
in intensity. Coadministration with nintedanib had no effect
on the pharmacokinetics of pirfenidone; however, there was
a trend toward reduced exposure to nintedanib when it was
administered in combination with pirfenidone. Pirfenidone
is metabolized by various cytochrome P450 enzymes, and
the metabolism of nintedanib is predominantly characterized
by ester cleavage yielding BIBF1202 ZW.8% Ogura et al
reported that there are differences in the metabolic pathways
of nintedanib and pirfenidone; therefore, the lower bioavail-
ability of nintedanib coadministered with pirfenidone may
reflect reduced absorption.®*

There is little evidence regarding whether nintedanib and
pirfenidone are beneficial in patients with more advanced
IPF who were excluded from the pivotal trials; the drugs
show long-term efficacy, and the drugs were effective
in patients with pulmonary fibrosis associated with the
presence of connective tissue disease or any other cause.
Nintedanib and pirfenidone are the primary treatments
for IPF, and future studies should assess the efficacy of
combination therapy as well as identify additional effects
of these drugs.

Conclusion

The pathogenesis of IPF is complex and involves the interac-
tion of multiple signaling pathways, including PDGF, FGEF,
and VEGF. Therefore, treatment of patients with IPF requires
targeting of a number of redundant pathways. Nintedanib has
recently been shown to slow the progression of pulmonary
fibrosis and to improve clinical outcomes. Questions remain
regarding clinical treatment with nintedanib, and further
evaluation of this agent is needed for better management of
patients with IPF.
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