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Idiopathic pulmonary fibrosis (IPF) is a disease of progressive lung remodelling characterised by
metaplastic epithelial cells, re-epithelialised air spaces (microscopic honeycombing), lymphoid aggregates,
leukocyte accumulation (including macrophages, dendritic cells and mast cells), angiogenesis,
lymphangiogenesis, fibroblast foci and excess matrix deposition [1, 2]. On average, untreated patients
diagnosed with IPF succumb to the disease within 3 years of diagnosis [2]. This dismal prognosis has
improved following approval of pirfenidone and nintedanib for disease management [3, 4]. These drugs
cut disease progression in half, and likely improve survival. By showing that IPF is a treatable condition,
approval of pirfenidone and nintedanib has accelerated interest in developing other medications that
effectively treat IPF, with several nearing phase 3 of development [5].

Pirfenidone and nintedanib were approved in an era when no medications were available for treating IPF.
This mandated that the medications be studied in placebo-controlled trials. With their success, it may
prove challenging and ethically questionable to enrol large placebo-controlled clinical trials of novel IPF
therapies using clinical measures as the primary endpoint, because patients may prefer to use pirfenidone
or nintedanib as background therapy to ensure that, at a minimum, their disease progression is slowed.
Placebo-controlled trials designed as add-on therapy on top of approved anti-fibrotic therapy will require
large populations of patients [6]; therefore, increasing attention has been paid to preclinical and early
clinical development. The alternative approach would be to enrol a placebo-controlled trial consisting of
patients that have either failed or are intolerant to pirfenidone and nintedanib. Although this study design
has been employed for small phase 2 trials [7, 8], it may be risky to propose such an approach for larger
trials, because it remains uncertain whether there are sufficient numbers of patients failing with
conventional therapy to enable enrolment in a reasonable timeframe. How these challenges with study
design will play out in future studies remains to be seen, as a phase 3 trial testing a novel IPF therapy
since the approval of pirfenidone and nintedanib has yet to be completed. In an ongoing phase 3 trial
evaluating the efficacy and safety of GLPG1690 (Clinicaltrials.gov, NCT03733444 and NCT03711162),
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background therapy is the local standard of care for the treatment of IPF defined as either pirfenidone or
nintedanib, or neither pirfenidone nor nintedanib (for any reason).

Considering these challenges, the study by Kuauw et al. [9] published in this issue of the European
Respiratory Journal, investigated the safety, efficacy and pharmacokinetics of PBI-4050, a novel orally active
small molecule, was evaluated. Pharmacokinetic profiles for PBI-4050 were similar in the PBI-4050 alone
and PBI-4050+nintedanib groups but significantly reduced in the PBI-4050+pirfenidone group (reduced
half-life of PBI-4050), suggesting a drug-drug interaction. Such interaction illustrates that the use of
background therapy with pirfenidone or nintedanib may increase the complexity of drug development,
and that pharmacokinetics and interaction need be carefully assessed before engaging in larger,
placebo-controlled trials. Nevertheless, this 12-week open-label study did not find safety concerns with
PBI-4050 and paved the way for its further development.

This study further illustrates additional barriers to designing future clinical trials, which include that the
precise mechanism of action of PBI-4050 remains unknown, although the compound is known to bind
the GPR40 and GPR84 G-protein coupled receptors. Similarly, the binding partners of pirfenidone and
the most relevant kinase(s) inhibited by nintedanib remain unknown [10]. Furthermore, despite recent
efforts [11-13], the cellular and molecular elements of lung remodelling that are modulated by these
drugs remain unknown. Given the involvement of multiple pathways in the pathogenesis of IPF, it is
conceivable that drugs targeting multiple molecules or pathways be more effective than more selective
therapies [14]. However, not knowing specifically how pirfenidone or nintedanib slow IPF progression
limits rational design of clinical trials for several reasons. Most importantly, perhaps, is the question of
whether the candidate therapy targets molecular pathways independent of pirfenidone or nintedanib,
and whether this can be predicted. Furthermore, without knowing which element of lung remodelling is
favourably modulated by pirfenidone or nintedanib, it is challenging to predict whether a candidate
medication, such as PBI-4050, will provide additional benefit to a specific cellular element of lung
remodelling. This challenge is further increased by the lack of reliable preclinical models of IPF in which
candidate drugs can be tested [6].

The recent publication by Luxey et al. [15], also in this issue of the European Respiratory Journal,
illustrates approaches investigators are using to overcome uncertainties when developing novel IPF
therapies. Building on preclinical studies implicating the PI3K/Akt/mTOR axis in lung fibrosis [16], this
phase 2 study investigated the safety, tolerability, pharmacokinetics and pharmacodynamics of the PI3K/
mTOR inhibitor omipalisib in patients with IPF. In addition to traditional pharmacokinetic measures of
omipalisib in blood, the concentration of omipalisib was also measured in bronchoalveolar lavage fluid
and cells harvested from lavage fluid. Target engagement was confirmed by data showing decreased
pAKT/AKT and PIP3/PIP2 ratios in bronchoalveolar lavage cells. These analyses are unique because they
confirmed therapeutic levels of omipalisib in the organ of interest. Not surprisingly considering the small
study, there was no impact of the drug on forced vital capacity (FVC). However, a biological effect of
omipalisib in lung tissue was shown by dose- and exposure-dependent reduction in fludeoxyglucose
positron-emission tomography (FDG-PET) uptake in fibrotic regions of lung. Side-effects in
omipalisib-treated subjects included diarrhoea and increases in insulin and glucose in some subjects.
Overall, these complementary data showing that omipalisib penetrates the lung compartment, where it has
a biological effect, should guide the design of larger phase 2a or phase 3 studies by informing the dose of
omipalisib that optimally balances the likelihood of achieving a biological effect in the lung while limiting
side-effects of the medication.

There are limitations to the approach and findings reported by Lukey et al [15]. The design as a
pharmacological and pharmacodynamic study, which generally requires a relatively small sample size to
achieve significant endpoints, did not inform whether omipalisib impacts clinically meaningful endpoints
such as change in FVC or survival. Further, FDG-PET uptake, the endpoint selected to confirm biological
activity of omipalisib, has not been shown to be a clinically relevant pharmacodynamic endpoint in IPF.
Therefore, the impact of omipalisib on FDG-PET uptake may be biologically relevant, but ultimately not
prove to be clinically relevant. The study nicely defined the pharmacokinetics of omipalisib in IPF
patients, but not in the context of pirfenidone or nintedanib therapy, which would have been useful when
considering future clinical trial design, as shown for PBI-4050 [9]. Similarly, since omipalisib needs to be
studied in the context of background therapy, it will be important to understand whether it impacts the
drug levels of pirfenidone or nintedanib, potentially affecting the baseline effectiveness of combined
treatment in a placebo-controlled trial.

The study reported by Lukey et al [15] emphasises the value of obtaining molecular data confirming a
target is being engaged by novel therapeutic compounds, in the patient population of interest, prior to
enrolling larger clinical trials. In a recent phase 2a study comparing the autotaxin inhibitor GLP1690,
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TABLE 1 Molecular endpoints to consider when developing novel therapies for idiopathic
pulmonary fibrosis

Endpoint Tissue compartment
Pharmacokinetics of study drug Blood/lung
Pharmacokinetics of pirfenidone and nintedanib in presence of study drug Blood/lung

Study drug-specific molecular endpoint Blood/lung
Molecular imaging using target-specific probe Lung

Candidate remodelling-specific molecular markers Blood

CCL18 [macrophages)
MMP7, MMP3, SPD, CA-125 (lung epithelium)
CXCL13 (lymphoid aggregates)
Collagen degradation products, COMP (matrix/fibroblasts)
Lung-specific cellular or molecular responses to drug Lung
BAL cells, fluid
Lung tissue

BAL: bronchoalveolar lavage.

engagement of the target was demonstrated by assessment of serum concentration lysophosphatidic acid
C18:2 in plasma [7], warranting further evaluation of safety and efficacy. Conversely, in a negative
placebo-controlled study using carlumab, a monoclonal antibody against CCL2, high levels of free CCL2
were found in subjects receiving treatment, suggesting that suppression of free CCL2 for prolonged
periods did not occur [17]. The data provided by Lukey et al. [15] should be reassuring to both the
sponsor and patients involved in future trials that the target is being engaged and that a study will not
fail due to under-dosing the medication. Their robust evidence supporting a pharmacological effect of
omipalisib, in the organ of interest, at a concentration that modulates lung fibroblasts [15], highlights an
approach that could also be used to generate molecular data supporting future development of a drug for
treating lung fibrosis. Additional molecular data that could be useful (table 1) are quantification of
molecular markers, shown to be a readout of a molecular pathway, either in serum [12, 18], lavage fluid
(Clinicaltrials.gov, NCT01371305), or potentially even lung tissue, provided the drug is administered to
patients prior to undergoing a diagnostic lung biopsy or the molecular endpoint is quantifiable in
endobronchial or transbronchial biopsy tissue. Examples include measuring changes in circulating levels
of matrix degradation products, which could yield information regarding whether a drug modulates
matrix turnover [19, 20]. Similarly, CCL18, CXCL13, or MMP7, CA-125 and MMP3, could be quantified
as measures of the macrophage, lymphoid aggregate or metaplastic epithelial cell element of lung
remodelling in IPF patients [21-24]. Molecular imaging using probes that quantify expression of specific
molecules [25] or their activity [26] are gaining traction [27] for use in drug development. These probes
are attractive because they are noninvasive, specific and, theoretically, can be administered serially to
individual patients to quantify relative changes in expression of a target molecule in individual patients
over time.

In conclusion, the manuscript by LUukey et al [15] provides a framework for the type of early clinical
studies and molecular endpoints to consider measuring when developing new therapies for IPF and how
these endpoints may be used to establish biological activity of the drug in humans. During drug
development it is also important to consider how the activity of the new treatment integrates with what is
known about the pharmacological and biological activity of pirfenidone and nintedanib. Toward that end,
additional molecular information is needed to define how pirfenidone and nintedanib modulate the lung
remodelling and excess matrix deposition found in IPF patients, so this information can be integrated into
future drug development.
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