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Summary 

Interstitial lung disease (ILD) represents a large and complex group of pulmonary disorders that 

are often progressive, and to date, incurable. Important recent advancements have enabled a 

better understanding, characterization and treatment of ILDs. In this review, we summarize the 

current approach to ILD treatment, both pharmacologic and non-pharmacologic, including 

recent discoveries and practice-changing clinical trials. We further outline controversies and 

challenges, with discussion of evolving concepts and future research directions.  

 

Search Strategy and Selection Criteria 

We searched the Cochrane Library (1995-2021), MEDLINE (1964-2021), and EMBASE (1974-

2021). We used the search terms “pulmonary fibrosis” or “interstitial lung disease” in 

combination with the terms “treatment” or “trial”. We largely selected publications from the 

past five years but did not exclude commonly referenced, relevant or highly regarded older 

publications. The reference lists of articles identified by this search strategy were reviewed and 

those judged relevant included in this review. Clinicaltrials.gov was also searched to identify 

contemporaneous trials of therapeutic interventions to provide readers with a list of ongoing 

and relevant studies.  
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Introduction 

The Interstitial Lung Diseases (ILD) are a heterogeneous group of disorders characterized by 

inflammation and/or fibrosis of the pulmonary parenchyma. Early therapeutic options were 

few, given the limited understanding of disease pathobiology and treatment targets. However, 

recent work has identified effective therapies for many forms of ILD. These successes have 

influenced the evolving conceptual framework of ILD disease activity, behavior, and response to 

treatment. This review synthesizes the current approach to pharmacologic and non-

pharmacologic management of ILD, presents recent discoveries that inform the changing 

treatment landscape, and explores novel therapeutics in development.  

 

1.  Current Approach to ILD Treatment 

Early understanding of ILDs, coupled with limited treatment options, led to the clinical 

conceptualization of steroid-responsive vs. non-steroid responsive ILD. Most ILDs were 

presumed inflammatory, and thus likely to respond to corticosteroids and other 

immunosuppressives. Over time, idiopathic pulmonary fibrosis (IPF) was considered the 

prototype ILD that did not respond to corticosteroids or other immunosuppressive medications. 

While the field has evolved beyond this simple understanding of ILD, there remains a treatment 

division between immunomodulatory or antifibrotic (the colloquial term “antifibrotic” is used in 

this manuscript to refer to medications first shown to slow progression of IPF) drugs, with the 

former used in ILDs associated with connective tissue diseases (CTD-ILD), hypersensitivity 

pneumonitis (HP), nonspecific interstitial pneumonitis (NSIP) and other presumptive 

“inflammatory” diseases, and antifibrotics mainly used in IPF. While this stratification of ILDs is 
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somewhat arbitrary as “inflammatory” ILDs can progress to a predominantly fibrotic 

phenotype(1), this section summarizes the use of immunomodulatory medications for ILDs 

characterized predominantly by inflammation, then the antifibrotics used predominantly to 

treat IPF (Figure 1).  

 

Immunomodulatory Therapies 

Corticosteroids are among the first immunomodulatory drugs developed to treat inflammatory 

diseases. Nevertheless, there are few prospective double blind randomized controlled trials 

(RCT) studying their efficacy in ILDs. One example is a small randomized trial comparing 

outcomes of patients with acute HP randomized to placebo or prednisone(2). In this study, 

patients treated with prednisone had more rapid improvement in forced vital capacity (FVC) 

and diffusion capacity of carbon monoxide (DLCO), although both groups ultimately had similar 

lung function at the end of the trial. Data supporting the use of corticosteroids for other ILDs is 

limited to retrospective case series. Such studies have shown corticosteroid use to be 

associated with improvement in lung function and better survival in patients with NSIP(3), and 

organizing pneumonia(4). Often, they are used as first-line therapy for ILDs due to relatively 

quick onset of action, but their use is based more on anecdote and experience than robust 

evidence.  

 

Azathioprine is a purine analogue that suppresses the immune system by inhibiting DNA 

synthesis. There are no published randomized trial data informing its efficacy for managing 
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ILDs. However, cohort data suggest that its use may improve lung function in patients with 

scleroderma(5), HP(6), and dermatomyositis(7, 8).  

 

Cyclophosphamide (CYC) is a prodrug that is converted to phosphoramide mustard, which 

forms DNA crosslinks leading to cellular apoptosis. The efficacy of CYC for managing systemic 

sclerosis-ILD (SSc-ILD) was studied in a prospective placebo-controlled trial(9) where patients 

treated with CYC had significantly less loss of FVC compared to placebo controls after 12 

months, suggesting that CYC is an effective treatment for SSc-ILD. In addition, use of CYC has 

been associated with favorable outcomes in ILD associated with inflammatory myopathies(7, 

10). Data supporting its use for managing ILDs such as HP or rheumatoid arthritis-associated 

(RA-ILD) are lacking.  

 

Mycophenolate Mofetil (MMF) is the prodrug of mycophenolic acid, which inhibits DNA 

synthesis and cell proliferation by blocking formation of guanine nucleotides via the de novo 

pathway(11). Because lymphocytes generate guanine solely via the de novo pathway, they are 

a relatively specific target of MMF (unlike azathioprine, which may target any dividing cell). The 

efficacy of MMF for managing SSc-ILD was compared to CYC, demonstrating that patients 

receiving 1.5 grams per day of MMF had a 2.2% improvement in FVC two years after initiating 

therapy, with the majority of improvement occurring within the first 12 months(12). 

Retrospective case studies have reported that MMF may stabilize or improve lung function in 

patients with HP(6, 13), and CTD-ILD(14) including inflammatory myopathies(8). 
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Rituximab is a humanized monoclonal antibody that binds to CD20 expressed on B-cells. When 

bound to CD20, rituximab enhances their clearance by apoptosis or by natural killer cells. 

Although randomized trials are lacking, uncontrolled studies have reported an association 

between the use of rituximab and improved lung function in patients with SSc-ILD(15), 

inflammatory myopathies(16), and HP(17). Although these reports suggest that rituximab may 

be useful for treating a subset of ILD patients, they need validation in larger prospective 

randomized trials.    

 

The humanized monoclonal antibody tocilizumab binds to both soluble and membrane bound 

IL-6 receptors blocking IL-6 signaling. Two randomized, double blind placebo-controlled trials 

studied the efficacy of tocilizumab for treatment of early scleroderma(18, 19). Although lung 

function was a secondary endpoint, both studies reported that SSc-ILD patients treated with 

tocilizumab had slower loss of FVC compared to the control arm (-0.4% vs. -4.6%). Based on 

these data, tocilizumab was approved in the United States (US) for treatment of SSc-ILD. In 

addition to treating early SSc-ILD, case series have reported that tocilizumab may also be 

effective for treating refractory SSc-ILD(20) as well as sporadic reports that it may be useful for 

treating RA-ILD(21, 22), and anti-synthetase syndrome(23). Again, these anecdotal reports need 

validation in prospective randomized trials.    

Additional immunosuppressive medications may have biological activity against ILDs but have 

limited data supporting their use. These include tofacitinib, leflunomide, abatacept, tacrolimus, 

among others. Of these, tacrolimus (or other calcineurin inhibitors) may improve lung function 

in patients with anti-synthetase syndrome-associated ILD(24), but again further data are 
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needed to inform its role in disease management. With the exception of randomized trials, data 

informing the efficacy and role of these immunomodulatory drugs are of generally low quality, 

limiting confidence in the conclusions. 

Antifibrotic Therapies 

Early clinical trials in patients with IPF suggested improved survival with combined 

immunosuppressant therapies, which remained the standard of care for several years(25). In 

2012, the PANTHER trial demonstrated that patients treated with prednisolone, azathioprine 

and N-acetylcysteine (NAC) were at increased risk of death and hospitalization compared to 

untreated patients(26). In addition to PANTHER, several other clinical trials were negative, 

leaving an important therapeutic gap for IPF treatment. Repurposed drugs that failed to 

effectively treat IPF include bosentan, interferon-gamma, etanercept, imatanib, everolimus, 

ambrisentan and warfarin(27, 28). Standard IPF management defaulted to supportive care and 

clinical trial enrolment where possible.  

 

In 2014, pirfenidone and nintedanib were reported to be equally efficacious in slowing IPF 

disease progression, defined as decline in FVC. In pooled analysis of the CAPACITY trials(29), 

patients in the pirfenidone arm had less decline in FVC% at 72 weeks, with significantly fewer 

patients reaching an FVC decline of 10% predicted, compared to placebo. The ASCEND 

study(30) showed similarly slowed FVC decline, with fewer patients experiencing a 10% FVC 

decline and more patients maintaining stable lung function compared to those in the placebo 

arm. Pooled analysis from all three phase three trials demonstrated a reduction in mortality 

with pirfenidone(31), including in patients with more advanced lung function impairment(32).  
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In two phase three trials, INPULSIS 1 and 2, nintedanib demonstrated a reduction in FVC decline 

compared to placebo, with evidence of prolonged time to first acute exacerbations in one of 

the two trials(33). In post hoc analysis, a higher proportion of patients treated with nintedanib 

improved or remained stable and a lower proportion had an FVC decline of >5 or >10% over 52 

weeks, regardless of baseline lung function(34). Furthermore, nintedanib showed similar 

efficacy in patients with severe disease (DLCO < 35%)(35). Pre-specified pooled analysis 

demonstrated consistent effects of nintedanib across multiple patient subgroups(36). Based on 

these study results, pirfenidone and nintedanib have become the pharmacologic standard of 

care for treating IPF. 

 

To date, trials of combination therapy have failed to demonstrate additive efficacy when 

combining pirfenidone or nintedanib with each other, or with drugs targeting non-fibrotic 

pathways, such as NAC(37), or sildenafil(38, 39). Yet, some combination therapies have sound 

scientific rationale in targeting multiple aspects of the fibrogenic pathway and maintain 

potential to provide additive impact on patient outcomes.  

 

Managing ILD comorbidities  

Given the high prevalence of abnormal gastro-esophageal reflux (GER) and microaspiration in 

patients with IPF, antacid therapy has been evaluated to treat IPF. Post-hoc analyses of placebo 

arms of clinical trials and retrospective studies have provided conflicting results on the risk or 

benefit of antacids in slowing IPF progression(40, 41). These studies are limited by confounding 
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and bias, and most studies did not rigorously confirm the presence of abnormal GER. With 

prospective trials needed to robustly address this question; a randomized trial of proton pump 

inhibitor therapy is currently underway in patients with IPF (Cochrane Central Register of 

Controlled Trials Number ISRCTN13526307). A phase two RCT of fundoplication surgery found a 

trend towards slowed FVC decline and numerically fewer deaths and acute exacerbations in IPF 

patients in the intervention arm(42). Notably this study was conducted in patients with 

abnormal GER documented by pH and manometry testing. While under-powered to detect the 

primary outcome, the study provides the most robust evidence to date supporting a possible 

benefit of anti-reflux surgery in a select subset of IPF patients.   

 

Pulmonary hypertension (PH) is a frequent comorbidity in patients with ILD as a consequence of 

the ILD disrupting the pulmonary vasculature. In some cases, most commonly associated with 

CTD, pulmonary arterial hypertension is caused by primary pulmonary vascular disease 

coexisting with the ILD. Multiple PH-specific drugs have been tested as treatments for IPF(43-

45), but none demonstrated clear evidence of benefit, beyond improved walk distance in a 

small subgroup in an open-label trial(45). A recent randomized trial of inhaled treprostinil was 

conducted in ILD patients with documented PH(46). Treprostinil therapy improved 6-minute 

walk distance (6MWD), reduced NT-proBNP and was associated with lower rates of clinical 

worsening compared with placebo. It has been recently approved by the US Food and Drug 

Administration (FDA) to treat PH in patients with ILD.  

 

Non-pharmacologic Management of ILD 
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Non-pharmacologic management is central to ILD care. Symptom management, end of life 

planning, pulmonary rehabilitation and preventative strategies, in addition to education and 

support for patients and care partners are paramount. This includes patients with IPF as 

antifibrotics have demonstrated little impact on improving health-related quality of life 

(HRQL)(47). Thus, comprehensive management of ILD extends beyond pharmacologic therapy 

and requires a multidisciplinary and multi-dimensional approach.  

 

Supplemental oxygen therapy should be offered to patients with severe resting hypoxemia, or 

isolated exertional hypoxemia in the context of symptoms or exercise-limitation(48, 49). Short-

term use of ambulatory oxygen is associated with improved quality of life, endurance and 

exercise performance(50). An ongoing randomized trial should inform the role of long-term 

ambulatory oxygen in ILD patients with isolated exertional hypoxemia(51). Pulmonary 

rehabilitation (PR) should be considered for all patients with ILD and associated exercise 

limitation. PR is associated with short-term improvements in exercise endurance, symptoms 

and quality of life for ILD patients, although long-term benefits are less well-characterized(52). 

While access to PR programs may be limited by geography or resource constraints, the 

increasing use of virtual programming could facilitate availability if confirmed to have similar 

benefits as traditional PR. Routine infection prevention measures such as influenza, pneumonia, 

and Sars-CoV2 vaccines are imperative though not specifically studied in ILD patients. Screening 

for latent infections should be performed as clinically indicated for patients treated with 

systemic immunosuppression. 
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Dyspnea can be a disabling symptom that negatively affects mobility and quality of life in ILD 

patients. Causes of dyspnea are often multifactorial and to date, there is a paucity of data 

guiding its management in ILD patients. Low dose opioids are used to manage dyspnea, despite 

recent data suggesting they are ineffective for managing chronic dyspnea(53). Whether these 

findings can be extrapolated to ILD patients warrants study. Cough is another prominent 

symptom with disabling impact in ILD and is associated with adverse outcomes(54). Opioids are 

used despite a lack of robust evidence of benefit in ILD, with a randomized trial current 

underway (NCT04429516). Gabapentin may diminish cough frequency(55). A 24-week 

crossover trial of thalidomide demonstrated improvement in cough related quality of life and 

cough severity scores, however adverse events limit its use(56). Furthermore, a proof-of-

concept study of nebulized sodium cromoglicate showed a reduction in daytime cough 

frequency of 31% in patients with IPF(57). Overall, evidence guiding the management of cough 

in ILD is limited and based on expert opinion(58) and additional prospective RCTs are needed. 

 

Progressive lung disease with high symptom and functional burden requires multi-disciplinary 

support for patients and their care partners. Palliative care consultation and support may be 

useful early in the disease course, particularly for ILDs known to be incurable or likely to 

progress(59). Despite this, only a minority of patients access palliative care services even during 

acute care admission(60). The barriers to effective care delivery include delayed referrals 

regarding end-of-life decisions, fear of talking about the future, uncertainty regarding prognosis 

and a lack of understanding regarding the role of palliative care(61). A recent randomized trial 

demonstrated that a nurse-led palliative care intervention improved the preparedness and 
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knowledge in care partners of patients with IPF(62), highlighting the importance of multi-

disciplinary care. ILD remains a leading indication for lung transplantation worldwide, 

representing an increasing proportion of lung transplants being performed, and appropriate 

patients should have early consideration and referral for transplant evaluation.  While not an 

ILD treatment per se, lung transplantation remains a life-prolonging intervention and should be 

considered for select patients whose disease has progressed despite available 

pharmacotherapies(63).  

 

Preventative measures  

Given the abundance of agents known to cause interstitial lung injury with subsequent 

inflammation and scarring, primary prevention should be the ultimate goal. Although the 

precise etiology remains unknown in most ILD cases, various subtypes have been linked to 

secondary causes such as smoke inhalation, environmental exposures, occupational risk factors, 

medication toxicity, radiation exposure, and lung-limited or systemic infections(64). While 

genetic and idiopathic causes are currently not preventable, the probability of developing ILD 

attributable to known causes can be diminished by mitigating identifiable risk factors. Measures 

such as smoking cessation, avoidance of second-hand smoke, and improving air quality, 

especially in regions with air pollution and high particulate matter, are strongly advocated(65-

67). The use of a respirator to enhance particle filtration and reduce potential lung damage 

from inhaled harmful substances, such as metal dust, asbestos, silica, or chemicals, especially in 

at-risk occupational settings, seems beneficial(68). Additional measures include avoiding 

pneumotoxic medications where possible. Pulmonary infections should be treated early, and 
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when radiation therapy or chemotherapy are considered, alternative strategies should be 

sought to reduce the propensity for lung injury.  

 

Notably, more cryptic exposures may result from close contact with birds and seemingly benign 

hobbies such as playing wind instruments(69). In HP, a third of cases are associated with avian 

antigen exposure, and one in seven cases are linked to environmental molds(70). While the 

complexities of antigen dosing and its temporal relationship with ILD are poorly understood, 

environmental exposures should be avoided where feasible, especially in at-risk individuals. 

 

2. Evolving Treatment Concepts  

 

Discovery of effective therapeutics for IPF was monumental, yet the necessity of defining a 

study population by its clinical diagnostic label and not its biology limited drug availability and 

use. Clinical experience suggests that in addition to IPF, there exists a population of patients 

with fibrotic ILD whose disease progresses despite standard of care therapy, a phenomenon 

labeled progressive fibrosing ILD (PF-ILD). This phenotype of disease behaviour has been 

observed in a subset of patients with ILD associated with CTD, sarcoidosis, asbestosis, HP, 

idiopathic NSIP, and those with otherwise unclassifiable disease. Despite similar disease 

behaviour, approval of antifibrotics was limited to IPF. In order to resolve these limitations, 

clinical trials sought to test the efficacy of antifibrotics to slow disease progression in PF-ILD. It 

is worth emphasizing that PF-ILD is not a diagnosis but rather a descriptive phenotype of 

disease behaviour broadly applied to any ILD diagnosis. Whether the molecular drivers of 
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disease progression are shared between the various clinical diagnoses remains to be 

established.    

 

Four studies have evaluated the role of antifibrotics in ILDs other than IPF; two with pirfenidone 

and two with nintedanib (Table 1). In a phase 2 study of pirfenidone in PF-ILDs, defined as an 

FVC decline >5% despite conventional therapy(71), the RELIEF trail showed a positive signal of 

slowed disease progression based on rate of FVC% decline at 48 weeks. A second phase 2 study 

of pirfenidone in patients with unclassifiable ILD did not meet its primary endpoint due to 

technical issues with daily home spirometry(72). However, secondary endpoints using 

conventional lab-based spirometry demonstrated that patients on pirfenidone were less likely 

to have an FVC decline >5% or >10% compared to placebo. The INBUILD trial assessed the 

safety and efficacy of nintedanib in patients with PF-ILD, defined as either >10% decline in FVC, 

5-10% decline in FVC in addition to worsening symptoms or increased HRCT fibrosis, or 

worsening symptoms with increased HRCT fibrosis, over two years(73). Nintedanib slowed the 

annual rate of FVC decline by nearly 50%, a finding consistent across subgroups of usual 

interstitial pneumonia (UIP) and non-UIP HRCT patterns, as well as diagnostic subgroups(74). 

Furthermore, in a cohort of patients with SSc-ILD; the SENSCIS study, nintedanib again slowed 

the rate of FVC decline(75), including in patients on mycophenolate(76).  

 

Overall, these trials inform the efficacy and role of antifibrotic therapies to treat patients with 

diagnoses other than IPF when the ILD is worsening despite conventional therapy. Again, while 

these have been sentinel, there remain many unknowns. Most urgently needed are data 



 15 

guiding the use of these medications in patients who have not yet progressed but who are at 

high risk of progression due to baseline clinical variables or biomarkers. Also important for 

future work is to understand whether combination therapy should be started early in certain 

subgroups to target immunopathogenesis and fibrogenesis simultaneously to prevent 

progression via multiple pathways (Figure 2).  

 

3. Areas of Discovery and Future Directions 

 

Molecular phenotyping 

While there is overlap and shared response to some drugs between different diagnostic 

subgroups of ILD, there are limited data demonstrating that specific mechanisms of disease 

activity or worsening are shared across these groups. The biology of a particular disease may 

differ from another, may differ between patients with the same diagnosis, or even within one 

patient at different time-points in their disease trajectory. Furthermore, it is possible the 

pathobiology of a disease changes over time (e.g. transitioning from an inflammatory to a 

fibrotic phenotype). Full characterization of disease biology that can be used to predict 

response to specific targeted treatments will require biological samples that inform disease 

activity. Biomarker discovery is an active and dynamic area anticipated to facilitate 

individualized diagnostic and therapeutic approaches(77). Specific biomarkers have been 

identified that predict disease progression and mortality in patients with IPF. These include 

MMP-7, SP-D, KL-6, CA-125, CA19-9, peripheral blood leukocyte telomere length (PBL-TL), and 

peripheral blood monocyte count(78-80). While some of these are commercially available and 
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clinically actionable, they have yet to be routinely incorporated into clinical decision making. 

These have been largely studied in IPF, representing potential biomarkers that could be studied 

in non-IPF ILDs to identify individuals at risk of disease progression (ie. those with a PF-ILD 

phenotype). Theragnostic biomarkers predict treatment response, and ongoing work seeks to 

identify blood-based markers that are reliable, reproducible and ready for implementation in 

clinical trials and clinical care. The availability of such biomarkers will significantly impact 

diagnostic and management pathways and facilitate the discovery of novel effective 

therapeutics.  

 

Genetic variants and markers of telomere dysfunction have important potential role as 

biomarkers guiding treatment and prognostication in patients with ILD. The PANTHER trial 

showed that combined immunosuppression in IPF patients was associated with harm, with 

mortality risk driven by the subgroup of patients with short telomeres (PBL-TL <10th 

percentile)(81). It is estimated that 10-12% of patients with fibrotic HP have short telomeres 

and or a protein altering variant in a telomere-related gene(82). Shared genetic risks have been 

identified across diagnostic subgroups including MUC5B promoter variants in patients with 

familial pulmonary fibrosis and RA-UIP, and rare protein damaging variants in telomere related 

genes in RA-ILD and fibrotic HP patients. These ILDs have similar disease trajectories, suggesting 

shared pathobiology in these groups(83, 84). Long term immunomodulatory therapy is a 

mainstay of treatment for many ILDs including fibrotic HP, CTD-ILD and some unclassifiable ILDs 

including Idiopathic Pneumonia with Autoimmune Features (IPAF). A recent retrospective study 

showed that while MMF may improve outcomes for some patients with fibrotic HP, this benefit 
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was not identified in patients with short telomeres(85). IPAF patients with short PBL-TL had 

more rapid loss of FVC(86). Patients with telomeropathies may represent a subgroup at risk for 

harm with immunosuppressive therapy and this remains a priority area for research. Further 

work to characterize relationships between genetics, PBL-TL and therapeutic responses will 

drive pharmacogenomic discoveries and enable precision medicine approaches for patients 

with ILD.  

 

Novel Therapeutics 

Several therapeutics are under investigation for the treatment of ILDs, targeting aberrant 

immune responses or pro-fibrotic pathways (Tables 2 and 3). Phase 2 RCTs assessing novel 

therapies in IPF frequently adopt one of the most validated outcome measures - the percent 

change in predicted FVC as a clinically meaningful endpoint in these studies. Many of these 

emerging therapeutics have demonstrated promise. A 28-week study that compared patients 

receiving intravenous infusions of recombinant human pentraxin 2 (PRM-151) to placebo 

demonstrated a 2.3% difference in FVC% in favor of PRM-151 without any increase in adverse 

events(87). The safety, tolerability, and efficacy of pamrevlumab, a fully human recombinant 

IgG kappa monoclonal antibody, was assessed in the PRAISE trial, a phase 2 RCT of subjects with 

IPF(88). Pamrevlumab was well tolerated and reduced the proportion of patients with disease 

progression (10·0% vs. 31·4%), as well as the decline in FVC% by 60·3% at week 48 

(NCT01890265). Given these promising results, pamrevlumab and pentraxin 2 are in phase 3 

development for IPF. Other phase 2 RCTs evaluating the efficacy, safety, and tolerability of 

newer IPF pharmacotherapies are currently underway. These include PLN-74809, a dual 
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selective inhibitor of 𝝰vβ6/𝝰vβ1 that effectively blocks TGFactivation and subsequently 

collagen expression (NCT04396756). DWN12088, a prolyl-tRNA synthetase inhibitor was shown 

to be safe and tolerable in a phase 1 IPF study, and the follow-up phase 2 RCT is in the pipeline 

(NCT04888715). Similarly, the oral senolytic combination of dasatinib and quercetin (DQ) was 

shown to alleviate IPF-related dysfunction in preclinical models. In addition, the study 

demonstrated a 100% retention rate with no DQ discontinuation while improving 6MWD, gait 

speed, and chair-stand time in an open-label Phase 1 study (NCT02874989).  

 

Despite fewer trials than IPF, several trials are ongoing for CTD-ILDs. The TRAIL1 multicenter 

phase 2 RCT assesses pirfenidone's efficacy, safety, and tolerability in subjects with RA-ILD(89). 

Here, the primary endpoint is FVC decline of ≥10% or death over 52 weeks, and subjects may 

have a UIP pattern similar to IPF (NCT02808871). The RECITAL trial, a multicenter phase 2/3 

RCT, compared the efficacy of rituximab against intravenous cyclophosphamide in diverse CTD-

ILDs, including scleroderma, idiopathic inflammatory myositis, and mixed CTD. This recently 

terminated study had its primary endpoint as the absolute change in FVC over 48 weeks, and its 

results are awaited (NCT01862926). Another ongoing phase 2 trial, SLS-III, is focused on 

patients with active and symptomatic SSc-ILD. In SLS-III, the additional benefit of pirfenidone on 

a background therapy of MMF will be assessed by measuring the change in FVC% from baseline 

to 18 months (NCT03221257).  

 

Summary  
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Treatment of ILD is complex, with a targeted approach requiring consideration of disease 

biology and anticipated response to specific therapies. Non-pharmacologic management and 

patient support is essential for comprehensive care. Key clinical trials have identified effective 

therapies for IPF and progressive fibrosing ILDs, as well as for specific forms of CTD-ILD. 

Ongoing biomarker discovery, paired with novel or combined therapeutic targets, will 

revolutionize the treatment landscape for patients living with ILD.  
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Figure Legend 

 

Figure 1: Pictorial depiction of “inflammatory” and “Fibrotic” ILDs and therapeutic targets.  

This figure depicts key cellular elements of “inflammatory” ILDs in the left panel and “Fibrotic” 

ILDs in the right panel. Immunomodulatory and fibro-modulatory drugs targeting these key 

cellular elements are listed in adjacent panels. Drugs described in black text are currently used 

to manage patients. Drugs in red text are under investigation.  * indicates drugs that may target 

more than one cell. AEC1= alveolar type 1 cell, AEC2= alveolar type 2 cell, DEC= dysfunctional 

alveolar epithelial cell.  

 

Figure 2: Conceptual framework for the treatment of interstitial lung disease (ILD). Patients 

with idiopathic pulmonary fibrosis (IPF) should be treated with antifibrotics (red bar). Patients 

with connective-tissue disease related ILD (CTD-ILD), hypersensitivity pneumonitis (HP) and 

unclassifiable ILD may demonstrate clinical stability, warranting monitoring (white bar), may 

benefit from immunomodulatory therapy (blue bar), or in scenarios with progressive fibrosis, 

would be expected to benefit from antifibrotic therapy. In some circumstances, patients may 

warrant therapy with combined immunosuppression and antifibrotics; further data are needed 

to inform this approach.  
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Table 1. Randomized clinical trials of antifibrotic therapy for non-IPF interstitial lung diseases.  
 

Trial, year Population Design Primary 
outcome 

Primary effect 
measure 

Comments 

Distler et al. 
NEJM,  

2019 
 

576 patients with 
systemic sclerosis 

associated ILD 

Nintedanib 
150mg twice 

daily vs. 
placebo x 52 

weeks 

Annual rate of 
decline in FVC 
at 52 weeks 

Nintedanib 
-52.4mL/year 

vs. placebo 
-93.3mL/year 
Difference of 

41mL/year (95%CI 
2.9 to 79.0) 

 

Findings consistent 
when stratified by 
baseline MMF use 

Flaherty et al. 
NEJM, 2019 

663 patients with 
non-IPF 

progressive 
fibrosing ILD 

Nintedanib 
150mg twice 

daily vs. 
placebo x 52 

weeks 

Annual rate of 
decline in FVC 
at 52 weeks 

Nintedanib 
-80.8ml/year 
vs. placebo 

-187.8mL/ year 
Difference of 

107mL/year (95%CI 
65.4 to 148.5) 

 

Findings consistent 
when stratified by 

HRCT pattern 
(UIP vs non-UIP) 

Maher et al. 
Lancet Resp 
Med, 2020 

253 patients with 
progressive 

fibrosing 
unclassifiable ILD 

Pirfenidone 
801mg three 
times daily 

versus 
placebo X 48 

weeks 

Mean change in 
FVC% predicted 

at 24 weeks, 
measured by 
daily home 
spirometry 

Median change 
pirfenidone 
-87.7mL vs. 

placebo -157.1mL  

Secondary 
outcome (lab-

based spirometry) 
treatment 

difference 95.3mL 
pirfenidone vs. 
placebo (95%CI 
35.9 to 154.6) 

Behr et al. 
Lancet Resp 
Med, 2021 

127 patients with 
non-IPF 

progressive 
fibrosing ILD 

Pirfenidone 
801mg three 
times daily 

versus 
placebo X 48 

weeks 

Absolute 
change in FVC% 
predicted at 48 

weeks 

Mean difference 
pirfenidone vs 
placebo 1.69% 
(95%CI -0.65 to 

4.03) 

Trial terminated 
prematurely. 

Multiple statistical 
approaches 
presented. 

Abbreviations: IPF=idiopathic pulmonary fibrosis, ILD=interstitial lung disease, UIP-usual interstitial pneumonia, 
FVC=forced vital capacity, mL=milliliter, MMF=mycophenolate mofetil. 
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Table 2. Select recent and emerging experimental disease modifying pharmacotherapies in idiopathic 
pulmonary fibrosis (IPF). 
 

Therapy Mechanism of action Primary Outcome Status Clinical Trial identifier 

IPF (Phase I)     
   Autologous lung 
   stem cells*  

Immunomodulatory, and 
anti-proliferative 

Number of patients with AEs and serious AEs; FVC 
change from baseline to week 48 

Recruiting NCT04262167 
NCT02745184 

   DWN12088** Prolyl-tRNA synthetase 
inhibitor 

Pharmacokinetics and drug-drug interactions with 
currently approved antifibrotics 

Recruiting NCT03711162 
NCT04888715 

   TD-1058*** Mechanism undefined Number and severity of treatment emergent AEs Recruiting NCT04589260 

   TRK-250*** TGF-β1 suppression  Incidence and severity of AEs up to 7 days after last dose Recruiting NCT03727802 
     

IPF (Phase II)     

  BMS-986278** LPA antagonist Rate of change in percent predicted FVC (baseline to 
week 26) 

Recruiting NCT04308681 

  C21** Angiotensin receptor agonist Nature and frequency of AEs occurring over the trail 
period 

Recruiting NCT04533022 

  CC-90001** Selective JNK inhibitor Change in percentage predicted FVC from baseline to 
week 24 

Recruiting NCT03142191 

  GKT137831  
  (Setanaxib) ** 

NOX1 and NOX4 inhibitor Surrogate biomarker of oxidative stress by mass 
spectrometry from baseline to week 24 

Recruiting NCT03865927 

  GLPG1205** GPR84 antagonist Change in FVC from baseline to week 26 Completed NCT03725852 

  Jaktinib DM** JAK -1, 2, and 3 Inhibitor Change in FVC from baseline to week 24 Recruiting NCT04312594 

  KD025 
  (SLx-2119) ** 

ROCK2 inhibitor Change in FVC from baseline to week 24; number of 
subjects experiencing AEs 

Active, not 
recruiting 

NCT02688647 

  MN-001  
  (tipelukast) ** 

Leukotriene receptor 
antagonist, PDE-3, 4 
inhibitor 

Mean change in FVC from baseline to Week 26 Recruiting NCT02503657 

  ND-L02-s0201   
  (BMS-986263) ** 

HSP47 inhibitor Number with treatment-related AEs (baseline to week 
24) 

Recruiting NCT03538301 

  PLN-74809** Dual selective αVβ1/αVβ6 
inhibitor 

Number of study participants with treatment-related AEs 
and laboratory abnormalities 

Recruiting NCT04396756 

  Saracatinib** Highly selective Src tyrosine 
kinase family inhibitor 

Safety, tolerability, pharmacodynamics, 
pharmacokinetics, efficacy (as measured by change in 
FVC, baseline to week 24) 

Recruiting NCT04598919 

  TD139*** Galectin-3 inhibitor Rate of FVC decline (mL) from baseline to week 52 Recruiting NCT03832946 

  VAY736  
  (ianalumab) **** 

IgG1 monoclonal antibody 
against BAFF receptor 

Change from baseline to week 48 in FVC Recruiting NCT03287414 

     
IPF (Phase III)     
  GLPG1690  
  (ziritaxestat)** 

Autotaxin inhibitor Rate of decline in FVC (baseline to week 52) Completed NCT03733444 
NCT03711162 

  Morphine Sulfate** Opiate receptor agonist Percent change in daytime cough frequency (coughs per 
hour) from baseline to Day 14 

Recruiting NCT04429516 

  Pamrevlumab   
  (FG-3019)* 

Fully human monoclonal 
antibody against CTGF 

Change in FVC from baseline to week 52, proportion with 
disease progression (death, or ≥10% decline in absolute 
FVC percentage predicted; baseline to week 52) 

Recruiting NCT03955146 
NCT04419558 

  rhPTX-2/PRM-151* TGF-β1 modulator Absolute change in FVC (mL) from baseline to week 52; 
Incidence and severity of AEs;  

Completed NCT04552899 
NCT04594707 

*Intravenous therapy; **Oral therapy; ***Inhaled; ****Subcutaneous; Jaktinib DM= Jaktinib Dihydrochloride Monohydrate; CHP=chronic hypersensitivity pneumonitis. 
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Table 3. Select recent and emerging experimental disease modifying pharmacotherapies in other 
interstitial lung diseases. 

Therapy Mechanism of action Primary Outcome Status Clinical Trial 
identifier 

CHP (Phase III) 
   Pirfenidone in CHP** 

 
May inhibit fibroblast 
proliferation 

 
Change in FVC from baseline to week 52 

 
Completed 

 
NCT02958917 
 

RA-ILD (Phase II) 
   Abatacept 

 
Inhibits T-cell activation 

 
Change in FVC from baseline to week 24 

 
Recruiting 

 
NCT03084419 

   Pirfenidone**  May inhibit fibroblast 
proliferation 

FVC decline of ≥10% or death over 52 weeks Recruiting NCT02808871 
 

RA-ILD (Phase IV) 
   Tofacitinib vs.  
   Methotrexate 

 
Inhibits janus kinase  

 
Change in total score of HRCT pulmonary abnormalities 
at 24 weeks 
 

 
Recruiting 

 
NCT04311567 

ASS-ILD (Phase III) 
   Cyclophosphamide  
   and Azathioprine 

 
Destroys proliferating B- and 
T- lymphoid cells. 

 
Time from treatment initiation to first ASS-ILD related 
event 

 
Recruiting 
 

 
NCT03770663 

SSc-ILD (Phase II)     
   Pirfenidone**  May inhibit fibroblast 

proliferation 
Change in FVC from baseline to 18 months Active, not 

recruiting 
NCT03221257 

   Ixazomib Proteasome inhibitor Number of participants with ≥1 treatment-emergent 
adverse event at 7 months. 

Recruiting NCT04837131 

SSc-ILD (Phase III)     
     

   Rituximab vs.  
   cyclophosphamide*^ 

 

B-cell depleting agent Absolute change in FVC over 48 weeks Terminated NCT01862926 

*Intravenous therapy; **Oral therapy; ***Inhaled; ****Subcutaneous; Jaktinib DM= Jaktinib Dihydrochloride Monohydrate; CHP=chronic hypersensitivity pneumonitis. SSc-
ILD = systemic sclerosis-associated interstitial lung disease. RA-ILD = rheumatoid arthritis-associated interstitial lung disease. ASS-ILD = Antisynthetase Syndrome-
related Interstitial Lung Disease. ^Idiopathic inflammatory myositis, and mixed connective tissue disease also assessed. +IIP=Idiopathic interstitial pneumonia. CHP, 
occupational ILD, combined pulmonary fibrosis and emphysema, and CTDILD also assessed. 

  



 24 

References 

1. Selman M, Pardo A. When things go wrong: Exploring possible mechanisms driving the 

progressive fibrosis phenotype in interstitial lung diseases. Eur Respir J 2021. 

2. Kokkarinen JI, Tukiainen HO, Terho EO. Effect of corticosteroid treatment on the recovery of 

pulmonary function in farmer's lung. The American review of respiratory disease 1992; 

145: 3-5. 

3. Flaherty KR, Toews GB, Travis WD, Colby TV, Kazerooni EA, Gross BH, Jain A, 

Strawderman RL, 3rd, Paine R, Flint A, Lynch JP, 3rd, Martinez FJ. Clinical significance 

of histological classification of idiopathic interstitial pneumonia. Eur Respir J 2002; 19: 

275-283. 

4. Lazor R, Vandevenne A, Pelletier A, Leclerc P, Court-Fortune I, Cordier JF. Cryptogenic 

organizing pneumonia. Characteristics of relapses in a series of 48 patients. The Groupe 

d'Etudes et de Recherche sur les Maladles "Orphelines" Pulmonaires (GERM"O"P). Am J 

Respir Crit Care Med 2000; 162: 571-577. 

5. Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh NS, Roberts C, Desai S, Herrick 

AL, McHugh NJ, Foley NM, Pearson SB, Emery P, Veale DJ, Denton CP, Wells AU, 

Black CM, du Bois RM. A multicenter, prospective, randomized, double-blind, placebo-

controlled trial of corticosteroids and intravenous cyclophosphamide followed by oral 

azathioprine for the treatment of pulmonary fibrosis in scleroderma. Arthritis Rheum 

2006; 54: 3962-3970. 

6. Morisset J, Johannson KA, Vittinghoff E, Aravena C, Elicker BM, Jones KD, Fell CD, 

Manganas H, Dube BP, Wolters PJ, Collard HR, Ryerson CJ, Ley B. Use of 

Mycophenolate Mofetil or Azathioprine for the Management of Chronic Hypersensitivity 

Pneumonitis. Chest 2017; 151: 619-625. 

7. Mira-Avendano IC, Parambil JG, Yadav R, Arrossi V, Xu M, Chapman JT, Culver DA. A 

retrospective review of clinical features and treatment outcomes in steroid-resistant 

interstitial lung disease from polymyositis/dermatomyositis. Respiratory medicine 2013; 

107: 890-896. 

8. Huapaya JA, Silhan L, Pinal-Fernandez I, Casal-Dominguez M, Johnson C, Albayda J, Paik 

JJ, Sanyal A, Mammen AL, Christopher-Stine L, Danoff SK. Long-Term Treatment With 

Azathioprine and Mycophenolate Mofetil for Myositis-Related Interstitial Lung Disease. 

Chest 2019; 156: 896-906. 

9. Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, Arriola E, Silver R, 

Strange C, Bolster M, Seibold JR, Riley DJ, Hsu VM, Varga J, Schraufnagel DE, 

Theodore A, Simms R, Wise R, Wigley F, White B, Steen V, Read C, Mayes M, Parsley 

E, Mubarak K, Connolly MK, Golden J, Olman M, Fessler B, Rothfield N, Metersky M. 

Cyclophosphamide versus placebo in scleroderma lung disease. The New England 

journal of medicine 2006; 354: 2655-2666. 

10. Ge Y, Peng Q, Zhang S, Zhou H, Lu X, Wang G. Cyclophosphamide treatment for idiopathic 

inflammatory myopathies and related interstitial lung disease: a systematic review. Clin 

Rheumatol 2015; 34: 99-105. 

11. Broen JCA, van Laar JM. Mycophenolate mofetil, azathioprine and tacrolimus: mechanisms 

in rheumatology. Nature reviews Rheumatology 2020; 16: 167-178. 

12. Tashkin DP, Roth MD, Clements PJ, Furst DE, Khanna D, Kleerup EC, Goldin J, Arriola E, 

Volkmann ER, Kafaja S, Silver R, Steen V, Strange C, Wise R, Wigley F, Mayes M, 



 25 

Riley DJ, Hussain S, Assassi S, Hsu VM, Patel B, Phillips K, Martinez F, Golden J, 

Connolly MK, Varga J, Dematte J, Hinchcliff ME, Fischer A, Swigris J, Meehan R, 

Theodore A, Simms R, Volkov S, Schraufnagel DE, Scholand MB, Frech T, Molitor JA, 

Highland K, Read CA, Fritzler MJ, Kim GH, Tseng CH, Elashoff RM. Mycophenolate 

mofetil versus oral cyclophosphamide in scleroderma-related interstitial lung disease 

(SLS II): a randomised controlled, double-blind, parallel group trial. The Lancet 

Respiratory medicine 2016; 4: 708-719. 

13. Adegunsoye A, Oldham JM, Fernandez Perez ER, Hamblin M, Patel N, Tener M, Bhanot D, 

Robinson L, Bullick S, Chen L, Hsu S, Churpek M, Hedeker D, Montner S, Chung JH, 

Husain AN, Noth I, Strek ME, Vij R. Outcomes of immunosuppressive therapy in 

chronic hypersensitivity pneumonitis. ERJ Open Res 2017; 3. 

14. Fischer A, Brown KK, Du Bois RM, Frankel SK, Cosgrove GP, Fernandez-Perez ER, Huie 

TJ, Krishnamoorthy M, Meehan RT, Olson AL, Solomon JJ, Swigris JJ. Mycophenolate 

mofetil improves lung function in connective tissue disease-associated interstitial lung 

disease. J Rheumatol 2013; 40: 640-646. 

15. Goswami RP, Ray A, Chatterjee M, Mukherjee A, Sircar G, Ghosh P. Rituximab in the 

treatment of systemic sclerosis-related interstitial lung disease: a systematic review and 

meta-analysis. Rheumatology (Oxford, England) 2021; 60: 557-567. 

16. Barba T, Fort R, Cottin V, Provencher S, Durieu I, Jardel S, Hot A, Reynaud Q, Lega JC. 

Treatment of idiopathic inflammatory myositis associated interstitial lung disease: A 

systematic review and meta-analysis. Autoimmunity reviews 2019; 18: 113-122. 

17. Ferreira M, Borie R, Crestani B, Rigaud P, Wemeau L, Israel-Biet D, Leroy S, Quétant S, 

Plantier L, Dalphin JC, Cottin V, Marchand-Adam S. Efficacy and safety of rituximab in 

patients with chronic hypersensitivity pneumonitis (cHP): A retrospective, multicentric, 

observational study. Respiratory medicine 2020; 172: 106146. 

18. Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, Allanore Y, Matucci-Cerinic 

M, Distler O, Shima Y, van Laar JM, Spotswood H, Wagner B, Siegel J, Jahreis A, 

Denton CP. Tocilizumab in systemic sclerosis: a randomised, double-blind, placebo-

controlled, phase 3 trial. The Lancet Respiratory medicine 2020; 8: 963-974. 

19. Khanna D, Denton CP, Jahreis A, van Laar JM, Frech TM, Anderson ME, Baron M, Chung 

L, Fierlbeck G, Lakshminarayanan S, Allanore Y, Pope JE, Riemekasten G, Steen V, 

Müller-Ladner U, Lafyatis R, Stifano G, Spotswood H, Chen-Harris H, Dziadek S, 

Morimoto A, Sornasse T, Siegel J, Furst DE. Safety and efficacy of subcutaneous 

tocilizumab in adults with systemic sclerosis (faSScinate): a phase 2, randomised, 

controlled trial. Lancet 2016; 387: 2630-2640. 

20. Narváez J, J LL, Alegre Sancho JJ, Molina-Molina M, Nolla JM, Castellví I. Effectiveness 

and safety of tocilizumab for the treatment of refractory systemic sclerosis associated 

interstitial lung disease: a case series. Ann Rheum Dis 2019; 78: e123. 

21. Manfredi A, Sebastiani M, Cassone G, Colaci M, Sandri G, Ferri C. Tocilizumab for the 

treatment of patients with rheumatoid arthritis and interstitial lung diseases: a case series. 

Clin Exp Rheumatol 2018; 36: 342. 

22. Kurata I, Tsuboi H, Terasaki M, Shimizu M, Toko H, Honda F, Ohyama A, Yagishita M, 

Osada A, Ebe H, Kawaguchi H, Takahashi H, Hagiwara S, Asashima H, Kondo Y, 

Matsumoto I, Sumida T. Effect of Biological Disease-modifying Anti-rheumatic Drugs 

on Airway and Interstitial Lung Disease in Patients with Rheumatoid Arthritis. Internal 

medicine (Tokyo, Japan) 2019; 58: 1703-1712. 



 26 

23. Murphy SM, Lilleker JB, Helliwell P, Chinoy H. The successful use of tocilizumab as third-

line biologic therapy in a case of refractory anti-synthetase syndrome. Rheumatology 

(Oxford, England) 2016; 55: 2277-2278. 

24. Labirua-Iturburu A, Selva-O'Callaghan A, Martínez-Gómez X, Trallero-Araguás E, 

Labrador-Horrillo M, Vilardell-Tarrés M. Calcineurin inhibitors in a cohort of patients 

with antisynthetase-associated interstitial lung disease. Clin Exp Rheumatol 2013; 31: 

436-439. 

25. Raghu G, Depaso WJ, Cain K, Hammar SP, Wetzel CE, Dreis DF, Hutchinson J, Pardee NE, 

Winterbauer RH. Azathioprine combined with prednisone in the treatment of idiopathic 

pulmonary fibrosis: a prospective double-blind, randomized, placebo-controlled clinical 

trial. The American review of respiratory disease 1991; 144: 291-296. 

26. Raghu G, Anstrom KJ, King TE, Jr., Lasky JA, Martinez FJ. Prednisone, azathioprine, and 

N-acetylcysteine for pulmonary fibrosis. The New England journal of medicine 2012; 

366: 1968-1977. 

27. Lederer DJ, Martinez FJ. Idiopathic Pulmonary Fibrosis. New England Journal of Medicine 

2018; 378: 1811-1823. 

28. Raghu G, Rochwerg B, Zhang Y, Garcia CA, Azuma A, Behr J, Brozek JL, Collard HR, 

Cunningham W, Homma S, Johkoh T, Martinez FJ, Myers J, Protzko SL, Richeldi L, 

Rind D, Selman M, Theodore A, Wells AU, Hoogsteden H, Schunemann HJ. An Official 

ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of Idiopathic Pulmonary 

Fibrosis. An Update of the 2011 Clinical Practice Guideline. Am J Respir Crit Care Med 

2015; 192: e3-19. 

29. Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK, Kardatzke D, King TE, Jr., 

Lancaster L, Sahn SA, Szwarcberg J, Valeyre D, du Bois RM. Pirfenidone in patients 

with idiopathic pulmonary fibrosis (CAPACITY): two randomised trials. Lancet 2011; 

377: 1760-1769. 

30. King TE, Jr., Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg MK, 

Gorina E, Hopkins PM, Kardatzke D, Lancaster L, Lederer DJ, Nathan SD, Pereira CA, 

Sahn SA, Sussman R, Swigris JJ, Noble PW. A phase 3 trial of pirfenidone in patients 

with idiopathic pulmonary fibrosis. The New England journal of medicine 2014; 370: 

2083-2092. 

31. Nathan SD, Albera C, Bradford WZ, Costabel U, Glaspole I, Glassberg MK, Kardatzke DR, 

Daigl M, Kirchgaessler KU, Lancaster LH, Lederer DJ, Pereira CA, Swigris JJ, Valeyre 

D, Noble PW. Effect of pirfenidone on mortality: pooled analyses and meta-analyses of 

clinical trials in idiopathic pulmonary fibrosis. The Lancet Respiratory medicine 2017; 5: 

33-41. 

32. Nathan SD, Costabel U, Albera C, Behr J, Wuyts WA, Kirchgaessler KU, Stauffer JL, 

Morgenthien E, Chou W, Limb SL, Noble PW. Pirfenidone in patients with idiopathic 

pulmonary fibrosis and more advanced lung function impairment. Respiratory medicine 

2019; 153: 44-51. 

33. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, Cottin V, Flaherty 

KR, Hansell DM, Inoue Y, Kim DS, Kolb M, Nicholson AG, Noble PW, Selman M, 

Taniguchi H, Brun M, Le Maulf F, Girard M, Stowasser S, Schlenker-Herceg R, Disse B, 

Collard HR. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. The New 

England journal of medicine 2014; 370: 2071-2082. 



 27 

34. Brown KK, Flaherty KR, Cottin V, Raghu G, Inoue Y, Azuma A, Huggins JT, Richeldi L, 

Stowasser S, Stansen W, Schlenker-Herceg R, Maher TM, Wells AU. Lung function 

outcomes in the INPULSIS(®) trials of nintedanib in idiopathic pulmonary fibrosis. 

Respiratory medicine 2019; 146: 42-48. 

35. Richeldi L, Kolb M, Jouneau S, Wuyts WA, Schinzel B, Stowasser S, Quaresma M, Raghu 

G. Efficacy and safety of nintedanib in patients with advanced idiopathic pulmonary 

fibrosis. BMC Pulm Med 2020; 20: 3. 

36. Costabel U, Inoue Y, Richeldi L, Collard HR, Tschoepe I, Stowasser S, Azuma A. Efficacy 

of Nintedanib in Idiopathic Pulmonary Fibrosis across Prespecified Subgroups in 

INPULSIS. Am J Respir Crit Care Med 2016; 193: 178-185. 

37. Behr J, Bendstrup E, Crestani B, Günther A, Olschewski H, Sköld CM, Wells A, Wuyts W, 

Koschel D, Kreuter M, Wallaert B, Lin CY, Beck J, Albera C. Safety and tolerability of 

acetylcysteine and pirfenidone combination therapy in idiopathic pulmonary fibrosis: a 

randomised, double-blind, placebo-controlled, phase 2 trial. The Lancet Respiratory 

medicine 2016; 4: 445-453. 

38. Behr J, Kolb M, Song JW, Luppi F, Schinzel B, Stowasser S, Quaresma M, Martinez FJ. 

Nintedanib and Sildenafil in Patients with Idiopathic Pulmonary Fibrosis and Right Heart 

Dysfunction. A Prespecified Subgroup Analysis of a Double-Blind Randomized Clinical 

Trial (INSTAGE). Am J Respir Crit Care Med 2019; 200: 1505-1512. 

39. Kolb M, Raghu G, Wells AU, Behr J, Richeldi L, Schinzel B, Quaresma M, Stowasser S, 

Martinez FJ. Nintedanib plus Sildenafil in Patients with Idiopathic Pulmonary Fibrosis. 

The New England journal of medicine 2018; 379: 1722-1731. 

40. Lee JS, Collard HR, Anstrom KJ, Martinez FJ, Noth I, Roberts RS, Yow E, Raghu G. Anti-

acid treatment and disease progression in idiopathic pulmonary fibrosis: an analysis of 

data from three randomised controlled trials. The Lancet Respiratory medicine 2013; 1: 

369-376. 

41. Kreuter M, Wuyts W, Renzoni E, Koschel D, Maher TM, Kolb M, Weycker D, Spagnolo P, 

Kirchgaessler KU, Herth FJ, Costabel U. Antacid therapy and disease outcomes in 

idiopathic pulmonary fibrosis: a pooled analysis. The Lancet Respiratory medicine 2016; 

4: 381-389. 

42. Raghu G, Pellegrini CA, Yow E, Flaherty KR, Meyer K, Noth I, Scholand MB, Cello J, Ho 

LA, Pipavath S, Lee JS, Lin J, Maloney J, Martinez FJ, Morrow E, Patti MG, Rogers S, 

Wolters PJ, Yates R, Anstrom KJ, Collard HR. Laparoscopic anti-reflux surgery for the 

treatment of idiopathic pulmonary fibrosis (WRAP-IPF): a multicentre, randomised, 

controlled phase 2 trial. The Lancet Respiratory medicine 2018; 6: 707-714. 

43. Raghu G, Behr J, Brown KK, Egan JJ, Kawut SM, Flaherty KR, Martinez FJ, Nathan SD, 

Wells AU, Collard HR, Costabel U, Richeldi L, de Andrade J, Khalil N, Morrison LD, 

Lederer DJ, Shao L, Li X, Pedersen PS, Montgomery AB, Chien JW, O'Riordan TG. 

Treatment of idiopathic pulmonary fibrosis with ambrisentan: a parallel, randomized trial. 

Annals of internal medicine 2013; 158: 641-649. 

44. King TE, Jr., Brown KK, Raghu G, du Bois RM, Lynch DA, Martinez F, Valeyre D, Leconte 

I, Morganti A, Roux S, Behr J. BUILD-3: a randomized, controlled trial of bosentan in 

idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 2011; 184: 92-99. 

45. Collard HR, Anstrom KJ, Schwarz MI, Zisman DA. Sildenafil improves walk distance in 

idiopathic pulmonary fibrosis. Chest 2007; 131: 897-899. 



 28 

46. Waxman A, Restrepo-Jaramillo R, Thenappan T, Ravichandran A, Engel P, Bajwa A, Allen 

R, Feldman J, Argula R, Smith P, Rollins K, Deng C, Peterson L, Bell H, Tapson V, 

Nathan SD. Inhaled Treprostinil in Pulmonary Hypertension Due to Interstitial Lung 

Disease. The New England journal of medicine 2021; 384: 325-334. 

47. Kreuter M, Wuyts WA, Wijsenbeek M, Bajwah S, Maher TM, Stowasser S, Male N, Stansen 

W, Schoof N, Orsatti L, Swigris J. Health-related quality of life and symptoms in patients 

with IPF treated with nintedanib: analyses of patient-reported outcomes from the 

INPULSIS® trials. Respiratory research 2020; 21: 36. 

48. Jacobs SS, Krishnan JA, Lederer DJ, Ghazipura M, Hossain T, Tan AM, Carlin B, 

Drummond MB, Ekström M, Garvey C, Graney BA, Jackson B, Kallstrom T, Knight SL, 

Lindell K, Prieto-Centurion V, Renzoni EA, Ryerson CJ, Schneidman A, Swigris J, 

Upson D, Holland AE. Home Oxygen Therapy for Adults with Chronic Lung Disease. 

An Official American Thoracic Society Clinical Practice Guideline. Am J Respir Crit 

Care Med 2020; 202: e121-e141. 

49. Lim RK, Humphreys C, Morisset J, Holland AE, Johannson KA. Oxygen in patients with 

fibrotic interstitial lung disease: an international Delphi survey. Eur Respir J 2019; 54. 

50. Visca D, Mori L, Tsipouri V, Fleming S, Firouzi A, Bonini M, Pavitt MJ, Alfieri V, Canu S, 

Bonifazi M, Boccabella C, De Lauretis A, Stock CJW, Saunders P, Montgomery A, 

Hogben C, Stockford A, Pittet M, Brown J, Chua F, George PM, Molyneaux PL, 

Margaritopoulos GA, Kokosi M, Kouranos V, Russell AM, Birring SS, Chetta A, Maher 

TM, Cullinan P, Hopkinson NS, Banya W, Whitty JA, Adamali H, Spencer LG, Farquhar 

M, Sestini P, Wells AU, Renzoni EA. Effect of ambulatory oxygen on quality of life for 

patients with fibrotic lung disease (AmbOx): a prospective, open-label, mixed-method, 

crossover randomised controlled trial. The Lancet Respiratory medicine 2018; 6: 759-

770. 

51. Holland AE, Corte T, Chambers DC, Palmer AJ, Ekström MP, Glaspole I, Goh NSL, 

Hepworth G, Khor YH, Hoffman M, Vlahos R, Sköld M, Dowman L, Troy LK, Prasad 

JD, Walsh J, McDonald CF. Ambulatory oxygen for treatment of exertional hypoxaemia 

in pulmonary fibrosis (PFOX trial): a randomised controlled trial. BMJ open 2020; 10: 

e040798. 

52. Dowman L, Hill CJ, May A, Holland AE. Pulmonary rehabilitation for interstitial lung 

disease. Cochrane Database of Systematic Reviews 2021. 

53. Currow D, Louw S, McCloud P, Fazekas B, Plummer J, McDonald CF, Agar M, Clark K, 

McCaffrey N, Ekström MP. Regular, sustained-release morphine for chronic 

breathlessness: a multicentre, double-blind, randomised, placebo-controlled trial. Thorax 

2020; 75: 50-56. 

54. Ryerson CJ, Abbritti M, Ley B, Elicker BM, Jones KD, Collard HR. Cough predicts 

prognosis in idiopathic pulmonary fibrosis. Respirology 2011; 16: 969-975. 

55. Ryan NM, Birring SS, Gibson PG. Gabapentin for refractory chronic cough: a randomised, 

double-blind, placebo-controlled trial. Lancet 2012; 380: 1583-1589. 

56. Horton MR, Santopietro V, Mathew L, Horton KM, Polito AJ, Liu MC, Danoff SK, Lechtzin 

N. Thalidomide for the treatment of cough in idiopathic pulmonary fibrosis: a 

randomized trial. Annals of internal medicine 2012; 157: 398-406. 

57. Birring SS, Wijsenbeek MS, Agrawal S, van den Berg JWK, Stone H, Maher TM, Tutuncu 

A, Morice AH. A novel formulation of inhaled sodium cromoglicate (PA101) in 



 29 

idiopathic pulmonary fibrosis and chronic cough: a randomised, double-blind, proof-of-

concept, phase 2 trial. The Lancet Respiratory medicine 2017; 5: 806-815. 

58. Birring SS, Kavanagh JE, Irwin RS, Keogh KA, Lim KG, Ryu JH. Treatment of Interstitial 

Lung Disease Associated Cough: CHEST Guideline and Expert Panel Report. Chest 

2018; 154: 904-917. 

59. Kreuter M, Bendstrup E, Russell AM, Bajwah S, Lindell K, Adir Y, Brown CE, Calligaro G, 

Cassidy N, Corte TJ, Geissler K, Hassan AA, Johannson KA, Kairalla R, Kolb M, 

Kondoh Y, Quadrelli S, Swigris J, Udwadia Z, Wells A, Wijsenbeek M. Palliative care in 

interstitial lung disease: living well. The Lancet Respiratory medicine 2017; 5: 968-980. 

60. Brown CE, Engelberg RA, Nielsen EL, Curtis JR. Palliative Care for Patients Dying in the 

Intensive Care Unit with Chronic Lung Disease Compared with Metastatic Cancer. Ann 

Am Thorac Soc 2016; 13: 684-689. 

61. Kim JW, Atkins C, Wilson AM. Barriers to specialist palliative care in interstitial lung 

disease: a systematic review. BMJ supportive & palliative care 2019; 9: 130-138. 

62. Lindell KO, Klein SJ, Veatch MS, Gibson KF, Kass DJ, Nouraie M, Rosenzweig MQ. 

Nurse-Led Palliative Care Improves Knowledge and Preparedness in Caregivers of 

Patients with Idiopathic Pulmonary Fibrosis. Ann Am Thorac Soc 2021. 

63. George PM, Patterson CM, Reed AK, Thillai M. Lung transplantation for idiopathic 

pulmonary fibrosis. The Lancet Respiratory medicine 2019; 7: 271-282. 

64. Macneal K, Schwartz DA. The Genetic and Environmental Causes of Pulmonary Fibrosis. 

Proceedings of the American Thoracic Society 2012; 9: 120-125. 

65. Margaritopoulos GA, Vasarmidi E, Jacob J, Wells AU, Antoniou KM. Smoking and 

interstitial lung diseases. Eur Respir Rev 2015; 24: 428-435. 

66. Shull JG, Pay MT, Lara Compte C, Olid M, Bermudo G, Portillo K, Sellares J, Balcells E, 

Vicens-Zygmunt V, Planas-Cerezales L, Badenes-Bonet D, Blavia R, Rivera-Ortega P, 

Moreno A, Sans J, Perich D, Barril S, Esteban L, Garcia-Bellmunt L, Esplugas J, Suarez-

Cuartin G, Bordas-Martinez J, Castillo D, Jolis R, Salvador I, Eizaguirre Anton S, Villar 

A, Robles-Perez A, Cardona MJ, Barbeta E, Silveira MG, Guevara C, Dorca J, Rosell A, 

Luburich P, Llatjos R, Jorba O, Molina-Molina M. Mapping IPF helps identify 

geographic regions at higher risk for disease development and potential triggers. 

Respirology 2021; 26: 352-359. 

67. Johannson KA, Vittinghoff E, Morisset J, Wolters PJ, Noth EM, Balmes JR, Collard HR. Air 

Pollution Exposure Is Associated With Lower Lung Function, but Not Changes in Lung 

Function, in Patients With Idiopathic Pulmonary Fibrosis. Chest 2018; 154: 119-125. 

68. Preventing Silicosis and Deaths in Construction Workers - The National Institute for 

Occupational Safety and Health (NIOSH); U.S. Department of Health & Human Services 

(Accessed June 2, 2021). 2021. 

69. Selman M, Pardo A, King TE, Jr. Hypersensitivity pneumonitis: insights in diagnosis and 

pathobiology. Am J Respir Crit Care Med 2012; 186: 314-324. 

70. Barnes H, Lu J, Glaspole I, Collard HR, Johannson KA. Exposures and associations with 

clinical phenotypes in hypersensitivity pneumonitis: A scoping review. Respiratory 

medicine 2021; 184: 106444. 

71. Behr J, Prasse A, Kreuter M, Johow J, Rabe KF, Bonella F, Bonnet R, Grohe C, Held M, 

Wilkens H, Hammerl P, Koschel D, Blaas S, Wirtz H, Ficker JH, Neumeister W, 

Schönfeld N, Claussen M, Kneidinger N, Frankenberger M, Hummler S, Kahn N, Tello 

S, Freise J, Welte T, Neuser P, Günther A. Pirfenidone in patients with progressive 



 30 

fibrotic interstitial lung diseases other than idiopathic pulmonary fibrosis (RELIEF): a 

double-blind, randomised, placebo-controlled, phase 2b trial. The Lancet Respiratory 

medicine 2021; 9: 476-486. 

72. Maher TM, Corte TJ, Fischer A, Kreuter M, Lederer DJ, Molina-Molina M, Axmann J, 

Kirchgaessler KU, Samara K, Gilberg F, Cottin V. Pirfenidone in patients with 

unclassifiable progressive fibrosing interstitial lung disease: a double-blind, randomised, 

placebo-controlled, phase 2 trial. Lancet Respir Med 2020; 8: 147-157. 

73. Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, Richeldi L, Kolb M, 

Tetzlaff K, Stowasser S, Coeck C, Clerisme-Beaty E, Rosenstock B, Quaresma M, 

Haeufel T, Goeldner RG, Schlenker-Herceg R, Brown KK. Nintedanib in Progressive 

Fibrosing Interstitial Lung Diseases. The New England journal of medicine 2019; 381: 

1718-1727. 

74. Wells AU, Flaherty KR, Brown KK, Inoue Y, Devaraj A, Richeldi L, Moua T, Crestani B, 

Wuyts WA, Stowasser S, Quaresma M, Goeldner RG, Schlenker-Herceg R, Kolb M. 

Nintedanib in patients with progressive fibrosing interstitial lung diseases-subgroup 

analyses by interstitial lung disease diagnosis in the INBUILD trial: a randomised, 

double-blind, placebo-controlled, parallel-group trial. The Lancet Respiratory medicine 

2020; 8: 453-460. 

75. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, Raghu G, Sauter 

W, Girard M, Alves M, Clerisme-Beaty E, Stowasser S, Tetzlaff K, Kuwana M, Maher 

TM. Nintedanib for Systemic Sclerosis-Associated Interstitial Lung Disease. The New 

England journal of medicine 2019; 380: 2518-2528. 

76. Highland KB, Distler O, Kuwana M, Allanore Y, Assassi S, Azuma A, Bourdin A, Denton 

CP, Distler JHW, Hoffmann-Vold AM, Khanna D, Mayes MD, Raghu G, Vonk MC, 

Gahlemann M, Clerisme-Beaty E, Girard M, Stowasser S, Zoz D, Maher TM. Efficacy 

and safety of nintedanib in patients with systemic sclerosis-associated interstitial lung 

disease treated with mycophenolate: a subgroup analysis of the SENSCIS trial. The 

Lancet Respiratory medicine 2021; 9: 96-106. 

77. Newton CA, Herzog EL. Molecular Markers and the Promise of Precision Medicine for 

Interstitial Lung Disease. Clin Chest Med 2021; 42: 357-364. 

78. Karampitsakos T, Torrisi S, Antoniou K, Manali E, Korbila I, Papaioannou O, Sampsonas F, 

Katsaras M, Vasarmidi E, Papakosta D, Domvri K, Fouka E, Organtzis I, Daniil Z, 

Dimeas I, Kirgou P, Gourgoulianis KI, Papanikolaou IC, Markopoulou K, Kounti G, 

Tsapakidou E, Papadopoulou E, Tatsis K, Gogali A, Kostikas K, Tzilas V, Chrysikos S, 

Papiris S, Bouros D, Kreuter M, Tzouvelekis A. Increased monocyte count and red cell 

distribution width as prognostic biomarkers in patients with Idiopathic Pulmonary 

Fibrosis. Respiratory research 2021; 22: 140. 

79. Maher TM, Oballa E, Simpson JK, Porte J, Habgood A, Fahy WA, Flynn A, Molyneaux PL, 

Braybrooke R, Divyateja H, Parfrey H, Rassl D, Russell AM, Saini G, Renzoni EA, 

Duggan AM, Hubbard R, Wells AU, Lukey PT, Marshall RP, Jenkins RG. An epithelial 

biomarker signature for idiopathic pulmonary fibrosis: an analysis from the multicentre 

PROFILE cohort study. The Lancet Respiratory medicine 2017; 5: 946-955. 

80. Diaz de Leon A, Cronkhite JT, Katzenstein AL, Godwin JD, Raghu G, Glazer CS, Rosenblatt 

RL, Girod CE, Garrity ER, Xing C, Garcia CK. Telomere lengths, pulmonary fibrosis 

and telomerase (TERT) mutations. PLoS One 2010; 5: e10680. 



 31 

81. Newton CA, Zhang D, Oldham JM, Kozlitina J, Ma SF, Martinez FJ, Raghu G, Noth I, 

Garcia CK. Telomere Length and Use of Immunosuppressive Medications in Idiopathic 

Pulmonary Fibrosis. Am J Respir Crit Care Med 2019; 200: 336-347. 

82. Ley B, Torgerson DG, Oldham JM, Adegunsoye A, Liu S, Li J, Elicker BM, Henry TS, 

Golden JA, Jones KD, Dressen A, Yaspan BL, Arron JR, Noth I, Hoffmann TJ, Wolters 

PJ. Rare Protein-Altering Telomere-related Gene Variants in Patients with Chronic 

Hypersensitivity Pneumonitis. Am J Respir Crit Care Med 2019; 200: 1154-1163. 

83. Juge PA, Lee JS, Ebstein E, Furukawa H, Dobrinskikh E, Gazal S, Kannengiesser C, 

Ottaviani S, Oka S, Tohma S, Tsuchiya N, Rojas-Serrano J, González-Pérez MI, Mejía 

M, Buendía-Roldán I, Falfán-Valencia R, Ambrocio-Ortiz E, Manali E, Papiris SA, 

Karageorgas T, Boumpas D, Antoniou K, van Moorsel CHM, van der Vis J, de Man YA, 

Grutters JC, Wang Y, Borie R, Wemeau-Stervinou L, Wallaert B, Flipo RM, Nunes H, 

Valeyre D, Saidenberg-Kermanac'h N, Boissier MC, Marchand-Adam S, Frazier A, 

Richette P, Allanore Y, Sibilia J, Dromer C, Richez C, Schaeverbeke T, Lioté H, Thabut 

G, Nathan N, Amselem S, Soubrier M, Cottin V, Clément A, Deane K, Walts AD, 

Fingerlin T, Fischer A, Ryu JH, Matteson EL, Niewold TB, Assayag D, Gross A, Wolters 

P, Schwarz MI, Holers M, Solomon JJ, Doyle T, Rosas IO, Blauwendraat C, Nalls MA, 

Debray MP, Boileau C, Crestani B, Schwartz DA, Dieudé P. MUC5B Promoter Variant 

and Rheumatoid Arthritis with Interstitial Lung Disease. The New England journal of 

medicine 2018; 379: 2209-2219. 

84. Juge PA, Borie R, Kannengiesser C, Gazal S, Revy P, Wemeau-Stervinou L, Debray MP, 

Ottaviani S, Marchand-Adam S, Nathan N, Thabut G, Richez C, Nunes H, Callebaut I, 

Justet A, Leulliot N, Bonnefond A, Salgado D, Richette P, Desvignes JP, Liote H, 

Froguel P, Allanore Y, Sand O, Dromer C, Flipo RM, Clement A, Beroud C, Sibilia J, 

Coustet B, Cottin V, Boissier MC, Wallaert B, Schaeverbeke T, Dastot le Moal F, Frazier 

A, Menard C, Soubrier M, Saidenberg N, Valeyre D, Amselem S, Boileau C, Crestani B, 

Dieude P. Shared genetic predisposition in rheumatoid arthritis-interstitial lung disease 

and familial pulmonary fibrosis. Eur Respir J 2017; 49. 

85. Adegunsoye A, Morisset J, Newton CA, Oldham JM, Vittinghoff E, Linderholm AL, Strek 

ME, Noth I, Garcia CK, Wolters PJ, Ley B. Leukocyte telomere length and 

mycophenolate therapy in chronic hypersensitivity pneumonitis. Eur Respir J 2021; 57. 

86. Newton CA, Oldham JM, Ley B, Anand V, Adegunsoye A, Liu G, Batra K, Torrealba J, 

Kozlitina J, Glazer C, Strek ME, Wolters PJ, Noth I, Garcia CK. Telomere length and 

genetic variant associations with interstitial lung disease progression and survival. Eur 

Respir J 2019; 53. 

87. Raghu G, van den Blink B, Hamblin MJ, Brown AW, Golden JA, Ho LA, Wijsenbeek MS, 

Vasakova M, Pesci A, Antin-Ozerkis DE, Meyer KC, Kreuter M, Santin-Janin H, Mulder 

GJ, Bartholmai B, Gupta R, Richeldi L. Effect of Recombinant Human Pentraxin 2 vs 

Placebo on Change in Forced Vital Capacity in Patients With Idiopathic Pulmonary 

Fibrosis: A Randomized Clinical Trial. JAMA 2018; 319: 2299-2307. 

88. Richeldi L, Fernandez Perez ER, Costabel U, Albera C, Lederer DJ, Flaherty KR, Ettinger N, 

Perez R, Scholand MB, Goldin J, Peony Yu KH, Neff T, Porter S, Zhong M, Gorina E, 

Kouchakji E, Raghu G. Pamrevlumab, an anti-connective tissue growth factor therapy, 

for idiopathic pulmonary fibrosis (PRAISE): a phase 2, randomised, double-blind, 

placebo-controlled trial. Lancet Respir Med 2020; 8: 25-33. 



 32 

89. Solomon JJ, Danoff SK, Goldberg HJ, Woodhead F, Kolb M, Chambers DC, DiFranco D, 

Spino C, Haynes-Harp S, Hurwitz S, Peters EB, Dellaripa PF, Rosas IO, Trail N. The 

Design and Rationale of the Trail1 Trial: A Randomized Double-Blind Phase 2 Clinical 

Trial of Pirfenidone in Rheumatoid Arthritis-Associated Interstitial Lung Disease. Adv 

Ther 2019; 36: 3279-3287. 

 



IPF

Non-IPF ILDs
CTD-ILD

HP
Unclassifiable

Clinical monitoring
Stable patient

Low risk of progression

Immunomodulatory
therapy

Antifibrotic 
or combined

immunomodulatory &
antifibrotic therapy

Antifibrotic
therapy

Antifibrotic
therapy

Combination
therapy

Disease trajectory with progressive fibrosis

Manuscript



Pathologic Macrophage Signals
Tocilizumab

Immunomodulatory Fibro-modulatory

Pathologic Epithelial Signals
Pamrevlumab
PLN-74809*
Senolytics*

Pathologic Mesenchymal Signals
Nintedanib?*
Pirfenidone?*
TRK-250
ND-L02-s0201
BMS-986278
KD025
Setanaxib*
CC-90001*

Epithelial cell 
dysfunction 

Activated Fibroblast 

Fibroblast 
focus

Profibrotic 
Macrophage

Profibrotic  
cytokines 

AEC2

AEC1

Fibroblast

AEC1

AEC2

DEC

Pathologic Lymphocyte Signals
Cyclophosphamide
Azathioprine
Mycophenolate
Tofacitinib*
Abatacept

Pathologic B-cell Signals
Rituximab
Ixazomib*

Macrophage

Lymphocyte

Inflammatory  
cytokines & 
chemokines

AEC2

B Cell

Pathologic Macrophage Signals
Pentraxin 2 
TRK-250*
Jaktinib DM*
TD139*

Pathologic matrix deposition

Manuscript




