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Approximately 12–13% of patients with interstitial lung disease (ILD) are diagnosed with unclassifiable ILD (uILD), often despite thorough evaluation. A recent Phase 2 study (NCT03099187) described a significant effect of pirfenidone vs. placebo on forced vital capacity (FVC) measured by site spirometry in patients with progressive fibrosing uILD (hereafter referred to as the pirfenidone in uILD study). Here, we present the results from a post-hoc analysis of this study to assess patient baseline characteristics and the efficacy of pirfenidone vs. placebo analyzed by surgical lung biopsy (SLB) status. Mean FVC (mL) change over 24 weeks was included as a post-hoc efficacy outcome. Of 253 randomized patients, 88 (34.8%) had a SLB and 165 (65.2%) did not. Baseline characteristics were generally similar between SLB subgroups; however, patients who had a SLB were slightly younger and had a higher 6-min walk distance than those without a SLB. Mean FVC change over 24 weeks for pirfenidone vs. placebo was −90.9 vs. −146.3 mL, respectively, in patients who had a SLB, and 8.2 vs. −85.3 mL, respectively, in patients without a SLB. Overall, the results from the post-hoc analysis identified that pirfenidone may be an effective treatment in progressive fibrosing uILD over 24 weeks, irrespective of SLB status; however, caution should be taken when interpreting these data due to several limitations. There are differences in the treatment effect of pirfenidone between the subgroups that require further pathological and radiological investigation. In this manuscript, we also descriptively compared baseline characteristics from the overall pirfenidone in uILD study population with other uILD populations reported in the literature, with the aim of understanding if there are any similarities or differences within these cohorts. Most baseline characteristics for patients in the pirfenidone in uILD study were within the ranges reported in the literature; however, ranges were wide, highlighting the heterogeneity of uILD populations.

Clinical Trial Registration: ClinicalTrials.gov, identifier: NCT03099187.
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INTRODUCTION

Interstitial lung diseases (ILDs) are a diverse, heterogeneous group of respiratory diseases characterized by fibrosis and/or inflammation of the lung (1). Achieving a diagnosis of a specific ILD is important to inform prognosis and guide treatment decisions (1–3); however, it is a complex process that requires detailed assessment of clinical, radiological, and pathological features by a multidisciplinary team (MDT) (2, 3). Despite thorough evaluation by a MDT, which for some patients may also include undergoing a surgical lung biopsy (SLB), a specific diagnosis cannot be achieved in ~12–13% of patients with ILD (4), and in these cases, patients are defined as having unclassifiable ILD (uILD).

There are many factors that may contribute to the uncertainty around achieving a specific ILD diagnosis, including: the inability to perform a SLB due to age, disease severity, other comorbidities, or the patient not being willing to have a SLB; SLBs that are inadequate or insufficient for diagnosis; or discrepancies between clinical, radiological, and/or pathological features (5–8). Ultimately, patients receive a diagnosis of uILD when all other possible causes have been excluded, rather than due to identification of uILD-specific features. Moreover, different centers and clinicians may apply different diagnostic thresholds or carry out varying intensities of diagnostic investigations. Therefore, uILD populations can be heterogeneous, which makes studying this patient population challenging. In an attempt to study a well-defined uILD population, a recent Phase 2 trial assessed the efficacy and safety of pirfenidone vs. placebo in patients with progressive fibrosing uILD over 24 weeks (hereafter referred to as the pirfenidone in uILD study; NCT03099187) (9). In this study, the primary endpoint was mean predicted change in forced vital capacity (FVC) from baseline over 24 weeks, measured by daily home spirometry. Analysis of the primary endpoint was not possible due to technical issues with home spirometry, and application of the pre-specified linear regression model was not suitable in patients with a small number of readings collected over a short period of time. However, the results from key secondary and exploratory outcomes suggested that pirfenidone may be an effective treatment for patients with progressive fibrosing uILD. Additionally, the safety profile of pirfenidone was comparable with that in patients with IPF (10), and no new safety signals were identified (9).

Here, we present the results of a post-hoc analysis from the pirfenidone in uILD study, in which baseline characteristics and the efficacy of pirfenidone vs. placebo were analyzed by the presence or absence of a SLB in patients with progressive fibrosing uILD over 24 weeks. Additionally, we compared baseline patient demographics and characteristics from the pirfenidone in uILD study with data published from other uILD populations, with the aim of highlighting any similarities or differences in the cohorts.



MATERIALS AND METHODS


Study Design and Patient Population

The pirfenidone in uILD study was a multicenter, international, double-blind, randomized, placebo-controlled, 24-week, Phase 2 trial (NCT03099187) in patients with progressive fibrosing uILD. Eligible patients were aged between 18 and 85 years; had percent predicted FVC of ≥45%; had percent predicted carbon monoxide diffusing capacity (DLco) of ≥30%; had >10% fibrosis on high-resolution computed tomography; had a high-resolution computed tomography scan from the previous 12 months; and had a diagnosis of progressive fibrosing uILD. Fibrosing uILD was defined as a fibrosing ILD that could not be given a specific ILD diagnosis with moderate or high confidence following MDT evaluation at each participating center. Therefore, eligible patients had either a diagnosis of uILD or a low-confidence diagnosis of a specific ILD. Progressive disease was defined as either >5% absolute decline in percent predicted FVC or significant symptomatic worsening not due to cardiac, pulmonary (except worsening of underlying uILD), vascular, or other causes (as determined by the investigator) within the previous 6 months. Full details regarding the methods of this study have been previously reported (9, 11).



Post-hoc Analysis

Baseline characteristics were analyzed in a post-hoc analysis by SLB status (patients who had a SLB and patients who did not have a SLB). Post-hoc efficacy endpoints were evaluated over 24 weeks in patients who had a SLB and patients who did not have a SLB. These post-hoc efficacy endpoints were: change in FVC (mL) over 24 weeks, measured by site spirometry; the percentage of patients who experienced a >5% or >10% decline in percent predicted FVC over 24 weeks, measured by site spirometry; the proportion of patients who experienced a >15% categorical decline in percent predicted DLco over 24 weeks; and the proportion of patients who experienced a >50 m decline in 6-min walk distance (6MWD) over 24 weeks.


Statistical Analyses

Post-hoc efficacy endpoints were assessed in the intent-to-treat population. Change in FVC (mL) was estimated using a linear regression model. Two-sided confidence intervals (CIs) for the mean value were based on the percentiles of the t-distribution. For change in FVC (mL), only patients with at least 2 post-baseline measurements were included, and all data from baseline to Week 24 were used without imputation of values for patients who discontinued early. A Cochran–Mantel–Haenszel test was used to analyze categorical changes in percent predicted FVC between treatment groups. A logistic regression model was used to compare categorical changes in percent predicted DLco and 6MWD between treatment groups.




Literature Search for Comparison of uILD Patient Populations

To identify other populations of patients with uILD in the literature, references were collected through searches of PubMed on April 7, 2021, by use of the terms “unclassified interstitial lung disease,” “unclassifiable interstitial lung disease,” “unclassified ILD,” “unclassifiable ILD,” “uILD”, “unclassified idiopathic interstitial pneumonia,” “unclassifiable idiopathic interstitial pneumonia,” “unclassified IIP,” “unclassifiable IIP,” “undefined ILD,” and “undetermined ILD.” Some searches used these terms in the title, others in the title or abstract. Deeper searches included the terms “unclassified interstitial lung disease,” “unclassifiable interstitial lung disease,” “unclassified ILD,” “unclassifiable ILD,” “uILD,” “unclassified idiopathic interstitial pneumonia,” and “unclassifiable idiopathic interstitial pneumonia” alongside “pirfenidone” or “nintedanib” in the title or abstract. No limits were placed on date; however, only articles in English were included. Abstracts resulting from these searches were reviewed and relevant references were obtained. References that included baseline characteristics for patients with uILD were selected for inclusion. These data were compared with patient baseline characteristics from the overall pirfenidone uILD study population and were summarized descriptively.




RESULTS


Post-hoc Analysis in the Pirfenidone in uILD Study


Baseline Demographics and Characteristics Analyzed by SLB Status

Between May 2017 and June 2018, 253 patients were randomized to pirfenidone (n = 127) or placebo (n = 126) (9). Of these patients, 88 (34.8%) patients had a SLB and 165 (65.2%) did not have a SLB. The majority of patients had a diagnosis of uILD without any features suggestive of another form of ILD, regardless of SLB status. The proportion of patients in each subgroup with low-confidence diagnoses of other ILDs (i.e., other diagnoses were considered but could not be given with moderate or high confidence following MDT evaluation) are reported in Table 1. The mean time from diagnosis to randomization was generally similar in patients regardless of SLB status, except for patients who had a SLB and received pirfenidone (37.2 months vs. 25.5–27.6 months).


Table 1. Demographics and baseline characteristics of patients in the pirfenidone in uILD study analyzed by SLB status.
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Baseline characteristics were generally similar regardless of SLB status; however, some differences were observed between the subgroups. Patients who had a SLB and received either pirfenidone or placebo were younger and walked further in the 6-min walk test than patients who did not have a SLB and received either pirfenidone or placebo (Table 1).



Efficacy of Pirfenidone vs. Placebo Over 24 Weeks Analyzed by SLB Status

Efficacy data for pirfenidone vs. placebo are presented in Table 2. At Week 24, the mean change in FVC measured by site spirometry in patients who had a SLB and received either pirfenidone or placebo was −90.9 and −146.3 mL, respectively (treatment difference: 55.4 mL; 95% CI −52.6, 163.4; Table 2). In patients who did not have a SLB and received either pirfenidone or placebo, mean change in FVC over 24 weeks measured by site spirometry was 8.2 and −85.3 mL, respectively (treatment difference: 93.5 mL; 95% CI 15.2, 171.9; Table 2).


Table 2. Summary of post-hoc efficacy endpoints to week 24 in patients in the pirfenidone in uILD study analyzed by SLB status.
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In patients who had a SLB and received either pirfenidone or placebo, the proportion of patients who experienced a categorical decline in percent predicted FVC >5% over 24 weeks was 50.0% and 58.3%, respectively [odds ratio (OR) 0.7 (95% CI 0.3, 1.6)], and the proportion of patients who experienced a categorical decline in percent predicted FVC >10% over 24 weeks was 20.0% and 29.2%, respectively [OR 0.6 (95% CI 0.2, 1.6); Table 2]. In patients who did not have a SLB and received either pirfenidone or placebo, the proportion of patients who experienced a categorical decline in percent predicted FVC >5% over 24 weeks was 31.0 and 57.7%, respectively [OR 0.3 (95% CI 0.2, 0.6)], and the proportion of patients who experienced a categorical decline in percent predicted FVC >10% over 24 weeks was 11.5 and 24.4%, respectively [OR 0.4 (95% CI 0.2, 1.0); Table 2].




Comparison of Baseline Demographics and Characteristics From the Pirfenidone in uILD Study Population With Other uILD Populations

Baseline characteristics for the overall pirfenidone in uILD study population (n = 253) are presented in Supplementary Table 1, and a comparison of baseline characteristics from this study with those from other uILD populations is presented in Supplementary Table 2.

In total, 189 publications were initially identified in the literature search. Of these, 10 relevant publications from 2018 to 2021 that have reported demographics and baseline characteristics for other uILD patient populations were selected for inclusion (4, 12–20). Of these publications, one study included patients enrolled in a clinical trial (19), eight prospective or retrospective studies included patients in real-world cohorts (12–18, 20), and one publication described a meta-analysis of 22 prospective and retrospective studies (4). Publications that did not report demographics and baseline characteristics, that were included in the meta-analysis, or that were published prior to the meta-analysis were excluded.

Across these uILD patient populations, the majority of patients received a diagnosis of uILD following evaluation by a MDT (Supplementary Table 2). Many studies did not report SLB rates; however, in those that did, there were differences in the reported rates. In the pirfenidone in uILD study, 34.8% of patients had a SLB, whereas in other uILD populations, the reported SLB rates ranged from 0% to 100% (4, 12, 14–18). Similarly, several studies did not present any information regarding patients with uILD who met the criteria for interstitial pneumonia with autoimmune features (IPAF), and in the studies that did report this information, the number of patients who met the criteria for IPAF varied (4, 13, 16, 17). In the pirfenidone in uILD study, 13.4% of patients fulfilled the criteria for IPAF; however, in other uILD populations, the proportion of patients who fulfilled the criteria for IPAF ranged from 2.1% to 25.0% (4, 13, 16, 17). At baseline, age and body mass index were generally similar in this study compared with the other uILD populations; however, a wide range of mean ages was reported across the other populations (53.0–68.4 years).

Baseline percent predicted FVC, percent predicted DLco, and percent predicted forced expiratory volume in 1 second (FEV1) for the overall population in this study were within the range of values reported for other uILD populations. However, it should be noted that a wide range of values was reported for each measure across the studies (mean FVC: 67.8–84.9%; mean DLco: 43.8–65%; mean FEV1: 69.9–86.3%). The median baseline 6MWD reported for patients in the overall study population was lower than that reported for the other uILD patient populations (387.0 m vs. 435 m and 442 m; Supplementary Table 2).




DISCUSSION

The purpose of the analyses presented here were to: (1) assess baseline characteristics and the efficacy of pirfenidone vs. placebo, analyzed by the presence or absence of a SLB in patients with progressive fibrosing uILD over 24 weeks; and (2) compare baseline patient demographics and characteristics from the pirfenidone in uILD study with other uILD populations to highlight any similarities or differences in the cohorts.

Results from the post-hoc analysis of data from the pirfenidone in uILD study identified that demographics and baseline characteristics were generally similar between patients in the pirfenidone in uILD study who had a SLB and those who did not have a SLB; however, noteworthy differences were apparent. Patients who had a SLB were slightly younger and walked further during the 6-min walk test than patients who did not have a SLB, which is in line with expectations given that SLB can often be impracticable in many patients due to age and disease severity (8). These findings are comparable to those of a previous study, which reported that patients with uILD who had a SLB were slightly younger than those who did not have a SLB (21). Interestingly, in the previous study, baseline percent predicted FVC and DLco were lower in patients who had a SLB than in patients who did not have a SLB (21); however, this was not observed in the post-hoc analysis population. Furthermore, patients who had a SLB and received pirfenidone had a longer mean time from diagnosis to randomization than patients who did not have a SLB and received pirfenidone, and whilst this might be expected, it may be a confounding factor.

Additionally, the results of this post-hoc analysis revealed that outcomes over 24 weeks were similar in patients who received placebo regardless of SLB status, with the exception of mean change in FVC measured by site spirometry, which was greater in patients who had a SLB and received placebo than in those who did not. However, it is not possible to draw any conclusions regarding disease trajectory from these data due to factors including differences in patient numbers between subgroups and any potential differences in disease status (e.g., stable vs. progressive) between patients prior to enrollment. However, it may be interesting for future studies to investigate this further.

In terms of response to pirfenidone treatment, the results of this post-hoc analysis expand on the primary findings from the pirfenidone in uILD study. Although analysis of the primary endpoint was not possible, secondary endpoints indicated that pirfenidone may be an effective treatment in progressive fibrosing uILD over 24 weeks (9), and similar results were observed in the post-hoc analysis. Indeed, irrespective of SLB status, the mean change in FVC from baseline and the proportions of patients who experienced a categorical decline of >5% or >10% in percent predicted FVC over 24 weeks were numerically lower in patients who received pirfenidone compared with placebo. Additionally, the proportion of patients who had a SLB and experienced a categorical decline of >15% in percent predicted DLco was numerically lower in patients who received pirfenidone compared with placebo. These results suggest that SLB status does not substantially impact this treatment benefit; however, further studies in larger patient populations are required to determine if the differences between pirfenidone and placebo are statistically significant in patients with and without a SLB. It could be argued that a treatment effect in patients without a SLB could be explained by patients in this group being more likely to have IPF-like disease because their histopathological pattern is unknown. Therefore, the group without a SLB would possibly include some patients with histopathological usual interstitial pneumonia, whilst in the group who had a SLB, those patients with histopathological usual interstitial pneumonia would likely have been allocated a diagnosis of IPF and would no longer be classified as uILD. The fact that the treatment benefit was not impacted by SLB status indicates that the treatment effect of pirfenidone may not simply be due to efficacy in a subgroup of patients who may have an unidentified IPF-like pathological pattern. As noted above, the disease status of patients prior to enrollment (e.g., stable vs. progressive) may also potentially influence the effect of pirfenidone in this study; however, the relevant data to determine if this was the case in this study are not available. Therefore, there were differences in the treatment effect of pirfenidone between the subgroups that require further pathological and radiological investigation.

Data on the safety and tolerability of pirfenidone are not presented in this manuscript, however, it should be noted that no meaningful differences were observed between patients who had an SLB and patients who did not have an SLB.

This is not the only study to have investigated antifibrotics in progressive fibrotic ILDs other than IPF. In the INBUILD study of patients with progressive fibrotic ILDs, the annual rate of decline in FVC was significantly lower in patients who received nintedanib than in those who received placebo (22). Moreover, the treatment benefit of nintedanib was maintained in a subgroup analysis of data analyzed by diagnostic category (19). In the RELIEF study of patients with progressive fibrosing ILDs other than IPF (connective tissue disease-associated ILD, fibrotic non-specific interstitial pneumonia, chronic hypersensitivity pneumonitis, and asbestos-induced lung fibrosis), pirfenidone treatment was efficacious vs. placebo; however, it should be noted that the RELIEF study was terminated prematurely due to slow enrollment (23). In summary, the findings from this post-hoc analysis add to existing studies in the literature, which have suggested that antifibrotics may have a benefit in ILDs other than IPF.

Despite the study design of the pirfenidone in uILD study resulting in a well-defined uILD population (9), one of the main challenges associated with studying uILD populations is that patients generally receive a diagnosis of uILD when all other ILDs have been excluded; and centers or clinicians may apply varying intensities of diagnostic investigations or different diagnostic thresholds when evaluating a patient. Clinicians may decide against performing a SLB for reasons such as: inability to perform a SLB in patients who are too old or frail; patients declining a SLB; or the benefits not outweighing the risks in some cases of mild or stable diseases (17). In such scenarios, cryobiopsy may be chosen as a safer alternative to SLB (24), or it may be possible to form a working diagnosis without a SLB (8). Based on this, we performed a literature review to compare baseline patient demographics and characteristics from the pirfenidone in uILD study with other uILD populations to determine if there were any similarities or differences in the cohorts. Unsurprisingly, in the papers we identified in the literature, SLB rates varied greatly (4, 12, 14–18). However, it is also important to acknowledge that some studies did not report whether SLBs were performed or not (thus it is not known if SLBs were not performed in these populations at all, or if some patients may have undergone a SLB and it was simply not reported), and in one study, only patients who underwent a SLB were included (12). These observations highlight the differences in the diagnostic investigations performed in uILD patient populations and underline the potential importance of the findings from our post-hoc analysis.

Ultimately, differences in diagnostic investigations or thresholds lead to heterogeneity and make it difficult to determine if uILD populations represent a cluster of disorders with distinct demographics and disease trajectories. Indeed, no clear patterns were observed for baseline characteristics across the uILD populations compared here, and for several characteristics, a wide range of baseline values was reported across all studies (4, 9, 12–20). Whilst these findings appear to support the suggestion that patients with uILD represent a heterogeneous population, the uILD populations compared here represent a variety of study designs, including clinical trials and retrospective and prospective real-world studies. Although the observed heterogeneity may be reflective of clinical practice, the impact of differences in study design should also be considered. Furthermore, patients enrolled in the pirfenidone in uILD study were diagnosed with progressive fibrosing uILD, whereas patients in other uILD populations in the literature may or may not have been diagnosed with progressive disease. Moreover, there is no universally accepted definition of progressive disease in non-IPF ILD, and it has been shown that different definitions of progressive disease used across studies can result in meaningful differences in the number of patients diagnosed with progressive disease (25). This highlights that further studies with more robust methodology are required in order to study a well-defined uILD population.

There are several limitations associated with both the post-hoc and literature search analyses that should be considered when interpreting these results. For the post-hoc analysis, the post-hoc nature of this analysis, the small number of patients in some of the subgroups, and the relatively short treatment duration may limit interpretation of the results, and as such, further studies would be required to establish the efficacy of pirfenidone based on SLB status. Despite most patients in the study having a diagnosis of uILD without any features suggestive of another form of ILD, uILD patient populations are heterogeneous and, therefore, it is possible that some patients who did not have a SLB may have had an underlying usual interstitial pneumonia pattern typical of IPF. However, it is important to note that patients with a low-confidence IPF diagnosis were excluded from this study. Another limitation is that patients were not required to have undergone a SLB within a specific time period prior to enrollment, and reasons for patients not undergoing a biopsy were not collected during the pirfenidone in uILD study. Furthermore, data regarding cryobiopsy were not available and it has been shown that cryobiopsy may offer a less invasive alternative to SLB, and had this procedure been available to patients, there may have been more patients who underwent lung biopsy. Additionally, the comparisons between the patient population in the pirfenidone in uILD study and other uILD populations identified in the literature may be limited by differences in study design. As the uILD populations in the literature represent a combination of clinical trials and prospective and retrospective real-world studies, this may have led to distinct patient populations and could impact the data collected. The heterogeneity observed across the uILD populations discussed here, particularly in relation to the definitions of “unclassifiable” and “progressive,” may also impact the interpretation and generalization of the data presented in this manuscript.



CONCLUSIONS

Post-hoc analysis of data from the pirfenidone in uILD study identified that pirfenidone may be an effective treatment vs. placebo in progressive fibrosing uILD over 24 weeks, irrespective of SLB status; however, it is not possible to draw definitive conclusions from these data due to several limitations. Further pathological and radiological investigations may be required to further assess the treatment effect of pirfenidone in patients with and without a SLB. Additionally, we identified that baseline characteristics of patients in the pirfenidone in uILD study were generally similar to baseline characteristics for other uILD populations in the literature; however, as expected, the populations were heterogeneous. This heterogeneity may reflect different diagnostic thresholds or practices, and highlights the need for studies with more robust methodology in order to study a well-defined uILD population.
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