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Abstract: Idiopathic pulmonary fibrosis (IPF) is the most common type of idiopathic intersti-
tial pneumonia and is characterized by a poor prognosis, with an estimated 5-year survival of
approximately 20%. Progressive and irreversible lung functional impairment leads to chronic
respiratory insufficiency with a severely impaired quality of life. In the last 2 decades, novel
treatments for IPF have been developed as a consequence of an increasing understanding of
disease pathogenesis and pathobiology. In IPF, injured dysfunctional alveolar epithelial cells
promote fibroblast recruitment and proliferation, resulting in scarring of the lung tissue. Recently,
pirfenidone and nintedanib have been approved for the treatment of IPF, having shown efficacy
to slow functional decline and disease progression. This article focuses on the pharmacologic
characteristics and clinical evidence supporting the use of nintedanib, a potent small-molecule
tyrosine kinase inhibitor, as therapy for IPF. After introducing the mechanism of action and
pharmacokinetics, an overview of the safety and efficacy results from the most recent clinical
trials of nintedanib in IPF is presented.

Keywords: tyrosine kinase, disease progression, treatment outcome, usual interstitial
pneumonia, therapeutics

Introduction: epidemiology, diagnosis, and

pathogenesis of idiopathic pulmonary fibrosis
Idiopathic pulmonary fibrosis (IPF) is the most common type of idiopathic interstitial
pneumonias, a heterogeneous group of chronic progressive disorders involving
primarily the lung parenchyma. IPF mainly occurs in older male adults, on aver-
age 60-70 years old, with a history of smoking. The predominant symptom is
shortness of breath, initially only during activity but in advanced disease also at
rest. Dry cough is also present, and can heavily affect patients’ quality of life.
The prognosis of IPF is poor, with a median survival time of 3—5 years from the time
of diagnosis.! Epidemiologic data were derived principally from national registries
and reports from interstitial lung disease (ILD)/IPF referral centers. In a recent review
of the epidemiology of IPF, Hutchinson et al? reported that the incidence of IPF is
increasing worldwide and is similar to that of conditions such as stomach, liver, tes-
ticular, and cervical cancer. The overall range of incidence of IPF varies from 0.22 to
93.7 per 100,000 per year worldwide, but excluding old studies and different popula-
tions (Asia and South America) is likely to be 2.8-9.3 per 100,000 per year in Europe
and North America.? The prevalence of IPF is estimated to be between 200 and 500
cases per 100,000 people.>*

The diagnosis of IPF requires the exclusion of known causes of pulmonary
fibrosis and the presence of a typical radiologic and pathologic pattern called usual
interstitial pneumonia (UIP).> Radiologically, UIP pattern is characterized by
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subpleural, basal-predominant reticular abnormalities and
honeycombing, with or without traction bronchiectasis; the
histology shows patchy involvement of the lung parenchyma
by fibrosis and honeycombing in a predominantly subpleural/
paraseptal distribution and the presence of fibroblastic foci.’
In the presence of a definite UIP pattern on high-resolution
computed tomography (HRCT), a typical clinical setting,
and after exclusion of systemic disease causing fibrosis,
a diagnosis of IPF is usually possible without performing
lung biopsy. Bronchoalveolar lavage can be a useful tool
to exclude other fibrotic lung diseases presenting with UIP
pattern, like hypersensitivity pneumonitis.® In recent years, a
new technique for bronchoscopic lung biopsy has been devel-
oped using flexible cryo-probes. In patients with suspected
diffuse parenchymal lung disease, bronchoscopic cryobiopsy
is a promising and minimally invasive approach to obtain
lung tissue with high diagnostic yield.”® In any case, the
diagnosis of IPF should be confirmed by a specialist center.
It has been demonstrated that the accuracy of the diagnosis
of IPF increases with multidisciplinary discussion among
pulmonologists, radiologists, and pathologists experienced
in the diagnosis of ILD.?

Looking at the last 2 decades in the history of IPF, it is clear
that the development of new drugs has occurred simultane-
ously with a growing understanding of disease pathogenesis.
IPF is a complex multipathway and multigene disease. The
current model regarding the pathogenesis of IPF implies aber-
rant fibrosis as a consequence of recurrent injury to alveolar
epithelial cells in a susceptible host (Figure 1).>!° The excessive
deposition of extracellular matrix (ECM), with consequent
irreversible lung remodeling and honeycombing, is likely to
be the result of different processes. Gene polymorphisms and
transcriptional changes provide the background, linked to the
inability of epithelial cells to respond appropriately to repetitive
microinjuries like infections, chronic aspiration, tobacco, or
mechanical stress.!! Abnormal telomere shortening, as well as
epigenetic mechanisms involving DNA methylation, histone
tails modification, and dysregulation of microRNA expression,
take place in aging lungs and lead to loss of epithelial integrity
and epithelial senescence.’ Further susceptibility gene variants
have been identified in the gene encoding the toll-interacting
protein (TOLLIP), an important regulator of innate immunity,
and in the Mucin 5B encoding gene (MUCS5B), one of the
major gel-forming proteins in human airway secretions.'
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Figure | Schematic representation of the pathogenetic mechanisms underlying IPF.
Abbreviation: IPF, idiopathic pulmonary fibrosis.
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Interestingly, individuals with the susceptibility MUCSB
1rs35705950_T allele or the major TOLLIP rs5743890_A allele
who develop IPF seem to have decreased mortality.!>!?

In an attempt to restore functional integrity, injured Type 11
alveolar epithelial cells aberrantly release pleonastic cytokines
and growth factors, matrix metalloproteinases (MMPs), and
procoagulant mediators, which promote the recruitment and
activation of apoptosis-resistant fibroblasts, the key players
in fibrotic tissue remodeling.”!? Fibroblasts/myofibroblasts
secrete several mediators and enzymes that provoke additional
epithelial/basement membrane damage and perpetuate the aber-
rant wound healing response. Senescence of the immune system
(production of autoantibodies, increased expression of toll-like-
receptor,” downregulation of specific subtypes of T-cells) has
been proposed as one of the most important factors inducing
progression of IPF.!° An increase in several microRNAs and
noncoding RNAs influencing gene expression and a decrease
in Argonaute (AGO)-1 and AGO2, which are indispensable for
miRNA processing, have been revealed in lungs from patients
with IPF with rapid progression in comparison to patients with
stable IPF.>!° Identifying signatures of disease progression,
through circulating proteins alone or in combination, specific
genotypes of single nucleotide polymorphisms, or epigenetic
biomarkers, will be crucial to develop better stratification
tools for patients and drive therapeutic decisions targeted to
individual profiles. The knowledge deriving from translational
biomarkers research will provide an important source of targets
for drug development, because such proteins are seldom only
an epiphenomenon.!* However, one of the major problems in
developing new treatments for IPF is the remarkable redun-
dancy of the pathways involved in its pathogenesis. Similar
to cancer, inhibiting single mediators or signaling pathways is
largely ineffective in reducing the progression of IPF."

Management of IPF

The therapeutic approach for IPF integrates both nonpharma-
cologic and pharmacologic strategies.>'> The goals of treat-
ment in IPF are essentially to stop disease progression, reduce
symptoms, prevent acute exacerbations — a life-threatening
complication occurring in approximately 5%—15% of
patients'®!” — and finally prolong survival. Preventive care,
rehabilitation, and symptom-based treatment should be started
early in every patient to fight decline in quality of life.'®!* Inac-
tivity due to shortness of breath leads to loss of muscular mass
(sarcopenia) and chronic disabling fatigue in patients with IPF.
Pulmonary rehabilitation may not only alleviate symptoms by
reducing the threshold of dyspnea, but also improve functional
status by stabilizing and/or reversing the extrapulmonary

features of the disease.'>*" Patients should be referred to reha-
bilitation as standard of care as soon as possible after diagnosis,
before the impact of symptoms on health-related quality of
life becomes irreversible.?*> Long-term oxygen treatment is
essential for patients with resting or nocturnal hypoxemia.*?
Although there are no data from randomized clinical trials on
the utility of oxygen treatment in IPF, it has been demonstrated
that oxygen therapy may improve quality of life by impacting
physical and social performance.?

Lung transplantation is an established therapeutic option
for chronic lung diseases, but patients with IPF represent
only 35% of transplant recipients.? In patients with IPF, lung
transplant has been shown to reduce the risk of death by 75%
compared with patients who remain on the waiting list.”* Five-
year survival rates range from 50% to 56%, with transplanted
patients with IPF appearing to have more favorable long-term
survival than those transplanted for other indications.?® The
efficacy of single- or double-lung transplantation in patients
with IPF is still under debate. In a recently published explor-
atory analysis of transplant registry data from the USA,
double-lung transplantation was associated with better graft
survival (median: 65 months) than single-lung transplantation
(50 months, P<<0.001) in 4,134 patients with IPF.?’

In recent years, the landscape of pharmacologic treatment
of IPF has completely changed. On the one hand, the definitive
results of the PANTHER-IPF trial, a randomized, three-arm
trial of prednisone, azathioprine, and N-acetylcysteine (NAC)
in combination, NAC alone, or placebo, showed no effect of
NAC monotherapy on the rate of change in forced vital capac-
ity (FVC) in patients with IPF over a 60-week period.® On
the other hand, the efficacy of the two antifibrotic molecules
pirfenidone (Esbriet®, manufactured by F. Hoffmann-La
Roche AG, Basel, Switzerland) and nintedanib (Ofev®,
manufactured by Boehringer Ingelheim Pharma GmbH &
Co. KG, Ingelheim, Germany) in slowing the progression of
IPF was confirmed by the Phase III ASCEND trial?’ and the
twin Phase IIT INPULSIS-1 and -2 trials,*® respectively. On
the basis of the results of these trials, in patients with IPF and
mild or moderate impairment in FVC, both pirfenidone and
nintedanib reduce decline in FVC by approximately 50% in
1 year, with acceptable safety profiles. This led to the approval
of both medications for the treatment for IPF in the USA
in 2014 and to the approval of nintedanib in Europe at the
beginning of 2015 (pirfenidone had already been approved in
Europe). Because of the slightly different study populations
included in the trials of nintedanib and pirfenidone, it would
be imprudent to compare these trials to contrast the efficacy
of these agents. The recently updated ATS/ERS/JRS/ALAT
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clinical practice guideline gives conditional recommendations
for the use of nintedanib and pirfenidone in the majority of
patients with IPF.3! No head-to-head studies comparing nin-
tedanib and pirfenidone have been conducted, and the new
recommendations did not recommend one treatment over the
other.! Rather, the guideline emphasizes the need to consider
individual patients’ values and preferences in making treat-
ment decisions. Potential side effect profiles, comorbidities,
and lifestyle should also be taken into account.

Pirfenidone is a small molecule with antifibrotic and anti-
inflammatory properties.’>* Its safety and efficacy have been
evaluated in five randomized clinical trials in a total of 1,710
patients.?***3¢ The ASCEND trial, in which 555 patients with
IPF were randomized to receive either the maximum oral
dose of pirfenidone (2,403 mg/d) or placebo, confirmed that
pirfenidone significantly reduced FVC decline from baseline to
week 52. Pirfenidone also significantly reduced the decline in
6-minute walk test (6MWT) distance and reduced disease pro-
gression, defined as an absolute decrease in FVC % predicted
of =10% and/or a decrease in 6GMWT distance of =50 m or
death by 43% compared with placebo. The most frequent side
effects associated with pirfenidone are gastrointestinal and skin
related, including photosensitivity reactions and skin rash.?-

Specific considerations for potential

combination therapy in IPF

In various respiratory diseases such as asthma, chronic
obstructive pulmonary disease, pulmonary hypertension, and
lung cancer, combination regimens have been successfully
established. With two antifibrotic drugs available for the
treatment of IPF, it might be a logical next step to combine
pirfenidone and nintedanib to obtain synergistic effects. Ina
randomized, double-blind, Phase II, dose escalation trial to
assess the safety, tolerability, and pharmacokinetics of nin-
tedanib in 50 Japanese patients with IPF stratified by preex-
isting pirfenidone treatment, a trend toward lower exposure
of nintedanib was observed when nintedanib was added to
pirfenidone compared to when it was given alone.>” Although
this study provides first data on concomitant treatment with
nintedanib and pirfenidone, no conclusions on safety and
efficacy can be drawn due to the low number of patients
and the limited treatment duration (maximum of 28 days).
Concomitant treatment with nintedanib and pirfenidone
cannot be recommended until there are data to demonstrate
its efficacy and tolerability/safety in patients with IPF.

Clinical pharmacokinetics of nintedanib
The clinical pharmacokinetics of nintedanib (formerly known
as BIBF 1120) have been studied in healthy volunteers,* and

in patients with cancer or IPF in a number of Phase I***¢ and
1374748 clinical trials as monotherapy and in combination
with other agents. After oral administration, nintedanib is
rapidly absorbed. After 1-3 hours, maximum plasma con-
centration (C__ ) is achieved.’®* The mean terminal half-life
of nintedanib is 13-28 hours.?”*4° Overall drug exposure of
nintedanib (area under the plasma concentration—time curve
[AUC]) show dose-proportional increases.*’ No decrease in
exposure was observed over a minimum 6-month treatment
period.* Following multiple twice-daily administration of
nintedanib, only slight accumulation of nintedanib exposure
was observed, with a mean accumulation ratio of 1.66 based
on AUC, ,, and 1.33 based on C__.* The mean C__ at
steady state at the standard dosing in IPF of 150 mg twice
daily is in the range of 3540 ng/mL, which is approximately
64—74 nmol/L (FW =539.62 g/mol).*”* Interpatient vari-
ability of parameters for nintedanib is moderate to high.3%404°
The apparent volume of distribution of nintedanib during the
terminal phase is high, indicating a high tissue distribution
of the drug and a high apparent total body clearance.’® The
major route of nintedanib elimination is through metabolism,
with metabolites excreted via the biliary system into the feces.
Urinary excretion for nintedanib is minor.*® The metabolism
of nintedanib has been explored in healthy volunteers. Nin-
tedanib is cleaved at the methyl ester moiety, resulting in
a carboxylate, which is then conjugated to glucuronic acid
and in a further step to the 1-O-acylglucuronide. Hence,
the metabolism of nintedanib is mainly CYP450 enzyme
independent.*

Mechanism of action in IPF

Nintedanib is a potent small-molecule receptor tyrosine
kinase inhibitor targeting platelet-derived growth factor
receptor (PDGFR)ow and B (IC, [half maximal inhibitory
concentration] =59 and 65 nmol/L); fibroblast growth fac-
tor receptor (FGFR)-1, -2, -3, and -4 (IC, =69, 37, 108, and
610 nmol/L); and vascular endothelial growth factor recep-
tor (VEGFR)-1, -2, and -3 (IC, =34, 21, and 13 nmol/L).”!
Nintedanib binds competitively to the ATP binding pocket
of these receptors and so blocks intracellular signaling.
Nintedanib also inhibits the proto-oncogene tyrosine-protein
kinase Src (IC, =156 nmol/L), lymphocyte-specific tyrosine-
protein kinase Lck (IC, =16 nmol/L), Lck/Yes novel tyrosine
kinase Lyn (IC, =195 nmol/L), and Fms-like tyrosine kinase 3
Flt-3 (IC, ;=26 nmol/L).”" Distinct functions that may impact
the pathology of IPF have been described for specific tyrosine
kinases. However, the exact contribution of inhibition of
specific kinases to the activity of nintedanib in IPF has not
been established.™
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Role of targeted growth factors in IPF

PDGEF is a potent mitogen for fibroblasts™ and is produced by
alveolar macrophages and epithelial cells.**> PDGF appears
to play an essential role in the expansion of myofibroblasts by
stimulating proliferation, migration, and survival and acts as

a stimulator of collagen synthesis.* >

The result is a patho-
logic remodeled alveolar architecture with deteriorated gas
exchange.>!* Inhibition of PDGFR with specific compounds
reduces pulmonary fibrosis in a variety of animal models.*®

FGFR-1 is expressed on epithelial cells, endothelial
cells, smooth muscle cells, myofibroblast-like cells, and
macrophages in the lungs of patients with IPF, and FGFR-2
on smooth muscle cells, myofibroblast-like cells, and
neutrophils.® FGF-2 stimulates proliferation of lung fibroblasts
from patients with IPF.% In vivo abrogation of FGF signaling
reduces bleomycin-induced pulmonary fibrosis and improves
survival in bleomycin-treated mice.®” However, recent reports
also describe a protective role of certain FGFs.%7

The role of VEGF signaling in IPF is unclear. VEGF stim-
ulates human lung fibroblast proliferation less potently than
FGF or PDGF.” However, anti-VEGF gene therapy attenu-
ates bleomycin-induced fibrosis in mice.”” VEGF signaling
is a prominent pathway in vascular remodeling, which is
a pathologic feature in IPF, but it is controversial whether
angiogenesis plays a key role in abnormal ECM remodeling
and fibrosis in the lung,”’* and extensive temporal and spatial

heterogeneity in angiogenesis has been observed in patients

Table | Activity of nintedanib in in vitro assays of lung fibrosis

with IPF.”>76 The balance between angiostatic and angiogenic
mediators in patients with IPF remains controversial.”’

The roles of these growth factor receptors with respect to
potential adverse events are unclear due to a lack of inhibitors
specific for single kinases. Although certain so-called “class
effects” like gastrointestinal disturbances or liver enzyme
elevations have been proposed for VEGFR inhibitors,” such
effects vary considerably in frequency and intensity between
compounds and are not observed for all VEGFR inhibitors.
No consistent pattern of “class effects” can be deduced for
the available multispecific PDGFR inhibitors, but their most
common side effects appear to be nausea and vomiting.” For
FGFR inhibition, hyperphosphatemia seems to be a potential
adverse effect.®

Nintedanib interferes with fundamental processes in
lung fibrosis in a variety of in vitro assays
Nintedanib has been shown to inhibit growth factor-induced
proliferation and migration of primary human lung fibroblasts
from patients with IPF (IPF-HLF) or control donors (N-HLF).
Depending on the cell type and growth factor used, the
IC,, values vary from below 1 to 226 nmol/L (Table 1). Ninte-
danib inhibited transforming growth factor B-induced fibroblast
to myofibroblast transformation of IPF-HLF, as determined by
o, smooth muscle actin mRNA expression (Table 1).

Few data are available on the direct activity of nintedanib
on ECM secretion in vitro. At high concentrations (1 wmol/L),

Cell type Stimulation Readout IC,, [nmol/L] Reference
N-HLF PDGF-BB PDGFRo/ phosphorylation 22/39 78
N-HLF PDGF-BB Proliferation 64 78
N-HLF PDGF-BB Proliferation 1-10 71
N-HLF FGF2 Proliferation ~1 71
N-HLF VEGF Proliferation <l 71
IPF-HLF PDGF-BB Proliferation ~10 71
IPF-HLF FGF2 Proliferation 1-10 71
IPF-HLF VEGF Proliferation <l 71
N-HLF IL-1B Proliferation 106 92
IPF-HLF IL-1B Proliferation 193 92
N-HLF FBS Proliferation 13 93
N-HLF PDGF-BB Motility 19 52
N-HLF FGF2 Motility 86 52
IPF-HLF PDGF-BB Motility 28 52
IPF-HLF FGF2 Motility 226 52
IPF-HLF TGFB 0SMA expression 144 78
HUVEC VEGF Proliferation 9 51
HUVEC FGF2 Proliferation 290 51
HSMEC VEGF Proliferation 7 51
BRP PDGF-BB Proliferation 79 51
HUASMC PDGF-BB Proliferation 69 51

Abbreviations: IC,, half maximal inhibitory concentration; N-HLF, primary human lung fibroblasts from control donors; PDGF-BB, platelet-derived growth factor BB;
PDGFR, platelet-derived growth factor receptor; FGF2, fibroblast growth factor 2; VEGF, vascular endothelial growth factor; IPF-HLF, primary lung fibroblasts from patients
with idiopathic pulmonary fibrosis; IL-1, interleukin | beta; FBS, fetal bovine serum; TGFp, transforming growth factor beta; aSMA, alpha smooth muscle actin; HUVEC,
human umbilical vein endothelial cell; HSMEC, human skin microvascular endothelial cell; BRP, bovine retinal pericyte; HUASMC, human umbilical artery smooth muscle cell.
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nintedanib reduced TGF-stimulated collagen secretion and
deposition by IPF-HLF. Nintedanib also reduced secreted
tissue inhibitor of metalloproteinase (TIMP)-2 levels.”
However, the enzymatic activity and secretion of MMP-2
were significantly reduced at lower concentrations (approxi-
mately 1 and 100 nmol/L, respectively).”! Additionally,
nintedanib is expected to have indirect activity on ECM secre-
tion and deposition by reducing the number of fibroblasts/
myofibroblasts in fibrotic lungs. Nintedanib attenuated prolif-
eration of cell types involved in neoangiogenesis, endothelial
cells, vascular smooth muscle cells, and pericytes, with IC,
values ranging from below 7 to 290 nmol/L (Table 1).

Antifibrotic and anti-inflammatory activity of
nintedanib in animal models of lung fibrosis

The in vivo efficacy of nintedanib has been explored in
three animal models: bleomycin-induced lung fibrosis
in mice and rats and silica-induced lung fibrosis in mice.
Pharmacokinetic/pharmacodynamic correlation experiments
confirmed the effective dose in mice to be in the range of
30-100 mg/kg.*! Nintedanib was administered orally, once
daily, in both a preventive regimen starting directly after
bleomycin or silica stimulation and a therapeutic regimen
starting after the onset of fibrotic lung alteration. In general,
nintedanib reduced lung inflammation and lung fibrosis
across the animal models. The parameters explored and the
extent of inhibitory activity differed between models. A daily
dose of 30-100 mg/kg nintedanib in mice and 10-50 mg/kg
in rats was efficacious and tolerated when administered
for 10-30 days. In summary, nintedanib reduced lung
inflammation demonstrated by reduced lymphocyte counts in
the bronchoalveolar lavage fluid, interleukin-1f, chemokine
(C-X-C motif) ligand 1/keratinocyte chemoattractant detected
in lung tissue; diminished percentage of myeloid dendritic
cells in lung tissue; and semiquantitative histologic analysis
of hematoxylin and eosin-stained micrographs of the lungs.
Furthermore, nintedanib diminished lung fibrosis demon-
strated by reduced TIMP-1 and total collagen levels in lung
tissue, by semiquantitative histologic analysis of the lungs
and by reduction of mRNA expression of fibrosis-related
marker genes (TGF-B1; procollagen I).

Recently, nintedanib has been shown to reduce the extent
of missing integrity of the vascular architecture and to reduce
the increase in vessel density and the diameter of enlarged
vessels in bleomycin-induced vascular remodeling in fibrotic
mouse lungs;* however, whether this antiangiogenic efficacy
adds to its antifibrotic activity in IPF still needs to be eluci-
dated. Nintedanib might also exert acute vasodilatory activity

on the pulmonary circulation. The effect of nintedanib on
endothelin-1 preconstricted pulmonary vessels was recently
explored in precision-cut lung slices and isolated perfused
lungs from mice. Nintedanib relaxed the pulmonary arterial
bed significantly.®> Whether this holds true for human pul-
monary vessels remains unknown.

Although substantial preclinical evidence demonstrates
that nintedanib has antifibrotic, anti-inflammatory, and
antiangiogenic activity, it has not been possible to map
specific inhibition of single kinases by nintedanib to precise
functional outcomes.

Clinical efficacy, safety, and
tolerability of nintedanib

Data from Phase Il and lll clinical trials in
IPF

Nintedanib has been investigated in three international Phase 11
(TOMORROW) and Phase III clinical trials (INPULSIS®-1
and INPULSIS®-2) including almost 1,500 patients with
IPF.3*% These have been followed by open-label extension
trials (NCT01170065 and INPULSIS®-ON) to provide a
treatment option to all patients who completed the TOMOR-
ROW or INPULSIS® trials and to assess long-term safety
and tolerability. In addition, the Japanese Phase II study that
assessed the safety, tolerability, and pharmacokinetic profile of
nintedanib when given alone or in addition to preexisting pir-
fenidone treatment®” was followed by an open-label extension
trial (NCTO01417156; Table 2). Period 1 of the dose-finding
TOMORROW trial suggested that 52 weeks’ treatment with
nintedanib 150 mg bid results in reduced decline in FVC,
fewer acute exacerbations, and preservation of health-related
quality of life versus placebo.®* On the basis of these results
and an acceptable safety profile, a dose of nintedanib 150 mg
bid, with the option to reduce the dose to 100 mg bid and/or
interrupt treatment for the management of adverse events, was
chosen as the treatment regimen for the replicate Phase III
INPULSIS® trials. In the INPULSIS® trials, 1,066 patients
from 24 countries were randomized in a 3:2 ratio to 52 weeks
of treatment with nintedanib or placebo.*® As in the TOMOR-
ROW trial, the primary end point was the annual rate of decline
in FVC as ameasure of disease progression. Key secondary end
points were change in total score on the St George’s Respira-
tory Questionnaire (SGRQ) over 52 weeks and time to first
investigator-reported acute exacerbation. Acute exacerbations
adjudicated as confirmed or suspected acute exacerbations
in pooled data from both trials was a prespecified sensitiv-
ity analysis. On the basis of inclusion and exclusion criteria,
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a broad range of patients was eligible, including patients with
radiologic emphysema,® patients with mild FVC impairment at
baseline,* ie, FVC >90% predicted, and patients with features
of possible UIP on HRCT scans without surgical biopsy.®’

In both INPULSIS® trials, the primary outcome was
achieved, with a reduction in the annual rate of FVC decline
of approximately 50% in the nintedanib group compared to
placebo. In a pooled analysis of data from the two trials, the
adjusted annual rate of decline in FVC was 114 mL in the
nintedanib group versus 224 mL in the placebo group (mean
difference 110 mL/yr, P<<0.001; Figure 2). The robustness
and consistency of the results on the primary outcome were
confirmed in a number of sensitivity analyses,®® across
outcomes for changes in FVC (change from baseline, cat-
egorical changes),* across various prespecified®® and post
hoc subgroup analyses, eg, defined by radiologic presence/
absence of emphysema,® by baseline FVC % predicted
(=90% versus >90%)%¢ and by HRCT diagnostic criteria
(honeycombing on HRCT and/or confirmation of diagnosis
by biopsy versus patients with features of possible UIP on
HRCT and no biopsy; Figure 3).%” Furthermore, the effect
of nintedanib on slowing the decline in FVC in patients
with IPF was maintained up to week 76 during period 2
of the TOMORROW trial®! and supported by a numerical
risk reduction in all-cause mortality of 30% (HR [hazard
ratio] =0.70; P=0.095) in a pooled analysis of data from the
TOMORROW and INPULSIS® trials.”

50+

—100 1

—150 1

2110.6 mL
(95% Cl: 83.2, 137.9)
P<0.001

—200

Mean (SEM) observed change
from baseline in FVC (mL)

—250

T T
02 46 12
Number of patients
Nintedanib 626 616 613

417 408 407

604

Placebo 403

Nintedanib significantly reduced the risk of a first
investigator-reported acute exacerbation versus placebo
in INPULSIS®-2 (HR =0.38; P<<0.01), but there was no
difference in INPULSIS®-1 (HR =1.15; P=0.67). In the pre-
specified sensitivity analysis based on adjudicated confirmed
or suspected acute exacerbations, there was a statistically
significant difference in favor of nintedanib, with a reduction
in risk of 68% (HR =0.32; P<<0.01).3° In various prespeci-
fied and post hoc subgroup analyses based on pooled data
from both trials, the treatment effect of nintedanib on time
to first investigator-reported acute exacerbation was gener-
ally similar.®#0 A more pronounced treatment effect was
seen in patients with more advanced restrictive lung disease
(FVC =70% predicted at baseline) in whom the majority
of events were observed; investigator-reported acute exac-
erbations occurred in 7.7% and 14.9% of nintedanib- and
placebo-treated patients with baseline FVC =70% predicted,
and in 3.5% and 3.3% of nintedanib- and placebo-treated
patients with baseline FVC >70% predicted, respectively
(Figure 4).”° The mean difference in change from base-
line in SGRQ total score at week 52 was —2.69 points in
INPULSIS®-2 (P<0.02) and —0.05 points in INPULSIS®-1
(P=0.97), in favor of nintedanib, resulting in a numerical
difference of —1.43 points in the pooled data set (P=0.09),
which was consistent across subgroups. -7

The most frequently reported adverse event in the
INPULSIS® trials was diarrhea, which was reported in 62%

—sa—— Nintedanib 150 mg twice daily
Placebo

24

36 52

Week
587 569 519
395 383 345

Figure 2 Mean (SEM) observed change from baseline FVC (mL) over time in pooled data from the INPULSIS® trials.
Notes: *Adjusted mean difference versus placebo at week 52 based on mixed model repeated measures. From N Engl | Med, Richeldi L, du Bois RM, Raghu G, et al, Efficacy
and safety of nintedanib in idiopathic pulmonary fibrosis, Volume 370, Pages 207 1-2082. Copyright ©2014, Massachusetts Medical Society. Reprinted with permission from

Massachusetts Medical Society.*

Abbreviations: SEM, standard error of mean; FVC, forced vital capacity; Cl, confidence interval.
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of patients treated with nintedanib compared to 18% in the

placebo group. Diarrhea adverse events were mild to mod-

erate in intensity in the vast majority of patients and led to

premature treatment discontinuation in fewer than 5% of

nintedanib-treated patients.?® More than 90% of eligible

patients (734/807) chose to receive open-label nintedanib in
the ongoing INPULSIS®-ON extension trial, which recently
confirmed the long-term safety and tolerability profile of

nintedanib in an interim analysis.?

Conclusion
In the last decade, growing knowledge of pathogenetic

mechanisms underlying IPF has led to new treatments for this

fatal disease. Nintedanib is a potent tyrosine kinase inhibitor

with a distinct specificity targeting growth factors involved in

fibrotic changes in the lungs of patients with IPF. The clini-

cal efficacy of nintedanib in slowing disease progression has

been shown in three clinical trials, resulting in the approval

of this medication as a treatment for IPF independent of the

extent of lung functional impairment.
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