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Clinical features and recurrence
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with idiopathic inflammatory
myopathies-associated interstitial
lung disease: a retrospective
study from Ningbo

Di Wu'?, Yapeng Hou'?, Wei Fan'?, Yingying Du*? and
Qunli Ding®?*

!Key Laboratory of Respiratory Disease of Ningbo, Department of Respiratory and Critical Care
Medicine, The First Affiliated Hospital of Ningbo University, Ningbo, China, 2Medical College of
Ningbo University, Ningbo, Zhejiang, China

Background: Idiopathic inflammatory myopathies (lIMs) are characterized
by chronic muscle inflammation and often involve multiple organ systems.
Despite treatment, a large number of patients still experience relapse or disease
progression. Currently, there is a lack of high-quality studies specifically focusing
on recurrence, and early identification of patients at high risk of recurrence
remains challenging.

Methods: This retrospective study included patients with idiopathic inflammatory
myopathy complicated by interstitial lung disease who were hospitalized in the
First Affiliated Hospital of Ningbo University from January 2018 to December
2024. Al included individuals were followed up for at least 12 months. The
diagnosis of idiopathic inflammatory myopathies and interstitial lung disease
(ILD) was based on relevant criteria. A wide range of clinical and laboratory
data were collected. Significant variables were screened through univariate and
multivariate regression analyses, and risk models for predicting recurrence at
1, 2, and 3 years were constructed, with subsequent evaluation of the models’
performance.

Results: Among the 93 included patients, the recurrence rate was 23.7%, with a
median time to recurrence of 38 months. Approximately 26.1% of recurrences
were attributed to drug discontinuation or adjustment. Multivariate analysis
suggested that positive anti-RO52 antibody, positive anti-PL7 antibody,
elevated white blood cell count, elevated ALT, and elevated LDH were positively
correlated with the risk of recurrence. The area under the ROC curve (AUC) for
recurrence prediction was: 1-year: 1.00 (95% CI: 1.00-1.00), 2-year: 0.91 (95%
Cl: 0.75-1.08), 3-year: 0.92 (95% CI: 0.78-1.05).

Conclusion: Based on baseline clinical and laboratory indicators, this study
developed a tool with good predictive ability for IM-ILD recurrence, which can
accurately assess individual recurrence risk and assist in early clinical decision-
making.

Trial registration number: IRB No:2025092RS.
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Introduction

Idiopathic inflammatory myopathies (IIMs) represent a diverse
category of autoimmune disorders. These conditions are defined by
persistent muscle inflammation. Common symptoms include
symmetrical proximal muscle weakness, muscle soreness, and muscle
atrophy (1). IIMs primarily include polymyositis, dermatomyositis,
and inclusion body myositis (2). Anti-synthetase syndrome is also a
specific subtype of idiopathic inflammatory myopathies (IIMs), and it
is an autoimmune disease associated with anti-aminoacyl-tRNA
synthetase antibodies. In addition to muscle involvement, IIM often
affects multiple systems, including the skin, lungs, and kidneys.
Clinical features may include fever, Raynaud’s phenomenon, Gottron’s
sign, V-sign, and shawl sign (3). Interstitial lung disease (ILD) is a
hallmark of pulmonary involvement, and ILD precedes muscle
symptoms in up to 20% of cases (4).

ILD is the main cause of death and hospitalization in patients
with inflammatory myopathies, and patients with IIMs complicated
by ILD have a significantly higher risk of death or acute disease
exacerbation (5-7). The most common interstitial lung disease (ILD)
patterns associated with idiopathic inflammatory myopathies (IIMs)
are nonspecific interstitial pneumonia (NSIP) and organizing
pneumonia (OP). NSIP can be divided into cellular and fibrotic types,
both characterized by symmetric ground-glass opacities in the
bilateral lung bases, with the fibrotic type also accompanied by fine
reticular structures. OP is characterized by ground-glass
consolidation, rarely showing reticular opacities, bronchiectasis, etc.
The lesions are mostly distributed bilaterally in a subpleural/perihilar
and perisegmental pattern, especially in the mid-basal lung regions.
In addition, the usual interstitial pneumonia (UIP) pattern is
in IIM-ILD, featuring
honeycombing, and thickening of bronchovascular bundles (8).

uncommon traction bronchiectasis,
Thoracic complications, including tracheoesophageal fistula and
pneumothorax, may further increase the mortality risk in IIM-ILD
patients (9-12).

Current treatment strategies for IIM-ILD include glucocorticoids
and immunosuppressive agents such as methotrexate,
cyclophosphamide, tacrolimus, and rituximab (13-16). Although
combination therapy can improve acute conditions in most patients,
20-50% still experience recurrence or disease progression during
treatment, characterized by worsening dyspnea, progressive lung
function decline, and even respiratory failure. Such recurrence
significantly increases disability and mortality rates, posing challenges
to clinical management (17, 18). Studies have confirmed that reduced
vital capacity and anti-aminoacyl-tRNA synthetase (anti-ARS)
antibodies are risk factors for recurrence in patients (19). Meanwhile,
patients’ partial response to treatment is also a risk factor for poor
prognosis and disease progression (20).

However, high-quality studies on recurrence risk in IIM-ILD are
still lacking, and early identification of high-risk patients remains
difficult. Accurate prognostic risk assessment is essential for clinical
decision-making. While several models have been developed to
predict adverse outcomes such as death in IIM-ILD, none have
specifically addressed recurrence prediction (21-23). This study aims
to construct a clinical prediction model for the recurrence of IIM-ILD
using laboratory test data, pulmonary function data, and imaging data
of [IM-ILD patients, identify high-risk factors for disease recurrence,
and provide support for the management of IIM-ILD.
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Methods
Patient selection

We conducted a retrospective cohort study on patients with
IIM-associated interstitial lung disease who were hospitalized in the
First Affiliated Hospital of Ningbo University from January 2018 to
December 2024. The diagnosis of ILD was based on clinical symptoms
and characteristic imaging findings. In the case of autoimmune
diseases such as systemic sclerosis, the interstitial lung disease (ILD)
they are complicated with differs significantly from isolated IIM-ILD
in terms of pathogenesis, clinical course, treatment modalities, and
prognostic features. These diseases themselves have unique risk factors
for ILD progression, which are quite distinct from the recurrence-
related factors of IIM-ILD. Therefore, we will not include these
populations. The exclusion criteria were as follows:

1. Presence of comorbidities such as heart failure, respiratory
failure, or malignancies;

2. Coexisting connective tissue diseases, including rheumatoid
arthritis, systemic sclerosis, and Sjogren’s syndrome;

3. Missing critical clinical data, such as high-resolution CT scans;

4. ILD is attributed to secondary causes such as drug-induced
toxicity or infection.

All patients were followed for a minimum of 12 months. This
study was approved by the Ethics Committee of the First Affiliated
Hospital of Ningbo University. Due to the retrospective nature and
anonymized data, informed consent was waived (Figure 1).

Diagnostic criteria for IIM-ILD and
recurrence

The diagnosis of PM/DM is established based on the 1975 Bohan
and Peter diagnostic criteria and the 2017 EULAR/ACR classification
criteria (23, 24). Anti-synthetase syndrome is defined as the presence
of anti-aminoacyl-tRNA synthetase antibodies, accompanied by one
or more of the following symptoms: 1. Interstitial lung disease (ILD);
2. Fever; 3. Arthritis; 4. Muscle involvement symptoms such as
symmetric proximal muscle weakness, muscle pain or tenderness; 5.
Mechanic’s hands (25). The diagnosis of interstitial lung disease (ILD)
was based on a combination of clinical and diagnostic findings,
including respiratory symptoms, physical examination (presence of
Velcro crackles), and characteristic abnormalities on high-resolution
computed tomography (HRCT), such as consolidation, reticular
opacities, and honeycombing. Pulmonary function tests demonstrated
restrictive ventilatory impairment and reduced gas exchange capacity,
defined as total lung capacity (TLC) and diffusing capacity for carbon
monoxide (DLCO) both below 80% of the predicted values (26).
Recurrence of IIM-ILD was defined as progressive ILD requiring an
escalation of glucocorticoid dosage during treatment. Disease
progression is defined according to the criteria for progressive
pulmonary fibrosis (PPF), requiring the presence of at least two of the
following three features within the preceding year: 1. Worsening of
respiratory symptoms or extrapulmonary symptoms; 2. Physiological
evidence of disease progression, indicated by: a. An absolute decline
in forced vital capacity (FVC) of >5% of predicted value; b. An
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264 1 1 M-ILD patients
/ Exclude: \
1.Follow-up < 1 year:14
2.With heart failure or respiratory failure:7
3.With malignant tumors:15
k4.Missing chest CT or other data:1y
93 people meet the inclusion criteria
Non-recurrence group Recurrence group
(70 patients) (23 patients)
FIGURE 1
Flow chart for study selection.

absolute decline in DLCO of >10% of predicted value; 3. Radiological
evidence of progression on HRCT, including one or more of the
following: a. Increased extent or severity of traction bronchiectasis and
lobular dilatation; b. Newly developed ground-glass opacities with
traction bronchiectasis; c. Newly appeared fine reticular opacities.
Increased extent or thickness of reticular abnormalities; e. Newly
appeared or increased honeycombing; f. Progressive lobar volume loss
(27, 28). The HRCT scans of patients were independently evaluated
by two expert radiologists in the study.

Data extraction

The clinical data were extracted from the original medical records
before the initiation of treatment. Upon hospital admission, all
patients underwent immunoblot testing in the hospital laboratory to
detect relevant autoantibodies. Test results marked as “+++” or “++”
were classified as positive, while all other results were considered
negative. Collected demographic and clinical information including
age, sex, disease duration, and the presence of symptoms such as
productive cough and arthralgia. Laboratory assessments included
neutrophil count, red blood cell count, white blood cell count, lactate
dehydrogenase (LDH), complement C3, C-reactive protein (CRP),
immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin
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M (IgM), erythrocyte sedimentation rate (ESR), and creatine kinase
(CK). Arterial blood gas analysis (PaO,, PaCO,, pH) and pulmonary
function test results, including forced expiratory volume in one
second (FEV1%), forced vital capacity (FVC%), and diffusing capacity
for carbon monoxide (DLCO%), were also collected. All patients
underwent chest high-resolution computed tomography (HRCT) at
admission. Radiographic patterns were categorized as nonspecific
interstitial pneumonia (NSIP), organizing pneumonia (OP), or usual
interstitial pneumonia (UIP). Additionally, medication records were
reviewed to determine the use of immunosuppressive agents such as
tacrolimus, cyclophosphamide, and cyclosporine. Glucocorticoid
dosages were also recorded and standardized by converting all
regimens to prednisone equivalents for uniform comparison.

Statistical analysis

Continuous variables following a normal distribution were
summarized as mean + standard deviation (SD) and compared using
independent t-tests. Non-normally distributed data were presented as
interquartile ranges (IQR) and analyzed with the Mann-Whitney U
test. Categorical variables were expressed as counts and percentages,
and comparisons were made using the chi-square test or Fisher’s exact
test, depending on applicability. For variables with low levels of
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missing data, multiple imputation was employed to minimize bias. To
evaluate the body’s inflammatory indices, we introduced four
composite indices: the neutrophil-to-lymphocyte ratio (NLR), the
monocyte-to-lymphocyte ratio (MLR), the systemic immune-
inflammation index (SII), and the systemic inflammation response
index (SIRI). Based on the temporal distribution of recurrence events,
we developed three predictive risk models for recurrence at 1, 2, and
3 years. Univariate logistic regression analyses were performed on
patient demographics, clinical symptoms, laboratory test results,
pulmonary function parameters, and HRCT imaging features.
Variables with a p value < 0.1 were included in a stepwise multivariable
logistic regression model to construct the final predictive models. The
predictive performance of the resulting nomograms was evaluated in
terms of discrimination, calibration, and clinical utility. Discrimination
was assessed using receiver operating characteristic (ROC) curves,
and the area under the curve (AUC) was used as the measure of
predictive accuracy. To obtain robust estimates, bootstrapping with
1,000 resamples was performed to calculate the AUC and its
corresponding 95% confidence interval (CI). Model calibration was
evaluated using the Hosmer-Lemeshow goodness-of-fit test, Brier
score, and calibration curves comparing predicted versus actual
probabilities. Clinical applicability was examined through decision
curve analysis (DCA). Based on the median nomogram score, patients
were categorized into high and low-risk groups. To test the stability of
the model, we excluded patients with missing original pulmonary
function data, those with a short follow-up period (relative to the
median time to recurrence), and those who modified their treatment
regimens on their own initiative. We then re-established the prediction
model and compared the diagnostic performance between the new
model and the original one. Kaplan-Meier analysis was used to assess
time-to-event outcomes and subgroup analyses were conducted
according to key antibody status and risk stratification to explore
differences in recurrence-free survival. All statistical analyses were
conducted using R software (version 4.0.3). A two-tailed p value < 0.05
was considered statistically significant.

Results
Baseline characteristics

In terms of gender distribution, 20.43% (19/93) of the patients
were male and 79.57% (74/93) were female. Laboratory analyses
indicated that values for neutrophils, platelets, NLR, SII, SIRI, CK,
AST, ALT, and LDH were generally higher in the recurrence group
than in the non-recurrence group; however, none of these differences
reached statistical significance. Pulmonary function parameters in the
overall cohort showed a mean FEV1% predicted of 71.12 + 22.31%,
mean FVC% predicted of 71.52 +19.40%, and mean DLCO%
predicted of 57.62 * 35.09%. The recurrence group showed reduced
FEV1% predicted and FVC% predicted values, whereas the
non-recurrence group had a higher DLCO% predicted. It takes
4.23 months to reach the first stable phase after diagnosis. The
recurrence group requires a longer time to achieve symptom
stabilization (4.07 + 2.34 months vs. 4.70 + 1.96 months, p = 0.25).

However, none of these differences were statistically significant.
Radiological findings revealed a significantly higher incidence of
reticular shadows in the recurrence group compared to the
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non-recurrence group (86.96% vs. 38.57%, X* = 5.16, p = 0.02). No
significant differences were observed between groups in the
prevalence of nodular shadows, honeycombing, ground-glass
opacities, or in the distribution of interstitial lung disease (ILD)
subtypes (all p > 0.05). Arterial blood gas analyses across the total
population yielded a mean PaO, of 111.04 + 36.35 mmHg, a mean
PaCO, of 38.00 + 4.40 mmHg, and a mean pH of 7.42 + 0.05. No
statistically significant differences were found between the
recurrence and non-recurrence groups for any of these values
(Table.1).

Drug use

The mean prednisone equivalent dose in the total cohort was
57.66 * 33.31 mg/day. The mean dose was 60.68 + 33.48 mg/day in
the non-recurrence group and 48.48 +31.75mg/day in the
recurrence group. Although the recurrence group received a lower
average dose, the difference was not statistically significant
(p = 0.13), indicating comparable corticosteroid exposure between
the two groups. The non-recurrence group showed a greater
tendency to use methylprednisolone, with a slightly higher
proportion of patients receiving high doses (>40 mg/day). In
contrast, the recurrence group had a relatively higher proportion of
patients using prednisone and receiving low doses (<40 mg/day). At
the time of the first recurrence, the average equivalent prednisone
32.17 +27.68 mg/day. 'The wuse of
agents—including

dosage required was

immunosuppressive hydroxychloroquine,
thalidomide, cyclophosphamide, cyclosporine, mycophenolate
mofetil, tacrolimus, methotrexate, and tofacitinib—was also
assessed. Chi-square and Fisher’s exact tests showed no significant
differences in usage proportions between the two groups (all
p >0.05), suggesting consistent treatment regimens across the
cohort. In terms of the equivalent prednisone dosage during the
stable phase, the recurrence group was slightly lower than the
non-recurrence group (5.69 + 2.05 mg/day vs. 5.33 + 1.74 mg/day),
with a statistically significant difference. Regarding the tapering rate,
the recurrence group was also slightly lower than the non-recurrence
group (4.99 + 2.52 mg/day/month vs. 4.70 + 2.08 mg/day/month),
but the difference was not statistically significant (p = 0.45)
(Supplementary Table 2).

Laboratory indicators of recurrence group

During recurrence episodes, counts of lymphocytes, monocytes,
white blood cells, neutrophils, and red blood cells decreased. Among
these, only the reduction in white blood cell count reached statistical
significance. Platelet count showed an upward trend, although the
difference was not statistically significant. C-reactive protein levels
decreased during recurrence, with the change approaching statistical
significance, suggesting a possible reduction in systemic inflammation.
In contrast, ESR and LDH levels increased significantly during
recurrence (p < 0.05). Serum levels of CK, ALT, and AST also rose
during recurrence; however, these changes did not reach statistical
significance. Immunoglobulin levels (IgM, IgA, and IgG) and
complement C3 levels declined during recurrence, though these
decreases were not statistically significant (Supplementary Table 1).
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TABLE 1 Baseline clinical characteristics of IIM-ILD patients.

10.3389/fmed.2025.1666332

Variables Total (n = 93) Non-recurrence Recurrence Statistic
(n=70) (n =23)

Sex, n(%) ¥ =051 0.47

Man 19 (20.43) 16 (22.86) 3(13.04)

Women 74 (79.57) 54 (77.14) 20 (86.96)
Smoking, (%) ¥ =051 0.47

NO 74 (79.57) 54 (77.14) 20 (86.96)

YES 19 (20.43) 16 (22.86) 3(13.04)
Age, Mean + SD(Years) 57.71 £ 12.63 57.13 £ 13.30 59.48 +10.38 t=-0.77 0.44
Leukocyte (x 109/L) 7.59 +3.74 7.54 £3.61 7.72 £ 4.21 t=-0.20 0.84
Monocyte (x 109/L) 0.59 £ 0.67 0.61 £0.75 0.54£0.26 t=0.45 0.66
Neutrophils (x 109/L) 5.80 +3.42 5.72+3.34 6.04 £3.70 t=-0.40 0.69
Lymphocyte (x 109/L) 1.29 £ 0.74 1.32+£0.72 1.22+£0.83 t=0.52 0.60
NLR 5.74+5.77 5.56 £5.78 6.27 £5.83 t=-0.51 0.61
MLR 0.56 +0.94 0.58 £1.08 0.51 £0.19 t=0.31 0.75
SIRI 3.17 £4.39 3.17£4.79 3.19+295 t=-0.02 0.99
SII 1559.74 + 1915.57 1465.75 +1696.91 1845.78 + 2489.97 t=-0.82 0.41
Erythrocyte (x 109/L) 4.32 +0.89 4.33+0.97 4.27 £0.60 t=0.29 0.77
Platelet (x 109/L) 255.45£79.93 251.84 £78.73 266.43 + 84.30 t=-0.76 0.45
ESR (mm/h) 33.68 £21.53 35.17 £23.01 29.13 £ 15.81 t=1.17 0.25
CRP (mg/L) 5.86 +8.70 5.69 £ 8.31 6.40 £9.97 t=-0.34 0.74
Creatine kinase (U/L) 416.23 +1025.70 382.03 £ 816.77 520.30 + 1514.00 t=-0.56 0.58
AST (U/L) 50.02 £ 57.78 45.29 +47.69 64.43 + 80.86 t=-1.39 0.17
ALT (U/L) 39.83 +40.84 35.80 £ 33.76 52.09 + 56.50 t=-—1.68 0.10
LDH (U/L) 325.78 £211.82 314.50 £ 209.42 360.13 +220.08 t=-0.90 0.37
1gG (g/L) 13.53 +£ 4.46 14.02 + 4.56 12.04 +3.83 t=1.87 0.06
IgM (g/L) 1.84 £ 191 1.91+2.13 1.62 £0.94 t=0.64 0.52
IgA (g/L) 2.74 £ 1.37 2.87 £1.41 233+1.14 t=1.66 0.10
C3 (g/L) 0.91+0.26 0.91+£0.26 0.91+0.27 t=0.00 1.00
FEV1, %predicted 71.12£22.31 71.42 £23.01 70.21 + 20.50 =023 0.82
FVC, %predicted 71.52 £19.40 72.14 £20.26 69.63 £ 16.81 t=0.53 0.59
DLCO, %predicted 57.62 £ 35.09 58.34 +34.40 55.41 + 37.83 t=0.35 0.73
PO2, (mmHg) 111.04 + 36.35 111.54 + 37.63 109.52 + 32.88 =023 0.82
PCO2, (mmHg) 38.00 + 4.40 37.96 £ 4.39 38.11 +4.52 t=-0.14 0.89
PH 7.42 +0.05 7.42 +0.05 7.43 +0.06 t=—0.66 0.51
ANA, n(%) 2 =061 0.44

- 51 (54.84) 40 (57.14) 11 (47.83)

+ 42 (45.16) 30 (42.86) 12 (52.17)
Anti-RO52, n(%) £ =067 0.41

- 35 (37.63) 28 (40.00) 7 (30.43)

+ 58 (62.37) 42 (60.00) 16 (69.57)
Anti-MDAS5, n(%) ¥’ =0.49 0.49

- 79 (84.95) 61 (87.14) 18 (78.26)

+ 14 (15.05) 9 (12.86) 5(21.74)
Anti-Jol, n(%) ¥’ =3.65 0.06

(Continued)
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TABLE 1 (Continued)

Variables Total (n = 93) Non-recurrence Recurrence Statistic
(n =70) (n = 23)

- 67 (72.04) 54 (77.14) 13 (56.52)
+ 26 (27.96) 16 (22.86) 10 (43.48)

Anti-EJ, n(%) %2 =0.00 1.00
- 83 (89.25) 62 (88.57) 21 (91.30)
+ 10 (10.75) 8 (11.43) 2(8.70)

Anti-PL 7, n(%) **=0.00 0.98
- 83 (89.25) 63 (90.00) 20 (86.96)
+ 10 (10.75) 7 (10.00) 3(13.04)

Anti-SRP, n(%) - 0.44
- 91 (97.85) 69 (98.57) 22 (95.65)
+ 2(2.15) 1(1.43) 1(4.35)

Anti-PMScl75, n(%) - 1.00
- 91 (97.85) 68 (97.14) 23 (100.00)
+ 2(2.15) 2(2.86) 0(0.00)

Anti-PMScl100, n(%) - 1.00
- 92 (98.92) 69 (98.57) 23 (100.00)
+ 1(1.08) 1(1.43) 0 (0.00)

Anti-Ku, n(%) - 1.00
- 91 (97.85) 68 (97.14) 23 (100.00)
+ 2(2.15) 2(2.86) 0 (0.00)

Anti-UIRNP, 1(%) - 1.00
- 92 (98.92) 69 (98.57) 23 (100.00)
+ 1(1.08) 1(1.43) 0 (0.00)

Anti-SSA, n(%) ¥’ =0.04 0.83
- 86 (92.47) 64 (91.43) 22 (95.65)
+ 7(7.53) 6(8.57) 1(4.35)

Anti-Mi2, n(%) - 0.06
- 91 (97.85) 70 (100.00) 21 (91.30)
+ 2(2.15) 0 (0.00) 2 (8.70)

Anti centromere antibody, 71(%) - 1.00
- 89 (95.70) 67 (95.71) 22 (95.65)
+ 4(4.30) 3(4.29) 1(4.35)

Cough, n(%) ¥ =0.53 0.46
NO 23 (24.73) 16 (22.86) 7 (30.43)
YES 70 (75.27) 54 (77.14) 16 (69.57)

Expectoration, (%) =032 0.57
NO 28 (30.11) 20 (28.57) 8 (34.78)
YES 65 (69.89) 50 (71.43) 15 (65.22)

Chest tightness, n(%) x* =0.09 0.77
NO 30 (32.26) 22 (31.43) 8(34.78)
YES 63 (67.74) 48 (68.57) 15 (65.22)

Fever, n(%) ¥’ =0.09 0.76
NO 43 (46.24) 33 (47.14) 10 (43.48)

(Continued)
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TABLE 1 (Continued)

Variables Total (n = 93) Non-recurrence Recurrence Statistic
(n =70) (n = 23)

YES 50 (53.76) 37 (52.86) 13 (56.52)

Rash, n(%) ¥ =0.11 0.74
NO 35 (37.63) 27 (38.57) 8 (34.78)
YES 58 (62.37) 43 (61.43) 15 (65.22)

Raynaud phenomenon, 17(%) ¥ =0.17 0.68
NO 85 (91.40) 63 (90.00) 22 (95.65)
YES 8 (8.60) 7 (10.00) 1(4.35)

Joint pain, 1(%) ¥’ =0.03 0.85
NO 42 (45.16) 32 (45.71) 10 (43.48)
YES 51 (54.84) 38 (54.29) 13 (56.52)

Muscle soreness, 17(%) ¥ =225 0.13
NO 49 (52.69) 40 (57.14) 9(39.13)
YES 44 (47.31) 30 (42.86) 14 (60.87)

Technician’s Hand, n(%) ¥’ =047 0.49
NO 72 (77.42) 53 (75.71) 19 (82.61)
YES 21 (22.58) 17 (24.29) 4(17.39)

Reticular shadow, n(%) ¥ =516 0.02

NO 30 (32.26) 27 (38.57) 3(13.04)

YES 63 (67.74) 43 (61.43) 20 (86.96)

Nodular shadow, 7(%) =144 0.23
NO 59 (63.44) 42 (60.00) 17 (73.91)
YES 34 (36.56) 28 (40.00) 6(26.09)

Honeycomb shadow, 1(%) ¥* =0.00 0.98
NO 79 (84.95) 60 (85.71) 19 (82.61)
YES 14 (15.05) 10 (14.29) 4(17.39)

Ground glass opacity, 7(%) ¥ =0.19 0.66
NO 76 (81.72) 56 (80.00) 20 (86.96)
YES 17 (18.28) 14 (20.00) 3(13.04)

ILD, n(%) - 0.96
UIP 17 (18.28) 12 (17.14) 5(21.74)
NSIP 43 (46.24) 33 (47.14) 10 (43.48)
OoP 29 (31.18) 22(31.43) 7(30.43)
Other 4(4.30) 3(4.29) 1(4.35)

IIM types ¥’ =1.08 0.58
ASS 55(59.14) 41(58.57) 14(60.87)
PM 8(8.60) 24(34.29) 6(26.09)
DM 30(32.26) 5(7.14) 3(13.04)

Types of hormones - 0.041
Methylprednisolone 73 (78.49) 59(84.59) 14(60.87)
Prednisone 18(19.35) 10(14.59) 8(34.78)
Not used 2(2.15) 1(1.43) 1(4.35)

Hormone dosage(mg/d) ¥ =0.97 0.33
<=40 25 (26.88) 17 (24.29) 8(34.78)
>40 68 (73.12) 53 (75.71) 15 (65.22)

ixd

t-test, % Chi-square test, —: Fisher exact, SD: standard deviation.
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Single-factor and multi-factor analysis

Univariate Cox regression analysis was conducted to identify
factors associated with recurrence. Variables with a p-value < 0.1 were
subsequently included in the multivariate analysis using a forward
selection approach. These included: types of idiopathic inflammatory
myopathies (IIMs), positive anti-Ro52 antibody, positive anti-PL7
antibody, elevated white blood cell count, elevated neutrophil count,
chest tightness and dyspnea, joint pain, elevated platelet count,
elevated aspartate aminotransferase (AST), elevated alanine
aminotransferase (ALT), elevated lactate dehydrogenase (LDH), and
elevated immunoglobulin A (IgA) (Table 2).

The multivariate Cox regression analysis revealed that positive
anti-Ro52 antibody, positive anti-PL7 antibody, elevated ALT, elevated
white blood cell count, and elevated LDH were high-risk factors for
recurrence, while joint pain, elevated AST, elevated neutrophil count,
and chest tightness were protective factors. Except for chest tightness,
none of the other factors retained statistical significance in the final
model (Table 3). The proportional hazards assumption was tested for
all covariates and was satisfied (p > 0.05 for both individual and global
tests). The model demonstrated strong performance: likelihood ratio
test = 42.22, Wald test = 13.97, score (log-rank) test =35.87, and
C-index=0.91 (standard error =0.04), indicating excellent
discriminative ability. The area under the ROC curve (AUC) for
recurrence prediction was:1-year: 1.00 (95% CI: 1.00-1.00), 2-year:
0.91 (95% CI: 0.75-1.08), 3-year: 0.92 (95% CI: 0.78-1.05) (Figure 2).
Calibration curves and the C-index confirmed the high predictive
accuracy of the model (Supplementary Figure 2). Based on the final
multivariate Cox regression, nomograms were constructed to estimate
recurrence risk at 1, 2, and 3 years (Figure 3). Each nomogram assigns
a weighted score to each predictor, with longer line segments
indicating a greater influence on outcome risk. Decision curve analysis
(DCA) was also conducted for each time point, demonstrating
favorable clinical utility.

Sensitivity analysis

We excluded patients with a follow-up duration significantly
shorter than the recurrence time, those lacking pulmonary function
data, and those who discontinued treatment during the course of
therapy. Three predictive models were re-established to test the
stability of the models (Supplementary Table 3). The results confirmed
that there were no significant changes in key variables, ROC, or
C-index, indicating that the models are relatively stable.

Recurrence Kaplan—Meier curves

Among the 93 patients with IIM-ILD, 23 experienced recurrences,
yielding a recurrence rate of 23.7%. The median time to recurrence
was 38 months. The identified causes of recurrence included infection
(3 cases), drug withdrawal (6 cases), drug modification (1 case), and
unknown causes (13 cases) (Figure 4). Kaplan-Meier survival curves
were generated for patients stratified by Anti-RO52 and Anti-PL7
antibody status. Both subgroup analyses showed significant differences
in recurrence-free survival (log-rank p < 0.05). Patients were further
classified into high- and low-risk categories according to the median
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nomogram score. Kaplan-Meier analysis demonstrated that those in
the high-risk group had a notably shorter recurrence-free survival
than those in the low-risk group (Supplementary Figure 3).

Discussion

Our study is currently the largest sample-size research on the
recurrence factors of IIM - ILD. Our study has confirmed that positive
Anti-RO52, positive Anti-PL7, elevated white blood cells, elevated
ALT, elevated LDH, and high IgA may be important factors leading to
the exacerbation and recurrence of ILD. Meanwhile, we found that 23
out of 93 patients experienced recurrence, and approximately 26.1%
of the recurrence cases were due to drug withdrawal or drug change.
However, due to missing data, we were unable to further analyze
which drug has a relatively significant impact on recurrence.

Anti-Ro52 and Anti-PL7 are two common autoantibodies found
in patients with interstitial lung disease (ILD). Several previous
studies have demonstrated associations between these antibodies
and poor ILD prognosis, including outcomes such as death, acute
exacerbation, and recurrence (27). Anti-Ro52 is the most frequently
detected antinuclear antibody in idiopathic inflammatory
myopathies (IIM) (29). A meta-analysis published in 2023 showed
that positive anti-Ro52 is associated with a higher frequency of ILD
diagnosis in various autoimmune diseases and is also related to more
severe lung lesions (RP-ILD) (30). Fei Xiao et al. developed a
prediction model to assess the risk of severe ILD within 6 months
among MDAS5-positive DM-ILD patients, using quantitative analysis
of chest HRCT images. Their results identified anti-Ro52 positivity
as the only independent risk factor for severe ILD. The resulting
STRAD-Ro052 model demonstrated strong predictive performance
for poor IIM-ILD outcomes (23). However, some studies have
reported no significant difference in the positivity rate or titer of
anti-Ro52 between recurrence and non-recurrence groups (31, 32).
Our findings support a significant positive correlation between anti-
Ro52 and disease recurrence, which may help reconcile these
conflicting reports. Regarding Anti-PL7, research has indicated that
its positive rate is higher in ILD patients than in those without ILD
(33). A retrospective study by Japanese researchers found a
recurrence rate of 16.7% for the anti-synthetase syndrome (ASS) in
patients positive for anti-PL7. Xi Zhan et al. conducted a retrospective
study on the clinical data of 108 ARS-positive ILD patients and
found that most ASSD - ILD patients had a positive response to
steroid treatment, with or without the use of immunosuppressants.
The incidence of the UIP pattern was the highest in the PL-7 (+)
group, and the response to treatment was significantly lower (34).
Some studies have also confirmed that positive anti-PL7 is associated
with later disease deterioration (35). However, there is still a lack of
research on the relationship between anti-PL7 and recurrence. Our
results can only cautiously support previous research findings, and
the specific relationship between this antibody and recurrence
requires further study. As a known antibody closely associated with
poor prognosis in IIM-ILD, the anti-MDAS5 antibody showed no
correlation in our study results. We believe this may be related to the
following reasons: 1. The number of patients positive for anti-MDA5
antibody is small, and the incidence of recurrence among them is
even lower, resulting in an unobvious correlation. 2. The number of
patients included in this study is too small, which may lead to
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TABLE 2 Univariate Cox regression results of risk factors for recurrence in IIM-ILD patients.

10.3389/fmed.2025.1666332

Variables B S.E Z P HR (95%Cl)

Sex

Man 1.00 (Reference)

Women 0.18 0.64 0.28 0.78 1.20 (0.34 ~ 4.21)
1IM types

ASS 1.00 (Reference)

DM -1.26 0.59 —2.14 0.03 0.28 (0.09 ~ 0.90)
PM —0.18 0.65 -0.27 0.79 0.84 (0.23 ~ 3.00)
Smoking

NO 1.00 (Reference)

YES —0.18 0.64 —-0.28 0.78 0.84 (0.24 ~ 2.95)
ANA

- 1.00 (Reference)

+ —0.17 0.46 —0.38 0.70 0.84 (0.34 ~ 2.06)
Anti-RO52

- 1.00 (Reference)

+ 1.08 0.58 1.87 0.06 2.94(0.95 ~9.13)
Anti-MDA5

- 1.00 (Reference)

+ —-0.93 0.64 —1.45 0.15 0.39 (0.11 ~ 1.38)
Anti-Jol

_ 1.00 (Reference)

+ 0.16 0.44 0.36 0.72 1.17 (0.49 ~ 2.78)
Anti-EJ

- 1.00 (Reference)

+ 0.12 0.75 0.16 0.87 1.13 (0.26 ~ 4.94)
Anti-PL7

- 1.00 (Reference)

+ 2.03 0.78 2.59 <0.01 7.62 (1.64 ~ 35.37)
Anti-SSA

- 1.00 (Reference)

+ —0.69 1.04 —0.67 0.51 0.50 (0.07 ~ 3.83)
Anti-Mi2

- 1.00 (Reference)

+ —1.30 1.05 —1.24 0.21 0.27 (0.03 ~ 2.12)
Anticentromere antibody

- 1.00 (Reference)

+ —0.89 1.04 —0.85 0.39 0.41 (0.05 ~ 3.16)
Cough

NO 1.00 (Reference)

YES 0.14 0.48 0.29 0.78 1.15 (0.44 ~ 2.97)
Expectoration

NO 1.00 (Reference)

YES 0.03 0.46 0.07 0.94 1.03 (0.42 ~ 2.56)
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TABLE 2 (Continued)

10.3389/fmed.2025.1666332

Variables B S.E Z P HR (95%Cl)
Chest tightness

NO 1.00 (Reference)
YES -1.69 0.54 —3.14 <0.01 0.18 (0.06 ~ 0.53)
Fever

NO 1.00 (Reference)
YES 0.25 0.46 0.54 0.59 1.28 (0.52 ~ 3.16)
Rash

NO 1.00 (Reference)
YES —0.57 0.47 122 0.22 0.56 (0.22 ~ 1.42)
Raynaud phenomenon

NO 1.00 (Reference)
YES —0.52 1.04 —0.51 0.61 0.59 (0.08 ~ 4.50)
Joint pain

NO 1.00 (Reference)
YES —0.98 0.46 -2.12 0.03 0.38 (0.15 ~ 0.93)
Musclesoreness

NO 1.00 (Reference)
YES —0.06 0.45 —0.14 0.89 0.94 (0.39 ~ 2.25)
Technicians hand

NO 1.00 (Reference)
YES 0.69 0.57 1.21 0.23 2.00 (0.65 ~ 6.18)
Hydroxychloroquine

NO 1.00 (Reference)
YES 0.01 0.52 0.02 0.99 1.01 (0.36 ~ 2.79)
Thalidomide

NO 1.00 (Reference)
YES 2.37 1.22 1.93 0.05 10.66 (0.97 ~ 117.61)
Cyclophosphamide

NO 1.00 (Reference)
YES —0.80 0.56 —1.41 0.16 0.45 (0.15 ~ 1.36)
Cyclosporine

NO 1.00 (Reference)
YES 0.57 0.64 0.89 0.37 1.77 (0.51 ~ 6.19)
Tacrolimus

NO 1.00 (Reference)
YES 0.63 0.65 0.98 0.33 1.89 (0.53 ~ 6.71)
Tofacitinib

NO 1.00 (Reference)
YES 0.80 1.06 0.76 0.45 2.23(0.28 ~17.91)
Mycophenolate mofetil

NO 1.00 (Reference)
YES 0.97 0.77 1.26 0.21 2.64 (0.58 ~ 11.96)

Reticular shadow

NO

1.00 (Reference)
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TABLE 2 (Continued)

Variables

10.3389/fmed.2025.1666332

HR (95%Cl)

YES —0.07 0.63 —0.11 091 0.93 (0.27 ~ 3.21)
Nodular shadow

NO 1.00 (Reference)
YES —0.06 0.49 —0.12 0.90 0.94 (0.36 ~ 2.44)
Honeycomb shadow

NO 1.00 (Reference)
YES 0.26 0.57 0.46 0.64 1.30 (0.43 ~ 3.97)
Ground glass opacity

NO 1.00 (Reference)
YES 0.24 0.64 0.37 0.71 1.27 (0.36 ~ 4.41)
ILD

UIpP 1.00 (Reference)
NSIP —0.16 0.56 —0.28 0.78 0.85(0.28 ~ 2.58)
op —0.02 0.60 —0.03 0.98 0.98 (0.30 ~ 3.19)
Other —-0.32 1.11 -0.29 0.77 0.73 (0.08 ~ 6.46)
Withdrawal

NO 1.00 (Reference)
Yes —0.06 0.45 —0.14 0.89 0.94 (0.39 ~ 2.28)
Time —0.01 0.01 -1.37 0.17 0.99 (0.97 ~ 1.01)
Age 0.03 0.02 1.29 0.20 1.03 (0.98 ~ 1.08)
Prednisone 0.01 0.01 0.95 0.34 1.01 (0.99 ~ 1.02)
Leukocyte 0.10 0.06 1.69 0.09 1.10 (0.98 ~ 1.24)
Monocyte —0.03 0.81 —0.04 0.97 0.97 (0.20 ~ 4.77)
Neutrophils 0.11 0.06 1.71 0.09 1.12 (0.98 ~ 1.27)
Lymphocyte 0.16 0.30 0.52 0.60 1.17 (0.65 ~ 2.10)
NLR 0.05 0.04 1.21 0.22 1.05 (0.97 ~ 1.13)
MLR —0.48 1.20 —0.40 0.69 0.62 (0.06 ~ 6.43)
SIRI 0.09 0.08 1.08 0.28 1.09 (0.93 ~ 1.27)
S11 0.00 0.00 1.61 0.11 1.00 (1.00 ~ 1.00)
Erythrocyte 0.13 0.43 0.30 0.76 1.14 (0.49 ~ 2.68)
Platelet 0.01 0.00 2.17 0.03 1.01 (1.01 ~ 1.01)
ESR 0.01 0.01 0.40 0.69 1.01 (0.98 ~ 1.03)
CRP 0.04 0.02 1.54 0.12 1.04 (0.99 ~ 1.08)
CK 0.00 0.00 1.36 0.17 1.00 (1.00 ~ 1.00)
AST 0.01 0.00 1.81 0.07 1.01 (1.00 ~ 1.01)
ALT 0.01 0.00 1.75 0.08 1.01 (1.00 ~ 1.02)
LDH 0.00 0.00 1.70 0.09 1.00 (1.00 ~ 1.00)
1gG 0.08 0.07 1.19 0.23 1.08 (0.95 ~ 1.23)
IgM —0.00 0.27 —0.01 0.99 1.00 (0.58 ~ 1.70)
IgA 0.49 0.21 235 0.02 1.63 (1.08 ~ 2.44)
C3 —0.44 0.91 —-0.49 0.63 0.64 (0.11 ~ 3.82)
FEV1 0.01 0.01 0.72 0.47 1.01 (0.98 ~ 1.04)
FVC 0.02 0.02 1.22 0.22 1.02 (0.99 ~ 1.05)
DLCO 0.00 0.01 0.71 0.48 1.00 (0.99 ~ 1.02)
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TABLE 2 (Continued)

10.3389/fmed.2025.1666332

Variables B S.E Z P HR (95%Cl)
PO2 —0.01 0.01 ~1.29 0.20 0.99 (0.97 ~ 1.01)
PCO2 0.08 0.06 139 0.17 1.08 (0.97 ~ 1.21)
PH 3.33 403 0.82 0.41 27.82 (0.01 ~ 75481.07)

HR: Hazards Ratio, CI: Confidence Interval. Bold values indicate: p < 0.05.
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FIGURE 2
ROC curves for the recurrence risk of patients with IIM-ILD (1-year, 2-year, 3-year).
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FIGURE 3

Nomogram of risk factors for recurrence risk of patients with [IM-ILD.
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TABLE 3 Multivariate Cox regression results of risk factors for recurrence in IIM-ILD patients.

Variables B S.E 4 ) HR (95%Cl)
1IM types

ASS 1.00 (Reference)
DM —0.96 2.48 —0.39 0.70 0.38 (0.00 ~ 49.12)
PM —0.71 1.18 —0.60 0.55 0.49 (0.05 ~ 4.94)
Anti-RO52

- 1.00 (Reference)

+ 3.68 1.94 1.89 0.06 39.66 (0.88 ~ 1792.84)
Anti-PL7

- 1.00 (Reference)

+ 3.62 2.03 1.78 0.07 37.22(0.70 ~ 1989.17)
Chest tightness

NO 1.00 (Reference)
YES —5.76 2.38 —2.42 0.02 0.00 (0.00 ~ 0.34)
Joint pain

NO 1.00 (Reference)
YES -1.70 1.38 —-1.23 0.22 0.18 (0.01 ~ 2.76)
Thalidomide

- 1.00 (Reference)

+ 11.19 4.30 2.60 <0.01 72180.74 (15.80 ~ 329716.51)
Leukocyte 0.40 0.56 0.71 0.48 1.49 (0.50 ~ 4.44)
Neutrophils —0.44 0.58 —-0.76 0.45 0.64 (0.20 ~ 2.02)
Platelet —0.00 0.01 -0.15 0.88 1.00 (0.99 ~ 1.01)
AST —0.08 0.05 —-1.57 0.12 0.93 (0.84 ~ 1.02)
ALT 0.07 0.04 1.64 0.10 1.08 (0.99 ~ 1.17)
LDH 0.01 0.01 1.05 0.29 1.01 (0.99 ~ 1.02)
IgA -0.27 0.75 —0.35 0.72 0.77 (0.18 ~ 3.33)

HR: Hazards Ratio, CI: Confidence Interval. Bold values indicate: p < 0.05.

significant bias. 3. The patients involved in this study include
different disease subtypes such as DM, PM, and ASS. Various
coexisting antibodies or early treatment interventions may indirectly
mask the independent association between anti-MDAS5 antibody and
adverse events.

Elevated neutrophil levels also appear to play a significant role in
the poor prognosis of IIM-ILD. Several studies have shown that
neutrophil-related inflammatory markers are closely associated with
adverse IIM-ILD outcomes (36, 37). During the inflammatory
response in dermatomyositis, various cytokines, and growth factors
prolong neutrophil survival and enhance their activation. In turn,
neutrophil-secreted cytokines further amplify inflammation, while the
systemic inflammatory state contributes to lymphocyte apoptosis.
However, our study suggests that a higher neutrophil count has an
opposite effect on the recurrence of IIM-ILD in patients. This
phenomenon is quite interesting. Given the paucity of research on the
recurrence of [IM-ILD, our explanation for this phenomenon lacks
theoretical support, making it essential to conduct more relevant
studies. Together, these mechanisms result in significantly elevated
neutrophil counts in PM/DM patients (36). Nevertheless, further
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high-quality studies are needed to confirm their predictive value for
disease recurrence.

Our study also found that elevated white blood cell count may
be closely associated with the recurrence of IIM-ILD. Previous studies
have confirmed that baseline white blood cell count is closely related
to an increased risk of death in IIM-ILD patients (38, 39). This
phenomenon may be associated with decreased lung function,
pulmonary inflammatory environment, and other factors. Our study
suggests that white blood cell count could be a new prognostic
predictor for patients with IIM-ILD.

AST and ALT, commonly used liver function markers, are often
employed to evaluate the severity and prognosis of liver diseases
such as cancer and hepatitis. In our study, elevated AST and ALT
were significantly associated with recurrence in IIM-ILD (22).
Some studies have confirmed that the DRR index related to AST
and ALT is associated with death, exacerbation, and readmission in
IIM-ILD patients (40). The observed elevations in AST and ALT
may reflect increased right heart afterload due to hypoxia and
muscle damage from PM/DM, suggesting a pathophysiological link
between these enzymes and IIM-ILD (40, 41). Paying attention to
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FIGURE 4
Survival curves of recurrence in patients with [IM-ILD.
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these indicators may be of great significance for predicting the poor
prognosis of ILD. The relationship between high IgA and the
prognosis of IIM-ILD remains unclear, but our study suggests that
hypergammaglobulinemia may be related to the recurrence and
poor prognosis of IIM-ILD. The immunological mechanisms
involved require more basic and clinical research to be revealed.
Given the high risk of poor prognosis in IIM-ILD, early risk
assessment is crucial upon diagnosis. The prediction model
proposed in our study can aid in evaluating disease severity,
guiding clinical decisions, and enabling personalized
treatment strategies.

However, our study has several limitations. First, it is a single-
center retrospective study, which may introduce selection bias. The
included patients may not represent the broader target population.
Additionally, as a retrospective analysis, it is difficult to establish
causal relationships, and various confounding factors may have
These

generalizability of our findings to other populations, regions, or

influenced the outcomes. limitations reduce the
healthcare settings. Regarding the definition of recurrence, it varies
across different studies; perhaps the initiation of anti-fibrotic
therapy and an increase in corticosteroid dosage could both
be considered as indicators of recurrence (42). Moreover, key
variables such as ferritin and pulmonary function were excluded
due to substantial data loss, possibly affecting the completeness of
our conclusions. Finally, due to the rarity of IIM-ILD and the small
sample size, the reliability of our findings is somewhat limited. Our
study lacks information on myopathy severity as assessed by the
MMT-8 score, pulmonary hypertension, and the severity of skin
involvement (CDASI score). This may have an impact on the
clarification of disease characteristics and the prediction of
recurrence, among other aspects. In the future, it will be necessary

to more meticulously include the characteristics of the study

Frontiers in Medicine

population to enhance the comprehensiveness of the research.
We hope that more high-quality prospective studies will
be conducted in the future, so as to further improve the clinical
diagnosis and treatment level of [IM-ILD.

Conclusion

In conclusion, based on baseline clinical and laboratory indicators,
we have developed a tool with good predictive ability for the
recurrence of IIM-ILD patients. It has identified several factors closely
related to the risk of recurrence, such as anti-RO52 antibody and
anti-PL7 antibody. This is of high clinical significance for the treatment
of the disease.
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Glossary

IIMs - Idiopathic inflammatory myopathies
DM - Dermatomyositis

ILD - Interstitial lung disease

IIM-ILD -
Interstitial Lung Disease

Idiopathic Inflammatory Myopathies-Associated

PM - Polymyositis

PM/DM - Polymyositis/dermatomyositis

NSIP - Nonspecific interstitial pneumonia

OP - Organizing pneumonia

UIP - Usual interstitial pneumonia

HRCT - High-resolution computed tomography
FVC - Forced vital capacity

DLCO - Diffusing capacity for carbon monoxide
FEV1 - Forced expiratory volume in one second
NLR - Neutrophil-to-lymphocyte ratio

MLR - Monocyte-to-lymphocyte ratio

SII - Systemic immune-inflammation index
SIRI - Systemic inflammation response index
ROC - Receiver operating characteristic

AUC - Area under the curve

CI - Confidence interval
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DCA - Decision curve analysis

LDH - Lactate dehydrogenase

CRP - C-reactive protein

IgG - Immunoglobulin G

IgA - Immunoglobulin A

IgM - Immunoglobulin M

ESR - Erythrocyte sedimentation rate

CK - Creatine kinase

PaO, - Partial pressure of oxygen in arterial blood
PaCO; - Partial pressure of carbon dioxide in arterial blood
ALT - Alanine aminotransferase

AST - Aspartate aminotransferase

EULAR/ACR - European League Against Rheumatism/American
College of Rheumatology

PPF - Progressive pulmonary fibrosis
ASS - Anti-synthetase syndrome

ASSD-ILD - Anti-synthetase syndrome-associated interstitial
lung disease

ARS - Anti-aminoacyl-tRNA synthetase

MDA?S - Melanoma differentiation-associated gene 5
HR - Hazard Ratio

SD - Standard deviation

IQR - Interquartile ranges
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