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Abstract: Idiopathic pulmonary fibrosis is a progressive fibrosing interstitial lung disease
for which there is no known cure. Currently available therapeutic options have been shown at
best to slow the progression of the disease and thus there remains an urgent unmet need to
identify new therapies. In this article, we will discuss the mechanisms of action, pre-clinical
and clinical trial data surrounding inhibitors of the autotaxin-lysophosphatidic acid axis,
which show promise as emerging novel therapies for fibrotic lung disease.
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Introduction
Idiopathic Pulmonary Fibrosis (IPF) is an incurable, interstitial lung disease (ILD)
characterised by chronic, progressive fibrosis and respiratory failure. Currently

=3 and

available therapies at best slow the inexorable decline in lung function
recent recommendations promoting high standards of clinical care in IPF, suggest
a focus on best supportive care from the point of diagnosis.* In this article, we will
discuss the mechanisms of action, pre-clinical and clinical trial data surrounding
inhibitors of the autotaxin-lysophosphatidic acid axis (ATX-LPA), novel drugs

showing promise as emerging future therapeutic interventions in IPF.

Idiopathic Pulmonary Fibrosis (IPF)
Epidemiology

IPF is a chronic, progressive fibrotic lung disease of unknown origin, limited to the
lung and occurring primarily in older adults. Morbidity and mortality associated
with the disease is high, with a median survival of only 2—3 years from diagnosis.>*
A systematic review of the global databases of IPF suggests that the prevalence of
IPF is increasing worldwide, with incidence rates reported to be between 2.8 and
9.3 per 100,000 per year in North America and Europe’* with growing economic
health care burden.’

Pathogenesis
Much has been learnt about the pathogenesis of this idiopathic fibrotic lung disease
over the past decade. A comprehensive review of the factors thought to be
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important in the development of IPF is beyond the scope
of this article and has been recently reviewed by

others;'%!!

thus, key concepts are outlined below.

Current paradigms suggest that the repetitive injury of
an inherently dysfunctional alveolar epithelium is a crucial
initiating factor in IPF, resulting in the activation of multiple
pathways mediating the fibrotic cascade.'? Failure of the
epithelium to regenerate disrupts the alveolar capillary
membrane (ACM) barrier,"? promoting capillary leak of
proteins, activation of the coagulation cascade'* and abnor-
mal neovascularisation in an attempt at ongoing repair.'>'®

Transforming growth factor B (TGF B) plays a central
role in the mediation of the fibrotic process in IPF,'” pro-
moting apoptosis, epithelial to mesenchymal transition,
extracellular matrix deposition and recruitment and activa-
tion of fibroblasts with differentiation into myofibroblasts.
Collections of fibroblasts/myofibroblasts (fibrotic foci)
deposit extracellular matrix (ECM) in abundance, with pro-
gressive lung remodelling and disruption of the normal
architecture, with evidence of temporal and spatial hetero-
geneity; a usual interstitial pneumonia (UIP) pattern of

fibrosis that is the pathological hallmark of the disease.'®'®

Anti-Fibrotic Medications

Two anti-fibrotic drugs are currently approved for the
treatment of IPF; pirfenidone and nintedanib.'>"
Pirfenidone is a novel compound that was shown to
exhibit both anti-inflammatory and anti-fibrotic proper-
ties in pre-clinical models.?’*' Pooled analyses of three
large-scale Phase III multicentre trials (CAPACITY 1+2
and ASCEND) suggested that pirfenidone at 2403 mg/
day (delivered in divided doses, three
reduced the proportion of patients experiencing
a forced vital capacity (FVC) of >10% or death by
43.8%.%* Nintedanib is a triple tyrosine kinase inhibitor
of vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF) and fibroblast growth
factor (FGF).** Parallel Phase III, multicentre rando-
mised controlled trials (INPULSIS I and II) demon-
strated a significant reduction in the rate of FVC

times daily)

decline over a 52-week period, in IPF patients receiving
nintedanib compared to placebo. More recently, ninteda-
nib has also been shown to slow FVC decline in
a broader spectrum of progressive fibrosing ILDs other
than IPF, in a large phase III clinical trial INBUILD).**

Meta-analysis suggests that pirfenidone and nintedanib
treatments demonstrate similar efficacy in terms of slow-
ing the rate of FVC decline in IPE*>*® So treatment

decisions in this context are usually driven by tablet load
or side effect profiles.>” Neither pirfenidone nor nintedanib
has been able to demonstrate stabilisation or even
improvement in lung function and there remains no cure
for this devastating disease. The medications are often
poorly tolerated leading to discontinuation in
a significant proportion of patients.”® As such, best sup-
portive care and symptom control are central to disease
management. It is unclear whether antifibrotic medications
improve symptoms such as breathlessness and cough or
whether their beneficial effect on functional decline results
in increased survival. As such, there is an ongoing need to

develop more effective novel therapies.

The Autotaxin

(AT X)-Lysophosphatidic Acid (LPA)
Axis

Phospholipid growth factors (PLGFs) are a family of lipids
with growth factor-like properties. Lysophosphatidic acid
(LPA) is a member of the PLGF family that promotes
a diverse range of physiological cellular functions by binding
to specific G-protein-coupled receptors (LPAR 1-6), present
within the plasma membrane (Figure 1). Downstream signal-
ling cascades include those involved in cell proliferation, cell
motility, cell invasion, apoptosis and the chronic inflamma-
tory response.”’ LPA is present in abundance in the circula-
tion, with activated platelets being considered one of the
primary sources,” although it may be generated from numer-
fibroblasts,*?

adipocytes,”® alongside its presence in microvesicle exo-
30,34

ous cells, including cancer cells,’'
somes released from activated inflammatory cells.
There are two main pathways to produce LPA: firstly, LPA
can be produced from phosphatidic acid (PA) by phospholi-
pase A; (PLA) and phospholipase A, (PLA,) family mem-
bers. The majority of LPA in the circulation is produced via
an alternative pathway, however, in which PLA; and PLA,
first convert phospholipids to lysophospholipids, such as
lysophosphatidylcholine (LPC),** which can then be con-
verted to LPA by autotaxin (ATX).

ATX (also known as ENPP2 — ectonucleotide pyropho-
sphatase-phosphodiesterase) is a secreted lysophospholi-
pase D (lysoPLD) that derived its name based on its
property as an “autocrine motility factor” when first iso-
lated in melanoma cell culture.’® Five catalytically active
isoforms are known to exist in humans, formed by alter-
native splicing of the ENPP2 gene.*® Although the exact

role of each isoform is not fully understood, isoform B is
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Figure | Schematic diagram of the Autotaxin-Lysophosphatidic acid (ATX-LPA) axis in fibrotic lung disease. The majority of LPA in the circulation is produced from
hydrolysis of lysophosphatidylcholine (LPC), mediated by the secreted enzyme ATX. LPA is also produced from phosphatidic acid (PA) by its deacylation, catalysed by
phospholipase A (PLA)-type enzymes. The biological roles of LPA are diverse and include developmental, physiological, and pathophysiological effects. This diversity is
mediated through multiple downstream signalling pathways activated following the binding of LPA to membrane G protein-coupled receptors. One of the most important
roles of the ATX-LPA axis following development, is in the mediation of wound healing and tissue remodelling through its pleiotropic effects on multiple cell types. The ATX-
LPA axis has been implicated in the development of pulmonary fibrosis. Preclinical models have suggested that signalling through LPA| and/or LPA, receptors, LPA can disrupt
the alveolar-capillary membrane by promoting epithelial cell apoptosis and increasing vascular permeability; a key initiating event in current paradigms of idiopathic
pulmonary fibrosis (IPF). LPA stimulates fibroblast migration (predominantly through LPA;) and o,Bs-mediated TGF-f activation through epithelial cell activation —
considered to be the archetypal fibrotic mediator. Through LPA; LPA induces IL-8 secretion from epithelial cells, a powerful neutrophil chemoattractant and stimulator
of the chronic inflammatory response. LPA, has however been described as an inducer of both pro-inflammatory and anti-inflammatory responses. LPA¢ receptor is
abundantly expressed in the lung, but it’s possible role in pulmonary pathophysiology and fibrosis has yet to be explored.

most abundant, likely accounting for the majority of ATX/
LPA pathophysiological effects.”’

ATX is catalytically active in most biological fluids,
including serum/plasma, bronchoalveolar lavage fluid
(BALF), cerebrospinal fluid and urine.*® The major source
of ATX in the circulation is considered to be adipose tissue,
following the observation that conditional deletion of the
ATX gene specifically in adipocytes, results in a reduction in

whilst hetero-
40,41

plasma LPA levels of approximately 38%,
zygous ATX" gene deletion results in a 50% reduction.

Role of ATX-LPA Axis in
Embryological Development and

Normal Lung Maintenance

The sequence and structure of ATX proteins are highly
conserved in humans and mice, highlighting its physiolo-
gical importance.*” In the developed lung ATX is

constitutively expressed predominantly by bronchial
epithelial cells and macrophages, whilst it can also be
detected in BALF.** Table 1 summarises the studies that
have used transgenic mice to further understand the role of
the ATX-LPA axis in normal development and lung
homeostasis.

ATX is absolutely critical for embryological develop-
ment, since ATX null mice die at day 9.5, secondary to
Furthermore, ATX
levels must be carefully regulated to ensure coordinated

.4
vascular and neural crest anomalies.*

vascular formation, as ATX overexpression is also lethal
due to severe vascular defects.** Approximately 50% of
LPARI null mice demonstrate perinatal lethality due to
craniofacial defects and difficulties suckling,* whilst in
contrast, heterozygous LPARI1® deficient mice survive
postnatally but demonstrate phenotypic lung abnormalities

with impaired pulmonary alveolarisation.*® LPAR2 null
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Table |

Summary of preclinical studies manipulating the

Autotaxin-Lysophosphatidic Acid (ATX-LPA) Axis

Author

Genetic

Manipulation

Effect

Van Meeteren et al*’

ATX -/- null mice

Embryonic lethality

heterozygous null

Tanaka et al* at day 9.5-10.5
secondary to vascular
defects and neural crest
anomalies.

Tanaka et al* ATX + No overt phenotypic

abnormality with 50%

overexpression in

mice embryos

mice reduction in plasma
ATX.
Yukiura et al*? ATX Embryonic lethality day

9.5 due to severe

vascular defects.

Mouratis et al*’

Transgenic ATX

overexpression in

Normal lung

phenotype.

deletion of ATX in

bronchial

bronchial No attenuation of LPS
epithelium induced lung injury.
Contos et al** LPAR, -/- 50% perinatal lethality.
Remaining 50%
demonstrate reduced
body size and
craniofacial defects.
Funke et al*® LPAR, * Reduced alveolar septal
heterozygous formation.
deficient mice
Contos et al*® LPAR, -/- No phenotypic defect.
Normal viability.
Oikonomou et al*? Conditional Normal macroscopic

appearance of lungs.

Attenuation of BLM

deletion of ATX in
alveolar

epithelium induced pulmonary
fibrosis compared to
controls.
Oikonomou et al * | Conditional Normal macroscopic

appearance of lungs.
Attenuation of BLM

deletion of ATX in
alveolar

epithelium

macrophage induced pulmonary
fibrosis compared to
controls.
Oikonomou et al*? Conditional Normal macroscopic

appearance of lungs.
No effect on severity of
lung fibrosis in BLM
preclinical models.

(Continued)

Table | (Continued).

Author Genetic Effect

Manipulation

LPAR, *

heterozygous

Tager et al*® Attenuation of BLM
induced pulmonary
deficient mice fibrosis compared to

controls.

Huang et al®? LPAR; -/- null

mice

Reduction in infiltrating
neutrophils.
Attenuation of BLM
induced pulmonary
fibrosis compared to

controls.

LPAR

pharmacological

Swaney et al®? Attenuation of BLM
induced pulmonary
antagonist in mice | fibrosis compared to

controls.

Abbreviations: LPAR, lysophosphatidic acid receptor; BLM, bleomycin; LPS,
lipopolysaccharide.

mice have normal viability however and show no pheno-
typic abnormalities.*” LPA; is essential for normal embryo
implantation, as such, LPAR3 null mice demonstrate
abnormalities in reproduction.*®

Heterozygous ATX * deficient mice or genetic abroga-
tion of bronchial cell ATX expression does not affect the
macroscopic appearances of the lungs of mice, suggesting
small amounts of LPA within the lung, together with
possible extrapulmonary sources of LPA*® are sufficient
for normal lung development and maintenance.*'****°
Furthermore, transgenic overexpression of ATX in the
bronchial epithelium also results in a normal lung pheno-
type, suggesting that the mere presence of ATX and LPA is

not adequate to induce lung damage in isolation.>”*’

The ATX-LPA Acxis in Pathological

Circumstances

More generally, one of the most important roles of the ATX-
LPA axis following development, is in the mediation of
wound healing and tissue remodelling through its pleiotropic
effects on multiple cell types, stimulating platelet aggrega-
tion and promotes the migration of immune cells, fibro-
blasts, endothelial cells into sites of tissue damage.”® The
ATX-LPA axis has been implicated in a multitude of pathol-
ogies including the development of atherosclerosis, the
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regulation of glucose homeostasis and obesity-related insu-

lin resistance and inflammatory arthritis; reviewed
elsewhere.?’

ATX-LPA signalling has long been associated with
cancer initiation, progression and metastasis since the
first isolation of ATX in melanoma cell culture by
Stracke et al in 1992.*° The common pathway appears to
relate to chronic inflammatory upregulation of ATX by
cancer cells or the surrounding environment, with conco-
mitant upregulation of LPA receptors and sustained down-
stream signalling promoting angiogenesis, alongside
cancer cell growth and survival.** It is beyond the scope
of this review to fully describe the recent advances in
understanding the role of the ATX-LPA axis in cancer,
which has eloquently been summarised by others.**°
Nevertheless, despite the apparent relevance of ATX and
LPARs in cancer, no inhibitors have progressed to cancer-
related clinical trials thus far.

Signalling through the ATX-LPA axis appears to be
a common pathway signature of fibrosis; being implicated
in the fibrosis of several organs including the liver, skin,
kidney and lung.***'>® For example, plasma LPA levels
and higher serum ATX activity correlate with histologic
stage of fibrosis, which has thus been proposed as a novel

biomarker in liver cirrhosis.>*>>

Role of LPA-ATX Axis in Pulmonary

Fibrosis
The ATX gene (Enpp2) was identified as a candidate gene
controlling lung function, development and remodelling
through genome-wide linkage analysis, coupled with
expression profiling.>®

Immunohistochemical analysis of the fibrotic lungs of
mice challenged with bleomycin demonstrates increased
ATX expression that is localised to the bronchiolar epithelial
cells and macrophages, with additional weak alveolar cell
staining and increased ATX levels in corresponding BALF
samples.*® Similarly, ATX localises most prominently to the
hyperplastic bronchial epithelium in human lung tissue of
patients with IPF by immunohistochemistry, with additional
staining of the alveolar epithelium, fibroblastic foci cells and
alveolar macrophages.*> Levels of LPA and ATX are both
elevated in the BALF and exhaled breath condensate of IPF
patients.**>”® Conditional deletion of ATX in the bronchial
epithelial cells or macrophages of mice, both attenuated
bleomycin (BLM)-induced fibrosis as demonstrated through
reduction in lung collagen and BAL cell counts compared to

controls, whilst in contrast, specific-alveolar cell deletion of
ATX had no significant protective effect.* These findings
corroborated the pulmonary sources of ATX whilst also
establishing a pathogenic role for ATX.

Hydroxamic acids represent a novel class of ATX inhi-
bitors. One of the most potent in vitro compounds (inhibitor
32) exhibited promising efficacy in a murine model of
pulmonary fibrosis with reduced inflammatory cell influx
(by approximately 50%), vascular permeability and col-
lagen deposition in treated mice compared to BLM
controls.>® Several other novel compounds including aro-
matic phosphonates and anti-ATX DNA aptamers (RB-014)
have been developed demonstrating pharmacological inhi-
bition of ATX and abrogation of BLM-induced pulmonary
fibrosis in murine models.®®®' Conflicting results were
obtained by Black et al, however, who reported that ATX
inhibition ~with PAT-048 (Bristol Myers Squibb;
W02012024620) had no effect on BLM-induced pulmon-
ary fibrosis;*® differences in experimental conditions or
models may explain these contradictory findings. More
recently, the therapeutic potential of targeting ATX has
gained momentum, with the identification of a novel small
molecule inhibitor (GLPG1690; Galapagos), that attenuated
BLM-induced pulmonary fibrosis and has subsequently
been entered into clinical trials (see later).®®

In agreement with a pathogenic role for the ATX-LPA
axis in the development of pulmonary fibrosis, genetic
deletion mice of either LPAR1°® or LPAR2%* or pharma-
cological inhibition of LPA; receptor®® protects against the
development of bleomycin-induced pulmonary fibrosis. In
these studies, reduced alveolar and bronchial epithelial
TUNEL" positive cells were observed in transgenic mice,
suggesting that LPA may promote epithelial cell apoptosis
through LPA; and/or LPA, as an initiating event in the
development of fibrosis in this model and in keeping with
current paradigms of IPF. Furthermore, LPAR1 deficient
mice exhibited reduced vascular leak, suggesting a role for
LPA in promoting alveolar-capillary membrane disruption
or endothelial permeability upon injury.’® LPA also pro-
motes re-organisation and proliferation of lung
fibroblasts®’ through LPA264 but not LPA, receptors.58
Critical roles for LPA signalling through LPA; have addi-
tionally been shown in skin and kidney pre-clinical models

5152 ¢onsidered to be an aberrant and excessive

of fibrosis,
response to injury.

It is acknowledged that inflammatory mediators play
a role in the development and progression of pulmonary

fibrosis, despite the failure of anti-inflammatory therapies.
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Through LPA; LPA induces IL-8 secretion from epithelial
cells, a powerful neutrophil chemoattractant and stimulator
of the chronic inflammatory response®” and can thus the-
oretically affect the inflammatory component of pulmon-
ary fibrosis. LPA, has however been described as an
inducer of both pro-inflammatory and anti-inflammatory
responses.’’ LPAg receptor is also abundantly expressed in
the lung, but the possible role in pulmonary pathophysiol-
ogy and fibrosis has yet to be explored.*’

TGF-B (Transforming growth factor-B) is considered
an archetypal fibrotic factor, considered to mediate several
pathologically important aspects of the fibrotic cascade,
such as myofibroblast differentiation, extracellular matrix
(ECM) deposition, epithelial to mesenchymal cell transi-
tion and downstream signalling following epithelial cell
injury.®® Several reports suggest that the ATX-LPA axis
may promote fibrosis through TGF-§ activation; LPA sig-
nalling through LPA, has been shown to induce o,fs.
mediated activation of TGF-B in lung epithelial cells,®’
induces TGFP expression in fibroblasts in vitro,®® and
stimulate lung fibroblast to myofibroblast differentiation.®

In summary, the ATX-LPA axis has been shown to
promote pleiotropic effects for multiple pulmonary cell
types indicated in the pathogenesis of pulmonary fibrosis
and provided proof of principle for the clinical develop-
ment of pharmacological interventions in IPF.

Inhibitors of ATX-LPA Axis in

Clinical Trial Development in IPF

A number of ATX and LPA signalling antagonists have
now been entered into clinical trials and are summarised
below (Table 2).

Galapagos: GLPG1690

Pre-Clinical Evaluation

High throughput screening (HTS) is a scientific method in
which hundreds of experimental samples are simulta-
neously analysed under given conditions. Via this method,
2,3,6-trisubstituted imidazole[1,2 — a|pyridine derivatives
were identified as ATX inhibitors.> After several struc-
tural modifications and improvements in pharmacokinetic
properties and safety profile, a potent selective ATX inhi-
bitor was identified; initially labelled as compound 11, it
was subsequently named as GLPG1690.%

The ability of GLPG1690 to inhibit the in vivo con-
version of LPC to LPA was initially demonstrated in rats,
with a sustained reduction in plasma LPA levels following
a single oral dose of GLPG1690.%> Subsequently, it was
shown to reduce the histopathological appearances of
BLM-induced pulmonary fibrosis in murine pre-clinical
models, reducing ECM deposition by nearly 50% and
reducing LPA concentrations in BALF by approximately
70% compared to BLM-controls, and with an efficacy

Table 2 Autotaxin (ATX) and Lysophosphatidic Acid (LPA) receptor antagonists in clinical development

Name of Trial Company Phase | Trial Number Mechanism of Action | Disease
Drug
GLPG1690 Galapagos 3 NCTO03711162 Autotaxin inhibitor Idiopathic pulmonary fibrosis
(ISABELA 1)
NCT03733444
(ISABELA 2)
BBT 877 Bridge | NCTO03830125 Autotaxin inhibitor Pulmonary fibrosis
Biotherapeutics
Boehringer Ingelheim
GLPG1690 Galapagos 2a NCT03798366 Autotaxin inhibitor Systemic sclerosis: skin
NCT03976648 disease
SAR100842 Sanofi 2 NCTOI16551143 LPA,| receptor antagonist | Systemic sclerosis
BMS-986,278* Bristol-Myers Squibb | | NCT03981094 LPA,| receptor antagonist | ldiopathic pulmonary fibrosis
BMS 986,020 Bristol-Myers Squibb | 2 NCTO1766817 LPAR, receptor Idiopathic pulmonary fibrosis
antagonist

Note: *This agent has been voluntarily withdrawn from clinical development due to hepatobiliary toxicity.
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comparable (at lower dose) or superior (at higher dose) to
that of the reference compound pirfenidone.®®

Preliminary work using explanted fibroblasts from IPF
lung tissue suggested that this effect was in part mediated
through inhibition of TGF-f} induced expression of fibrotic
mediators, including connective tissue growth factor
(CTGF), interleukin-6 (IL-6) and endothelin-1 (ET-1);
with an additive inhibitory effect of GLP1690 with
nintedanib.””

Phase | Trials

Phase 1 clinical trials with GLPG1690 included a two-
week randomised, double-blind, placebo-controlled trial
assessing the safety, tolerability, pharmacokinetics (PK)
and pharmacodynamics of single or multiple doses of the
in healthy males (n=40)(NCT02179502).
GLPG1690 was well tolerated up to a single dose of

compound,

1500 mg and up to 1000 mg twice daily for 14 days,
with accompanied reduction in plasma LPA levels, occur-
ring in a concentration-dependent manner. The most com-
mon treatment-emergent adverse effect (TEAE) was
headache, followed by diarrhoea and nasopharyngitis,
with no significant adverse effects on electrocardiogram
(ECG) or vital signs. In one subject (1000 mg once daily
cohort) aspartate aminotransferase (AST) levels rose to
2.25 times the upper limit of normal, but normalised
after 7 days at follow up.”' A second randomized, open-
label, crossover phase 1 trial compared the bioavailability
of tablet and capsule formulations of GLPG1690 and
evaluated the effect of food on the tablet formulation
(NCT03143712).”* Tablet and capsule formulations had
similar PK profiles, and no clinically significant food
effect was observed when comparing tablets taken in fed
and fasted states. These findings supported the ongoing
clinical development of GLPG1690.

Phase 2a (FLORA) Trial

The FLORA trial was a phase 2a trial randomised, multi-
centre, placebo-controlled study to assess the safety, toler-
ability, pharmacokinetics (PK) and pharmacodynamics of
GLPG1690 in patients with IPF (NCT02738801).” In this
study, a total of 23 IPF patients (FVC>50% and
DLCO>30%), were randomised 3:1 to once-daily
GLPG1690 600 mg or placebo for 12 weeks. Exclusion
criteria included treatment with pirfenidone, nintedanib or
prednisolone >15mg/day, within 4 weeks of screening.
Primary endpoints were safety and tolerability, with sec-
ondary endpoints that included FVC, changes in disease

biomarkers, functional respiratory imaging and health-
related quality of life (HRQOL) (assessed by St George’s
Respiratory Questionnaire, SRGQ). Twenty participants
completed the study (one in each group discontinued due
to AEs; one on GLPG1690 withdrew consent).

The PK profile of GLPG1690 was equivalent to that
seen in the phase 1 trials in healthy participants and
resulted in a sustained reduction in plasma LPA levels,
demonstrating target engagement. TEAE was mostly mild
to moderate, occurring at a similar rate in both groups
(n=4 placebo, n=11 GLPG1690 non-significant), the most
common ones being infections and infestations (10 events)
with no obvious difference from the placebo group. There
was one report of cholangiocarcinoma in the GLPG1690
group; symptoms were noted on day 1 after intake of
GLPG1690, but the symptoms had actually started during
the month prior to randomisation. Two further serious
adverse events were reported in the placebo group, one
developing urinary tract infection, acute kidney injury and
and the
showing second-degree atrioventricular block on ECG.

lower respiratory tract infection other
All three subjects were discontinued from the study.
There were no reports of death or exacerbation of IPF in
either group. No significant change was noted in the
SGRQ for either group, suggesting there was no deteriora-
tion in symptoms in the 12-week period.

Whilst the study was not powered to detect differences
between treatment and placebo groups, preliminary effi-
cacy evaluation revealed encouraging results with a mean
change from baseline in forced vital capacity (FVC) of
+25 mL for GLPG1690 (week 12) and —70 mL for pla-
cebo; the latter in keeping with that observed in placebo
IPF groups in pooled analyses of pirfenidone and ninteda-
nib in phase III clinical trials at 3 months.”*’* This study
gave the confidence to further assess the novel ATX inhi-
bitor in a larger population of IPF patients over a longer

duration.

Phase 3 (ISABELA | and 2)

GLPG1690 is currently being evaluated in phase III clin-
ical trials. ISABELA 1 and 2 (NCTO03711162 and
NCT03733444) are two identically designed, international,
double-blind,
controlled multicentre studies appraising the efficacy and
safety of two doses of GLPG1690, in addition to standard
of care (SOC), for a minimum of 52 weeks, in patients
with IPE.” Initiated in November 2018, the completion
date is planned for late 2021. It has been powered such

randomised, parallel-group,  placebo-
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that approximately 750 participants with IPF will be
enrolled in each study, randomised 1:1:1 to receive either
200 mg once daily of GLPG1690, 600 mg once daily of
GLPG1690 or placebo in addition to standard of care
(SOC) (defined as pirfenidone or nintedanib or neither).

The primary endpoint of the study is the rate of decline
of FVC over 52 weeks, with planned secondary endpoints
of disease progression (10% or more absolute decline in
FVC) or all-cause mortality, time to first respiratory-
related hospitalisation and change in HRQOL (SGRQ).
The results of this trial will be eagerly awaited as the
single dosing schedule of GLPG1690 may have advan-
tages over current anti-fibrotic regimes.

BBT-877

BBT-877 is a selective potent ATX inhibitor that is being
developed in collaboration with Bridge Biotherapeutics
and Boehringer Ingelheim. The molecule is currently in
phase 1 studies having shown promise in pre-clinical
BLM-induced lung fibrosis animal models, reducing
body weight loss, lung weight and Ashcroft score, as
well as collagen content, compared to the vehicle-treated
group.”® Only mild adverse events were noted in 80
healthy volunteers receiving oral treatment over two
weeks, with reductions in plasma LPA concentrations,
confirming target engagement.”® The phase 1 trial results
are expected to be finalised shortly (NCT03830125) and
entrance into Phase II trials within the next 12 months.

BMS-986,020/BMS-986,278

The safety and efficacy of BMS-986,020 (Bristol-Myers
Squibb), an LPA, receptor antagonist, has recently been
assessed in a Phase II trial for the treatment of IPF
(NCT01766817).”” This randomised, double-blind, pla-
cebo-controlled trial was conducted over a period of 26
weeks, with a primary end point of rate of change in FVC
from baseline. Of 143 IPF patients randomised, 108
completed the 26-week dosing schedule. Whilst patients
treated with BMS-986,020 experienced a statistically sig-
nificantly slower rate of decline in FVC compared to
placebo (—0.042 L vs 0.134 L, respectively), dose-
related derangements in liver enzyme tests were observed
and the trial was terminated early due to three cases of
cholecystitis thought to be directly related to the trial
drug, with voluntary withdrawal from further clinical
development. Similar safety concerns were not observed
in phase 1 trials of healthy volunteers and pre-clinical
research comparing BMS-986,020 with a structurally

distinct LPAR1 antagonist BMS-986,234 suggests that
this may be an off-target effect specific to BMS-
986,020, related to inhibition of hepatobiliary transpor-
ters and bile composition rather than a class-effect of
LPA antagonists.”® BMS-986,278 is a next-generation
LPARI1 receptor antagonist that does not show hepato-
biliary toxicity in pre-clinical studies in rat, monkey and
multiple in vitro systems’® and may be a future candidate
for clinical trials.

Inhibitors of ATX-LPA Axis in
Clinical Trial Development in

Systemic Sclerosis
Systemic sclerosis (SSc) is an autoimmune condition of
the connective tissue and vasculature, characterised by
inflammation, fibrosis and vasculopathy of multiple organs
including the skin and lungs.*

The ATX-LPA axis has also been implicated in the skin
fibrosis that accompanies SSc. In human skin, tissue injury
increases LPA production®! and elevated circulating levels
of LPA have been isolated from patients with SSc com-
pared to controls, in the absence of any significant differ-
ences in ATX activity.*?

Increased ATX staining has been detected in human
lung samples of patients with fibrotic non-specific inter-
stitial pneumonia (fNSIP); one of the commonest histo-
pathological subtypes of fibrosis seen in SSc.* In contrast,
minimal staining was identified in samples of cellular
NSIP which is classically corticosteroid responsive, possi-
bly indicating that ATX up-regulation is associated with
more fibrotic forms of interstitial lung disease than more
inflammatory subtypes.*’ In keeping with this hypothesis,
in pre-clinical models of lipopolysaccharide (LPS)-
induced acute lung injury (ALI), although BALF levels
of ATX increased following instillation of LPS, neither
genetic nor pharmacological targeting of ATX had bene-
ficial effects in reducing ALI severity, suggesting differ-
ential involvement of the ATX-LPA axis in acute versus
chronic pulmonary inflammation.*’

ATX expression (both mRNA and protein) is elevated
in the dermis of BLM-injected mice compared to
LPA
through LPA,, is required for dermal fibrosis, with both

controls.®  Furthermore, signalling, specifically
genetic deletion and pharmacological inhibition of ATX
expression (ATX PAT-048) leading to attenuation of skin
fibrosis through inhibition of an ATX-LPA-IL-6 amplifica-

tion loop.’"** This same group showed similar results in
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cultures of dermal fibroblasts from patients with SSc.®
Together, these results suggest that directed pharmacolo-
gical inhibition of LPAR or the ATX-LPA-IL6 amplifica-
tion loop may represent an innovative pathway to target
fibrosis associated with SSc.** Indeed, phase III clinical
trials of Tocilizumab, a monoclonal antibody against the
IL6-receptor have shown promising results both in terms
of improving skin scores and stabilisation of lung fibrosis
in SSc¢.*

Sanofi SAR100842, an oral antagonist of the LPA;
receptor, has entered Phase II trials for the treatment of
SSc (NCT 01651143).%° The safety of SAR100842 was
assessed in a double-blind, randomised, eight-week pla-
cebo-controlled study with a 16-week open-label exten-
sion study. Fifteen patients received the active trial drug
(n=17 placebo) and the most frequent adverse events
reported were headache, diarrhoea, nausea, and falling,
all mild to moderate. The safety profile was acceptable
during the open-label extension and gene signature analy-
sis suggested target engagement. Whilst, the ATX inhibi-
tor GLPG1690 (NCT03798366 and NCT03976648) has
entered into phase 2a trials, evaluating the efficacy, safety
and tolerability of the orally administered agent in patients
with systemic sclerosis, with a primary endpoint of
change in skin fibrosis scores. Further studies are eagerly
awaited.

Conclusions

IPF remains a devastating progressive fibrotic lung dis-
ease for which there is no cure. Existing antifibrotic
medications have been shown to slow disease progres-
sion but can be poorly tolerated and do not treat symp-
toms of the disease, and as such, there is an unmet need
to develop more effective therapies. We are at an excit-
ing time where several novel agents that interfere with
LPA signalling could become viable therapeutic modal-
ities for IPF in the future. In the context of sustained
ATX inhibition, the production of small amounts of LPA
by alternative pathways, such as the PLA; and PLA,
enzymes, is likely to provide sufficient LPA for physio-
logical homeostasis, without driving pathology. Whilst
these novel therapies appear to be well tolerated thus
far, it is imperative that ongoing trials continue to assess
safety, particularly given the pleiotropic effects of LPA
signalling, the important role LPA has in repair follow-
ing tissue injury and the resultant potential for unin-
tended off-target consequences.
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