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ABSTRACT

Background: Idiopathic pulmonary fibrosis (IPF) carries significant mortality and unpredictable 

progression, with limited therapeutic options. Designing trials with patient-meaningful 

endpoints, enhancing the reliability and interpretability of results, and streamlining the regulatory 

approval process are of critical importance to advancing clinical care in IPF.

Methods: A landmark in-person symposium in June 2023 assembled 43 participants from the 

US and internationally, including patients with IPF, investigators, and regulatory representatives, 

to discuss the immediate future of IPF clinical trial endpoints. Patient advocates were central to 

discussions, which evaluated endpoints according to regulatory standards and the FDA’s “feels, 

functions, survives” criteria.

Results: Three themes emerged: 1) consensus on endpoints mirroring the lived experiences of 

patients with IPF; 2) consideration of replacing forced vital capacity (FVC) as the primary 

endpoint, potentially by composite endpoints that include ‘feels, functions, survives’ measures or 

FVC as components; 3) support for simplified, user-friendly patient-reported outcomes (PROs) 

as either components of primary composite endpoints or key secondary endpoints, supplemented 

by functional tests as secondary endpoints and novel biomarkers as supportive measures1.

Conclusion: This report, detailing the proceedings of this pivotal symposium, suggests a 

potential turning point in designing future IPF clinical trials more attuned to outcomes 

1 FDA Guidance for Industry (Multiple Endpoints in Clinical Trials) available at: 
https://www.fda.gov/media/162416/download 
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meaningful to patients, and documents the collective agreement across multidisciplinary 

stakeholders on the importance of anchoring IPF trial endpoints on real patient experiences—

namely, how they feel, function, and survive. There is considerable optimism that clinical care in 

IPF will progress through trials focused on patient-centric insights, ultimately guiding 

transformative treatment strategies to enhance patients’ quality of life and survival.

Abstract word count: 250
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BACKGROUND

Endpoint selection is critically important in the design and execution of clinical trials enrolling 

patients with idiopathic pulmonary fibrosis (IPF). The choice of endpoints will not only have 

considerable influence on the regulatory approval process but also impact funding decisions by 

agencies, donors, sponsors, and industry collaborators. Furthermore, it forms the bedrock of 

clinical decision-making for providers, and most critically, endpoint selection is of central 

importance to developing reliable insights needed to improve clinical care for patients living 

with IPF. 

The substantial symptom burden, risk of progression, and shortened survival of patients living 

with IPF drive the urgency for more effective treatment options. On June 19th and 20th, 2023, 

experts in IPF from international academic and clinical centers joined FDA representatives, 

patients with IPF, and representatives from patient advocacy organizations for an intensive one-

and-a-half-day symposium with National Institute of Health (NIH) officials attending in an 

observational capacity. This symposium focused on discussing study endpoints that most reliably 

capture whether interventions provide meaningful benefit to patients with IPF, in the context of 

current and anticipated landscape of clinical management that has evolved based on evidence to 

date.

Central to the discussions of the symposium was re-evaluating IPF clinical trial endpoints in the 

context of regulatory approval, and exploring outcomes that are more meaningful to patients. 

This shift to more patient-centered regulatory prerequisites has the potential to meaningfully 

enhance drug development and improve clinical care, reflecting a turning point for the future IPF 
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clinical trials. Of note, grounded in a decade's worth of evidence specific to IPF, the decision was 

made to focus the symposium on IPF exclusively and defer discussions of merging patients with 

IPF and other progressive fibrotic interstitial lung diseases (ILDs) (i.e., progressive pulmonary 

fibrosis) (1) to a standalone future session.

This report reflects the captured views of authors who participated in the closed symposium held 

on June 19th -20th, 2023. It should be noted that the views and opinions expressed in specific 

sections of this report are those of the authors and should not be construed to represent the 

FDA’s views or policies.

IPF Definition, Current Clinical Landscape, and the Urgent Need to Improve Outcomes 

that are Meaningful to Patients

To understand the impact of endpoint selection, it is helpful to frame IPF in its clinical context. 

IPF is a unique disease entity belonging to the broad and heterogeneous category of chronic 

interstitial lung diseases (ILD), occurring exclusively in adults and manifesting solely within the 

lungs. While it typically presents without systemic disease or external symptoms, there are 

potential extrapulmonary manifestations (1, 2). IPF disease behavior is characterized by various 

slopes of irreversible lung function decline, ranging from rapid to gradual deterioration. These 

varying trajectories, accompanied by worsening respiratory symptoms and fatigue, significantly 

shorten survival, often due to disease progression with respiratory failure or associated 

comorbidities, with a median survival of ~3-5 years (1). While genetic predisposition factors 

identified in a subgroup of patients and familial pulmonary fibrosis are increasingly recognized, 

the cause of IPF remains unknown. The disease is characterized by well-defined imaging and/or 

a histopathological pattern of usual interstitial pneumonia (UIP) (1-4). Although usual interstitial 
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pneumonia (UIP) is a defined pattern, it is not specific to IPF and may occur in several clinical 

conditions including connective tissue diseases, environmental exposures, hypersensitivity 

pneumonitis and genetic disorders that lead to pulmonary fibrosis (5). 

This specific case definition enabled recruitment of relatively homogenous cohorts of patients 

with IPF for clinical trials, revealing key insights into the disease’s behavior and natural course 

(6) and leading to the discovery of two antifibrotic drugs, with demonstrated efficacy (7, 8). 

Amidst these advancements, an ongoing debate continues about the grouping of progressive 

fibrotic lung diseases for antifibrotic interventions in future IPF trials (2). Current trial data 

indicate that the average annual decline in forced vital capacity (FVC) among patients with mild 

or moderate lung function impairment is 150 to 200 mL per year (Figure 1a) (6), which can be 

slowed in patients treated with pirfenidone or nintedanib (7, 8). However, the clinical course of 

IPF is variable, and the rate of progression in individual patients is difficult to predict (Figure 

1b). 

Despite antifibrotic agents and best supportive care, patients living with IPF suffer from 

persistent respiratory symptoms, fatigue, and diminished quality of life. Although currently 

approved antifibrotics slow the rate of decline of FVC, they have not been shown to improve 

symptoms or quality of life, nor do they reliably halt disease progression. In fact, even with 

antifibrotics (or several months to years of stability without them), IPF may progress rapidly and 

unexpectedly. Whether gradual or rapid, progression causes symptomatic worsening and impairs 

patients' sense of well-being. Thus, there is an urgent need to identify more effective therapies to 

prevent worsening and ultimately improve how patients feel and function.
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MATERIALS AND METHODS

Symposium Design and Participants

Forty-three participants from the United States, Europe, and Latin America attended the day-and-

a-half symposium near the FDA’s Washington, DC headquarter. Co-chaired by GR and FJM 

alongside the FDA, attendees were selected for their expertise, spanning FDA regulatory 

representatives, IPF clinical and academic experts, methodologists, and biostatisticians with 

expertise in IPF, IPF patient advocacy organization representatives, IPF patients, and 

observational participants from the National Institutes of Health (NIH). 

Individual sessions were led by nine core discussants with expertise in IPF endpoints or 

regulatory and methodological issues. These presentations sparked comprehensive discussions 

among participants, including three in-person patient advocates with IPF (DG, RB, DI), a 

recorded patient testimony (RN), ten FDA representatives, and 16 other IPF experts (full list in 

Table 7). The conversations revolved around endpoints for IPF clinical trials and their real-world 

impacts, which were contextualized by the patient advocates. The FDA provided regulatory 

considerations for each session. In collaboration with the core discussants and GR, MG 

synthesized the symposium’s proceedings into a cohesive presentation and translated the 

discussions into a consolidated manuscript. This report of the symposium proceedings reflects 

the collaborative effort of all participants. Funding for this symposium was generously provided 

in part by GR and FJM, and donations, (see Acknowledgements).
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Focused Sessions

The symposium included the following focused sessions, led by one or more core discussant(s):

1. An overview of key endpoints used in IPF clinical trials to ensure foundational 

understanding of the current standards and key knowledge gaps.

2. Statistical prerequisites that distinguish a patient-level correlate from a surrogate and 

application of the “feels, functions, survives” criteria in endpoint selection.

3. An overview of FDA considerations for establishing substantial evidence of 

effectiveness.

4. Comprehensive synopsis of key IPF trial endpoints: FVC, composite endpoints, patient-

reported outcome (PRO) measures, physical activity and walk test variables, and imaging 

and circulating biomarkers.

Regulatory Considerations

The presentations prepared by the core discussants were shared with the FDA for their review a 

month before the symposium. At the end of each focused session, FDA representatives discussed 

respective regulatory considerations, and the need to address these in order to bridge the gap 

between the theoretical discourse and potential pathways for regulatory approval. 

Active Engagement of Patient Advocates

Patients and advocates were actively engaged during the discussions and served as active 

contributors across the entirety of the symposium, underscoring the symposium’s commitment to 

ensuring the dialogue centered around the patient experience.  
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Reporting of Symposium Findings

The symposium was designed to stimulate a comprehensive and liberal scientific discussion 

around the design and execution of future IPF clinical trials with a focus on optimizing endpoint 

selection. Symposium leaders and core discussants developed an initial draft of this manuscript 

that then was reviewed by regulatory colleagues and other symposium participants. Their input 

was incorporated into the final document that was approved by the authors for submission. 

PATIENT PERSPECTIVES

The development of this symposium report was not just shaped by clinical, methodological, 

biostatistical, and regulatory experts; rather, it was fundamentally shaped by the lived 

experiences and insights of patients confronted with IPF. Contributions from patient 

representatives were at the center of our discussions, as they advocated for the future of IPF trials 

to better align our scientific objectives with the realities and needs of patients. A testament of 

this need is illustrated in this testimony from a patient (RN) (Box 1).

SELECTING ENDPOINTS THAT ASSESS HOW PATIENTS FEEL, FUNCTION, AND 

SURVIVE

With the goal of optimizing IPF clinical trial endpoint selection, this symposium highlighted the 

key characteristics of primary endpoints in Phase 3 trials: 1) consistently and readily measurable in 

clinical practice; 2) sensitive to intervention mechanisms; 3) well-defined and reliable; and 4) a 

direct measure of how a patient 'feels, functions, or survives' or a properly validated surrogate for 

such measures. The symposium extensively explored how current IPF clinical trial endpoints align 
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with these characteristics, including regulatory and methodological considerations for biomarkers 

to accelerate drug development through trial enrichment, monitoring, or as surrogate endpoints.

Endpoints as a Window to Disease

PROs, such as disease-related symptoms and functional impacts, provide direct assessments of 

how patients ‘feel’ by capturing their lived experiences directly from them. Similarly, assessments 

such as the 6-Minute Walk Test (6MWT) directly measure how patients’ ‘function’. Biomarkers, 

if properly validated as a surrogate endpoint, also hold promise as replacement primary endpoints 

or integration into primary composite endpoints in IPF trials, and they have the potential to reduce 

the size and duration of clinical trials. They provide useful insights about effects of interventions 

on biological pathways related to the IPF disease process. As specified in the 2010 Institute of 

Medicine report on “Evaluation of Biomarkers and Surrogate Endpoints”, “Biomarkers are 

measurements of biological processes. Biomarkers include physiological measurements, blood 

tests & other chemical analyses of tissue or bodily fluids, genetic or metabolic data, and 

measurements from images” (9). Examples of biomarkers in IPF would be lung function testing 

(FVC, DLCO), metabolic or circulatory measures, or image patterns (HRCT or PET). 

However, reliance solely on biomarkers may be misleading. Patient-level correlations between 

biomarkers and clinical outcomes do not confirm causality, and intervention effects on biomarkers 

do not ensure impact on how patients ‘feel, function, and survive’. Thus, comprehensive 

validation as a surrogate endpoint, both clinical and statistical, is essential before adopting 

biomarkers as replacement endpoints.
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Biomarker Limitations: Correlates are not Surrogates 

Though biomarkers may detect effects of interventions on important biological pathways of the 

disease process, they might not reliably reflect treatment impact on how patients ‘feel, function 

and survive’. A frequent approach in attempts to justify the use of biomarkers as replacement 

endpoints in registrational trials is to 1) identify a biomarker that has a strong patient-level 

correlation with one or more direct measures for how the patient ‘feels, functions, or survives’; 2) 

establish the intervention’s effect on that biomarker; and 3) make the leap that it should follow that 

the intervention has clinically meaningful effects on how patients ‘feel, function, or survive’ (i.e., 

“post hoc, ergo propter hoc”). However, patient-level correlations do not establish causality. For 

instance, while IPF patients with improved lung function after treatment might have prolonged 

survival, this patient-level correlation does not confirm that enhancing lung function directly 

increases survival. In this example, causality might be in the reverse direction where having a 

slower progressing form of the disease is the reason both for longer survival and a better response 

to treatment, so treatment simply identifies those who would have naturally lived longer. 

Our evaluation of each endpoint during the symposium centered on surrogate validity, and we 

considered the following four primary factors (see Figure 2) that explain why a patient-level 

correlation between a biomarker and measures of how patient’s ‘feels, functions, or survives’ do 

not necessarily indicate validity (10):

1. Not being a causal pathway: A disease may causally influence the level of a biomarker as well 

as ‘feels, functions, survives’ measures, thus leading such measures to be correlated with the 

biomarker. However, if the biomarker is not directly within a pathophysiological pathway 
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through which the disease process influences a ‘feels, functions, survives’ measure, an effect 

by the intervention on the biomarker may not predict its net effect on the clinical endpoint.

2. Multiple causal pathways: Diseases can affect ‘feels, functions, survives’ measures through 

various pathways, and only one of these may be mediated through the biomarker. This could 

lead to false negative results when relying on effects on the biomarker.  For example, in 

oncology, while immuno-oncology agents may have better effects than chemotherapy on 

overall survival (OS) due to effects on long-term tumor burden, traditional measures sensitive 

to effects on short-term tumor burden like ‘objective response rate’ or ‘progression-free 

survival’ may not fully capture these benefits (11). Conversely, these multiple causal pathways 

could lead to false positive results when relying on biomarkers, as illustrated when comparing 

the SmithKline Beecham (SKB) and Aventis-Pasteur (AP) acellular pertussis vaccines (12). 

While the SKB vaccine was superior to the AP vaccine for effects on filamentous 

hemagglutinin (FHA) and pertussis toxin (PT) antibodies, it was relatively less effective on the 

clinical endpoint of pertussis. This was because the more effective AP vaccine impacted 

additional antibodies and possibly had longer-lasting biological effects, illustrating a risk of 

false positives. 

3. Durability of effect: The durability of the intervention’s effect matters. Even if an intervention 

has an effect on the principal causal pathway through which effects of the disease process on 

the clinical endpoints are mediated, often the timing, magnitude and duration of that effect that 

is needed to meaningfully impact the clinical endpoint is not known. 

4. Unintended Effects: An intervention that is sufficiently potent to have the intended effects on 

the biomarker may have unintended effects on the ‘feels, functions, survives’ measures that are 

not captured by the biomarker (13).
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REGULATORY CONSIDERATIONS: ESTABLISHING SUBSTANTIAL EVIDENCE 

OF EFFECTIVENESS

Biomarker Validation

To establish biomarkers as replacement endpoints that meet regulatory benchmarks of scientific 

validity in IPF clinical trials, substantial clinical and statistical insights are required, particularly a 

comprehensive understanding of the disease’s causal pathways beyond those mediated through the 

biomarker. Statistically, an overview of trials for interventions, ideally in the class of the 

experimental intervention, is needed to determine whether there is a trial-level correlation between 

the intervention's net effect on the biomarker and its net effect on the measure for how patients 

‘feel, function, and survive’. Trial-level correlations are vital because unintended intervention 

effects often go undetected by the biomarker and frequently are not clinically anticipated. 

For instance, the FDA’s trial-level overview using the pirfenidone and nintedanib trials illustrated 

the surrogacy of FVC for overall survival (OS) in the IPF setting (14). However, the potential of 

3-month FVC as a surrogate for OS in IPF presents a cautionary tale. Although Kahn et al (15) 

established 3-month FVC to be a patient-level correlate for OS, GLPG1960's positive effects on 3-

month FVC were misleading, as the 1,300 patient Phase 3 trial established that this agent did not 

have favorable effects on 12- to 18-month FVC and had adverse effects on OS.  

Context-of-Use

The Institute of Medicine (9) emphasized the importance of context-of-use in determining the 

suitability of a biomarker as a surrogate endpoint, noting that no single biomarker can universally 
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serve as a generic surrogate endpoint for all treatment interventions in a disease setting. This 

perspective was recognized by the FDA and the Cardio-Renal Drugs Advisory Committee in 2006 

(16), where the validity of blood pressure as a replacement endpoint for 'feels, functions, survives' 

outcomes was acknowledged to potentially vary meaningfully across different classes of anti-

hypertensive treatments, in part because unintended effects on the ‘feels, functions, survives’ 

measures that are not captured by the biomarker could vary across these classes.  Hence, evidence 

to support validity of blood pressure as a potential replacement endpoint for 'feels, functions, 

survives' outcomes was evaluated overall, as well as by class of anti-hypertensive treatments.

Utility of Biomarkers and Cautionary Issues

Biomarkers, even if only established to be patient-level correlates, are useful for assessments of 

disease diagnosis and prognosis. As direct measures of biological activity, biomarkers are useful 

as primary endpoints in proof-of-concept trials or as supportive endpoints in registrational trials. 

However, their greatest utility would be as replacement endpoints in registrational trials (and yet a 

correlate does not a surrogate make) and in enrichment (and yet a prognostic factor does not an 

effect modifier make).

Relying on biomarkers as replacement endpoints often yields less reliable insights into not only 

the efficacy but also the safety of marketed products. If post-marketing experience reveals safety 

issues, such as with natalizumab when multiple sclerosis patients experienced progressive 

multifocal leukoencephalopathy, doubts more readily arise about whether the evidence about 

efficacy is sufficiently strong to justify a positive benefit-to-risk assessment. 
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Enhancing IPF Endpoint Selection through Composite Endpoints

The FDA supported the use of composite endpoints to improve the efficiency of trial designs 

without reliance on biomarkers as replacement endpoints, given the burdens of achieving their 

statistical and clinical validation (FDA Guidance for Industry available at: 

https://www.fda.gov/media/162416/download). For illustration, at the 4th World Symposium on 

Pulmonary Hypertension (PH) held in Dana Point, California in February 2008 (17), the 

composite ‘time to clinical worsening’ was endorsed as an alternative to the 6MWT. This 

included multiple components: death, lung transplantation, PH hospitalization, and a 

combination of an increase in functional class with a 15% reduction in 6MWD (6-Minute Walk 

Distance). By analogy, in IPF, the composite of death and IPF-hospitalization was advocated in 

2012 by Raghu et al (18). Additional components could be considered, such as the simultaneous 

occurrence of a 10% decline in FVC and a 50-meter decline in 6MWD, however, with the 

recognition that ‘a chain is as strong as its weakest link’. 

The discussions from this symposium highlighted the advantages of composite endpoints, 

highlighting their efficacy in trial design as alternatives to biomarkers for replacement endpoints. 

An integrated approach that incorporates PROs, other direct ‘feels, functions, survives’ 

measures, and potentially validated biomarkers, can enable more meaningful evaluation of IPF 

treatment strategies. The following sections of this report summarize the discussions around each 

endpoint.
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KEY BIOMARKERS AS MEANINGFUL ENDPOINTS FOR IPF CLINICAL TRIALS

Forced Vital Capacity (FVC) 

The correlation between treatment effects on FVC and on mortality in patients with IPF has been 

consistently demonstrated, resulting in the FDA adopting FVC as an endpoint in registrational 

trials. As such, FVC monitoring has become a staple in clinical practice guidelines for disease 

management (2) and drug discovery, with the primary focus being on markers of disease 

progression (14). In particular, literature has stated that a categorical decline (relative or 

absolute) in FVC of 10% or more, as well as marginal declines between 5% to 10% within a six-

month period, have been associated with an increased risk of death and should therefore be 

considered as clinically relevant changes (2).

FVC measurement is widely accessible, reproducible and can be centralized in clinical trials to 

reduce variability of measures over time, increasing the statistical power of trials. FVC also has 

known, yet largely addressable, methodological pitfalls, which should be carefully considered in 

study protocols. Consequently, FVC has become the preferred primary efficacy endpoint in IPF 

treatment trials, particularly in those with positive results as illustrated in Table 1, and 

commensurately used in over 100 such trials. As evidence of this, over 60% of IPF randomized 

controlled trials (RCTs) used the change in percent predicted FVC and/or the change in absolute 

value of FVC as the primary efficacy endpoint (Figure 3); this proportion is similar when 

considering only phase 3 RCTs.

Pharmaceutical studies frequently assess FVC change as either a continuous variable or by 

predefined “clinically meaningful” thresholds. Continuous change analysis offers increased 
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sensitivity, but setting FVC decline thresholds has multiple advantages. For certain patients, IPF 

progresses in a stepwise fashion, which might escape continuous FVC assessments. 

Distinguishing a “clinically meaningful” FVC decline allows those marking “treatment failure” 

to exit trials or enter “rescue” management. Additionally, monitoring time until decline can 

incorporate mortality data into progression-free survival evaluations. But there is a downside: 

absolute FVC change thresholds overlook disease severity variations. A 10% absolute change 

can suggest a minor decline in mild cases or in IPF with concurrent emphysema. Conversely, the 

same 10% change could mark significant progression in advanced IPF cases—a drop in FVC 

from 40% to 30% equates to a 25% baseline value decrease. A change threshold with varying 

clinical implications based on disease severity poses challenges.

One of the challenges currently faced in IPF RCTs is the allocation of patients receiving a true 

placebo when approved treatments are available. After 2014, the publication year of the pivotal 

studies for the approved treatments nintedanib (8) and pirfenidone (7), about 60% of RCTs 

included patients on anti-fibrotic background therapies. This poses a further dilemma in 

evaluating the efficacy and safety of new treatments via functional tests. However, assessing the 

treatment effect on top of anti-fibrotic therapy leaves narrower margins for detecting differences 

and necessitates larger patient cohorts and longer trial durations. A challenging, but highly 

desirable scenario, more likely to become real by shifting the trial population to patients with 

early disease, is identifying newer treatments which have the potential to increase FVC values 

over time, not only reduce their decline. 
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Recently, the validity of short (three months) change in FVC as a marker of efficacy in IPF 

clinical trials was evaluated (15). In nearly 2000 patients with IPF, the study found that a 2.5% 

decline in FVC at three months corresponded to a 15% increased mortality risk and 30% greater 

likelihood of disease progression. A 5.7% FVC change threshold at three months emerged as a 

potent predictor of increased mortality risk, displaying accuracy comparable to a 10% change 

over 12 months.

However, utilizing a three-month FVC decline as the primary efficacy endpoint would require 

roughly double the patient sample compared to traditional 12-month trials. While a shorter trial 

might attract more participants, intensified recruitment challenges arise. Recent phase 2 trials, 

however, have laid the groundwork for larger phase 3 studies (19). Additionally, while home 

spirometry devices for tracking FVC change are now used in IPF RCTs (20), they come with 

consistent challenges, including its limited reproducibility (20). Increased assessments may 

discourage patient compliance, negating the benefits of regular evaluations. 

With nintedanib and pirfenidone as standard IPF treatments known to decrease FVC decline over 

12 months, the original 10% FVC reduction benchmark no longer solely defines treatment 

response on top of standard of care. It is essential to pair lung function assessments with other 

clinically relevant outcomes. Given the limited data on non-FVC endpoints in clinical trials for 

patients with IPF with severe lung function impairment, an innovative strategy is required, 

urging the scientific community to broaden trial efficiency by evaluating benefits beyond just 

pulmonary function.
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Regulatory Considerations for FVC

The FDA emphasized FVC’s role as an established clinical endpoint with regulatory precedence, 

due to biological plausibility and emerging evidence, as well as its limitations, including 

challenges with the time course for treatment effect (FVC maturity) and interpretability. The 

need to look at endpoints beyond FVC was stressed by the group and supported by the FDA, 

placing importance on endpoints with a sustained therapeutic response. They cautioned against 

shorter trials and the use of 3-month FVC with an analysis, citing the INPULSIS-1 trial, a 12-

month treatment study, lasting a total of 847 days looking at an approximate 100mL FVC change 

in 515 patients. By comparison, they presented a hypothetical 12-week trial scenario, assuming 

the same power and standard deviations, but a smaller 50 ml change in FVC, which would 

require almost four times the sample size (~1980 patients) and twice the total time at around 

1800 days. The inability for an earlier FVC to expedite trial completion, coupled with concerns 

on durability of effect supported their advocacy for trials longer than three months, as they often 

yield richer datasets, thus enhancing drug development. Concerns were also raised about home 

spirometry assessments for FVC, particularly issues with device reliability and the compromise 

between quality and frequency.

Composite Endpoints

Composite endpoints, which aggregate multiple outcomes into a single endpoint (21-23)2, 

present an alternative to standalone endpoints like FVC, as previously discussed, and OS. The 

latter has been felt to be challenging due to its potential infrequency in a typical clinical trial 

(24). Potential advantages to composite endpoints include: 1) providing a primary outcome when 

2 FDA Guidance for Industry available at: https://www.fda.gov/media/162416/download
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a clear first choice is lacking (21); 2) enhanced statistical efficiency in time to event analyses due 

to higher event rates and possibly smaller sample sizes (21); and, 3) potentially bypassing 

competing risks during outcome assessment (25). These composites can manifest as a total score 

or index, an event rate over a set duration, or time to the first event, with the latter commonly 

seen in oncology trials as relapse-free or progression-free survival (26).

Ensuring that each component is valid, reliable (26), and clinically meaningful to patients (25) 

could optimize study design and interpretation. A large gradient of importance of the individual 

components may negatively impact the overall value of the endpoint. The larger the discrepancy 

in frequency of the most and least important components can risk the clinical relevance of the 

composite (25). Lastly, it is ideal if the components are biologically linked to the intervention, 

with similar magnitudes of relative risk reduction and narrow confidence intervals to facilitate 

interpretation (25).

A relevant example, as illustrated earlier in this report, is seen in phase 3 PH therapeutic 

development, which was significantly facilitated by the introduction of 6MWD as an endpoint 

(27, 28). However, with combination therapy, the predictive value and responsiveness of 6MWT 

lessened (29). This prompted investigators to modify their approach, leveraging time to clinical 

worsening, which incorporated changes in functional class, 6MWT, and biological markers (28).

Early therapeutic development in IPF utilized composite endpoints with a wide range of 

physiological criteria of different potential clinical significance, death, and various acute clinical 

events; the distribution of events was roughly associated with baseline measures of disease 
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severity (30-32) (see Table 2). A key milestone resulted from an analysis of three IPF Network 

clinical trials (33). Change in FVC > 10% (HR 4.68, 95% CI 1.83-11.99) was confirmed as a 

predictor of subsequent mortality as was non-elective respiratory hospitalization (HR 5.97, 95% 

CI 1.81-19.74). Non-elective, non-respiratory hospitalization was not associated with subsequent 

mortality (HR 1.16, 95% CI 0.15-8.92). Of patients without an early decline in FVC, 30/510 

experienced a respiratory hospitalization. The combination of FVC decline and respiratory 

related hospitalization was associated with a numerically greater risk of mortality (HR 5.65, 95% 

CI 2.19-14.56.) (33). 

This timing of clinical events before physiological deterioration has been supported by others 

(34, 35). Analyses of clinical trials that used FVC decline as a primary endpoint confirmed 

therapeutic responsiveness to antifibrotic therapy using progression free survival incorporating 

physiological decline (FVC or 6MWT) and death; the former variables predominated in number 

(36). Subsequent clinical trials have operationalized composite clinical endpoints incorporating 

physiological deterioration (6MWT (37)) and clinical endpoints such as OS (37-39), non-elective 

respiratory hospitalization (37-39), or lung transplantation (39) as the primary endpoint (see 

Table 2). This was facilitated by the development of robust criteria to adjudicate the nature of 

clinical events in IPF trials (40, 41). Data are limited on patients with IPF regarding the ranking 

of importance of various endpoints, which could be potential components of a composite. The 

focus has primarily been on mortality, change in lung function, imaging, and dyspnea (42). 

Composite clinical endpoints that are easily measurable and /or adjudicated reflect a feasible 

construct for the conduct of future clinical trials in IPF.
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Regulatory Considerations for Composite Endpoints

The FDA generally supported the use of composite endpoints to augment the efficiency of trial 

designs, though several complexities must be addressed. These include challenges in interpreting 

results, potential overlap of components, component equivalence, and feasibility of ranking 

components based on their clinical importance. Therefore, while the implementation of composite 

endpoints in IPF trials offers promising benefits, the associated regulatory considerations around 

interpretability, equivalence, and redundancy must be meticulously navigated.

Patient-Reported Outcomes (PROs)

Lung function measures, such as FVC, only weakly correlate with patient reported symptom 

measures (43, 44), suggesting they do not fully capture a patient's experience of symptoms, 

functional limitations, or treatment effects. However, individuals living with IPF seek treatments 

that will improve their overall health-related quality of life (HRQOL), reduce symptom burden, 

and support daily functioning (45, 46). Despite IPF therapeutic advances in disease modification, 

there is little evidence that current treatments significantly influence these high-priority patient-

centered outcomes (47, 48). 

A PRO, as defined by the FDA’s 2009 Guidance for Industry (49, 50) is a measurement based on 

a report obtained directly from the patient regarding their health condition, unaltered and 

uninterpreted by a clinician or anyone else. A PRO can be measured by either self-report or 

interview, with the requirement that only the patient’s response is recorded (22). As such, PROs 

can contextualize trial results within a framework of relevance and meaningfulness to patients.
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FDA guidance, alongside expert opinions, have established benchmarks (51-54) that aid in 

determining if a PRO is “fit for purpose” (49, 55). For example, items on a PRO should be 

derived directly from patient feedback, thus ensuring relevance to the target population (56, 57). 

The ideal fit-for-purpose instrument in IPF would be patient-informed, relevant, comprehensive 

(i.e., capture all relevant aspects of the concepts of interest), comprehensible, and easy to 

complete (58, 59). It should strike a balance between respondent burden and information capture. 

A fit-for-purpose PRO has scores that meet psychometric criteria for reliability, validity, and 

responsiveness (60). The selection of PRO(s) for a trial depends on several factors, including but 

not limited to, the specific target population, the design and duration of the trial, the 

intervention’s mechanism of action and its expected effects. Before selecting PRO measures for 

IPF trials, investigators should first conduct a comprehensive literature review to gather 

preliminary evidence regarding their content validity and psychometric properties. Following 

this initial step, it is crucial to engage in discussions with the FDA to determine the necessity for 

additional qualitative and quantitative research to further establish and confirm the content 

validity and psychometric properties. 

Numerous PROs have been used in therapeutic trials in IPF (7, 8, 61, 62). Each PRO instrument 

has different characteristics that may fit better for certain intended uses than others. Notably, K-

BILD and Living with Pulmonary Fibrosis Questionnaire were both developed with input from 

patients living with IPF and have undergone rigorous validity and reliability testing. The 

evaluation of validity is a process, not a threshold phenomenon; as such, the more a PRO is used 
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in the target population – in different trial settings – the more we learn about what its scores tell 

us about patients and interventions under study. 

The interest, desire, and need to assess the effects of interventions on things that matter to 

patients suggest PRO scores should be high-tier endpoints in IPF trials. PROs that are 

appropriately developed and validated as fit-for-purpose may be able to capture information 

meaningful to patients that other clinical outcomes do not. In the trial planning phase, 

investigators should consult with PRO experts to help ensure the most well-suited PRO(s) are 

included. Comprehensive guidelines outline how to structure sections of study protocols 

covering PROs and how to report PRO results. Incorporating adequately validated, fit-for-

purpose PROs into clinical trials, potentially as co-primary endpoints, previously not done in IPF 

trials, could fuse the analytical strength of objective endpoints with patient-centric perspectives 

for a more holistic evaluation of treatment effectiveness.

Regulatory Considerations for PROs 

The FDA encouraged the use of PROs in IPF trials. In IPF, PROs can assess symptoms such as 

dyspnea, cough, anxiety, depression, or fatigue, providing valuable insight on treatment efficacy 

and patients’ quality of life. The FDA emphasized the importance of using simple fit-for-purpose 

PROs that are developed with patient’s in put and less burdening for patients in evaluating how 

patients ‘feel’ and/or ‘function’ for the context of use (49).
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Physical Activity and Walk Test Variables

Previous sections of this symposium report delved into the challenges posed by FVC as a 

primary endpoint in IPF trials, such as overlooking the vascular component of the disease’s 

pathophysiological consequences, as well as its impairment on patients’ HRQOL and curtailment 

of their physical activity (63). Although the diffusing capacity of the lung for carbon monoxide 

(DLco) might offer insights into both pulmonary circulation and gas exchange, its variability 

often hampers its utility (64). Since lung function measurements often only loosely translate in 

how a patient feels and functions, physical activity tests can provide more direct measures.

There are several tests of physical activity available, which differ in their characteristics and 

practicability (64). The formal cardiopulmonary exercise test (CPET) is relatively complex and 

expensive in terms of resources and time, difficult to standardize across centers and provides 

complex results which are difficult to interpret. Relatively less complex and easy to perform are 

the 6MWT and the incremental or endurance shuttle walk tests (ISWT or ESWT). ISWT and 

ESWT are maximal exercise tests, aiming to stop when the patient is completely exhausted. In 

contrast, the 6MWT is a submaximal exercise test, where the patient is asked to perform a 

vigorous but individually still tolerable activity, which is generally more convenient for the 

patients (63, 64). For patients with chronic bronchopulmonary diseases like IPF and COPD, the 

6MWDhas been found to be significantly related to peak oxygen uptake, a crucial measure 

obtained from CPET (65). Moreover, changes in 6MWD in serial measurements at 6 and 12 

months are closely related to changes in Saint Georges Respiratory Questionnaire total score 

(SGRQ, TS) and FVC (66). Even more important, the 6MWD at baseline has also been shown to 

be statistically significant linked to mortality or transplantation-free survival (67). Finally, a 
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decline in 6MWD is significantly related to mortality or lung transplantation with a clinically 

minimal important difference of about 30-40 m (67, 68). Table 3 depicts the application of these 

functional measures in IPF randomized controlled clinical trials.

The 6MWT has been used as a clinically relevant primary endpoint in many PH trials (69). It 

was successfully applied as a secondary endpoint in the ASCEND trial testing oral pirfenidone in 

IPF and as a primary endpoint in the INCREASE trial testing inhaled Treprostinil in pulmonary 

fibrosis and PH (7, 70). Initial findings support the safety of the 6MWT for patients suffering 

from moderate to severe chronic lung diseases (71, 72). When applying the 6MWT in the setting 

of clinical trials, rigorous standardization across all participating centers is crucial. This includes 

familiarization tests to correct for learning effects, and standardized handling of oxygen 

supplementation, assistive devices including wheelchair use, and stopping rules with 

desaturation. 

The 6MWT, under a standardized protocol, not only demonstrates reliability, practicality, and 

safety for the targeted IPF population (Figure 4), it also provides a clinically meaningful measure 

reflecting how patients feel and function (in contrast to FVC or DLco) with a significant 

correlation to mortality. Its selection as a primary endpoint in RCTs for IPF necessitates careful 

consideration of the study's population and the investigational drug's potential effects.  

          

Regulatory Considerations for Physical Activity and Walk Test Variables

Echoing the regulatory considerations for PROs, the FDA emphasized consistent standards for 

measures of how patients’ ‘function’, encouraging the use of fit-for-purpose performance outcome 
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(PerfO) measures. While the discussions highlighted the important dimensions captured by 

functional assessments, it also highlighted the crucial need to explore additional measures that 

capture the holistic impact of IPF.

Imaging Biomarkers

Computed tomography (CT) is routinely used for diagnosis and monitoring of fibrotic lung 

disease. CT provides a direct and noninvasive assessment of lung morphology, and the CT 

datasets are readily amenable to being evaluated with quantitative techniques including artificial 

intelligence. With advances in CT technology, multidetector helical CT scanners image the lungs 

within seconds, enabling high resolution reproducible imaging in a single breath-hold, even for 

patients who are breathless. Importantly, radiation dose reduction techniques have significantly 

reduced radiation exposure, while maintaining image quality (73-75), crucial for patients living 

with IPF who may undergo multiple CT examinations over their lifetime.

Multiple quantitative CT (QCT) tools have been applied to CT images to identify and quantify 

imaging features of fibrosis (76). These methods, developed following visual evaluation by 

panels of expert radiologists, have been further enhanced by recent advances including the use of 

adaptive denoising and machine learning (Table 4) (77-80). The value of these quantitative 

imaging biomarkers is evident from their use as key endpoints in many retrospective 

observational cohort studies, as well as a few prospective clinical trials of antifibrotic treatment 

(Table 4). The baseline fibrosis extent in a patient with IPF correlates with severity of pulmonary 

function impairment and SGRQ and is an independent predictor of FVC decline (79, 81-85). 

Additionally, change in fibrosis extent on serial CT examinations correlates with FVC decline 
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(81, 83, 86-88). Two observational studies have shown that change in fibrosis extent at 6 months 

may predict change in FVC at 12 months (89, 90). Furthermore, serial change in fibrosis extent 

predicts survival (91), and in cohort studies fibrosis extent was found to be a predictor of 

mortality across disease subtypes (92), even in patients with preserved FVC (79). QCT may help 

overcome some limitations of FVC. For example, emphysema may occur in 8-67% of patients 

living with IPF (93), resulting in relatively preserved lung volume and attenuated FVC decline, 

masking disease progression by FVC. Additionally, use of QCT may lead to discovery of novel 

biomarkers; for example, quantitative assessment of vessel-related structures in the lung or 

pulmonary vessel volume has been shown to be an independent predictor of mortality in IPF 

(94). 

Despite their promise, QCT biomarkers are associated with several limitations. Radiation dose 

from CT remains a concern. Most of the evidence supporting utility of QCT derives primarily 

from observational or retrospective analyses of cohort or clinical trial studies, raising concern for 

possible selection bias and quality of evidence (Table 4). Evidence on the short-term 

reproducibility of QCT is limited (95). QCT techniques are sensitive to variation in CT 

acquisition and reconstruction parameters, and to variation in inspired lung volume. QCT metrics 

may be affected by complications such as exacerbation of pneumonitis, emphysema, and 

pulmonary edema. For quantitative imaging to be successful in clinical trials, acquisition 

parameters must be standardized, with the same protocol followed on baseline and follow-up 

scans. The Quantitative Imaging Biomarkers Alliance of the Radiologic Society of North 

America has provided a detailed protocol for acquiring QCT examinations in other 

disease/applications (96), which should be used as a model in future clinical trials. Careful 
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attention to critical acquisition factors such as breathing instructions, patient position, and use of 

contrast are essential for providing reproducible QCT metrics. CT examinations should not be 

performed during acute exacerbation of symptoms.

The evidence summarized in Table 4 supports the utility of QCT fibrosis extent as a metric for 

disease severity in IPF, correlating with PROs, baseline and longitudinal pulmonary function, 

and survival. Integrating QCT fibrosis extent as a central, standardized outcome in a clinical trial 

may support enrichment decisions in phase 2 studies and could complement primary outcomes 

measured by FVC and composite endpoints. While QCT endpoints are not sufficiently 

characterized to be used as primary endpoints in registrational trials, the use of QCT as an 

exploratory or secondary endpoint in numerous studies signifies its growing importance as a trial 

outcome and clinical practice in the future. However, a prospective trial(s) primarily designed to 

assess QCT fibrosis extent is necessary to determine comparative performance with other 

endpoints, such as FVC.

Regulatory Considerations for Imaging Biomarkers

The FDA acknowledged the utility for imaging biomarkers in screening, diagnosing and 

enrichment of IPF clinical trials. Such imaging tools should fundamentally be capable of 

identifying the requisite findings for each UIP radiological pattern, such as ground glass reticular 

extent (GGR), traction bronchiectasis, and honeycombing. Reproducibility to allow 

differentiation between commonly encountered findings such as emphysema with requisite 

features such as honeycombing must be ensured. Additionally, it is imperative that the HRCT 
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input is of a sufficient quality to resolve these requisite findings, considering aspects such as 

slice thickness, noise pattern, resolution, and low contrast detectability. . 

Key considerations in developing and validating these imaging tools include appropriate 

establishment of ground truth, suitability of radiological dataset, and ensuring the images are 

technically and clinically acceptable for use. The context of use for any radiological biomarker is 

important to define risk and tolerance for uncertainty. Performance transparency for users is 

necessary to optimize utility of a biomarker particularly given the increased prevalence of black 

box outputs with unproven correlation with physiological findings. Imaging biomarkers are 

currently utilized as supplemental or exploratory in clinical trials, but they have not been 

demonstrated to be superior or non-inferior to FVC and survival.

A consistent predictive relationship between imaging biomarkers and clinical outcomes in IPF is 

difficult to ascertain due to variability in patient-image acquisition systems and technique (e.g. 

scanner technological characteristics, acquisition parameters, filters, reconstruction, post-

processing), data analysis systems (e.g. level of automation, algorithm design, software version), 

and interpretation (Figure 5), in addition to patient sources of variability (e.g., exacerbation, 

progression, non-IPF findings, variations in patient anatomy or pathology). Note that data-driven 

algorithm performance is generally more sensitive to variations in input when compared to other 

more traditional image processing techniques. The type and extent of evidence needed to validate 

the biomarker should be informed in part by the tool’s design and its impact on uncertainty and 

reliability within the imaging biomarker’s context of use. Robust, multi-center validation studies 

to confirm the utility and operating characteristics of imaging biomarkers as endpoints are 

Page 33 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



34

necessary. As such, imaging biomarkers at present are not ready for use as registrational 

endpoints, although there is utility to imaging providing additional visual information in 

assessing fibrosis (e.g., providing a real-time visual assessment).  

Circulating Biomarkers

Biomarkers are objective indicators of biological, pathogenic, or therapeutic processes in 

response to therapeutic interventions (97). In IPF, there remains an unmet need for biomarkers 

that are not only predictive of disease progression and treatment response but also reflect how 

patients feel, function, and survive. For instance, glycosylated hemoglobin in diabetes not only 

signals potential treatment responses; it also has the potential to reliably prognosticate or 

indirectly inform the impact of the intervention on patients’ lives.

IPF is characterized by marked changes in levels of circulating proteins when compared to 

healthy age matched controls (98, 99). Many of these biomarkers (e.g. Matrix metalloproteinase 

7 (MMP7), CA-125, C-reactive protein degraded by MMP (CRPM), pro-collagens (Pro-C)-3 and 

-6 and CYFRA 21-1) have been shown to identify newly-diagnosed IPF patients susceptible to 

accelerated disease progression, as shown in Table 5 (100-104). These observations are not 

limited to IPF; an unbiased proteomic screen has identified a panel of proteins that predict 

progressive fibrosis in individuals with a range of non-IPF fibrotic lung diseases (105). In 

individuals with IPF, three-month change in the levels of several biomarkers maps with disease 

progression and provides prognostic information over and above baseline levels (101, 103). Anti-

fibrotic therapy with nintedanib has been shown to significantly reduce circulating levels of CA-

125, C3M (collagen 3 degraded by MMP) and soluble intercellular adhesion molecule-1 
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(sICAM-1) (106). Whether these reductions predict longer-term survival remains to be 

demonstrated. 

Such findings suggest that circulating biomarkers could be used in IPF and PPF trials for several 

purposes, including enrichment, stratification, and key efficacy endpoints. However, before this 

can happen, several considerations must be addressed (13). Many proposed biomarkers require 

high quality, reproducible assays with defined short- and long-term handling characteristics. 

Additional longitudinal studies are required to demonstrate that circulating biomarkers really are 

measures for survival and that treatment-induced changes correspond to prolonged survival 

benefit. Blood biomarkers should ideally provide additional insights beyond what is already 

offered by FVC by measuring the therapeutic effect on how patients feel, function, and survive. 

Blood biomarkers could potentially fill that need of measuring individual treatment response, 

potentially reshaping future IPF trials, mirroring treatment failure trials seen in oncology.  

Regulatory Considerations for Circulating Biomarkers

Although exploratory circulating biomarkers are often measured in early phase IPF trials, to date, 

none are adequately validated as surrogate endpoints for registrational trials. Over the past 

decade, understanding of potential circulating biomarkers and their relationship to disease 

progression and therapeutic response has matured. Recent phase 3 studies have incorporated 

biomarker measurement, offering insights on future investigations of the relationship between 

changes in biomarker levels and survival (107) . Many necessary assays are at or near clinic 

readiness, but uncertainties persist that limit their use as surrogate endpoints. With appropriate 
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justification, however, use of circulating biomarkers for enrichment of an IPF trial population 

may be reasonable to accelerate drug development.  

Regulatory acceptance of blood biomarkers as a surrogate endpoint for phase 3 trials demands 

ongoing collaborative academic and industry efforts. Statistical and clinical validation, 

understanding associated risks (e.g., reliability, tolerance, uncertainty), comparing them to 

known reference standards, and accounting for variability in measurement tools, all informed by 

the specific context-of-use for a selected biomarker are needed. Importantly, while these 

biomarkers serve as surrogates, potentially substituting for direct measures of patient survival, 

function, or well-being, they do not themselves measure the clinical benefit of primary interest. 

Instead, they are anticipated to predict clinical benefit or harm, grounded in robust 

epidemiologic, therapeutic, pathophysiologic, or other scientific evidence (Figure 6).  

CONCLUSION

This meeting was a collaborative effort, uniting patients with IPF, FDA representatives, 

academic investigators, and clinical and quantitative experts in a dialogue about the future of IPF 

clinical trials. The consensus was clear: trial endpoints should resonate more closely with the 

tangible experiences of patients, reflecting how they feel, function, and survive. Table 6 

summarizes the key IPF clinical trial endpoints in relation to these patient-centric criteria.

A key takeaway from our discussions was that it is time to consider endpoints beyond FVC to 

assess treatment effect and safety. There was an encouraging discussion on the potential of 

composite endpoints, anchored with FVC, to serve as primary trial endpoints, requiring rigorous 

Page 36 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



37

validation and evaluation of each component to accurately depict treatment impacts. There was 

discussion that integrating adequately validated, fit-for-purpose PROs as key endpoints in 

clinical trials, a strategy unexplored in IPF clinical trials to date, will be an important step in 

capturing how a patient feels, functions, and survives.  While PROs and functional assessments 

serve as direct measures of how patients feel and function, differentiating them from endpoints 

like FVC, use of PROs still requires further validation prior to use as key trial endpoints. The 

6MWT, provided it is anchored with rigorous standardization and careful consideration of the 

target IPF population, may be positioned as a potential key clinical endpoint. Further, 

simplifying PROs with patient input and other functional assessments to be more user-friendly 

and less burdensome to patients could solidify their role as secondary endpoints. In contrast, 

imaging biomarkers are currently not at a stage of development allowing for their use as key 

endpoints in IPF clinical trials. Their promising role in longitudinal studies, because of their 

ability to visualize progression of fibrosis, is noteworthy, but inherent limitations, such as scan 

inconsistencies and co-existing conditions, must be addressed. Likewise, circulating biomarkers, 

which have been gaining traction in early-phase IPF trials, lack validation and there is currently 

insufficient evidence to support their use as key endpoints in IPF clinical trials. Our hope is that 

these insights can guide investigators and sponsors towards designing transformative IPF clinical 

trials that are fundamentally aligned with the complex needs, unique realities, and rich tapestry 

of lived experiences of patients with IPF.

PARTICIPANTS  

The 43 symposium participants with academic, clinical, and regulatory expertise are listed in 

Table 7.
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FIGURES

Figure 1A: Natural course of lung function decline in patients with IPF based on data from placebo arms of clinical trials. Reproduced 
from Raghu et al, 2017 (6) with permission from the European Respiratory Journal
Figure 1B: Patients with ascertained diagnosis of IPF generally follow one of three courses: 1) most patients follow the pathway of 
slow decline over 3–5 years since the diagnosis (“slow progression”); 2) some patients experience a more rapid decline in lung 
function over several months (“rapid progression”); and 3) others remain stable over several years before progressing. Acute 
exacerbations (AE) can occur at any time and may lead to accelerated loss of lung function or death. Progression of disease is 
manifested by decline in forced vital capacity and distortion of the lung by extension of honeycomb cysts from subpleural areas in 
lower lobes to more proximal areas in all portions of lung as seen macroscopically in HRCT scans of the chest over several years and 
at autopsy. Adapted from Podolanczuk et al, 2023 (1) with permission from the European Respiratory Journal.

Page 39 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



40

Figure 2: Multiple pathways of the disease process and an intervention’s multiple mechanisms of action (10, 13)
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Figure 3: IPF trials with FVC as the primary efficacy endpoint
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Figure 4: Summary of the features of the 6-minute walk test (6MWT) in IPF patients
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Figure 5: Factors that may influence the reliability of an imaging biomarker.
Abbreviations: QIB, quantitative imaging biomarker
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Figure 6: Process of biomarker qualification driven by specific context-of-use.
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TABLES

Table 1: IPF clinical trials with FVC as primary endpoint and positive results
Report Patient population Respiratory physiology

Reference Study 
phase

Age
(years)

FVC
(%predicted)

DLCO 
(%predicted)

FVC 
(%)

FVC 
(ml)

FVC decline 
(Drug vs 
placebo)

Central 
review

AF
Add-on 
therapy

Time 
frame 

(weeks)
Richeldi et al, 
2011 (108) II 65.1±8.6 80.2 3.6

mmol/min/kPa X 130.0 X 52

Richeldi et al, 
2014 (8)
INPULSIS I

III

66.9±8.4
(nintedanib)

66.9±8.2
(placebo)

79.5±17.0 
(nintedanib)
80.5±17.3
(placebo)

47.8±12.3
(nintedanib) 
47.5±11.7
(placebo)

X 125.3 X 52

Richeldi et al, 
2014 (8)
INPULSIS II

III

66.4±7.9 
(nintedanib)

67.1±7.5
(placebo)

80.0±18.1
(nintedanib) 
78.1±19.0
(placebo)

47.0±14.5 
(nintedanib)
46.4±14.8
(placebo)

X 93.7 X 52

Noble et al, 
2011 (109)
Study 004 II

68.0 (±7.6) 
(pirfenidone 1197 

mg/day)
65.7 (±8.2) 

(pirfenidone 2403 
mg/day)

66.3 (±7.5) 
(placebo)

76.4 (±14.4) 
(pirfenidone 

1197 mg/day)
74.5 (±14.5) 
(pirfenidone 

2403 mg/day)
76.2 (±15.5) 

(placebo)

47.2 (±8.2) 
(pirfenidone 1197 

mg/day)
46.4 (±9.5) 

(pirfenidone 2403 
mg/day)

46.1 (±10.2) 
(placebo)

X
4.4 (vs 

pirfenidone 
2403 mg/day)

72

Noble et al, 
2011 (109)
Study 006 II

66.8 (±7.9) 
(pirfenidone)
67.0 (±7.8) 
(placebo)

74.9 (±13.2) 
(pirfenidone)
73.1 (±14.2) 

(placebo)

47.8 (±9.8) 
(pirfenidone)
47.4 (±9.2) 
(placebo)

X 0.6* 72

Page 45 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



46

King et al, 
2014 (7) III

68.4 (±6.7) 
(pirfenidone)
67.8 (±7.3) 
(placebo)

67.8 (±11.2) 
(pirfenidone) 
68.6 (±10.9) 

(placebo)

43.7 (±10.5) 
(pirfenidone)
44.2 (±12.5)

(placebo)

X 116.0 X 52

Raghu et al, 
2018 (110) II

69.0 (±6.3) 
(pentraxin)
67.6 (±7.1) 
(placebo)

67.7 (±10.9) 
(pentraxin)

67.4 (±11.4) 
(placebo)

40.1 (9.14) 
(pentraxin)
43.2 (10.5) 
(placebo)

X 2.3 X X 28

Richeldi et al, 
2019 (86) II 68.3 (7.1) 73.8 (11.5%) 53.4 (13.7%) X 200.0 X 48

Richeldi et al, 
2022 (19) II

69.9±8.3 
(BI 1015550)

71.8±9.3
(placebo)
69.3±6.6 

(BI 1015550+AF)
67.5±10.7
(placebo)

80.4±16.0 
(BI 1015550)

82.1±17.7
(placebo)
75.8±17.9

(BI 
1015550+AF) 

71.7±12.3
(placebo)

52.0±16.7
(BI 1015550) 

48.3±12.1
(placebo)
49.0±18.3 

(BI 1015550+AF) 
47.2±14.8
(placebo)

X

88.4
(Without AF)

62.4
(With AF) 

X X 12

Palmer et al, 
2018 (111) II 69 (45-87) 68 (48-106) 41 (11-97) X 93 X 26

Abbreviations: AF: antifibrotics; FVC: forced vital capacity, DLCO: diffusing capacity for carbon monoxide.
 *: p=0·501
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Table 2: Different composite endpoints and their wide range of physiological criteria used in early IPF clinical trials.

Report Patient 
population Clinical components Respiratory physiology Functional 

measures
PRO 

parameters

Mortality* Hospitalization* AE IPF* Lung 
Txp FVC* DLCO Resting 

oxygenation 6MWT*

Primary analysis

Raghu et al 
(30)

Age ~ 63.5
FVC ~ 64.0

DLCO ~ 37.0
X X X

King et al 
(112)

Age ~ 63.6
FVC ~ 74.3%

DLCO ~ 47.8%
X

Noth et al (32)
Age ~ 67

FVC ~ 58.8%
DLCO ~33.7%

X
61%

X†

91% X

Raghu et al 
(113)

Age ~ 68.1
FVC ~ 61.9%

DLCO ~ 37.8%

X
3.8%

X
96.2%

Wilson et al 
(39)

Age ~ 71.3
FVC ~ 55.7%

DLCO ~ 43.9%

X
25.6%

X‡

73.2%
X

0.01%

Martinez et al 
(38)

Age ~ 71.6
FVC ~ 70.0%

DLCO ~ 38.9%

X
31%

X§
69%

Behr et al (37)
Age ~ 69.5

FVC ~ 68.6%
DLCO ~ 25.6%

X
20%

X§
40%

X
51%

Secondary, other, or post-hoc analyses

King et al 
(114)

Age ~ 65.2
FVC ~ 67.7%

DLCO ~ 41.9%

X
2.7%

X
4.7%

X
31.4% X X

Noble et al 
(36)

Age ~67.8
FVC ~ 70.7

DLCO ~ 43.1%

X
5.1%

X
17.7%

X
19.5%

Maher et al Age ~ 69.9
FVC ~ 78.0% X§ X X||
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DLCO ~ 54.7%

6MWT, 6-minute walk test; AE IPF – acute exacerbation of idiopathic pulmonary fibrosis; Lung txp – lung transplantation; PRO, patient reported outcomes.
* - percent reflect proportion meeting component when available – percentages may not add up to 100% based on available data or multiple components achieved
† - non-bleeding, non-elective
‡ - non-elective 
§ - non-elective respiratory related
|| - St. George’s Respiratory Questionnaire (SGRQ)
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Table 3: 6-minute walk test (6MWT) as outcome parameter in IPF randomized controlled clinical trials.
Functional Measures

Study Patient
Population Characteristics Intervention 6MWT - 

Distance

6MWT -
Change in 

minimal SpO2

6MWT - Steady 
state exercise 

test
Primary analysis

King et al, 
2008 IPF

N=158
Age ~ 65 yrs.
FVC ~ 67 pp
DLCO ~ 42 pp

Oral bosentan - 18 m
n.s. - -

Zisman et al, 
2010 (115) IPF

N=180
Age ~ 69 yrs.
FVC ~ 56 pp
DLCO ~ 26 pp

Oral sildenafil + 16.7 m
P=0.11 (n.s.) - -

Waxman et 
al, 2021 (70)

Fibrotic ILD – 
IPF most 
prevalent

N=326
Age ~ 66 yrs.
FVC ~ 63 pp
DLCO ~ 29 pp

Inhaled 
treprostinil

+31.12 m
P<0.001 - -

Azuma et al, 
2005 IPF

N=64
Age 64 yrs.
FVC ~ 80 pp
DLCO ~ 58 pp

Oral Pirfenidone - -
Change in 

minimal SpO2; 
n.s.

Secondary, post hoc, other analyses,

Noble et al, 
2011 

IPF
Capacity 1

N=435
FVC ~75 pp
DLCO ~ 47 pp

Oral pirfenidone + 16.4 m
n.s. n.s. -

Noble et al, 
2011 IPF Capacity 2

N=344
FVC ~75 pp
DLCO ~47 pp

Oral pirfenidone + 31.8 m
P=0.0009 n.s. -

King et al, 
2014 (24)

IPF
Ascend

N=55
Age ~ 68 yrs.
FVC ~ 68 pp
DLCO ~ 54 pp

Oral pirfenidone + 26.7
P=0.036 - -

Behr et al,
2016 (116) IPF

N=122
Age ~ 67 yrs.
FVC ~ 69 pp
DLCO ~ 42 pp

Oral N-
acetylcysteine 
versus placebo 

plus pirfenidone 
background 

therapy 

+ 7.4 m
P=0.541 

(n.s.)
- -

Behr et al, 
2021 (37) PPF

N=126
Age=63 yrs.
FVC ~ 62 pp
DLCO ~ 38 pp

Oral pirfenidone + 28.0
n.s. - -

Abbreviations: 6MWT, six-minute walk test, DLCO, diffusing capacity of the lung for carbon monoxide; FVC, forced 
vital capacity; IPF, idiopathic pulmonary fibrosis; m, miles; N, number of patients; n.s., not significant; pp, percent 
predicted; PPF, progressive pulmonary fibrosis; SpO2, peripheral oxygen saturation.
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Table 4: Major CT biomarkers for extent of lung fibrosis in IPF: correlations with patient reported outcome 
functions at baseline and varying follow up intervals and survival.

Clinical utility and correlationsQCT application and 
primary fibrosis metric* Patient reported 

outcomes Function Changes in function and 
progression-free survival Survival

AMFM (Adaptive Multiple 
Features Method)

Fibrosis metric: Groundglass 
reticular extent (GGR)

Baseline fibrosis 
independently associated with 
disease progression. Change in 
fibrosis associated with 
change in FVC (117).

CALIPER (Computer-Aided 
Lung Informatics for 
Pathology Evaluation and 
Rating)

Fibrosis metric: Fibrosis 
extent (reticular and/or 
honeycombing) 

Fibrosis correlates 
with multiple 
physiologic indices 
(82, 88, 95, 118).

Change in fibrosis is 
associated with FVC decline 
(88, 119).

Fibrosis predicts 
survival  (120-
122).
Change in fibrosis 
predicts survival 
(91).

QLF/QILD (Quantitative 
Lung Fibrosis/Quantitative 
Interstitial Lung Fibrosis)

Fibrosis metric: QLF

Fibrosis change 
>2% at 6 months 
correlates with 
change in SGRQ- 
(83).

Fibrosis correlates 
with multiple 
physiologic indices 
(83, 123).

Fibrosis change is associated 
with lung function decline (83, 
86, 87, 89, 123).

Fibrosis change at 6 months 
predicts change in FVC at 
week 48 (89, 90).

DTA (Data-Driven Textural 
Analysis)

Fibrosis metric: QLF

Baseline fibrosis 
correlates with 
SGRQ (81).On 
serial evaluation, 
MCID for change 
in SGRQ is 5.35% 
(81).

Baseline fibrosis 
correlates with 
multiple physiologic 
indices (77, 79, 81).

Baseline fibrosis predicts more 
rapid FVC decline and shorter 
progression free survival .

Increase in fibrosis on serial 
CT is associated with 
decreased pulmonary function 
MCID for changes in FVC, 
DLco and 6MWD are 3.40%, 
5.09%, and 5.28m respectively 
(81).

Fibrosis 
independently 
predicts mortality 
in all morphologic 
subtypes of UIP 
(92). Fibrosis 
predicts mortality 
even in patients 
with preserved 
FVC (79).

CORELINE AVIEW

Fibrosis metric: Fibrotic lung 
volume (CT-Fib%)

Baseline fibrosis 
correlates with 
multiple physiologic 
indices (84).

Baseline fibrosis 
independently predicts decline 
in FVC (85).

Fibrosis and 
interval change in 
fibrosis predict 
survival (84, 124).

Abbreviations: 6MWD, 6 minute walk distance; AMFM, Adaptive Multiple Features Method; CALIPER, Computer-Aided Lung 
Informatics for Pathology Evaluation and Rating; CT, computed tomography; CT-Fib%, CT-fibrotic percentage; DLco, diffusion 
capacity for carbon monoxide; DTA, Data-Driven Textural Analysis; FVC, forced vital capacity; GGR, groundglass reticular 
extent; m, meters; MCID, minimal clinically important difference; QCT, quantitative computed tomography; QILD, quantitative 
interstitial lung disease; QLF, quantitative lung fibrosis; SGRQ, St. George’s Respiratory Questionnaire; UIP, usual interstitial 
pneumonia.
* Clinicaltrials.gov identifiers for prospective clinical trials in which quantitative CT fibrosis metrics have been or are being used: 
CALIPER: NCT04552899; QLF: NCT01979952, NCT01890265, NCT05373914, NCT01766817, NCT04419558, NCT03955146, 
NCT02688647, NCT06003426; DTA: NCT01371305, NCT01769196, NCT02808871, NCT02597933, NCT03538301, 
NCT02510937, NCT03142191, NCT05285982, NCT04093024
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Table 5: Circulating biomarkers that have been shown to change in concentration following 
therapeutic intervention with antifibrotic or putative antifibrotic drugs.  

Potential Theragnostic biomarkers for IPF trials

Therapeutic 
agent Biomarkers Study size Study 

duration
Supporting 
literature

Nintedanib

C3M
CA125
KL-6
sICAM-1
SP-D

347 Subjects 12 
months

Maher TM et al 
2019 

Omipalisib Pro-C3
Pro-C6 17 subjects 10 days Lukey P et al 

2019 

TD139 
(Galectin 3 
inhibitor)

YKL-40
PAI-1 24 subjects 14 days Hirani N et al 

2021 

BI1015550 
(PDE4B 
inhibitor)

MMP-7
SP-D
KL-6

147 subjects 3 months

Richeldi et al 
2022 (19) and 
Maher TM et al 
2022 (125)

Abbreviations: CA125, Cancer Antigen 125; C3M, Collagen Type III Metabolite; KL-6, Krebs 
von den Lungen-6; MMP-7, Matrix Metalloproteinase-7; PAI-1, Plasminogen Activator 
Inhibitor-1; PDE4B inhibitor, Phosphodiesterase 4B inhibitor; Pro-C3, N-terminal Propeptide 
of Collagen Type III; Pro-C6, N-terminal Propeptide of Collagen Type VI; sICAM-1, Soluble 
Intercellular Adhesion Molecule-1; SP-D, Surfactant Protein D; TD139, Galectin-3 Inhibitor; 
YKL-40, Chitinase-3-like protein 1 (CHI3L1)

Page 51 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



52

Table 6: Key IPF clinical trial endpoints and their alignment with how patients feel, function, and survive.
Endpoint* Merits Challenges and Opportunities “Feels, Functions, and 

Survives” Alignment

FVC‡

Widely accepted primary endpoint for IPF trials; offers 
consistent, reproducible, feasible, standardized, 
validated, and objective lung function measurement; 
correlates with disease progression and survival.

Limited in capturing quality of life, functional ability, and overall 
health; insensitive to early disease progression and minimal clinically 
important differences. Accessible to standardization across centers 
and central reading.

Accepted clinical 
endpoint; not directly 
related to how patients 
feel or function.

Composite 
Endpoints

Combines meaningful outcomes: all cause-mortality, 
hospitalization, lung transplantation, acute exacerbation, 
functional assessments; enhances event rates, reduces 
sample size for more comprehensive insights on disease 
course and treatment effects. 

Choice of endpoints for combining is crucial. May require 
adjudication of individual components; can mask important 
information if components yield mixed results; challenging to 
interpret composite scores.

Aligns with  
“functions”, and 
“survives” criteria.§

PROs
Captures patients' assessments of their health, 
symptoms, and well-being; essential for improved 
understanding of the real-world impact of treatment.

Measures need rigorous validation; questionnaires can be 
burdensome; influenced by factors like mood or cognitive function. 
Frequency of questionnaire administration can bias results and 
requires optimization. Need standardization across multi-
center/multinational settings. Blinding important.

 Directly captures “feels”; 
may capture “functions” 
and “survive”.

Physical 
Activity and 
Walk Test

Provides measures of functional status, daily activities, 
and exercise tolerance; relevant to quality of life and 
daily activities.

Needs standardization and feasibility across multi-
center/multinational settings. Influenced by non-pulmonary factors 
like musculoskeletal problems, cardiovascular disease, PH, fitness, 
patient motivation, and managing oxygen needs throughout a study. 
Not suitable for all patients. Blinding important.

Aligns with “functions” 
and “feels”.

Quantitative 
Imaging 

Biomarkers

Identifies and measures extent of abnormality and 
features of fibrotic lung disease (such as ground glass 
and reticulation), and disease progression on high 
resolution CT images of the lungs

Challenges include: i) standardization (e.g., CT acquisition 
parameters and reconstruction kernels; consistent inspiratory breath-
holding); ii) variability in interpreting semi-quantitative visual 
interpretations due to co-existing conditions; iii) quantitative 
measures are not non-inferior to FVC; iv) lack of evaluation in 
diverse cohorts with primary focus on imaging biomarkers or 
thorough endpoint validation.

Insufficient evidence: 
studies needed to 
correlate with clinical 
outcomes, symptoms, 
functional status, and 
survival.

Circulating 
Biomarkers

Offers objective measures in easily collected peripheral 
blood samples; has the potential to detect early disease 
changes or predict treatment response.

Lack of validated and reliable biomarkers; may not directly correlate 
with clinical outcomes; influenced by factors such as age, sex, and 
comorbidities.

Insufficient evidence: 
studies needed to 
correlate with clinical 
outcomes.

Abbreviations: FVC, forced vital capacity; PH, pulmonary hypertension; PROs, patient-reported outcomes
*All endpoints represent changes from baseline
‡FVC refers to change in FVC from baseline over 12 to 18 months
§Composite endpoints align with “feels, functions, and survives” criteria, but degree of alignment is modulated by the individual components in the composite
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Table 7: List of participants*, their expertise, and role 
Name Expertise Affiliation(s)

Co-Chairs
Ganesh Raghu, MD 
(also, Moderator) Pulmonologist; ILD-IPF expert and investigator University of Washington

Fernando Martinez, MD, MS
(also, Moderator) Pulmonologist; ILD-IPF expert and investigator Weill Cornell Medicine

US FDA Lead Representative
Banu Karimi-Shah, MD
(also, US FDA Representative) Pulmonologist; FDA regulatory expert United States Food and Drug Administration (US FDA)

Evidence Synthesis Lead
Marya Ghazipura, PhD, MS, MPhil Methodologist; expert in study design and appraisal ZS Associates; New York University Langone Health
Core Discussants
Thomas R Fleming, PhD Biostatistician; expert in clinical trials University of Washington
Kerri Aronson, MD, MS Pulmonologist; ILD-IPF expert and investigator Weill Cornell Medicine
Jürgen Behr, MD Pulmonologist; ILD-IPF expert and investigator Ludwig Maximilian University Hospital
Kevin K Brown, MD
(also, Moderator) Pulmonologist; ILD-IPF expert and investigator National Jewish Health

Kevin R Flaherty, MD, MS
(also, Moderator) Pulmonologist; ILD-IPF expert and investigator University of Michigan Health System

Ella A Kazerooni, MD, MS Radiologist; expert in ILD-IPF imaging and investigator University of Michigan Health System
Toby M Maher, MD, PhD Pulmonologist; ILD-IPF expert and investigator University of Southern California Keck School of Medicine
Luca Richeldi, MD, PhD Pulmonologist; ILD-IPF expert and investigator Gemelli University Hospital IRCCS
Moderators
Joseph A Lasky, MD Pulmonologist; ILD-IPF expert and investigator Tulane University; Pulmonary Fibrosis Foundation
Jeff Swigris, DO, MS Pulmonologist; ILD-IPF expert and investigator National Jewish Health
US Food and Drug Administration (US FDA) Representatives
Robert Busch, MD Pulmonologist; FDA regulatory expert United States Food and Drug Administration (US FDA)
Lili Garrard, PhD Biostatistician; FDA clinical outcome assessment expert United States Food and Drug Administration (US FDA)
Dong Hyun-Ahn, PhD Biostatistician; FDA regulatory expert United States Food and Drug Administration (US FDA)
Ji Li, PhD Reviewer; FDA clinical outcome assessment expert United States Food and Drug Administration (US FDA)
Khalid Puthawala, MD Pulmonologist; FDA regulatory expert United States Food and Drug Administration (US FDA)
Gabriela Rodal, MS Reviewer; FDA radiological imaging expert United States Food and Drug Administration (US FDA)
Sally Seymour, MD Pulmonologist; FDA regulatory expert United States Food and Drug Administration (US FDA)
Nargues Weir, MD Pulmonologist; FDA regulatory expert United States Food and Drug Administration (US FDA)
Mary Thanh Hai ,MD FDA regulatory expert United States Food and Drug administration (US FDA)
Group Discussants
Sonye K Danoff, MD, PhD Pulmonologist; ILD-IPF expert and investigator Johns Hopkins University

Neil Ettinger, MD Pulmonologist; site principal investigator of several IPF clinical 
trials St. Luke’s Hospital

Jonathan Goldin, MD  Radiologist; expert in ILD-IPF imaging and investigator University of California, Los Angeles
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Marilyn Glassberg, MD Pulmonologist; ILD-IPF expert and investigator Loyola University
Leticia Kawano, MD Pulmonologist; ILD-IPF expert and investigator Research Institute - Hospital do Coracao
Nasreen Khalil, MD Pulmonologist; ILD-IPF expert and investigator University of British Columbia
Lisa Lancaster, MD Pulmonologist; ILD-IPF expert and investigator Vanderbilt University
David Lynch, MD Radiologist; expert in ILD-IPF imaging and investigator National Jewish Health
Yolanda Mageto, MD Pulmonologist; ILD-IPF expert and investigator Baylor University
Imre Noth, MD Pulmonologist; ILD-IPF expert and investigator University of Virginia
Jessica Shore, PhD Pulmonary Fibrosis Foundation Vice President Pulmonary Fibrosis Foundation
Marlies Wijsenbeek, MD Pulmonologist; ILD-IPF expert and investigator Erasmus MC University Medical Centre
IPF Patients as Patient Advocates
Robert Brown, MD  IPF patient advocate; general internist Patient Advocate
Daniel Grogan IPF patient advocate Patient Advocate
Dorothy Ivey IPF patient advocate Patient Advocate
Administrative Manager
Patrycja Golinska, MS Administrative Manager Weill Cornell Medicine
Observers
Gus Matute-Bello, MD Pulmonologist; NHLBI/NIH regulatory expert National Heart, Lung, & Blood Institute/National Institute of Health
Matt Craig, PhD NHLBI/NIH Lung Biology and Disease Branch Chief National Heart, Lung, & Blood Institute/National Institute of Health
Sumita Khatri, MD Pulmonologist; NHLBI/NIH regulatory expert National Heart, Lung, & Blood Institute/National Institute of Health
Laurie Burke, MPH Patient-reported outcomes expert for clinical trials LORA Group
Abbreviations: FDA, US Food and Drug Administration; ILD, interstitial lung disease; NHLBI/NIH, National Heart, Lung, & Blood Institute/National Institute of Health; PPF, 
progressive pulmonary fibrosis ( * group photograph in supplement)
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Box 1: 
"I am presently approaching 69 years old. I was first diagnosed with IPF at age 63 and was 

given the impression that I had only two or three years to live. It was made clear to me at the 

time that there were presently no medications to improve my quality of life, much less 

increased survival. My doctoral work was primarily in statistical analysis, and as a result, I 

was predisposed to quantify my decline. Through my participation in a clinical trial, and 

subsequent follow-ups, it became clear to me that the curves representing my quantifiable 

decline, and that of the actual quality of my daily life were dramatically different.

About four weeks ago, my FVC dropped to 48% and my DLCO to 29% of predicted values. 

Over the years since first diagnosis, I've experienced a modest decline in lung function, but 

nothing approaching the dramatic decrease, as evidenced by PFTs. I have never been this age 

before and didn't know quite what to expect. Although more challenged than I expected to be, I 

still engage in most of the recreational activities I've enjoyed over the years.

Through this experience, it has become apparent that spirometry was measuring what is 

measurable, not necessarily what was meaningful to me. Living longer and enjoying life with 

my wife is what is most meaningful to me. Improvement in how we feel and function in our 

daily lives, and extending our lives is what is most meaningful to us as patients."

--Mr. RN, IPF Patient

Page 55 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



56

REFERENCES

1. Podolanczuk AJ, Thomson CC, Remy-Jardin M, Richeldi L, Martinez FJ, Kolb M, Raghu G. Idiopathic 
pulmonary fibrosis: state of the art for 2023. Eur Respir J 2023; 61.

2. Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, Kreuter M, Lynch DA, Maher TM, 
Martinez FJ, Molina-Molina M, Myers JL, Nicholson AG, Ryerson CJ, Strek ME, Troy LK, 
Wijsenbeek M, Mammen MJ, Hossain T, Bissell BD, Herman DD, Hon SM, Kheir F, Khor YH, 
Macrea M, Antoniou KM, Bouros D, Buendia-Roldan I, Caro F, Crestani B, Ho L, Morisset J, Olson 
AL, Podolanczuk A, Poletti V, Selman M, Ewing T, Jones S, Knight SL, Ghazipura M, Wilson KC. 
Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: An 
Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med 2022; 205: e18-
e47.

3. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby TV, Cordier JF, Flaherty KR, Lasky 
JA, Lynch DA, Ryu JH, Swigris JJ, Wells AU, Ancochea J, Bouros D, Carvalho C, Costabel U, Ebina 
M, Hansell DM, Johkoh T, Kim DS, King TE, Jr., Kondoh Y, Myers J, Muller NL, Nicholson AG, 
Richeldi L, Selman M, Dudden RF, Griss BS, Protzko SL, Schunemann HJ, Fibrosis AEJACoIP. An 
official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based guidelines 
for diagnosis and management. Am J Respir Crit Care Med 2011; 183: 788-824.

4. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, Behr J, Cottin V, Danoff SK, 
Morell F, Flaherty KR, Wells A, Martinez FJ, Azuma A, Bice TJ, Bouros D, Brown KK, Collard HR, 
Duggal A, Galvin L, Inoue Y, Jenkins RG, Johkoh T, Kazerooni EA, Kitaichi M, Knight SL, Mansour 
G, Nicholson AG, Pipavath SNJ, Buendia-Roldan I, Selman M, Travis WD, Walsh S, Wilson KC, 
American Thoracic Society ERSJRS, Latin American Thoracic S. Diagnosis of Idiopathic Pulmonary 
Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med 
2018; 198: e44-e68.

5. Raghu G. Idiopathic pulmonary fibrosis: shifting the concept to irreversible pulmonary fibrosis of 
many entities. Lancet Respir Med 2019; 7: 926-929.

6. Raghu G. Idiopathic pulmonary fibrosis: lessons from clinical trials over the past 25 years. Eur Respir J 
2017; 50.

7. 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, Group AS. A phase 3 trial of pirfenidone in patients with idiopathic pulmonary 
fibrosis. N Engl J Med 2014; 370: 2083-2092.

8. 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, Investigators IT. Efficacy and 
safety of nintedanib in idiopathic pulmonary fibrosis. N Engl J Med 2014; 370: 2071-2082.

9. Micheel C, Ball J, Institute of Medicine (U.S.). Committee on Qualification of Biomarkers and Surrogate 
Endpoints in Chronic Disease. Evaluation of biomarkers and surrogate endpoints in chronic 
disease. Washington, D.C.: National Academies Press; 2010.

10. Fleming TR, DeMets DL. Surrogate end points in clinical trials: are we being misled? Ann Intern Med 
1996; 125: 605-613.

11. DeMets DL, Psaty BM, Fleming TR. When Can Intermediate Outcomes Be Used as Surrogate 
Outcomes? JAMA 2020; 323: 1184-1185.

Page 56 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



57

12. Salimnia H, Lephart PR, Asmar BI, Prebelich D, Paulson E, Fairfax MR. Aerosolized vaccine as an 
unexpected source of false-positive Bordetella pertussis PCR results. J Clin Microbiol 2012; 50: 
472-474.

13. Fleming TR, Powers JH. Biomarkers and surrogate endpoints in clinical trials. Stat Med 2012; 31: 
2973-2984.

14. Karimi-Shah BA, Chowdhury BA. Forced vital capacity in idiopathic pulmonary fibrosis--FDA review of 
pirfenidone and nintedanib. N Engl J Med 2015; 372: 1189-1191.

15. Khan FA, Stewart I, Moss S, Fabbri L, Robinson KA, Johnson SR, Jenkins RG. Three-Month FVC 
Change: A Trial Endpoint for Idiopathic Pulmonary Fibrosis Based on Individual Participant Data 
Meta-analysis. Am J Respir Crit Care Med 2022; 205: 936-948.

16. Cardiovascular and Renal Drugs Advisory Committee; Notice of Meeting. (2006-08-01). (2006). 
Washington DC, United States: United States Office of the Federal Register. Retrieved from: 
Standards Central https://publishers.standardstech.com/content/federal-register-usofr-fr-e6-
12269. Accessed: 2023-07-17.

17. Proceedings of the 4th World Symposium on Pulmonary Hypertension, February 2008, Dana Point, 
California, USA. J Am Coll Cardiol. 2009 Jun 30;54(1 Suppl):S1-117. PMID: 19630151.

18. Raghu G, Collard HR, Anstrom KJ, Flaherty KR, Fleming TR, King TE, Jr., Martinez FJ, Brown KK. 
Idiopathic pulmonary fibrosis: clinically meaningful primary endpoints in phase 3 clinical trials. 
Am J Respir Crit Care Med 2012; 185: 1044-1048.

19. Richeldi L, Azuma A, Cottin V, Hesslinger C, Stowasser S, Valenzuela C, Wijsenbeek MS, Zoz DF, Voss 
F, Maher TM, Trial I. Trial of a Preferential Phosphodiesterase 4B Inhibitor for Idiopathic 
Pulmonary Fibrosis. N Engl J Med 2022; 386: 2178-2187.

20. 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.

21. Freemantle N, Calvert M, Wood J, Eastaugh J, Griffin C. Composite outcomes in randomized trials: 
greater precision but with greater uncertainty? JAMA 2003; 289: 2554-2559.

22. US Food and Drug Administration (FDA). Guidance For Industry Patient-Reported Outcome 
Measures:  Use in Medical Product Development to Support Labeling Claims. Published online 
December 2009. Accessed May 29, 2020. https://www.fda.gov/media/77832/download.

23. U.S. Department of Health and Human Services FaDAF, Center for Drug Evaluation and Research 
(CDER), Center for Biologics Evaluation and Research (CBER). Multiple Endpoints in Clinical Trials 
Guidance for Industry. 2022 [cited 2023 November]. Available from: 
https://www.fda.gov/media/162416/download.

24. King TE, Jr., Albera C, Bradford WZ, Costabel U, du Bois RM, Leff JA, Nathan SD, Sahn SA, Valeyre D, 
Noble PW. All-cause mortality rate in patients with idiopathic pulmonary fibrosis. Implications 
for the design and execution of clinical trials. Am J Respir Crit Care Med 2014; 189: 825-831.

25. McCoy CE. Understanding the Use of Composite Endpoints in Clinical Trials. West J Emerg Med 2018; 
19: 631-634.

26. Chi G. Some issues with composite endpoints in clinical trials. Fun Clin Pharmacol 2005; 19: 609-619.
27. Olschewski H, Simonneau G, Galie N, Higenbottam T, Naeije R, Rubin LJ, Nikkho S, Speich R, Hoeper 

MM, Behr J, Winkler J, Sitbon O, Popov W, Ghofrani HA, Manes A, Kiely DG, Ewert R, Meyer A, 
Corris PA, Delcroix M, Gomez-Sanchez M, Siedentop H, Seeger W, Aerosolized Iloprost 
Randomized Study G. Inhaled iloprost for severe pulmonary hypertension. N Engl J Med 2002; 
347: 322-329.

Page 57 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 

https://publishers.standardstech.com/content/federal-register-usofr-fr-e6-12269
https://publishers.standardstech.com/content/federal-register-usofr-fr-e6-12269
https://www.fda.gov/media/77832/download
https://www.fda.gov/media/162416/download


58

28. Sitbon O, Nikkho S, Benza R, Cq Deng C, H WF, Gomberg-Maitland M, Hassoun P, Meier C, Pepke-
Zaba J, Prasad K, Seeger W, Corris PA. Novel composite clinical endpoints and risk scores used in 
clinical trials in pulmonary arterial hypertension. Pulm Circ 2020; 10: 2045894020962960.

29. Savarese G, Paolillo S, Costanzo P, D'Amore C, Cecere M, Losco T, Musella F, Gargiulo P, Marciano C, 
Perrone-Filardi P. Do changes of 6-minute walk distance predict clinical events in patients with 
pulmonary arterial hypertension? A meta-analysis of 22 randomized trials. J Am Coll Cardiol 
2012; 60: 1192-1201.

30. Raghu G, Brown K, Bradford W, Starko K, Noble P, Schwarz M, King Jr. T, for the Idiopathic 
Pulmonary Fibrosis Study Group. A placebo-controlled trial of interferon gamma-1b in patients 
with idiopathic pulmonary fibrosis. N Engl J Med 2004; 350: 125-133.

31. 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.

32. Noth I, Anstrom KJ, Calvert SB, de Andrade J, Flaherty KR, Glazer C, Kaner RJ, Olman MA, Idiopathic 
Pulmonary Fibrosis Clinical Research N. A placebo-controlled randomized trial of warfarin in 
idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 2012; 186: 88-95.

33. Durheim MT, Collard HR, Roberts RS, Brown KK, Flaherty KR, King TE, Jr., Palmer SM, Raghu G, 
Snyder LD, Anstrom KJ, Martinez FJ, investigators IP. Association of hospital admission and 
forced vital capacity endpoints with survival in patients with idiopathic pulmonary fibrosis: 
analysis of a pooled cohort from three clinical trials. Lancet Respir Med 2015; 3: 388-396.

34. 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. Lancet Respir Med 
2018; 6: 707-714.

35. Raghu G, Mouded M, Chambers DC, Martinez FJ, Richeldi L, Lancaster LH, Hamblin MJ, Gibson KF, 
Rosas IO, Prasse A, Zhao G, Serenko M, Novikov N, McCurley A, Bansal P, Stebbins C, Arefayene 
M, Ibebunjo S, Violette SM, Gallagher D, Behr J. A Phase IIb Randomized Clinical Study of an 
Anti-alpha(v)beta(6) Monoclonal Antibody in Idiopathic Pulmonary Fibrosis. Am J Respir Crit 
Care Med 2022; 206: 1128-1139.

36. Noble PW, Albera C, Bradford WZ, Costabel U, du Bois RM, Fagan EA, Fishman RS, Glaspole I, 
Glassberg MK, Lancaster L, Lederer DJ, Leff JA, Nathan SD, Pereira CA, Swigris JJ, Valeyre D, King 
TE, Jr. Pirfenidone for idiopathic pulmonary fibrosis: analysis of pooled data from three 
multinational phase 3 trials. Eur Respir J 2016; 47: 243-253.

37. Behr J, Nathan SD, Wuyts WA, Mogulkoc Bishop N, Bouros DE, Antoniou K, Guiot J, Kramer MR, 
Kirchgaessler KU, Bengus M, Gilberg F, Perjesi A, Harari S, Wells AU. Efficacy and safety of 
sildenafil added to pirfenidone in patients with advanced idiopathic pulmonary fibrosis and risk 
of pulmonary hypertension: a double-blind, randomised, placebo-controlled, phase 2b trial. 
Lancet Respir Med 2021; 9: 85-95.

38. Martinez FJ, Yow E, Flaherty KR, Snyder LD, Durheim MT, Wisniewski SR, Sciurba FC, Raghu G, Brooks 
MM, Kim DY, Dilling DF, Criner GJ, Kim H, Belloli EA, Nambiar AM, Scholand MB, Anstrom KJ, 
Noth I, Clean UPIPFIotPTC. Effect of Antimicrobial Therapy on Respiratory Hospitalization or 
Death in Adults With Idiopathic Pulmonary Fibrosis: The CleanUP-IPF Randomized Clinical Trial. 
JAMA 2021; 325: 1841-1851.

39. Wilson AM, Clark AB, Cahn T, Chilvers ER, Fraser W, Hammond M, Livermore DM, Maher TM, Parfrey 
H, Swart AM, Stirling S, Thickett DR, Whyte M, team E-T. Effect of Co-trimoxazole 
(Trimethoprim-Sulfamethoxazole) vs Placebo on Death, Lung Transplant, or Hospital Admission 

Page 58 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



59

in Patients With Moderate and Severe Idiopathic Pulmonary Fibrosis: The EME-TIPAC 
Randomized Clinical Trial. JAMA 2020; 324: 2282-2291.

40. Andrade J, Schwarz M, Collard HR, Gentry-Bumpass T, Colby T, Lynch D, Kaner RJ, Investigators IP. 
The Idiopathic Pulmonary Fibrosis Clinical Research Network (IPFnet): diagnostic and 
adjudication processes. Chest 2015; 148: 1034-1042.

41. Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, Lee JS, Maher TM, Wells AU, 
Antoniou KM, Behr J, Brown KK, Cottin V, Flaherty KR, Fukuoka J, Hansell DM, Johkoh T, 
Kaminski N, Kim DS, Kolb M, Lynch DA, Myers JL, Raghu G, Richeldi L, Taniguchi H, Martinez FJ. 
Acute Exacerbation of Idiopathic Pulmonary Fibrosis. An International Working Group Report. 
Am J Respir Crit Care Med 2016; 194: 265-275.

42. Saketkoo LA, Mittoo S, Huscher D, Khanna D, Dellaripa PF, Distler O, Flaherty KR, Frankel S, Oddis CV, 
Denton CP, Fischer A, Kowal-Bielecka OM, LeSage D, Merkel PA, Phillips K, Pittrow D, Swigris J, 
Antoniou K, Baughman RP, Castelino FV, Christmann RB, Christopher-Stine L, Collard HR, Cottin 
V, Danoff S, Highland KB, Hummers L, Shah AA, Kim DS, Lynch DA, Miller FW, Proudman SM, 
Richeldi L, Ryu JH, Sandorfi N, Sarver C, Wells AU, Strand V, Matteson EL, Brown KK, Seibold JR, 
Group C-ISI. Connective tissue disease related interstitial lung diseases and idiopathic pulmonary 
fibrosis: provisional core sets of domains and instruments for use in clinical trials. Thorax 2014; 
69: 428-436.

43. Swigris JJ, Han M, Vij R, Noth I, Eisenstein EL, Anstrom KJ, Brown KK, Fairclough D. The UCSD 
shortness of breath questionnaire has longitudinal construct validity in idiopathic pulmonary 
fibrosis. Respir Med 2012; 106: 1447-1455.

44. Aronson KI, Martin-Schwarze AM, Swigris JJ, Kolenic G, Krishnan JK, Podolanczuk AJ, Kaner RJ, 
Martinez FJ, Safford MM, Pinheiro LC, Pulmonary Fibrosis F. Validity and Reliability of the 
Fatigue Severity Scale in a Real-World Interstitial Lung Disease Cohort. Am J Respir Crit Care Med 
2023.

45. Overgaard D, Kaldan G, Marsaa K, Nielsen TL, Shaker SB, Egerod I. The lived experience with 
idiopathic pulmonary fibrosis: a qualitative study. Eur Respir J 2016; 47: 1472-1480.

46. Swigris JJ, Stewart AL, Gould MK, Wilson SR. Patients' perspectives on how idiopathic pulmonary 
fibrosis affects the quality of their lives. Health Qual Life Outcomes 2005; 3: 61.

47. Aronson KI, Danoff SK, Russell AM, Ryerson CJ, Suzuki A, Wijsenbeek MS, Bajwah S, Bianchi P, Corte 
TJ, Lee JS, Lindell KO, Maher TM, Martinez FJ, Meek PM, Raghu G, Rouland G, Rudell R, Safford 
MM, Sheth JS, Swigris JJ. Patient-centered Outcomes Research in Interstitial Lung Disease: An 
Official American Thoracic Society Research Statement. Am J Respir Crit Care Med 2021; 204: e3-
e23.

48. Bajwah S, Ross JR, Peacock JL, Higginson IJ, Wells AU, Patel AS, Koffman J, Riley J. Interventions to 
improve symptoms and quality of life of patients with fibrotic interstitial lung disease: a 
systematic review of the literature. Thorax 2013; 68: 867-879.

49. US Food and Drug Administration (FDA). Draft Guidance for Industry, Food and Drug Administration 
Staff, and Other Stakeholders Patient-Focused Drug Development: Selecting, Developing, or 
Modifying Fit-for-Purpose Clinical Outcome Assessments. US Department of Health and Human 
Services. June 2022. Available from: https://www.fda.gov/media/159500/download.

50. U.S. Department of Health and Human Services, Food and Drug Administration (FDA), Center for 
Drug Evaluation and Research (CDER), Center for Biologics Evaluation and Research (CBER). 
Patient-Focused Drug Development: Collecting Comprehensive and Representative Input. 
Guidance for Industry, Food and Drug Administration Staff, and Other Stakeholders. June 2020 
[cited 2023 November 27]. Available from: https://www.fda.gov/media/139088/download.

51. Calvert M, Kyte D, Mercieca-Bebber R, Slade A, Chan AW, King MT, the S-PROG, Hunn A, Bottomley 
A, Regnault A, Chan AW, Ells C, O'Connor D, Revicki D, Patrick D, Altman D, Basch E, Velikova G, 

Page 59 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 

https://www.fda.gov/media/159500/download
https://www.fda.gov/media/139088/download


60

Price G, Draper H, Blazeby J, Scott J, Coast J, Norquist J, Brown J, Haywood K, Johnson LL, 
Campbell L, Frank L, von Hildebrand M, Brundage M, Palmer M, Kluetz P, Stephens R, Golub RM, 
Mitchell S, Groves T. Guidelines for Inclusion of Patient-Reported Outcomes in Clinical Trial 
Protocols: The SPIRIT-PRO Extension. JAMA 2018; 319: 483-494.

52. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, Bouter LM, de Vet HC. The 
COSMIN study reached international consensus on taxonomy, terminology, and definitions of 
measurement properties for health-related patient-reported outcomes. J Clin Epidemiol 2010; 
63: 737-745.

53. Reeve BB, Wyrwich KW, Wu AW, Velikova G, Terwee CB, Snyder CF, Schwartz C, Revicki DA, 
Moinpour CM, McLeod LD, Lyons JC, Lenderking WR, Hinds PS, Hays RD, Greenhalgh J, Gershon 
R, Feeny D, Fayers PM, Cella D, Brundage M, Ahmed S, Aaronson NK, Butt Z. ISOQOL 
recommends minimum standards for patient-reported outcome measures used in patient-
centered outcomes and comparative effectiveness research. Qual Life Res 2013; 22: 1889-1905.

54. Snyder C, Crossnohere N, King M, Reeve BB, Bottomley A, Calvert M, Thorner E, Wu AW, Brundage 
M, Consortium PR-T. The PROTEUS-Trials Consortium: Optimizing the use of patient-reported 
outcomes in clinical trials. Clin Trials 2022; 19: 277-284.

55. Chew DS, Whitelaw S, Vaduganathan M, Mark DB, Van Spall HGC. Patient-Reported Outcome 
Measures in Cardiovascular Disease: An Evidence Map of the Psychometric Properties of Health 
Status Instruments. Ann Intern Med 2022; 175: 1431-1439.

56. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK, Martin ML, Molsen E, Ring L. Content validity--
establishing and reporting the evidence in newly developed patient-reported outcomes (PRO) 
instruments for medical product evaluation: ISPOR PRO good research practices task force 
report: part 1--eliciting concepts for a new PRO instrument. Value Health 2011; 14: 967-977.

57. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK, Martin ML, Molsen E, Ring L. Content validity--
establishing and reporting the evidence in newly developed patient-reported outcomes (PRO) 
instruments for medical product evaluation: ISPOR PRO Good Research Practices Task Force 
report: part 2--assessing respondent understanding. Value Health 2011; 14: 978-988.

58. Scallan C, Strand L, Hayes J, Kadura S, Collins B, Ho L, Spada C, Canestaro W, Kolb M, Raghu G. R-
scale for pulmonary fibrosis: a simple, visual tool for the assessment of health-related quality of 
life. Eur Respir J 2022; 59.

59. Nolan CM, Birring SS. PROMising developments in IPF patient-reported outcome measures. Eur 
Respir J 2022; 59.

60. Swigris JJ, Fairclough D. Patient-reported outcomes in idiopathic pulmonary fibrosis research. Chest 
2012; 142: 291-297.

61. 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, Investigators ST. 
Nintedanib for Systemic Sclerosis-Associated Interstitial Lung Disease. N Engl J Med 2019; 380: 
2518-2528.

62. 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, Investigators IT. Nintedanib in Progressive Fibrosing Interstitial 
Lung Diseases. N Engl J Med 2019; 381: 1718-1727.

63. Harari S, Wells AU, Wuyts WA, Nathan SD, Kirchgaessler KU, Bengus M, Behr J. The 6-min walk test 
as a primary end-point in interstitial lung disease. Eur Respir Rev 2022; 31.

64. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, McCormack MC, Carlin BW, Sciurba 
FC, Pitta F, Wanger J, MacIntyre N, Kaminsky DA, Culver BH, Revill SM, Hernandes NA, 
Andrianopoulos V, Camillo CA, Mitchell KE, Lee AL, Hill CJ, Singh SJ. An official European 

Page 60 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



61

Respiratory Society/American Thoracic Society technical standard: field walking tests in chronic 
respiratory disease. Eur Respir J 2014; 44: 1428-1446.

65. Chae G, Ko EJ, Lee SW, Kim HJ, Kwak SG, Park D, Ra SW. Stronger correlation of peak oxygen uptake 
with distance of incremental shuttle walk test than 6-min walk test in patients with COPD: a 
systematic review and meta-analysis. BMC Pulm Med 2022; 22: 102.

66. Swigris JJ, Swick J, Wamboldt FS, Sprunger D, du Bois R, Fischer A, Cosgrove GP, Frankel SK, 
Fernandez-Perez ER, Kervitsky D, Brown KK. Heart rate recovery after 6-min walk test predicts 
survival in patients with idiopathic pulmonary fibrosis. Chest 2009; 136: 841-848.

67. Singh SJ, Puhan MA, Andrianopoulos V, Hernandes NA, Mitchell KE, Hill CJ, Lee AL, Camillo CA, 
Troosters T, Spruit MA, Carlin BW, Wanger J, Pepin V, Saey D, Pitta F, Kaminsky DA, McCormack 
MC, MacIntyre N, Culver BH, Sciurba FC, Revill SM, Delafosse V, Holland AE. An official 
systematic review of the European Respiratory Society/American Thoracic Society: 
measurement properties of field walking tests in chronic respiratory disease. Eur Respir J 2014; 
44: 1447-1478.

68. Nathan SD, du Bois RM, Albera C, Bradford WZ, Costabel U, Kartashov A, Noble PW, Sahn SA, Valeyre 
D, Weycker D, King TE, Jr. Validation of test performance characteristics and minimal clinically 
important difference of the 6-minute walk test in patients with idiopathic pulmonary fibrosis. 
Respir Med 2015; 109: 914-922.

69. Moutchia J, McClelland RL, Al-Naamani N, Appleby DH, Blank K, Grinnan D, Holmes JH, Mathai SC, 
Minhas J, Ventetuolo CE, Zamanian RT, Kawut SM. Minimal Clinically Important Difference in the 
6-minute-walk Distance for Patients with Pulmonary Arterial Hypertension. Am J Respir Crit Care 
Med 2023; 207: 1070-1079.

70. 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. N Engl J Med 2021; 384: 
325-334.

71. Modrykamien AM, Gudavalli R, McCarthy K, Parambil J. Echocardiography, 6-minute walk distance, 
and distance-saturation product as predictors of pulmonary arterial hypertension in idiopathic 
pulmonary fibrosis. Respir Care 2010; 55: 584-588.

72. Park JH, Jegal Y, Shim TS, Lim CM, Lee SD, Koh Y, Kim WS, Kim WD, du Bois R, Do KH, Kim DS. 
Hypoxemia and arrhythmia during daily activities and six-minute walk test in fibrotic interstitial 
lung diseases. J Korean Med Sci 2011; 26: 372-378.

73. Jungblut L, Euler A, von Spiczak J, Sartoretti T, Mergen V, Englmaier V, Landsmann A, Mihai CM, 
Distler O, Alkadhi H, Frauenfelder T, Martini K. Potential of Photon-Counting Detector CT for 
Radiation Dose Reduction for the Assessment of Interstitial Lung Disease in Patients With 
Systemic Sclerosis. Invest Radiol 2022; 57: 773-779.

74. Zhao R, Sui X, Qin R, Du H, Song L, Tian D, Wang J, Lu X, Wang Y, Song W, Jin Z. Can deep learning 
improve image quality of low-dose CT: a prospective study in interstitial lung disease. Eur Radiol 
2022; 32: 8140-8151.

75. Hammond E, Chan KS, Ames JC, Stoyles N, Sloan CM, Guo J, Newell JD, Jr., Hoffman EA, Sieren JC. 
Impact of advanced detector technology and iterative reconstruction on low-dose quantitative 
assessment of lung computed tomography density in a biological lung model. Medical physics 
2018.

76. Rodriguez LH, Vargas PF, Raff U, Lynch DA, Rojas GM, Moxley DM, Newell JD. Automated 
discrimination and quantification of idiopathic pulmonary fibrosis from normal lung parenchyma 
using generalized fractal dimensions in high-resolution computed tomography images. Acad 
Radiol 1995; 2: 10-18.

Page 61 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



62

77. Humphries SM, Yagihashi K, Huckleberry J, Rho BH, Schroeder JD, Strand M, Schwarz MI, Flaherty KR, 
Kazerooni EA, van Beek EJR, Lynch DA. Idiopathic Pulmonary Fibrosis: Data-driven Textural 
Analysis of Extent of Fibrosis at Baseline and 15-Month Follow-up. Radiology 2017; 285: 270-
278.

78. Occhipinti M, Bosello S, Sisti LG, Cicchetti G, de Waure C, Pirronti T, Ferraccioli G, Gremese E, Larici 
AR. Quantitative and semi-quantitative computed tomography analysis of interstitial lung 
disease associated with systemic sclerosis: A longitudinal evaluation of pulmonary parenchyma 
and vessels. PLoS One 2019; 14: e0213444.

79. Humphries SM, Mackintosh JA, Jo HE, Walsh SLF, Silva M, Calandriello L, Chapman S, Ellis S, Glaspole 
I, Goh N, Grainge C, Hopkins PMA, Keir GJ, Moodley Y, Reynolds PN, Walters EH, Baraghoshi D, 
Wells AU, Lynch DA, Corte TJ. Quantitative computed tomography predicts outcomes in 
idiopathic pulmonary fibrosis. Respirology 2022; 27: 1045-1053.

80. Kim HJ, Brown MS, Elashoff R, Li G, Gjertson DW, Lynch DA, Strollo DC, Kleerup E, Chong D, Shah SK, 
Ahmad S, Abtin F, Tashkin DP, Goldin JG. Quantitative texture-based assessment of one-year 
changes in fibrotic reticular patterns on HRCT in scleroderma lung disease treated with oral 
cyclophosphamide. Eur Radiol 2011; 21: 2455-2465.

81. Humphries SM, Swigris JJ, Brown KK, Strand M, Gong Q, Sundy JS, Raghu G, Schwarz MI, Flaherty KR, 
Sood R, O'Riordan TG, Lynch DA. Quantitative high-resolution computed tomography fibrosis 
score: performance characteristics in idiopathic pulmonary fibrosis. Eur Respir J 2018; 52.

82. Jacob J, Bartholmai BJ, Rajagopalan S, Kokosi M, Nair A, Karwoski R, Raghunath SM, Walsh SL, Wells 
AU, Hansell DM. Automated Quantitative Computed Tomography Versus Visual Computed 
Tomography Scoring in Idiopathic Pulmonary Fibrosis: Validation Against Pulmonary Function. 
Journal of thoracic imaging 2016; 31: 304-311.

83. Kim GHJ, Goldin JG, Hayes W, Oh A, Soule B, Du S. The value of imaging and clinical outcomes in a 
phase II clinical trial of a lysophosphatidic acid receptor antagonist in idiopathic pulmonary 
fibrosis. Ther Adv Respir Dis 2021; 15: 17534666211004238.

84. Lee SM, Seo JB, Oh SY, Kim TH, Song JW, Lee SM, Kim N. Prediction of survival by texture-based 
automated quantitative assessment of regional disease patterns on CT in idiopathic pulmonary 
fibrosis. Eur Radiol 2018; 28: 1293-1300.

85. Park HJ, Lee SM, Song JW, Lee SM, Oh SY, Kim N, Seo JB. Texture-Based Automated Quantitative 
Assessment of Regional Patterns on Initial CT in Patients With Idiopathic Pulmonary Fibrosis: 
Relationship to Decline in Forced Vital Capacity. AJR American journal of roentgenology 2016; 
207: 976-983.

86. 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.

87. Lancaster L, Goldin J, Trampisch M, Kim GH, Ilowite J, Homik L, Hotchkin DL, Kaye M, Ryerson CJ, 
Mogulkoc N, Conoscenti CS. Effects of Nintedanib on Quantitative Lung Fibrosis Score in 
Idiopathic Pulmonary Fibrosis. The open respiratory medicine journal 2020; 14: 22-31.

88. Romei C, Tavanti LM, Taliani A, De Liperi A, Karwoski R, Celi A, Palla A, Bartholmai BJ, Falaschi F. 
Automated Computed Tomography analysis in the assessment of Idiopathic Pulmonary Fibrosis 
severity and progression. Eur J Radiol 2020; 124: 108852.

89. Raghu G, Scholand MB, de Andrade J, Lancaster L, Mageto Y, Goldin J, Brown KK, Flaherty KR, Wencel 
M, Wanger J, Neff T, Valone F, Stauffer J, Porter S. FG-3019 anti-connective tissue growth factor 
monoclonal antibody: results of an open-label clinical trial in idiopathic pulmonary fibrosis. Eur 
Respir J 2016; 47: 1481-1491.

Page 62 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



63

90. Kim GHJ, Weigt SS, Belperio JA, Brown MS, Shi Y, Lai JH, Goldin JG. Prediction of idiopathic 
pulmonary fibrosis progression using early quantitative changes on CT imaging for a short term 
of clinical 18-24-month follow-ups. Eur Radiol 2020; 30: 726-734.

91. Sverzellati N, Silva M, Seletti V, Galeone C, Palmucci S, Piciucchi S, Vancheri C, Poletti V, Tomassetti S, 
Karwoski R, Bartholmai BJ. Stratification of long-term outcome in stable idiopathic pulmonary 
fibrosis by combining longitudinal computed tomography and forced vital capacity. Eur Radiol 
2020; 30: 2669-2679.

92. Oh AS, Lynch DA, Swigris JJ, Baraghoshi D, Dyer DS, Hale VA, Koelsch TL, Marrocchio C, Parker KN, 
Teague S, Flaherty KR, Humphries SM. Deep Learning-based Fibrosis Extent on CT Predicts 
Outcome of Fibrosing Interstitial Lung Disease Independent of Visually Assessed CT Pattern. 
Annals of the American Thoracic Society 2023.

93. Cottin V, Selman M, Inoue Y, Wong AW, Corte TJ, Flaherty KR, Han MK, Jacob J, Johannson KA, 
Kitaichi M, Lee JS, Agusti A, Antoniou KM, Bianchi P, Caro F, Florenzano M, Galvin L, Iwasawa T, 
Martinez FJ, Morgan RL, Myers JL, Nicholson AG, Occhipinti M, Poletti V, Salisbury ML, Sin DD, 
Sverzellati N, Tonia T, Valenzuela C, Ryerson CJ, Wells AU. Syndrome of Combined Pulmonary 
Fibrosis and Emphysema: An Official ATS/ERS/JRS/ALAT Research Statement. Am J Respir Crit 
Care Med 2022; 206: e7-e41.

94. Jacob J, Bartholmai BJ, van Moorsel CHM, Rajagopalan S, Devaraj A, van Es HW, Moua T, van Beek 
FT, Clay R, Veltkamp M, Kokosi M, de Lauretis A, Judge EP, Jacob TM, Peikert T, Karwoski R, 
Maldonado F, Renzoni E, Maher TM, Altmann A, Wells AU. Longitudinal prediction of outcome in 
idiopathic pulmonary fibrosis using automated CT analysis. Eur Respir J 2019; 54.

95. Koo CW, Larson NB, Parris-Skeete CT, Karwoski RA, Kalra S, Bartholmai BJ, Carmona EM. Prospective 
machine learning CT quantitative evaluation of idiopathic pulmonary fibrosis in patients 
undergoing anti-fibrotic treatment using low- and ultra-low-dose CT. Clin Radiol 2022; 77: e208-
e214.

96. Himelman RB, Abbott JA, Lee E, Schiller NB, Dean NC, Stulbarg MS. Doppler  echocardiography  and  
ultrafast  cine  computed  tomography during dynamic exercise in chronic parenchymal 
pulmonary disease. Am J Cardiol 1989; 64: 528-533.

97. Strimbu K, Tavel JA. What are biomarkers? Curr Opin HIV AIDS 2010; 5: 463-466.
98. 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. Lancet Respir Med 
2017; 5: 946-955.

99. Todd JL, Neely ML, Overton R, Durham K, Gulati M, Huang H, Roman J, Newby LK, Flaherty KR, 
Vinisko R, Liu Y, Roy J, Schmid R, Strobel B, Hesslinger C, Leonard TB, Noth I, Belperio JA, Palmer 
SM. Peripheral blood proteomic profiling of idiopathic pulmonary fibrosis biomarkers in the 
multicentre IPF-PRO Registry. Respir Res 2019; 20: 227.

100. Herazo-Maya JD, Sun J, Molyneaux PL, Li Q, Villalba JA, Tzouvelekis A, Lynn H, Juan-Guardela BM, 
Risquez C, Osorio JC, Yan X, Michel G, Aurelien N, Lindell KO, Klesen MJ, Moffatt MF, Cookson 
WO, Zhang Y, Garcia JGN, Noth I, Prasse A, Bar-Joseph Z, Gibson KF, Zhao H, Herzog EL, Rosas IO, 
Maher TM, Kaminski N. Validation of a 52-gene risk profile for outcome prediction in patients 
with idiopathic pulmonary fibrosis: an international, multicentre, cohort study. Lancet Respir 
Med 2017; 5: 857-868.

101. Jenkins RG, Simpson JK, Saini G, Bentley JH, Russell AM, Braybrooke R, Molyneaux PL, McKeever 
TM, Wells AU, Flynn A, Hubbard RB, Leeming DJ, Marshall RP, Karsdal MA, Lukey PT, Maher TM. 
Longitudinal change in collagen degradation biomarkers in idiopathic pulmonary fibrosis: an 
analysis from the prospective, multicentre PROFILE study. Lancet Respir Med 2015; 3: 462-472.

Page 63 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



64

102. Organ LA, Duggan AR, Oballa E, Taggart SC, Simpson JK, Kang'ombe AR, Braybrooke R, Molyneaux 
PL, North B, Karkera Y, Leeming DJ, Karsdal MA, Nanthakumar CB, Fahy WA, Marshall RP, Jenkins 
RG, Maher TM. Biomarkers of collagen synthesis predict progression in the PROFILE idiopathic 
pulmonary fibrosis cohort. Respir Res 2019; 20: 148.

103. Molyneaux PL, Fahy WA, Byrne AJ, Braybrooke R, Saunders P, Toshner R, Albers G, Chua F, Renzoni 
EA, Wells AU, Karkera Y, Oballa E, Saini G, Nicholson AG, Jenkins G, Maher TM. CYFRA 21-1 
Predicts Progression in IPF: A Prospective Longitudinal Analysis of the PROFILE Cohort. Am J 
Respir Crit Care Med 2022.

104. Richards TJ, Kaminski N, Baribaud F, Flavin S, Brodmerkel C, Horowitz D, Li K, Choi J, Vuga LJ, Lindell 
KO, Klesen M, Zhang Y, Gibson KF. Peripheral blood proteins predict mortality in idiopathic 
pulmonary fibrosis. Am J Respir Crit Care Med 2012; 185: 67-76.

105. Bowman WS, Newton CA, Linderholm AL, Neely ML, Pugashetti JV, Kaul B, Vo V, Echt GA, Leon W, 
Shah RJ, Huang Y, Garcia CK, Wolters PJ, Oldham JM. Proteomic biomarkers of progressive 
fibrosing interstitial lung disease: a multicentre cohort analysis. Lancet Respir Med 2022.

106. Maher TM, Stowasser S, Nishioka Y, White ES, Cottin V, Noth I, Selman M, Rohr KB, Michael A, 
Ittrich C, Diefenbach C, Jenkins RG. Biomarkers of extracellular matrix turnover in patients with 
idiopathic pulmonary fibrosis given nintedanib (INMARK study): a randomised, placebo-
controlled study. Lancet Respir Med 2019; 7: 771-779.

107. Maher TM, Ford P, Brown KK, Costabel U, Cottin V, Danoff SK, Groenveld I, Helmer E, Jenkins RG, 
Milner J, Molenberghs G, Penninckx B, Randall MJ, Van Den Blink B, Fieuw A, Vandenrijn C, 
Rocak S, Seghers I, Shao L, Taneja A, Jentsch G, Watkins TR, Wuyts WA, Kreuter M, Verbruggen 
N, Prasad N, Wijsenbeek MS, Isabela, Investigators. Ziritaxestat, a Novel Autotaxin Inhibitor, and 
Lung Function in Idiopathic Pulmonary Fibrosis: The ISABELA 1 and 2 Randomized Clinical Trials. 
JAMA 2023; 329: 1567-1578.

108. Richeldi L, Costabel U, Selman M, Kim DS, Hansell DM, Nicholson AG, Brown KK, Flaherty KR, Noble 
PW, Raghu G, Brun M, Gupta A, Juhel N, Kluglich M, du Bois RM. Efficacy of a tyrosine kinase 
inhibitor in idiopathic pulmonary fibrosis. N Engl J Med 2011; 365: 1079-1087.

109. 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, Group CS. Pirfenidone in patients with idiopathic 
pulmonary fibrosis (CAPACITY): two randomised trials. Lancet 2011; 377: 1760-1769.

110. 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.

111. Palmer SM, Snyder L, Todd JL, Soule B, Christian R, Anstrom K, Luo Y, Gagnon R, Rosen G. 
Randomized, Double-Blind, Placebo-Controlled, Phase 2 Trial of BMS-986020, a 
Lysophosphatidic Acid Receptor Antagonist for the Treatment of Idiopathic Pulmonary Fibrosis. 
Chest 2018; 154: 1061-1069.

112. King Jr T, Brown K, Raghu G, du Bois R, Lynch D, 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.

113. Raghu G, Brown K, Collard H, Cottin V, Gibson K, Kaner R, Lederer D, Martinez F, Noble P, Song J, 
Wells A, Whelan T, Wuyts W, Moreau E, Patterson S, Smith V, Bayly S, Chien J, Gong Q, Zhang J, 
O'Riordan T. Efficacy of simtuzumab versus placebo in patients with idiopathic pulmonary 
fibrosis: a randomised, double-blind, controlled, phase 2 trial. Lancet Respir Med 2017; 5: 22-32.

Page 64 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



65

114. King Jr. T, Behr J, Brown K, du Bois R, Lancaster L, de Andrade J, Stahler G, Leconte I, Roux S, Raghu 
G. BUILD 1: a randomized placebo-controlled trial of bosentan in patients with idiopathic 
pulmonary fibrosis. Am J Respir Crit Care Med 2008; 177: 75-81.

115. Idiopathic Pulmonary Fibrosis Clinical Research N, Zisman DA, Schwarz M, Anstrom KJ, Collard HR, 
Flaherty KR, Hunninghake GW. A controlled trial of sildenafil in advanced idiopathic pulmonary 
fibrosis. N Engl J Med 2010; 363: 620-628.

116. Behr J, Bendstrup E, Crestani B, Gunther A, Olschewski H, Skold 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. Lancet Respir Med 2016; 4: 445-453.

117. Salisbury ML, Lynch DA, van Beek EJ, Kazerooni EA, Guo J, Xia M, Murray S, Anstrom KJ, Yow E, 
Martinez FJ, Hoffman EA, Flaherty KR. Idiopathic Pulmonary Fibrosis: The Association between 
the Adaptive Multiple Features Method and Fibrosis Outcomes. Am J Respir Crit Care Med 2017; 
195: 921-929.

118. Bartholmai BJ, Raghunath S, Karwoski RA, Moua T, Rajagopalan S, Maldonado F, Decker PA, Robb 
RA. Quantitative Computed Tomography Imaging of Interstitial Lung Diseases. Journal of 
thoracic imaging 2013; 28: 298-307 210.1097/RTI.1090b1013e3182a21969.

119. Jacob J, Bartholmai BJ, Rajagopalan S, Kokosi M, Egashira R, Brun AL, Nair A, Walsh SLF, Karwoski R, 
Wells AU. Serial automated quantitative CT analysis in idiopathic pulmonary fibrosis: functional 
correlations and comparison with changes in visual CT scores. Eur Radiol 2018; 28: 1318-1327.

120. Maldonado F, Moua T, Rajagopalan S, Karwoski RA, Raghunath S, Decker PA, Hartman TE, 
Bartholmai BJ, Robb RA, Ryu JH. Automated quantification of radiological patterns predicts 
survival in idiopathic pulmonary fibrosis. Eur Respir J 2014; 43: 204-212.

121. Jacob J, Bartholmai BJ, Rajagopalan S, Kokosi M, Nair A, Karwoski R, Walsh SL, Wells AU, Hansell 
DM. Mortality prediction in idiopathic pulmonary fibrosis: evaluation of computer-based CT 
analysis with conventional severity measures. Eur Respir J 2017; 49.

122. Jacob J, Bartholmai BJ, Rajagopalan S, van Moorsel CHM, van Es HW, van Beek FT, Struik MHL, 
Kokosi M, Egashira R, Brun AL, Nair A, Walsh SLF, Cross G, Barnett J, de Lauretis A, Judge EP, 
Desai S, Karwoski R, Ourselin S, Renzoni E, Maher TM, Altmann A, Wells AU. Predicting 
Outcomes in Idiopathic Pulmonary Fibrosis Using Automated Computed Tomographic Analysis. 
Am J Respir Crit Care Med 2018; 198: 767-776.

123. Kim HJ, Brown MS, Chong D, Gjertson DW, Lu P, Kim HJ, Coy H, Goldin JG. Comparison of the 
Quantitative CT Imaging Biomarkers of Idiopathic Pulmonary Fibrosis at Baseline and Early 
Change with an Interval of 7 Months. Acad Radiol 2015; 22: 70-80.

124. Nam JG, Choi Y, Lee SM, Yoon SH, Goo JM, Kim H. Prognostic value of deep learning-based fibrosis 
quantification on chest CT in idiopathic pulmonary fibrosis. Eur Radiol 2023; 33: 3144-3155.

125. Maher TM, Hesslinger C, Liu Y, Zoz D, Luedtke D, Richeldi L. Effects of BI 1015550, a preferential 
PDE4B inhibitor, on pharmacokinetics and disease biomarkers in healthy volunteers and patients 
with IPF. Presented at 21st International Colloquium on Lung and Airway Fibrosis (ICLAF). 10 Feb 
2022.

Page 65 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 



Meaningful Endpoints for Idiopathic Pulmonary Fibrosis (IPF) Clinical 

Trials: Emphasis on 'Feels, Functions, Survives' 

– Report of a Collaborative Discussion in a Symposium with Direct Engagement from

Representatives of Patients, Investigators, National Institute of Health, Patient Advocacy 

Organization, and Regulatory Agency 

Supplemental Material 

This symposium and report of the proceedings is Dedicated to patients with IPF. 

Ganesh Raghu1*, Marya Ghazipura2,3, Thomas R Fleming4, Kerri I Aronson5, Jürgen Behr6, 

Kevin K Brown7, Kevin R Flaherty8, Ella A Kazerooni8,9, Toby M Maher10, Luca Richeldi11, 

Joseph A Lasky12, Jeffrey J Swigris7, Robert Busch13, Lili Garrard14, Dong-Hyun Ahn14, Ji Li15, 

Khalid Puthawala13, Gabriela Rodal16, Sally Seymour13, Nargues Weir16, Sonye K Danoff17, Neil 

Ettinger18, Jonathan Goldin19, Marilyn K Glassberg20, Leticia Kawano-Dourado21,22, Nasreen 

Khalil23, Lisa Lancaster24, David A Lynch7, Yolanda Mageto25, Imre Noth26, Jessica E Shore27, 

Marlies Wijsenbeek28, Robert Brown29, Daniel Grogan30, Dorothy Ivey31, Patrycja Golinska5, 

Banu Karimi-Shah13, and Fernando Martinez5  

*Corresponding author:

Ganesh Raghu, MD  

University of Washington Medical Center-Montlake Campus, Center for Interstitial Lung 

Diseases, 1959 NE Pacific Avenue, 3rd floor; Box 356175, Seattle, WA 98195 

Email:  graghu@uw.edu 

Page 66 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 

mailto:graghu@uw.edu


Symposium Co-Chairs:
1. Ganesh Raghu
2. Fernando Martinez

Group Photograph of Participants of the Symposium on Idiopathic Pulmonary Fibrosis Endpoints
(Closed Session: June 19th-20th 2023)

US FDA Lead Representative:
3. Banu Karimi-Shah

12.Thomas R Fleming
13.Matt Craig
14.Juergen Behr
15.Sumita Khatri
16.Gus Matute-Bello
17.Luca Richeldi
18.Laurie Burke
19.Joe Lasky
20.Patrycja Golinska
21.Kevin Brown
22.Marlies Wijsenbeek
23.Jeff Swigris
24.Jonathan Goldin
25.Kevin Flaherty
26.David Lynch

27.Ella Kazerooni
28.Lisa Lancaster
29.Toby Maher
30.Imre Noth
31.Leticia Kawano
32.Jessica Shore
33.Marilyn Glassberg
34.Sonye Danoff
35.Yolanda Mageto
36.Daniel Grogan
37.Nasreen Khalil
38.Dorothy Ivey
39.Neil A. Ettinger
40.Kerri Aronson

FDA Participants:
4. Nargues Weir
5. Ji Li
6. Sally Seymour
7. Lili Garrard

8. Khalid Puthawala
9. Gabriela Rodal
10.Robert Busch
11.Dong Hyun-Ahn

Other Participants and Observers:

Missing from the Photograph are: 

Photograph by Mr. Daniel Grogan, a dedicated patient 
representative and photographer living with IPF.

• Marya Ghazipura
• Mary Thanh Hai

• Robert Brown

Page 67 of 67

 AJRCCM Articles in Press. Published January 04, 2024 as 10.1164/rccm.202312-2213SO 
 Copyright © 2024 by the American Thoracic Society 


