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Objective: To assess imaging quantitative markers on baseline High-resolution computed tomography (HRCT) for predicting rapid 
progression (RP) and adverse events in anti-synthetase syndrome associated interstitial lung disease (ASS-ILD) and anti-MDA5- 
positive dermatomyositis-associated interstitial lung disease (MDA5-ILD).
Methods: This retrospective study analyzed 511 patients (ASS-ILD: n=356, median age=56 years; MDA5-ILD: n=155, median age=50 
years) between Jan 2016 and Dec 2021. RP was defined as pulmonary function, image, or symptom aggravation within 3 months of 
initial presentation. Adverse events (death/intensive care) were recorded. Deep learning quantified ground-glass opacity (GGO) and 
consolidation volumes/percentages on baseline HRCT. Multivariable logistic and Cox regression adjusted for confounders (age, gender, 
smoking status, body mass index, fibrosis, and treatment). No multiple comparisons were conducted since this is an explorable study.
Results: RP occurred in 34.8% (124/356) of ASS-ILD and 44.5% (69/155) of MDA5-ILD patients. Elevated GGO/consolidation volumes 
and percentages independently predicted RP in patients with ASS-ILD (adjusted odd ratio=1.63, 95% confidence interval:1.25–2.12, P<0.001), 
but not in patients with MDA5-ILD. During median follow-up (ASS-ILD: 4.45 years; MDA5-ILD: 4.05 years), RP patients showed higher 
mortality versus patients without RP (hazard ratio=4.12, P<0.001). Increased baseline GGO/consolidation metrics predicted adverse events in 
patients with ASS-ILD or MDA5-ILD (P<0.01).
Conclusion: GGO and consolidation quantification on baseline HRCT can provide clinically actionable predictors to identify patients with 
ASS-ILD at high-risk for RP, and to stratify adverse event risks across ASS/MDA5-ILD regardless of RP status, enabling early intervention.
Keywords: idiopathic inflammatory myopathy, anti-synthase syndrome, anti-MDA5-positive dermatomyositis, high-resolution 
computed tomography, ground-glass opacity, consolidation, rapidly progressive interstitial lung disease

Introduction
Rapid progressive interstitial lung disease (RP-ILD) is characterized by worsening symptoms, image progression, and 
impaired pulmonary function in patients with idiopathic inflammatory myopathy (IIM)-related interstitial lung disease 
(ILD), leading to increased mortality and a low life quality.1 Anti-synthase syndrome (ASS) and anti-MDA5-positive 
dermatomyositis (MDA5) are important clinical subtypes of IIM that have been reported to be closely related to ILD.2–6 
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Current concepts emphasize that ASS, characterized primarily by antibodies against aminoacyl-tRNA synthetases, 
frequently manifests ILD as a cardinal feature, often preceding or overshadowing myositis.7 Conversely, MDA5 defines 
a unique subset often presenting with clinically amyopathic dermatomyositis and carries a significant risk for RP-ILD. 
The prevalence of ILD in patients with ASS exceeds 80%,8,9 and the incidence of ILD in patients with MDA5 can be as 
high as 90%. Most importantly, approximately 80% of MDA5-related ILD (MDA5-ILD) patients and 7.8%–8.9% of 
patients with ASS-related ILD (ASS-ILD) were reported to exhibit RP-ILD.10,11 The mortality rate among patients with 
IIM-related ILD (IIM-ILD) is reported to be 70%-90% in those with RP-ILD.12–14 If recognized early, RP-ILD can be 
treated with appropriate immunosuppressive therapy to optimize patients’ prognosis.15 Thus, prediction of RP-ILD is 
crucial for both ASS-ILD and MDA5-ILD management.

High-resolution computed tomography (HRCT) has been widely used in the evaluation of IIM-ILD. Ground glass 
opacities (GGO) and consolidation are the most common imaging findings in ASS-ILD and MDA5-ILD.16–18 ASS-ILD 
typically presents with a subacute onset and exhibits a mixed pattern of nonspecific interstitial pneumonia, and/or 
organizing pneumonia on HRCT.7 MDA5-ILD is notoriously aggressive, characterized radiologically by rapid progres
sion of GGO and consolidation. However, the correlation between quantitative GGO or consolidation with RP-ILD and 
the prognosis remains unclear. While HRCT is routinely integrated with pulmonary function tests, symptom acuity, and 
serum biomarkers (such as ferritin, lactate dehydrogenase, and Krebs von den Lungen 6) in multi-modal assessments 
aimed at stratifying the risk of RP-ILD.19 Inadequate understandings of HRCT features and RP-ILD limits the predictive 
power of current multi-modal approaches. In recent years, quantitative CT (QCT) has emerged as an assessment tool for 
ILD progression and is more accurate than visual assessment.20,21 QCT assessments can also facilitate the reliable and 
accurate diagnosis, monitoring, and prognosis of lung diseases.22,23 We hypothesized that the quantitative features of 
GGO and consolidation on QCT are associated with RP-ILD or a poor prognosis. In this study, we aimed to 
comprehensively analyze the clinical and quantitative features of HRCT to identify the risk factors associated with RP- 
ILD and prognosis in patients with ASS-ILD and MDA5-ILD.

Graphical Abstract
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Methods and Materials
Study Design and Population
The study protocol was approved by the Ethics Committee of China-Japan Friendship Hospital (No. 2017–25) and was 
retrospectively analyzed based on the registered perspective cohort (NCT04370158). Our study complies with the Declaration 
of Helsinki. Written informed consent was obtained from all the patients. Patients diagnosed with ASS-ILD or MDA5-ILD at our 
hospital between Jan 2016 and Dec 2021 were included in the study. The identification and classification of IIM was based on the 
criteria established by Bohan and Peter.24 The diagnostic criteria employed for ASS and MDA5 were the classification criteria 
established by the 2018 European Neuromuscular Centre dermatomyositis criteria.25 To diagnose ILD, we followed the guidelines 
of the American Thoracic Society/European Respiratory Society guidelines.26 The diagnosis of ASS-ILD or MDA5-ILD was 
made through multidisciplinary discussion (MDD). The exclusion criteria were as follows: (1) patients without baseline HRCT or 
HRCT with poor image quality during hospitalization, and (2) concurrent malignancy or heart failure based on electronic records.

The diagnostic criteria for identifying RP-ILD were based on the international consensus, as modified by the 
declaration of the American Thoracic Society on idiopathic pulmonary fibrosis.27 RP-ILD is confirmed when newly 
onset at least one of the following criteria is met: (1) aggravation of symptoms, such as exertional dyspnea, (2) 
augmentation of pulmonary opacification observed on HRCT imaging, and (3) alterations in physiological parameters 
demonstrated by a decline of 10% in vital capacity (VC) or a decrease of 1.33 kPa in arterial oxygen tension (PaO2) 
within individuals affected by IIM-ILD28–34 within 3 months since the onset of respiratory symptoms.28–34 Adverse 
events including death and intensive care unit (ICU) admission were derived from electronic medical records or 
telephone follow-ups. Figure 1 is the flowchart detailing how participants were selected and grouped. Figure 1 depicts 
the prospective screening flowchart of 612 IIM-ILD treated at our Hospital between January 1, 2016 and December 31, 

Figure 1 Patient screening flowchart. Prospective enrollment of idiopathic inflammatory myopathy-associated interstitial lung disease (IIM-ILD) patients at China-Japan 
Friendship Hospital (2016–2021). Boxes indicate critical decision points. 
Abbreviations: RP-ILD, rapid progressive interstitial lung disease; ASS-ILD, anti-synthetase syndrome-interstitial lung disease; MDA5-ILD, melanoma differentiation-associated 
protein 5-positive interstitial lung disease; HRCT, high-resolution computed tomography; IIM-ILD, idiopathic inflammatory myopathy-associated interstitial lung disease.
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2021. After excluding 32 subjects with significant imaging artifacts, 580 patients with high-quality baseline HRCT scans 
were retained. An additional 69 individuals were excluded due to incomplete documentation of at least one of three key 
progression criteria: (1) respiratory symptom deterioration, (2) radiologically confirmed increase in lung abnormalities, or 
(3) ≥10% decline in VC or ≥1.33 kPa reduction in PaO2. The final cohort comprised 511 patients with IIM-ILD, stratified 
into 193 RP-ILD cases (124 ASS-ILD; 69 MDA5-ILD) and 318 non-RP-ILD controls (232 ASS-ILD; 86 MDA5-ILD).

Clinical Characters
Demographic factors and pulmonary function assessments were reviewed and extracted from the electronic medical 
records. Pulmonaary function parameters included VC, forced vital capacity (FVC), total lung capacity (TLC), diffusing 
capacity for carbon monoxide (DLCO), and their percent predicted (VC%, FVC%, TLC%, and DLco%). PaO2 and 
arterial carbon dioxide pressure (PaCO2) were derived from examination of blood gas samples with a specific fraction of 
inhaled oxygen (FiO2). Oxygenation index (OI) was defined as PaO2/FiO2. The levels of myositis-specific autoantibo
dies, including anti-nuclear antibody (ANA), anti-RO-52 antibody (RO-52), anti-JO-1 antibody (JO-1), anti-Sjögren’s 
syndrome-related antigen A antibody (SSA), anti-EJ antibody (EJ), anti-Mi-2 antibody (Mi-2), anti-PM-SCL antibody 
(PM-SCL), and anti-PL-12 antibody (PL-12) were measured by immunoblotting (Euroimmun, Lübeck, Germany). We 
defined grayscale values <11 units/L as negative and those ≥11 units/L as positive. The exclusion of rare antibodies (PL- 
7, Zo, etc.) was based on cohort prevalence <5% in prior regional studies.

HRCT Scan
All included patients underwent baseline HRCT in the supine position on multilayer spiral CT device (Lightspeed VCT/64, 
GE Healthcare; Toshiba Aquilion ONE TSX-301C/320; Philips iCT/256; Siemens FLASH Dual Source CT) at the end of 
inspiration from the lung apex to the lung base. HRCT scanning protocol was spiral mode with the following acquisition and 
reconstruction parameters included: tube voltage of 100–120 kV, tube current of 100–300 mAs, section thickness of 
0.625–1 mm, table speed of 39.37 mm/s, gantry rotation time of 0.8 s, and reconstruction increment of 1–1.25 mm.

CT Analysis
HRCT images in digital-imaging-and-communications-in-medicine format were transferred to an artificial intelligence 
workstation (FACT AI+-digitalLung V1.0, Shenzhou Dexin Medical Imaging Technology Co., Ltd., Weinan Shanxi, 
China, http://www.dexhin.com),35,36 and the lungs were automatically segmented and then corrected by two chest radiologists 
with 9 and 15 years of experience. The quantitative analysis encompassed a meticulous assessment of GGO and consolidation 
using pre-trained deep learning. Initially, it segments the GGO and consolidation regions from full-lung images and quantifies 
their volumes. Subsequently, the percentage of this volume that represents the total lung volume is determined. Within these 
segmented areas, the corresponding attenuation coefficients are extracted for each voxel, and both the number of voxels with 
attenuation coefficients exceeding and above the mean value or −300 HU (referred to as the non-solid ratio) were calculated. 
Finally, the mass of each lesion was computed by multiplying the average voxel value, indicative of the material density within 
these regions, by their respective volumes. The presence of honeycomb, reticular, or traction bronchiectasis was visually 
assessed by expert radiologists to classify the fibrosis status (Supplementary Figure 1).

Statistically Analysis
All statistical analyses and data visualization were performed using R software (version 4.2.2) operating on the Windows 10 
platform. The threshold for statistical significance was set at P < 0.05 (one-tailed). Multiple Imputation by Chained Equations 
was used to generate a complete dataset for analysis. We used mean values and standard deviations for continuous variables that 
were normally distributed. We used medians and interquartile ranges for non-normally distributed data. Categorical variables are 
presented as numbers and percentages. Data comparisons were performed using t-tests or Mann–Whitney U-tests for continuous 
variables, and chi-square or Fisher’s exact tests for categorical variables. Consequently, a multivariable logistic regression model 
adjusted for the effects of age, sex, body mass index, smoking status, fibrosis status, and treatment history was used to discern 
QCT features associated with RP-ILD. Associations between pulmonary function, arterial blood gas parameters, and QCT 
features were explored using Spearman correlation analysis. A Cox regression was used to explore the association between QCT 
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features and prognosis with adjustments for age, sex, body mass index, smoking status, fibrosis status, pulmonary function, and 
treatment history. Sample size determination adhered to the 10 events per variable criterion to ensure statistical robustness. Given 
the exploratory nature of this investigation, statistical corrections for multiple comparisons were intentionally omitted.

Results
Baseline Clinical Characteristics and Prognosis
A total of 356 patients with ASS-ILD (87 males; median age: 56 years) and 155 patients with MDA5-ILD (57 males; median age: 
50 years) were included in this study. Among the patients with ASS-ILD, 124 (34.8%) had RP-ILD, while 69 (44.5%) MDA5- 
ILD patients presented with RP-ILD. Detailed demographic and clinical data are summarized in Table 1. Among the patients with 
ASS-ILD or MDA5-ILD, those with RP-ILD were older and had worse pulmonary function (low VC%, FVC%, TLC%, DLco%, 
and OI).

By April 2024 [median follow-up duration: 4.45 years (interquartile range: 3.30 years) for ASS-ILD; 4.05 years 
(interquartile range: 4.01 years) for MDA5-ILD], complete prognostic outcomes were available for 231 of 356 patients 

Table 1 Baseline Characteristics of Patients with ASS-ILD or MDA5-ILD

ASS-ILD MDA5-ILD

Characteristics Non-RP-ILD RP-ILD P Non-RP-ILD RP-ILD P

n 232 124 86 69

Age (years), median (IQR) 55.00 (48.00, 62.00) 57.00 (51.00, 66.00) 0.018 47.50 (39.25, 54.00) 53.00 (45.00, 59.00) 0.001

Male, n (%) 62 (26.7%) 25 (20.2%) 0.170 31 (36.0%) 26 (37.7%) 0.834

BMI (kg/m2), median (IQR) 24.40 (22.30, 27.03) 24.50 (23.20, 26.00) 0.646 22.81 (20.57, 24.73) 22.96 (20.90, 24.99) 0.663

Never-smoker, n (%) 76 (32.8%) 40 (32.3%) 0.949 27 (31.4%) 15 (21.7%) 0.231

VC% 73.35 (60.18, 86.63) 67.85 (57.78, 79.25) 0.031 80.41 ± 15.63 73.95 ± 12.63 0.052

FVC% 73.95 (60.35, 87.85) 69.20 (57.30, 82.00) 0.046 82.02 ± 16.30 75.78 ± 13.48 0.072

FEV1% 72.62 ± 18.98 68.05 ± 17.78 0.064 78.50 (68.50, 87.50) 73.00 (62.80, 80.70) 0.046

FEV1/FVC 80.76 (76.67, 84.87) 82.78 (78.22, 86.86) 0.074 80.67 ± 5.82 81.40 ± 7.92 0.649

TLC%, median (IQR) 69.00 (58.20, 81.45) 65.00 (56.00, 73.55) 0.010 80.15 (75.98, 90.25) 73.00 (63.65, 83.25) 0.057

DLCO%, median (IQR) 59.00 (47.20, 70.60) 49.85 (41.98, 62.68) 0.001 59.90 (51.88, 72.45) 55.15 (48.45, 60.4) 0.076

OI, median (IQR) 400.00 (361.90, 434.29) 380.95 (314.29, 438.10) 0.017 403.63 (353.69, 437.02) 360.56 (301.43, 416.31) 0.007

ANA, n (%) 117 (50.4%) 58 (46.8%) 0.511 11 (12.8%) 9 (13.0%) 0.963

RO-52, n (%) 123 (53.0%) 67 (54.0%) 0.855 23 (26.7%) 24 (34.8%) 0.279

JO1, n (%) 55 (23.7%) 26 (21.0%) 0.557 0 (0.0%) 2 (2.9%) 0.383

SSA, n (%) 207 (89.2%) 118 (95.2%) 0.058 2 (2.3%) 2 (2.9%) 1.000

EJ, n (%) 15 (6.5%) 10 (8.1%) 0.574 1 (1.2%) 1 (1.4%) 1.000

Mi-2, n (%) 2 (0.9%) 3 (2.4%) 0.473 4 (4.7%) 4 (5.8%) 1.000

PM-SCL, n (%) 3 (1.3%) 3 (2.4%) 0.723 5 (5.8%) 4 (5.8%) 1.000

PL7, n (%) 7 (3.0%) 4 (3.2%) 1.000 0 (0.0%) 0 (0.0%) /

PL12, n (%) 6 (2.6%) 3 (2.4%) 1.000 1 (1.2%) 0 (0.0%) 1.000

SSB, n (%) 6 (2.6%) 2 (1.6%) 0.830 0 (0.0%) 0 (0.0%) /

Prednisone, n (%) 216 (93.1%) 120 (96.8%) 0.152 83 (96.5%) 69 (100.0%) 0.571

Immunosuppression, n (%) 111 (47.8%) 58 (46.8%) 0.847 48 (55.8%) 47 (68.1%) 0.118

Antifibrosis, n (%) 14 (6.0%) 7 (5.6%) 0.882 1 (1.2%) 3 (4.3%) 0.463

Fibrosis, n (%) 102 (44.0%) 67 (54.0%) 0.070 20 (23.3%) 28 (40.6%) 0.020

Notes: Immunosuppression is defined as cyclophosphamide, ciclosporin, azathioprine, mycophenolate mofetil, tacrolimus, or hydroxychloroquine. Antifibrosis is defined as 
pirfenidone. Fibrosis is defined when the volume of reticular and honeycomb is more than 5% of whole lung. Continuous variables were succinctly depicted using means coupled 
with their respective standard deviations in cases of normal distribution, whereas medians along with interquartile range were employed for non-normally distributed data. 
Categorical variables were diligently presented as absolute numbers and corresponding percentages. Comparisons of data were meticulously executed, harnessing the power of 
statistical tests such as the Student’s t-test or Mann–Whitney U-test for continuous variables, and the chi-square or Yates’ correction for categorical variables. 
Abbreviations: RP-ILD, rapid progressive interstitial lung disease; ASS-ILD, anti-synthetase syndrome related interstitial lung disease; MDA5-ILD, anti-melanoma 
differentiation-associated gene 5 antibody-positive dermatomyositis related interstitial lung disease; 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; OI, oxygenation 
index; ANA, Anti-nuclear antibody; RO-52, Anti-RO-52 antibody; JO1, Anti-JO-1 antibody; SSA, Anti-Sjögren’s-syndrome-related antigen A antibody; EJ, Anti-EJ antibody; 
Mi-2, Anti-Mi-2 antibody; PM-SCL, Anti-PM-SCL antibody; PL12, Anti-PL-12 antibody; IQR, interquartile ranges.
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with ASS-ILD, of whom 31 were deceased and 12 had been admitted to the ICU once at least. Of the 31 patients who died, 
13 developed RP-ILD. Of the 12 patients admitted to the ICU, 10 had RP-ILD. Of 155 patients with MDA5-ILD, we 
collected complete prognostic outcomes for 116 patients, of whom 21 died and 11 were admitted to the ICU. These 21 
deaths included 12 patients with RP-ILD and 7 of 11 ICU events were RP-ILD cases. Compared with patients with ASS- 
ILD and MDA5-ILD without RP-ILD, those with RP-ILD were associated with higher mortality (Supplementary Figure 2).

Quantitative Imaging Markers in Prediction of RP-ILD
After conducting multiple corrections (Table 2 and Supplementary Table 1 and 2), the volumes and percentage of GGO and 
consolidation on baseline HRCT in all patients with RP-ILD were significantly higher (P<0.001) than those without RP-ILD. 
Furthermore, similar results and feature distributions were observed in patients with ASS-ILD and MDA5-ILD (Supplementary 
Figures 3–7).

As shown in Table 3 and Supplementary Table 3 and 4, after adjusting age, gender, smoke status, body mass index, 
fibrosis status, prednisone uses, immunosuppressive agent uses, and anti-fibrosis medication uses, respectively, the volume 
and percentage of consolidation and GGO were risks to RP-ILD in patients with ASS-ILD, Moreover, this trend was linear 
in patients with ASS-ILD (P for trend < 0.05). Table 4 shows that it was not the volume or percentage of consolidation and 
GGO but the heterogeneity of consolidation, which was the risk associated with RP-ILD in patients with MDA5-ILD.

Subgroup analysis indicated that the association between the percentage of GGO and RP-ILD risk was stronger in 
younger patients, female, non-smoker, and overweight patients (Figure 2A). Notably, the increased percentage of GGO in 
JO1-positive and RO52-positive patients was a stronger risk factor for RP-ILD (Figure 2A). However, in patients with 
MDA5-ILD, the association between the percentage of GGO and RP-ILD remained comparable in nearly all subgroups 
(Figure 2B). Regarding consolidation, we found that younger patients, females, non-smoker, lower body weight, absence 
of fibrosis, and use of immunosuppressants were associated with a higher risk of RP-ILD with an increased consolidation 
percentage in ASS-ILD (Figure 2C). In patients with MDA5-ILD, the association between consolidation percentage and 

Table 2 Differences in Features of Ground-Glass Opacities and 
Consolidation Between RP-ILD and Non-RP-ILD in Patients with ASS- 
ILD and MDA5-ILD

Quantitative Features Non-RP-ILD RP-ILD P

ASS-ILD

Ground-glass opacity: volume (mL) 140.33 198.97 <0.001

Ground-glass opacity: percentage (%) 5.27 7.87 <0.001

Ground-glass opacity: heterogeneity 0.68 0.68 0.057
Consolidation: volume (mL) 35.04 44.16 <0.001

Consolidation: percentage (%) 1.24 1.63 <0.001

Consolidation: heterogeneity 0.71 0.69 0.041

MDA5-ILD

Ground-glass opacity: volume (mL) 47.95 85.16 <0.001

Ground-glass opacity: percentage (%) 1.72 3.31 <0.001

Ground-glass opacity: heterogeneity 0.67 0.67 0.129
Consolidation: volume (mL) 24.51 38.80 <0.001

Consolidation: percentage (%) 0.83 1.33 <0.001

Consolidation: heterogeneity 0.69 0.69 0.128

Notes: Because it was a crude comparison, we used the Mann–Whitney U-tests of two 
independent samples for comparison. Median value were also presented. 
Abbreviations: RP-ILD, rapid progressive interstitial lung disease; ASS-ILD, anti-synthetase 
syndrome related interstitial lung disease; MDA5-ILD, anti-melanoma differentiation- 
associated gene 5 antibody-positive dermatomyositis related interstitial lung disease.
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RP-ILD remained stable in nearly all subgroups (Figure 2D), and the association between other quantitative metrics and 
RP-ILD among subgroups was also stable (Supplementary Tables 5–16).

The Association Between Quantitative Imaging Markers and Adverse Events
For patients with ASS-ILD (Table 5 and Supplementary Figure 2), an increase in the volume and percentage of GGO was 
a risk factor for poor prognosis, regardless of whether they experienced RP-ILD. In patients with ASS-ILD, an 1-standard- 
difference increase in GGO percentage was associated with a 112% (95% confidence interval: 46%–216%) increase in adverse 
events after adjusting for age, sex, smoking status, body mass index, fibrosis status, prednisone use, immunosuppressive agent 
use, and anti-fibrosis medication use in patients with previous RP-ILD. While the hazard ratio of per-standard-difference GGO 
percentage was 2.41 (95% confidence interval: 1.56 to 3.71) on adverse event risk for ASS-ILD patients without a history of 
RP-ILD. However, an increase in the volume and percentage of consolidation may not predict the risk of adverse events in 
ASS-ILD patients without RP-ILD.

Table 3 Association of Quantitative Ground-Glass Opacities and Consolidation on Baseline HRCT with 
RP-ILD in Patients with ASS-ILD

Quantitative Features on HRCT Model-1 Model-2 Model-3 P for Trend

OR (95% CI) OR (95% CI) OR (95% CI)

Per SD 124/356 124/356 124/356
Ground-glass opacity: volume (mL) 1.41 (1.12, 1.79) 1.39 (1.08, 1.77) 1.39 (1.08, 1.78) 0.003

Ground-glass opacity: percentage (%) 1.39 (1.11, 1.76) 1.36 (1.07, 1.73) 1.36 (1.06, 1.74) 0.007

Ground-glass opacity: heterogeneity 1.20 (0.95, 1.51) 1.15 (0.90, 1.47) 1.14 (0.89, 1.46) 0.316
Consolidation: volume (mL) 1.56 (1.22, 2.00) 1.54 (1.19, 1.99) 1.55 (1.20, 2.00) <0.001

Consolidation: percentage (%) 1.63 (1.28, 2.09) 1.62 (1.25, 2.11) 1.63 (1.25, 2.12) <0.001

Consolidation: heterogeneity 0.83 (0.66, 1.04) 0.82 (0.65, 1.02) 0.82 (0.65, 1.03) 0.009

Notes: Model-1: adjusted for age, gender, smoke status, and body mass index. Model-2: additionally adjusted fibrosis status based on 
Model-1. Model-3: additionally adjusted prednisone uses, immunosuppressive agent uses, and anti-fibrosis medication uses based on 
Model-2. The effect sizes of all models were calculated using 1 SD change of each quantitative HRCT feature. P for trend was 
conducted by separating each HRCT feature value into 4 categories according to its quantiles based on Model-3. 
Abbreviations: HRCT, high-resolution computed tomography; RP-ILD, rapid progressive interstitial lung disease; ASS-ILD, anti- 
synthetase syndrome related interstitial lung disease; OR, odd ratio; 95% CI, 95% confidence interval; SD, standard difference.

Table 4 Association of Quantitative Ground-Glass Opacities and Consolidation on Baseline HRCT with 
RP-ILD in Patients with MDA5-ILD

Quantitative Features on HRCT Model-1 Model-2 Model-3 P for Trend

OR (95% CI) OR (95% CI) OR (95% CI)

Per SD 69/155 69/155 69/155

Ground-glass opacity: volume (mL) 1.61 (0.98, 2.66) 1.47 (0.91, 2.39) 1.50 (0.91, 2.49) 0.131
Ground-glass opacity: percentage (%) 1.66 (0.98, 2.80) 1.50 (0.89, 2.52) 1.54 (0.90, 2.64) 0.117

Ground-glass opacity: heterogeneity 1.26 (0.87, 1.81) 1.10 (0.72, 1.68) 1.18 (0.76, 1.83) 0.670

Consolidation: volume (mL) 1.38 (0.89, 2.14) 1.20 (0.75, 1.93) 1.27 (0.77, 2.12) 0.024
Consolidation: percentage (%) 1.33 (0.90, 1.96) 1.17 (0.77, 1.79) 1.25 (0.79, 1.97) 0.105

Consolidation: heterogeneity 1.53 (1.04, 2.25) 1.54 (1.05, 2.27) 1.49 (1.01, 2.21) 0.248

Notes: Model-1: adjusted for age, gender, smoke status, and body mass index. Model-2: additionally adjusted fibrosis status based on 
Model-1. Model-3: additionally adjusted immunosuppressive agent uses based on Model-2. The effect sizes of all models were 
calculated using 1 SD change of each quantitative HRCT feature. P for trend was conducted by separating each HRCT feature 
value into 4 categories according to its quantiles based on Model-3. 
Abbreviations: HRCT, high-resolution computed tomography; RP-ILD, rapid progressive interstitial lung disease; MDA5-ILD, anti- 
melanoma differentiation-associated gene 5 antibody-positive dermatomyositis related interstitial lung disease; OR, odd ratio; 95% CI, 
95% confidence interval; SD, standard difference.
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For MDA5-ILD patients with previous RP-ILD (Table 6 and Supplementary Figure 2), the volume, percentage, and 
mass of GGO were risk factors for adverse events. An one standard difference increase in GGO percentage was 
associated with a 1.32-fold increase in adverse events (95% confidence interval: 1.45-3.27). In contrast, for MDA5- 
ILD patients without previous RP-ILD, neither GGO nor consolidation was a risk factor for adverse events.

Discussion
In this study, we analyzed imaging markers, including GGO and consolidation on baseline HRCT, to predict RP-ILD and 
adverse events in patients with ASS-ILD and MDA5-ILD. Critically, elevated GGO/consolidation percentage demon
strated divergent prognostic relevance: in ASS-ILD, these metrics independently predicted poor outcomes regardless of 

Figure 2 Association between quantitative features of GGO and consolidation and RP-ILD among patients with ASS-ILD or MDA5-ILD. We adjusted age, gender, smoke 
status, body mass index, fibrosis status, prednisone uses (ASS-ILD only), immunosuppressive agent uses, and anti-fibrosis medication uses (ASS-ILD only) to estimate the 
effect of GGO and consolidation percentage on the RP-ILD excluding the stratum factor. The effect sizes of all models were calculated using 1 SD change of each quantitative 
HRCT feature. (a) The percentage of GGO in ASS-ILD. (b) The percentage of GGO in MDA5-ILD. (c) The percentage of consolidation in ASS-ILD. (d) The percentage of 
consolidation in MDA5-ILD. Immunosuppression is defined as cyclophosphamide, ciclosporin, azathioprine, mycophenolate mofetil, tacrolimus, or hydroxychloroquine. 
Abbreviations: GGO, ground glass opacity; RP-ILD, rapid progressively interstitial lung disease; ASS-ILD, anti-synthetase syndrome related interstitial lung disease; MDA5- 
ILD, anti-melanoma differentiation-associated gene 5 antibody-positive dermatomyositis related interstitial lung disease; BMI, Body mass index; ANA, Anti-nuclear antibody; 
RO-52, Anti-RO-52 antibody; JO1, Anti-JO-1 antibody.
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Table 5 Association Between the Baseline Ground-Glass Opacity, Consolidation and Adverse Events in Patients with ASS -ILD

Baseline Features on HRCT Non-RP-ILD RP-ILD

Model-1 
HR (95% CI)

Model-2 
HR (95% CI)

Model-3 
HR (95% CI)

P for Trend Model-1 
HR (95% CI)

Model-2 
HR (95% CI)

Model-3 
HR (95% CI)

P for Trend

Ground-glass opacity: percentage (%) 2.23 (1.61, 3.10) 2.23 (1.51, 3.28) 2.41 (1.56, 3.71) <0.001 2.11 (1.43, 3.10) 2.10 (1.45, 3.06) 2.12 (1.42, 3.16) 0.035

Ground-glass opacity: volume (mL) 2.50 (1.72, 3.63) 2.61 (1.68, 4.05) 2.56 (1.63, 4.04) <0.001 1.86 (1.29, 2.69) 1.76 (1.25, 2.48) 1.75 (1.22, 2.51) 0.059

Ground-glass opacity: heterogeneity 1.06 (0.61, 1.85) 0.96 (0.54, 1.70) 0.73 (0.38, 1.41) 0.121 1.05 (0.66, 1.67) 0.99 (0.61, 1.62) 1.07 (0.63, 1.79) 0.931
Consolidation: percentage (%) 2.16 (1.22, 3.82) 1.88 (1.02, 3.48) 1.92 (0.97, 3.83) 0.016 0.90 (0.60, 1.37) 0.98 (0.63, 1.50) 1.00 (0.64, 1.56) 0.712

Consolidation: volume (mL) 1.92 (1.13, 3.28) 1.65 (0.93, 2.96) 1.50 (0.79, 2.81) 0.237 0.81 (0.52, 1.26) 0.91 (0.57, 1.44) 0.90 (0.56, 1.46) 0.744

Consolidation: heterogeneity 1.06 (0.65, 1.73) 1.01 (0.62, 1.66) 1.02 (0.60, 1.74) 0.463 0.39 (0.23, 0.68) 0.42 (0.24, 0.73) 0.40 (0.22, 0.72) 0.015

Notes: Model-1: adjusted for age, gender, smoke status, and body mass index. Model-2: additionally adjusted FVC%, DLCO%, OI based on Model-1. Model-3: additionally adjusted prednisone uses, immunosuppressive agent uses, and anti- 
fibrosis medication uses based on Model-2. The effect sizes of all models were calculated using 1 standard difference change of each quantitative HRCT feature. P for trend was conducted by separating each HRCT feature value into 4 
categories according to its quantiles. 
Abbreviations: HRCT, high-resolution computed tomography; ASS-ILD, anti-synthetase syndrome-related interstitial lung disease; RP-ILD, Rapid progressive interstitial lung disease; HR, hazard ratio; 95% CI, 95% confidence interval; 
FVC%, the proportion of actual value to the expected value for forced vital capacity; DLCO%, the proportion of actual value to the expected value for carbon monoxide diffusing capacity; OI, oxygenation index; SD, standard difference.
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Table 6 Association Between Ground-Glass Opacity, Consolidation and Adverse Events in Patients with MDA5-ILD

The Baseline Features on HRCT Non-RP-ILD RP-ILD

Model-1 
HR (95% CI)

Model-2 
HR (95% CI)

Model-3 
HR (95% CI)

P for Trend Model-1 
HR (95% CI)

Model-2 
HR (95% CI)

Model-3 
HR (95% CI)

P for Trend

Ground-glass opacity: percentage (%) 0.47 (0.10, 2.18) 0.38 (0.06, 2.47) 0.29 (0.03, 2.65) 0.782 1.93 (1.27, 2.93) 2.17 (1.40, 3.36) 2.32 (1.45, 3.70) 0.753

Ground-glass opacity: volume (mL) 0.48 (0.11, 2.15) 0.40 (0.06, 2.42) 0.30 (0.04, 2.61) 0.898 1.68 (1.08, 2.62) 1.97 (1.23, 3.15) 2.05 (1.26, 3.36) 0.483

Ground-glass opacity: heterogeneity 1.17 (0.59, 2.33) 0.97 (0.41, 2.27) 1.13 (0.44, 2.91) 0.958 0.93 (0.65, 1.34) 0.93 (0.64, 1.35) 0.91 (0.61, 1.36) 0.488
Consolidation: percentage (%) 2.00 (0.71, 5.66) 1.34 (0.31, 5.81) 1.56 (0.31, 7.86) 0.604 1.24 (0.85, 1.80) 1.44 (0.94, 2.21) 1.51 (0.97, 2.35) 0.929

Consolidation: volume (mL) 2.53 (0.75, 8.56) 1.90 (0.36, 10.12) 2.29 (0.40, 13.14) 0.331 1.08 (0.76, 1.54) 1.20 (0.81, 1.76) 1.23 (0.82, 1.84) 0.707
Consolidation: heterogeneity 1.11 (0.59, 2.11) 1.08 (0.56, 2.07) 1.03 (0.55, 1.96) 0.663 0.65 (0.38, 1.09) 0.60 (0.35, 1.03) 0.57 (0.32, 1.00) 0.103

Notes: Model-1: adjusted for age, gender, smoke status, and body mass index. Model-2: additionally adjusted FVC%, DLCO%, OI based on Model-1. Model-3: additionally adjusted prednisone uses, immunosuppressive agent uses, and anti- 
fibrosis medication uses based on Model-2. The effect sizes of all models were calculated using 1 standard difference change of each quantitative HRCT feature. P for trend was conducted by separating each HRCT feature value into 4 
categories according to its quantiles. 
Abbreviations: HRCT, high-resolution computed tomography; RP-ILD, rapid progressive interstitial lung disease; MDA5-ILD, anti-melanoma differentiation-associated gene 5 antibody-positive dermatomyositis related interstitial lung 
disease; HR, hazard ratio; 95% CI, 95% confidence interval; FVC%, the proportion of actual value to the expected value for forced vital capacity; DLCO%, the proportion of actual value to the expected value for carbon monoxide diffusing 
capacity; OI, oxygenation index; SD, standard difference.
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RP-ILD history, whereas in MDA5-ILD, significant mortality associations emerged exclusively in patients with prior RP- 
ILD episodes. This findings validated our hypothesis and provided clues for further study.

The core finding reveals that baseline volumes and percentages of GGO and consolidation on baseline HRCT are 
significantly higher in patients with RP-ILD than in non-RP-ILD patients. This aligns with the consensus in polymyositis- 
associated ILD literature, confirming that radiological severity serves as a universal warning sign for RP-ILD.1,37–39 GGO is 
the most common feature of HRCT in Chinese patients with ASS-ILD.40 GGO and consolidation in quantitative HRCT 
metrics can predict RP-ILD in patients with ASS-ILD and MDA5-ILD.41 However, similar results in our study were observed 
only in the patients with ASS without RP-ILD. For MDA5 patients, a small amount of GGO exists in nearly all patients 
without RP-ILD who can live a long life with no additional risk derived from GGO. This phenomenon challenges the 
conventional assumption that extensive alveolar damage invariably precedes RP-ILD. Mechanistically, this paradox may stem 
from MDA5+ RP-ILD’s fulminant pathogenesis: characterized by explosive alveolar-capillary injury, its progression often 
outpaces detectable morphological accumulation on imaging. This process is driven by MDA5-triggered neutrophil extra
cellular trap and dendritic cells producing interferon-α42 that induce lung injury, coagulopathy, and rapid pulmonary failure.43

To our knowledge, this is the first long-term follow-up study (median > 4 years) with the largest cohort of patients with 
MDA5-ILD and ASS-ILD. The prognostic warning value of GGO demonstrates universality but context-dependency. In 
a study using QCT, Xu et al44 found that in patients with MDA5+, GGO and consolidation were significantly correlated with 
6-month mortality. Higher HRCT score is associated with mortality in patients with MDA5-ILD in Chinese populations from 
Shanghai45,46 and Tianjin.47 Previous studies most derive computed tomography score via visual assessment without accurate 
quantitation of specific lesions. The inability of current visual CT evaluation paradigms to discern individuals likely to 
experience poor outcomes during the early disease phase represents a major limitation in clinical practice. Our study, 
demonstrating the discriminatory prognostic power of quantitative GGO analysis – particularly within specific serological 
contexts (ASS-ILD vs MDA5-ILD) – thus holds significant clinical promise for enabling timely, targeted therapeutic 
interventions.

In patients with ASS-ILD, elevated GGO burden consistently correlates with poor prognosis regardless of prior RP-ILD 
history, mechanistically reflecting persistent active alveolitis—T-lymphocyte/macrophage infiltration and progressive parench
ymal damage driven by antisynthetase antibodies.43 Conversely, in MDA5-ILD cohorts, the prognostic significance of GGO 
specifically manifests in survivors with prior RP-ILD. This observation resonates with the concept of “different pathological 
pattern to same radiological appearance”: such GGO no longer represents acute exudative inflammation but signifies irreversible 
architectural destruction or incipient fibrosis, marking residual organ dysfunction after immunosuppressive therapy—a patholo
gical scar of aberrant tissue repair following inflammatory catastrophe.39 Furthermore, the limited prognostic role of consolidation 
(which showed no significant association with survival in our analysis) may relate to its frequent correlation with transient 
organizing pneumonia, where potential resolvability reduces its utility for long-term risk stratification, thereby reinforcing GGO 
as a more reliable chronic injury indicator.39 In summary, quantitative HRCT analysis demands divergent interpretive frameworks 
for ASS-ILD versus MDA5-ILD. For ASS-ILD: Baseline GGO/consolidation predicts both RP-ILD and long-term mortality, 
necessitating early intensified immunosuppression to interrupt inflammatory cascades. For MDA5-ILD: RP-ILD prediction 
requires integration of serological/kinetic markers (eg, ferritin surges), while GGO’s prognostic value emerges only post-acute 
phase, suggesting survivors warrant surveillance for fibrosis progression and exploration of antifibrotic therapies.

Our study had some limitations. First, patients who were unable to complete lung function owing to severe disease were not 
included; therefore, our results cannot represent seriously ill patients. Therefore, we can use only 3 months as the RP-ILD 
criterion, which may not be suitable for all situations.48 Second, we lost 25% of the patients during the follow-up period, mainly 
due to ASS-ILD, which may have caused a loss of follow-up bias. Third, this study was a single-center study, and the sample size 
of the internal validation cohort was limited; therefore, the model needs to be further validated by larger multicenter studies and 
external patient cohorts. Also, while our sample size met the 10 events per variable threshold to mitigate overfitting risks, larger 
multi-center cohorts remain desirable to enhance generalizability. Fourth, as an exploratory investigation targeting hypothesis 
generation, statistical corrections for multiple comparisons were purposefully omitted. These constraints, particularly regarding 
population representativeness and analytical conservatism, are inherent to preliminary biomarker research but do not invalidate 
the mechanistic insights presented. Fifth, our rigorous adjustment for key therapeutic variables including immunosuppressant 
types and dosing regimens, heterogeneity in adjunctive therapies—particularly ancillary interventions such as antifibrotic agent 
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initiation timing, pulmonary rehabilitation intensity, and rescue oxygen protocols—may constitute residual confounding. This 
variability stems partly from the observational nature of the study, wherein treatment decisions were tailored to individual clinical 
status rather than standardized protocols. Crucially, while such individualization reflects real-world practice patterns and 
enhances external validity, it inherently limits causal inference regarding therapeutic efficacy. Future prospective studies should 
implement protocol-driven therapeutic bundles to isolate specific treatment effects, though this must be balanced against 
ecological validity considerations in complex autoimmune conditions.

Conclusion
In conclusion, this study establishes the volume and percentage quantification of GGO and consolidation on baseline 
HRCT as novel, clinically significant prognostic markers for RP-ILD and adverse outcomes in patients with MDA5-ILD 
and ASS-ILD. Notably, our work represents the first comprehensive validation and direct comparison of both volumetric 
and proportional CT metrics specifically within these high-risk patient cohorts, providing a clearer hierarchy of predictive 
imaging features. The immediate clinical applicability lies in the ability of these readily quantifiable, non-invasive HRCT 
parameters to facilitate early risk stratification. This empowers clinicians to identify patients at imminent risk of 
devastating RP-ILD progression or mortality, thereby enabling prompt therapeutic intensification and tailored surveil
lance strategies. Thus, our findings bridge critical gaps in prognostication tools for these complex disorders, offering 
a practical radiological framework to guide aggressive management decisions at diagnosis.

Abbreviations
RP, rapid progression; ASS, anti-synthase syndrome; MDA5, anti-MDA5-positive dermatomyositis; GGO, ground glass 
opacity; IIM, idiopathic inflammatory myopathy; ILD, interstitial lung disease; HRCT, high-resolution computed 
tomography; QCT, quantitative CT; MDD, multi-disciplinary discussion; PaO2, arterial oxygen tension; ICU, intensive 
care unit; PaCO2, arterial carbon dioxide pressure; FiO2, fraction of inhaled oxygen; ANA, anti-nuclear antibody; RO-52, 
anti-RO-52 antibody; JO-1, anti-JO-1 antibody; SSA, anti-Sjögren’s-syndrome-related antigen A antibody; EJ, anti-EJ 
antibody; Mi-2, anti-Mi-2 antibody; PM-SCL, anti-PM-SCL antibody; PL-12, anti-PL-12 antibody; RP-ILD, rapid 
progressive interstitial lung disease; ASS-ILD, anti-synthetase syndrome related interstitial lung disease; OR, odd 
ratio; HR, hazard ratio; 95% CI, 95% confidence interval; FVC%, the proportion of actual value to the expected value 
for forced vital capacity; DLCO%, the proportion of actual value to the expected value for carbon monoxide diffusing 
capacity; OI, oxygenation index; SD, standard difference; 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; 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.
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