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Abstract
The last 2 years have presented previously unforeseen challenges in pulmonary medi-
cine. Despite the significant impact of the SARS-CoV-2 pandemic on patients, clini-
cians and communities, advances in the care and understanding of interstitial lung
disease (ILD) continued unabated. Recent studies have led to improved guidelines,
better understanding of the role for antifibrotics in fibrosing ILDs, prognostic indica-
tors and novel biomarkers. In this concise contemporary review, we summarize many
of the important studies published in 2021, highlighting their relevance and impact to
the management and knowledge of ILD.
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INTRODUCTION

Interstitial lung disease (ILD) refers to a heterogeneous
group of over 200 disorders with varied clinical presentation
and prognoses. Major advances have occurred in the last
decade in this area, and despite the ongoing COVID-19 pan-
demic and its related challenges, there were major advances
in the research of ILD in 2021, including pathogenic mecha-
nisms of disease, novel potential therapeutic targets and
identification of novel biomarkers.

MECHANISMS OF DISEASE

Key points
• The genetics of ILD is complex, with modern GWAS
identifying numerous candidate genes involved in
pathogenesis and possible therapeutic targets.

• Immune cells play a key role in fibrogenesis, and
antifibrotics have been shown to reduce B-cell-
induced fibroblast migration and activation.

• Several novel potential therapeutic pathways have
been described in IPF and ILD, including targeting
fibrocytes, exosomes, matrix metalloproteinases,
IL-23 and fatty acids.

Genetics and epigenetics

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic
lung disease, with a median survival of 3–5 years, and it is the
archetypal form of fibrotic ILD.1,2 Recent genome-wide asso-
ciation studies (GWAS) have consistently demonstrated that
the gain-of-function MUC5B promoter variant is the domi-
nant genetic risk factor for the development of IPF.3,4 In
IPF patients, excessive MUC5B protein can be found in
areas of lung fibrosis and in other cells and has been dem-
onstrated to be measurable in bleomycin mouse models of
fibrosis.5 What remains unclear is the disconnection
between relatively high prevalence of MUC5B mutations in
the general population, yet a rarity of IPF. Dobrinskikh
et al. examined separate diversity outbred strains of mice
administered bleomycin. They identified a variety of phe-
notypes including strains with extensive fibrosis and high
Muc5b expression, limited fibrosis and low expression, and
strains that had no relationship between Muc5b and fibro-
sis.6 Further cluster analysis indicated that other factors
likely are at work in concert with or independent of Muc5b
to promote fibrosis.

A rarer genetic association with fibrotic ILD is that of
telomerase-related gene (TRG) mutations and short telomere
syndromes, and van der Vis et al. sought to examine the risk
of pulmonary fibrosis in family members of TRG mutation
carriers who did not inherit the mutation.7 Following whole-
exome sequencing of 99 probands, they identified 20 probands
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with TRG variants and screened each proband’s family and
identified five family members with fibrosis and no TRG
mutation. They further showed that non-TRG variant carrier
patients displayed short telomere length in the lung or in the
blood, likely inherited from a TRG mutation carrier ancestor,
suggesting that just because the TRG mutation was not
inherited the risk may still be present.

To further understand the complex molecular landscape of
IPF, Konigsberg et al. applied an integrative systems biology
multiomic approach, utilizing DNA methylomic, coding and
non-coding transcriptomic and proteomic data from IPF lungs
compared to control.8 This analysis confirmed previously vali-
dated pathways known to be dysregulated in IPF and identified
novel molecular features. Interestingly, this multiomic
approach suggested that 18 regions of differential methylation
and 10 long non-coding RNAs may be important in the regu-
lation of matrix metalloproteinase 7 (MMP7),9,10 providing
potential novel therapeutic avenues for this pathway.

Furthermore, McErlean et al. investigated epigenetic
changes in alveolar macrophages in patients with IPF.11 They
identified a distinct DNA methylation pattern in alveolar
macrophages compared to circulating monocytes and revealed
differentially methylated positions (n = 11) and differentially
methylated regions (n = 49) between IPF and controls. Inter-
estingly, the differentially methylated positions encompassed
genes involved in glucose and lipid metabolism and the
changes were associated with IPF disease severity, and

importantly the epigenetic heterogeneity was not associated
with accelerated ageing. Moreover, a study by Cui et al. dem-
onstrated the role of lactate in driving epigenetic alteration of
macrophage function,12 and that increased lactate of
myofibroblast origins in fibrotic mouse lungs was taken up by
macrophages and resulted in histone lactylation, resulting in
the upregulation of profibrotic genes.

Fibroblast and epithelial cell biology

It has been previously shown that B cells when exposed to
certain microbial antigens are activated and release profibrotic
metalloproteases, cytokine and chemokines.10,13–15 Ali et al.
examined B cells from patients with IPF,16 demonstrating that
B cells secrete profibrotic and pro-inflammatory proteins in
response to microbial antigens (CpG or β-glucan). Microbial
antigens increased the secretion of IL-6, IL-8 and MMP7 in B
cells; subsequently, the supernatant from the antigen-exposed
B cells was used to stimulate fibroblasts. They demonstrated
that fibroblast migration and activation was significantly
increased after exposure to these activated B cells compared
to control. They further demonstrated that both nintedanib
and pirfenidone altered the secretory profile of B cells and
nintedanib, but not pirfenidone, reduced B-cell-induced fibro-
blast migration and activation, indicating separate mecha-
nisms of action and differential effects (Figure 1).

F I G U R E 1 Recently reported pathogenic mechanisms in interstitial lung disease. B cells secrete profibrotic and pro-inflammatory proteins in response
to microbial antigens, and increased IL-6, IL-8 and matrix metalloproteinase 7 (MMP7) lead to activated fibroblasts and increased migration.16 The Notch
pathway is involved in myofibroblast differentiation, and reduced Notch3 signalling results in less α-smooth muscle actin (αSMA), collagen type 1 (Col1a1)
and other profibrotic gene expression from fibroblasts.17 Abnormal extracellular matrix (ECM) in fibrotic lung tissue increases the expression of cellular and
extracellular vesicle (EV) expressed miR-21-5p from fibrocytes, which exert pro-fibrotic effects and upregulation of Col1a1 in fibroblasts leading to further
ECM19
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Fibroblast differentiation to myofibroblasts and their
activation is an essential element in the pathogenesis of
fibrosis and the Notch pathway has been reported to be
involved in myofibroblast differentiation. To determine the
relevance of Notch3 (activity of which is present in collagen-
expressing cells of the lung), Vera et al. used a Notch3-
knockout mouse model.17 Following bleomycin injury,
Notch3-knockout animals had significantly fewer α-smooth
muscle actin (αSMA)-expressing myofibroblasts and less
induction of profibrotic genes compared to controls. Further
in vitro experiments demonstrated that Notch3 participates
in fibroblast survival and differentiation. Hence, the Notch
pathway appears to be involved in fibrogenesis in the lung
and offers a potential novel target (Figure 1). While fibro-
blast activation is persistent in fibrotic disease, in other con-
ditions such as wound healing, it is a transient process, and
this is also seen in resolution of fibrosis in bleomycin
injury models; hence, a clearer understanding of the deac-
tivation of fibroblasts may give insight into novel thera-
peutic targets. Tan et al. characterized gene signature of
fibroblasts isolated from control mice with those isolated
at days 14 and 30 after bleomycin exposure, representing
the peak of extracellular matrix (ECM) deposition and an
early stage of fibrosis resolution.18 RNA sequencing anal-
ysis of freshly sorted fibroblasts identified novel candi-
date antifibrotic genes and pathways. Aldh2 and Nr3c1
were two such genes that were decreased at day 14 and
reversed at day 30, and enhanced expression of these
genes in cultured fibroblasts resulted in reduced

profibrotic gene expression, fibronectin deposition and
collagen gel compaction, indicative of important roles in
fibroblast deactivation.18

Potential novel therapeutic pathways

Other novel pathways of fibrosis reported include the interplay
between fibrocytes and fibroblasts. Sato et al. demonstrated
that ECM in fibrotic lung tissue increases the expression of cel-
lular and extracellular vesicles that expressed miR-21-5p from
fibrocytes, which exert pro-fibrotic effects and upregulation of
collagen type 1 (Col1a1) in fibroblasts.19 Melfin was demon-
strated to be of importance to cell senescence and transforming
growth factor beta (TGFβ) fibrogenesis,20 and it was shown
that alveolar type 2 (AT2) cells isolated from IPF demonstrate
transcriptomic features of cellular senescence, and that senes-
cence rather than loss of AT2 cells promotes progressive fibro-
sis, which occurs in a p53-dependant manner. Targeting
senescence-related pathways may be a promising therapeutic
potential in early fibrosis.21

MMPs, IL-23 and fatty acids were all recently examined
as potential therapeutic targets in IPF. Espindola et al.
reported the utility of targeting MMP9 with an anti-MMP9
antibody, demonstrating increased MMP9 expression in air-
way cells from IPF lungs and blocking MMP9 with an anti-
MMP9 antibody showed mixed response in patient-derived
cells. This response was associated with interferon expression;
thus, targeting MMP9 signalling may have benefit in a subset

F I G U R E 2 Novel potential therapeutic targets in interstitial lung disease. Matrix metalloproteinase 9 (MMP9) blockade with the monoclonal antibody,
andecaliximab, led to response in lungs with a type I interferon-rich environment with increased concentrations of CXCL10 (CXC motif chemokine ligand 10)
and by reducing transforming growth factor beta (TGFβ) signalling and decreasing fibrotic extracellular matrix (ECM) deposition. Epithelial–mesenchymal
transition (EMT) creates an environment facilitating fibrosis following alveolar epithelial cell injury.22 IL-23-induced EMT is dependent on mammalian target of
rapamycin (mTOR) signalling and can be reversed by rapamycin,23 or potentially targeted blockade by anti-IL-23 antibody which can attenuate airway
inflammation in acute exacerbations.24 Stearic acid reduced the TGFβ-induced expression of α-smooth muscle actin (αSMA) and collagen type 1 (Col1a1) in
fibroblasts, indicating potential novel antifibrotic properties.26 Recent studies of IL-13 blockade using the monoclonal antibody, lebrikizumab, was demonstrated
to be well tolerated and safe, but lebrikizumab alone or in combination with pirfenidone did not reduce the rate of forced vital capacity87
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of IPF patients who have sufficient expression of type 1 inter-
ferons.22 Zhang et al. demonstrated that IL-23 upregulated
αSMA and collagen-I/III protein, reduced caveolin-1 and
induced invasion of AT1 cells, indicative of promoting
epithelial-to-mesenchymal transition (EMT). They further
revealed that IL-23-induced EMT was dependent on mam-
malian target of rapamycin (mTOR) signalling and could be
reversed by rapamycin inhibition of mTOR. Transcriptional
analysis of rheumatoid arthritis-associated ILD lung tissue
and fibroblasts identified increased IL-23 expression,
supporting a role for IL-23 in driving fibrosis through
mTOR-driven EMT in epithelial cells.23 Additionally, Senoo
et al. showed that IL-23 levels were higher in the
bronchoalveolar lavage (BAL) fluid of IPF patients with acute
exacerbation and treating mice with anti-IL-23 antibody
attenuated airway inflammation and fibrosis, further
supporting the potential for IL-23 blockade as novel ther-
apy.24 It has been previously reported that long-chain fatty
acids are increased in IPF lungs25; however, Kim et al.
analysed IPF lungs with an unbiased lipidomic screen and
identified that stearic acid levels were decreased and further
demonstrated that stearic acid significantly reduced the
TGFβ-induced expression of αSMA and collagen type 1 in
fibroblasts.26 Moreover, stearic acid reduced fibrosis in a
bleomycin mouse model, indicating that stearic acid may
have novel antifibrotic properties26 (Figure 2).

DIAGNOSIS AND PROGNOSTICATION

Key points
• International clinical practice guidelines on
hypersensitivity pneumonitis, sarcoidosis and
Sjogren’s-related lung disease provide an invalu-
able adjunct for clinicians and highlight the need
for further research in this area.

• Both the proportion of adipose tissue and the vas-
cular volume on CT imaging are associated with
the development of interstitial lung abnormalities
and may be modifiable risk factors.

• Peripheral blood monocyte count predicts pro-
gression of IPF.

As the awareness of ILD subtypes increases and with
therapies available, it is paramount that ILD is diagnosed
early, correctly classified and there is a growing need to
appropriately stratify and prognosticate.27

Society guidelines and documents

The American Thoracic Society (ATS) published clinical
practice guidelines on the diagnosis of hypersensitivity
pneumonitis (HP) in 2020,28 and the CHEST guidelines for

‘Diagnosis and Evaluation of Hypersensitivity Pneumonitis’
were published in 2021.29 These guideline documents
address several parallel diagnostic questions with the ulti-
mate aim of providing guidance on the diagnosis of HP and
both guidelines’ diagnostic approaches share numerous
similarities. Importantly, the CHEST guidelines address
several diagnostic issues not covered by the ATS. The most
noticeable difference is the probabilistic reasoning during
the stepwise diagnostic process, leading to importance in
establishing likelihood of antigen exposure and not dichot-
omizing as yes or no. The other notable difference is that
the CHEST guidelines do not recommend BAL for lym-
phocyte analysis in all patients considered to have HP,
especially in patients with a typical HRCT pattern and
compelling exposure history. However, both documents
reported that all evidence was of low quality and that the
diagnosis of HP should be a patient-centred approach with
significant multidisciplinary input.29

The European Respiratory Society published clinical
practice guidelines on treatment of sarcoidosis,30 with rec-
ommendations on treatment of pulmonary, cutaneous, car-
diac and neurological sarcoidosis as well as constitutional
symptoms, particularly fatigue. An update in guidelines for
treatment of sarcoidosis has been long awaited, given that
the prior iteration was published in 1999.31,32 However, the
authors of the current guideline felt that based on the avail-
able evidence the indications for treatment of pulmonary
sarcoidosis remain unclear and are mostly on case-to-case
basis; clearer outcome measures and better clinical trials are
needed to adequately support future recommendations. Also
published were the CHEST ‘Consensus Guidelines for Eval-
uation and Management of Pulmonary Disease in
Sjogren’s’.33 While most of the evidence was considered low
quality due to the lack of randomized, placebo-controlled
trials, the recommendations span topics of assessment and
management of airway disease, ILD and lymphoproliferative
disease in Sjogren’s.

Screening and early diagnosis

Due to the progressive nature of most ILD subtypes, the
need for earlier diagnosis and screening is increasingly
apparent. Interstitial lung abnormalities (ILAs) refer to spe-
cific computed tomography (CT) findings that are poten-
tially compatible with ILD.34 The Multi-Ethnic Study of
Atherosclerosis (MESA) is an ongoing prospective cohort
study that enrolled 6814 adults aged 45–84 years between
2000 and 2002 with numerous subsequent follow-up exami-
nations. Anderson et al. evaluated adipose tissue and the risk
of ILD; while previous work examining the link between
BMI and parenchymal lung disease had been inconsistent,
the authors demonstrated that in the MESA cohort, for
every doubling in pericardial adipose tissue volume there
was 20% increase in the odds of ILAs and for visceral adi-
pose tissue there was 30% increased odds and lower forced
vital capacity (FVC) measures.35 They concluded that
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increased pericardial and/or abdominal visceral adipose tis-
sue were associated with early lung injury and thus, adipose
tissue may represent a modifiable risk factor for ILAs and
an early indicator of ILD risk.35 Another large analysis of
CT findings in the Framingham Heart Study found that
lower pulmonary vascular volumes on CT were associated
with greater odds of ILAs and restrictive spirometry, identi-
fying another possible early predictor of significant ILD.36

With the emergence of novel approaches, there remains
the possibility that lung biopsy need can be further reduced
in the diagnostic work up of ILDs. Richeldi et al.37 reported
that combining HRCT imaging findings with molecular
transcription signatures from transbronchial biopsy could
accurately identify a usual interstitial pneumonia (UIP) pat-
tern and potentially avoid the need for surgical lung biopsy.
The Envisia Genomic Classifier diagnostic test provides a
binary result of either positive or negative for UIP and,
when combined with HRCT patterns, had a sensitivity of
72.9% and specificity of 90.6%. Together with the growing
use of cryobiopsy, this type of approach may further reduce
the need for traditional surgical biopsies.38 Moreover, prior
preliminary studies demonstrated that endobronchial optical
coherence tomography (EB-OCT), a minimally invasive,
real-time, optical imaging modality that provides in vivo 3D
imaging, had potential as a low-risk method for evaluation
of ILD without biopsy.39 Nandy et al. examined EB-OCT in
27 patients and reported that this was 100% sensitive and
specific for diagnosing UIP and clinical IPF.40 Due to the
ability to image several areas of the lung during bronchos-
copy and avoiding the need for general anaesthesia, this is
an attractive future diagnostic option and warrants further
study. Another emerging non-invasive tool in pulmonary
medicine is the analysis of exhaled breath volatile organic
compounds, which are generated by cells during different
metabolic and pathological states.41 Moor et al. performed
exhaled breath analysis on 370 individuals (322 ILD; 48 con-
trols) using eNose technology. eNose sensors accurately dif-
ferentiated ILD from controls and reliably distinguished IPF
from other ILDs, with receiver operating characteristic anal-
ysis demonstrating areas under the curve of 0.91 and 0.87.
Exhaled breath analysis may serve as a novel biomarker of
ILD and may have future utility in diagnosis and
screening.42

Prognostication and novel biomarkers

Several approaches to predicting progression have been
explored including traditional methods, novel modifications of
these methods and experimental biomarkers. Robbie et al.
demonstrated that a decline in CT measures of lung volume
over time provides evidence of disease progression in IPF and
can predict outcome better than FVC.43 Noth et al. reported
on the utility of home spirometry as a valid measure of FVC
decline in IPF.44 They demonstrated that the mean adherence
to recording weekly home spirometry was 86% and there were
strong correlations between home and clinic measurements

indicating that home spirometry is a feasible and valid measure
in IPF. However, estimates of rate of decline from home mea-
surements correlated poorly with laboratory spirometry, hence
its utility as a predictive tool remains unclear.44 Furthermore,
Oldham et al. demonstrated that lung FVC appears to vary
considerably across ILD subtypes, even in those with a progres-
sive fibrosing (PF) phenotype, hence caution needs to be
applied when assessing FVC decline.45

The inability to predict short-term decline in FVC has
led to the exploration of alternative biomarkers or progres-
sion. Huang et al. examined transcriptional changes in blood
over 4 months in 74 IPF patients and compared stable to
progressive patients. Single-cell RNA sequencing analysis of
peripheral blood monocytes identified natural killer cells as
significantly correlated with progression.46 Correspondingly,
Kreuter et al. performed a retrospective pooled analysis in
2067 patients47 from the phase III studies, ASCEND,48

INSPIRE49 and CAPACITY,50 to examine whether periph-
eral monocyte count at baseline predicted progression. They
reported that monocyte counts above 0.60 � 109 cells/L at
baseline were associated with a significantly increased risk of
IPF progression, hospital admission and death over 1 year.
Interestingly, a study by Stewart et al. reported that circulat-
ing fibrocytes were not associated with IPF disease activity
and elevated fibrocyte levels were not specific to disease sta-
tus, hence they have limited prognostic value.51 Other
molecular and protein biomarkers have been recently exam-
ined as prognosticators of ILD, including collagen turnover
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F I G UR E 3 Collagen turnover products correlate with survival in
pulmonary fibrosis. Neoepitope biomarkers of types III and VI collagen
turnover (C3M, C6M, PRO-C3 and PRO-C6) were measured in
185 patients with newly diagnosed idiopathic pulmonary fibrosis. High
baseline levels of C3M, C6M, PRO-C3 and PRO-C6 were associated with
more advanced disease at the time of diagnosis. Figures show Kaplan–Meier
curves of survival of participants in the Pulmonary Fibrosis Biomarker
(PFBIO) cohort followed up for 3 years. Patients are divided according to
the number of high neoepitope biomarkers (C3M, C6M, PRO-C3 and
PRO-C6) at baseline. Reproduced from Hoyer et al.,52 with permission
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products (Figure 3), KL-6 and CYFRA-21-1 (Figure 4).52,53

Clynick et al. demonstrated that aggregating known poten-
tial biomarkers into a progression index may provide addi-
tional utility in predicting disease course.54 Combining
osteopontin, MMP7, intercellular adhesion molecule-1 and
periostin in this progression index accurately predicted pro-
gression, stability and mortality in three independent IPF
cohorts,55–57 thus applying that a composite biomarker
approach may be the future.

Disease progression and mortality

The true burden of IPF has often been difficult to measure
and accurately quantify58; Jeganathan et al. addressed this in
their study of mortality trends in the United States due to
IPF.59 They reported that from 2004 to 2017 the age-adjusted
mortality of males with IPF reduced by 4.1% from 75.5 deaths

per million to 72.4 deaths and this was decreased in females
by 13.4%. The reasons for reduction in mortality are unclear,
whether it is related to smoking rates, earlier diagnosis, man-
agement, frailty levels or environmental/geographic factors
remains to be seen.60,61 Cutting et al. demonstrated that
patient-reported family history of fibrosis predicts reduced
survival in both IPF and non-IPF ILD, indicating that a posi-
tive family history should be considered in prognosticating
risk.62 Additionally, Lee et al. reported that the risk of several
cancers in IPF is increased, with a significant risk of lung can-
cer (hazard ratio 5.89), thus demonstrating the need for clini-
cians to consider this risk when managing IPF.63 An
additional factor in mortality over the last 2 years has been
COVID-19 and while it was previously reported that ILD
conferred increased risk of death,64 Gallay et al. demonstrated
that the case fatality rate in fibrotic ILD was 35% compared
to 19% with other ILDs, hence the need for acute awareness
of this risk in IPF and PF-ILD patients.65

F I G U R E 4 Serum KL-6 and CYFRA 21-1 are associated with the presence and extent of systemic sclerosis-associated interstitial lung disease (SSc-ILD).
KL-6 is a mucin-like glycoprotein (MUC1) that is expressed by type II pneumocytes, and CYFRA 21-1 is expressed by alveolar and bronchiolar epithelial
cells. Serum KL-6 and CYFRA 21-1 levels were measured in a retrospective (n = 189) and a prospective (n = 118) cohort of SSc-ILD patients. Serum KL-6
and CYFRA 21-1 correlated with the presence and severity of ILD, with higher levels in SSc-ILD compared to SSc-no ILD, and in extensive compared to
limited ILD. Serum KL-6 levels in no-ILD, limited ILD and extensive ILD in the (A) retrospective and (B) prospective cohorts. Serum CYFRA 21-1 levels in
no-ILD, limited ILD and extensive ILD in the (C) retrospective and (D) prospective cohorts. Central lines indicate median values with boxes showing the
25th and 75th percentiles, whiskers indicate upper and lower quartile + 1.5 � interquartile range. Reproduced from Stock et al.,53 with permission
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THERAPEUTIC ADVANCES IN ILD

Key points
• Antifibrotics are associated with reduced all-cause
mortality in fibrosing ILDs, and are safe and well
tolerated in older populations, those with multi-
ple comorbidities and in those with telomerase
gene mutations.

• Inhaled N-acetylcysteine may lead to a poorer
outcome in IPF, and proton pump inhibitors
have no specific benefit in IPF.

Non-pharmacological management remains a keystone
in the care of ILD, and studies on cough66,67 and peripheral
muscle training continue to be conducted,68 without any
clear effect demonstrated yet. Exercise induces
thoracoabdominal asynchrony and is associated with dys-
pnoea and desaturation in fibrotic lung disease69 and daily
physical activity may predict disease progression.70 Marillier
et al. demonstrated that exercise-induced hypoxaemia was
associated with fatigue and this could be reversed with
ambulatory supplementary oxygen.71 Separately, Dowman
et al. showed that interval exercise can facilitate ILD patients
to complete high-intensity exercise without worsening dys-
pnoea, fatigue or desaturation.72

Antifibrotics in fibrosing ILDs

The use of antifibrotics in IPF48,73 and PF-ILDs74 has become
standard of care and with clear efficacy in reducing the rate
of lung function decline. Many questions remain regarding
treatment initiation, safety75 and effectiveness on mortality.
Indeed, the initial report of the INBUIILD trial demonstrated
that nintedanib slowed FVC decline over 1 year, and the
recent report of the entire trial period supported the evidence
that nintedanib reduced progression, exacerbations and
death.76 The SENSCIS trial examined the efficacy of
nintedanib compared to placebo in a cohort of 576 systemic
sclerosis-associated ILD (SSc-ILD) patients. Nintedanib was
associated with a lower risk for FVC decline and a trend
towards reduced death,77 further confirming the utility of
nintedanib in SSc-ILD. Independently, Roofeh et al. demon-
strated that tocilizumab (a humanized monoclonal antibody
targeting IL-6 receptor) administered to early SSc-ILD stabi-
lized FVC over 48 weeks regardless of radiological severity,
reinforcing the need to manage SSc-ILD in multidisciplinary
team with rheumatologists and pulmonologists.78

A meta-analysis by Petnak et al. of 12,956 patients from
26 separate studies revealed that antifibrotics were associated
with reduced all-cause mortality across subgroups, underpin-
ning their utility in PF-ILD.79 Whether antifibrotics should
be commenced in advanced disease or in older patients were
also addressed. Durheim et al. examined disease progression

and mortality following initiation of antifibrotics in patients
with advanced IPF (n = 66) compared to mild to moderate
IPF (n = 436).80 They identified that patients with advanced
IPF did not demonstrate more rapid lung function decline
but did have higher mortality, indicating that prospective
studies in high-risk groups are required. Glaspole et al.
assessed the efficacy of nintedanib in patients with IPF who
were elderly and had multiple comorbidities from pooled data
of five separate clinic trials.81 They showed that the efficacy of
nintedanib on FVC decline was consistent regardless of com-
orbidities or age, but the rate of drug discontinuation was
markedly higher in patients over 75 years and with more
comorbidities.81 Justet et al. addressed antifibrotic safety in
patents with TRG mutations, demonstrating that both
pirfenidone and nintedanib appeared safe in a cohort of
89 patients and reduced FVC decline.82

Many studies have examined the role of N-acetylcysteine
in specific clusters of patients with IPF.83 Podolanczuk et al.
conducted a randomized open label study of 81 patients
assigned to receive pirfenidone or pirfenidone plus N-ace-
tylcysteine, and showed that the rate of FVC decline over
48 weeks in the N-acetylcysteine plus pirfenidone group was
more than twice that in the pirfenidone group alone, indicating
that N-acetylcysteine may lead to worse outcomes in IPF.84

Also of interest has been the concomitant treatment of pulmo-
nary hypertension (PH) with sildenafil. Behr et al. reported
data on 177 patients in a randomized study of sildenafil or pla-
cebo added to patients on pirfenidone with advanced IPF and
at risk of PH.85 Addition of sildenafil to pirfenidone did not
provide a treatment benefit versus pirfenidone plus placebo,
with no difference in the proportion of patients with disease
progression or adverse events, indicating that currently there is
no evidence to suggest sildenafil has treatment effect in IPF.

Alternative therapeutic strategies in ILD

It has been suggested that gastroesophageal reflux disease
may contribute to IPF progression and thus proton pump
inhibitors (PPIs) as a possible therapy. Tran et al. identified a
cohort of IPF patients from the UK Clinical Practice Research
Datalink and matched 1852 PPI users to 1852 non-users.86

PPI use was not associated with a lower mortality or hospital
admission rate and concluded that PPIs appear to have no
specific benefit in treating IPF. A separate therapeutic strategy
is blocking IL-13 signalling with lebrikizumab. Two cohorts
were included, a treatment-naïve group (n = 154) and a
cohort receiving pirfenidone (n = 351). Lebrikizumab was
demonstrated to be well tolerated and safe, but lebrikizumab
alone or in combination with pirfenidone was not associated
with reducing FVC decline.87

FUTURE DIRECTIONS

Progress in ILD research continues at pace; much remains
unclear and further studies are needed in all key areas
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reviewed here, including studies to identify ILD earlier, bet-
ter predict progression, validate the clinical utility of novel
biomarkers, further explore how to enable patients to moni-
tor disease at home and continue to explore novel therapeu-
tic pathways.
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