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ABSTRACT

Abstract: Idiopathic pulmonary fibrosis (IPF) represents a fibrotic interstitial lung disease characterized by un-
certain etiology and poor prognosis. Over the years, the path to effective treatments has been marked by a series
of advances and setbacks. The introduction of approved antifibrotic drugs, pirfenidone and nintedanib, marked
a pivotal moment in the management of IPF. However, despite these advances, these drugs are not curative, al-
though they can slow the natural progression of the disease. The history of drug therapy for IPF goes together
with the increased understanding of the pathogenic mechanisms underlying the disease. Based on that, current
research efforts continue to explore new therapies, possible personalized treatment strategies, drug combinations,
and potential biomarkers for diagnosis and prognosis. In this review, we outline the route that led to the discover of
the first effective therapies, ongoing clinical trials, and future directions in the search for more effective treatments.
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Introduction

Idiopathic Pulmonary Fibrosis (IPF) is a fibrotic in-
terstitial lung disease of uncertain origin, exhibiting ra-
diological and histological characteristics consistent with
usual interstitial pneumonia (UIP)[1]. It is a rare condi-
tion with an estimated global prevalence of about 4 cases
per 10,000 persons [2], with a poor prognosis considering
a median survival of 3-5 years since diagnosis [3].

IPF predominantly impacts the elderly population,
affecting lungs insidiously and revealing itself through ex-
ertional breathlessness and a non-productive cough. As the
disease advances, individuals may encounter a reduction
in exercise capacity, eventually culminating in respiratory
failure. IPF should be considered in adult patients with
unexplained, persistent exertional breathlessness, cough,
bibasilar inspiratory crackles, without constitutional or
other symptoms indicative of a multisystem disorder [1].
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The clinical trajectory is further complicated by con-
current conditions such as pulmonary hypertension
and emphysema, leading to heightened morbidity and
mortality [3-6]. Accurate and timely diagnosis of IPF
is crucial for implementing appropriate management
strategies. High-resolution computed tomography
(HRCT) scans and lung biopsy remain integral to the
diagnostic process, and the recent guidelines provide a
structured approach for their administration [1,7].

Over the years, the management of IPF has un-
dergone significant developments, especially in the
realm of pharmacological therapy aimed at slowing
the disease progression and trying to improve patients’
quality of life. The history of pharmacological therapy
in IPF has witnessed significant advancements over
the years, increasing the focus on understanding the
underlying pathogenetic mechanisms responsible for
disease progression, with the goal of developing novel
targeted therapies. The introduction of the U.S. Food
and Drug Administration and European Medicines
Agency-approved antifibrotic drugs pirfenidone and
nintedanib has marked a turning point in IPF manage-
ment. Pirfenidone, a collagen synthesis inhibitor, has
undergone thorough clinical investigations, including
the CAPACITY study, demonstrating its ability to
slow disease progression and improve patient survival
[8,9]. Similarly, nintedanib, a multikinase inhibitor,
has shown eflicacy in reducing lung function decline
in studies such as INPULSIS [10]. These molecules,
through their antifibrotic action, have provided a solid
foundation for current therapeutic guidelines[1,7].
Despite these advances, pirfenidone and nintedanib
are not able to reverse or resolve pre-existing fibrosis.
Thus, patients continue to experience lung function
deterioration while on treatment, which remains fo-
cused on slowing progression of fibrosis, maintaining
comfort and, in late stages, on palliative care.

To find a cure for this debilitating and fatal dis-
ease, it is imperative to deepen our understanding of
the pathogenetic mechanisms underlying IPF, in-
cluding altered cell-cell crosstalk and secretion of
pathogenic molecules in the fibrotic milieu. Ongoing
research continues to explore novel therapeutic op-
tions, personalized strategies and therapeutic com-
binations as well as possible biomarkers of diagnosis
and/or predictors of treatment efficacy [11]. In this

review, we provide a comprehensive summary of the
current pharmacological treatments of IPF, clinical tri-
als and future directions.

Pathogenesis and molecular pathways involved in
lung fibrosis

IPF is characterized by the accumulation of
collagen-producing fibroblasts and myofibroblasts, re-
sulting in aberrant production and deposition of extracel-
lular matrix, including collagens and fibronectin, leading
to a progressive and irreversible fibrogenic process and
loss of organ function [12]. Although several risk fac-
tors, including cigarette smoke, air pollution, and aging,
are known to be involved in the development of IPF, the
causes of IPF remain unknown[13-15]. Currently, the
most accredited hypothesis is that, in genetically pre-
disposed individuals, recurrent alveolar epithelial cells
damage may lead to an increased release of cytokines
and chemokines by alveolar epithelial cells and recruit-
ment of cells responsible for perpetuating damage and
incessant production of extracellular matrix [16]. This
mechanism determines an increased secretion of fibro-
genic signaling molecules, such as transforming growth
factor-B (TGF-B) by activated macrophages that pro-
mote recruitment, proliferation and differentiation of
fibroblast into myofibroblasts (Figure 1) and alter the
balance between collagen synthesis and collagen degra-
dation[17,18]. Moreover, TGF-p acts as an inducer for
other fibrogenic molecules secretion such as connective
tissue growth factor (CTGF), fibroblast growth factor
(FGF), insulin-like growth factor (IGF) and platelet-
derived growth factor (PDGF). In addition, telomerase
gene mutation, short telomeres, aging, and cellular se-
nescence play a role in the pathogenesis of IPF decreas-
ing the population of type II alveolar epithelial cells and

reducing their role in tissue injury repair[19].

IPF treatment in the past: more shadows than lights

The inflammatory model

From its initial characterization, the treatment
of IPF has traditionally relied on the assumption that
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Figure 1. Cell types and cytokines involved in the pathogenesis of IPF. Lung fibrosis is the result of different pathways, assuming a
possible trigger related by risk factors (as aging, smoking or genetic mutations) and the uncontrolled secretion of cytokines by epithe-
lial alveolar cells, macrophages and endothelial cells responsible for the activation of fibroblasts and their transition to myofibroblasts.
Legend: TGF-B, transforming growth factor-p; VEGF, vascular endothelial growth factor; PDGFE, platelet-derived growth factor;
FGF: fibroblast growth factor; CTGF: connective tissue growth factor; IL-1B, Interleukyn-1pB, LPA, lysophosphatidic acid; IL-6,

Interleukyn-6. Created with Biorender.com; all rights reserved.

injury leads to inflammation and fibrosis [20]. Conse-
quently, corticosteroids have been the mainstay of IPF
treatment for several years, even because no pharma-
cological therapy has been proven to alter or reverse
the inflammatory process of IPF.

Until 1999, treatment options included corticos-
teroids, immunosuppressive/cytotoxic agents (e.g., az-
athioprine, cyclophosphamide), and antifibrotic agents
(e.g., colchicine or d-penicillamine) either alone or in
combination [21-27].

In 2000, for the first time an International State-
ment Consensus recommended a combined therapy
involving corticosteroid and either azathioprine or

cyclophosphamide. However, it acknowledged the
high risk of treatment failure due to insufficient data
from randomized clinical trials (RCTs)[28].
Supporting the inflammatory pathogenesis hy-
pothesis, the IFIGENIA study, a multicenter, rand-
omized, double-blind, placebo-controlled investigation,
assessed outcomes in individuals receiving either N-
acetylcysteine (NAC) or a placebo plus prednisone and
azathioprine. The trial revealed a diminished rate of
decline in Forced Vital Capacity (FVC) and Diffusing
Capacity of the Lungs for Carbon Monoxide (DLcq)
among patients treated with NAC, although no im-
provement in one-year survival was observed [29].
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A more definitive response regarding steroids and
immunomodulating agents came by PANTHER-IPF,
a multicenter randomized controlled trial to assess
the efficacy of prednisone, azathioprine, and NAC.
In the PANTHER-IPF trial, patients with IPF and
mild-to-moderate lung function impairment, under-
went randomization into three groups: prednisone,
azathioprine, and NAC (combination therapy); NAC
alone; or placebo. Combination therapy with pred-
nisone, azathioprine and NAC, compared with pla-
cebo, was associated with increased all-cause mortality,
all-cause hospitalizations and treatment-related severe
adverse events. It was observed that elevated mortal-
ity and hospitalization rates manifested early in the
trial, closely aligning with the period of escalated
prednisone dosage, tapered over the initial 4-6 months
to a minimal daily dose[30]. This observation implies
that the heightened toxicity seemed to be attributed to
high-dose corticosteroids rather than the azathioprine
and low-dose prednisone.

Role of interferon gamma as a potential inhibitor

of profibrotic cytokines

The imbalance between pro-fibrotic and anti-
fibrotic cytokines in the pathogenesis of IPF prompted
the exploration of interferon gamma (IFN-y) in clini-
cal trials. IFN-y has exhibited the capacity to inhibit
fibroblast proliferation and reduce the expression of
TGF-B, PDGF, and various other pro-fibrotic in-
terleukins in both iz vifro and in viveo investigations
[31]. After an encouraging preliminary study lim-
ited by a small number of patients enrolled [32], a
placebo-controlled trial demonstrated that interferon
gamma-1b did not affect progression-free survival or
pulmonary function [33]. However, the larger prospec-
tive INSPIRE study did not demonstrate any survival
advantage with subcutaneous IFN-y treatment [34].

A change of target: endothelin system and
phosphodiesterase-5 inhibitor

Several studies had demonstrated the profibrotic
role of endothelin-1, molecule secreted by fibroblasts,
endothelial cells, alveolar macrophages, epithelial

cells and polymorphonuclear leukocytes, and able to
increase collagen production and reduce synthesis of
interstitial collagenase [35-38]. Based on these prem-
ises, the BUILD-1 trial sought to prove the efficacy
of bosentan, a dual endothelin receptor antagonist
(ERA), on exercise capacity and time to disease pro-
gression in patients with IPF[39]. Treatment with
bosentan in IPF patients did not show superiority over
placebo in the primary endpoint of change from base-
line to month 12 in the 6-minute walk test (6MWT)
distance. However, a trend favoring bosentan was ob-
served in the secondary endpoint related to time to
IPF worsening or death [39]. This endpoint was re-
evaluated in another clinical trial (BUILD-3) with
a larger number of patients, where drug tolerability
was demonstrated, but the primary objective was not
achieved [40].

Among endothelin receptor antagonists, am-
brisentan, an ETA receptor-selective antagonist, was
also assessed in a clinical trial to evaluate its efficacy
in reducing the progression rate of IPF patients. In
this trial, ARTEMIS-1, ambrisentan was terminated
early due to a lack of efficacy in treating IPF and an
increased risk of disease progression and respiratory
hospitalizations [41].

The MUSIC trial was a phase II randomized con-
trolled trial aimed at examining the effectiveness and
safety of dual endothelin receptor antagonist, maciten-
tan (10 mg once daily) on forced vital capacity (FVC),
in individuals with histologically confirmed IPF com-
pared to placebo. Although the promising preliminary
data, the primary objective of the MUSIC trial was not
achieved as no notable difference between treatments
was observed in the primary outcome of changes from
baseline up to month 12 in FVC [42].

Another therapeutical option explored has been
sildenafil, a phosphodiesterase-5 inhibitor whose
mechanism of action stabilizes the second messen-
ger of nitric oxide, cyclic guanosine monophosphate,
which leads to pulmonary vasodilatation [43]. It was
evaluated in an RCT, based on the hypothesis that it
might improve blood flow to well-ventilated regions
of the lung, improving ventilation/perfusion ratio, in
patients with advanced idiopathic pulmonary fibrosis.
The study, including 180 patients, did not show ben-
efits for patients underwent treatment with sildenafil,
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not reaching the primary endpoint settled as increase
in 6MWT distance [44].

Current approved therapies

With an evolving understanding of the role of fi-
broblasts and TGF-p, the search for a truly effective
drug for pulmonary fibrosis, going beyond the purely
inflammatory hypothesis considered up to then, has
focused on the anti-fibrotic role of the molecules un-
der study. The first antifibrotic molecule studied was
pirfenidone, tested in murine models of bleomycin-
induced fibrosis [45] and then its activity had been
confirmed in human cells [45]. Pirfenidone demon-
strated effective inhibition of fibronectin and the syn-
thesis of a-smooth muscle actin (a-SMA), a critical
factor in the fibroblast-to-myofibroblast transition, as
induced by TGF-B in human lung fibroblasts. Fur-
thermore, pirfenidone exhibited suppressive effects on
fibrotic alterations mediated by TGF-f in human fetal
lung fibroblasts [46,47]. In 1999, the first open-label
study evaluating efficacy and safety of pirfenidone for
IPF patients, showed the capacity to arrest the further
decline of lung function in most patients with accept-
able tolerability and minimal side effects [48]. Another
encouraging result derives from a second open-label
study in patients with advanced IPF with effects on
stabilization of disease, but survival was not prolonged,
probably due to the short treatment duration of 1 year
[49]. Subsequent studies confirmed efficacy of pirfe-
nidone, demonstrating an increased progression-free
survival time and slowing down vital capacity (VC)
deterioration [50,51]

Two Phase III international randomized double-
blind placebo trials (CAPACITY 004 and CAPAC-
ITY 006) tried to evaluate change in percent predicted
forced vital capacity (ppFVC) [52]. The CAPACITY
004 study included 435 patients treated with high-dose
pirfenidone (2,403 mg/day), low-dose pirfenidone
(1,197 mg/day) or placebo, while the CAPACITY 006
study included 344 patients treated with exclusively
high-dose pirfenidone or placebo. While the CAPAC-
ITY 004 trial demonstrated a significant difference in
FVC% and progression-free survival from baseline
over 72 weeks between high-dose pirfenidone and the

placebo arm, the CAPACITY 006 trial showed a dif-
ference in the reduction in FVC% rate of decline up to
week 48 in the pirfenidone group, with no difference at
week 72, thus failing the primary endpoint.

Subsequently another randomized, double-blind,
placebo-controlled Phase III trial was conducted in
2014 to support the approval of pirfenidone for IPF
therapy. In ASCEND trial, treatment with pirfeni-
done resulted in a significant between-group differ-
ence in the change from baseline to week 52 in the
percentage of the predicted FVC versus placebo. Pa-
tients treated with pirfenidone also recorded a signifi-
cant reduction in decline of the 6MW'T distance and a
longer progression-free survival, with gastrointestinal
and skin-related side effects rarely causing discontinu-
ation [53].

Further analysis of population of CAPACITY
and ASCEND trials proved that pirfenidone signifi-
cantly reduced the relative risk of all-cause mortality
at 1 year by 48% and the risk of IPF-related mortality
at 1 year by 68% [54].

Finally, real-world data has shown overall eflicacy
and tolerability of pirfenidone on reducing FVC de-
cline in patients with IPF [55-57].

Riding the hypothesis of the role of TGF- B in
lung fibrogenesis, scientific research evaluated the role
of tyrosine kinase inhibitors as a possible therapeu-
tic option. Protein kinases have been associated with
the fibrogenic process mediated by growth factors
like TGF-B [58]. In the management of IPF, tyros-
ine kinase inhibitors (TKIs) have been employed to
selectively inhibit the function of fibroblasts, pivotal
effector cells in the progression of IPF. Imatinib me-
sylate is a TKI with activity against the platelet-derived
growth factor receptors (PDGFR-a and -B), discoidin
domain receptors (DDR1 and DDR2), c-kit, and c-
AbI [59]. A randomized, placebo-controlled trial eval-
uated safety and clinical effects of imatinib in patients
with mild to moderate IPF followed for 96 weeks, but
among all patients, 29% discontinued the study caus-
ing the failure to achieve the primary endpoint. The
results of this trial showed that imatinib did not affect
either survival or lung function [60].

On the other hand, the beginning of cellular
signaling cascades via tyrosine kinases like vascular

endothelial growth factor (VEGF), FGF and PDGF
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has been implicated in pathogenesis of IPF [61]. Nin-
tedanib is an intracellular antagonist that selectively
targets a spectrum of tyrosine kinases, including the
receptors for VEGF, FGF, and PDGF [62,63].

Based on these fundamental concepts, it was sug-
gested that nintedanib could have a role in slowing
FVC decline in patients with IPF. In TOMORROW
trial, a phase II trial, four oral doses of nintedanib were
compared to placebo in patients with IPF, demonstrat-
ing that a dose of 150 mg twice daily of nintedanib,
compared with placebo, was associated with a slower
loss of lung function (benefit of 68.4%, p = 0.06).
The same dosage also led to a markedly reduced oc-
currence of acute exacerbations (p = 0.02) and en-
hanced quality of life (as assessed by the St. George’s
Respiratory questionnaire) compared to the placebo (p
= 0.007) [64]. Those encouraging data stimulate the
investigation of phase III trials, in INPULSIS-1 and
INPULSIS-2 trial, that were both one year-long ran-
domized, placebo-controlled trials examining the effi-
cacy of 150 mg twice daily, using as primary endpoint
the annual rate of decline in FVC [10]. In both trials
nintedanib significantly reduced the rate of FVC de-
cline, with the adjusted annual change in the nintedanib
group that was -114.7 mL compared to -239.9 mL in
the placebo group (p < 0.001) in INPULSIS-1, and
-113.6 mL in the nintedanib group versus -207.3 mL
in the placebo group in INPULSIS-2. The most fre-
quent adverse event in the nintedanib groups was diar-
rhea, with rates of 61.5% and 18.6% in the nintedanib
and placebo groups in INPULSIS-1, and 63.2% and
18.3% in the two groups, respectively, in INPULSIS-2.
Adverse events led to discontinuation in less than 5%
of patients [10].

Although nintedanib and pirfenidone showed a
reduced rate of diseases progression in patient with
IPF, those therapies remain an option for increases
survival but they are not curative; in fact the disease
was still progressive and led to death for respiratory
failure. In 2018, with the availability of two antifi-
brotic drugs recommended for the treatment of IPF,
an approach based on a combination therapy was
proposed. The hypothesis was that an add-on therapy
might provide a synergic effect with more benefit com-
pared to monotherapy with one only antifibrotic drug.
The INJOURNEY trial aimed to evaluate safety and

tolerability in patient treated with nintedanib and add-
on pirfenidone (titrated to 801 mg three times daily)
versus nintedanib alone, enrolling patients who com-
pleted 4- to 5-weed run-in with nintedanib 150 twice
daily who were not required reduction or interrup-
tion of treatment during the run-in period [65]. Main
results of the trial were that gastrointestinal adverse
events were reported in 69.8% of patients treated with
nintedanib with add-on pirfenidone and 52.9% treated
with nintedanib alone. Exploratory eflicacy evaluation
demonstrated at week 12 changes from baseline in
FVC of -13,2 ml and -40.9 ml in patients treated with
nintedanib with add on pirfenidone and nintedanib
alone. Despite add-on therapy showed a manageable
safety and tolerability profile in patients with IPF and
exploratory analysis proved a possible efficacy on FVC
decline, no further larger controlled studies has been
performed to confirm the benefit/risk ratio of combi-
nation therapy.

Last findings and the importance of learning from
what went wrong

The introduction of the aforementioned drugs has
represented a milestone and a revolution on the history
of IPF treatment, although it might be considered only
the tip of the iceberg considering the increasing inter-
est and research efforts made by the scientific commu-
nity since the begin of the third millennium. In fact,
according to ClinicalTrial.gov [66], the largest database
of clinical research studies supported by the National
Institute of Health, only in the last 10 years there have
been registered more than 100 phase II and phase III
interventional clinical trials evaluating safety and/or ef-
ficacy of different treatments in IPF patients, including
brand new molecules or already known ones with a pos-
sible acting role in the pathophysiology of the disease.

Despite these numbers and although several mol-
ecules have shown a promising profile and encourag-
ing results, pirfenidone and nintedanib remain so far,
the only two drugs with proven efficacy in IPF [67].

Better understanding of the mechanism behind
the development of fibrosis allowed the proposal of
drugs with a variety of different targets. The role of the
Lysophosphatidic acid (LPA) is one of the most re-
cently studied theme in the onset of lung fibrosis[68].
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LPA is a phospholipid mediator able to activate a
growth factor-like response in pulmonary fibroblasts,
smooth muscle cells and epithelial cells, all expressing
a specific receptor, LPAR;[69,70]. It has been dem-
onstrated that both in animal model of lung fibrosis
(Bleomycin induced) and in IPF patients’ tissue and
bronchoalveolar lavage (BAL), LPA have increased
concentrations compared to healthy controls [69]. The
enzyme responsible for production of LPA is Auto-
taxin (ATX), a secreted glycoproteic Lysphospholipase
D mainly expressed by alveolar epithelial cells, mac-
rophages and weakly in fibroblasts too [71]. As seen
for LPA, ATX levels in BAL and lung tissue are higher
in IPF than in healthy controls [68], so it has been
proposed as potential therapeutical target in IPF with
the introduction of its selective inhibitor zirtaxestat.
This molecule showed promising efficacy results in
the FLORA study, a phase 2a randomized placebo-
controlled trial, despite the fact that it was designed to
evaluate the safety of zirtaxestat in patients either un-
der standard of care treatment or drug-free [72]. The
evaluation of zirtaxestat efficacy in IPF patients was
the aim of the ISABELA I and ISABELA II trials,
two identically designed phase 3 randomized clinical
trials, whose results have been recently published[73].
Unfortunately, both studies have been interrupted
early after an interim analysis revealed an increased
mortality in the patient group receiving a 600 mg daily
dose and a lack of efficacy in all the treatment groups.
In fact, ziritaxestat did not improve the annual rate of
decline for FVC vs placebo: in the ISABELA 1 trial,
the mean rate of decline for FVC at week 52 was
-124.6mL (95% CI, -178.0 to =71.2 mL) with 600 mg,
-173.9 mL (95% CI,-225.7 to—122.2 mL) with 200 mg,
and —147.3mL (95%CI, —=199.8 to —94.7 mL ) with
placebo. In the ISABELA 2 trial, the mean annual rate
of FVC decline at week 52 was —173.8 mL (95% ClI,
-209.2t0-138.4mL) with600 mg,~174.9mL (95% CI,
-209.5 to —140.2 mL) with 200 mg, and -176.6 mL
(95% CI, —211.4 to -141.8 mL) with placebo [73].
Moreover, pooled data showed all-cause mortality was
8.9% with 600mg and 7.0% with 200mg vs 5.5% with
placebo (HR 1.8 [95%CI,1.1 to 3.0] for 600mg of ziri-
taxestat vs placebo and HR 1.3 [95%CI, 0.8 to 2.3] for
200mg ziritaxestat vs placebo). Furthermore, all sec-
ondary outcomes were unmet.

The discrepancy of these findings with what ob-
tained in the FLORA study may be explained by the
strong limitations of the phase 2a trial, represented
by the small sample size and the short duration. The
ISABELA I and ISABELA 11 trials enrolled 1,306
individuals affected by IPF and the design of the stud-
ies has been not considered as a factor leading to these
findings [73], but they highlighted the importance of
basing phase 3 trial on high-quality preclinical and
clinical data, adaptive designs with a Bayesian ap-
proach and using biomarker-based enrichment strate-
gies with prognostic biomarkers [73,74].

The ATX/LPA axis is still object of other stud-
ies, specifically a phase II RCT on the efficacy and
safety of BMS-986278, an antagonist of LPAR; [74],
that has recently completed the recruitment phase
(NCT04308681). This study was designed for two
cohorts, an IPF cohort and a progressive fibrosing in-
terstitial lung diseases (PF-ILD) cohort[75]. The IPF
cohort included three different groups based on daily
drug dosage (60mg, 30mg and placebo) with 278 pa-
tients randomized and 276 receiving treatment [76].
The primary endpoint was rate of change in percent
predicted FVC from baseline through 26 weeks as as-
sessed based on two prespecified estimands [76]: the
treatment policy estimand (similar to an Intention-to-
Treat [ITT] analysis) included all observed data re-
gardless of dose reduction and provides an estimate of
efficacy with dose reduction as part of the treatment
regimen; and the while-on-treatment estimand in-
cluded all observed data prior to dose reduction and
provides an estimate of eflicacy without dose reduc-
tion as part of the treatment regimen. Treatment with
60 mg of BMS-986278 led to a 62% relative reduc-
tion in the rate of change in ppFVC versus placebo
in the while-on-treatment analysis, and a 54% reduc-
tion versus placebo in the treatment policy analysis.
A prespecified Bayesian analysis was utilized to pro-
vide the probability of a positive treatment difference
for BMS-986278 compared to placebo: it showed
a greater than 95% probability that 60 mg of BMS-
986278 was superior compared to placebo in reduc-
ing the rate of decline in ppFVC over 26 weeks in
both the while-on-treatment and treatment policy
estimands. Subgroup analyses demonstrated a treat-
ment effect of 60-mg BMS-986278 with or without
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background antifibrotics. The 30 mg dose was not ef-
fective compared to placebo [76]. BMS-986278 was
well tolerated in both treatment arms with rates of
adverse events, including rates of gastrointestinal side
effects, and treatment discontinuation comparable to
placebo. These findings represented the basis for the
design and initiation of the ongoing phase 3 clinical
trial evaluating the effectiveness of BMS-986278 in
IPF (NCT06003426).

The study of new and specific targets in the path-
ways leading to lung fibrosis has allowed the proposal of
the use of monoclonal antibodies (MABs) in IPF too,
considered as potential tailored therapy with a low rate
of adverse events related to their assumption, as shown
in other conditions like severe asthma, connective tis-
sue diseases and some forms of cancer [77,78]. Several
MABs have been evaluated as candidate treatments for
IPF [77], but the only one that has reached and termi-
nated a phase III RCT is pamrevlumab, a fully human
recombinant monoclonal antibody against connective
tissue growth factor (CTGF), a cytokine produced by
fibroblasts, myofibroblasts, and endothelial cells [79].
CTGF is thought to interact with various regula-
tory modulators, such as TGF-B, vascular endothelial
growth factor (VEGF), and receptors such as integ-
rins modulating cellular responses that are associated
with aberrant tissue repair and tumorigenesis[80]. The
PRAISE study, a phase II RCT, showed that 30mg/kg
of pamrevlumab intravenously administered every
3 weeks significantly attenuated the decline in lung
function compared with placebo [80], resulting in a
mean change in percentage of predicted FVC from
baseline to week 48 was —2,9% in the pamrevlumab
group compared with —7,2% in the placebo group
(between-group difference 4.3% [95% CI 0.4-8.3];
p=0.033), which corresponded to a relative reduc-
tion in percentage of predicted FVC decline of 60.3%
in patients treated with pamrevlumab. An interest-
ing secondary outcome proposed and met in this trial
concerned the imaging with a quantitative score for the
lung fibrosis in HRCT (expressed in volume of the clas-
sified voxels of lung fibrosis or interstitial lung disease
with respect to a segmented whole lung) which resulted
significantly lower in the pamrevlumab group than in
the placebo group at week 24 (24.8 mL vs 86.4 mL;
p=0.009) and this difference was maintained to week 48

(75.4 mL vs 151.5 mL; p=0.038). Due to these find-
ings, the phase III trials Zephyrus I and Zephyrus II
(NCT03955146, NCT04419558) were launched to
confirm the effectiveness of this drug. In these trials,
pamrevlumab treatment did not meet the primary end-
point of change from baseline in forced vital capacity
(FVC) at week 48, with a mean decline in FVC from
baseline to week 48 of 260 ml in the pamrevlumab
group compared to 330 ml in the placebo arm (p=0.29).
And, although safety analysis confirmed pamrevlumab
was generally safe and well tolerated and the majority of
treatment emergent adverse events were mild or mod-
erate, the secondary endpoint considering the disease
progression (FVC percent predicted decline of 210% or
death) was also not met [81].

Another example of a promising molecule whose
efficacy has been investigated in a phase III RCT,
which unfortunately was discontinued early, is the
Recombinant Human Pentraxin-2 (PRM 151). Pen-
traxin 2, also known as purified serum amyloid P, is a
circulating endogenous regulator of tissue repair, able
to inhibit the differentiation of monocytes into profi-
brotic macrophages and fibrocytes, also decreasing the
production of TGF- B[82]. It has been demonstrated
that serum levels of pentraxin 2 are significantly lower
in individuals affected by IPF compared with healthy
controls [83]. A phase II trial in which PRM 151 was
administered intravenously every 3 weeks, had showed
promising results, meeting the primary eflicacy end
point consisting in a significant difference between
the least-squares mean change in percent predicted
FVC value from baseline to week 28 in the treatment
group compared with the placebo (-2,5% vs -4,8%
of the placebo group, difference of -2.3% - 90%CI,
1.1 to 3.5; P= 0.001), and obtaining a positive re-
sult considering the Least-Squares mean change in
6-Minutes Walk distance from baseline to week 28
(-0,5 m in the treatment group vs -31.8 m in the
placebo arm, with a difference of 31.3 m - 90% ClI,
17.4 to 45.1; P < .001) [84]; due to these data the
phase III study STARSCAPE (NCT04552899) was
subsequently started. In spite of these encouraging
findings, in February 2023 the Sponsor decided to
interrupt the phase III trial after a futility analysis
indicating that the study was unlikely to meet the pre-
defined primary objective of the study.
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The reason for this might not have a univocal ex-
planation: while admittedly it could be true that some
of the analysed molecules are ineffective in treating
IPF, the reverse may still be true; we must still improve
on phase II trials to yield more robust and reliable data,
which will allow us to design high quality phase III
studies. As stated by Podolanczuk et al., the crucial
points for avoiding current issues in future clinical tri-
als are several [85]: phase II trials must be sufficiently
powered to assess safety and heterogeneity of treat-
ment response considering background antifibrotic
use, underlining so the importance of an adequate
sample size, considering then ethnic and sex differ-
ences, with the option to use reliable biomarkers in
future for a precision-based approach. Another point
to evaluate is to consider other outcomes: longitudinal
change of FVC is recognized as the most clinically rel-
evant parameter in IPF, due to its demonstrated corre-
lation to death; but sometimes its measurement might
be susceptible to missing data or patient difficulties in
performing spirometry. For this reason, adding other
outcome such as death for any causes and hospitaliza-
tion for worsening of the respiratory condition could
be considered in the future, as showed in the Clean-
UP-IPF, a trial demonstrating the ineflicacy of the ad-
dition of co-trimoxazole or doxycycline to standard of
care for the treatment of IPF [86]. This crucial point in
the future of clinical trials in IPF has been the theme
of a recent symposium lead by some of the maximum
experts of the field, including also regulatory repre-
sentatives and patients advocates which evaluating the
role of functional measurements (FVC, 6MWT), pa-
tient reported outcomes (PROs), imaging markers and
circulating biomarkers, expressed the need to go be-
yond FVC as the only primary outcome in RCT [87],
underlining the importance of composite outcome
and proposing the integration of adequately validated
PROs as key-endpoints in the future, making a better

understanding of patients feels and function.
Promising molecules in ongoing clinical trials

There are numerous ongoing clinical trials con-
sidering the different targetable pathways in idiopathic
pulmonary fibrosis. It is important to note that mol-
ecules and trials mentioned in this review which have

not completed phase 3, are not assessed based on a
definitive evaluation of data, but are only considered
for their potential, based on the current state of shared
information. Table 1 shows the most recent and cur-
rent phase 3 randomized clinical trials on IPF.

The anti-inflammatory and immunomodulatory
function of PDE4 is already documented in literature,
leading to its use in COPD and psoriasis/psoriatic
arthritis with roflumilast and apremilast, respectively
[88,89]. A third PDE4 inhibitor, crisaborole, was ap-
proved for topical treatment of mild-to-moderate
atopic dermatitis [90]. None of these show any pref-
erential enzymatic inhibition among the four PDE4
subtypes, A=D. Phosphodiesterases (PDEs) mediate
the hydrolysis of second messengers, cyclic adeno-
sine monophosphate (cAMP) or cyclic guanosine
monophosphate (cGMP). There are 11 gene super-
families that encode PDEs, comprising various genes
(coding for subtypes A, B, C, etc.). These genes also
generate alternative mRNA-splicing variants, result-
ing in around 100 different PDE isoforms [91].

Although there may be some functional redun-
dancy among isoenzymes, most PDE isoforms and
variants play specific physiological roles in mammalian
cells. This provides an opportunity to create PDE4 in-
hibitors that target specific subtypes for varied condi-
tions, aiming at optimize effectiveness and tolerance
characteristics. Over the past ten years, evidence has
grown indicating that PDE4 might have a significant
role in fibrosis, supported by animal studies and in
vifro experiments, examining the impact of PDE4 in-
hibitors on fibroblasts functionality. The effectiveness
of PDE4 inhibitors in reducing lung fibrosis has been
observed across diverse experimental setups, notably
in rodents experiencing bleomycin-induced fibrosis.
In rat models, demonstrated reduction of Ashcroft fi-
brosis score, hydroxyproline levels, and serum tumour
necrosis factor-o (TNF-a) [92,93]. Improvement of
lung fibrosis by PDE4 inhibition was not limited to
TGF-B1 effects, have been shown to directly influ-
ence various functions of fibroblasts in human-derived
fibroblast cell lines. Kohyama et al. [94] illustrated
the direct impact of PDE4 inhibitors on fibroblasts
in vitro. In human foetal lung fibroblasts (HFL-1),
both rolipram and cilomilast hindered FN-induced
chemotaxis and the contraction of collagen gels. The
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Table 1. Most recent phase 3 randomized clinical trials on pharmacotherapies for Idiopathic Pulmonary Fibrosis (IPF)

Route of ClinicalTrial. Gov
Molecule Mechanism of Action ~ AdministrationPrimary Outcome Status Identifier
Zirtaxestat Selective Autotaxin Oral Annual Rate Terminated: early ~ NCT03711162;
inhibitor of Decline in FVC discontinuation NCT03733444
up to Week 52 after interim
analysis revealed
the increased
mortality in
the patients
group receiving a
600 mg daily dose
and a lack of efficacy
in all the treatment
groups
BMS-873786 LPA receptor 1 Oral Absolute change Ongoing NCT06003426
antagonist from baseline in forced
vital capacity (FVC)
measured in mL [to
week 52]
Pamrevlumab Humanized monoclonal Intravenous Change From Terminated: NCT03955146,
antibody targeting the Baseline in Forced Zephyrus I did NCT04419558
Connective Tissue Vital Capacity (FVC)  not meet primary
Growth Factor (CTGF) at Week 48 endpoint and,
based on its
results, Zephyrus
I has been
discontinuated
Recombinant Inhibition of Intravenous  Absolute Change in Terminated: futility NCT04552899
Human TGF-B1 production Forced Vital Capacity ~ analysis outcome
Pentraxin-2 and differentiation (FVC [mL]) [from indicated that the
(rhPTX-2; of monocytes into baseline to week 52] study was unlikely to
PRM-151) profibrotic fibrocytes meet the predefined
primary objective of
the study. No new
safety concerns were
identified.
Treprostinil Prostacyclin analogue Inhalatory Change in Absolute Ongoing NCT05255991
FVC from Baseline
to Week 52
BI 1015550 Phosphodiesterase 4B Oral Absolute change Complete NCT05321069
(PDE4B) inibitor from baseline in Forced (enrollment
Vital Capacity (FVC) concluded in
(mL) at Week 52 June 2023)
N-acetylcysteine  Antioxidant effect Oral Time to one of the Ongoing NCT04300920

(NAC)

tested in a selected
cohort of IPF patients
with a TOLLIP
153750920 T'T genotype

following composite
endpoint criteria: 10%
relative decline in
forced vital capacity
(FVC), first respiratory
hospitalization, lung
transplant or death from
any cause.
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inhibitory effect of prostaglandin E2 (PGE2) on fi-
broblast function was enhanced in the presence of
PDE4 inhibitors, and the impact of these inhibitors
was reduced when endogenous PGE2 was blocked by
indomethacin.

BI 1015550, an oral inhibitor, exhibits preferen-
tial targeting of PDE4B with around 10 times greater
selectivity for inhibiting PDE4B compared to other
PDE4 [95] .

FIBRONEER-IPF is a phase III, double blind,
randomized, clinical trial conducted across multi-
ple centres worldwide, using a placebo-controlled
design. It aims to assess the effectiveness and safety
of BI 1015550 in IPF patients, categorized by their
utilization of antifibrotic treatments, spanning a pe-
riod of at least 52 weeks (NCT05321069). The pri-
mary endpoint is absolute change from baseline in
FVC (mL) at week 52. Started in September 2022,
the trial completed its enrolment in June 2023. The
intended enrolment targets 963 patients, randomized
evenly in a 1:1:1 ratio to receive either 9 mg or 18 mg
of BI 1015550 or a placebo administered twice daily.
Moreover, the patients have been stratified based on
their background use of antifibrotic treatments during
screening [96]. The population of included patients is
approximately equivalent to those in all the other pre-
viously described trials, with minor variations in the
FVC and DL cut-off values.

Encouraging data came from the phase 2 trial of
Fibroneer-IPF that shows among patients without
background antifibrotic use, the median change in the
FVC was 5.7 mL (95% CI, -39.1 to 50.5) in the BI
group and -81.7 mL (95% CI, -133.5 to -44.8) in the
placebo group. Among patients with background an-
tifibrotic use, the median change in the FVC was 2.7
ml (95% CI, -32.8 to 38.2) in the BI 1015550 group
and -59.2 ml (95% CI, -111.8 to -17.9) in the pla-
cebo group (median difference, 62.4 ml; 95% CI, 6.3
to 125.5; probability that BI 1015550 was superior
to placebo, 0.986)[97] . Preclinical research indicates
that BI 1015550 exhibits complementary actions to
nintedanib concerning the transformation of human
myofibroblasts and, when used together, they have a
synergistic impact on fibroblast proliferation [95,98].
This data leads us to hope for the future possibility
of using multiple drugs in synergy to target different

pathways simultaneously. On the other hand, the most
frequently encountered side effect with PDE4B is di-
arrhea [97]. Unfortunately, nintedanib commonly pre-
sents the same side effect [9], suggesting that in clinical
practice, combining the two might be compromised by
this common adverse event. Hence, studies and strate-
gies will be necessary to address this possibility and
ensure maximum patient adherence to the therapy.

Market-available oral PDE4 inhibitors are linked
to side effects such as depression, thoughts of suicide,
and related behaviors [99]. During Phase II there was
just one report of suicidal ideation that occurred after
the residual effect period of BI 1015550 [97]. If the
drug will be approved, higher attention in daily clini-
cal practice will be required, in daily clinical practice,
to the anxiety/depression and suicidal behavior as-
pect, conditions that in their reactive form are often
associated with idiopathic pulmonary fibrosis [100].
A unique example of a strategy to address anxiety/
depression disorder is the one proposed by G. D. Ed-
wards et al. demonstrating a significant reduction in
the HADS (Hospital Anxiety and Depression Scale)
score through respiratory rehabilitation [101].

IPF is associated with significant risk of comor-
bidities that may differently influence the prognosis
of patients [102]. Pulmonary Hypertension (PH) fre-
quently complicates the course of patients with IPF,
with a reported wide prevalence range of 10%-86%
[103]. One study demonstrated that IPF patients
with PH documented via right heart catheterization
had a 1-year mortality of 28% versus those without
PH, whose 1-year mortality was only 5.5% [104].
For a long time, it was believed that pulmonary hy-
pertension in idiopathic pulmonary fibrosis (IPF) was
caused by the narrowing of blood vessels due to low
oxygen and damage to the lung’s capillary network
from fibrosis. Although these factors probably play a
role in the development of pulmonary hypertension
in IPF, recent evidences show that other mechanisms
are also involved [105]. Drugs approved for pulmo-
nary arterial hypertension have been investigated in
several randomized controlled trials in PH-ILD pa-
tients, leading to discouraging results until the recent
INCREASE study [106-109]. Among individuals
suffering from pulmonary hypertension caused by in-
terstitial lung disease, the use of inhaled treprostinil
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resulted in enhanced exercise capacity compared to the
initial level, as evaluated through a 6-minute walk test
[109]. Treprostinil is a stable analogue of prostacyclin,
which promotes vasodilation of pulmonary and sys-
temic arterial vascular beds and inhibits platelet aggre-
gation [110]. The INCREASE study was a 16-week
research conducted across multiple centers, employ-
ing randomization, a double-blind methodology, and
a placebo-controlled approach. It aimed to evaluate
the safety and effectiveness of inhaled treprostinil in
326 individuals diagnosed with PH-ILD, which in-
cludes pulmonary hypertension associated with idi-
opathic pulmonary fibrosis (IPF) [109]. Apart from
achieving the primary goal of assessing the 6-minute
walk distance (6MWD) and secondary endpoints, post
hoc analysis of the INCREASE study revealed that
inhaled treprostinil led to notable enhancements in
forced vital capacity (FVC) among PH-ILD subjects
[111]. Furthermore, when focusing on patients with
IPF, FVC improvements of 84.5 mL (SE 52.7; 95%
CI -20.4 to 189.5; p=0.11) by week 8 and 168.5 mL
(SE 64.5; 95% CI 40.1 to 297.0; p=0.011) by week 16
were observed. There was also a significant reduction
in acute disease exacerbations among the IPF patient
group compared to the placebo. The enhancements in
forced vital capacity (FVC) and the reduction in ex-
acerbations related to the underlying lung condition,
as observed in the INCREASE study, indicate that
inhaled treprostinil could represent a viable treatment
choice for individuals diagnosed with IPF.

Based on these findings, a phase 3 randomized
clinical trial, TETON, has been launched as the first
clinical trial investigating an inhaled therapy specifi-
cally designed for IPF. TETON (NCT04708782) will
be a 52-week, randomized, double-blind placebo-
controlled, phase 3 study with a nebulized solution of
treprostinil in patients with IPF. All subjects will initi-
ate to inhale treprostinil (6 pg/breath) or placebo at a
dose of 3 breaths (18 pg) administered four times daily
(during waking hours) and will titrate to a target dos-
ing regimen of 12 breaths (72 pg) four times daily. Ad-
ministering the treatment directly to the lungs might
potentially offer added advantages with fewer adverse
effects when compared to systemic therapy. This trial
aims to investigate the use of inhaled treprostinil in a
manner that closely mirrors real-world treatment for

IPF by avoiding unnecessary restrictions in the inclu-
sion and exclusion criteria, unlike other IPF studies.
Notably, there is not an upper age limit, individuals
on the lung transplant list are eligible for participa-
tion, and the forced vital capacity (FVC) requirement
is set at 245% (with no upper limit). Patients may
also undergo background therapy with pirfenidone or
nintedanib, provided they have been on a stable and
optimized dose for a minimum of 30 days before the
baseline assessment. Like previous trials, the primary
endpoint is the reduction of FVC over 52 weeks.
[112] The potential success of the trial could lead to
the approval of the first “topical” therapy in IPF, con-
sequently offering a treatment with minimal systemic
side effects.

Severalinteresting phase 2 studiesare aboutto com-
mence their recruitment, focusing on next-generation
molecules belonging to the family of monoclonal an-
tibodies, such as vixarelimab (NCT05785624), bind-
ing the beta subunit of the oncostatin M receptor, now
approved for the treatment of chronic Prurigo Nodu-
laris [113] and axatilimab (NCT06132256) directed
to colony stimulating factor-1 receptor (CSF-1R), tar-
geting pathways mediated by profibrotic macrophages,
that was already demonstrated to be a promising novel
treatment strategy for refractory chronic Graft-Ver-
sus-Host-Disease [114]. At present, it is not possible
to comment on the data and rationale behind these
studies as they are still confidential to the sponsoring
entities. It will be necessary to wait for the conclusion
of these studies to analyze the initial results of these
promising new molecules.

The most forward-looking trial stems from a care-
ful observation of the past in IPF therapy. We have
previously mentioned the PANTHER study, which
demonstrated the failure of combination therapy in-
volving azathioprine, prednisone, and NAC [30].
However, a post hoc analysis revealed a potential bene-
ficial effect of NAC in a subgroup of individuals carry-
ing a specific genetic variant, the TOLLIP rs3750920
TT genotype, present in about 25% of patients with
IPF [115]. Those patients had a significant reduc-
tion of hospitalization, death, transplant, <10% FVC
decline compared with those who received placebo.
Those with TOLLIP CT genotype (50% of cohort)

had similar outcomes to those treated with placebo.
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In contrast, the population with the TOLLIP CC
genotype (25% of the cohort) indicated a trend for un-
favorable outcomes with NAC treatment [115]. The
TOLLIP gene encodes a ubiquitin-binding protein,
regulating the innate immune response by inhibiting
Toll-like receptor (TLR) signaling. TLRs are piv-
otal in the innate immune response against diverse
pathogen-associated molecular patterns. Changes in
TLR expression and signaling have been associated
with the progression and mortality of IPF [115-117] .

In PRECISIONS-IPEF, a phase 3, multi-center,
randomized, double-blind, placebo-controlled trial the
patients will be selected, for the first time in IPF Trial,
by genotyping (NCT04300920). Patient with TOL-
LIP rs3750920 TT genotype, while receiving standard
of care, will be randomized to NAC (600 mg tablets to
be taken three times a day) or placebo in a 1:1 ratio and
will last 24 months. The study is also at the forefront
for its trial procedures; in fact, patients will be offered
the opportunity to participate in monitoring through
home spirometry three times a week in the morning
using a portable spirometer. In well-trained patients,
home spirometry has proven to be a reliable tool in
monitoring the progression of IPF [118]. The eco-
nomic aspect of the potential approval of NAC in this
population should not be underestimated. A recent
published systematic review has shown that NAC +
pirfenidone were the most eflicacious, tolerable and
cost-effective therapy in IPF [119].

The precision medicine approach is still lacking
in pulmonary fibrosis, patients with IPF have highly
heterogenous clinical trajectories, and prognosis for
each individual patient is difficult to predict. These key
differences among patients suggest that subgroups of
patients may respond differently to treatments.

Another opportunity for IPF therapy is to op-
timize treatments already approved by exploring al-
ternative administration routes. Pirfenidone stands
as the first antifibrotic that received worldwide ap-
proval for IPF therapy [120]. Patients undergoing
oral pirfenidone therapy may commonly experience
gastrointestinal side effects and skin rashes, lead-
ing both physician and patient to consider switching
to nintedanib or discontinuing antifibrotic treatment
[121]. Considering this, a phase 1b trial (AP01-002
ACTRN12618001838202) comparing the safety and

tolerability of nebulized APO1 (a novel formulation of
inhaled pirfenidone) 50 mg once daily or 100 mg two
twice a day has been proposed to evaluate differences in
terms of safety of same molecule with different routes
of administration. The most common treatment-
related adverse events (frequency, % of patients) were
all mild or moderate and included cough (14, 15.4%),
rash (11, 12.1%), nausea (8, 8.8%), throat irritation
(5,5.5%), fatigue (4, 4.4%) and taste disorder, dizziness
and dyspnea (three each, 3.3%). Side effects commonly
associated with oral pirfenidone in other clinical trials
were less frequent with AP01 [122] .

Research has not focused only on drugs able to
target specific pathways involved in the typical pro-
gressive scarring of lungs, but also on some important
aspects like symptoms and particularly chronic cough
[123]), that represents an important cause of quality of
life impairment. In IPF cough does not show a clear
correlation with pulmonary function, in addition there
are some evidence showing an heightened cough re-
flex sensitivity in this patients and a decrease in cough
frequency during sleep suggesting a neurological in-
volvement [127] [128]. Gefapixant, a P2X3 recep-
tor antagonist, has been investigated in patients with
treatment-resistant and unexplained chronic cough;
unfortunately, it did not meet the pre-specified pri-
mary objective of reduction in awake cough frequency
[129] . Mixed opioid agonists/antagonists can reduce
chronic cough by pharmacologically acting on the
opioid system potentially at both peripheral and cen-
tral nervous system levels [130]. An interim analysis
of phase 2 data indicates that NAL ER (Nalbuphine
Extended Release) is the first therapy with a signifi-
cant reduction in IPF-related hourly daytime chronic
cough frequency [131]. Based on this evidence a phase
2b trial will commence recruitment in 2024 to confirm
and strengthen these findings (NCT05964335).

Another relevant therapeutic issue related to IPF
is the treatment of acute exacerbations, dramatic events
marked by a rapid clinical and radiological worsening
that may lead to death. Unfortunately, there are not
effective treatments for patients experiencing acute
exacerbation, with only retrospective series providing
evidence. Consequently, therapeutic approaches for
these patients are often anecdotal or based on personal
experience [132]. The 2011 international guidelines on
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IPF recommended glucocorticoids for most cases of
acute exacerbation; however, this was a weak recom-
mendation relying on expert opinion [120]. Results
from EXAFIP trial clarify that cyclophosphamide
added to glucocorticoids in AE-IPFs increase 3
months mortality [133]. In 2021 Tejaswini et al. pro-
posed a triple therapy strategy for autoantibody reduc-
tion in acute exacerbations, combining therapeutic
plasma exchanges (TPE), two doses of rituximab, and
four intravenous immunoglobulin (IVIG) infusion.
This article shows that this association is related to an
improvement in gas exchange, rapid response to thera-
pies, and cumulative one year survival. The data should
be assessed with the caveat that the cited study lacked
a control cohort [134]. For these reasons, a clinical trial
(STRIVE-IPF) is currently recruiting to test this tri-
ple therapy with the methodological rigor of randomi-
zation placebo/control cohort (NCT03286556).

Conclusion

Pharmacological treatment of IPF remains one
the most challenging aspect in the field of ILDs and
the entire respiratory medicine. The efforts made by the
scientific community in the past led to efficient drugs
able to slow down the decline typical of the disease,
but it is not enough considering its still unfortunate
prognosis. Preclinical studies to better understand the
mechanisms underlying this condition are still needed.
Meantime, the proposal of several new molecules and
the recent new insights in the design of clinical trials
represent the basics of promising future results.
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