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Clinical science
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Abstract
Objectives: To investigate computer-aided quantitative scores from high-resolution CT (HRCT) images and determine their longitudinal changes
and clinical significance in patients with idiopathic inflammatory myopathies (IIMs)-related interstitial lung disease (IIMs-ILD).

Methods: The clinical data and HRCT images of 80 patients with IIMs who underwent serial HRCT scans at least twice were retrospectively
analysed. Quantitative ILD (QILD) scores (%) were calculated as the sum of the extent of lung fibrosis, ground-glass opacity, and honeycombing.
The individual time-estimated DQILD between two consecutive scans was derived using a linear approximation of yearly changes.

Results: The baseline median QILD (interquartile range) scores in the whole lung were 28.1% (19.1–43.8). The QILD was significantly correlated
with forced vital capacity (r¼�0.349, P¼0.002) and diffusing capacity for carbon monoxide (r¼�0.381, P¼0.001). For DQILD between the first
two scans, according to the visual ILD subtype, QILD aggravation was more frequent in patients with usual interstitial pneumonia (UIP) than
non-UIP (80.0% vs 44.4%, P¼0.013). Multivariable logistic regression analyses identified UIP was significantly related to radiographic ILD
progression (DQILD >2%, P¼0.015). Patients with higher baseline QILD scores (>28.1%) had a higher risk of lung transplantation or death
(P¼0.015). In the analysis of three serial HRCT scans (n¼41), dynamic DQILD with four distinct patterns (improving, worsening, convex and
concave) was observed.

Conclusion: QILD changes in IIMs-ILD were dynamic, and baseline UIP patterns seemed to be related to a longitudinal progression in QILD.
These may be potential imaging biomarkers for lung function, changes in ILD severity and prognosis in IIMs-ILD.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are a rare and
heterogeneous group of autoimmune conditions characterized
by chronic skeletal muscle inflammation [1]. IIMs include
PM, DM, IBM, immune-mediated necrotizing myopathy,
myositis of the anti-synthetase syndrome and myositis as part
of the overlap syndrome. Extramuscular manifestations are
frequently observed in IIMs, including in the skin, joints,
heart, lung and gastrointestinal tract. IIMs-associated intersti-
tial lung disease (IIMs-ILD) is a serious extramuscular mani-
festation that leads to a significant increase in morbidity and
mortality [2, 3]. This may precede or follow the onset of mus-
cle or skin involvement. The clinical course of IIMs-ILD is hy-
pervariable, and some patients can experience rapidly
progressive ILD, which is associated with a poor prognosis
and a mortality rate of over 70% [4]. Treatment of IIMs-ILDs
is based on high-dose glucocorticoids in combination with im-
munosuppressive drugs, including CYC, MMF, AZA, calci-
neurin inhibitors such as tacrolimus or ciclosporin, rituximab
and IVIG. However, because of the absence of randomized
clinical trials, its management is still empirical and remains
challenging [5, 6].

High-resolution computed tomography (HRCT) is the best
method for detecting and characterizing ILD as well as pre-
dicting outcomes [7]. In reports of other connective tissue

disorder (CTD)-ILD, non-specific interstitial pneumonia
(NSIP) is most commonly reported [6]. While usual interstitial
pneumonia (UIP) in idiopathic interstitial pneumonia tends to
respond poorly to glucocorticoids and immunosuppressants,
UIP and NSIP have shown similar outcomes in CTD-ILD [8].
Moreover, HRCT parenchymal changes in IIMs-ILD are het-
erogeneous, and two different HRCT patterns may also coex-
ist in the same patient. Several studies have suggested that
ILD patterns based on HRCT can be related to disease course
and treatment response, but the heterogeneity of IIMs-ILD
makes an evaluation of the clinical course particularly diffi-
cult [9–12].

The quantitative ILD (QILD) score is a computer-based
scoring system that assesses the total ILD burden by summa-
tion of specific features of HRCT parenchymal changes in-
cluding lung fibrosis, ground-glass opacity and
honeycombing, and it has been suggested as an objective tool
to assess disease severity and prognosis in ILD [13–15]. For
systemic sclerosis (SSc), the QILD score of HRCT has been
comprehensively validated in assessing the severity of ILD
[11]. Furthermore, the QILD score describes the quantitative
and qualitative changes that are longitudinally related to im-
munosuppressive agents or clinical parameters used in SSc- or
RA-related ILD [16, 17]. Some retrospective studies have sug-
gested that possible prognostic information can be obtained
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• The baseline UIP pattern was related to radiographic ILD progression in IIMs-ILD.
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from baseline HRCT (e.g. radiologic visual pattern, specific
zone involvement) in IIMs-ILD [18–21], but these results are
not consensual, and no study has demonstrated QILD scores
assessed on serial HRCT changes. In addition, the clinical im-
pact of QILD scores and its longitudinal changes related to
immunosuppressive agents or clinical parameters have not yet
been evaluated in IIMs-ILD.

Thus, this study aimed to perform a comprehensive analysis
of visual pattern assessment and QILD scores from serial
HRCT images in patients with IIMs-ILD to investigate the
longitudinal changes in QILD scores and to determine their
possible relationships with clinical parameters, including
prognosis.

Methods
Study population

We retrospectively evaluated patients with IIMs-ILD at two
tertiary referral centres. We included patients with IIMs who
underwent at least two serial thin-section HRCT scans and
had matched pulmonary function parameter results between
January 2006 and December 2017. Scans with an axial thick-
ness of contiguous slices of >3 mm were excluded from the
analysis. The Bohan and Peter criteria were used for diagnos-
ing IIMs and classifying DM and PM [22]. Classification of
clinically amyopathic DM (CADM) was based on the modi-
fied Sontheimer criteria [23]. The diagnosis of ILD was based
on the American Thoracic Society criteria, which included
consistent clinical features and pulmonary function tests, ra-
diographic evidence of interstitial disease, and/or lung histo-
pathology consistent with the diagnosis [24]. Finally, 80
patients with longitudinal HRCT scans were analysed; more
than half of them (41 patients, 51.3%) had three longitudinal
scans. The study was conducted according to the guidelines of
the Declaration of Helsinki and the study design was ap-
proved by the Institutional Review Boards of Seoul National
University Hospital (IRB No. 1902–091-1010) and Seoul
National University Hospital Bundang Hospital (IRB No. B-
1706/402–116). Informed consent was waived because of the
retrospective nature of the study, and the analysis used anony-
mous clinical data.

Data collection

Clinical information at the time of the first HRCT scan (base-
line) and at the time of IIMs diagnosis was collected through a
medical chart review regarding demographic variables; clinical
and laboratory data; the use of medications such as glucocorti-
coids and immunosuppressive or immunomodulatory drugs,
including CYC, AZA, MMF, methotrexate, ciclosporin, tacro-
limus, rituximab and IVIG; and lung transplant-free survival.
Pulmonary function tests included the percentage of predicted
forced vital capacity (FVC) (%FVC), and the percentage of pre-
dicted diffusing capacity for carbon monoxide (DLCO)
(%DLCO). Laboratory variables included CRP, mg/dl levels,
ESR, mm/h, lactate dehydrogenase (LDH, IU/l) levels, creatine
phosphokinase (CPK, IU/l) levels and seropositivity for the
anti-nuclear antibody and anti-Jo 1 antibody.

Visual pattern analyses of chest HRCT

Visual ILD patterns were analysed from baseline HRCT scans
based on previous studies [25, 26] and initially assessed by
two experienced thoracic radiologists (S.H.Y and L.P.)

blinded to the patient’s clinical information. Discordant read-
ings (13 cases, 16%) were adjudicated by a third experienced
thoracic radiologist (J.Y.K). The agreement between the two
readings after adjudication was substantial (j¼ 0.74, 95%
CI¼ 0.61, 0.87) [27]. The assessment of ILD components—
reticulation, ground-glass opacity and honeycombing—was
scored using Likert scale semi-quantitative scores, ranging
from 0 to 5 in the anatomical lung lobes. The intraclass corre-
lation coefficient of these measurements was 0.81.

Automated quantification of chest HRCT analyses

Quantitative analysis of HRCT images was conducted by the
Radiology Core at the University of California, Los Angeles,
as described previously [14], and detailed information was
summarized in Supplementary Method S1, available at
Rheumatology online. Radiomic features analyses have been
reported to be reproducible for the slice thickness �2 mm
[28], and the thicknesses of all HRCT scans in our study were
1.25 mm or less. Regarding follow-up CT scans, half of the
subjects had the same manufacturers and reconstruction ker-
nels of scanners. The rest used similar sharp kernels despite
different CT scanners, and we used normalized denoise tech-
nique prior to the calculation of radiomic features in order to
overcome these differences. QILD scores were defined as the
sum of quantitative lung fibrosis (QLF, %), quantitative
ground-glass opacity (QGG, %) and quantitative honeycomb-
ing (QHC, %). The QILD scores of the whole lung (WL) and
the most severe zone (MSZ) were used for the analysis.
Because of the different time intervals between two consecu-
tive HRCT scans, individual time-estimated changes in the
QILD scores were derived using a linear approximation of
yearly changes. Radiographic ILD progression was defined as
changes in QILD scores over 2%, which was determined by
performing statistical analysis using quantitative imaging bio-
markers as in a previous study [29].

Statistical analyses

Continuous variables were summarized as means with S.D. in
a normal distribution or as medians with interquartile ranges
(IQR) in a non-normal distribution. Categorical variables
were summarized as absolute numbers and percentages. Data
comparisons were conducted using the Student’s t test or
Mann–Whitney U test and v2 or Fisher’s exact test. The rela-
tionship between pulmonary function parameters and QILD
scores was tested using the Pearson correlation analysis.
Kaplan–Meier survival curves with the log-rank test were
used to analyse data related to lung transplant-free survival
according to the two groups stratified median value of base-
line WL-QILD, WL-QLF or WL-QGG scores. The follow-up
period was calculated from the initial HRCT scan to the date
of lung transplantation/death or censoring time (date of vital
status ascertainment: 31 July 2021). The multivariable logistic
regression model was used to find the independent related fac-
tor for radiographic ILD progression (DQILD >2%) among
the variables that had statistical significances in univariable
analyses or clinical implications. P-values of �0.05 were con-
sidered statistically significant. All statistical analyses and
data visualization were performed using R software (version
4.1.1; R Foundation for Statistical Computing, Vienna,
Austria) and Prism (version 8.0.1; GraphPad Software, San
Diego, California, USA) for Windows 10.
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Results
Characteristics of the included patients with

IIMs-ILD

Eighty patients with IIMs-ILD who underwent serial HRCT
scans at least twice were analysed. The mean (S.D.) age of the
patients was 51.5 (11.7) years, and 60 (75.0%) were women.
Of the 80 patients, 12 patients (15%) were diagnosed with
ILD prior to IIMs diagnosis. The mean follow-up period was
7.1 (3.4) years. In most patients, the MSZ was the left or right
lower zone. The baseline median (IQR) WL-QILD score and
MSZ-QILD score were 28.1% (19.1–43.8) and 68.0% (45.5–
81.8), respectively. In the visual pattern analysis, the most
common ILD subtype was NSIP (57.5%), followed by orga-
nizing pneumonia (OP) (21.2%) and UIP (18.8%). The mean
%FVC was 68.3 (17.3), and the mean %DLCO was 57.2
(18.7). Details of other clinical and laboratory characteristics
are shown in Table 1. In the subgroup analysis based on the
positivity to anti-Jo-1 antibodies, higher QILD scores in both
WL and MSZ were observed in the anti-Jo-1 positive group
(n¼ 17), but the differences were not statistically significant
(Supplementary Table S1, available at Rheumatology online).

Correlations between QILD scores and pulmonary

function test parameters in IIMs-ILD

The relationships between QILD scores and pulmonary func-
tion indices are presented in Fig. 1. The WL- and MSZ-QILD
scores showed statistically significant correlations with
%FVC (r¼�0.349, P¼0.002 for WL-QILD; r¼�0.354,
P¼0.002 for MSZ-QILD) and %DLCO (r¼�0.381,
P¼0.001 for WL-QILD; r¼�0.340, P¼ 0.003 for MSZ-
QILD).

Individual QILD changes over two scans in IIMs-ILD

The median interval of two HRCT scans was 11.4 (4.8–19.6)
months. We assessed the individual time-estimated yearly
changes in the QILD scores between the first and second scans
in the WL and MSZ (Fig. 2). Approximately half of the
patients showed aggravation (increase) or stability (no
changes) in WL-QILD scores; however, when patients were
sorted by visual ILD subtype on HRCT, approximately two-
thirds of the patients with UIP pattern had aggravated WL-
QILD scores and less than half of the patients with NSIP and
OP had aggravated scores (80% for UIP vs 44.4% for non-
UIP, P¼0.013) (Fig. 2A). Similar patterns were observed for
changes in MSZ-QILD scores (Fig. 2B). Next, the individual
time-estimated yearly changes in the two major components
of ILD-QGG and QLF are depicted in Fig. 2C (WL) and 2D
(MSZ). Interestingly, the changes of WL-QGG and WL-QLF
tend to be subparallel, while those in the MSZ were mixed
up. In particular, the deteriorated MSZ-QILD scores in the
UIP pattern tended to be attributed to aggravated MSZ-QLF
scores.

Radiographic ILD progression in IIMs-ILD

Among the 80 patients, 34 patients (42.5%) were categorised
as a group with radiographic ILD progression (DQILD
>2%). Table 2 compares the characteristics according to the
radiographic ILD progression, showing that the UIP pattern
(P¼ 0.003) and treatment with tacrolimus (P¼ 0.043) were
frequently observed in the progression group. Subsequent
multivariable logistic regression analysis identified that the

UIP pattern was significantly associated with radiographic
ILD progression (OR 6.67, 95% CI 1.57, 35.97, P¼ 0.015,
Supplementary Table S2, available at Rheumatology online).

Table 1. Demographic and clinical characteristics of the patients with

idiopathic inflammatory myopathies-associated interstitial lung disease

(IIMs-ILD)

Characteristics Total (n¼80)

Age at ILD diagnosis, years, mean (S.D.) 51.5 (11.7)
Female, n (%) 60 (75.0)
IIMs subtype, n (%)

Polymyositis 22 (27.5)
Dermatomyositisa 58 (72.5)

Manifestations, n (%)
Proximal muscle weakness, n (%) (n¼79) 55 (69.6)
Heliotrope rash (n¼78) 14 (17.9)
Gottron’s papule (n¼77) 33 (42.9)
Raynaud phenomenon (n¼77) 18 (23.4)
Arthralgia/arthritis (n¼78) 40 (51.3)

Malignancies, n (%) 8 (10.0)
Laboratory findings at HRCT scan, median (IQR)

CRP, mg/dL 0.3 (0.0–1.3)
ESR mm/h 30.0 (18.0–49.0)
CPK, IU/L 86.0 (39.0–760.0)
LDH, IU/L 293.0 (226.0–451.0)

Autoantibodies positivity, n (%)
Anti-nuclear antibody 38 (48.7)
Anti-Jo-1 antibody 17 (22.1)

Pulmonary function, mean (S.D.)
FVC, L (n¼75) 2.2 (0.7)
%FVC (n¼75) 68.3 (17.3)
DLCO, mL/min/mmHg (n¼73) 10.7 (4.0)
%DLCO (n¼73) 57.2 (18.7)

ILD subtype by HRCT, n (%)
UIP 15 (18.8)
NSIP 46 (57.5)
OP 17 (21.3)
Others 2 (2.5)

Whole lung-QILD score, median (IQR)
QILD, % 28.1 (19.1–43.8)
QGG, % 16.4 (9.7–23.0)
QLF, % 10.4 (5.8–17.3)
QHC, % 0.8 (0.2–1.8)

Most severe zone-QILD score, median (IQR)
QILD, % 68.0 (45.5–81.8)
QGG, % 22.0 (14.4–30.1)
QLF, % 38.9 (19.5–56.5)
QHC, % 0.5 (0.1–1.5)

Most severe zone, n (%)
Left lower zone 71 (88.8)
Right lower zone 8 (10.0)
Left middle zone 1 (1.2)

Acute exacerbation of ILD, n (%) 21 (26.3)
Lung transplantation, n (%) 2 (2.5)
Death, n (%)b 7 (8.8)

Data are presented as mean (S.D.), median (IQR) or n (%).
a Twelve (20.7%) patients with dermatomyositis were clinically

amyopathic dermatomyositis.
b Causes of death included three acute exacerbation of ILD, two acute

respiratory distress syndrome (one pneumonia; one diffuse alveolar
haemorrhage), one septic shock after lung transplantation, and one
refractory pulmonary arterial hypertension.
CPK: creatine phosphokinase; DLCO: diffusing capacity for carbon
monoxide; FVC: forced vital capacity; HRCT: high-resolution CT; IIM:
idiopathic inflammatory myositis; ILD: interstitial lung disease; IQR:
interquartile range; LDH: lactate dehydrogenase; NSIP: non-specific
interstitial pneumonia; OP: organizing pneumonia; QGG: quantitative
ground-glass opacity; QHC: quantitative honeycombing; QILD:
quantitative ILD score; QLF: quantitative lung fibrosis; UIP: usual
interstitial pneumonia.
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Association of baseline QILD scores and transplant-

free survival in IIMs-ILD

Among the 80 patients, two (2.5%) underwent lung trans-
plantation, and seven (8.8%) died during follow-up due to
ILD-related complications. Causes of death included three
acute exacerbations of ILD, two acute respiratory distress

syndromes (one pneumonia and one diffuse alveolar haemor-
rhage), one septic shock after lung transplantation and one re-
fractory pulmonary arterial hypertension. Transplant-free
survival based on baseline QILD, QLF and QGG scores by
Kaplan–Meier analyses are demonstrated in Supplementary
Fig. S1, available at Rheumatology online. Patients with

Figure 1. Correlations between QILD scores and pulmonary function indices at baseline. Scatter plots of QILD scores of the whole lung (A) and the most

severe zone (B) with %predicted FVC (left panel) and %predicted DLCO (right panel). Pearson’s correlation coefficients (r) with 95% CIs and P-values (P)

are shown. DLCO: diffusing capacity of carbon monoxide; FVC: forced vital capacity; QILD: quantitative interstitial lung disease

Figure 2. Individual time-estimated yearly DQILD scores between the first and second HRCT scans. Data are presented as Cleveland dot plots of DQILD

scores in the whole lung (A) and most severe zone (B) and combined DQGG with DQLF scores (sorted by DQGG) in the whole lung (C) and most severe

zone (D) for all patients (left panel) and in those sorted by ILD patterns (right panel). NSIP: non-specific interstitial pneumonia; OP: organizing pneumonia;

QGG: quantitative ground-glass opacity; QILD: quantitative interstitial lung disease score; QLF: quantitative lung fibrosis; UIP: usual interstitial pneumonia
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higher baseline QILD (>28.1%) or QLF (>10.4%) scores
had a higher risk of lung transplantation or death within
16 years (P¼ 0.018 for QILD and P¼ 0.026 for QLF,
respectively).

Changes in QILD scores according to used

medications

Changes in the QILD scores between the first and second
HRCT scans according to the medications used are shown in
Supplementary Table S3, available at Rheumatology online.
There were no immunosuppressive drugs related to a signifi-
cant improvement in the QILD scores, while we observed an
aggravation of QILD scores in tacrolimus users (n¼ 7) com-
pared with tacrolimus non-users (n¼73) (median changes
in estimated WL-QILD þ20.3 (2.7–38.4) in tacrolimus
users vs �1.2 (�8.3–6.5) in tacrolimus non-users, P¼ 0.013,
Supplementary Fig. S2, available at Rheumatology online).

Four distinct patterns in the three serial HRCT scans

Of the 80 patients, 41 underwent three serial HRCT scans.
These patients were subdivided into four distinct groups
based on the changing patterns of QILD scores in three con-
secutive scans: consistent improvement (n¼7) or worsening
(n¼ 7), and two undulating courses: convex-like dynamic
change (n¼ 11); and concave-like dynamic change (n¼ 16)
(Fig. 3A). Time-estimated yearly changes in QILD scores

between scans for each group were calculated and visualized
in Fig. 3B. However, there were no differences between the
four groups with respect to clinical characteristics
(Supplementary Table S4, available at Rheumatology online).

Individual case reviews supported defined pattern changes.
Fig. 4 shows a representative patient of three longitudinal
scans that displayed a concave-like dynamic change, where
the HRCT was performed at baseline, 6 months and
26 months. The patient was diagnosed with dermatomyositis
and treated with glucocorticoids plus tacrolimus during sub-
sequent follow-up. Lung volumes were stable over time, and
the corresponding WL-QILD scores were 22.4% at baseline,
46.3% at 6 months and 35.5% at 26 months, respectively.

Discussion

In the present study, we evaluated QILD scores as a useful im-
aging biomarker for reflecting physiologic lung function,
identifying changing patterns of serial scans, and predicting
prognosis based on longitudinally obtained HRCT scans of
IIMs-ILD. The QILD scores of IIMs-ILD showed significant
negative correlations with pulmonary function parameters, in-
cluding FVC and DLCO. The longitudinal changes in QILD
scores were dynamic and differed according to the ILD visual
subtypes. The UIP pattern was an independent predictive fac-
tor for radiographic ILD progression over two consecutive

Table 2. Comparison of characteristics according to the whole lung QILD progression (DQILD >2%)

Non-progressor (n¼46) Progressor (n¼34) P-value

Age at ILD diagnosis, years, mean (S.D.) 52.8 (12.9) 49.9 (9.6) 0.278
Female, n (%) 36 (78.3) 24 (70.6) 0.601
IIMs subtype, n (%) 0.667

Polymyositis 14 (30.4) 8 (23.5)
Dermatomyositis 32 (69.6) 26 (76.5)

Malignancies, n (%) 8 (17.4) 0 (0.0) N/A
Laboratory findings at baseline CT scan

ESR, mm/h, median (IQR) 35.5 (20.0–51.5) 23.0 (17.0–42.0) 0.120
CRP, mg/dL, median (IQR) 0.2 (0.0–1.8) 0.3 (0.0–1.1) 1.000
CPK, IU/L, median (IQR) 84 (39–813) 101 (47–270) 0.779
LDH, IU/L, median (IQR) 295 (239–499) 291 (222–350) 0.346
Anti-Jo1 positivity, n (%) 11/45 (24.4) 6/32 (18.8) 0.753

Pulmonary function
FVC, L, median (IQR) 2.1 (1.8–2.6) 2.1 (1.8–2.7) 0.858
%FVC <60, n (%) 11/45 (24.4) 13/30 (43.3) 0.143
DLCO, mL/min/mmHg, mean (S.D.) 10.3 (4.0) 11.4 (3.9) 0.247
%DLCO <40, n (%) 5/44 (11.4) 5/30 (16.7) 0.757

Visual ILD pattern—UIP 3 (6.5) 12 (35.3) 0.003
Overall extent of ILD, n (%) 0.854
<10% 11 (23.9) 7 (20.6)
10–20% 5 (10.9) 4 (11.8)
>20% 30 (65.2) 23 (67.6)

Treatment between two scans, n (%)
High-dose glucocorticoid 13 (28.3) 9 (26.5) 1.000
Ciclosporin A 19 (41.3) 9 (26.5) 0.255
Cyclophosphamide 3 (6.5) 4 (11.8) 0.674
Azathioprine 13 (28.3) 8 (23.5) 0.827
Tacrolimus 1 (2.2) 6 (17.6) 0.043
Mycophenolate mofetil 4 (8.7) 7 (20.6) 1.000
Methotrexate 4 (8.7) 7 (20.6) 0.231
IVIG 1 (2.2) 3 (8.8) 0.406
Rituximab 1 (2.2) 1 (2.9) 1.000

Data are presented as mean (S.D.), median (IQR) or n (%). Comparisons between two groups are conducted using the Student’s t test, Mann–Whitney U test,
v2 or Fisher’s exact test. Bold values indicate significant P-values <0.05.
CPK: creatine phosphokinase; DLCO: diffusing capacity for carbon monoxide; FVC: forced vital capacity; IIM: idiopathic inflammatory myositis; ILD:
interstitial lung disease; IQR: interquartile range; LDH: lactate dehydrogenase; QILD: quantitative ILD score.
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scans. Certain baseline QILD scores may be associated with
lung transplant-free survival; hence, they can help distinguish
the poor prognostic group early.

Early detection and serial monitoring of treatment responses
are crucial in managing IIMs-ILD. Pulmonary function tests
are helpful in assessing respiratory impairment, disease pro-
gression and prognosis of ILD. Our study showed that QILD
scores were significantly negatively correlated with %FVC and
%DLCO (Fig. 1). It suggests that QILD scores are a useful out-
come measure for evaluating serial HRCT in IIMs-ILD, as in
RA-ILD or SSc-ILD [17, 30]. Because the involvement of respi-
ratory muscle makes respiratory evaluations difficult when
IIMs are severe, it may result in a modest correlation between
QILD scores and lung function indices [6].

Quantitation of ILD parenchymal changes on HRCT
images using automated software is an attractive tool for mea-
suring the extent, volume and pattern of ILD and monitoring
their changes over time. To date, several automated quantita-
tion tools for assessing IIMs-ILD have been reported, includ-
ing ours and the Computer-Aided Lung Informatics for
Pathology Evaluation and Rating (CALIPER) [21, 31–33].
Ungprasert et al. analysed 110 patients with IIMs-ILD using
the CALIPER method and showed good correlations between
CALIPER measurements and functional parameters, similar
to our results [33]. They performed CALIPER measurements
on HRCT scans at baseline and 1 year; however, follow-up
CT was performed only in 48 patients (43.6%) and did not
evaluate their relevance to clinical outcomes.

In the present study, when individual changes in QILD
scores were sorted by visual assessment of the ILD subtype on
HRCT, more patients experienced an aggravation of QILD
scores in the UIP group than in the non-UIP group, including
NSIP and OP (80% for UIP vs 44.4% for non-UIP; Fig. 2A
and B). This is consistent with a previous study showing that
the UIP pattern was worse than that of NSIP or OP in disease
progression [18]. In particular, the aggravated MSZ-QILD in

the UIP group appeared to come from the increased MSZ-
QLF score (Fig. 2D). This result is in line with a previous
QILD study on SSc-ILD [34], showing the prominent transi-
tional probability from QGG patterns to QLF patterns in the
MSZ compared with the WL measurement. Although this
QILD study did not include the transition of QILD compo-
nents, future studies on the transitional probability of QILD
measurement would provide further information on the
pathobiology of IIM-ILD. In addition, another analysis of ra-
diographic ILD progression (WL-DQILD >2%) confirmed
the UIP pattern as an independent predictive factor (Table 2
and Supplementary Table S2, available at Rheumatology
online).

Our study demonstrated that the baseline QILD scores in
the WL and MSZ were 28.1% and 68.0%, respectively. We
previously reported that the QILD scores in the WL and MSZ
in SSc-ILD were 27.8% and 49.5%, respectively [16]. While
the WL-QILD score was similar for both diseases, the MSZ-
QILD score for IIMs-ILD was higher than that for SSc-ILD at
baseline. Compared with QILD in RA-ILD [17], the baseline
WL-QILD was similar in both diseases (WL-QILD in RA
26.7%), but dynamic changes in QILD scores were more pro-
nounced in IIMs-ILD than in RA-ILD over three consecutive
scans (Fig. 3).

In addition, higher baseline WL-QILD scores (>28.1%)
and WL-QLF (>10.4%) were associated with a poor progno-
sis in the Kaplan–Meier curve with the log-rank test
(Supplementary Fig. S1, available at Rheumatology online).
Although our lung transplant-free survival analysis had low
statistical power due to the small number of events for trans-
plant or deaths, our study suggested the baseline QILD score
as a potential prognostic marker for lung transplant-free sur-
vival. Further large-scale studies are warranted to evaluate the
optimal cut-off of QILD scores and validate our findings.

In the absence of randomized clinical trials, treatments of
IIMs-ILD are based on small retrospective studies [5, 6]. In

Figure 3. Four distinct patterns of dynamic DQILD scores from three consecutive HRCT scans (n¼ 41). Whole lung-QILD scores (A) and yearly time-

estimated DQILD scores between scans (B) are described as follows: improving (n¼7), worsening (n¼7), convex-like change (n¼11), and concave-like

change (n¼16). HRCT: high-resolution CT; QILD: quantitative interstitial lung disease
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the current study, we analysed longitudinal changes in QILD
score according to the use of various immunosuppressive and
immunomodulatory drugs, including CYC, AZA, MMF,
methotrexate, ciclosporin, tacrolimus, IVIG, rituximab and
high-dose steroids between baseline and the second HRCT
scan. There were no immunosuppressive drugs associated
with meaningful improvement in QILD scores during the

period of the first and second HRCT scans. However, owing
to the retrospective nature of our study, it is still difficult to
determine the effect of certain drugs on QILD score changes
based on our results. A representative patient treated with
tacrolimus persistently and who underwent three longitudinal
HRCT scans showed that WL-QILD scores showed concave-
like changes over time (Fig. 4). To elucidate the relationship

Figure 4. Representative serial images of a 57-year-old male patient with dermatomyositis showing concave-like dynamic QILD scores. Axial HRCT

images are displayed consecutively at baseline, 6 months and 26 months (A–C). QILD scores are annotated on the axial images (D–F). Blue dots

represent fibrosis, yellow dots represent ground-glass opacities and pink dots represent honeycombs. Coronal views of HRCT images (G–I) and QILD-

annotated images (J–L) are also shown. Each QILD score is indicated in the box below. HRCT: high-resolution computed tomography; QGG: quantitative

ground-glass opacity; QHC: quantitative honeycombing; QILD: quantitative interstitial lung disease score; QLF: quantitative lung fibrosis
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between QILD changes according to these drugs, it is neces-
sary to apply QILD scores to serial HRCT images from large,
prospective and controlled studies.

This study had several limitations because of its retrospec-
tive nature in the study. First, because the HRCT scans were
performed on demand by the clinician, the time intervals be-
tween the CT scans in each patient varied. Therefore, we used
time-estimated changes in QILD scores between two consecu-
tive scans using a linear approximation of yearly changes to
adjust irregular follow-up intervals, but this could have led to
over- or underestimation of QILD score changes. Second, var-
ious CT manufacturers or CT protocol changes were found in
longitudinal CT scans over time in clinical follow-up.
Consequently, different HRCT technical parameters naturally
produced various noisy characteristics in HRCT images [28].
In this study, we applied an adaptive denoising technique
with a standardized reference to removing various noise char-
acteristics. Third, the relatively small number of patients from
the two tertiary centres may have limited the generalisability
of our results. Fourth, the events of lung transplantation or
deaths were uncommon even after up to 16 years of follow-
up. The thresholds of high-extent CT scores were chosen by
baseline median QILD scores and applied in the same data set
to explore the associations between clinical follow-up time
and overall lung transplant-free survival. Further independent
studies shall be followed to evaluate the optimal cut-off values
of QILD scores and validity of estimated thresholds. Last, this
study did not include information on myositis-specific anti-
bodies such as anti-melanoma differentiation-associated pro-
tein 5 antibody, which is known as a marker for rapidly
progressive ILD, because this test is not yet widely available
in Korea. Nevertheless, considering the rarity of IIMs, our
study included a considerable number of patients with IIMs-
ILD. In addition, to the best of our knowledge, our study is
the first to comprehensively investigate the longitudinal
changes of IIMs-ILD in two or more serial HRCT scans using
a quantitative ILD imaging tool.

In conclusion, the changes in QILD scores in IIMs-ILD are
dynamic and differ according to the ILD subtype. The base-
line visual UIP pattern was associated with QILD progression.
Although the QILD system is not yet widely accessible, the
QILD score may be a potential imaging biomarker for evalu-
ating lung function and dynamic changes in the severity of
ILD and prognosis in patients with IIMs-ILD.
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