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ABSTRACT

Introduction: We aimed to describe healthcare
resource utilization (HCRU) patterns and costs
in patients with fibrosing interstitial lung dis-
ease (ILD) and those with a progressive pheno-
type of fibrosing ILD in a US claims database.
Methods: Data from the IBM� MarketScan�

databases (1 October 2011–30 September 2015)
were used. Diagnosis codes documented on
medical claims on two occasions (without any
claims during the 12 months prior) identified
patients with incident fibrosing ILD. Patients
with chronic fibrosing ILD with a progressive
phenotype were identified by proxies for

progression. Patients aged C 18 years with
365 days of continuous coverage before the
index date were eligible for inclusion. Data were
analyzed for 12 months prior to identification
of fibrosing ILD/progressive phenotype (base-
line) and 12 months after (follow-up). Out-
comes included treatment patterns, outpatient
and inpatient claims, and costs.
Results: We identified 23,577 patients with
incident fibrosing ILD and 14,722 with the
progressive phenotype. Follow-up data were
available for 9986 and 5840 patients, respec-
tively. The most frequent ILD-related medica-
tions during baseline were corticosteroids
(49.4% and 56.6%). Mean (± standard devia-
tion [SD]) annualized number of outpatient
claims was 30.0 (± 26.4) and 34.1 (± 27.7) in
the baseline period and 36.2 (± 28.6) and 41.9
(± 30.2) in the follow-up in fibrosing ILD and
with a progressive phenotype, respectively.
Mean (SD) number of all-cause hospitalizations
was 0.5 (± 1.1) and 0.7 (± 1.2) during baseline
and 0.6 (± 1.1) and 0.7 (± 1.2) during follow-
up. Mean (SD) total costs were $40,907
(± 92,496) and $49,561 (± 98,647) during
baseline and $46,157 (± 102,858) and $54,215
(± 116,833) during follow-up. Inpatient mor-
tality during follow-up was 53.50 and 77.44 per
1000 patient-years.
Conclusion: HCRU and costs were high in
patients with chronic fibrosing ILD with a pro-
gressive phenotype, likely reflecting the disease
severity and the need for close monitoring and
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acute care. Outpatient claims accounted for a
substantial proportion of the total costs.

PLAIN LANGUAGE SUMMARY

Some patients with lung diseases have inflam-
mation or scarring of the lung tissues (intersti-
tial lung diseases, or ILDs). In some patients
with lung scarring, the scarring may become
progressive (i.e., it worsens over time). In this
study, we looked at these patients identified in
US health insurance records. We counted how
many times patients visited a doctor, were
admitted to hospital, or needed medications or
tests. We also looked at the total cost of all this
medical care. Overall, we concluded that
patients with ILDs with progressive lung scar-
ring had a high number of visits to the doctor,
and the total costs of their medical care were
high.

Keywords: Interstitial lung disease; Pulmonary
fibrosis; Progressive fibrosing ILD; Healthcare
resource utilization; Claims database; Costs;
Hospitalization

Key Summary Points

Why carry out this study?

Patients with chronic fibrosing interstitial
lung disease (ILD) other than idiopathic
pulmonary fibrosis (IPF) may develop a
progressive phenotype.

There are currently limited data available
on healthcare resource utilization (HCRU)
and costs associated with non-IPF
fibrosing ILD with a progressive
phenotype.

The present study aimed to describe HCRU
patterns and costs in patients with
fibrosing ILD and those with a progressive
phenotype of fibrosing ILD in a US claims
database.

What was learned from the study?

HCRU and costs were high in patients
with chronic fibrosing ILD with a
progressive phenotype, likely reflecting
the disease severity and the need for close
monitoring and acute care.

Progressive disease may be associated with
greater total healthcare resource use and
costs than fibrosing ILD that is not
progressive.

INTRODUCTION

Interstitial lung diseases (ILDs) comprise a
group of diffuse parenchymal lung diseases that
may be of unknown cause (such as in the case of
idiopathic pulmonary fibrosis [IPF]) or associ-
ated with a range of different disorders [1].
Some patients with chronic fibrosing ILD
develop a progressive phenotype, characterized
by worsening lung function and symptoms and
increasing fibrosis of the lungs [2, 3]. Patients
with ILD other than IPF, such as those associ-
ated with connective tissue diseases, sarcoidosis
or chronic hypersensitivity pneumonitis, may
also develop a progressive fibrosing phenotype
with similar clinical characteristics to IPF [2].

Nintedanib and pirfenidone were approved
for the treatment of IPF in the US in 2014 [4, 5],
but until recently there were no approved
treatments to slow other progressive fibrosing
ILDs. Nintedanib is approved to slow lung
function decline in systemic sclerosis-associated
ILD and is also now approved for the treatment
of patients with chronic fibrosing ILDs with a
progressive phenotype [4]. Corticosteroids and
immunosuppressants are commonly prescribed
to patients with these conditions, but there is a
lack of evidence to support their efficacy [6],
and they are associated with side effects,
including infection. As the treatment landscape
is now changing dramatically, there is a need to
better understand the characteristics of patients
with chronic fibrosing ILDs with a progressive
phenotype, what comorbidities they may have,
how they are currently managed and treated,
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and their healthcare resource utilization
(HCRU) and costs. This information is key for
payers and healthcare decision-makers to opti-
mize allocation of resources, ensure timely
diagnostic assessment, and support effective
management of this patient population.

Consideration of fibrosing ILDs with differ-
ent etiologies but a progressive phenotype as a
related group is a relatively new concept [7, 8].
Chronic respiratory diseases are among the
most expensive health conditions in the US,
accounting for[ $100 billion in annual spend-
ing [9]. Although it has been postulated that the
burden and healthcare costs for patients with
fibrosing ILD with a progressive phenotype
other than IPF are similar to those for patients
with IPF [10], there are currently limited data
available about HCRU. A US-based study, using
both a different insurance claims database and
algorithm, found that patients with ILD with
frequent pulmonary visits (used as a proxy for
progressive disease) had higher annual medical
costs and more hospital claims than patients
with ILD without frequent pulmonary visits
[11]. However, data on diagnostic tests, medi-
cations, or clinical outcomes were not included.
Healthcare utilization in patients with fibrosing
ILDs with a progressive phenotype is likely to be
high and affected by the following factors [10]:
challenging diagnosis requiring a large number
of tests and potentially repeated testing; close
monitoring of disease, including regular clinic
visits; therapies including pharmacologic treat-
ment and supplemental oxygen; care of
comorbidities such as cardiovascular disease
and gastroesophageal reflux; and hospitaliza-
tions and emergency room visits.

We conducted a study estimating the preva-
lence and incidence of chronic fibrosing ILD
with a progressive phenotype in the IBM�

MarketScan� Commercial Claims and Encoun-
ters and Medicare Supplemental databases using
an algorithm developed in collaboration with
clinical experts [12]; these patients were used in
the present study to investigate HCRU. The aim
of the present study was to describe patients
before and for 365 days after identification of
fibrosing ILD or a fibrosing ILD with a progres-
sive phenotype in terms of HCRU (outpatient
and inpatient claims and medications) and

costs (total, outpatient, inpatient, pharmacy,
diagnostic tests). We also describe clinical
characteristics, comorbidities in the baseline
period, medical conditions during the follow-up
period, and inpatient mortality during follow-
up.

METHODS

Study Design and Data Source

This study used data from the IBM� Market-
Scan� Commercial Claims and Encounters and
Medicare Supplemental databases (1 October
2011–30 September 2015). As previously
described [12], diagnosis codes from medical
claims (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9
CM]) [13] were used to identify patients with
fibrosing ILD. Proxy measures based on codes
for procedures (Current Procedural Terminol-
ogy, 4th Edition), prescriptions (National Drug
Codes and Healthcare Common Procedure
Coding System), and other resource utilization
were used to identify those with a progressive
phenotype (detailed below). The use of the de-
identified data was approved for exemption by
the New England Independent Review Board.

Patients

Incident fibrosing ILD diagnosis was defined as
a new lung fibrosis claim without a claim during
the 365 days prior and followed by a second
claim within 30–365 days, using the second
claim as the index date (Fig. 1). Eligible ICD-9
CM codes for a diagnosis of fibrosing ILD are
shown in Supplementary Table S1. Patients
were aged C 18 years at index date and were
required to have 365 days of continuous medi-
cal and pharmacy insurance coverage prior to
the index date (baseline period). Gaps of up to
30 days in coverage were permitted. If a patient
had multiple separate periods of enrollment
with fibrosing ILD claims, they were only
included the first time they qualified.

To identify patients with chronic fibrosing
ILD with a progressive phenotype in the
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absence of specific diagnosis or procedure codes
denoting progression, an algorithm was devel-
oped in consultation with expert pulmonolo-
gists based on their clinical experience using
proxies for progression based on plausible
markers of progression [12]. Patients were con-
sidered to have a progressive phenotype if they
had any of the proxies for disease progression
on or after the date of their second lung fibrosis
code (Fig. 1). The index date for the cohort with
chronic fibrosing ILD with a progressive phe-
notype was defined as the date a patient fulfilled
the criteria for progressive disease. The proxies
for progression were: C 2 pulmonary function
tests or C 2 oxygen titration tests within
90 days; C 2 high-resolution computed tomog-
raphy (HRCT) or C 3 chest computed tomogra-
phy scans within 360 days; respiratory
hospitalization; palliative care; lung transplant;
any use of oxygen therapy or a corticos-
teroid[ 20 mg (formulations with
strength[ 20 mg, not based on calculation or
conversion); or new use of immunosuppressive
therapy.

Patients with prevalent fibrosing ILD (i.e.,
who had two claims for fibrosing ILD during the
baseline period and were excluded from the
incident fibrosing ILD cohort) could be inclu-
ded in the cohort with incident chronic

fibrosing ILD with a progressive phenotype if
they had a proxy for progression on or after the
date of the prevalent fibrosing ILD claim,
without any of the proxies for progression dur-
ing the baseline period.

Data are presented for patients with incident
fibrosing ILD and separately for patients with
fibrosing ILD with a progressive phenotype.

Outcomes

Patient demographics on the index date, medi-
cations received during the 12-month baseline
period, and medications during the 12-month
follow-up period were reported (see Fig. 1 for
definitions of baseline and follow-up periods).
Selected comorbidities during the baseline per-
iod were reported, and the Gagne combined
comorbidity score (a single score calculated
based on the presence or absence of a possible
20 comorbid conditions from the Charlson and
Elixhauser comorbidity scores, with weight
assigned according to associated mortality risk
[14]) was calculated. Incident medical condi-
tions were defined as claims during follow-up in
patients who did not have claims for the event
during the baseline period.

All-cause HCRU and costs were summed
during the 12-month baseline period, excluding

Fig. 1 Definition of a incident fibrosing ILD and b incident progressive fibrosing ILD. HCRU healthcare resource
utilization, ILD interstitial lung disease
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the 3 months prior to the index date (diagnosis
of fibrosing ILD or identification of a progres-
sive phenotype), and during the 12-month fol-
low-up period (among the subset of patients
with sufficient continuous enrollment). The
3 months prior to diagnosis were excluded to
omit healthcare resource use associated with
the diagnostic workups. Three months was the
chosen duration as it is common for patients to
attend the clinic every 3 months, and it may
take this long to get all of the tests needed to
confirm diagnosis. A similar approach has been
taken in another recently published study in
patients with IPF [15].

HCRU included claims for outpatient visits,
hospitalizations, medications, critical care,
emergency department visits and diagnostic
tests. Total overall, inpatient, outpatient,
emergency department, pharmacy and diag-
nostic test costs were estimated and adjusted for
inflation to 2018 US dollars using the Consumer
Price Index. Patients with capitated insurance
plans were excluded from the cost analysis
because payment in this arrangement is not tied
directly to individual services provided. Costs
were calculated using the total gross covered
payment, which includes deductible, co-pay-
ment, co-insurance, coordination of benefits
and net remaining paid by insurer. Total cost
included all inpatient, outpatient, emergency
department and pharmacy costs.

Inpatient mortality (diagnostic claim of
sudden cardiac death or discharge status of
death or expired) and incident medical condi-
tions were reported for the whole cohort (in-
cluding patients who had\ 12 months follow-
up). Mortality and incident medical condition
data were not limited to the 12-month follow-
up period. Follow-up was censored at outcome,
end of data, disenrollment, or calendar date of
30 September 2015 (when ICD-9 coding in the
US ended), whichever came first.

Statistical Methods

All analyses were descriptive and were con-
ducted via the Aetion Evidence Platform� (ver-
sion r3.11). Mean HCRU during baseline and
follow-up periods was calculated as the number

of claims in the baseline period (excluding
3 months prior to diagnosis) or follow-up period
divided by the total number of eligible patients
in each cohort with the required follow-up
time. Mean medical costs during baseline and
follow-up were calculated as the total costs
incurred during baseline (excluding 3 months
prior to diagnosis) or follow-up multiplied
according to the 2018 inflation rate and divided
by the number of eligible patients in each
cohort with the required follow-up time. To
account for the different durations of the base-
line and follow-up periods, HCRU and costs for
the 9-month baseline period were annualized
by calculating the total divided by 275 days,
multiplied by 365 days.

Data were described as mean (standard
deviation [SD]) and median (interquartile range
[IQR]) for continuous variables and n (%) for
categorical variables. Incidence of medical
conditions during follow-up was reported as the
rate per 1000 person-years.

RESULTS

Patients

Among 128,231 patients with a lung fibrosis
claim, 23,577 (18%) had a second claim
required for inclusion. Of these, 13,518 patients
had incident progressive fibrosing ILD. A fur-
ther 1204 patients with existing fibrosing ILD
had proxies for progression, so the total in the
incident chronic fibrosing ILD with a progres-
sive phenotype cohort was 14,722 patients
(Fig. 2a). In total, 9986 patients with incident
fibrosing ILD, and 5840 with a progressive
phenotype, had data available for 12-month
follow-up (Fig. 2b).

There were approximately equal proportions
of males and females (Table 1). The mean
(± SD) age was 68 (± 14) years in fibrosing ILD
patients overall and 69 (± 14) years in those
with a progressive phenotype; approximately
60% of patients were over 65 years of age.
Patient employment status and health insur-
ance plan details are shown in Table 1.

The most frequent comorbidities in the
baseline period were chronic obstructive
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pulmonary disease (COPD) (44.8% of fibrosing
ILD and 53.4% of those with a progressive
phenotype) and type 2 diabetes mellitus (24.6%
and 27.1%) (Supplementary Table 2). The most
common incident medical conditions during
follow-up were COPD (248.0 and 303.5 per 1000
patient-years in fibrosing ILD and in chronic
fibrosing ILD with a progressive phenotype,
respectively), arterial hypertension (182.23 and
223.34), and gastroesophageal reflux (181.07
and 190.05) (Supplementary Table 3).

The mean (± SD) Gagne combined comor-
bidity score [14] at baseline was 2.78 (± 2.92) in
the fibrosing ILD cohort and 3.33 (± 3.03) in
the cohort with a progressive phenotype
(higher scores indicate a higher burden of
comorbidities). The percentage of patients at
baseline with a combined comorbidity score of
0 or 1 was 25.1% and 16.6% in the fibrosing ILD
cohort and 18.6% and 14.7% in the cohort with
a progressive phenotype.

Medications

The most frequently filled medications related
to ILD were corticosteroids; 49.4% of the
fibrosing ILD cohort and 56.6% of the cohort

with a progressive phenotype received these
drugs during baseline. In the 12-month follow-
up period, 47.6% and 53.9% of patients received
corticosteroids (Table 2). Proton pump inhibi-
tors (not including those purchased over the
counter) were common; at baseline they were
filled by 38.7% of patients with fibrosing ILD
and 42.4% of patients with a progressive phe-
notype and in the 12-month follow-up 41.3%
and 45.1% of patients, respectively (Table 2).

Healthcare Resource Utilization

For HCRU and costs, both the overall data col-
lected over the 9-month baseline period and the
annualized data calculated from the 9 months
are presented in Tables 3 and 4; here we describe
the annualized results.

The annualized mean (± SD) number of
claims from outpatient visits (including facility
and physician service claims) during the base-
line period was 30.0 (± 26.4) in the fibrosing
ILD cohort and 34.1 (± 27.7) in the cohort with
a progressive phenotype (Table 3). The mean
number of outpatient visit claims in the
12-month follow-up period (among patients
with sufficient follow-up) was 36.2 (± 28.6) in

Fig. 2 a Patients included in the incident fibrosing ILD
and chronic fibrosing ILD with progressive phenotype
cohorts; b patients included in the baseline and 12-month

follow-up cohorts and cost analysis. ILD interstitial lung
disease, PF-ILD progressive fibrosing ILD
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patients with fibrosing ILD and 41.9 (± 30.2) in
the subgroup with a progressive phenotype
(Table 3). The mean (± SD) number of claims
for all-cause hospitalizations was 0.5 (± 1.1)
during the baseline period and 0.6 (± 1.1) dur-
ing 12-month follow-up in fibrosing ILD and
0.7 (± 1.2) during baseline and 0.7 (± 1.2)
during 12-month follow-up in patients with a
progressive phenotype.

Respiratory-related hospitalizations, inten-
sive care unit admissions and emergency
department visits in fibrosing ILD and in the
subset with a progressive phenotype are shown
in Table 3.

Healthcare Resource-Related Costs

Annualized mean (± SD) total costs during
baseline were $40,907 (± 92,496) in the

Table 1 Patient demographics at index date

Characteristics Incident
fibrosing
ILD

Incident
progressive
fibrosing ILD

Patients, N 23,577 14,722

Mean age, years

(SD)

68.1 (14.1) 68.7 (13.7)

Median age, years

(IQR)

69 (59–79) 70 (60–79)

Age categories, n (%)

18–64 years 9710 (41.2) 5646 (38.4)

65 ? years 13,867 (58.8) 9076 (61.6)

Gender, n (%)

Male 11,118 (47.2) 7142 (48.5)

Female 12,459 (52.8) 7580 (51.5)

US region, n (%)

North East 4686 (19.9) 3046 (20.7)

North Central/

Midwest

7060 (29.9) 4548 (30.9)

South 7942 (33.7) 4812 (32.7)

West 3658 (15.5) 2183 (14.8)

Employment status, n (%)

Active full time 5307 (22.5) 2978 (20.2)

Early retiree 1280 (5.4) 805 (5.5)

Medicare-eligible

retiree

10,173 (43.1) 6761 (45.9)

Retiree (status

unknown)

729 (3.1) 398 (2.7)

Surviving spouse/

dependent

1294 (5.5) 844 (5.7)

Plan indicator, n (%)

Comprehensive 7006 (29.7) 4633 (31.5)

Exclusive provider

organization

99 (0.4) 55 (0.4)

Health

maintenance

organization

2476 (10.5) 1461 (9.9)

Table 1 continued

Characteristics Incident
fibrosing
ILD

Incident
progressive
fibrosing ILD

Point of service 1303 (5.5) 804 (5.5)

Preferred

provider

organization

10,997 (46.6) 6823 (46.3)

Point of service

with capitation

118 (0.5) 63 (0.4)

Consumer-driven

health plan

881 (3.7) 496 (3.4)

High-deductible

health plan

391 (1.7) 216 (1.5)

Missing 306 (1.3) 171 (1.2)

Data type, n (%)

Medicare or

Medicare

encounter

14,102 (59.8) 9229 (62.7)

Fee for service or

encounter

9472 (40.2) 5492 (37.3)

ILD interstitial lung disease, IQR interquartile range,
SD standard deviation
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fibrosing ILD group and $49,561 (± 98,647) in
patients with a progressive phenotype. In
patients with 12 months of follow-up, mean
costs were $46,157 (± 102,858) in the fibrosing
ILD cohort and $54,215 (± 116,833) in the
cohort with a progressive phenotype (Table 4).
During baseline, annualized mean (± SD)

outpatient costs were $19,088 (± 45,714) in
fibrosing ILD and $22,663 (± 50,419) in
patients with a progressive phenotype; outpa-
tient and inpatient costs are shown in Table 4.
Pharmacy costs and those related to fibrosing
ILD/chronic fibrosing ILD with a progressive

Table 2 Medications at baseline and during the follow-up period

Baseline (12 months) Follow-upa (12 months)

Fibrosing ILD
(n = 23,577)

Progressive fibrosing
ILD (n = 14,722)

Fibrosing ILD
(n = 9986)

Progressive fibrosing
ILD (n = 5840)

Medications for ILD, n (%)

Acetylcysteine 21 (0.1) 23 (0.2) 13 (0.1) 9 (0.2)

Corticosteroids 11,637 (49.4) 8340 (56.6) 4756 (47.6) 3145 (53.9)

Corticosteroids with

formulation strength[ 20 mg

3732 (15.8) 2538 (17.2) 1506 (15.1) 981 (16.8)

Azathioprine 479 (2.0) 294 (2.0) 363 (3.6) 308 (5.3)

Cyclosporine 64 (0.3) 47 (0.3) 30 (0.3) 27 (0.5)

Cyclophosphamide 183 (0.8) 147 (1.0) 75 (0.8) 54 (0.9)

Tocilizumab 50 (0.2) 39 (0.3) 21 (0.2) 11 (0.2)

Tacrolimus 202 (0.9) 162 (1.1) 115 (1.2) 105 (1.8)

Rituximab 243 (1.0) 193 (1.3) 111 (1.1) 74 (1.3)

Mycophenolate mofetil 537 (2.3) 362 (2.5) 452 (4.5) 380 (6.5)

Methotrexate 1163 (4.9) 700 (4.8) 408 (4.1) 191 (3.3)

Medications for comorbidities, n (%)

Proton pump inhibitorsb 9126 (38.7) 6235 (42.4) 4122 (41.3) 2631 (45.1)

H2-receptor antagonistsb 1680 (7.1) 1110 (7.5) 680 (6.8) 429 (7.3)

Platelet aggregation inhibitors 2761 (11.7) 1828 (12.4) 1103 (11.0) 699 (12.0)

Anticoagulant, thrombin

inhibitor

301 (1.3) 205 (1.4) 116 (1.2) 74 (1.3)

Factor Xa inhibitor 919 (3.9) 681 (4.6) 475 (4.8) 296 (5.1)

Anticoagulant, coumarin

derivative vitamin K antagonist

2478 (10.5) 1769 (12.0) 1014 (10.2) 676 (11.6)

Heparin 1379 (5.8) 1068 (7.3) 552 (5.5) 383 (6.6)

Low molecular weight heparin 1120 (4.8) 829 (5.6) 425 (4.3) 262 (4.5)

ILD interstitial lung disease
aIncluding new and existing medications
bDoes not capture any purchased over the counter without a prescription
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Table 3 HCRU during baseline and 12-month follow-up period

Baseline (excluding 3 months
prior to diagnosis)a

Baseline (annualized)b Follow-up (12 months)c

Fibrosing
ILD
(n = 23,577)

Progressive
fibrosing ILD
(n = 14,722)

Fibrosing
ILD
(n = 23,577)

Progressive
fibrosing ILD
(n = 14,722)

Fibrosing
ILD
(n = 9986)

Progressive
fibrosing ILD
(n = 5840)

Outpatient visit claims

Any, n (%) 23,286 (98.8) 14,610 (99.2) N/A N/A 9986 (100.0) 5840 (100.0)

Mean no. (SD) 22.6 (19.9) 25.7 (20.9) 30.0 (26.4) 34.1 (27.7) 36.2 (28.6) 41.9 (30.2)

Median no.

(IQR)

17.0

(9.0–30.0)

21.0

(12.0–34.0)

22.6

(12.0–39.8)

27.9

(15.9–45.1)

29.0

(17.0–47.0)

36.0

(22.0–54.0)

Emergency department visit claims

Any, n (%) 6807 (28.9) 4543 (30.9) N/A N/A 3559 (35.6) 2159 (37.0)

Mean no. (SD) 0.5 (1.2) 0.6 (1.3) 0.7 (1.6) 0.7 (1.7) 0.7 (1.6) 0.7 (1.9)

Median no.

(IQR)

0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

Inpatient visit claims

Any inpatient

visit, n (%)

6522 (27.7) 5018 (34.1) N/A N/A 3491 (35.0) 2379 (40.7)

Mean no. (SD) 0.4 (0.8) 0.5 (0.9) 0.5 (1.1) 0.7 (1.2) 0.6 (1.1) 0.7 (1.2)

Median no.

(IQR)

0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

Mean length of

stay, daysd (SD)

9.4 (12.7) 9.9 (12.8) – – 10.5 (15.2) 11.0 (15.7)

Median length

of stay, daysd

(IQR)

6.0

(4.0–10.0)

6.0

(4.0–11.0)

– – 6.0

(4.0–11.0)

6.0

(4.0–12.0)

ICU admission,

any, n (%)e
1495 (22.9) 1208 (24.1) N/A N/A 884 (25.3) 625 (26.3)

Mean no. (SD) 0.07 (0.30) 0.09 (0.34) 0.10 (0.40) 0.13 (0.45) 0.11 (0.40) 0.13 (0.45)

Median no.

(IQR)

0 0 0 0 0 0

Respiratory-

related

hospitalization,

any, n (%)

1825 (7.7) 1619 (11.0) N/A N/A 1148 (11.5) 1132 (19.4)

Mean duration,

daysd (SD)

8.0 (10.0) 8.3 (10.0) 10.6 (13.3) 11.0 (13.2) 7.9 (10.0) 8.0 (10.5)
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phenotype and selected comorbidities are also
shown in Table 4.

During baseline, annualized mean diagnostic
test costs in fibrosing ILD overall and in those
with a progressive phenotype were $12,629
(± 62,056) and $16,485 (± 64,353), respec-
tively; during follow-up, diagnostic test costs
were $14,247 (± 69,370) and $17,863
(± 79,520), respectively (Table 4). The most
frequent tests before and after the diagnosis of
fibrosing ILD and chronic fibrosing ILD with a
progressive phenotype included chest X-ray,
pulmonary function tests and spirometry.

Inpatient Mortality

Inpatient mortality was 53.50 per 1000 patient-
years (95% confidence interval [CI] 50.51,
56.50) over a median (IQR) of 295 (126–548)
days of follow-up in the fibrosing ILD cohort
and 77.44 per 1000 patient-years (72.75–82.13)
over a median (IQR) of 270 (112–523) days of
follow-up in the cohort with chronic fibrosing
ILD with a progressive phenotype (Supplemen-
tary Table 4).

DISCUSSION

This is one of the first claims-based studies to
describe HCRU in patients with fibrosing ILD
and chronic fibrosing ILD with a progressive
phenotype. In this cohort of patients with
fibrosing ILD, healthcare resource use was high.
Healthcare resource use was higher in the subset
of patients with a progressive phenotype than
in the overall cohort. The high outpatient costs
and high number of outpatient visit claims in
chronic fibrosing ILD with a progressive phe-
notype likely reflect the careful monitoring of
patients that is required in fibrosing ILD, which
involves checking symptoms, exercise capacity,
pulmonary function tests and HRCT. More than
a third of patients were hospitalized during
follow-up, and the median duration of hospi-
talization was 6–8 days (mean duration was
9–13 days), and therefore they incurred rela-
tively high costs. Diagnostic test costs were also
high in both cohorts; this is perhaps unsur-
prising given the challenges associated with the
diagnosis of ILDs; a multidisciplinary approach
is required [10], and HRCT imaging is

Table 3 continued

Baseline (excluding 3 months
prior to diagnosis)a

Baseline (annualized)b Follow-up (12 months)c

Fibrosing
ILD
(n = 23,577)

Progressive
fibrosing ILD
(n = 14,722)

Fibrosing
ILD
(n = 23,577)

Progressive
fibrosing ILD
(n = 14,722)

Fibrosing
ILD
(n = 9986)

Progressive
fibrosing ILD
(n = 5840)

Median

duration, daysd

(IQR)

5.0 (4.0–8.0) 5.0 (4.0–9.0) 6.6 (5.3–10.6) 6.6 (5.3–12.0) 5.0 (3.0–8.0) 5.0 (3.0–9.0)

HCRU healthcare resource utilization, ICU intensive care unit, ILD interstitial lung disease, IQR interquartile range,
N/A not applicable, SD standard deviation
aThe 3 months prior to diagnosis were excluded to omit healthcare resource use associated with the diagnostic workups.
Three months was the chosen duration as it is common for patients to attend the clinic every 3 months, and it may take this
long to acquire all of the tests needed to confirm diagnosis
bHCRU and costs for the baseline period were annualized by calculating the total divided by 275 days, multiplied by
365 days
cFollow-up was evaluated among patients with at least 12 months of continuous enrollment after diagnosis
dAnalysis included only patients who had at least one visit of interest
ePercentage of patients with at least one inpatient visit that had ICU admission
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considered a key diagnostic tool in detecting
lung fibrosis [16]. Although we do not have data
breaking down the cost of each type of test, it is
likely that chest X-rays and HRCT were driving
the diagnostic test costs since they are more
costly than spirometry. Since we excluded the
3 months prior to diagnosis in the baseline data,
our estimates do not include the diagnostic
workups performed to make the initial fibrosing
ILD diagnosis or identification of progression.
However, it is possible that some diagnostic
workup took place [ 3 months prior to the
index date.

Although the subset of patients with a pro-
gressive phenotype was not statistically signifi-
cant compared with the larger group of patients
with fibrosing ILD, we observed an appreciable
difference in cost, which is very informative
even without assessment of statistical
difference.

There are few studies looking at HCRU in
patients with chronic fibrosing ILD with a pro-
gressive phenotype, and it can be difficult to
compare between studies because different
methodologies are used for identifying patients.
In addition, no international consensus exists
on the definition of fibrosing ILD with a pro-
gressive phenotype, which was part of the
motivation for the current study. Our results are
similar to those reported in another US claims-
based study that used pulmonologist visit fre-
quency as a proxy to identify a progressive
fibrosing phenotype in patients with ILD. The
mean annual medical costs were $77,666 in the
previous study compared with $54,215 (during
follow-up) in the present study [11]. Although
we present inpatient mortality during follow-
up, it should be noted that these data are lim-
ited due to the method of capture, and we do
not have data on deaths that occurred outside
of hospital or on cause of death. A recently
published single-center clinical cohort study in
France found that overall survival in 165
patients with chronic fibrosing ILDs with a
progressive phenotype was 83% at 3 years and
72% at 5 years, and mortality was higher in
patients with faster disease progression [17].

A recent analysis of the placebo arms of three
clinical trials (INBUILD and INPULSIS-1 and -2)
found that patients with chronic fibrosing ILDs

with a progressive phenotype other than IPF
had a very similar disease course to patients
with IPF in terms of forced vital capacity decline
and risk of mortality [18]. This is reflected in
similar healthcare costs observed in IPF and
other chronic fibrosing ILDs with a progressive
phenotype. The mean all-cause costs in the
12-month follow-up period in patients with a
progressive phenotype ($54,215) in our study
were similar to the annual costs in patients with
IPF in a 2011 US claims study ($59,379) [19].
Another US claims study of patients with IPF in
2008 found lower direct medical costs ($26,378)
but acknowledged that the definitions used for
identifying patients with IPF affected the cost
estimates [20]. Inpatient mortality in the 2008
study in IPF was 52.6 deaths per 1000 patient-
years [20], which is lower than what we report
for chronic fibrosing ILD with a progressive
phenotype. These studies provide further evi-
dence to support the idea that the burden on
healthcare systems in patients with chronic
fibrosing ILDs with a progressive phenotype
other than IPF may be similar to IPF [10].

A high percentage of the patients with inci-
dent fibrosing ILD and those with a progressive
phenotype had filled a prescription for a medi-
cation related to the treatment of fibrosing ILD
prior to diagnosis. It is not possible to confirm
the indication for the prescription since the
databases do not provide this information. It is
not surprising that the treatment patterns in the
subset with a progressive phenotype were simi-
lar to the total fibrosing ILD cohort, since some
of the commonly prescribed medications for
fibrosing ILD were included as part of the
algorithm-defining progressive disease. Fur-
thermore, many of the medications could also
be used for treatment of underlying diseases
(e.g., autoimmune disease). Patients may also
have been prescribed medications before a
confirmed diagnosis of ILD based on their
symptoms or for a different diagnosis that was
later amended to progressive fibrosing ILD.

There was a high incidence of comorbidities
in our analysis; similar to in IPF [21], cardio-
vascular conditions, COPD and gastroe-
sophageal reflux were among the most common
during follow-up. Approximately half of
patients had prescription claims for treatment

1806 Adv Ther (2022) 39:1794–1809



of comorbidities during baseline, though we do
not know the intent of the prescriber. The
combined comorbidity index showed a slightly
higher rate of comorbidities in the cohort with a
progressive phenotype than in the overall
fibrosing ILD population. This should be con-
sidered when managing patients with fibrosing
ILDs.

As there were no diagnosis codes for chronic
fibrosing ILD with a progressive phenotype at
the time of the study, we used a previously
published algorithm [12]. However, some of
these proxies may occur in the absence of pro-
gression, so we conducted a sensitivity analysis
with a stricter definition of progression to
ensure that single instances of oxygen therapy
and respiratory hospitalization did not result in
inclusion of patients that were not truly pro-
gressing. The stricter definition of progression
had a few changes to the proxies: first, oxygen
titration tests and use of corticosteroids were
omitted as criteria for progression; second, res-
piratory hospitalization was retained, but only
if there were two instances within 360 days, and
oxygen therapy was retained only if there were
two recorded claims during the study period.
This led to minimal changes, and it was con-
cluded that the potentially more sensitive
proxies were not a major driver of the incidence
and prevalence rates. It is possible that our
estimates represent the upper limits of likely
prevalence and incidence and include patients
that might have been excluded if clinical data
were available. Underlying conditions such as
sarcoidosis are not always progressive; however,
the results of the sensitivity analysis show no
difference with stricter requirements for pro-
gression. Therefore, further analyses of the
HCRU and costs using the stricter definition of
progression are not presented here.

Our study has some limitations. There is a
need to validate the algorithms used for chronic
fibrosing ILD with a progressive phenotype for
future research. Further, at the time of the ini-
tial exploration used to develop the algorithm,
ICD-9 codes were used, as ICD-10 codes were
not yet available in the data; this was due to the
time lag between when a claim was generated in
clinical practice and when it was fully adjudi-
cated and available for research purposes.

Although these findings are assumed to be
generalizable to those of study cohorts gener-
ated using comparable ICD-10 codes, further
exploration may be warranted, with a unique
ICD-10 code specific to the progressive pheno-
type (introduced in 2021). The databases only
include data from patients with commercial
insurance and/or employer-sponsored Medicare
supplemental insurance, so they represent a
specific subset of the insured US population and
may not be representative of Medicare patients
overall. Claims databases provide real-world
data of large cohorts; however, conclusions may
be limited by the extent of information col-
lected by the claims database itself (for example,
smoking and weight data were not available)
and the potential for time lag. Claims were filed
for administrative purposes; ideally, conclu-
sions would be based on clinical diagnosis and
patient medical records. We did not investigate
disease-related HCRU or costs, so we cannot say
with certainty that healthcare visits and pre-
scriptions were related to disease or progression.
The study also included patients with a pro-
gressive phenotype in the overall fibrosing ILD
cohort, meaning that it was not possible to
compare outcomes in the populations with and
without progressive disease. Since some of the
outcomes measured are also included in the
algorithm defining progression, there may be
over-representation of certain procedures in the
progressive phenotype subgroup. It will also be
important for future studies to understand the
added HCRU and cost burden associated with
progressive disease compared with fibrosing ILD
patients without progression.

CONCLUSIONS

Fibrosing ILD, either with or without a pro-
gressive phenotype, is associated with high
HCRU and associated costs, and patients with a
progressive phenotype have many outpatient
claims and a high number of diagnostic tests.
Further studies are needed to confirm these
initial results and further investigate the burden
of chronic fibrosing ILD with a progressive
phenotype.
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