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Abstract
Purpose of Review Treatment of idiopathic pulmonary fibrosis (IPF) shifted significantly in the past few years, in the light of
advances in understanding pathological pathways. The promising results coming from recent trials led to a growing number of
studies dealing with IPF. The purpose of this article is to review scientific evidences supporting approved therapies and to provide
an overview of experimental treatments that are currently under investigation.
Recent Findings Approved anti-fibrotic treatments are based on large randomized trials showing the efficacy of pirfenidone and
nintedanib in slowing IPF progression with an acceptable tolerability. However, we are still far from a definite cure and research
efforts are focused on exploring new therapeutic targets and alternative treatment strategies.
Summary Although pirfenidone and nintedanib remain the mainstay of IPF treatment, novel therapies are under investigation in
clinical trials. Combination therapy will probably be a successful key for the future, targeting multiple pathways simultaneously.
Clinical Registration NCT01619085
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive
fibrosing interstitial pneumonia associated with an overall poor
prognosis. The etiology and pathogenesis remain unclear and
the clinical course is heterogeneous and unpredictable [1•].
Recently, scientific advances have led to a deeper knowledge
of the molecular pathways and, consequently, the management
of IPF dramatically changed, marking the end of the triple-
therapy regimen [2] andwelcoming the era of anti-fibrotic med-
ications. Two drugs, pirfenidone and nintedanib, have been
approved for the treatment of IPF on the basis of their efficacy
in slowing disease progression, as reported in the updated 2015
American Thoracic Society (ATS)/European Respiratory
Society (ERS)/Japanese Respiratory Society (JRS)/Latin
American Thoracic Society (ALAT) guidelines [3•]. It

represents an important milestone but we are still far from a
definite cure. Great efforts are necessary to define new thera-
peutic targets and novel strategies. Currently, a number of clin-
ical trials are in progress for the treatment of IPF, including
investigations on combination therapies and on experimental
drugs targeting alternative pathogenic pathways.

This manuscript aims at reviewing current approved thera-
pies for IPF and at providing an overview on emerging exper-
imental therapies. Ongoing clinical trials investigating combi-
nation therapies will be briefly described.

Approved Therapies for Idiopathic Pulmonary
Fibrosis

The approval of pirfenidone and nintedanib for the treatment of
IPF opened the era of the anti-fibrotic therapy and offered new
hope to patients due to their efficacy in slowing functional
decline and disease progression. Currently, direct comparisons
are not available, and consequently, there are no evidences or
recommendations to choose either of these agents over the oth-
er. The therapeutic decision usually follows a detailed evalua-
tion and discussion with patients about potential side effects,
drug interactions, and co-morbidities. A combination of these
two drugs, such as combinations of either pirfenidone or
nintedanib with other agents, is under investigation.
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Pirfenidone

Pirfenidone was the first licensed drug for the treatment of pa-
tients with mild to moderate IPF in Europe in 2011. The US
Food and Drug Administration (FDA) approval arrived in
2014, after an additional study. According to the results of clin-
ical trials showing its positive benefit-risk profile, pirfenidone
received a conditional recommendation in favor of its use in
the 2015 update of ATS/ERS/JRS/ALAT guidelines [3•].

Pirfenidone is an orally bioavailable pyridone compound
whose mechanism of action is still unclear. Anti-fibrotic, anti-
inflammatory, and antioxidant properties were demonstrated by
the results coming from in vitro studies and animal models of
pulmonary fibrosis [4–6]. Anti-fibrotic activity is thought to rely
on two predominant pathogenic mechanisms: suppression of
transforming growth factor-beta (TGF-β) and other pro-
fibrotic growth factors (thus preventing fibroblast differentiation
into myofibroblasts) and inhibition of fibroblast proliferation.

The recommended dosage of pirfenidone is 2403 mg/day
(divided three times per day) and it is usually achieved after a
2-week stepwise escalation of the dose. Capsules should be tak-
en with a full meal to minimize gastrointestinal side effects [7].
Pirfenidone is mainlymetabolized in the liver by the cytochrome
P450 1A2; consequently, potential drug interactions should be
carefully evaluated and avoided because of a concomitant use of
other agents inhibiting or inducing these enzymes. Severe hepat-
ic and renal impairment and contemporaneous treatment with
fluvoxamine are contraindications for the use of pirfenidone [8,
9]. The most common adverse drug reactions (ADRs) are gas-
trointestinal (nausea, anorexia, diarrhea, vomiting, and dyspep-
sia) and skin-related (rash and photosensitivity) events [10]. No
higher risk of drug intolerability was found in the real world in
patients with significant co-morbidities and with a greater respi-
ratory impairment [11]. Dose adjustment and education are two
helpful strategies to ameliorate tolerability [12].

The therapeutic efficacy of pirfenidone is supported by four
double-blind, placebo-controlled, randomized phase III trials.
The first one, conducted in Japan, lasted 52 weeks and dem-
onstrated a significant decrease in the vital capacity (VC) de-
cline and an increase in the progression-free survival (PFS)
time compared to the placebo group, with a favorable tolera-
bility profile [13]. The CAPACITY program was designed in
order to confirm the efficacy and the safety of pirfenidone. It
included two trials (study 004 and 006); no serious adverse
event occurred and the drug was generally well tolerated. In
study 004, at week 72, differently from study 006, significant
treatment effects were found in favor of pirfenidone and
consisted in a reduction in the rate of forced vital capacity
(FVC) decline and in a prolonged PFS [14•]. An additional
trial was therefore requested by the FDA; results coming from
the ASCEND (Assessment of Pirfenidone to Confirm
Efficacy and Safety in Idiopathic Pulmonary Disease) study
confirmed the favorable benefit-risk profile and the acceptable

side-effect profile of the drug. After 52 weeks, beneficial treat-
ment effects on disease progression were reported and mea-
sured by a reduced decline in FVC and 6-min walk distance
and an improved PFS [15•]. These results led to the approval
of pirfenidone by the FDA. Analysis of pooled data from
clinical trials supported the safety and the beneficial effect of
pirfenidone on disease progression and mortality and demon-
strated that continued treatment reduced the risk of subsequent
functional decline or death in patients who progressed during
therapy [16–19]. Furthermore, post hoc analysis of data from
the CAPACITY and ASCEND studies showed comparable
beneficial effects of pirfenidone between patients with more
preserved (FVC ≥ 80%) versus less preserved (FVC < 80%)
lung function, supporting an early treatment [20]. Similarly,
a post hoc analysis by Costabel and co-workers suggested the
efficacy of pirfenidone in patients with more severe lung func-
tion impairment (FVC < 50% and/or DLCO < 35%) [21].

Long-term safety of pirfenidone was investigated in the
RECAP study by enrolling patients who had completed one of
the three previous phase III studies (ASCEND or CAPACITY
004 and 006). The cumulative total exposure was 2482 patient
exposure years (PEY), with a median treatment duration of
88 weeks. No significant differences were found in the rate of
discontinuation and in the risk of ADRs, supporting the safety
profile of the drug even after a prolonged treatment [22]. Real-
world data, coming from an interim analysis in the PASSPORT
study, confirmed the tolerability and safety of pirfenidone [23].

Recently, results from the INJOURNEY trial were pub-
lished and showed an acceptable safety and tolerability profile
of nintedanib with add-on pirfenidone, opening the way to
further research into combination strategies for the treatment
of IPF. Another two phase IV studies have been completed
exploring the pharmacokinetics (NCT 02606877) and the
safety (NCT02598193) of combinations of nintedanib and
pirfenidone. Results are not yet available.

the combination of pirfenidone with other drugs is under
investigation. Currently, a phase IIb study is recruiting patients
to evaluate the benefit/risk profile of a combination of
pirfenidone and sildenafil (NCT02951429) in patients with
advanced IPF and at risk of group 3 pulmonary hypertension.
Trials exploring the combination of pirfenidone with vismo-
degib (phase Ib NCT02648048) and of pirfenidone with
lebrikizumab (phase II; NCT01872689) have been completed.

Nintedanib

Nintedanib (formerly known as BIBF 1120) is an orally bio-
available 6-methoxycarbonyl-substituted indolinone with
multi-target tyrosine kinase inhibition (TKI) effect against the
fibroblast growth factor receptor (FGFR), the platelet-derived
growth factor receptor (PDGF-R), and the vascular endothelial
growth factor receptor (VEGFR) [24, 25], and other pleiotropic
effects on non-receptorial tyrosine kinases as well [26–28]. It
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was originally conceived as an anti-neoplastic drug; in fact,
nintedanib acts on multiple cellular pathways that have been
linked to several malignant and non-malignant disorders: cell
differentiation, mitosis, cell proliferation, migration, and apo-
ptosis [29]. Nintedanib has been approved for IPF treatment in
2014 in the USA and in 2015 in Europe. As with pirfenidone,
nintedanib received a conditional recommendation in favor of
its use in the 2015 evidence-based international guidelines [3•].

The recommended daily dosage is 150 mg twice-a-day, but
a dose reduction to 100 mg twice-a-day may be considered to
achieve better tolerance and to manage adverse events, even
though the highest efficacy is guaranteed by the full dose [30,
31]. The drug showed a favorable pharmacokinetic profile,
with both rapid absorption and biotransformation, a high vol-
ume of distribution, a half-life of 7–19 h and a complete clear-
ance 24 h after the administration [25, 32]. The biotransforma-
tion of nintedanib after adsorption is mainly played by methyl
ester cleavage, whereas the cytochrome P450 (CYP450) path-
way is less important. The product of the metabolism of the
drug is the carboxylate free acid BIBF 1202; then, this first
molecule is conjugated to glucuronic acid, forming a long
half-life metabolite (1-O-acylglucoronide) [33].

The Safety and efficacy of nintedanib in the treatment of IPF
have been shown in three randomized, double-blind, placebo-
controlled clinical trials: the phase II TOMORROW trial [34•]
and the phase III INPULSIS-1 and INPULSIS-2 trials [35]. The
TOMORROW (To Improve Pulmonary Fibrosis With BIBF
1120) trial was designed as a dose-finding study; four doses
(50 mg once-a-day; 50 mg, 100 mg, and 150 mg twice-a-day)
or placebo were tested for 52 weeks. At the end of the study, the
adjusted annual decline in FVC (primary end point of the trial)
was significantly lower in the 150-mg twice-a-day group than in
the placebo group (60 ml/year vs. 190 ml/year); a reduction in
incidence of acute exacerbations and a better quality of life were
also observed [34•]. The INPULSIS trials were designed as two
52-week identical placebo-controlled and multicenter studies;
the efficacy and safety of nintedanib 150 mg twice-a-day were
tested in 1066 patients with IPF. The primary end point was
again the annual rate of change in FVC. In both trials, the rate
of decline was significantly lower in the nintedanib group
(114.7 ml/year vs. 239.8 ml/year, P < 0.001 in INPULSIS-1;
113.6 ml/year vs. 207 ml/year, P < 0.001 in INPULSIS-2). The
two studies differed in secondary end points such as prevention
of acute exacerbations and quality of life that were significantly
better only in INPULSIS-2 [35]. The efficacy of nintedanib in
homogeneous groups of patients has also been verified by sub-
group analyses of pooled data from the INPULSIS trials, show-
ing no significant difference in functional decline by sex, age,
race, pulmonary function at baseline, presence/absence of em-
physema, and use of other medications (namely systemic corti-
costeroids and anti-acid medications). Data about race have been
confirmed also in the Japanese patients enrolled in the two
INPULSIS trials [36–38]. The reduction in both frequency and

mortality of acute exacerbations has also been observed in
pooled data from the TOMORROW and INPULSIS trials.
Furthermore, patients with a preserved lung function (FVC>
90%) had a similar rate of FVC decline when compared to
patients with a reduced one (FVC ≤ 90%) in a subgroup analysis
of the two INPULSIS trials [39]. An interim analysis of the
open-label extension trial INPULSIS-ON showed both efficacy
and safety of long-term nintedanib 150mg twice-a-day, similarly
to INPULSIS trials (clinicaltrials.gov identifier number
NCT01619085). In addition, the absolute average rate of
decline is comparable between patients with more severe
impairment of FVC and patients with a relatively preserved
function (FVC ≤ 50% vs. FVC> 50%) [40, 41].

Treatment with nintedanib is safe in most patients, with a
usually manageable adverse-event profile. The most common
ADRs are gastrointestinal: diarrhea, nausea, elevated liver en-
zymes. The diarrhea is quite common, but led to permanent drug
discontinuation in less than 5% of patients in both INPULSIS
trials. Overall, about 20% of patients in TOMORROW and
INPULSIS trials permanently discontinued the drug for gastro-
intestinal adverse events. An increased risk of bleeding, mainly
non-serious events such as epistaxis, has been reported. Dose
adjustments allow a better management of ADRs [31, 42, 43].

Nintedanib is currently investigated in combination therapy
with other molecules. The INSTAGE, a 24-week, double-blind,
randomized, parallel-group study (NCT02802345), evaluated
the efficacy and safety of nintedanib co-administered with oral
sildenafil compared to nintedanib alone in patients with ad-
vanced lung function impairment [44]. The study has been
completed and we are waiting for the publication of the results.

Experimental Therapies for Idiopathic
Pulmonary Fibrosis

Pirfenidone and nintedanib were shown to slow but not to
reverse disease progression. The pathogenesis of IPF is not
completely understood; several molecular pathways are in-
volved in the inception and progression of this disabling and
lethal disease. Currently, numerous ongoing clinical trials are
investigating new drugs for the treatment of IPF, targeting
many potential underlying pathogenic mechanisms (Fig. 1).

Experimental Therapies Targeting
Pro-fibrotic Signaling Pathways

Pentraxin-2 Analogues

Pentraxin-2 (PTX-2) is an endogenous blood plasma protein,
also known as serum amyloid P, that regulates the wound
healing process and scar resolution [45]. PTX-2 inhibits the
differentiation of circulating monocytes into fibrocytes and
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M2 macrophages, a phenotype of macrophage that produces
pro-fibrotic mediators. In IPF patients, circulating levels of
PTX-2 are reduced and M2 macrophages are predominant.
Regulating macrophage phenotype is a promising therapeutic
approach for lung fibrosis. In mice models, the administration
of PTX-2 intravenously has been associated with decreased
fibrosis extent [46]. PRM-151, a recombinant form of human
PTX-2 [47], has been administered as single ascending intra-
venous doses to healthy subjects in a first-in-human trial [48].
The results showed a good safety and tolerability profile. In
addition, PRM-151 has been associated with a reduction in

circulating fibrocytes in IPF patients [48]. A phase I random-
ized, double-blind, placebo-controlled trial (NCT01254409)
has demonstrated that PRM-151 is safe and well tolerated.
Furthermore, trends toward improvement, although not statis-
tically significant, have been observed for FVC and 6-minwalk
test [49]. The results of a phase II study (NCT02550873) on
efficacy and safety of PRM-151 administered through
28 weeks to IPF subjects were recently published. A
slower decline in lung function was observed in IPF pa-
tients treated with recombinant human pentraxin 2 in com-
parison to the placebo group [50].

PATHOGENIC PATHWAYS APPROVED AND INVESTIGATIONAL THERAPIES

Immune system ac�va�on and polariza�on PTX-2
An�-IL13 mAb
(Tralokizumab, lebrikizumab, QAX576)
An�-IL13/An�-IL4 mAb (SAR156597)
Rituximab
Tipelukast
IW001

Fibroblast recruitment, ac�va�on and myofibroblast 
differen�a�on

Pirfenidone
Nintedanib
PTX-2
An�-CTGF an�bodies (Pamrevlumab)
An�-Integrin an�bodies (an� αvβ6 mAb)
Autotaxin-LPA pathway inhibitors
Kinase inhibitors

Matrix accumula�on

LOXL2 inhibitors (simtuzumab)

Macrophage

Fibroblast
Th2

Fibrin clot

Matrix accumula�on

Fig. 1 Pathogenic pathways and approved and investigational therapies for IPF. PTX-2, pentraxin-2; mAb, monoclonal antibody; CTGF, connective
tissue growth factor; LPA, lysophosphatidic acid; LOXL2, lysil oxidase homolog 2
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Anti-connective Tissue Growth Factor Antibodies

Connective tissue growth factor (CTGF) is a matricellular pro-
tein involved in the wound healing process. CTGF links extra-
cellular matrix (ECM) and cell surface and mediates cell adhe-
sion, migration, proliferation, and angiogenesis [51]. In preclin-
ical mice models, CTGF induces a pro-fibrotic response both
alone [52] or in combination with TGF-β [53]. IPF subjects
present higher levels of CTGF in BAL fluid compared with
healthy controls [54]. Due to its role in pro-fibrotic pathways,
CTGF is an interesting target for IPF treatment. Anti-CTGF
antibodies demonstrated to inhibit collagen deposition and to
reduce histological signs of fibrosis [53]. An open-label phase II
study has evaluated the safety and efficacy of two doses of
pamrevlumab (FG-3019), a human monoclonal anti-CTGF an-
tibody [55], administered by intravenous infusion for 45 weeks
in IPF patients. FG-3019 presented a good safety profile and
yielded promising results with regard to changes in pulmonary
function and extent of pulmonary fibrosis by imaging [55]. To
confirm these findings, a randomized, placebo-controlled,
double-blind phase II trial (NCT01890265) has been complet-
ed. This study aimed to evaluate the safety and tolerability of
FG-3019, and the efficacy of this antibody in slowing FVC
decline and lung fibrosis (assessed by quantitative HRCT) in
subjects with IPF [56]. Results were presented at the ERS 2017
Conference: patients treated with pamrevlumab showed a sta-
tistically significant reduction in the rate of lung fibrosis pro-
gression in comparison to placebo [57].

Another antibody, PBI-4050, demonstrated to reduce CTGF
activity and collagen I mRNA expression in preclinical studies.
A phase II open-label single-arm trial exploring the safety and
tolerability of oral administration of 800mg per day of PBI-4050
in 40 adult IPF patients (NCT02538536) is now completed.
Preliminary results found that PBI-4050 has a strong safety
and tolerability profile. In addition, this antibody seems to be
clinically effective in reducing lung function decline and disease
progression, either alone or in combination with nintedanib [58].

Anti-integrin Antibodies

Integrins are glycoproteins that bind cells to each other or to the
basement membrane. Integrins also activate TGF-β by
displacing its ligand, latency activated peptide (LAP). The most
pro-fibrotic pathway is the one mediated by TGF-β1 under the
regulation of integrin ανβ6. The TGF-β1 pathway recruits fi-
broblasts and stimulates myofibroblast differentiation and persis-
tence [59]. In murine models, partial inhibition of αvβ6 integrin
prevents bleomycin-induced pulmonary fibrosis [60]. A phase II
study (NCT01371305, completed) tested safety and tolerability
of the humanized monoclonal antibody against αvβ6 integrin in
IPF patients. Study results are still unpublished. A first-in-human
phase I study has been conducted on a single daily nebulized
drug dose of GSK3008348, a novel integrin αvβ6 antagonist

(NCT02612051). GSK3008348 resulted well tolerated at single
doses up to 3000 mcg in healthy participants [61].

Autotaxin-LPA Pathway Inhibitors

The autotaxin-lysophosphatidic acid (LPA) pathway deter-
mines fibroblast recruitment and persistence, epithelial apopto-
sis, and endothelial damage. The enzyme autotaxin and its
product LPA are elevated in BAL fluid of IPF patients com-
pared with healthy subjects [62]. The inhibition of autotaxin
activity aims to reduce LPA. A randomized, double-blind, par-
allel-group, placebo-controlled, exploratory phase IIa trial
(NCT02738801, completed), compared to 600 mg orally ad-
ministered GLPG1690 (autotaxin inhibitor) [63] versus placebo
for 12 weeks. Study results show a stabilization of FVC in the
treatment group. Focusing on the same pathogenic pathway, the
effect of an oral LPA 1 receptor antagonist (BMS-986020) on
FVC decline has been investigated in IPF patients in a random-
ized placebo-controlled phase II trial (NCT01766817).

Anti-lysyl Oxidase Antibodies

The lysyl oxidase (LOX) family is composed of enzymes that
confer stiffness to the ECM by catalyzing collagen type I
cross-linking. One of these enzymes, LOX-like 2 (LOXL2)
was found to be increased in lung biopsies of IPF patients;
therefore, its pathogenic role has been hypothesized. Thus,
some researchers tried to reduce ECM deposition by
inhibiting this enzyme. A phase II randomized, double-blind,
placebo-controlled trial tested a human antibody GS6624
(simtuzumab). Simtuzumab did not improve progression-
free survival in a well-defined population of IPF patients and
the results do not support its use for patients with IPF [64].

Experimental Therapies Targeting Immunity

Over the years, an abnormal activation of the immune system
has been postulated as a potential pathogenetic mechanism in-
volved in IPF and was the rationale for the administration of
immunomodulatory agents. Currently, it is well known that no
effective modulation of the immune system is associated with
evidence of improving mortality or modifying the clinical
course of IPF [2]. However, a certain involvement of immunity
in IPF pathobiology was observed, although its significance is
still under debate. Therefore, several therapeutic strategies
targeting immunity and autoimmunity have been proposed over
time and new drugs are currently under investigation.

Tralokinumab, Lebrikizumab, QAX576, SAR156597

A certain grade of Th2 activation was observed in IPF. The
Th2 cytokines IL-4, IL-5, and IL-13 are upregulated in
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cellular cultures from IPF patients if compared to controls
[65]. IL-13 receptors are more abundant in lung biopsies from
UIP patients and fibroblastic foci strongly stain for IL-4 and
IL-13 receptors [66]. These findings formed the basis for ex-
ploring the effects of potential therapeutic strategies targeting
IL4, IL13, and their receptors.

Two phase II studies were designed to explore the safety and
efficacy of multiple doses of tralokinumab, a human recombi-
nant monoclonal antibody blocking IL13 (NCT02036580,
NCT01629667). One of them was prematurely stopped due to
the lack of efficacy in the primary end point (annual change of
FVC) after a predefined interim analysis, despite an acceptable
safety and tolerability profile [67]. The subgroup analysis on
periostin levels, a putative marker of IL13 axis activation, could
not be performed and concerns regarding the low retention rate
were raised, leading to non-definitive conclusions [68].

Lebrikizumab is another humanized anti-IL13 monoclonal
antibody. A phase II study comparing the safety profile and the
effects of lebrikizumab alone or in combination with
pirfenidone, compared to placebo or to pirfenidone, was recent-
ly completed (NCT01872689). The results have been reported
for the first time at the ATS 2018 International Conference. No
statistically significant beneficial effects on lung function or
mortality was observed in favor of lebrikizumab both as a
monotherapy [69] and in combination with pirfenidone [70]
over 52 weeks of treatment in IPF patients. A safety profile
was reported. Combination therapy showed a favorable trend
on mortality and acute exacerbations.

An open-label multicenter study investigating the effects of
a single intravenous dose of QAX576, a fully human anti-
IL13 monoclonal antibody, was closed early because of the
slow enrollment rate (NCT00532233). A phase II study ad-
dressed to assess the safety, tolerability, efficacy, pharmaco-
dynamics, and pharmacokinetics of QAX576 in rapidly pro-
gressive IPF over 1 year of treatment was terminated; reasons
were not reported (NCT01266135).

SAR156597 is a dual anti-IL4 and IL13 monoclonal anti-
body tested in IPF. After the conclusion of a phase I study on
safety and tolerability of different dosages (NCT01529853), a
phase II study on efficacy of this drug has been recently com-
pleted (NCT02345070). SAR156597 was not associated with
a favorable treatment effect on lung function decline and on
disease progression both as monotherapy and in combination
with the current standard of care (either pirfenidone or
nintedanib). These results were presented at the ATS 2018
International Conference [71].

Rituximab

Some IPF patients display autoantibodies targeting structural
components of the matrix with potential prognostic role for
some of them [72–76]. Although the effects of B lymphocyte-
depleting treatment have been explored in non IPF-ILDs with

promising results [77], in IPF the evidence is scarce and de-
bated. A phase II trial was designed to evaluate the efficacy of
rituximab in reducing the circulating levels of autoantibody
potentially involved in lung damage in IPF. It was completed
in 2017. The primary end point was the titer of anti-HEp-2
autoantibodies over 9 months, and among secondary end
points, there are changes in FVC and the rate of exacerbation.
No results have been yet published (NCT01969409).

Tipelukast

The 5-lipoxigenase(5-LO)/leukotriene pathway emerged as
another potential immune pathogenic mechanism involved
in lung fibrosis. Arachidonic acid-derived metabolites, pro-
duced by various immune cell types via 5-LO pathway, are
involved in the host defense system against infection and in-
vasion by foreign bodies. They participate in the pathogenesis
of IPF but their role in IPF pathobiology is still unclear [78].
IPF patients show elevated concentration of leukotriene B4
(LTB4), one of the most potent chemoattractants and activa-
tors of leukocytes, both in bronchoalveolar lavage fluid and
lung tissues [79–81]. In animal models, the administration of a
non-selective leukotriene B4 receptor antagonist attenuated
the bleomicin-induced lung fibrosis and hydroxyproline con-
tent, through the inhibition of inflammation, neutrophil che-
motaxis, and the modulation of several cytokines [82, 83].
Currently a phase II trial evaluating the efficacy, safety, and
tolerability of tipelukast in IPF is recruiting participants
(NCT02503657). This novel, orally bioavailable molecule ex-
erts multiple effects including leukotriene receptor antago-
nism and inhibition of phosphodiesterases and 5-LO.

IW001

It is possible to adopt specific immune-mediated strategies
aimed at obtaining tolerance toward structural components
over-expressed in IPF lung interstitium that often trigger au-
toantibody production. This is the case of oral immunotherapy
for type V collagen (Col(V)). Results from a phase I clinical
trial (NCT01199887) showed the safety and tolerability of an
oral solution of purified bovine Col(V) in IPF patients with
positive Col(V) autoantibodies and demonstrated an intrigu-
ing trend toward FVC stabilization [84].

Experimental Therapies Targeting Tyrosine
Kinases

Tyrosine kinases are implicated in the pathogenesis of IPF as
they control several signaling pathways that are crucial for
cellular homeostasis. They represent important potential ther-
apeutic targets and many agents inhibiting tyrosine kinases are
now under investigation.
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Src is a non-receptor protein-tyrosine kinase codified by a
proto-oncogene that is involved in various cellular signaling
and transduction pathways. In fibroblasts, this molecule has
been found in endosomes, perinuclear membranes, secretory
vesicles, and cytoplasmic face of the plasma membrane. Src
interacts with several tyrosine kinase receptors at the plasma
membrane, including fibroblast growth factor receptor
(FGFR), platelet-derived growth factor receptors (PDGF-R),
epidermal growth factor receptor (EGFR), and insulin-like
growth factor (IGFR) providing a bi-directional flow of infor-
mation. Moreover, it can interact with integrin, G protein-
coupled receptors and other intracellular kinases as focal ad-
hesion kinase (FAK) and mitogen-activated protein kinases
(MAPKs) [85].

Dasatinib is an inhibitor of BCR-ABL and Src family ki-
nases (Src, Lck, Yes, Fyn). It is approved for the treatment of
chronic myeloid leukemia and it showed positive promising
effect in animal models of bleomycin-induced lung fibrosis
and in other lung interstitial diseases [86, 87]. A phase I,
open-label, interventional, single-group assignment human
study in IPF is currently recruiting participants. The purpose
of the study is to evaluate the effects of the association of
dasatinib and quercetin, an antioxidant agent, on the expres-
sion of pro-inflammatory cells obtained by skin biopsy of IPF
patients. The estimated primary completion date is December
2018 (NCT02874989).

Stem Cells

Regenerative medicine and the use of stem cells represent an
intriguing strategy explored in the last decade with potential
therapeutic efficacy in patients suffering from chronic lung
diseases including IPF.

In 2014, in a single-center, non-randomized, dose-
escalation phase Ib trial, patients with moderately severe IPF
received either 1 × 106 or 2 × 106 unrelated-donor, placenta-
derived mesenchymal stem cells (MSC)/kg via a peripheral
vein. The researchers showed that intravenous MSC adminis-
tration was feasible with a good short-term safety profile [88].

A phase Ib, non-randomized, clinical trial assessed the
safety and tolerability of multiple endobronchial infusions of
autologous adipose-derived stromal cells (ADSCs)-stromal
vascular fraction (SVF) (0.5 million cells per kg of body
weight per infusion) in patients with IPF. While short-term
infusion transient desaturation, fever, and heartburn were re-
ported, no long-term adverse events or ectopic tissue forma-
tion were observed [89].

In 2016, the first clinical phase I pilot study evaluating
safety and tolerability of intravenous allotransplant of three
different dosages of exogenous human bone narrow–derived
MSC in IPF patients was published (NCT02013700). It did
not report any significant treatment-related serious adverse

events and showed a 3.0% mean decline in percentage pre-
dicted FVC and a 5.4% mean decline in percentage predicted
diffusing capacity for carbonmonoxide (DLco) 60weeks after
infusion [90].

In May 2018, a clinical trial phase I, open, multicentric,
non-randomized, study aiming to evaluate the safety and fea-
sibility of the endobronchial administration of mesenchymal
autologous stem cells derived from bone marrow (BM-MSC)
in patients with mild-to-moderate IPF was completed
(NCT01919827). Furthermore, an interesting ongoing phase
1–2, open-label study is going to evaluate the safety and effi-
cacy of endobronchial administration of autologous lung stem
cells isolated from IPF patient’s distal airways and expanded
in vitro (NCT02745184). Estimated study completion date is
December 2018.

Antibiotics and Antiviral Drugs

The role of viruses and bacteria in the pathogenesis, progres-
sion, and acute exacerbation of IPF is still unclear: it repre-
sents an interesting field of research and the comprehension of
viral and bacterial involvement in IPF could help the develop-
ment of novel therapeutic approaches [91].

It has been proposed that viruses could play a key role as
cofactors in the initiation and progression of IPF. Therefore,
antiviral therapy could represent an important tool to modify
the course of disease. Egan and co-workers conducted a small
but significant study of open-label ganciclovir in 14 patients
with severe IPF and positive EBV-IgG serology: it has been
interesting to observe that following a period of 2 weeks of
ganciclovir, 9 of the 14 patients showed an improvement in
8 weeks in at least three of the four outcomes, such as reduction
in steroid therapy, improvement in FVC, and an improvement
in DTPA (diethylenetriaminepentaacetic acid) clearance [92].

The role of bacteria in the pathogenesis and progression of
IPF is less clear: recent data suggest an association between
IPF and bacteria/lung microbiome [91, 93].

Trials on antibiotic therapy may help to clarify if this al-
tered respiratory microbiome plays a key role in causing/
modifying IPF or not. In a double-blind, multicenter study,
181 IPF patients have been randomized to receive co-
trimoxazole 960 mg twice-daily or placebo for 12 months in
addition to “standard” anti-fibrotic therapy. Results show that
co-trimoxazole has no effect on lung function, but improves
quality of life, reduces the rate of patients that need to increase
oxygen therapy, and, most of all, reduces all-cause mortality.
These findings could be due to its antimicrobial activity as
there is a remarkable decrease in the number of infections in
those adhering to treatment [94].

An ongoing randomized, un-blinded, phase III, multi-
center clinical trial is investigating the effect of standard care,
versus standard of care plus antimicrobial therapy (co-
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trimoxazole or doxycycline), on clinical outcomes in patients
diagnosed with IPF (NCT02759120). Subjects are random-
ized 1:1 to either receive 160 mg trimethoprim/800 mg sulfa-
methoxazole (double strength co-trimoxazole) twice-daily
plus folic acid 5 mg daily OR doxycycline 100 mg once-
daily if weight < 50 kg or 100 mg twice-daily if weight >
50 kg. Patients randomized to receive antimicrobial therapy
will take co-trimoxazole. In case of allergy or contraindication
to co-trimoxazole, renal insufficiency, hyperkalemia, or con-
comitant therapy with an angiotensin-converting enzyme in-
hibitor, angiotensin receptor blocker, or potassium-sparing di-
uretic, they will receive doxycycline. Estimated primary com-
pletion date is July 2019.

A single-center, prospective, randomized, double-blind,
2-treatment, 2-period crossover study with two 12-week
treatment periods with azithromycin (AZT) separated by
a 4-week drug-free washout period and a 4-week follow-
up period is ongoing. The investigators hypothesize that
immunomodulatory treatment of IPF patients with AZT
might reduce cough frequency and might improve lung
function (NCT02173145). Estimated primary completion
date is December 2018.

Conclusions

Recent insights into pathobiology and the approval of two
anti-fibrotic drugs marked a new era for the treatment of IPF,
encouraging investigations and becoming a hot research topic.
Despite these latest advances, further strides need to be made
with the aim of increasing knowledge about this life-
threatening disease and improving survival. Precision medi-
cine could be a key tool for the next future, helping patients to
receive tailored treatments. Combination therapies currently
are gaining great interest among the scientific community.
Combining two or more agents, targeting different pathways
or treating concomitant conditions, could reveal as a success-
ful strategy and it could become a cornerstone of IPF treat-
ment. In this period of extraordinary efforts in IPF research,
scientific developments are expected to happen and to provide
additional evidences and stronger recommendations in order
to optimize care and, hopefully, to finally change the destiny
of IPF patients.
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