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Extent of lung fibrosis is of greater prognostic
importance than HRCT pattern in patients
with progressive pulmonary fibrosis: data
from the ILD-PRO reqistry
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Abstract

Background The prognostic value of patterns and quantitative measures of lung fibrosis on high-resolution
computed tomography (HRCT) in patients identified as having progressive pulmonary fibrosis (PPF) has not been
established. We investigated whether HRCT patterns and quantitative scores were associated with risk of progression
in patients with PPF.

Methods Patients enrolled in the ILD-PRO Registry had an interstitial lung disease (ILD) other than idiopathic
pulmonary fibrosis, reticular abnormality and traction bronchiectasis, and met criteria for ILD progression. HRCT
images taken between 24 months prior to enrollment and 90 days after enrollment were analyzed using a machine
learning algorithm to derive quantitative scores. Associations were assessed between HRCT pattern (usual interstitial
pneumonia [UIP]-like versus other patterns) and tertiles of quantitative scores and measures of disease severity at
enrollment, and between these patterns/tertiles at enrollment and ILD progression (relative decline in forced vital
capacity [FVC] % predicted > 10%, lung transplant, or death) over a median follow-up of 17.3 months.

Results Among 395 patients, 178 (45.1%) had a UIP-like pattern on HRCT. A UIP-like pattern did not associate with
worse disease severity at enrollment or an increased risk of ILD progression (HR 1.01 [95% Cl: 0.71, 1.44]). The highest
quantitative lung fibrosis (QLF) score tertile (> 20.5%) was associated with worse disease severity. In unadjusted
analyses, patients with QLF scores in the highest tertile had a significantly increased risk of ILD progression versus
the middle tertile (HR [95% CI] 1.63 [1.07, 2.49] and a numerically increased risk versus the lowest tertile (HR 1.46
[0.97, 2.18]); however, after adjustment for sex, age, FVC % predicted and oxygen use at enrollment, there were no
significant differences. There were no significant associations between tertiles of quantitative ILD score, quantitative
ground glass score, or quantitative honeycomb cysts score and risk of ILD progression in unadjusted or adjusted
analyses.
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Conclusions In a real-world cohort of patients with PPF, QLF score associated with subsequent risk of ILD
progression, while HRCT pattern did not. The QLF score did not provide additional prognostic information beyond

clinical variables.

Trial registration ClinicalTrials.gov; No: NCT01915511; registered August 5, 2013; URL: www.clinicaltrials.gov.

Keywords Disease progression, Interstitial lung disease

Background

A subset of patients with fibrosing interstitial lung dis-
ease (ILD) develop progressive pulmonary fibrosis [1].
The term progressive pulmonary fibrosis, or PPF, is
generally used to describe progressive lung fibrosis in
patients with an ILD other than idiopathic pulmonary
fibrosis (IPF) [2]. Various criteria have been proposed to
define PPE, based on decline in lung function, worsening
radiologic abnormalities, and worsening symptoms [2, 3,
4, 5, 6]. All these criteria identify patients with poor out-
comes [7]; however, the rate at which PPF progresses is
variable [8, 9, 10]. Identification of patients with PPF who
are at the highest risk of continued progression may help
to inform management decisions such as referral for lung
transplant evaluation or palliative care.

High-resolution computed tomography (HRCT) scans
provide valuable prognostic information in patients with
ILDs. A usual interstitial pattern (UIP) pattern on HRCT
has been associated with worse outcomes in patients
with several types of ILD [9, 11, 12, 13, 14, 15, 16, 17, 18].
In addition, a greater extent of fibrosis evident on HRCT
has been shown to be predictive of worse outcomes in
patients with IPF [19, 20, 21, 22, 23], ILD associated with
systemic sclerosis (SSc-ILD) [24, 25], unclassifiable ILD
[26], and in a mixed population of patients with various
fibrosing ILDs [17]. However, it is uncertain whether
associations between quantitative measures of lung fibro-
sis on HRCT and progression persist in patients who
meet criteria for PPF, and whether the extent of ILD on
HRCT provides prognostic information beyond com-
monly measured clinical variables.

The ILD-PRO Registry is a prospective multicenter US
registry of patients with PPF [27]. We used data from
this registry to evaluate associations between HRCT pat-
terns and quantitative scores derived from HRCT scans
and the severity and progression of pulmonary fibrosis.
We believe that this is the first study to investigate asso-
ciations between HRCT-derived patterns and scores and
clinical outcomes in a population of patients identified as
having PPFE.

Methods

The ILD-PRO registry

Patients were enrolled into the ILD-PRO Registry at 45
sites across the US. Participants had an ILD other than
IPF that was diagnosed or confirmed at the enrolling

center (listed in the Acknowledgments) and reticu-
lar abnormality and traction bronchiectasis confirmed
by HRCT and/or lung biopsy [27]. Participants had to
meet>1 of the following criteria for ILD progression at
any time within the past 24 months: relative decline in
forced vital capacity (FVC) % predicted>10%; relative
decline in diffusing capacity of the lungs for carbon mon-
oxide (DLco) % predicted = 10%; relative decline in FVC
% predicted 25-<10% plus worsened respiratory symp-
toms; relative decline in FVC % predicted >5-<10% plus
increased extent of fibrotic changes on HRCT; worsened
respiratory symptoms plus increased extent of fibrotic
changes on HRCT. Investigators (listed in the Acknowl-
edgments) were asked to select the criterion for ILD
progression that best applied to the patient. Patients
were followed prospectively while receiving usual care.
The study was approved by the Duke University Institu-
tional Review Board (Pro00046131) and the protocol was
approved by the relevant Institutional Review Boards
and/or local Independent Ethics Committees prior to
enrolment at each site. All participants provided written
informed consent.

HRCT

Thin section non-contrast volumetric chest HRCT scans
obtained for clinical purposes within the 24 months prior
to enrollment and up to 90 days post-enrollment were
analyzed using a previously developed machine learn-
ing algorithm [28, 29] following lobar segmentation [30].
On a denoised HRCT image, texture features were cal-
culated by sampling each pixel from a 4-by-4 grid within
the segmented lung. A support vector machine classi-
fier was then used to classify pixels as fibrotic or non-
fibrotic reticulation. The following quantitative scores,
expressed as percentages of total lung involvement, were
derived: quantitative lung fibrosis (QLF) (fibrotic reticu-
lation patterns with architectural distortion), quantita-
tive ground glass (QGG), quantitative honeycomb cysts
(QHC) and quantitative ILD (QILD: sum of QLF, QGG
and QHC scores). Some of these quantitative scores have
been associated with measures of disease severity and/or
risk of clinically relevant outcomes in patients with vari-
ous ILDs [20, 24, 25, 31, 32]. The margin of measurement
variation for the QLF score has been estimated as +0.14%
(ie., 2x SD) [33].
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HRCT patterns were categorized according to interna-
tional guidelines [2, 34] as UIP, probable UIP, indetermi-
nate for UIP, or suggestive of an alternative diagnosis by
a single reader. For the purposes of this analysis, patterns
of UIP or probable UIP were categorized as a UIP-like
pattern. Classifications of the extent and pattern of ILD
were made independently.

Analyses

Associations between HRCT pattern (UIP-like pattern
versus other patterns) and measures of disease sever-
ity, and between tertiles of each quantitative score and
measures of disease severity, all assessed at enrollment,
were assessed using linear or proportional odds logistic
regression. The measures of disease severity were FVC %
predicted, DLco % predicted, GAP stage (I, II, III) [35],
composite physiologic index (CPI) [36] and supple-
mental oxygen use (at rest, with exertion, none). Quan-
titative measures were analyzed as tertiles rather than
as continuous scores in order to evaluate associations
between extreme scores and outcomes, and because
it was suspected that the relationships between scores
and outcomes would be non-linear, but that the sample
size would be insufficient to distinguish the shape of the
non-linearity.

Associations between HRCT pattern (UIP-like pat-
tern versus other patterns) and between tertiles of each
quantitative score and ILD progression (relative decline
in FVC % predicted > 10%, lung transplant, or death), and
death, following enrollment were analyzed using Cox
proportional hazard models. Models were unadjusted
or adjusted for sex, and age, FVC % predicted and oxy-
gen use (at rest, with exertion, none) at enrollment. The
proportional hazards assumption was checked by testing
the correlation between the weighted Schoenfeld residu-
als for a covariate and failure time. Missing values for the
adjustment covariates were imputed using the fully con-
ditional specification method. Missing data were filled in
20 times to generate 20 complete data sets. Each of the
complete data sets were analyzed using standard statisti-
cal analyses. The final inferential results were generated
by averaging the results across the 20 imputed datas-
ets. For the association analyses, a sensitivity analysis
was performed that was limited to HRCT scans taken
between 6 months pre-enrollment and 90 days post-
enrollment. Analyses were performed in SAS 9.4.

Table 1 Quantitative scores by HRCT pattern at enrollment
UIP-like pattern (n=178) Other patterns (n1=217)

QLF, % 15.1(94,24.2) 14.2 (6.8, 25.5)
QGG, % 21.1(15.7,28.0) 242(17.1,31.7)
QHC, % 0.2(0.0,3.9) (O 0,0.7)
QILD, % 40.7 (28.2,54.1) 44.0(28.1,59.3)

Data are median (Q1, Q3)
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Results

Patients

A total of 395 patients were included in the primary anal-
ysis. At enrollment, median (Q1, Q3) age was 67 (57, 74)
years; 47.2% were current or former smokers. The most
common ILDs were autoimmune disease-associated
ILDs (50.9%, not including interstitial pneumonia with
autoimmune features [IPAF]) and hypersensitivity pneu-
monitis (18.2%). Overall, 68.4% of patients were taking
immunosuppressant/cytotoxic drugs and 21.8% were tak-
ing nintedanib.

HRCT findings

Median (Q1, Q3) time from the HRCT scan to enroll-
ment was 5.1 (2.2, 9.4) months. A total of 178 patients
(45.1%) had a UIP-like pattern (53 [13.4%] UIP, 125
[31.6%] probable UIP) and 217 patients (54.9%) had other
patterns on HRCT (87 [22.0%] a pattern that was inde-
terminate for UIP, 130 [32.9%] a pattern suggestive of
an alternative diagnosis). Median (Q1, Q3) QLF, QGG,
QHC and QILD scores (%) were 14.3 (8.0, 24.9), 22.7
(16.2, 29.7), 0.1 (0.0, 2.0) and 42.3 (28.1, 57.3), respec-
tively. Median (Q1, Q3) quantitative scores were gener-
ally similar between patients with a UIP-like pattern or
other HRCT patterns (Table 1).

The characteristics of patients at enrollment by tertile
of QLF score and by HRCT pattern are shown in Table 2
and Table S1, respectively. There were no differences in
the inclusion criteria for ILD progression selected by the
investigator between patients with a UIP-like pattern
versus other HRCT patterns. The inclusion criterion of a
relative decline in FVC % predicted > 10% was chosen for
a greater proportion of patients in the highest tertile of
QLF score than the other tertiles. Among patients with
versus without a UIP pattern, median FVC % predicted,
DLco % predicted, and supplemental oxygen use was
similar. In contrast, patients in the highest versus lowest
tertiles of QLF, QG@G, and QILD scores had lower median
FVC % predicted, DLco % predicted, and more frequently
used supplemental oxygen. Nintedanib use was more
common among patients with versus without a UIP pat-
tern as well as in the highest versus lowest tertiles of QLF,
QHC, and QILD scores.

Associations between HRCT findings and measures of
disease severity at enrollment

There were no significant associations between the pres-
ence of a UIP-like pattern and measures of disease sever-
ity at enrollment except for FVC % predicted, which
was higher in patients with a UIP-like pattern (mean
difference: 5.11 [95% CI: 1.56, 8.67]) (Table 3). Tertiles
of QLF score were significantly associated with all mea-
sures of disease severity (Table 4). The mean difference
in FVC % predicted between the highest versus lowest
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Table 2 Patient characteristics at enrollment by tertile of QLF score
Lowest Middle QLF Highest Overall
QLF tertile tertile (=10.7% QLF tertile (n=395)
(<10.7%) to <20.5%) (=20.5%)
(n=132) (n=131) (n=132)
Age, years 67.5 (56.0, 66.0 (56.0,74.0)  66.0 (59.0, 67.0 (57.0,
75.0) 73.0) 74.0)
Female 76 (57.6) 88 (67.2) 66 (50.0) 230 (58.2)
Race
White 102 (79.7) 91 (70.0) 95 (76.0) 288 (75.2)
Black/African-American 20 (15.6) 32 (24.6) 20 (16.0) 72 (18.8)
Other 6 (4.7) 7 (5.4) 10 (8.0) 23(6.0)
Body mass index, kg/m? 29.0 (254, 30.0(25.8,33.8)  300(262, 297 (258,
33.1) 35.1) 34.2)
Current or former smoker 59 (44.7) 55 (42.3) 72 (54.5) 186 (47.1)
Type of ILD
Autoimmune disease-associated ILDs 73 (55.3) 72 (55.0) 56 (42.4) 201 (50.9)
Hypersensitivity pneumonitis 20 (15.2) 18 (13.7) 34 (25.8) 72(18.2)
IPAF 10 (7.6) 19 (14.5) 9(6.8) 38(9.6)
Idiopathic non-specific interstitial pneumonia 8(6.1) 8(6.1) 14 (10.6) 30(7.6)
Unclassifiable ILD 11(8.3) 9(6.9) 8(6.1) 28 (7.1)
Other ILDs 10 (7.6) 4(3.1) 11(8.3) 25 (6.3)
Inclusion criteria related to ILD progression®
Relative decline in FVC % predicted > 10% 60 (45.5) 63 (48.1) 83 (62.9) 206 (52.2)
Worsened respiratory symptoms plus increased extent of fibrotic changes on HRCT 31(23.5) 30(22.9) 19 (14.4) 80 (20.3)
Relative decline in DLco % predicted > 10% 28(21.2) 21 (16.0) 17 (12.9) 66 (16.7)
Relative decline in FVC % predicted > 5-<10% plus worsened respiratory symptoms 11(8.3) 14 (10.7) 10 (7.6) 35(8.9)
Relative decline in FVC % predicted > 5-<10% plus increased extent of fibrotic 2(1.5) 3(23) 3(23) 8(2.0)
changes on HRCT
Time since HRCT scan, months 54(2.2,96) 5.1(23,99) 5.0(1.9,87) 5.1(2.2,
9.4)
FVC % predicted 68.9 (59.5, 60.8 (504, 70.7) 51.3(40.7, 61.0 (494,
81.1) 63.8) 71.7)
DLco % predicted 48.1 (396, 38.1(314,46.7) 31.1(249, 38.8 (306,
56.3) 387) 49.1)
GAP stage
| 69 (56.6) 39(33.1) 17 (15.3) 125(35.6)
Il 49 (40.2) 71(60.2) 62 (55.9) 182 (51.9)
Il 4(3.3) 8(6.8) 32(28.8) 44 (12.5)
CPI 476 (40.5, 56.4 (50.5,61.8) 62.7 (574, 55.8(47.0,
55.0) 67.4) 62.6)
Nintedanib use 16 (12.1) 30(229) 40 (30.3) 86 (21.8)
Immunosuppressant/ 70 (58.8) 91 (75.2) 88 (71.0) 249 (68.4)
cytotoxic use’
Oral steroid use 55 (46.2) 68 (57.1) 83 (68.6) 206 (57.4)
Oxygen use with activity 11 (8.6) 24.(18.6) 36 (27.7) 71(183)
Oxygen use at rest 14 (10.9) 22(17.1) 61 (46.9) 97 (25.1)

Data are median (Q1, Q3) or n (%) of patients with available data
*Investigators were asked to select the criterion that best applied to the patient

*Not including oral steroids

tertile of QLF score was — 18.62 [95% CI: -22.61, — 14.63].
The odds of increased oxygen usage (defined by usage
at rest or with exertion vs. no use, or usage at rest vs.
with exertion or never) was 10.39 [95% CI: 5.98, 18.05]
times higher than in those with a QLF score in the high-
est versus lowest tertile. Findings were similar for the

QILD score (Table S2) and inconsistent for the QGG
score (Table S3). There were no significant associations
between tertiles of QHC scores and measures of disease
severity at enrollment (Table S4). Findings from the sen-
sitivity analyses that were limited to patients with HRCT
scans taken between 6 months pre-enrollment and 90
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Table 3 Associations between HRCT pattern and measures of disease severity at enrollment

Unadjusted primary analysis

Unadjusted sensitivity analysis*

Effect size for UIP-like pattern (95% Cl) P-value Effect size for UIP- P-
like pattern (95% Cl) value
FVC % predicted 1(1.56,8.67) <0.01 2.67 (—2.00,7.34) 0.26
DLco % predicted (—1.34,5.15) 0.25 —1.39(—5.44,2.66) 0.50
GAP stage 1.02 (0.68, 1.52) 093 1.48 (0.86, 2.56) 0.16
CPI (—4.35,0. 78) 017 1.26 (—2.05,4.58) 045
Oxygen use 0.80(0.55,1.19) 0.28 0.94 (0.55,1.58) 0.80

Data for GAP stage and oxygen use are OR (95% Cl) and parameterized as “worse” versus “better” health status. Other data are mean difference (95% Cl)

*Based on HRCT scans taken from 6 months pre-enrollment to 90 days post-enrollment

CPI, composite physiologic index

Table 4 Associations between QLF tertiles and measures of disease severity at enrollment

Unadjusted primary analysis

Unadjusted sensitivity analysis*

Effect size for QLF tertile (95% Cl)

P-value Effect size for QLF tertile (95% Cl) P-value

FVC % predicted
Highest vs. lowest tertile
Middle vs. lowest tertile
DLco % predicted
Highest vs. lowest tertile
Middle vs. lowest tertile
GAP stage
Highest vs. lowest tertile
Middle vs. lowest tertile
Composite physiologic index
Highest vs. lowest tertile
Middle vs. lowest tertile
Oxygen use
Highest vs. lowest tertile
Middle vs. lowest tertile

—18.62 (22,61, -14.63)
—9.71 (=13.65,-5.76)

—17.49 (-20.99, —13.98)
—11.11(=14.59,-7.62)

9.13(5.15,16.21)
248(1.51,4.10)

15.87(13.22,18.51)
9.98(7.36,12.59)

10.39 (5.98, 18.05)
2.22(1.26,3.88)

<0.001 <0.001
—18.27 (-23.45,-13.08)
—7.64 (=12.81,-247)

<0.001 <0.001
—15.70 (-20.05, - 11.36)
—10.35 (= 14.76, —5.94)

<0.001 <0.001
1041 (4.81,22.53)
2.80 (140, 5.59)

<0.001 <0.001
14.96 (11.54,18.38)
9.36(5.92,12.81)

<0.001 <0.001
11.38 (5.28,24.51)
2.07(0.94,4.55)

Data for GAP stage and oxygen use are OR (95% Cl). These were parameterized as “worse” versus “better”. Other data are mean difference (95% Cl). Lowest tertile:
QLF score < 10.7%, middle tertile: QLF score >10.7% to <20.5%, highest tertile: QLF score >20.5%. *Based on HRCT scans taken between 6 months pre-enroliment

and 90 days post-enrollment

days post-enrollment were generally similar to those
from the primary analysis (Tables 3 and 4 and Tables
S2-4), although the association between a UIP-like pat-
tern and FVC % predicted in the primary analysis was no
longer significant in the sensitivity analysis.

Associations between HRCT findings and time to ILD
progression

Time to ILD progression following enrollment by HRCT
pattern is depicted in Fig. 1. Over a median follow-up of
17.3 months, among patients with a UIP-like pattern and
other patterns, respectively, 61 (34.3%) and 72 (33.2%)
patients had ILD progression and 32 (18.0%) and 32
(14.7%) patients died. In unadjusted and adjusted analy-
ses, there was no significant difference in the risk of ILD
progression or death in patients with a UIP-like pattern
versus other patterns (adjusted HR 1.01 [95% CI: 0.71,
1.44] for ILD progression and adjusted HR 1.15 [95% CI:
0.69, 1.91] for death) (Table 5).

Time to ILD progression by tertile of QLF score is
shown in Fig. 2. Among patients in the lowest, mid-
dle and highest tertiles of QLF score, respectively, 42
(31.8%), 36 (27.5%) and 55 (41.7%) had ILD progression
and 18 (13.6%), 16 (12.2%) and 30 (22.7%) patients died.
In the unadjusted analysis, patients with QLF scores in
the highest tertile had an increased risk of ILD progres-
sion or death compared with patients in the middle or
lowest tertiles (HR [95% CI] 1.63 [1.07, 2.49] and 1.46
[0.97, 2.18], respectively, for ILD progression; HR [95%
CI] 2.01 [1.09, 3.69] and 1.84 [1.03, 3.32], respectively,
for death). However, after adjustment for sex, age, FVC
% predicted and oxygen use at enrollment, there was no
significant difference in the risk of progression or death
by QLF tertile (Table 6). There were no significant asso-
ciations between tertiles of QILD score, QGG score, or
QHC score and risk of ILD progression or death (Tables
S5-7). Findings from the unadjusted sensitivity analysis
were generally similar to those from the unadjusted pri-
mary analysis (Tables 5 and 6, Tables S5-6).
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Fig. 1 Kaplan-Meier curves of time to ILD progression (relative decline in FVC % predicted > 10%, death, or lung transplant) by HRCT pattern at enrollment

Table 5 Associations between HRCT pattern at enrollment and time to ILD progression or death

Unadjusted primary Adjusted primary Unadjusted sensitivity
analysis analysis analysis*
HR (95% Cl) p-value HR (95% Cl) P-value HR (95% Cl) P-value

Relative decline in FVC % predicted > 10%, death, or lung transplant
UIP-like vs. other patterns

Death
UIP-like vs. other patterns

1.07(0.76,1.51) 0.68

1.26(0.77,2.05) 036

1.01(0.71,1.44) 094 1.31(0.83,2.06) 0.25

1.15(0.69,191) 060 1.53(0.80,2.92) 0.20

Adjusted for sex, and age, FVC % predicted and oxygen use (at rest, with exertion, none) at enroliment

*Based on HRCT scans taken between 6 months pre-enrollment and 90 days post-enrollment

Discussion

To our knowledge, this is the first study to evaluate
associations between HRCT patterns and quantitative
scores and ILD severity and progression in a real-world
cohort of patients with PPFE. In contrast to prior studies
in patients with ILDs that were not limited to patients
with PPF [9, 11, 13, 14, 15, 16, 17, 18], we did not identify
an association between a UIP-like pattern on HRCT and
ILD severity or progression. In unadjusted analyses, we
observed associations between a higher QLF score and
both disease severity and progression during follow-up.
This suggests that in patients who have already developed
PPF, the extent of ILD may be prognostically more rel-
evant than the presence of a UIP-like pattern. However,
the associations between QLF score and progression
were no longer significant after adjustment for age, sex,
FVC % predicted, and oxygen use, implying that among
patients known to have PPF, the QLF score does not add

to the prognostic information provided by commonly
assessed clinical variables.

The association that we observed between higher QLF
score and worse disease severity is consistent with prior
studies in patients with ILDs [20, 31, 32, 37, 38] and sup-
ports a structure—function relationship between lung
fibrosis and lung function. Given these strong associa-
tions, it is not surprising that the association between
QLF score and the risk of ILD progression was attenu-
ated after adjusting for other measures of disease severity.
However, our results differ from prior studies conducted
in patients with IPF and other fibrosing ILDs that identi-
fied associations between quantitative HRCT scores and
ILD progression independent of lung function [17, 23,
39]. This difference may be because our study was limited
to patients who already had PPE. Our findings suggest
that in patients with PPF, either the extent of fibrosis on



Swaminathan et al. Respiratory Research (2025) 26:73

1.04
0.8+
>
= 0.6-
5
©
Q
)
a 04-
®©
i
S
5 0.2-
%)
0-

Page 7 of 10

+---+ Middle tertile

Lowest tertile

‘———+ Highest tertile

0 10 20
Number at risk
Lowest tertile 132 76 34
Middle tertile 131 68 27
Highest tertile 132 67 22

I | I

30 40 50
Months

7 3 0

Fig. 2 Kaplan-Meier curves of time to ILD progression (relative decline in FVC % predicted > 10%, death, or lung transplant) by QLF tertile at enrollment

Table 6 Associations between QLF tertiles at enrollment and time to ILD progression or death

Unadjusted primary Adjusted primary Unadjusted sensitivity
analysis analysis analysis*
HR (95% Cl) P-value HR (95% Cl) P-value HR (95% Cl) P-value
Relative decline in FVC % predicted > 10%, death, or lung transplant 0.046 0.73 0.036
Highest vs. lowest tertile 1.46 (0.97,2.18) 1.01(0.64,1.61) 1.62 (0.95,2.78)
Middle vs. lowest tertile 0.89(0.57,1.39) 0.86 (0.54, 1.37) 0.81(0.44,1.50)
Death 0.033 040 0.09

Highest vs. lowest tertile
Middle vs. lowest tertile

1.84(1.03,3.32)
0.92 (0.47,1.80)

0.99 (049, 2.00)
0.67(0.33,1.36)

1.66 (0.78, 3.53)
0.68 (0.27,1.70)

Adjusted for sex, and age, FVC % predicted and oxygen use (at rest, with exertion, none) at enroliment. Lowest tertile: QLF score <10.7%, middle tertile: QLF
score = 10.7% to <20.5%, highest tertile: QLF score >20.5%. *Based on HRCT scans taken between 6 months pre-enroliment and 90 days post-enrollment

HRCT or physiologic measures of disease severity can be
used to inform the risk of progression.

We did not observe significant associations between
quantitative CT measures other than the QLF score and
the risk of ILD progression or death. Several studies in
patients with IPF have found that a greater extent of hon-
eycombing on HRCT was associated with higher mor-
tality [21, 40, 41]. The lack of association between QHC
score and measures of disease severity or the risk of ILD
progression or death in our study might be explained by
the low QHC scores (median of 0.1%) in our cohort, in
whom only a small number of patients had definite UIP,
and/or might reflect that the overall extent of lung fibro-
sis has more of an impact on progression than the extent

of honeycombing. Previous studies in patients with ILD
associated with rheumatoid arthritis or systemic sclero-
sis have reported an increased risk of ILD progression
or death in patients with worse QILD scores at baseline
[13, 24, 25]; however, the patients in these studies gener-
ally had lower mean QILD scores than the patients in our
study. Our study was underpowered to look for associa-
tions in subgroups with specific diagnoses, and it is pos-
sible that the QILD score is more relevant as a predictor
of ILD progression in patients with systemic autoimmune
disease-related ILDs.

In contrast to prior studies in patients with ILDs [9, 11,
13, 14, 15, 16, 17, 18], we did not observe worse disease
severity or higher risk of ILD progression or death in
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patients with a UIP-like pattern compared with patients
with other patterns on HRCT. This may be because in our
study, quantitative HRCT scores were generally similar
between patients with a UIP-like pattern and other pat-
terns, whereas in prior studies, patients with a UIP-like
pattern also had a greater extent of fibrosis [17, 18, 42].
In interpreting our findings, it is important to bear in
mind that the ILD-PRO Registry did not enroll all-com-
ers with ILDs, but a selected population of patients who
met criteria for PPF. Our data suggest that once patients
have developed PPF, progression of fibrosis drives poor
outcomes irrespective of whether they have a UIP-like
pattern. This finding emphasizes the importance of close
monitoring and prompt management of patients with
PPE, regardless of HRCT pattern, and the need to con-
tinue to investigate risk factors for progression of pul-
monary fibrosis beyond a UIP-like pattern, including
quantitative radiological biomarkers [4, 43].

Strengths of our analysis include the heterogeneous
cohort of patients with PPF with a variety of ILD diag-
noses and the prospective data collection. Limitations
include the relatively short time frame over which ILD
progression was assessed and the small sample size,
which may have reduced our ability to detect associa-
tions between HRCT patterns/scores and outcomes. The
HRCT scans were acquired as part of clinical care and
were not standardized. The time lag between the HRCT
scan being taken and PFTs being assessed may have hin-
dered detection of associations between HRCT patterns/
scores and measures of disease severity or progression;
however, a sensitivity analysis limited to patients who
had an HRCT scan within 6 months of enrollment pro-
vided similar findings. HRCT pattern was determined by
a single radiologist, but visual assessment of a UIP pat-
tern is subject to inter-observer variation [44] and has
been shown to be less sensitive as a prognostic marker in
patients with IPF/PPF than the probability of UIP based
on an artificial intelligence algorithm [15]. A lack of
power meant that we were unable to assess associations
between HRCT patterns and quantitative scores and out-
comes in subgroups based on ILD diagnosis. We did not
adjust for treatment with antifibrotic or immunosuppres-
sive medications due to limitations in power and variabil-
ity in treatment patterns, which may have confounded
our findings.

In conclusion, in patients with PPF in the ILD-PRO
Registry, the extent of lung fibrosis on HRCT was prog-
nostically more important than the pattern on HRCT,
but did not provide additional prognostic information
beyond established clinical variables. Future studies will
evaluate change in QLF score as a prognostic biomarker
in patients with PPF.
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Plain language summary

+ The ILD-PRO Registry is collecting information
on patients with progressive (worsening) fibrosis
(scarring) of the lungs who are receiving care at
centers across the US.

+ The patterns and amounts of disease in a patient’s
lungs can be seen on a scan known as a high-
resolution computed tomography or “HRCT”
scan. Computer programs can generate scores
that measure how much of a patient’s lungs are
affected by different types of damage. For example, a
“quantitative lung fibrosis” score of 20% means that
20% of a patient’s lungs is affected by lung fibrosis.

+ In this study, researchers used data from 395 patients
in the ILD-PRO Registry to look at whether patients
who had a greater amount of damage to their lungs
had worse lung function when they were enrolled,
or were more likely to experience progression
(worsening) of their disease during follow-up.

+ Over an average follow-up of about 17 months,
about a third of the patients in the study had
progression of their disease, which was defined as a
significant loss of lung function, lung transplant, or
death. Patients who had the largest amount of their
lungs affected by fibrosis (i.e. who were in the top
third of the “quantitative lung fibrosis” scores) had
worse lung function at enrollment and were more
likely to experience progression of their disease
during follow-up than patients who had a lower
amount of lung fibrosis.

+ Further information collected in the ILD-PRO
Registry will help improve our understanding of the
course and impact of lung fibrosis.

Abbreviations

CPI Composite physiologic index

DLco Diffusing capacity of the lungs for carbon monoxide
FVC Forced vital capacity

HRCT High-resolution computed tomography

ILD Interstitial lung disease

IPAF Interstitial pneumonia with autoimmune features
IPF |diopathic pulmonary fibrosis

PPF Progressive pulmonary fibrosis

QGG Quantitative ground glass

QHC Quantitative honeycomb cysts

QLD Quantitative interstitial lung disease

QLF Quantitative lung fibrosis

SSc-ILD  Systemic sclerosis-associated interstitial lung disease
ulp Usual interstitial pneumonia
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