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Abstract
Background  This study aimed to investigate longitudinal change of idiopathic inflammatory myopathy-associated 
interstitial lung disease (IIM-ILD) on high-resolution computed tomography (HRCT).

Methods  This prospective cohort study was undertaken involving 514 IIM-ILD patients (367 females; median age 
54 years) from 2016 to 2022. Deep learning algorithms were employed to quantify interstitial lesions on HRCT, while 
clinical parameters including pulmonary function tests, serum biomarkers, and arterial blood gas analysis were also 
considered.

Results  The study identified anti-MDA5 antibody positivity (OR: 10.46, 95% CI: 3.40–32.22), reduced FVC (OR: 0.91, 
95% CI: 0.84–0.98), and extensive ground-glass opacity (GGO) (OR: 1.07, 95% CI: 1.01–1.13)/ reticulation (OR: 1.23, 95% 
CI: 1.07–1.41) involvement as independent risk factors for rapidly progressive interstitial lung disease (RP-ILD) within 
IIM. During the rapid progressive period of RP-ILD, anti-MDA5-positive dermatomyositis (MDA5 + DM) showed greater 
progression in fibrotic, inflammatory, and emphysema lesions compared to anti-synthetase syndrome (ASS). In the 
slow progressive period, MDA5 + DM tended towards chronic fibrosis, while ASS exhibited overall improvement. 
The extent of lesion increase in non-RP-ILD patients is significantly smaller than in those who have experienced 
RP. Reticular and consolidation changes were strongly correlated with variations in VC%, FVC%, and FEV1%, and 
moderately associated with changes in TLC and DLCO. The prognostic impact of GGO proportion on adverse 
outcomes intensified with longer follow-up durations, with each 1-unit increase in whole-lung GGO proportion linked 
to a 0.56% higher risk of adverse outcomes (HR: 1.0056, 95% CI: 1.001–1.010).
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Background
Idiopathic inflammatory myopathy-associated interstitial 
lung disease (IIM-ILD) represents a heterogeneous group 
of autoimmune disorders characterized by predominant 
pulmonary manifestations, with marked variability in 
clinical progression and prognosis. Within this disease 
spectrum, anti-synthetase syndrome (ASS) and anti-mel-
anoma differentiation-associated gene 5 antibody-posi-
tive dermatomyositis (MDA5 + DM) emerge as distinct 
clinical entities with divergent prognostic implications 
[1–5]. Rapidly progressive interstitial lung disease (RP-
ILD), a critical phenotype of IIM-ILD, is distinguished 
by acute deterioration and high mortality, emerging as 
a major contributor to poor outcomes [6–10]. Despite 
significant progress in establishing multidisciplinary dis-
cussion (MDD)-based diagnostic criteria for IIM-ILD, 
critical knowledge gaps persist regarding key imaging 
features and pathophysiological mechanisms. Particu-
larly, the transition dynamics between inflammatory and 
fibrotic phases remain poorly characterized, and substan-
tial heterogeneity across disease subtypes continues to 
challenge both mechanistic understanding and clinical 
management.

High-resolution computed tomography (HRCT), a key 
method for ILD diagnosis and evaluation, plays a pivotal 
role in characterizing spatial distributions and morpho-
logical patterns of lung lesions. Recent advances in artifi-
cial intelligence (AI), especially deep learning techniques 
[11–14] for automated lesion segmentation and volumet-
ric quantification in HRCT, have opened new avenues 
for understanding the link between imaging features and 
clinical manifestations in IIM-ILD. However, existing 
studies predominantly focus on cross-sectional analyses 
of baseline imaging features, leaving significant gaps in 
understanding the longitudinal evolution of quantitative 
CT (QCT) parameters during disease progression, their 
correlations with pulmonary function, and the identifica-
tion of time-dependent prognostic biomarkers [15–18]. 
Furthermore, the potential divergence in imaging pat-
terns and disease trajectories between ASS and MDA5 + 
DM, likely driven by antibody-mediated immune path-
way differences, has yet to be systematically investigated.

Against this backdrop, this study constructs a prospec-
tive longitudinal cohort to achieve three objectives: (1) to 
develop a predictive model for RP-ILD using multimodal 
data (serological, pulmonary function, QCT) to identify 

critical risk factors; (2) to elucidate distinct imaging evo-
lution patterns and mechanistic divergences between 
ASS and MDA5 + DM across disease progression phases; 
(3) to evaluate the prognostic value of HRCT-derived 
biomarkers to inform personalized therapeutic strategies 
and dynamic monitoring protocols.

Methods
Study cohort and design
This single-center prospective cohort study was approved 
by the Ethics Committee of our Hospital (No. 2017-25), 
and informed consent was obtained from all participants. 
Consecutive patients diagnosed with IIM-ILD between 
January 1, 2016, and January 31, 2022, were enrolled. 
The diagnosis of IIM-ILD was confirmed through MDD 
in accordance with established criteria for interstitial 
pneumonias [9, 19, 20]. DM was diagnosed based on the 
Bohan and Peter criteria and the 239th European Neu-
romuscular Centre International Workshop guidelines 
[21, 22]. ASS was defined by the presence of anti-ami-
noacyl-tRNA synthetase (ARS) antibodies and at least 
one clinical triad feature (myositis, arthritis, or ILD) 
[23]. Anti-ARS and anti-MDA5 antibodies were detected 
using a commercial line immunoassay (EUROLINE Myo-
sitis Profile, Order No. DL 1530-4 G#, EUROIMMUN, 
Lübeck, Germany) according to the manufacturer’s 
instructions. The assay comprehensively tested for IgG 
antibodies against the following antigens: Mi-2α, Mi-2β, 
TIF1γ, MDA5, NXP2, SAE1, Ku, PM-Scl100, PM-Scl75, 
Jo-1, SRP, PL-7, PL-12, EJ, OJ, and Ro-52. Inclusion cri-
teria: (1) age ≥ 18 years; (2) confirmed diagnosis of ASS 
or MDA5 + DM; (3) baseline HRCT performed at our 
hospital prior to treatment. Exclusion criteria: (1) HRCT 
artifacts impairing lesion assessment; (2) insufficient 
clinical data to determine RP-ILD status; (3) loss to fol-
low-up. Figure 1 is the flow chart of this study.

Definition of subgroups
RP-ILD was defined per modified ATS criteria for idio-
pathic pulmonary fibrosis [24], requiring ≥ 2 of the fol-
lowing within 3 months of symptom onset: (I) worsening 
dyspnea; (II) physiological decline (≥ 10% reduction in 
vital capacity [VC] or ≥ 1.33 kPa decrease in PaO2); (III) 
the progression of ground-glass opacity (GGO), con-
solidation, reticular pattern, or honeycombing shown 
on HRCT. Meanwhile, non-RP-ILD exhibits a gradual 

Conclusions  IIM-ILD cases with prior rapid progression will develop chronic fibrotic trajectories with persistent 
inflammation compared to non-progressive cases. ASS is characterized by sustained inflammatory activity in imaging 
manifestations, whereas MDA5 + DM shows post-acute fibrotic remodeling following initial injury. Longitudinal GGO 
emerges as a critical prognostic indicator, demonstrating time-dependent cumulative risk effects.
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decline in the disease after 3 months or remains rela-
tively stable for an extended period. Disease stages were 
categorized as: rapid progressive period (baseline to 
3 months post-diagnosis for RP-ILD), slow progres-
sive period (stable/slowly progressive disease beyond 3 
months post-RP-ILD diagnosis), and non-progressive 
period (for non-RP-ILD patients who never met the cri-
teria for rapid progression).

Pulmonary function test
Pulmonary function test (PFT) (MasterScreen; Vyaire 
Medical GmbH, Germany) was performed within 1 week 
of HRCT. Measurements included predicted vital capac-
ity (VC%), forced vital capacity (FVC%), forced expira-
tory volume in 1 s (FEV1%), FEV1/FVC ratio, total lung 
capacity (TLC%), and diffusing capacity for carbon mon-
oxide (DLCO%), adhering to ERS/ATS standards [25, 
26]. Arterial blood gas analysis (arterial oxygen pressure 
[PaO2], arterial carbon dioxide pressure [PaCO2]) was 
conducted using standardized protocols [27].

HRCT
HRCT scans were acquired using multi-detector CT 
systems (LightSpeed VCT/64, GE Healthcare; Toshiba 
Aquilion ONE TSX-301  C/320; Philips iCT/256; Sie-
mens FLASH Dual Source CT) in supine position dur-
ing breath-hold. Parameters included: 100–120  kV tube 
voltage, 100–300 mAs tube current, 0.625–1  mm slice 
thickness, 39.37 mm/s table speed, and 0.8-second gan-
try rotation. Images were reconstructed at 1  mm slice 
thickness.

Quantitative CT analysis
HRCT images in the Digital Imaging and Communica-
tions in Medicine format were transferred to an in-house 
AI workstation (CT quantitative system: SIMBIO-
T, Hangzhou Smart Intelligent Technology Co., Ltd., 
Hanzhou, China) for automatic quantitative analysis of 
lung parenchyma, texture, and radiomics parameters, as 
shown in Fig. 2 (uncolored HRCT images with annotated 
regions identified by the software are provided in Figure 
S1). To ensure segmentation accuracy, a rigorous quality 
control protocol was implemented: all automated seg-
mentation results were independently reviewed visually 

Fig. 1  Flow diagram of eligibility criteria. IIM-ILD  Idiopathic inflammatory myopathy related interstitial lung disease, HRCT High-resolution computed 
tomography, RP-ILD Rapidly progressive interstitial lung disease, non-RP-ILD Non rapidly progressive interstitial lung disease
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by two board-certified thoracic radiologists with 9 and 
15 years of experience, respectively. In cases of inaccu-
rate automatic segmentation, manual corrections were 
applied following consensus. To evaluate inter-reader 
agreement, both radiologists independently assessed 
a randomly selected subset of 30 cases, demonstrating 
excellent consistency in their approval of segmentation 
results (Intraclass Correlation Coefficient = 0.87). Addi-
tionally, intra-reader consistency was evaluated by having 
one radiologist re-analyze the same subset after a 4-week 
interval, showing high reproducibility (ICC = 0.92). 
Lesion volume was quantified across three vertical lung 
divisions and expressed as a percentage of total lung 
volume.

Statistical analysis
Baseline characteristics were summarized using descrip-
tive statistics. Continuous variables (mean ± SD or 
median [IQR]) were compared via t-tests or Mann-Whit-
ney U tests based on normality (Kolmogorov-Smirnov 
test). Categorical variables (counts [%]) were analyzed 
using chi-square or Fisher’s exact tests. Multivariable 
logistic regression was used to identify independent risk 
factors for RP-ILD. Results are reported as odds ratios 
(OR) with 95% confidence intervals (CI). For survival 
analysis, Cox proportional hazards models with time-
dependent interactions were used to assess associa-
tions between imaging features and prognosis, reported 
as hazard ratios (HR) and 95% CI. Candidate variables 
were selected based on univariate significance (P < 0.1) or 
established clinical importance from the literature, and 
the final model was constructed via bidirectional step-
wise selection (P < 0.05 for retention). Multicollinearity 

among the input variables was assessed using the Vari-
ance Inflation Factor (VIF), and all variables included in 
the multivariate models exhibited VIF values below 10. 
Linear mixed-effects models assessed lesion progression 
across disease stages, incorporating random individual 
effects and fixed time effects. Spearman’s rank correla-
tion evaluated associations between QCT features and 
pulmonary function changes. Model discrimination was 
evaluated via Harrell’s C-index. All analyses were per-
formed using R (version 4.4.1, R Foundation for Statisti-
cal Computing, Vienna, Austria). A two-tailed P < 0.05 
was considered statistically significant.

Results
Study population
612 patients with IIM-ILD between January 1, 2016, and 
January 1, 2022 were initially enrolled at our hospital. 
After excluding 32 patients with HRCT artifacts and 66 
patients with insufficient clinical data to determine RP-
ILD status, 514 IIM-ILD patients (367 females; median 
age 54 years) were included in the final analysis. Among 
them, 249 patients (165 females; median age 55 years) 
suffered from RP-ILD. Baseline demographic, pulmo-
nary function, arterial blood gas, interstitial lesions, and 
inflammatory marker data are summarized in Table 1. To 
address missing data, we performed multiple imputation 
using chained equations (MICE) in covariates. The impu-
tation model included all variables used in the primary 
analysis to preserve the uncertainty around the missing 
values [28]. Compared to non-RP-ILD patients, RP-ILD 
patients exhibited a higher prevalence of anti-MDA5 
antibody positivity (P < 0.001), worse pulmonary volume, 
ventilation, and diffusion capacity (all P < 0.001), lower 

Fig. 2  Segmentation diagram of pulmonary structures. Top panel: Automated lung segmentation using a 3D U-Net based model, accompanied by 
three-dimensional schematic visualization of pulmonary lobar anatomy. Bottom panel: Segmentation of interstitial lung disease imaging features: Red-
Consolidation; Green-Ground-glass opacity; Yellow-Honeycombing; Blue-Reticular pattern
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PaO2 (P < 0.001), greater extent of emphysema and inter-
stitial lesions (all P < 0.001), and elevated levels of cre-
atine kinase (P = 0.045), serum ferritin (P < 0.001), lactate 
dehydrogenase (P < 0.001), and alanine aminotransferase 
(P = 0.002) at baseline.

Subgroup analyses
Demographic, pulmonary function, interstitial 
lesions, and inflammatory marker profiles for ASS 
and MDA5 + DM subgroups are detailed in Tables 
S1 and S2. Among ASS group, RP-ILD patients were 
older (P = 0.013), had higher C-reactive protein lev-
els (P = 0.046), worse pulmonary ventilation/diffusion 

capacity (all P < 0.001), and more emphysema (P = 0.002) 
and interstitial lesion (all P < 0.001) compared to non-
RP-ILD patients. In MDA5 + DM group, RP-ILD patients 
were older (P = 0.011) and had higher serum ferritin 
(P < 0.001), lactate dehydrogenase (P = 0.005), and ala-
nine aminotransferase levels (P = 0.034), lower FVC% 
(P = 0.049) and VC% (P = 0.029), and more extensive 
interstitial lesions (P: <0.001–0.017).

Risk factors for RP-ILD
Multivariable logistic regression (Table 2) identified anti-
MDA5 antibody positivity (OR: 10.46, 95% CI: 3.40–
32.22), reduced VC% (OR: 0.91, 95% CI: 0.84–0.98), and 

Table 1  Characteristics of included patients with idiopathic inflammation myopathy*
Characteristics Missing value 

number
Missing value 
proportion

non-RP-ILD group RP-ILD group P-value

n 265 249
  Female, n (%) 0 0% 202 (39.53%) 165 (32.28%) 0.015
  Age, median (IQR) 0 0% 54.00 (46.00, 60.00) 55.00 (47.50, 63.00) 0.043
  Subtype, n (%) 0 0% < 0.001
    ASS 211 (41.05%) 146 (28.40%)
    MDA5 + DM 54 (10.51%) 103 (20.04%)
  Smoke, n (%) 0 0% 0.005
    Current 3 (2.63) 6 (9.52)
    Former 3 (2.63) 7 (11.11)
    Never 108 (94.74) 50 (79.37)
Pulmonary function tests
  VC%, median (IQR) 180 35.0% 76.65 (64.775, 89.45) 68.40 (57.10, 79.00) < 0.001
  FVC%, median (IQR) 168 32.7% 77.95 (65.40, 91.08) 69.65 (56.33, 81.55) < 0.001
  FEV1%, median (IQR) 167 32.5% 76.10 (63.10, 86.88) 67.45 (55.93, 79.75) < 0.001
  FEV1/FVC%, median (IQR) 80.55 (76.37, 84.86) 81.28 (77.02, 86.15) 0.53
  TLC%, median (IQR) 184 35.8% 73.3 (62.95, 83.25) 65.35 (54.83, 77.65) < 0.001
  DLCO%, median (IQR) 174 33.9% 61.70 (51.05, 71.65) 50.55 (43.15, 60.28) < 0.001
  PaO2, median (IQR) 91 17.7% 87.60 (80.00, 95.00) 80.25 (71.43, 91.65) < 0.001
  PaCO2, median (IQR) 93 18.1% 37.90 (35.20, 40.80) 36.45 (33.70, 39.78) 0.002
QCT markers
  Emphysema%, median (IQR) 0 0% 0.05 (0.02, 0.19) 0.09 (0.03, 0.31) < 0.001
  Consolidation%, median (IQR) 0 0% 0.13 (0.04, 0.39) 0.27 (0.10, 0.59) < 0.001
  Ground glass opacity%, median (IQR) 0 0% 2.46 (0.79, 7.29) 5.42 (1.41, 14.68) < 0.001
  Reticular%, median (IQR) 0 0% 3.03 (1.22, 5.90) 5.01 (2.25, 9.38) < 0.001
  Honeycomb%, median (IQR) 0 0% 0.02 (0.00, 0.07) 0.05 (0.01, 0.19) < 0.001
Serum biomarkers
  CK (IU/L), median (IQR) 158 30.7% 62.00 (33.00, 174.50) 50.00 (27.00, 136.00) 0.045
  CRP (mg/L), median (IQR) 199 38.7% 0.38 (0.21, 0.98) 0.46 (0.26, 1.01) 0.228
  ESR (mm/h), median (IQR) 165 32.1% 16.00 (8.50, 28.00) 17.50 (9.00, 30.00) 0.321
  FET (ng/mL), median (IQR) 247 48.1% 151.85 (60.43, 369.35) 359.10 (109.85, 943.45) < 0.001
  LDH (IU/L), median (IQR) 159 30.9% 252.00 (197.00, 321.50) 282.00 (229.00, 355.50) < 0.001
  ALT (IU/L), median (IQR) 94 18.3% 27.50 (17.25, 47.75) 34.00 (22.00, 59.00) 0.002
  AST (IU/L), median (IQR) 94 18.3% 23.50 (17.00, 37.00) 26.00 (18.00, 45.00) 0.061
*Bold values indicate statistical significance at P < 0.05. non-RP-ILD Non rapidly progressive interstitial lung disease, RP-ILD Rapidly progressive interstitial lung 
disease, ASS Anti-synthetase syndrome, MDA5 + DM Anti-melanoma differentiation-associated gene 5 antibody-positive dermatomyositis, VC% The proportion of 
actual value to the expected value for vital capacity, FVC% The proportion of actual value to the expected value for forced vital capacity, FEV1% The proportion 
of actual value to the expected value for forced expiratory volume in the first second, FEV1/FVC The proportion of forced expiratory volume in the first second to 
the forced vital capacity, TLC% The proportion of actual value to the expected value for total lung capacity, DLCO% The proportion of actual value to the expected 
value for carbon monoxide diffusing capacity, PaO2 Arterial oxygen pressure, PaCO2 Arterial carbon dioxide pressure, CK Creatine kinase, CRP C-reactive protein, ESR 
Erythrocyte sedimentation rate, FET Ferritin, LDH Lactic dehydrogenase, ALT Alanine aminotransferase, AST Aspartate aminotransferase
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greater involvement of GGO (OR: 1.07, 95% CI: 1.01–
1.13) and reticular pattern (OR: 1.23, 95% CI: 1.07–1.41) 
as independent risk factors for RP-ILD.

Longitudinal HRCT changes across disease stages
We detailed the cohort’s survival outcomes and HRCT 
follow-up rates to address the longitudinal nature of 
this study. The number of deceased cases at predeter-
mined intervals for each disease subtype is presented in 
Table S3. Concurrently, the cumulative deaths and actual 
sample size of patients who successfully received HRCT 
examinations at each follow-up time point are provided 
in Table 3. Specifically, in the MDA5 + DM-RP-ILD sub-
group, there were 20 deaths, with 9 occurring during the 
rapid progressive period and 11 during the slow progres-
sive period; the actual sample sizes for HRCT examina-
tion at follow-up were 103 during the rapid progressive 
period and 94 during the slow progressive period. In the 
ASS-RP-ILD subgroup, there were 20 deaths, with 2 dur-
ing the rapid progressive period and 18 during the slow 
progressive period; the actual sample sizes were 146 
during the rapid progressive period and 144 during the 
slow progressive period. For the MDA5 + DM-non-RP-
ILD subgroup, there was 1 death with an actual HRCT 
sample size of 54. In the ASS-non-RP-ILD subgroup, 
there were 16 deaths with an actual HRCT sample size 
of 211. These tables offer a transparent view of patient 
attrition and data availability for the respective analyses. 

At baseline (Fig.  3A) period, RP-ILD patients (both 
MDA5 + DM and ASS) exhibited more extensive inter-
stitial lesions and emphysema than non-RP-ILD patients. 
ASS-RP-ILD showed predominant GGO and reticular 
pattern, while MDA5 + DM-RP-ILD displayed reticu-
lar pattern and emphysema. In rapid progressive period 
(Fig.  3B), all RP-ILD patients demonstrated marked 
progression of interstitial lesions and emphysema. ASS-
RP-ILD showed increased reticular pattern, whereas 
MDA5 + DM-RP-ILD exhibited progression of honey-
combing, GGO, emphysema, reticular pattern, and con-
solidation. Slow progressive period (Fig. 3C): Compared 
to the rapid period, lesion progression slowed. ASS-RP-
ILD showed reduced interstitial lesions and increased 
normal lung volume, while MDA5 + DM-RP-ILD exhib-
ited increased fibrosis (honeycombing, reticular pattern) 
and reduced GGO/emphysema. Non-Progressive Period 
(Fig. 3D): Non-RP-ILD patients demonstrated significant 
increases in normal lung volume and reductions in GGO, 
consolidation.

Disease subtype comparisons
Rapid Progressive Period (Fig.  4A): MDA5 + DM 
patients had greater interstitial lesion progression than 
ASS patients, particularly in fibrotic, inflammatory, 
and emphysematous features. Slow Progressive Period 
(Fig. 4B): MDA5 + DM patients showed mild increases in 
normal lung volume, reticular pattern, and honeycomb-
ing with reduced inflammatory lesions/emphysema. ASS 
patients exhibited reductions in fibrotic and inflamma-
tory lesions. Non-Progressive Period (Fig. 4C): Both sub-
types showed increased normal lung volume, with mild 
fibrosis progression (honeycombing in MDA5 + DM; 
reticular pattern/honeycombing in ASS) and reduced 
inflammatory lesions. Figure S2 shows cases of patients 
with RP-ILD.

Linear mixed-effects model analysis
As shown in Table  4, in RP-ILD patients, particularly 
ASS, honeycombing, reticular pattern and consolida-
tion increased significantly during the slow progressive 
period. Non-RP-ILD patients, especially MDA5 + DM, 
showed significant reductions in GGO. No significant 

Table 2  Risk factors for rapidly progressing interstitial lung 
disease*

OR (95% CI) P-value
MDA5 10.46 (3.40 ~ 32.22) < 0.001
VC% 0.91 (0.84 ~ 0.98) 0.013
FEV1% 1.06 (0.99 ~ 1.14) 0.085
Ground glass opacity% 1.07 (1.01 ~ 1.13) 0.039
Reticular% 1.23 (1.07 ~ 1.41) 0.004
LDH (IU/L) 1.00 (0.99 ~ 1.00) 0.136
AST (IU/L) 1.01 (1.00 ~ 1.03) 0.154
*Bold values indicate statistical significance at P < 0.05. OR Odds ratio, CI 
Confidence interval, MDA5 Anti-melanoma differentiation associated protein 
5, VC% The proportion of actual value to the expected value for vital capacity, 
FEV1% The proportion of actual value to the expected value for forced 
expiratory volume in the first second, LDH Lactic dehydrogenase, AST Aspartate 
aminotransferase

Table 3  Cumulative deaths and sample sizes for HRCT at follow-up time point by disease subtype*
Patient Subgroups Total De-

ceased 
(n)

Deceased 
at rapid 
progressive 
period (n)

Deceased 
at slow 
progressive 
period (n)

Deceased 
at non-
progressive 
period (n)

HRCT at Rapid 
Progressive Pe-
riod Baseline and 
Follow-up (n)

HRCT at Slow 
Progressive Pe-
riod Baseline and 
Follow-up (n)

HRCT at None 
Progressive Pe-
riod Baseline and 
Follow-up (n)

MDA5 + DM-RP-ILD 20 9 11 103 94
ASS-RP-ILD 20 2 18 146 144
MDA5 + DM-non-RP-ILD 1 1 54
ASS-non-RP-ILD 16 16 211
MDA5 + DM Anti-melanoma differentiation-associated gene 5 antibody-positive dermatomyositis, ASS Anti-synthetase syndrome, RP-ILD Rapidly progressive 
interstitial lung disease, non-RP-ILD Non rapidly progressive interstitial lung disease
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Fig. 4  Comparison of interstitial lesions across different subtypes during various disease progression periods. The horizontal coordinate is the difference 
between the baseline and the follow-up, where positive values represent improvement in imaging findings and negative values indicate worsening. The 
blue dots represent ASS, while the red ones represent MDA5 + DM. The size of the dots represents the absolute value of the difference. A Rapid Progressive 
Period in RP-ILD: MDA5 + DM patients exhibited more severe progression of interstitial lesions compared to ASS patients, particularly in fibrotic, inflam-
matory, and emphysematous features; (B) Slow Progressive Period in RP-ILD: MDA5 + DM patients demonstrated mild increases in normal lung volume, 
reticulation, and honeycombing, alongside reduced inflammatory lesions and emphysema. ASS patients showed improvement with reductions in both 
fibrotic and inflammatory abnormalities; (C) Non Progressive Period in non-RP-ILD: Both subtypes displayed increased normal lung volume and reduc-
tion in inflammatory lesions. Mild fibrotic progression was observed: honeycombing in MDA5 + DM, and both reticulation and honeycombing in ASS. 
ASS Antisynthetase syndrome, MDA5 Melanoma differentiation-associated protein 5, GGO Ground glass opacities, ABS Absolute value

 

Fig. 3  Comparison of interstitial lesions between MDA5 + DM and ASS across different disease progression stages, including honeycomb, reticular, con-
solidation, GGO, and emphysema in scatter plot. Each plot represents the average change for one type of interstitial lesion across the whole lung and 
individual lobes, aggregated at the annotated locations of the corresponding interstitial lesion. The abscissa and ordinate are the difference between the 
former and the latter in parentheses. The x-axis indicates the difference in imaging changes in ASS, while the y-axis represents the difference in MDA5 + 
DM. Different colors are used to distinguish four distinct trends of interstitial lesions across the four quadrants. For Figure A: Blue plots indicate cases where 
both MDA5 + DM and ASS have more extensive imaging lesions. Red plots indicate cases where both MDA5 + DM and ASS have less extensive imaging 
lesions. For Figures B, C, and D: Red plots indicate cases where the imaging lesions worsened for both MDA5 + DM and ASS. Green plots indicate cases 
where the imaging lesions improved for both MDA5 + DM and ASS. Blue plots indicate cases where the imaging lesions worsened for MDA5 + DM but 
improved for ASS. Purple plots indicate cases where the imaging lesions improved for MDA5 + DM but worsened for ASS. A Baseline: Compares RP-ILD 
patients (both MDA5 + DM and ASS) with non-RP-ILD patients, showing more extensive interstitial lesions and emphysema in the RP-ILD groups. ASS-RP-
ILD is characterized by GGO and reticulation, while MDA5 + DM-RP-ILD shows greater emphysema and reticulation; (B) Rapid Progressive Period in RP-ILD: 
Shows marked progression of interstitial lesions and emphysema across all RP-ILD patients. ASS-RP-ILD exhibits increased reticulation, while MDA5 + DM-
RP-ILD demonstrates progression across multiple patterns including honeycombing, GGO, emphysema, reticulation, and consolidation; (C) Slow Progres-
sive Period in RP-ILD: Illustrates slowed lesion progression compared to the rapid phase. ASS-RP-ILD displays reduction in interstitial abnormalities and 
increased normal lung area, whereas MDA5 + DM-RP-ILD shows increased fibrotic changes (honeycombing and reticulation) with reduction in GGO and 
emphysema; (D) Non Progressive Period in non-RP-ILD: Depicts non-RP-ILD patients, highlighting significant improvement including increased normal 
lung volume and reduction in GGO and consolidation. MDA5 Melanoma differentiation-associated protein 5, ASS Antisynthetase syndrome, RP Rapidly 
progressive interstitial lung disease, nonRP Non rapidly progressive interstitial lung disease, GGO Ground glass opacities
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changes were observed during the rapid progressive 
period. As shown in Table  5, consolidation increased 
more prominently in the slow progressive period of RP-
ILD (especially ASS) compared to the rapid progressive 
period or non-RP-ILD. Furthermore, during the slow 
progressive period, RP-ILD exhibited a more pronounced 
increase in consolidation compared to non-RP-ILD. Fur-
ther, Figs.  3 and 4 visualize the results summarized in 
Tables 4 and 5.

Correlation between longitudinal changes in QCT features 
and pulmonary function
As shown in Fig.  5, reticular pattern and consolida-
tion exhibited strong correlations with VC%, FVC%, 
and FEV1%, and moderate correlations with TLC% and 
DLCO%. Similar trends were observed in both the rapid 
progressive period of RP-ILD and non-RP-ILD patients. 
During the slow progressive period of RP-ILD, honey-
combing, reticular pattern, and consolidation showed 
strong correlations with VC%, FVC%, FEV1%, TLC%, and 
DLCO%, with fibrotic lesions demonstrating the strongest 
associations with pulmonary volume and gas exchange 
function.

Survival analysis
The longitudinal assessment was completed in June 2024, 
with a final cohort of 514 enrolled patients. Among these, 
392 patients (76.3%) completed the study protocol with 
definitive outcome ascertainment. The median follow-up 
duration calculated by reverse Kaplan-Meier method was 
9.67 years (95% CI: 8.26–12.42), representing time from 
disease onset to final outcome rather than from study 
enrollment, as numerous patients experienced disease 
onset prior to registry accrual. The adverse prognosis 
included mortality, ICU admission, or lung transplanta-
tion. Notably, the prognostic evaluation of imaging find-
ings burden included scans from all disease phases. After 
adjusting for initial treatment strategies (anti-inflamma-
tory and anti-fibrotic) (Table S4), cox regression with 
time-dependent interactions (Table 6) revealed that each 
1% increase in GGO was associated with a 0.56% higher 
risk of adverse prognosis (HR: 1.0056, 95% CI: 1.001–
1.010). Anti-MDA5 positivity conferred a 2.47-fold 
higher risk of adverse prognosis compared to ASS (HR: 
2.47, 95% CI: 1.15–5.31). The model demonstrated good 
discrimination (Harrell’s C-index: 0.718). Time-depen-
dent HR for GGO showed increasing prognostic impact 

Table 4  A linear mixed-effect model of interstitial lesions across different subtypes during various disease progression periods*
Group Period Honeycomb% Predicted Reticular% Predicted Consolidation% 

Predicted
GGO% Predicted Emphysema% 

Predicted
Change (95% 
CI)

P Value Change 
(95% CI)

P Value Change 
(95% CI)

P Value Change 
(95% CI)

P Value Change 
(95% CI)

P 
Value

All Rapid 
Progressive

−0.0055 
(−0.0238 to 
0.0127)

0.55 0.0755 
(−0.0158 to 
0.1667)

0.11 0.0013 
(−0.0359 
to 0.0384)

0.95 0.0818 
(−0.1373 to 
0.3009)

0.47 −0.0404 
(−0.1697 
to 0.0889)

0.54

Slow 
Progressive

0.0156 (0.0055 
to 0.0258)

P=0.003 0.2167 
(0.0844 to 
0.3490)

P=0.002 0.1839 
(0.0940 to 
0.2737)

P<0.0001 −0.1177 
(−0.4585 to 
0.2230)

0.50 −0.0075 
(−0.2201 
to 0.2050)

0.94

None 
Progressive

0.0026 (−0.0010 
to 0.0063)

0.16 0.0036 
(−0.0449 to 
0.0520)

0.89 −0.0055 
(−0.0118 
to 0.0009)

0.09 −0.1168 
(−0.2119 to 
−0.0216)

P=0.017 −0.0058 
(−0.0211 
to 0.0094)

0.46

ASS Rapid 
Progressive

0.0005 (−0.0074 
to 0.0084)

0.9 0.0635 
(−0.0589 to 
0.1859)

0.31 −0.0023 
(−0.0594 
to 0.0548)

0.94 0.0596 
(−0.2487 to 
0.3679)

0.71 −0.0499 
(−0.1871 
to 0.0874)

0.48

Slow 
Progressive

0.0178 (0.0063 
to 0.0293)

P=0.004 0.2407 
(0.0676 to 
0.4139)

P=0.009 0.2120 
(0.0857 to 
0.3383)

P=0.001 −0.0726 
(−0.4414 to 
0.2961)

0.7 0.0288 
(−0.0324 
to 0.0900)

0.36

None 
Progressive

0.0037 (−0.0013 
to 0.0087)

0.15 0.0031 
(−0.0660 to 
0.0723)

0.93 −0.0079 
(−0.0171 
to 0.0013)

0.10 −0.1052 
(−0.2322 to 
0.0218)

0.11 −0.0057 
(−0.0215 
to 0.0100)

0.48

MDA5+
DM

Rapid 
Progressive

−0.0063 
(−0.0551 to 
0.0425)

0.8 0.0622 
(−0.0806 to 
0.2051)

0.39 −0.0060 
(−0.0348 
to 0.0228)

0.69 0.0660 
(−0.2283 to 
0.3602)

0.66 −0.0238 
(−0.2952 
to 0.2476)

0.86

Slow 
Progressive

−0.0042 
(−0.0274 to 
0.0190)

0.72 0.0346 
(−0.1428 to 
0.2119)

0.71 −0.0092 
(−0.0258 
to 0.0074)

0.28 −0.4897 
(−1.3346 to 
0.3553)

0.26 −0.2131 
(−1.0456 
to 0.6194)

0.62

None 
Progressive

−0.0001 
(−0.0042 to 
0.0040)

0.96 0.0004 
(−0.0452 to 
0.0459)

0.99 −0.0024 
(−0.0079 
to 0.0031)

0.39 −0.1368 
(−0.2695 to 
−0.0040)

P=0.048 −0.0048 
(−0.0375 
to 0.0279)

0.78

*Bold values indicate statistical significance at P < 0.05. GGO Ground glass opacity, CI Confidence interval, ASS Anti-synthetase syndrome, MDA5+ DM Anti-melanoma 
differentiation-associated gene 5 antibody-positive dermatomyositis
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Table 5  Difference of interstitial lesions changes in different progression periods*
Group Period Honeycomb% Predicted Reticular% 

Predicted
Consolidation% 
Predicted

GGO% Predicted Emphysema% 
Predicted

Change (95% CI) P 
Value

Change 
(95% CI)

P 
Value

Change 
(95% CI)

P Value Change 
(95% CI)

P 
Value

Change 
(95% CI)

P 
Value

All Rapid-Slow −0.0178 0.49 −0.0697 0.55 −0.1647 P<0.0001 0.3050 0.20 −0.0387 0.98
Rapid-None −0.0079 0.49 0.0343 0.55 0.0093 0.67 0.1980 0.20 −0.0414 0.98
Slow-None 0.0099 0.49 0.1040 0.55 0.1740 P<0.0001 −0.1070 0.59 −0.0027 0.98

ASS Rapid-Slow −0.0100 0.60 −0.0782 0.62 −0.1951 P<0.0001 0.2758 0.43 −0.0822 0.70
Rapid-None −0.0052 0.60 0.0376 0.62 0.0096 0.77 0.1921 0.43 −0.0473 0.70
Slow-None 0.0048 0.60 0.1158 0.62 0.2046 P<0.0001 −0.0837 0.74 0.0349 0.71

MDA5+ DM Rapid-Slow −0.0009 0.99 0.0535 0.95 0.0138 0.74 0.4890 0.47 0.1708 0.88
Rapid-None −0.0085 0.99 0.0052 0.95 −0.0046 0.74 0.1100 0.54 −0.0228 0.88
Slow-None −0.0076 0.99 −0.0484 0.95 −0.0184 0.74 −0.3780 0.47 −0.1936 0.88

ASS-MDA5 Rapid Progressive 0.0030 0.89 0.0023 0.98 0.0031 0.94 0.0177 0.94 −0.0260 0.86
Slow Progressive 0.0176 0.25 0.2510 0.21 0.2320 0.08 0.5230 0.30 0.2310 0.46
None Progressive 0.003 0.43 0.0125 0.81 −0.0054 0.42 0.0315 0.75 −0.0002 0.99

*Bold values indicate statistical significance at P < 0.05. GGO Ground glass opacity, CI Confidence interval, ASS Anti-synthetase syndrome, MDA5+ DM Anti-melanoma 
differentiation-associated gene 5 antibody-positive dermatomyositis

Fig. 5  Correlation of interstitial lesions changes and lung function changes. Total ILD(%) = Honeycomb(%) + Reticular(%) + Consolidation(%) + GGO(%), Fi-
brosis(%) = Honeycomb(%) + Reticular(%), Inflammation(%) = Consolidation(%) + GGO(%), GGO: ground glass opacity, VC%: the proportion of actual value 
to the expected value for vital capacity, FVC%: the proportion of actual value to the expected value for forced vital capacity, FEV1%: the proportion of ac-
tual value to the expected value for forced expiratory volume in the first second, FEV1/FVC: the proportion of forced expiratory volume in the first second 
to the forced vital capacity, TLC%: the proportion of actual value to the expected value for total lung capacity, DLCO%: the proportion of actual value to 
the expected value for carbon monoxide diffusing capacity
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over follow-up, suggesting its role in disease progression. 
Subgroup analyses for ASS and MDA5 + DM are pre-
sented in Tables S5 and S6.

Discussion
This study systematically delineates risk predictors of 
RP-IIM-ILD, uncovers subtype-specific imaging progres-
sion patterns, and proposes dynamic imaging biomarkers 
through multimodal integration of longitudinal imaging, 
pulmonary function, and serological data. These find-
ings establish an evidence-based framework for precision 
stratification in IIM-ILD management.

Risk stratification of RP-ILD
In our cohort, RP-ILD developed in 249 (48.4%) of the 
514 patients. Multivariable analysis identified anti-MDA5 
antibody seropositivity as the paramount independent 
predictor of RP-ILD (OR 10.46, 95% CI 3.40–32.22), 
corroborating its established role in driving aberrant 
immune activation and accelerated pulmonary paren-
chymal destruction [29, 30]. Notably, our cohort demon-
strated anti-MDA5 positivity conferred a 2.47-fold higher 
risk of adverse prognosis compared to ASS (HR: 2.47, 
95% CI: 1.15–5.31), which concords with Nakashima 
et al.‘s observation of 46% six-month respiratory mor-
tality in MDA5 + DM [31], underscoring the therapeu-
tic recalcitrance characterizing this subgroup [32, 33]. 
GGO (OR: 1.07, 95% CI: 1.01–1.13) and consolidation 
on HRCT serve as dual indicators of RP-ILD, with their 
prognostic significance corroborating previous studies 
[10, 34–37]. Bilateral diffuse GGO represents the most 
common early manifestation of MDA5 + DM associated 
RP-ILD, likely indicative of alveolar septal inflammation 
or edema [38, 39]. Disease progression may subsequently 
manifest as consolidation and reticular pattern, indicat-
ing fibrotic remodeling or organizing pneumonia [40]. 
QCT analysis by Xu et al. identified a significant correla-
tion between GGO/consolidation and 6-month mortality 
in MDA5 + DM patients [18]. PFT in IIM-ILD patients 
typically demonstrates restrictive ventilatory dysfunction 

and impaired diffusion capacity [29, 41, 42]. Notably, 
our study revealed that reduced baseline VC% (OR: 0.91, 
95% CI: 0.84–0.98) was associated with the coexistence 
of extensive GGO and reticular pattern (OR: 1.23, 95% 
CI: 1.07–1.41), suggesting that the synergistic interac-
tion between mechanical pulmonary restriction and 
combined inflammatory-fibrotic burden may constitute 
the core pathophysiological mechanism driving RP-ILD 
progression.

Dynamic imaging evolution across disease stages
Longitudinal analysis using linear mixed-effects models 
revealed distinct radiographic trajectories: patients with 
RP-ILD exhibited significant progression of honeycomb-
ing, reticular pattern, and consolidation during the slow 
progressive period, whereas non-RP-ILD counterparts 
demonstrated marked regression of GGO. These find-
ings underscore that prior RP-ILD episodes correlate 
with sustained inflammatory activity, fibrotic transforma-
tion, and chronic fibrotic evolution, whereas non-RP-ILD 
phenotypes are characterized by inflammatory resolu-
tion. Our study represents the first application of QCT 
for dynamic monitoring of interstitial lesion progression 
in IIM-ILD. Notably, patients with RP-ILD exhibited 
pathological parallels to idiopathic pulmonary fibrosis, 
a prototypical progressive fibrotic ILD—sharing persis-
tent chronic inflammation and unchecked fibrogenesis 
[43, 44]. This comparative analysis challenges the con-
ventional dichotomy between autoimmune-driven and 
idiopathic ILD, advocating for a unified framework to 
address shared fibro-inflammatory pathways [45, 46].

Subtype-specific dynamic imaging evolution
Longitudinal imaging analysis revealed distinct progres-
sion patterns between ASS and MDA5 + DM. The ASS 
cohort exhibited a slow progressive period characterized 
by partial inflammatory resolution but persistent accu-
mulation of consolidations, reflecting chronic inflamma-
tion-driven alveolar epithelial injury. It is also important 
to consider that persistent GGO may not only indicate 
active inflammation, but also could represent residual 
post-inflammatory damage, early fine fibrosis, or a mixed 
state of ongoing alveolar injury and attempted repair 
[34]. MDA5 + DM cohort demonstrated sustained pro-
gression toward HC and reticular pattern-predominant 
fibrosis during the slow progressive period, suggesting 
anti-MDA5 antibody-mediated fibroblast transdifferen-
tiation that perpetuates irreversible pulmonary remod-
eling. It should be noted, however, that this observed 
radiologic evolution toward a fibrotic-predominant pat-
tern may not solely indicate actively progressive fibrosis, 
but could also represent a stabilized, post-inflamma-
tory sequela following the acute alveolar injury, par-
ticularly in survivors of the initial RP-ILD phase. The 

Table 6  Risk factors for adverse prognosis in idiopathic 
inflammation myopathy associated interstitial lung disease*

P-value HR (95% CI)
Consolidation% 0.357 1.01 (0.99–1.04)
Ground glass opacity% 0.012 1.0056 (1.001–1.010)
Reticular% 0.770 1.00 (0.99–1.01)
Honeycomb% 0.270 1.05 (0.96–1.14)
Age 0.251 1.00 (1.00–1.01.00.01)
MDA5 0.020 2.47 (1.15–5.31)
Male 0.296 1.43 (0.73–2.80)
* The adverse prognosis included mortality, ICU admission, or lung 
transplantation. Bold values indicate statistical significance at P < 0.05. 

HR Hazard ratio, CI Confidence interval, MDA5 Anti-melanoma differentiation 
associated protein 5
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inference of active fibrotic process in MDA5 + DM is 
based on cross-sectional imaging patterns and requires 
validation in future prospective studies incorporating 
longitudinal physiologic data and histopathological cor-
relation to confirm the true activity and progression of 
fibrosis. Non-RP-ILD subgroup exhibited subclinical 
fibrotic progression despite inflammatory attenuation, 
implying persistent microenvironmental dysregulation. 
Consistent with prior evidence [47–50], ASS typically 
manifests radiologically as nonspecific interstitial pneu-
monia (NSIP) or organizing pneumonia (OP) patterns, 
whereas MDA5 + DM frequently presents with rapidly 
progressive fibrotic phenotypes or acute lung injury pat-
terns—notably diffuse alveolar damage (DAD). These 
dichotomous trajectories fundamentally reflect divergent 
pathomechanisms : ASS progression is driven by “sus-
tained inflammasome activation” versus MDA5 + DM’s 
“post-acute fibrotic reprogramming” [51–53], necessitat-
ing subtype-specific therapeutic paradigms.

Functional-radiologic synergy and clinical translation
The strong correlation between fibrotic lesions (honey-
combing, reticular pattern) and pulmonary functional 
parameters (VC%, FVC%, DLCO%) is particularly pro-
nounced during the slow progressive period, underscor-
ing fibrosis as the pivotal driver of irreversible pulmonary 
impairment. This is corroborated by Roncella et al. [54], 
who identified inverse correlations between QCT-based 
ILD scores and both TLC% and DLCO% in ASS. In con-
trast, GGO and consolidation demonstrate significant 
functional associations during rapid progressive period, 
consistent with prior investigations. Ungprasert et al. 
revealed substantial inverse associations between GGO 
extent quantified by CALIPER software and both DLCO 
and TLC [55], while Bae et al. documented negative cor-
relations between longitudinal GGO progression and 
declining DLCO/FVC values in ASS [56]. These observa-
tions suggest that HRCT-detected GGO may reflect con-
current restrictive ventilatory dysfunction and impaired 
gas exchange. Notably, RP-ILD patients exhibiting dif-
fuse GGO with heterogeneous FDG uptake on PET/CT 
demonstrate elevated metabolic activity proportional to 
inflammatory severity [39], supporting GGO as poten-
tial biomarkers of active inflammation. Collectively, these 
findings validate the utility of QCT parameters as non-
invasive surrogates for serial pulmonary function testing, 
particularly enabling dynamic monitoring in critically 
ill populations where repeated invasive assessments are 
clinically challenging.

Time-dependent prognostic significance of ground glass 
opacity burden
This study revealed that the increase in GGO burden 
(HR: 1.0056, 95% CI: 1.001–1.010) was associated with 

the elevated mortality risk, with the honeycombing dem-
onstrating a significant upward trend over extended fol-
low-up durations. Prior studies have documented that 
anti-MDA5 antibody-positive patients may exhibit rapid 
progression from localized GGO to diffuse pulmonary 
lesions on chest CT within weeks, often accompanied by 
precipitous declines in pulmonary function, hypoxemia, 
and high mortality rates [57, 58]. Notably, GGO exacer-
bations have been reported to occur more frequently in 
the usual interstitial pneumonia (UIP) subtype [15]. It is 
important to acknowledge that our prognostic evalua-
tion of GGO burden incorporated imaging data from all 
disease phases, including both the acute rapid progres-
sive and post-acute periods. While GGO likely reflects 
distinct underlying pathologies in these different stages-
primarily active inflammation during acute phase versus 
chronic alveolar damage or evolving fibrosis during slow 
progression-its cumulative burden throughout the dis-
ease course remained a significant predictor of mortal-
ity. This study is the first to identify the time-dependent 
prognostic effect of GGO, suggesting that it may not 
merely represent acute inflammatory markers but rather 
reflect persistent alveolar injury or dysregulated repair 
mechanisms. These findings support the clinical value of 
serial GGO monitoring across all phases, as it provides 
integrated prognostic information that may guide long-
term management strategies. These findings emphasize 
that clinicians should remain vigilant regarding long-
term pulmonary functional deterioration in patients with 
progressive GGO, even after surviving the rapid progres-
sive period. Furthermore, this work provides a rationale 
for serial HRCT monitoring during follow-up to guide 
timely therapeutic adjustments.

Study limitations
While this study provides the first characterization of 
heterogeneous imaging trajectories across IIM-ILD 
subtypes, several limitations warrant cautious interpre-
tation. The single-center design introduces potential 
selection bias. Another consideration is the presence of 
missing data for several covariates. Although the propor-
tion of missing values exceeded 30% for some param-
eters, t-test and logistic regression analysis supported 
the assumption that the data were Missing Completely 
at Random (MCAR). Under the MCAR mechanism, the 
complete-case analysis employed in our study is unlikely 
to introduce systematic bias into the model estimates, as 
the missingness is not related to either the observed or 
unobserved data. Nevertheless, the reduction in sample 
size due to missingness may have reduced the statistical 
power of the analyses, potentially affecting the preci-
sion and stability of the estimated associations in Table 2. 
Although we adjusted for initial treatment regimens 
using statistical models, the diversity and complexity of 
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subsequent treatments may have introduced residual 
confounding effects on long-term prognosis and imag-
ing changes, which could not be fully controlled. Further 
prospective studies are needed for validation. In addi-
tion, the short-term fluctuations in emphysema extent 
observed in our study should be interpreted with caution. 
These apparent changes are unlikely to represent genuine 
morphological progression or regression of emphysema, 
which is typically a permanent structural alteration. 
Instead, they may reflect the combined effects of algo-
rithmic reclassification in regions with mixed pathologi-
cal patterns and the potential confounding influence of 
spontaneous pneumomediastinum-a known complica-
tion of IIM-ILD-which can alter parenchymal attenu-
ation and mimic paraseptal emphysema on automated 
segmentation. Although smoking history was present in a 
portion of our cohort, the quantitative changes observed 
in emphysema over time were analyzed across the entire 
group, and future studies with larger sample sizes could 
stratify patients based on smoking status. Another limita-
tion of this study is the attrition observed during the fol-
low-up period, primarily attributable to patient mortality. 
This attrition may introduce attrition bias, potentially 
leading to an overestimation of the imaging improvement 
rate or survival rates, as the participants who completed 
the study may systematically differ from those who were 
lost to follow-up. Furthermore, the decline in sample size 
over time may reduce the statistical power of the longi-
tudinal data analyses. Therefore, the interpretation of the 
results should be approached with caution, considering 
the potential impact of mortality-related attrition dur-
ing follow-up. Furthermore, mechanistic insights remain 
limited—the molecular distinctions between ASS and 
MDA5 + DM demand clarification through multi-omics 
investigations. Future multi-center prospective studies 
should integrate histopathological validation and bio-
marker profiling to verify the predictive utility of QCT 
parameters. Additionally, developing precision treatment 
algorithms tailored to subtype-specific and disease-stage 
profiles represents a critical next step.

Conclusions
IIM-ILD with prior rapid progression develop chronic 
fibrotic trajectories with persistent inflammation com-
pared to non-progressive cases. Imaging manifestations 
of ASS are characterized by sustained inflammatory 
activity, whereas MDA5 + DM demonstrates post-acute 
fibrotic remodeling following initial injury. Longitudinal 
GGO emerges as a critical prognostic indicator, demon-
strating time-dependent cumulative risk effects.
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