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Despite conventional treatment, a proportion of interstitial lung disease (ILD) patients

develop a progressive phenotype known as “fibrosing ILD with a progressive phenotype”

(PF-ILD), characterized by worsening respiratory symptoms, decline in lung function,

and early mortality. This review describes the epidemiology, and the humanistic and

economic burden of PF-ILDs other than idiopathic pulmonary fibrosis (non-IPF PF-ILD).

A structured review of the literature was conducted, using predefined search strategies

in Ovid MEDLINE and EMBASE, and supplemented with gray literature searches. The

search identified 3,002 unique articles and an additional 3 sources were included from

the gray literature; 21 publications were included. The estimated prevalence of non-IPF

PF-ILD ranges from 6.9 to 70.3/100,000 persons and the estimated incidence from 2.1 to

32.6/100,000 person-years. Limited evidence demonstrates that PF-ILD has a significant

impact on patients’ quality of life, affecting their daily lives, psychological well-being,

careers, and relationships. PF-ILD is also associated with significant economic burden,

demonstrating higher healthcare resource use and direct costs compared with the

non-progressive phenotype, and indirect costs, which include job losses. This review

indicates that PF-ILD places a considerable humanistic burden on both patients

and caregivers, and a substantial economic burden on healthcare systems, patients,

and society.

Keywords: progressive fibrosing ILD, epidemiology, survival, humanistic burden, quality of life, economic burden

INTRODUCTION

Interstitial lung diseases (ILDs), also referred to as diffuse parenchymal lung diseases, encompass a
large and diverse group of restrictive lung conditions, overlapping in their clinical presentations
and patterns of lung injury (1). Despite conventional treatment, a significant proportion of
patients with certain types of ILDs will develop a progressive phenotype comparable to untreated
idiopathic pulmonary fibrosis (IPF), characterized by worsening respiratory symptoms, decline
in lung function, and early mortality (2, 3). Although not every patient develops a progressive
phenotype, those that do exhibit a similar disease course and prognosis to patients with IPF (2, 4).
Consequently, ILDs exhibiting this progressive phenotype are grouped with IPF under the term
“fibrosing ILD with a progressive phenotype” (PF-ILD) (5), also designated progressive pulmonary
fibrosis (4).

ILDs most likely to develop a progressive phenotype are idiopathic non-specific interstitial
pneumonia (iNSIP), unclassifiable ILD (u-ILD), fibrotic hypersensitivity pneumonitis (HP)
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and ILDs associated with autoimmune disorders, particularly
rheumatoid arthritis-associated ILD (RA-ILD) and systemic
sclerosis-associated ILD (SSc-ILD) (6, 7). Currently, no formal
criteria to assess disease progression in patients with ILDs exists.
In clinical trials and in practice, progression is typically evaluated
through the serial assessment of lung function, together with
symptoms and imaging features (1, 7, 8).

Clinical events such as acute exacerbations (AEs) and
respiratory hospitalizations indicate disease worsening
(1, 7). Common and burdensome symptoms of PF-ILD
include dyspnea, cough and fatigue (9). AEs of PF-ILD are
clinically-meaningful events characterized by rapid respiratory
deterioration (10), associated with a poor prognosis and
increased mortality (11).

In addition to the absence of formal criteria to assess disease
progression in clinical practice, there is no available International
Classification of Diseases (ICD) coding outside of the US
[ICD-10-Clinical Modification (CM) J84.170 introduced 2020]
to identify ILD patients exhibiting this progressive phenotype
in real-world datasets (6, 12). Consequently, this leads to
inconsistent approaches used to identify PF-ILD patients in the
real world, including clinical trial criteria, algorithms, and expert
consensus (3, 6, 11).

The pathogenesis of PF-ILD is not fully understood, although
certain pro-fibrotic cellular andmolecularmechanisms have been
established as a common feature of progressive self-sustaining
pulmonary fibrosis (13). The assumed shared pathobiological
mechanisms across PF-ILDs indicate that disease progression
may be slowed down in response to similar types of treatment,
targeting the underlying fibrosis (5). Until recently, no medicines
were approved for the treatment of any PF-ILDs other than
IPF (7). Since March 2020, the antifibrotic, nintedanib, has
received marketing authorization in several regions including
Europe (14), the US (15), Canada (16), and Japan (17), based on
consistent slowing in progression of lung fibrosis in a broad range
of PF-ILDs in the INBUILD trial (8).

Although there is a good understanding of the epidemiology
and burden of IPF, the archetypal and most studied PF-ILD (18–
20), little is known about the burden of other PF-ILDs as a group.
The objective of this review is to identify and synthesize studies
on the epidemiology and the humanistic and economic impact of
PF-ILDs other than IPF (non-IPF PF-ILDs).

MATERIALS AND METHODS

Searches for full-text reports containing original data were run
in Ovid MEDLINE and EMBASE in March 2021 and an update
conducted on the 14th June 2021. Thesaurus terms (MeSH and
Emtree for MEDLINE and Embase, respectively), and subject
headings were combined with free-text keywords. The detailed
search strategy is available in Supplementary Table 1.

Reference lists of articles were searched and handsearching
of conference abstracts was performed for the final 2 years of
the search period (2020–2021). We included full publications
of studies published in English reporting on adults with non-
IPF PF-ILDs and any of the following variables: epidemiology

(including prevalence, incidence, proportion of fibrosing ILDs
with a progressive phenotype, survival); humanistic burden
[including patient/carer HRQoL and patient-reported outcome
or experience measures (PROMs/PREMs)]; and economic
burden [including healthcare resource use (HCRU), healthcare
costs, and productivity losses].

RESULTS

Literature Search Results
The search identified 3,002 unique articles. At title and abstract
screening and then full text screening 2,954 and 30were excluded,
respectively. In total, 18 were included in the review. In addition,
3 sources were included from the gray literature. The review
included 21 publications that reported on epidemiology (n= 15),
humanistic burden (n = 5), and economic burden (n = 6)
(Figure 1).

Epidemiology
Prevalence and Incidence
Three data sources reported prevalence and/or incidence
estimates for patients with PF-ILDs (Table 1, Figure 2).
Estimated prevalence of non-IPF PF-ILD ranged from 6.9
(Europe) to 70.3 (US)/100,000 persons and estimated incidence
ranged from 2.1 (Europe) to 32.6 (US)/100,000 per person-years.

An analysis of data from the IBM R© MarketScan R© Research
Databases of US medical and prescription commercial claims
identified 21,719 non-IPF PF-ILD patients using a specifically-
developed algorithm using multiple ICD-9 codes and proxies
for progression for PF-ILD case identification. The estimated
age- and sex-adjusted prevalence and incidence of non-IPF PF-
ILD was 70.3/100,000 persons and 32.6/100,000 person-years,
respectively (29).

A longitudinal retrospective cohort study carried out using
the French administrative healthcare database [Système National
des Données de Santé (SNDS)] identified 14,413 non-IPF PF-ILD
patients with a specifically-developed algorithm using multiple
ICD-10 codes and proxies for progression for case identification.
The prevalence and incidence of non-IPF PF-ILD in 2016 was
estimated to be 19.4/100,000 persons and 4.6/100,000 person-
years, respectively (3).

A retrospective, multinational, multicenter, two-phase,
hospital database study using aggregate data was conducted.
Non-IPF fibrosing ILD cases identified at each center were
manually reviewed and extrapolated using a weighted mean
percentage calculated for each country to determine the
incidence/prevalence of PF-ILDs. The extrapolated prevalence of
PF-ILDs across Europe ranged between 6.9 [positive predictive
value (PPV)-adjusted] and 78.0 (crude)/100,000 persons, and the
incidence between 2.1 (PPV-adjusted) and 14.5 (crude)/100,000
person-years (28).

Proportion of ILD Patients Estimated to Develop the

Progressive Phenotype
Twelve data sources reported on the proportion of non–IPF
fibrosing ILDs estimated to develop a progressive fibrosing
phenotype (Table 1, Figure 3). Up to 60.6% of patients with
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FIGURE 1 | Flow diagram of study inclusion. *Some articles overlapped in their datasets.

fibrosing ILD develop a progressive phenotype. The ranges
by type of study design were: 14.5–59.1% for cohort/registry
studies, 10.4–60.6% for database studies, and 13.0–40.0% for
expert consensus.

One study reported on the estimated proportion of
development of the progressive phenotype by different types of
ILDs using a combination of published reports and an online
expert survey (6): 13.0% (sarcoidosis ILD) to 40.0% (RA-ILD) of
patients with ILD were estimated to develop a PF phenotype.

Underlying ILD Diagnoses With a Progressive

Phenotype
Nine data sources reported the numbers/percentages of
patients that had different underlying ILD diagnoses
(Supplementary Table 2). Common underlying ILD diagnoses
with a progressive fibrosing phenotype included u-ILD (17.2–
71.4%), autoimmune ILDs (16.6–46.7%), chronic fibrosing
HP (1.6–40.0%), other fibrosing ILDs (exposure-related

ILD, sarcoidosis and other fibrosing ILD) (6.1–36.4%) and
iNSIP (0.7–32.3%).

Survival
Eight data sources reported survival/mortality estimates for
patients with PF-ILDs and show that non-IPF PF-ILD is
associated with a considerable mortality risk, comparable to that
of IPF (2, 22, 25, 30). Additionally, numerous studies significantly
associated this increased risk of mortality with a decline in FVC
(2, 21).

In a French single-center clinical cohort of 165 patients
with non-IPF PF-ILD defined using INBUILD criteria, overall
survival (OS) was 83% at 3 years and 72% at 5 years from
ILD diagnosis date. Using multivariate Cox regression analysis,
mortality was significantly associated with relative decline in
forced vital capacity (FVC) ≥10% in the previous 24 months (p
< 0.05) (21). A similar 3-year OS rate of 87.7% was shown in
a retrospective Japanese database study of 87 patients with PF-
ILD (including 22 cases with IPF) between January 2010 and
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TABLE 1 | Studies reporting proportion of non-IPF fibrosing ILDs with progressive phenotype, incidence and prevalence of progressive fibrosing ILD.

References,

country

Study design, no. of

non-IPF fibrosing ILD

patients

Study years Criteria used to determine progression Proportion of fibrosing ILDs

with progressive phenotype

(n progressive phenotype/n

fibrosing ILD other than IPF)

Incidence per

100,000

person-years

Prevalence per

100,000 persons

Nasser et al. (21),

France

Clinical cohort

(n = 617)

Jan 2010–Dec 2017 INBUILD criteria* 27.2% (168/617) NR NR

Simpson et al.

(22), UK

Clinical cohort

(n = 1,749)

Aug 2017–Jan 2018 INBUILD criteria* 14.5% (253/1,749) NR NR

Faverio et al. (23),

Italy

Clinical cohort

(n = 245)

Jan 2011–Jul 2019 INBUILD criteria* 30.6% (75/245) NR NR

Sweeney et al.

(24), Australia

Registry (n = 118) NR INBUILD criteria* 47.5% (56/118) 15.0 NR

Nakamura et al.

(25), Japan

Clinical cohort

(n = 110)

2010–2016 INBUILD criteria* 59.1% (65/110) NR NR

Komatsu et al.

(26), Japan

Clinical cohort (n = 57) Jan 2009–Dec 2015 A relative decline of ≥10% in FVC per 24 months or the relative

decline in FVC of ≥5% with decline in DLco of ≥15% per 24

months

19.3% (11/57) NR NR

Olson et al. (27),

US

Database (n = 2,517) 2014–2016 Pulmonologist visit frequency: ≥4 visits in 2016, or ≥3 more visits

in 2016 vs. 2014

15.0% (373/2,517) NR NR

EU PAS Abstract

(28), Europe

Database (n = NR) 2014–2018 Algorithm: in Phase 1, an algorithm based on codes/keywords

was used to identify the crude incidence/prevalence rate of ILD,

F-ILD, IPF, non-IPF F-ILD and SSc-ILD in six European countries

(Belgium, Denmark, Finland, Greece, Norway, and Portugal). In

Phase 2, a subset of the non-IPF F-ILD cases identified at each

center were manually reviewed and extrapolated using a weighted

mean percentage calculated for each country to determine the

incidence/prevalence of PF-ILDs

10.4–50.0% in 2018 2.1–14.5 in 2018† 6.9–78.0 in 2018†

Nasser et al. (3),

France

Database (n = 30,771) Jan 2010–Dec 2017 Algorithm: ≥3 claims each for pulmonologist consultations and

PFTs within 12 months; and glucocorticoid or immunosuppressive

therapy; plus palliative care, or ≥3 HRCT or CT scans, or ≥1 claim

for oxygen therapy, respiratory hospitalization in an ICU following

an emergency visit or lung transplant

46.8% (14,413/30,771) 4.6 in 2016 19.4 in 2016

Olson et al. (29),

US

Database (n = 35,825) Oct 2012–Sep 2015 Algorithm: an eligible ICD-9 code for fibrosing ILD and ≥2

pulmonary function tests or ≥2 oxygen titration tests within 90

days, ≥2 HRCT or ≥3 chest CT scans within 360 days,

respiratory hospitalization, palliative care, lung transplant, any use

of oxygen therapy or a corticosteroid >20mg, or new use of

immunosuppressive therapy

60.6% (21,719/35,825) 32.6 70.3

Wuyts et al. (11),

Europe

Expert consensus

(n = 5,298)

2019 INBUILD criteria* 31.6% (1,674/5,298) NR NR

Olson et al. (6),

Europe, US

Systematic review +

expert survey (n = NR)

1990–2017§ Expert opinion and published data 13.0% (sarcoidosis ILD) to

40.0% (RA-ILD)

NR 2.2–28.0 (includes

IPF)

*In the INBUILD trial, patients were defined as progressive when ≥1 of the following criteria: relative decline of ≥10% in FVC% predicted OR relative decline ≥5–<10% in FVC% predicted with worsening respiratory symptoms and/or

increasing fibrosis on chest imaging OR worsening respiratory symptoms and increasing fibrosis on chest imaging; †Estimates vary by country; the lower number represents the minimum positive predictive value adjusted value and the

higher number the crude maximum value; §Year of publication of included studies. CT, computed tomography; EU, European Union; F-ILD, fibrosing ILD; FVC, forced vital capacity; HRCT, high-resolution computed tomography; ICU,

intensive care unit; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; NR, not recorded; PAS, post-authorization study; PF, progressive fibrosing; PFTs, pulmonary function tests; RA-ILD, rheumatoid arthritis-associated ILD;

SSc-ILD, systemic sclerosis-associated ILD.
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FIGURE 2 | Non-IPF PF-ILD (A) prevalence and (B) incidence. *Estimates vary by country; the lower number represents the minimum PPV adjusted value and the

higher number the crude maximum value. PPV is based on whether fibrosing ILDs were actually fibrosing ILDs; †Age- and sex-adjusted (standardized to the 2014 US

Census estimates) §Algorithms for definition of progression were specifically designed for each study; see Table 1 for further algorithm details. EU, European Union;

PAS, post-authorization study; PF-ILD, progressive fibrosing interstitial lung disease; PPV, positive predictive value.

December 2016 (25). The French SNDS database study, estimated
themedian OS of non-IPF PF-ILD patients from the beginning of
progression (defined using proxies, see Table 1 for details) at 3.7
years (3). Survival rates were 73.7, 55.1, 42.0, and 31.6% at 1, 3, 5,
and 8 years, respectively (3).

In a retrospective observational study of 1,749 non-IPF
fibrosing ILD patient referrals across nine UK centers, patients
with PF-ILD (n = 253) had a significantly higher mortality
compared with those with non-PF-ILD (n= 1,496) [hazard ratio
(HR) 3.32; 95% confidence interval (CI) 2.53–4.37; p≤ 0.001] and
was comparable to patients with IPF (HR 1.06; 95% CI 0.84–1.35;
p= 0.6) (22).

A cohort study of 75 patients with non-IPF PF-ILD attending
two Italian referral centers, found that disease progression
(defined as a FVC decline of >5% associated with worsening
respiratory symptoms or increasing extent of fibrotic changes
on imaging) occurred a median of 18 months from initial ILD
diagnosis (23). Progression was associated with early mortality,
with patients exhibiting a median survival rate from the date of
ILD progression of 3 [interquartile range (IQR) 2–5] years, and
2- and 3-year mortality rates of 4 and 20%, respectively (23).

In an Australian single-center retrospective analysis (January
2014–December 2019) patients with non-IPF PF-ILD (n = 267)
exhibited a similar mortality risk to patients with IPF (n = 222)
(HR 1.33; 95% CI 0.79–2.24) (30). Similarly, in a Japanese single-
center retrospective study patients with non-IPF PF-ILD (n= 11)
exhibited a significantly worse median (95% CI) OS compared
with patients with non-IPF, non-PF-ILD (n = 46) [5.7 (3.8–
not evaluable, NE) vs. 10.5 (5.0–NE) years; p = 0.02], and a
numerically worse median (95% CI) OS compared with patients

with IPF (n = 34) [5.7 (3.8–NE) vs. 9.1 [5.9–NE] years; p =

0.51] (26).
In clinical trial populations, a comparison of data from the

placebo-treated non-IPF PF-ILD patients in the INBUILD trial
(n = 324) and the placebo-treated IPF patients in the INPULSIS
trials (n = 423), found that ∼50% of patients in both the
INBUILD and INPULSIS populations experienced a relative
decline in FVC >10% predicted at week 52 (2). This decline was
associated with an increased risk of death in the INBUILD (HR
3.64; 95% CI 1.29–10.28; p = 0.015) and INPULSIS (HR 3.95;
95% CI 1.87–8.33; p < 0.001) trials, indicating that similar to
IPF, a decline in FVC is associated with an increased risk of early
mortality in patients with other PF-ILDs (2).

Humanistic Burden of Non-IPF PF-ILD
Limited data reported the humanistic burden of PF-ILD.
Those studies identified showed that non-IPF PF-ILD negatively
impacts both patients’ and unpaid carers’ quality of life (QoL),
affecting their mental and physical health (9, 11, 19, 31, 32). These
results are summarized below.

Symptoms
In the Living with Pulmonary Fibrosis (L-PF) study (n = 20),
common symptoms reported by patients included dyspnea
(95.0%), cough (95.0%), and fatigue (90.0%) (9). Similarly,
patients in the King’s Brief Interstitial Lung Disease (K-BILD)
study (n = 20), commonly reported dyspnea (100.0%), chest
tightness (85.0%), and chest wheezing/whistling (80.0%) (32).
In the INBUILD trial, placebo-treated patients exhibited a
significantly worse L-PF dyspnea score, cough score, symptoms
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FIGURE 3 | Proportions of non-IPF fibrosing ILDs with progressive phenotype (%). *In the INBUILD trial, patients were defined as progressive when ≥1 of the following

criteria: Relative decline of ≥10% in FVC% predicted OR relative decline ≥5–<10% in FVC% predicted with worsening respiratory symptoms and/or increasing

fibrosis on chest imaging OR worsening respiratory symptoms and increasing fibrosis on chest imaging; †Pulmonology visit frequency = (≥4 visits in 2016, or ≥3

more visits in 2016 vs. 2014); ‡Algorithms for definition of progression were specifically designed for each study; see Table 1 for further algorithm details. §Pulmonary

function decline = (a relative decline of ≥10% in FVC per 24 months or the relative decline in FVC of ≥5% with decline in DLco of ≥15% per 24 months). Light vs.

Dark colors on the same bar represent the percentage range (minimum to maximum proportions reported). DLco, diffusing capacity of the lungs for carbon monoxide;

EU, European Union; FVC, forced vital capacity; ILD, interstitial lung disease; PAS, post-authorization study; PF-ILD, progressive fibrosing interstitial lung disease.

score, impacts score, and total score compared with nintedanib-
treated patients (all p < 0.05) (31). Furthermore, experts in
the BUILDup study estimated that up to 45.6% of patients
suffer fatigue (prevalence of cough and dyspnea were not
reported) (11).

Dyspnea, cough and fatigue are strong drivers of HRQoL
impairment in PF-ILD (9, 19). In IPF and other PF-ILDs, cough
can affect sleep and willingness to participate in social activities,
dyspnea can limit patients’ ability to carry out physical activities,
and fatigue can lead to decreased social participation, physical
deconditioning, low mood and isolation (19).

Activities of Daily Living
Experts in the BUILDup study agreed that QoL in non-IPF PF-
ILD is directly related to lung function (11). In addition, >93.0%
of those surveyed agreed that non-IPF PF-ILD affects patients’
QoL in emotional, social and financial domains. Experts estimate
that 48.1% of patients had total permanent disability and 22.8%
had lost their job because of disability (11).

In the L-PF study, 90.0% (18/20) of patients reported an
impact on daily living; of these, 88.9% (16/18) reporting difficulty
in completing housework, gardening, and other daily chores (9).
A large proportion (16/20; 80.0%) reported physical impairments
such as difficulty in walking and exercising, whilst 40.0% of
patients (8/20) reported a negative impact of PF-ILD on their
sleep (9).

In the K-BILD study (n= 20), 100.0% of patients reported that
their disease interfered with their job or other daily tasks, 85.0%
reported that they avoided tasks that made them short of breath,
and 70.0% reported that their disease limited them in carrying
things, such as groceries (32).

Psychological Burden
Besides posing a substantial threat to patients’ physical wellbeing,
PF-ILD can negatively impact patients’ emotional and mental
wellbeing. Depression is common, affecting 27.2% of patients
with non-IPF PF-ILD, as estimated by experts in the BUILDup
study (11). In the L-PF study (n= 20), 70.0% of patients reported
negative effects of PF-ILD on their mental health, including stress
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and anxiety, getting frustrated easily, and feelings of fear and
concern (9). In the K-BILD study (n = 20), 95.0% of patients
reported that they worried about the seriousness of their lung
symptoms, making them feel anxious (85.0%), annoyed or down
(80.0%), and even suicidal (60.0%) (32).

Impact of PF-ILD on Caregivers
The BUILDup study assessed the impact of non-IPF PF-ILD
on unpaid carers’ QoL (11). A total of 85.0–90.0% of experts
surveyed agreed that non-IPF PF-ILD negatively impacts unpaid
carers’ QoL in terms of sleep and health, daily activities,
emotional wellbeing, social life, and finances. There is also a
significant time burden on caregivers, with an estimated 60.5% of
patients needing support from an unpaid carer such as a partner,
family member, or neighbor, for 29.8 h per week (11).

Impact of Acute Exacerbations
AEs are the rapid deterioration of lung function, observed as a
marked and recent increase in dyspnea and hypoxemia (10). They
are an unpredictable serious life-threatening event and can occur
at any time during the disease course (10). In the BUILDup study,
experts estimated that 19.7% of patients with PF-ILD experienced
an AE in the last year, compared with 7.2% of patients with non-
/slow-PF-ILD (11). Similarly, experts estimated that the number
of patients who experienced >1 exacerbation during the last year
was >3 times higher in PF-ILD patients than in patients with
non-/slow-PF-ILD (6.1 vs. 1.7%) (11).

Experts agree that AEs of PF-ILD directly impact a patient’s
QoL, disease progression and survival. Moreover, they reported
that progression had a significant impact on QoL on both PF-
ILD patients and their unpaid carers. Progression affected daily
functioning and had a social and emotional impact on both
groups (11).

Economic Burden of Non-IPF PF-ILD
Impact of PF-ILD on Healthcare Resource Use and

Direct Costs
Five studies were identified that reported on the impact of non-
IPF PF-ILD on HCRU and direct costs (Table 2). These studies
reported that PF-ILD is associated with significantly higher
HCRU and direct costs compared with the non-progressive or
slow-progressive phenotypes. In addition, resource use and costs
increase over time and are higher in the period after diagnosis
of progression compared to the period before. Hospitalization
represented the majority of the direct costs of PF-ILD.

One study compared HCRU and costs of patient with PF-
ILD compared to non-/slow-PF-ILD. The BUILDup study, a
cost-analysis based on expert opinion of 40 European experts
in ILD management, reported that PF-ILD patients (n = 1,674)
had higher mean resource use than non-/slow-PF-ILD patients
(n = 3,623) during follow-up management, including healthcare
professional visits (7.0 vs. 4.7 visits/patient), laboratory tests
(13.6 vs. 10.6/patient), imaging tests (19.0 vs. 14.2/patient),
hospitalizations (4.4 vs. 2.6/patient), and days in hospital (5.9
vs. 3.9 days/patient). A higher proportion of patients with PF-
ILD required treatment, including pharmacological treatment
(93.8 vs. 78.2%), oxygen therapy (29.8 vs. 7.1%), and lung

transplantation (2.8 vs. 0.4%). This translated into a mean annual
cost per patient that was nearly two-fold higher (1.8) for PF-
ILD patients (n = 1,674; e34,530) compared to patients with
non-/slow-PF-ILD (n= 3,623;e18,746). Among follow-up costs,
costs per visits, hospitalizations, and tests were the main cost
drivers (data not provided). The mean annual cost per patient
of AEs were 3.0 times higher in patients with PF-ILD than in
patients with non-/slow-PF-ILD (e8,101 vs. e2,717) (11).

In addition, a database analysis using the Optum Research
Database between January 2016 and June 2019, found that
the weighted per patient per month (wPPPM) mean (±SD)
number of hospitalizations was significantly higher among the
PF-ILD cohort (n = 11,025) than the non-progressive cohort
(n = 11,025) (0.09 ± 0.16 vs. 0.03 ± 0.09; p < 0.001). Among
patients with ≥1 hospitalization, the wPPPM mean (±SD)
number of hospitalized days was >1.5 times higher for the PF-
ILD cohort than the non-progressive cohort (1.6 ± 2.4 vs. 1.0
± 1.3; p < 0.001). The total (±SD) wPPPM costs were twice as
high for the PF-ILD cohort (n= 11,025) than the non-progressive
cohort (n = 11,025) (US$4,382 ± 9,597 vs. US$2,243 ± 4,162; p
< 0.001) (33).

Furthermore, an analysis of US-based medical insurance and
electronic health records (EHRs) of patients with non-IPF ILD
(n= 2,517) between 2014 and 2016, found that patients with PF-
ILD (n = 373) had higher HCRU across all healthcare settings
[physician’s office, emergency room (ER), hospital, and other
healthcare centers] compared with the non-progressive ILD
population (n = 2,144). Most billable claims (both ILD-related
claims and “any claims”) were made in the physician’s office
and the hospital. In the physician’s office, patients with PF-ILD
made 3.0 more ILD-specific claims, and 1.9 more “any claims,”
compared with the ILD group (difference in mean average for
3-year period). In the hospital setting, patients with PF-ILD
made 5.0 more ILD-specific claims, and 3.5 more “any claims,”
compared with the ILD group. The mean annual medical costs
associated with ILD-specific claims were 1.7 times higher for
patients with PF-ILD than for patients with ILD (US$35,364
vs. US$20,211). Hospitalizations accounted for the majority
(83.6%) of medical costs for patients with PF-ILD (data not
provided) (27).

One database study reported an increase in HCRU and
costs over time from PF-ILD diagnosis. An analysis of IBM R©

MarketScan R© claims data between October 2011 and September
2015 found that patients with PF-ILD (n = 58,40) had a higher
(mean ± SD) number of outpatient visits (including services)
during 1-year follow-up (41.9 ± 30.2) than in the period before
diagnosis (baseline) (25.7 ± 20.9). The mean (±SD) number
of inpatient admissions were also higher (0.7 ± 1.2 vs. 0.5 ±

0.9), including more ICU admissions and respiratory-related
hospitalizations. At 1-year compared with baseline, patients with
PF-ILD had higher mean (±SD) outpatient costs (US$24,711
± 51,429 vs. US$17,075 ± 37,987), higher inpatient costs
(US$20,746 ± 88,880 vs. US$14,883 ± 53,404), and higher total
costs (US$54,215± 116,833 vs. US$37,340± 74,323) (34).

Finally, the French SNDS database study reported that 95.2%
of PF-ILD patients had at least one hospitalization for respiratory
care, with an annual median (IQR) hospitalization rate of
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TABLE 2 | Studies reporting the economic burden of non-IPF PF-ILD.

References, country,

currency, cost year

Study design, No. of

non-IPF PF-ILD patients

Criteria used to determine progression Costs included HCRU, direct and indirect costs, and productivity changes reported

Olson et al. (27), US,

US$, cost year

2014–2016

Claims database (n = 373) Pulmonologist visit frequency (≥4 in 2016, or ≥3 more

visits in 2016 vs. 2014)

Healthcare costs • Patients with PF-ILD had higher HCRU across all healthcare settings (physician’s

office, ER, hospital, and other healthcare centers) compared with non-IPF ILD

population

• Mean annual costs per patient US$35,364 (1.7 times higher than for non-IPF ILD)

• 83.6% of mean annual costs per patient were claims associated with hospitalization

Wuyts et al. (11),

Europe, e, cost year

2019*

Expert consensus

(n = 1,674)

INBUILD criteria
†

Healthcare costs • Average total annual cost per patient e34,530 (1.8 times higher than for non-IPF

ILD)

• Costs per visits, hospitalizations, and tests were the main cost drivers (data not

shown)

• Average annual cost per patient of acute exacerbations e8,101 (3.0 times higher

than for non-IPF PF-ILD

• PF-ILD patients had higher resource use compared with non-IPF ILD

• 26.7% of non-IPF PF-ILD patients retired early due to illness

• 22.8% of non-IPF PF-ILD lost job due to disability (vs. 8.8% for non-IPF ILD)

• 20.3% of non-IPF PF-ILD require a paid carer, for an average of 8 h per week

• 60.5% of non-IPF PF-ILD patients require an unpaid for 29.8 h per week

Nasser et al. (3),

France, e, cost year

NR

Database (n = 14,413) Algorithm: ≥3 claims each for pulmonologist

consultations and PFTs within12 months; and

glucocorticoid or immunosuppressive therapy; plus

palliative care, or ≥3 HRCT or CT scans, or ≥1 claim for

oxygen therapy, respiratory hospitalization in an ICU

following an emergency visit or lung transplant

Healthcare costs • 3,727 (95.2%) patients had ≥1 hospitalization during the follow-up period, with an

annual median (IQR) hospitalization rate of 3.9 (1.7–9.5) per year

• 89.2% of patients had pulmonary imaging, including 85.0% who had a chest X-ray

and 69.2% who had a chest HRCT scan

• Mean annual healthcare costs per non-IPF PF-ILD patient were e81,286

• 67.3% of these costs are attributable to hospitalizations

Singer et al. (33), US,

US$, cost year

2016–2019 (adjusted

to 2019)

Database (n = 11,025) Algorithm: proxies used for progression NR Healthcare costs • The wPPPM mean ± SD number of hospitalizations was 3× higher among the

progressive cohort vs. the non-progressive cohort (0.09 ± 0.16 vs. 0.03 ± 0.09;

p < 0.001)

• Among patients with ≥1 hospitalization, the wPPPM mean ± SD number of

hospitalized days was 1.6± 2.4 vs. 1.0± 1.3 for the progressive vs. non-progressive

cohort, respectively; p < 0.001

• Total wPPPM mean ± SD costs were twice as high for the progressive cohort vs.

the non-progressive cohort (US$4,382 ± 9,597 vs. US$2,243 ± 4,162, p < 0.001)

Olson et al. (34), US,

US$, cost years

variable

Database (n = 14,722,

PF-ILD; n = 5,840, HCRU;

n = 5,815, costs)

Definition of progression based upon occurrence of any

proxies for progression (index) (e.g., ≥2 pulmonary

function tests within 90 days, ≥2 HRCTs within 1 year or

oxygen use), on or following a fibrosing ILD diagnosis

Healthcare costs • Higher mean ± SD number of outpatient visits during 1–year follow-up (41.9± 30.2)

than at baseline (25.7 ± 20.9)

• Higher mean ± SD number of inpatient admissions was 0.7 ± 1.2) during follow-up

and 0.5 ± 0.9 at baseline

• Higher mean ± SD outpatient costs during follow-up (US$24,711 ± 51,429) than

baseline US$17,075 ± 37,987)

• Higher mean ± SD inpatient costs during follow-up (US$20,746 ± 88,880) than

baseline US$14,883 ± 53,404)

• Higher mean ± SD total costs during follow-up (US$54,215 ± 116,833) than at

baseline (US$37,340 ± 7,423)

Birring et al. (32), US

and Germany, no costs

Interview (n = 20) Prespecified PF-ILD criteria (e.g., ≥10% relative decline

in FVC% predicted)

None • 100.0% (20/20) of patients reported that their disease interfered with their job or

other daily tasks

• 50.0% (10/20) reported that they were financially worse off as a consequence of

their lung condition.

*Average calculated from quarter 1–3 of 2019;
†
In the INBUILD trial, patients were defined as progressive when ≥1 of the following criteria: Relative decline of ≥10% in FVC% predicted OR relative decline ≥5–<10% in FVC% predicted

with worsening respiratory symptoms and/or increasing fibrosis on chest imaging OR worsening respiratory symptoms and increasing fibrosis on chest imaging. AU$, Australian dollar; CT, computed tomography; ER, emergency room;

FVC, forced vital capacity; HCRU, healthcare resource use; HRCT, high-resolution computed tomography; ICU, intensive care unit; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; IQR, interquartile range; NR, not recorded;

PF, progressive fibrosing; PFT, pulmonary function test; SD, standard deviation; US$, United States dollar; wPPPM, weighted per patient per month.
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3.9 (1.7–9.5) per year. A total of 75.2% of patients had a
hospitalization due to acute events, 11.0% were hospitalized for
pulmonary hypertension and 34.3%were in an intensive care unit
(ICU). The mean annual healthcare cost per patient was e81,286
(n= 14,413). The majority (67.3%) of these costs were attributed
to hospitalizations (3).

Impact of PF-ILD on Indirect Costs
Two studies were identified that reported the impact of PF-
ILD on indirect costs. The BUILDup study found that patients
with PF-ILD suffer greater indirect costs compared with the
non-progressive phenotype as a result of lost work productivity
through early retirement and job losses (11). A second study,
assessing the relevance of the K-BILD questionnaire in patients
with non-IPF PF-ILD, reported that PF-ILD negatively affects
both patients’ ability to work and their financial situation (32).

Experts in the BUILDup study estimated that 71.2% of PF-
LD patients (n = 5,298) were retired and that 26.7% retired
early due to illness (data not provided). Experts also estimated
that 48.1% of PF-ILD patients and 19.6% of non-/slow-PF-ILD
patients (n = 1,674) had a total permanent disability, and that
22.8% of PF-ILD patients and 8.8% of non-/slow-PF-ILD patients
had lost their job because of disability. Support from a paid
carer was required by 20.3% of PF-ILD patients for an average
duration of 8.0 h per week, and 60.5% of PF-ILD patients needed
support from an unpaid carer such as a partner, family member,
or neighbor, for 29.8 h per week (data not provided) (11). In the
K-BILD study (n = 20), 100.0% of patients reported that their
disease interfered with their job or other daily tasks, and 50.0%
reported that they suffered financial hardship as a consequence
of their lung condition (32).

DISCUSSION

Our review evaluated the epidemiological, economic and
humanistic burden of PF-ILD. From the studies identified,
the estimated prevalence of non-IPF PF-ILD ranged from
6.9 (Europe) to 70.3 (US)/100,000 persons and the estimated
incidence ranged from 2.1 (Europe) to 32.6 (US)/100,000 person-
years. Estimates for the proportions of patients with non-IPF
PF-ILDs that develop a progressive fibrosing phenotype range
from 10.4 to 60.6%. The variation in these epidemiological
estimates is a result of factors including the variation in study
designs, heterogenous referral bias between centers, definitions
of progression in fibrosing ILDs applied and populations (studies
were conducted across several distinct geographies and varied
in underlying ILD subgroup proportions). This highlights, that
despite increasing recognition of the PF phenotype among ILD
specialists, there are difficulties in identifying patients with PF-
ILDs other than IPF in practice due to an absence of standardized
diagnostic criteria, treatment guidelines, and specialist education
in the field (35).

These epidemiological estimates are higher than those
reported for IPF, which throughout Europe and North America
has an estimated prevalence of 1.3–42.7/100,000 persons (36,
37), and an estimated incidence of 2.8–19.0/100,000 person-
years (38). Nevertheless, this difference is likely a result of the

aforementioned variation in non-IPF PF-ILD study designs,
definitions and populations, and the fact that the highest
epidemiological estimates we identified for non-IPF PF-ILD
(70.3/100,000 per persons and 32.6/100,000 person-years) are
likely the upper limit of the true estimates as the study relied
solely on claims data without access to confirmatory clinical
information (29).

Our review confirmed that PF-ILD has a poor prognosis,
characterized by early mortality. In the largest study identified
(14,413 non-IPF PF-ILD patients), the estimated mean OS rate
from progression was just 3.7 years (3), consistent with survival
rates seen in patients with IPF (39–41). Several other real-
word studies identified confirm that non-IPF PF-ILDs have a
clinical course consistent with IPF, irrespective of underlying
ILD diagnoses (22, 25, 30). Moreover, studies that assessed
the link between FVC and survival found that mortality rate
was significantly associated with a relative decline in FVC %
predicted (2, 21). These results are consistent with a post-hoc
analysis of 2,553 patients who received nintedanib or placebo in
clinical trials in patients with non-IPF PF-ILD (INBUILD), IPF
(TOMORROW, INPULSIS-1 and−2, and NCT01979952), and
SSc-ILD (SENSCIS), and also demonstrated a strong association
between decline in FVC % predicted and death (42).

Despite the limited evidence available on the humanistic
burden of non-IPF PF-ILD, studies clearly demonstrated that PF-
ILD has a significant impact on patients’ QoL, affecting their daily
lives, psychological wellbeing, careers, and personal relationships
(9, 11, 32). The most prevalent symptoms of PF-ILD, dyspnea,
cough, and fatigue, can limit patients’ ability to carry out physical
tasks and participate in social activities, leading to low mood
and isolation (9, 11, 19, 32) and impact their ability to carry
out daily activities, including chores, walking, and exercising
(9, 32). PF-ILD also negatively impacts patients’ emotional and
mental wellbeing, leading to stress, anxiety, depression, and in
some cases, suicidal thoughts (9, 11, 19, 32). PF-ILD affects
patients’ ability to look after themselves, forcing them to rely on
caregivers for help (11). Caregiver burden is high, and studies
in fibrosing ILDs have reported a significant emotional toll on
caregivers, with feelings of helplessness, loss of independence and
ability to pursue personal interests, ultimately straining personal
relationships between caregivers and patients (43, 44).

Our review showed PF-ILD to be associated with significant
economic burden. Several studies associated PF-ILD with
significantly higher HCRU and direct costs compared with
the non-progressive phenotype. PF-ILD patients required more
follow-up visits (11, 27, 33), hospitalizations (11, 27, 33), days
in hospital (11, 33), and laboratory/imaging tests (11). PF-
ILD incurred substantial healthcare costs, with a total annual
direct cost per patient of US$77,666 reported in US (27), and
from e15,648 (Greece) to e81,286 (France) in Europe (3, 11).
Hospitalization costs were the main cost driver (3, 11, 27),
and were more frequent and longer for progressive patients.
Moreover, one study reported that HCRU and direct costs
for patients with PF-ILD increased over time (34), which is
likely an indication of increased healthcare needs as a result
of disease progression, as demonstrated in patients with IPF
(45). A future challenge will be to assess if treatments that slow
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disease progression favorably impact the number and time to
non-elective respiratory hospitalization and other direct costs.

Patients with PF-ILD experience loss of work productivity
through early retirement, loss of job due to illness, and financial
burden (11). As patients with non-IPF PF-ILD are typically
younger than patients with IPF (29, 38, 46), it is anticipated that
the burden of disease in terms of lost work productivity will be
greater for non-IPF PF-ILD patients, who are more likely to be of
working age and more vulnerable to productivity loss (47, 48).

Numerous studies identified in this review expressed a
requirement for disease-modifying agents that reduce the
significant burden experienced by patients with PF-ILD (11,
19, 21). In IPF, the emergence of antifibrotic therapies
have transformed the landscape of disease management, with
established efficacy in slowing disease progression, reducing AEs,
and improving survival (24, 49, 50). Both antifibrotics used to
treat IPF, nintedanib, and pirfenidone, have been evaluated in
non-IPF PF-ILDs. Nintedanib has recently been approved for
use in chronic fibrosing ILDs with a progressive phenotype
other than IPF based on the results of the INBUILD trial, in
which nintedanib consistently slowed progression of lung fibrosis
in a broad range of non-IPF PF-ILDs (8, 22). Pirfenidone,
despite demonstrating potential beneficial effects in slowing
disease progression in patients with several types non-IPF PF-
ILD [connective tissue disease-ILD, asbestosis, iNSIP and fibrotic
HP in the RELIEF study (51), and in u-ILD (NCT03099187)
(52, 53)] has yet to reach the latter stages of clinical development
in non-IPF PF-ILDs (51, 52).

In addition to reducing the rate of lung function decline,
evidence from the INBUILD trial suggests nintedanib may
reduce the mortality and AE burden associated with PF-ILD (8).
INBUILD data also indicate that nintedanib may slow worsening
of dyspnea and prevent worsening of cough (31), the most salient
and burdensome symptoms for patients with PF-ILD (9, 19, 32).

In IPF, there is evidence to suggest that patients who
initiate nintedanib soon after IPF diagnosis may have a reduced
hospitalization risk and lower medical costs (54). As QoL and
survival rate are strongly associated with lung function (2, 11, 21,
42), coupled with HCRU and medical costs increasing over time
for non-IPF PF-ILD patients (34), early nintedanib treatment
may theoretically reduce the substantial humanistic, economic
and survival burden associated with PF-ILD.

There is a need for further research to quantify the
epidemiological, humanistic, and indirect cost burden of PF-
ILD, using robust, well-designed methods to improve the validity
and reliability of results. In particular, future epidemiological
studies would benefit from a rigorous approach to study design
using validated algorithms, to further substantiate the broad
epidemiological estimates we identified for PF-ILD. Currently,
there are also an absence of dedicated PROMs and PREMs in
this field (9). Whilst tools such as the L-PF have demonstrated
applicability and sensitivity to change in PF-ILD in the context
of the INBUILD trial, and are expected to be used to measure
HRQoL in PF-ILD in future (9, 32), current tools have their
limitations in measuring preservation of QoL in this chronic
disease (9, 55) Consequently, further work is needed to develop
PROMs/PREMs specific to this disease.

Broad search terms and rigorous selection and screening
methodologies were undertaken to perform this structured
literature review, resulting in a comprehensive review of the
currently available literature on the burden of non-IPF PF-
ILD. A limitation of this study is that as PF-ILD has only
recently been defined as a disease phenotype (5), data on
the burden of PF-ILD were limited. In addition, because
PF-ILD is a newly recognized disease phenotype without
an available ICD-10 code outside of the US (6, 12), there
were heterogenous definitions of progression used to identify
PF-ILD patients across studies, contributing to the varied
epidemiological estimates identified. Furthermore, PF-ILD is
progressive despite appropriate management for the underlying
disease, which often includes immunomodulation; however,
information about such treatment is not available from the
literature reviewed here. Finally, the cost data presented
in this review are as reported (without being inflated to
current prices and converted to single currency) as cross-
country comparisons are hindered by differences in healthcare
systems, cost component data, and methodologies across the
included studies.

CONCLUSION

This review highlights the need for further high-quality research
in the field. Nonetheless, the data indicate that PF-ILD places a
considerable humanistic burden on both patients and caregivers,
and a substantial economic burden on healthcare systems,
patients, and society. There is a clear need for the early treatment
of patients with PF-ILD with disease-modifying therapies such as
antifibrotics, to ameliorate the burden of this progressive disease.

AUTHOR CONTRIBUTIONS

RT, LN, and SL of Maverex Limited provided writing, editorial
support, and formatting assistance, which was contracted and
funded by BI. VC and MB wrote sections of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by Boehringer Ingelheim
International GmbH.

ACKNOWLEDGMENTS

BI was given the opportunity to review the manuscript
for medical and scientific accuracy as well as intellectual
property considerations.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.799912/full#supplementary-material

Frontiers in Medicine | www.frontiersin.org 10 February 2022 | Volume 9 | Article 799912

https://www.frontiersin.org/articles/10.3389/fmed.2022.799912/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Cottin et al. The Burden of PF-ILDs

REFERENCES

1. Cottin V, Wollin L, Fischer A, Quaresma M, Stowasser S, Harari S. Fibrosing

interstitial lung diseases: knowns and unknowns. Eur Respir Rev. (2019)

28:180100. doi: 10.1183/16000617.0100-2018

2. Brown KK, Martinez FJ, Walsh SLF, Thannickal VJ, Prasse A, Schlenker-

Herceg R, et al. The natural history of progressive fibrosing interstitial lung

diseases. Eur Respir Rev. (2020) 55:1–15 doi: 10.1183/13993003.00085-2020

3. Nasser M, Larrieu S, Boussel L, Si-Mohamed S, Bazin F, Marque

S, et al. Estimates of epidemiology, mortality and disease burden

associated with progressive fibrosing interstitial lung disease in France (the

PROGRESS study). Respir Res. (2021) 22:162. doi: 10.1186/s12931-021-0

1749-1

4. Wijsenbeek M, Cottin V. Spectrum of fibrotic lung diseases. N Engl J Med.

(2020) 383:958–958 doi: 10.1056/NEJMra2005230

5. Wells AU, Brown KK, Flaherty KR, Kolb M, Thannickal VJ. What AU, Brown

KK,That which we call IPF, by any other name would act the same. Eur Respir

Rev. (2018) 51:1800692. doi: 10.1183/13993003.00692-2018

6. Olson A, Hartmann N, Patnaik P, Wallace L, Schlenker-Herceg R, Nasser M,

et al. Estimation of the prevalence of progressive fibrosing interstitial lung

diseases: systematic literature review and data from a physician survey. Adv

Ther. (2021) 38:854–854 doi: 10.1007/s12325-020-01578-6

7. Cottin V. Treatment of progressive fibrosing interstitial lung diseases: a

milestone in the management of interstitial lung diseases. Eur Respir Rev.

(2019) 28:190109. doi: 10.1183/16000617.0109-2019

8. Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, et al.

Nintedanib in progressive fibrosing interstitial lung diseases. N Eng J Med.

(2019) 381:1718–171 doi: 10.1056/NEJMoa1908681

9. Swigris J, Cutts K, Male N, Baldwin M, Rohr KB, Bushnell

DM. The living with pulmonary fibrosis questionnaire in

progressive fibrosing interstitial lung disease. ERJ Open Res. (2021)

7:00145–00145 doi: 10.1183/23120541.00145-2020

10. Kolb M, Bondue B, Pesci A, Miyazaki Y, Song JW, Bhatt NY, et al. Acute

exacerbations of progressive-fibrosing interstitial lung diseases. Eur Respir

Rev. (2018) 27:180071. doi: 10.1183/16000617.0071-2018

11. Wuyts WA, Papiris S, Manali E, Kilpelibrosing interstitial lung diseases. i the

burden of progressive fibrosing interstitial lung disease: a DELPHI approach.

Adv Ther. (2020) 37:3246–324 doi: 10.1007/s12325-020-01384-0

12. Elsevier. Buck’s 2021 ICD-10-CM for Hospitals. St Louis, MO: Elsevier (2021).

13. Selman M, Pardo A. When things go wrong: Exploring possible mechanisms

driving the progressive fibrosis phenotype in interstitial lung diseases. Euro

Respir J. (2021) 58:2004507. doi: 10.1183/13993003.04507-2020

14. Committee for Medicinal Products for Human Use (CHMP). Committee

for Medicinal Products for Human Use (CHMP) Assessment report - Ofev,

INN-nintedanib [Internet] (2020). Available online at: https://www.ema.

europa.eu/en/documents/variation-report/ofev-h-c-003821-ii-0026-epar-

assessment-report-variation-en.pdf

15. U.S. Food and Drug Administration. FDA Approves First Treatment for

Patients With Rare Type of Lung Disease. FDA (2019). Available online at:

https://www.fda.gov/news-events/press-announcements/fda-approves-first-

treatment-patients-rare-type-lung-disease

16. Boehringer Ingelheim (Canada) Ltd. OFEV R© (Nintedanib) Now Available

in Canada for Adults Living With Progressive Fibrosing Interstitial Lung

Diseases (PF-ILD). Ontario: Boehringer-Ingelheim.ca (2020). Available online

at: https://www.boehringer-ingelheim.ca/en/press-release/ofev-nintedanib-

now-available-canada-adults-living-progressive-fibrosing-interstitial

17. Nippon Boehringer Ingelheim Co. Ltd. Press release. 2020 [Internet] (2020).

Available online at: https://www.boehringer-ingelheim.jp/press-release/

20200529_01

18. Diamantopoulos A, Wright E, Vlahopoulou K, Cornic L, Schoof N,

Maher TM. The burden of illness of idiopathic pulmonary fibrosis:

a comprehensive evidence review. Pharmacoeconomics. (2018) 36:779–

807. doi: 10.1007/s40273-018-0631-8

19. Swigris JJ, Brown KK, Abdulqawi R, Buch K, Dilling DF, Koschel

D, et al. Patients’ perceptions and patient-reported outcomes in

progressive-fibrosing interstitial lung diseases. Euro Respir Rev. (2018)

27:180075. doi: 10.1183/16000617.0075-2018

20. Kreuter M, Swigris J, Pittrow D, Geier S, Klotsche J, Prasse A, et

al. Health related quality of life in patients with idiopathic pulmonary

fibrosis in clinical practice: insights-IPF registry. Respir Res. (2017)

18:139. doi: 10.1186/s12931-017-0621-y

21. Nasser M, Larrieu S, Si-Mohamed S, Ahmad K, Boussel L,

Brevet M, et al. Progressive fibrosing interstitial lung disease:

a clinical cohort (the PROGRESS study). Euro Respir J. (2021)

57:2002718. doi: 10.1183/13993003.02718-2020

22. Simpson T, Barratt SL, Beirne P, Chaudhuri N, Crawshaw A, Crowley LE, et

al. The burden of progressive fibrotic interstitial lung disease across the UK.

Euro Respir J. (2021) 58:2100221. doi: 10.1183/13993003.00221-2021

23. Faverio P, Piluso M, de Giacomi F, della Zoppa M, Cassandro R, Harari

S, et al. Progressive fibrosing interstitial lung diseases: prevalence and

characterization in two italian referral centers. Respiration. (2020) 99:838–

845 doi: 10.1159/000509556

24. Sweeney DJ, Khor YH, Goh NSL. The unmet care needs of

progressive fibrosing interstitial lung disease. Respirology. (2020)

25:1231–32. doi: 10.1111/resp.13942

25. Nakamura Y, Takimoto T, Arai T, Takeuchi N, Sugawara R, Katayama

K, et al. Prognostic significance of pathologically proven chronic

fibrosing interstitial lung diseases with a progressive phenotype

(PF-ILDs): single center retrospective cohort. Euro Respir J. (2020)

56:3537. doi: 10.1183/13993003.congress-2020.3537

26. Komatsu M, Yamamoto H, Kitaguchi Y, Kawakami S, Matsushita M,

Uehara T, et al. Clinical characteristics of non-idiopathic pulmonary fibrosis,

progressive fibrosing interstitial lung diseases: a single-center retrospective

study.Medicine. (2021) 100:e25322. doi: 10.1097/MD.0000000000025322

27. Olson AL, Maher TM, Acciai V, Mounir B, Quaresma M, Zouad-Lejour L,

et al. Healthcare resources utilization and costs of patients with Non-IPF

progressive fibrosing interstitial lung disease based on insurance claims in the

USA. Adv Ther. (2020) 37:3292–32 doi: 10.1007/s12325-020-01380-4

28. EU PAS Abstract. Epidemiology of Interstitial Lung Diseases and Their

Progressive-Fibrosing Behaviour in Six Mid-Size European Countries: The

PERSEIDS Study. EU PAS Abstract (2020). Available online at: https://www.

encepp.eu/encepp/openAttachment/studyResult/38519

29. Olson AL, Patnaik P, Hartmann N, Bohn RL, Garry EM,Wallace L. Prevalence

and incidence of chronic fibrosing interstitial lung diseases with a progressive

phenotype in the united states estimated in a large claims database analysis.

Adv Ther. (2021) 38:4100–14. doi: 10.1007/s12325-021-01786-8

30. Godfrey E, Reddy T, Navaratnam V, Balzat L, Watters C, Bancroft

S, et al. A1835 - progressive fibrosing interstitial lung disease in

the real world: a retrospective analysis of the queensland statewide

interstitial lung disease multi-disciplinary meeting. Am J Respir Crit

Care Med. (2021) 203:A1835. doi: 10.1164/ajrccm-conference.2021.203.

1_MeetingAbstracts.A1835

31. Swigris J, Richeldi L, Wijsenbek M, Kreuter M, Nunes H, Suda T, et al.

Effects of nintedanib on dyspnea, cough and quality of life in patients with

progressive fibrosing interstitial lung diseases: findings from the INBUILD

trial. Am J Respir Crit Care Med. (2020) 201:A2754. doi: 10.1164/ajrccm-

conference.2020.201.1_MeetingAbstracts.A2754

32. Birring SS, Bushnell DM, Cutts K, Baldwin M, Rohr KB, Male N.

Kingns brief interstitial lung disease (K-BILD) questionnaire: content

relevance in progressive fibrosing ILD (PF-ILD). Euro Respir J. (2020)

56:1813. doi: 10.1183/13993003.congress-2020.1813

33. Singer D, Bengston LGS, Conoscenti CS, Anderson AJ, Brekke L, Shetty S,

et al. A1551 - incremental healthcare utilization and cost burden associated

with non-IPF chronic fibrosing interstitial lung disease with a progressive

phenotype. Am J Respir Crit Care Med. (2021) 203:A1551. doi: 10.1164/

ajrccm-conference.2021.203.1_MeetingAbstracts.A1551

34. Olson A, Hartmann N, Patnaik P, Garry E, Bohn R, Singer D, et al.

PRS25 healthcare resource utilization and related costs in progressive

fibrosing interstitial lung diseases (ILDs). Value Health. (2020)

23:S353. doi: 10.1016/j.jval.2020.04.1347

35. Takizawa A, Kamita M, Kondoh Y, Bando M, Kuwana M, Inoue Y. Current

monitoring and treatment of progressive fibrosing interstitial lung disease: a

survey of physicians in Japan, the United States, and the European Union.

Curr Med Res Opin. (2021) 37:327–39 doi: 10.1080/03007995.2020.1860920

Frontiers in Medicine | www.frontiersin.org 11 February 2022 | Volume 9 | Article 799912

https://doi.org/10.1183/16000617.0100-2018
https://doi.org/10.1183/13993003.00085-2020
https://doi.org/10.1186/s12931-021-01749-1
https://doi.org/10.1056/NEJMra2005230
https://doi.org/10.1183/13993003.00692-2018
https://doi.org/10.1007/s12325-020-01578-6
https://doi.org/10.1183/16000617.0109-2019
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1183/23120541.00145-2020
https://doi.org/10.1183/16000617.0071-2018
https://doi.org/10.1007/s12325-020-01384-0
https://doi.org/10.1183/13993003.04507-2020
https://www.ema.europa.eu/en/documents/variation-report/ofev-h-c-003821-ii-0026-epar-assessment-report-variation-en.pdf
https://www.ema.europa.eu/en/documents/variation-report/ofev-h-c-003821-ii-0026-epar-assessment-report-variation-en.pdf
https://www.ema.europa.eu/en/documents/variation-report/ofev-h-c-003821-ii-0026-epar-assessment-report-variation-en.pdf
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-patients-rare-type-lung-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-patients-rare-type-lung-disease
https://www.boehringer-ingelheim.ca/en/press-release/ofev-nintedanib-now-available-canada-adults-living-progressive-fibrosing-interstitial
https://www.boehringer-ingelheim.ca/en/press-release/ofev-nintedanib-now-available-canada-adults-living-progressive-fibrosing-interstitial
https://www.boehringer-ingelheim.jp/press-release/20200529_01
https://www.boehringer-ingelheim.jp/press-release/20200529_01
https://doi.org/10.1007/s40273-018-0631-8
https://doi.org/10.1183/16000617.0075-2018
https://doi.org/10.1186/s12931-017-0621-y
https://doi.org/10.1183/13993003.02718-2020
https://doi.org/10.1183/13993003.00221-2021
https://doi.org/10.1159/000509556
https://doi.org/10.1111/resp.13942
https://doi.org/10.1183/13993003.congress-2020.3537
https://doi.org/10.1097/MD.0000000000025322
https://doi.org/10.1007/s12325-020-01380-4
https://www.encepp.eu/encepp/openAttachment/studyResult/38519
https://www.encepp.eu/encepp/openAttachment/studyResult/38519
https://doi.org/10.1007/s12325-021-01786-8
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A1835
https://doi.org/10.1164/ajrccm-conference.2020.201.1_MeetingAbstracts.A2754
https://doi.org/10.1183/13993003.congress-2020.1813
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A1551
https://doi.org/10.1016/j.jval.2020.04.1347
https://doi.org/10.1080/03007995.2020.1860920
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Cottin et al. The Burden of PF-ILDs

36. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al.

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. doi: 10.1164/rccm.2009-040GL

37. Nalysnyk L, Cid-Ruzafa J, Rotella P, Esser D. Incidence and prevalence of

idiopathic pulmonary fibrosis: review of the literature. Euro Respir Rev. (2012)

21:355–61 doi: 10.1183/09059180.00002512

38. Olson AL, Gifford AH, Inase N, Fernández Pérez ER, Suda T. The

epidemiology of idiopathic pulmonary fibrosis and interstitial lung diseases

at risk of a progressive-fibrosing phenotype. Euro Respir Rev. (2018)

27:180077. doi: 10.1183/16000617.0077-2018

39. Lancaster L, Crestani B, Hernandez P, Inoue Y, Wachtlin D, Loaiza L, et al.

Safety and survival data in patients with idiopathic pulmonary fibrosis treated

with nintedanib: pooled data from six clinical trials. BMJ Open Respir Res.

(2019) 6:e000397. doi: 10.1136/bmjresp-2018-000397

40. Ley B, Collard HR, King TE. Clinical course and prediction of survival in

idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. (2011) 183:431–

431 doi: 10.1164/rccm.201006-0894CI

41. Kaunisto J, Salomaa E-R, Hodgson U, Kaarteenaho R, Kankaanranta H,

Koli K, et al. Demographics and survival of patients with idiopathic

pulmonary fibrosis in the FinnishIPF registry. ERJ Open Res. (2019) 5:00170–

02018. doi: 10.1183/23120541.00170-2018

42. Maher TM, Bendstrup E, Kreuter M, Martinez FJ, Sime PJ, Stowasser

S, et al. A1851 - decline in forced vital capacity as a surrogate for

mortality in patients with fibrosing interstitial lung diseases. Am J Respir

Crit Care Med. (2021) 203:A1851. doi: 10.1164/ajrccm-conference.2021.203.

1_MeetingAbstracts.A1851

43. Shah RJ, Collard HR, Morisset J. Burden, resilience and coping in caregivers

of patients with interstitial lung disease. Heart Lung. (2018) 47:264–

68 doi: 10.1016/j.hrtlng.2018.03.004

44. Lee JYT, Tikellis G, Corte TJ, Goh NS, Keir GJ, Spencer L, et al.

The supportive care needs of people living with pulmonary fibrosis and

their caregivers: a systematic review [Internet]. Euro Respir Rev. (2020)

29:190125. doi: 10.1183/16000617.0125-2019

45. Jones MG, Hillyar CRT, Nibber A, Chisholm A, Wilson A, Maher TM, et al.

Opportunities to diagnose fibrotic lung diseases in routine care: a primary care

cohort study. Respirology. (2020) 25:1274–82. doi: 10.1111/resp.13836

46. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et

al. Diagnosis of idiopathic pulmonary fibrosis an official ATS/ERS/JRS/ALAT

clinical practice guideline. Am J Respir Crit Care Med. (2018) 198:e44–

e68. doi: 10.1164/rccm.201807-1255ST

47. Fan Y, Bender S, Shi W, Shao N, et al. M8 prevalence and incidence of

systemic sclerosis and systemic sclerosis with interstitial lung disease in the

US. J Manage Care Spec Pharm. (2018) 24:S83. doi: 10.18553/jmcp.2018.24.1

0-a.s1

48. AlgamdiM, Sadatsafavi M, Fisher JH,Morisset J, Johannson KA, Fell CD, et al.

Costs of workplace productivity loss in patients with connective tissue disease-

associated interstitial lung disease. Ann Am Thorac Soc. (2020) 17:1077–

84. doi: 10.1513/AnnalsATS.201911-822OC

49. Lederer DJ, Martinez FJ. Idiopathic pulmonary fibrosis. N Engl J Med. (2018)

378:1811–23. doi: 10.1056/NEJMra1705751

50. Valenzuela C, Torrisi SE, Kahn N, Quaresma M, Stowasser S,

Kreuter M. Ongoing challenges in pulmonary fibrosis and insights

from the nintedanib clinical programme. Respir Res. (2020)

21:1–15 doi: 10.1186/s12931-019-1269-6

51. Behr J, Prasse A, Kreuter M, Johow J, Rabe KF, Bonella F, et al.

Pirfenidone in patients with progressive fibrotic interstitial lung diseases other

than idiopathic pulmonary fibrosis (RELIEF): a double-blind, randomised,

placebo-controlled, phase 2b trial. Lancet Respir Med. (2021) 9:476–86.

doi: 10.1016/S2213-2600(20)30554-3

52. Maher TM, Corte TJ, Fischer A, Kreuter M, Lederer DJ, Molina-Molina M, et

al. Pirfenidone in patients with unclassifiable progressive fibrosing interstitial

lung disease: a double-blind, randomised, placebo-controlled, phase 2

trial. Lancet Respir Med. (2020) 8:147–57 doi: 10.1016/S2213-2600(19)30

341-8

53. ClinicalTrials.gov. NCT03099187 - A Study of Pirfenidone in Patients With

Unclassifiable Progressive Fibrosing Interstitial Lung Disease. NIH (2021).

Available online at: https://clinicaltrials.gov/ct2/show/NCT03099187

54. Singer D, Bengtson LGS, Conoscenti CS, Anderson AJ, Brekke

L, Shetty S, et al. Impact of initiating nintedanib earlier versus

later in patients newly diagnosed with idiopathic pulmonary

fibrosis. Am J Respir Crit Care Med. (2021) 203:A1601.

doi: 10.1164/ajrccmconference.2021.203.1_MeetingAbstracts.A1601

55. Kalluri M, Luppi F, Vancheri A, Vancheri C, Balestro E, Varone

F, et al. Patient-reported outcomes and patient-reported outcome

measures in interstitial lung disease: where to go from here?

Euro Respir Rev. (2021) 30:210026. doi: 10.1183/16000617.00

26-2021

Conflict of Interest: This study received funding from Boehringer Ingelheim

International GmbH. The funder was involved in interpretation of data and the

decision to submit it for publication. The funder had no role in the study design,

collection, analysis, or the writing of this article. VC reports personal fees and non-

financial support from Actelion, grants, personal fees and non-financial support

fromBoehringer Ingelheim, personal fees fromBayer/MSD, personal fees and non-

financial support from Roche/Promedior, personal fees from Sanofi, personal fees

from Celgene/BMS, personal fees from Galapagos, personal fees from Galecto,

personal fees from Shionogi, personal fees from Astra Zeneca, personal fees

from Fibrogen, personal fees from RedX, personal fees from PureTech, outside

the submitted work. RT, LN, and SL report consultancy fees from Boehringer

Ingelheim, during the conduct of the study. MB reports being an employee of

Boehringer Ingelheim. RT, LN, and SL were employed by Maverex Limited.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Cottin, Teague, Nicholson, Langham and Baldwin. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Medicine | www.frontiersin.org 12 February 2022 | Volume 9 | Article 799912

https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1183/09059180.00002512
https://doi.org/10.1183/16000617.0077-2018
https://doi.org/10.1136/bmjresp-2018-000397
https://doi.org/10.1164/rccm.201006-0894CI
https://doi.org/10.1183/23120541.00170-2018
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A1851
https://doi.org/10.1016/j.hrtlng.2018.03.004
https://doi.org/10.1183/16000617.0125-2019
https://doi.org/10.1111/resp.13836
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.18553/jmcp.2018.24.10-a.s1
https://doi.org/10.1513/AnnalsATS.201911-822OC
https://doi.org/10.1056/NEJMra1705751
https://doi.org/10.1186/s12931-019-1269-6
https://doi.org/10.1016/S2213-2600(20)30554-3
https://doi.org/10.1016/S2213-2600(19)30341-8
https://clinicaltrials.gov/ct2/show/NCT03099187
https://doi.org/10.1164/ajrccmconference.2021.203.1_MeetingAbstracts.A1601
https://doi.org/10.1183/16000617.0026-2021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	The Burden of Progressive-Fibrosing Interstitial Lung Diseases
	Introduction
	Materials and Methods
	Results
	Literature Search Results
	Epidemiology
	Prevalence and Incidence
	Proportion of ILD Patients Estimated to Develop the Progressive Phenotype
	Underlying ILD Diagnoses With a Progressive Phenotype
	Survival

	Humanistic Burden of Non-IPF PF-ILD
	Symptoms
	Activities of Daily Living
	Psychological Burden
	Impact of PF-ILD on Caregivers
	Impact of Acute Exacerbations

	Economic Burden of Non-IPF PF-ILD
	Impact of PF-ILD on Healthcare Resource Use and Direct Costs
	Impact of PF-ILD on Indirect Costs


	Discussion
	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


