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Science and Technology, Wuhan, China

Purpose: The purpose of this study is to analyze clinical information and combine
significant parameters to generate a predictive model and achieve a better prognosis
prediction of dermatomyositis-associated interstitial lung disease with positive melanoma
differentiation-associated gene 5 antibody (MDA5T DM-ILD) and stratify patients
according to prognostic risk factors appropriately.

Methods: \We retrospectively reviewed 63 patients MDA5™ DM-ILD who were treated
in our hospital from January 2018 to January 2021. Our study incorporated most
clinical characteristics in clinical practice to explore the associations and predictive
functions of clinical characteristics and prognosis. Student’s t-test, Mann-Whitney U-test,
chi-squared test, Pearson correlation analysis, Cox regression analysis, R, receiver
operating characteristic curves (ROC curves), and Kaplan-Meier survival curves were
performed to identify independent predictors for the prognosis of MDA5TDM-ILD.

Results: In all the 63 patients with MDA5TDM-ILD, 44 improved but 19 did not. Poor
prognosis was found more frequently in patients who were older, clinically amyopathic
variant of dermatomyositis (CADM), and/or with short duration, short interval of DM
and ILD, long length of stay, fever, dyspnea, non-arthralgia, pulmonary infection, pleural
effusion (PE), high total computed tomography scores (TCTs), ground-glass opacity
(GGO), consolidation score, reticular score and fibrosis score, decreased forced vital
capacity (FVC), forced expiratory volume in 1s (FEV1), albumin, A/G, glomerular filtration
rate (GFR) and tumor necrosis factor a (TNFa), high titer of anti-MDAS5, proteinuria,
high levels of monocyte, lactate dehydrogenase (LDH), ferritin (FER), neuron specific
enolase (NSE) and glucocorticoid, antibiotic, antiviral, and non-invasive positive pressure
ventilation (NPPV). The multivariate Cox regression analysis demonstrated that duration,
fever, PE, TCTs and aspartate transaminase (AST) were independent predictors of poor
prognosis in patients with MDA5TDM-ILD. The nomogram model quantified the risk of
400-day death as: duration <4 months (5 points), fever (88 points), PE (21 points), TCTs
>10 points (22 points), and AST >200 U/L (100 points) with high predictive accuracy and
convenience. The ROC curves possessed good discriminative ability for combination of
fever, PE, TCTs, and AST, as reflected by the area under curve (AUC) being.954, 95% CI
0.902-1.000, and sensitivity and specificity being 84.2 and 94.6%, respectively.

Frontiers in Medicine | www.frontiersin.org

1 June 2022 | Volume 9 | Article 908365


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.908365
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.908365&domain=pdf&date_stamp=2022-06-15
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:whmawl@aliyun.com
https://doi.org/10.3389/fmed.2022.908365
https://www.frontiersin.org/articles/10.3389/fmed.2022.908365/full

Niu et al.

Prognostic Model of MDA5" DM-ILD

Conclusion: We demonstrated that duration, fever, PE, TCTs, and AST could be
integrated together to be independent predictors of poor prognosis in MDA5* DM-ILD
with highly predictive accuracy.

Keywords: interstitial lung disease, anti-MDAS5, dermatomyositis, prognosis, nomogram

INTRODUCTION

Dermatomyositis (DM), a multisystem autoimmune disease
and a common subtype of idiopathic inflammatory myopathy
(IIM), attracts attention from the medical field. In addition
to typical skin and muscle involvement, respiratory, digestive,
and circulatory system damage, and even malignant tumor
can complicate DM. CADM accounts for ~20% of all DM
cases. Approximately 87% of MDA5T DM-ILD cases fulfilled
Sontheimer’s CADM criteria in a Chinese multi-centered cohort
(1). ILD, with an incidence of 5-80% and a high risk in positive
ARS antibodies and Black ethnicity, is one of the important
respiratory lesions in patients with DM (2). Overall, the prognosis
of ILD in IIM is good: 50-66% may be expected to have a stable
disease course over a substantial period of time. Frustratingly, the
remaining proportion will show signs of worsening lung disease
within 12 months.

MDAS5, a cytoplasmic RNA helicase belonging to the retinoic
acid-inducible gene-I (RIG-I) family, which can recognize ds-
RNAOof viruses and plays an important role in the innate immune
system during RNA viral infections, has been identified as a DM-
specific autoantigen (3, 4). Anti-MDAS5, a 140-kDa polypeptide
and one of the myositis-specific autoantibodies named after its
autoantigen, was first found in 2005 by immunoprecipitation
in Japanese patients (5). The incidence of MDA5" DM ranges
from 10 to 20% in Japan, 17.6-22.6% in China, and 7-13%
in the United States (6-9). The cumulative 100-month survival
rate for the entire patients with MDA5" DM is 66%, and fatal
outcomes occur remarkably often within the first 6 months of the
diagnosis (10). Patients who responded to therapy and survived
had a significantly lower mean titer of anti-MDAS5, which was
significantly decreased down to below the cutoff level after
treatment, while those who did not respond and died had a high
level of anti-MDAS5 (7, 11), indicating from the side that anti-
MDA titer is also useful for evaluation of treatment response.

Patients with DM with anti-MDA5 are prone to develop
ILD, with a probability of 50-100% (8, 12, 13). Current views
regard anti-MDA5 level as a novel parameter for monitoring
disease activity and a good predictor of rapidly progressing
ILD (RP-ILD) and decreased survival in patients with DM or
CADM (11, 14). Early cohort studies reported a high 6-month
mortality varying from 33 to 66% in MDA5TDM-ILD (10, 15,
16). A multivariate logistic analysis reported by Chen et al.
(9) showed that anti-MDAS5 is an independent risk factor for
death in DM-ILD. Previous studies on the predictive role of
clinical characteristics for MDA5T DM-ILD are relatively limited.
For instance, the relationship between serum ferritin level and
abnormality of T cell counts and the disease activity of RP-ILD
was reported (17). As the increase of both the morbidity and

mortality in MDA5T DM-ILD and the etiology and pathogenesis
remaining unknown, early recognition of risk factors for death
is particularly important. The aim of this research project is,
therefore, to try and establish a meritorious predictive model of
prognosis in MDA5" DM-ILD.

MATERIALS AND METHODS

Patients and Inclusion Criteria

We retrospectively reviewed all patients with MDA5TDM-ILD
from the Department of Rheumatology and the Department of
Respiratory and Critical Care Medicine between January 2018
and January 2021 who fulfilled the Bohan and Peter (18, 19)
myositis criteria for DM or the Sontheimer (20) criteria for
CADM and ILD imaging features. A total of 63 patients were
identified. Clinical characteristics consisted of basic information,
prognosis, clinical symptoms and signs, complications, treatment
means, imaging information, pulmonary functions, and
laboratory examinations. We followed all the enrolled patients,
and the primary outcome of interest was mortality during the
400-day follow-up.

Acquisition and Analysis of Computed
Tomography Imaging

All CT scans were obtained in the supine position using one
of the following scanners: SOMATOM Perspective, SOMATOM
Spirit, or SOMATOM Definition AS+ (Siemens Healthineers,
Forchheim, Germany). Scans were conducted from the level of
the upper thoracic inlet to the inferior level of the costophrenic
angle, and images were reconstructed with a slice thickness of 1
or 1.5 mm.

For each patient, predominant CT patterns such as GGO,
consolidation, reticulation, emphysema, thickening of the
adjacent pleura, pleural effusion, presence of nodules or masses,
honeycombing, bronchiectasis, and interlobar pleural traction
were independently reviewed by two experienced observers
according to the Fleischner Society glossary (21). CT evidence
of fibrotic-like changes was defined as the presence of traction
bronchiectasis, parenchymal bands (22), and/or honeycombing
(21, 23, 24). To quantify the extent of pulmonary abnormalities
(GGO, consolidation, reticulation, and fibrotic-like changes), a
semiquantitative CT score (25) was assigned on the basis of the
area involved in each of the five lung lobes (right upper, middle,
and lower, and left upper and lower lobes): 0, no involvement;
1, <5%; 2, 5-25%; 3, 26-49%; 4, 50-75%, and 5, >75%. Total
CT score was calculated by summing the individual lobar scores
(possible scores range from 0 to 25).
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TABLE 1 | Basic information of MDA5"DM-ILD.

Characteristics Total Not improved Improved P-value
(N = 63) (n=19) (n = 44)
Age, years 49.16 + 12.16 56.95 + 7.81 45.80 + 12.22 0.000
Sex, male/female 26/37 10/9 16/28 0.229
Ever smoker, n (%) 10 (15.9) 2(10.5) 8(18.2) 0.698
CADM, n (%) 22 (34.9) 11(67.9) 11(25.0) 0.012
Duration, m 7.83+14.53 2.87 +3.50 9.97 + 16.85 0.010
Interval of DM and ILD, m 5.47 +£13.63 1.16 £ 3.40 7.33 +£156.85 0.017
Length of stay, days 156.11 £9.89 21.21 £15.29 12.48 +4.44 0.024
Fever, n (%) 34 (54.0) 18 (94.7) 16 (36.4) 0.000
Cough, n (%) (61 9 5(78.9) 4 (54.5) 0.067
Dyspnea, n (%) 0 (63.5) 8(94.7) 2 (50.0) 0.001
Arthralgia, n (%) 46 (73.0) 0 (52.6) 36 (81.8) 0.017
Myalgia or myasthenia, n (%) 49 (77.8) 4 (73.7) 35 (79.5) 0.854
Skin ulcer, n (%) 3 (36.5) 4(21.1) 9(43.2) 0.094
Gottron sign, n (%) (36 5) 7 (36.8) 6 (36.4) 0.971
Helicotrop rash, n (%) 43 (68.9) 10 (52.6) 33(75.0) 0.080
Raynaud phenomenon, n (%) 9( 4.3) 2 (10.5) 7 (15.9) 0.867
Pulmonary infection, n (%) 35 (565.6) 19 (100.0) 16 (36.4) 0.000
Pleural effusion, n (%) 23 (36.5) 14 (73.7) 9 (20.5) 0.000
Subcutaneous emphysema, n (%) 1(1.6) 1(56.9) 0(0.0) 0.302
Mediastinal emphysema, n (%) 20 (3.2) 1(6.9) 1(2.3) 0.516
Pleural thickness, n (%) 17 (27.4) 4(21.1) 13(30.2) 0.486
Internal malignancy, n (%) 0(0.0) 0(0.0) 0(0.0)
Glucocorticoid, n (%) 63 (100.0) 19 (100.0) 44 (100.0)
Glucocorticoid, mg 159.02 + 208.45 326.32 + 284.65 86.77 + 105.02 0.002
Immunosuppressor, n (%) 40 (63.5) 11 (57.9) 29 (65.9) 0.544
Antibiotic, n (%) 48 (76.2) 19 (100.0) 29 (65.9) 0.010
Antiviral, n (%) 17 (27.0) 1(57.9) 6(13.6) 0.000
Anti-fibrosis, n (%) 1(33.3) 8 (42.1) 13 (29.5) 0.332
NPPV, n (%) 12 (19.0) 12 (63.2) 0(0.0) 0.000
Survival time, days 298.89 + 152.45 102.00 £+ 95.27 400.00 + 0.00 0.000

The dosage of glucocorticoid was changed to that of methylprednisolone. Immunosuppressors included ciclosporin, cyclophosphamide, tripterygium wilfordii glycosides, mycophenolate
mofetil, thalidomide, leflunomide, tacrolimus, and methotrexate. Antifibrotic drugs referred to nintedanib and pirfenidone. CADM, clinically amyopathic variant of dermatomyositis; DM,
dermatomyositis; ILD, interstitial lung disease; NPPV, non-invasive positive pressure ventilation.

TABLE 2 | Pulmonary examinations for MDA5* DM-ILD.

Characteristics Total Not improved Improved P-value
(N = 63) (n=19) (n = 44)
TCTs 14.06 + 12.49 23.21 £ 14.14 10.02 +£9.28 0.001
GGO score 5.05 + 4.51 7.32+£5.19 4.05 £ 3.83 0.007
Consolidation score 3.05 +4.25 6.63 £ 5.27 1.47 £2.43 0.001
Reticular score 2.76 + 3.42 426 + 3.77 2.09 £+ 3.06 0.020
Fibrosis score 3.23+4.20 5.05 £5.02 2.42 + 3.56 0.022
FVC (L) 2.60 +0.88 2.12 +£0.52 2.75+0.92 0.022
FEV1 (L) 2.09 +0.68 1.756 £0.33 219+ 0.72 0.022
FEV1/FVC 81.18 £ 9.40 83.91 £ 12.14 80.37 + 8.53 0.357
DLco (mmol/min/kPa) 492 +225 4.06 £+ 2.26 518 £2.23 0.253

TCTs, total CT score; GGO, ground-glass opacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s; DL o, diffusion capacity of the lungs for carbon monoxide.
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Pulmonary Function Test

The patients underwent standard pulmonary function testing
(PFT) including ventilatory function and diffusion function using
Pulmonary Function Testing System (MasterScreen, CareFusion
Germany 234 GmbH or Vyaire Medical GmbH) with indoor
temperature 24°C, relative humidity 50-70%, and standard
atmospheric pressure 760 mmHg. Among all tested indexes, we
had principally concentrated on FVC, FEV1, FEV1/FVC, and
diffusion capacity of the lung for carbon monoxide (DLco).
The results were normalized with age-, sex-, height-and weight-
matched control subjects.

Anti-MDAS5 Examination

Serum samples were routinely collected from the patients
at initial hospitalization. Anti-MDA5 was detected using
commercially available kits (EUROIMMUN, Liibeck, Germany)

by Guangzhou Oumeng Medical Laboratory, with a positive
control provided in the kit and a negative control provided in
the buffer. The criteria for interpretation of results were based
on the staining degree of antigen band recognized automatically
with EUROBlotOne (Eurolmmun, Liibeck, Germany): negative
(-) for colorless, doubtful [(+)] for very weakly colored, weakly
positive (+) for weakly colored, positive (++) for strongly
colored, and strongly positive (+++) for the same intensity with
the quality control blot.

Statistical Analysis

Continuous variables were presented as the mean with standard
deviation and categorical variables were expressed as frequency
with percentage, and differences between clinical characteristics
and prognosis were compared by Student’s t-test or Mann-
Whitney U-test and chi-squared test. Significant variables were

TABLE 3 | General laboratory tests for MDA5TDM-ILD.

Characteristics Total Not improved Improved P-value
(N =63) (n=19) (n=44)

Leukocyte, G/L 5.56 +2.83 6.61 +4.28 510+ 1.79 0.052
Monocyte, G/L 0.41 £0.20 0.53 +0.20 0.35+0.17 0.001
Monocyte, % 7.91 £ 3.64 8.95 + 3.02 7.47 +3.82 0.140
Neutrophil, G/L 4.24 +2.67 5.20 £ 4.01 3.82+1.72 0.059
Neutrophil, % 73.75 £ 11.24 76.11 £ 8.02 72.73 £12.32 0.202
Lymphocyte, G/L 0.83 + 0.42 0.78 +£0.32 0.85 4+ 0.45 0.581
Lymphocyte, % 16.78 £ 9.11 18.70+7.18 18.11 £9.60 0.078
Blood urine

Negative, n (%) 44 (75.9) 9 (56.3) 35 (83.9) 0.070

Positive, n (%) 14 (24.1) 7 (43.8) 7 (16.7)
Proteinuria

Negative, n (%) 36 (62.1) 6 (37.5) 30 (71.4) 0.017

Positive, n (%) 22 (37.9) 10 (62.5) 12 (28.6)
AST, U/L 94.48 + 121.17 150.63 &+ 161.88 70.23 £ 90.58 0.054
ALT, U/L 70.63 £ 103.17 94.63 + 84.83 60.02 + 109.54 0.226
LDH, U/L 371.81 £ 145.23 458.05 + 142.07 333.71 + 130.89 0.001
Alb, g/L 32.68 + 4.74 29.31 +£3.77 34.14 + 4.39 0.000
Glb, g/L 27.68 + 5.05 27.27 £ 3.25 27.85+ 5.68 0.615
AG 1.22+£0.29 1.08 £ 0.21 1.28+£0.30 0.006
CK, U/L 201.30 + 300.15 236.26 + 374.21 185.48 + 263.69 0.545
GFR, ml/(min/1.73 m?) 111.65 £ 21.96 100.95 £+ 28.74 116.76 £ 17.49 0.025
Bun, mmol/L 4.47 £3.21 5.81 +£5.32 3.80 £1.37 0.137
Cr, pmol /L 62.40 + 80.92 84.87 + 146.37 52.69 + 12.36 0.351
ESR, mm/h 34.67 + 23.69 38.56 + 24.57 33.05 + 23.42 0.412
CRP, mg/L 16.80 + 27.58 31.72 + 44.49 10.26 + 10.85 0.059
FER, ng /L 1,082.04 + 870.39 1,5612.62 + 866.75 + 623.90 0.033

1,125.17

CEA, ng/L 7.05 + 5.39 8.74+£7.13 6.26 + 4.25 0.142
CYFRA, ng/ml 5.70 £ 8.19 9.54 +£12.23 3.40 +2.63 0.075
SCCA, ng/ml 2.51 £10.96 5.48 +17.86 0.72 £ 0.44 0.320
NSE, png /L 20.10 £ 8.59 2511 +£10.16 17.10 £5.89 0.003

AST, aspartate transaminase; ALT, alanine transaminase; LDH, lactate dehydrogenase; Alb, albumin; Glb, globulin; CK, creatine kinase; GFR, glomerular filtration rate; BUN, blood urea
nitrogen; Cr, creatinine; ESR, erythrocyte sedimentation rate; CRF, C-reactive protein; FER, ferritin; CEA, carcino-embryonic antigen; CYFRA, cytokeratin 19 fragment; SCCA, squamous

cell carcinoma antigen; NSE, neuron-specific enolase.
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TABLE 4 | Immunologic tests for MDA5TDM-ILD.

Characteristics Total Not improved Improved P-value
(N =63) (n=19) (n=44)
Anti-MDA5 0.024
Weakly positive, n (%) 7(11.1) 0(0.0) 7(15.9
Positive, n (%) 25 (39.7) 11 (57.9) 14 (31.8)
Strongly positive, n (%) 31 (49.2) 8 (42.1) 23 (562.3)
CD3* T, % 72,46 £12.13 70.15 + 13.84 73.46 + 11.37 0.367
CD4* T, % 46.70 £ 13.19 48.04 + 15.87 46.12 + 12.05 0.630
CD8* T, % 2314 £11.19 19.41 £10.15 24.75 £ 11.36 0.112
B lymphocyte, % 17.54 £ 9.71 17.26 + 8.54 17.67 + 10.33 0.891
NK lymphocyte, % 7.95+£7.72 9.88 + 11.59 7.04 +4.98 0.230
IL-2, pg/ml 2.62+1.26 2.74 £1.01 2.57 +£1.36 0.657
IL-4, pg/ml 2.59 £ 1.11 2.77 +£0.98 252 +1.16 0.458
IL-6, pg/m 39.76 £ 92.17 30.61 + 54.40 43.71 £ 104.81 0.639
IL-10, pg/ml 5.77 + 3.01 6.24 + 3.51 5.57 +2.82 0.475
TNFa, pg/ml 10.56 + 26.26 3.08 +1.77 13.67 +30.82 0.047
IFNy, pg/ml 2.61+1.39 2.54 +1.48 2.64 +1.38 0.809

IL, interleukin; TNF, tumor necrosis factor; IFN, interferon.

FIGURE 1 | Representative CT images. (A-D) are typical GGO, consolidation, reticular, and honeycomb images, respectively (red arrows).
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selected for Pearson correlation analysis and univariate Cox
regression analysis. Significant (P < 0.05) and clinically focused
variables in the univariate Cox regression analysis were selected
for further multivariate Cox regression analysis. Regression
coefficients were regarded as weights for the variables in ROC
curves. The nomogram applied to create the scoring system was
developed with independent risk factors based on multivariate
Cox regression analysis using the “rms” package in R. Survival
rates were calculated using the Kaplan-Meier method. A two-
sided P-Value <0.05 was defined as statistically significant. All
the analyses were performed using SPSS 25.0 and GraphPad
Prism 8.0.2.

RESULTS

Patients and Clinical Characteristics

Among the 63 patients with MDA5TDM-ILD admitted in our
hospital between January 2018 and January 2021, 44 survived
and improved, but 19 lost their lives during the 400-day follow-
up. The 400-day mortality in our data of all the 63 patients
with MDA5TDM-ILD was 30.16%. The clinical characteristics
are summarized in Tables 1-4, Supplementary Table 1 based
on prognosis. Of the 19 patients who died during follow-up,
11 (57.9%) and 8 (42.1%) were confirmed to be anti-MDAS5-
positive and strongly positive, respectively. The group included
nine women (47.4%) and 10 men (52.6%) with a median age of
56.95 years (range 40-68) and mean TCTs of 23.21 (range 6-
54), and 2 (10.5%) being smoker, and 11 (57.9%) being CADM.
Of the 44 patients who improved, 7 (15.9%), 14 (31.8%), and
23 (52.3%) were confirmed to be anti-MDAS5 weakly positive,
positive, and strongly positive, respectively. This group included
28 women (63.6%) and 16 men (36.4%) with a median age of 45.8
years (range 19-72) and mean TCTs of 10.02 (range, 0-39), and
8 (18.2%) being smoker and 11 (25%) being CADM.

Association Between Clinical

Characteristics and Prognosis

The clinical characteristics of the patients with MDA5" DM-
ILD are summarized in Tables 1-4, Supplementary Table 1
according to basic information, pulmonary examinations,
general laboratory tests, and immunologic tests based on
their prognosis in the 400-day follow-up. CT scores of each
lobe assessed by fibrotic-liking changes including GGO score,
consolidation score, reticular score, and fibrosis score are shown
in Supplementary Table 2.

Previous research determined that prognosis was poor in
elderly patients with MDA5" DM-ILD (12). In our study, poor
prognosis was found more frequently in acute-onset patients
(2.87 £3.5vs.9.97 £ 16.85, P = 0.01). Abnormal symptoms such
as fever (94.7% vs.36.4%, P < 0.001) and some complications
such as pulmonary infection (100.0% vs. 36.4%, P < 0.001) and
pleural effusion (73.7% vs. 20.5%, P < 0.001) were significantly
associated with high mortality. The Gottron sign, skin ulceration,
and heliotrope rash are characteristic cutaneous phenotypes in
patients with MDAS5™ DM and are significantly associated with
increased risk of subacute ILD or RP-ILD (6, 26, 27). However,
our results did not find that the signs above had an apparent

link with prognosis of patients with MDA5" DM-ILD. All the 63
patients here were not diagnosed with any internal malignancy.
Despite many scholars suggesting MDA5T DM is likely to
complicate malignancy, malignancy is uncommon in MDA5"
DM-ILD, with an incidence of <5% (15, 28). As expected, TCTs,
GGO score, consolidation score, reticular score, and fibrosis
score were higher in patients with poor prognosis. Representative
CT images of GGO, consolidation, and reticular and fibrotic
changes are shown in Figure 1. In contrast, the value of FVC and
FEV1 was lower in poor prognosis. It had been noted the severely
affected pulmonary function especially the baseline FVC% was
validated to be the most significant prognostic factor to predict

TABLE 5 | Correlation analysis of clinical characteristics and prognosis.

Characteristics Prognosis Survival time
Pearson P-value Pearson P-value

Age 0.424 0.001 —0.365 0.006
CADM 0.317 0.011 —0.293 0.028
Duration —0.226 0.075 0.294 0.028
Interval of DM and ILD -0.210 0.099 0.258 0.054
Length of stay 0.408 0.001 —0.414 0.002
Fever 0.537 0.000 —0.509 0.000
Dyspnea 0.426 0.000 —0.379 0.004
Arthralgia —0.302 0.016 0.272 0.043
Pulmonary infection 0.588 0.000 —0.538 0.000
Pleural effusion 0.507 0.000 —0.526 0.000
TCTs 0.491 0.000 —-0.385 0.003
GGO score 0.337 0.007 —0.223 0.099
Consolidation score 0.565 0.000 —-0.479 0.000
Reticular score 0.295 0.020 —0.297 0.026
Fibrosis score 0.291 0.022 -0.170 0.211
FVC —0.305 0.075 0.276 0.126
FEV1 —0.280 0.108 0.262 0.148
Anti-MDA5 0.039 0.762 —0.051 0.709
Leukocyte 0.246 0.052 -0.279 0.038
Monocyte 0.426 0.001 —0.482 0.000
Neutrophil 0.239 0.059 -0.279 0.038
Proteinuria 0.313 0.017 —0.293 0.035
AST 0.307 0.014 —0.407 0.002
LDH 0.398 0.001 -0.378 0.004
Alb —0.472 0.000 0.482 0.000
AG —0.307 0.014 0.273 0.042
GFR —0.305 0.025 0.227 0.124
CRP 0.361 0.005 —0.353 0.010
FER 0.353 0.009 —0.254 0.072
TNFa —0.186 0.192 0.181 0.224
CEA 0.217 0.142 —0.221 0.141
CYFRA 0.367 0.020 —-0.320 0.047
NSE 0.217 0.142 —0.459 0.003
Glucocorticoid 0.532 0.000 -0.410 0.002
Antibiotic 0.367 0.003 —0.386 0.003
Antiviral 0.458 0.000 —0.366 0.006
NPPV 0.738 0.000 —0.649 0.000
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the 6-month all-cause mortality based on a multi-center MDA5"
DM-ILD data with a cutoff value of 50%, which means mortality
being 15% while FVC% >50% and mortality being 70% while
FVC% <50% (29, 30).

A new AI algorithm-based analysis suggested that “MDA5
score” may serve as an applicable prognostic predictor for
MDAS5" DM-ILD (31). Regarding the laboratory examination
indicators in our research, we found that poor prognosis patients
had more positive and strongly positive anti-MDA5 results (P
= 0.024) than the survivors. Research studies have mentioned
that predictive cytokines and chemokines including IL-6, IL-8,
IL-10, IL-15, IL-18, TNFa, IFN-a, IP-10, and CX3CL1 had high
levels in MDA5T DM-ILD (32-35), especially CX3CL1, which
was identified as involved in the pathogenesis of MDA5" DM-
ILD with a strong correlation of r = 0.89 between anti-MDA5
titer and CX3CLI.

Early and intensive immunomodulatory therapy has some
effects on clinical parameters such as cytokines, antibodies,
and hyperferritinemia and may lead to better prognosis of
concomitant ILD (29). Nakashima et al. (36) reported that
combined immunosuppressive therapy markedly improved the
prognosis from 28.6 to 75%. An existing report revealed that the
application of non-invasive positive pressure ventilation was an
independent risk factor for survival (37). Based on this study,
we were surprised to find that patients who received a larger
dose of glucocorticoid (326.32 & 284.65 vs. 86.77 + 105.02, P =
0.002), antibiotic therapy (100% vs. 65.9%, P = 0.01), antiviral
therapy (57.9% vs. 13.6%, P < 0.001), and NPPV (63.2% vs. 0%,
P < 0.001) were more inclined to suffer a bad end. We had to
owe poor prognosis after receiving intensive therapies to their
complex and severe status liking secondary multiple infections.

Although a previous clinical trial suggested that pirfenidone, in
addition to conventional immunosuppressive treatment, did not
result in improvement in terms of survival (38). We wanted
to see if there is anti-fibrosis benefit. However, contrary to
our expectations, the results showed that anti-fibrosis therapy
did not improve the outcomes, maybe because the population
incorporated was small and the follow-up was short.

Besides, we specially analyzed the correlation between the
above clinical characteristics showing significant differences with
prognosis and the survival time in the 400-day follow-up through
Pearson correlation coefficient (Table 5). Majority of the results
were consistent with those aforementioned.

Prediction of the Prognosis of
MDA5*tDM-ILD

The above studies have revealed some significant differences
and associations between clinical characteristics and prognosis.
Based on them, we next performed a univariate Cox regression
analysis. Although there were many significant indicators
included in our research, we selected only seven of them
for the univariate Cox regression analysis following the rules
of statistics (one indicator for 10 observations). As seen in
Table 6, the univariate Cox regression analysis showed that
fever, pulmonary infection, pleural effusion, TCTs, AST, and FER
were significantly correlated with the prognosis of MDA5+TDM-
ILD. Then, inclusion of these factors and duration together in
the multivariate Cox regression analysis revealed that duration,
fever, PE, TCTs, and AST remained independent variables for
predicting the prognosis of MDA5T DM-ILD. That is to say, acute
onset (HR 0.827, P =0.011), fever (HR 17.486, P = 0.012), pleural
effusion (HR 0.174, P = 0.001), high TCTs (HR 1.048, P = 0.011),

TABLE 6 | Cox regression analysis of various predictive factors for the prognosis of MDA5™ DM-ILD.

Characteristics Univariate HR P-value Multivariate HR P-value
(95% Cl) (95% CI)

Duration 0.056 0.827 (0.704-0.972) 0.011

Fever 0.052 (0.007-0.388) 0.004 17.486 (1.861-164.255) 0.012

Pulmonary infection 61.142 (1.494-2,501.471) 0.030

Pleural effusion 8.061 (2.884-22.532) 0.000 0.174 (0.059-0.511) 0.001

TCTs 1.049 (1.020-1.078) 0.001 1.048 (1.011-1.086) 0.011

AST 1.005 (1.002-1.008) 0.001 1.005 (1.002-1.009) 0.004

FER 1.000 (1.000-1.001) 0.032

TABLE 7 | ROC analysis of duration, fever, PE, TCTs, and AST.

Characteristics AUC Youden index 95% ClI Sensitivity Specificity P-value

Duration 0.757 0.410 0.623-0.890 56.8% 84.2% 0.002

Fever 0.784 0.569 0.664-0.905 94.7% 62.2% 0.001

PE 0.787 0.575 0.652-0.923 73.7% 83.8% 0.000

TCTs 0.788 0.569 0.671-0.905 94.7% 62.2% 0.000

AST 0.738 0.465 0.604-0.871 78.9% 67.6% 0.004

Combination 0.954 0.788 0.902-1.000 84.2% 94.6% 0.000

Combination: the combination of fever, PE, TCTs, and AST.
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FIGURE 2 | (A-E) ROC curves of duration, fever, PE, TCTs, and AST. (F-J) Kaplan-Meier survival curves of duration, fever, PE, TCTs, and AST.
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FIGURE 3 | (A) Nomogram predicting the prognosis of MDA5*DM-ILD. (B) Calibration curve of the nomogram. (C) DCA of the nomogram.

and high AST (HR 1.005, P = 0.004) were significant predictors
of poor prognosis for MDA5TDM-ILD. Additionally, an ROC
curve analysis was conducted to evaluate the predictive value of
these factors (Table 7 and Figures 2A-E).

Development of Prognostic Nomogram

Models of MDA5*DM-ILD

A nomogram to predict the mortality of MDA5TDM-ILD
was preliminarily constructed on the basis of multivariate Cox
regression results (Figure 3A). Particularly, the nomogram was
generated by assigning a weighed score on the point scale to each
independent predictor. A higher score calculated from the sum
of the assigned number of points for each prognostic parameter
in the nomogram corresponds to a higher likelihood of death.
The calibration curve showed that this predictive nomogram
exhibited good calibration (Figure 3B). Moreover, a decision
curve analysis (DCA) was conducted to assess the clinical utility
of the predictive nomogram in Figure 3C.

To make this predictive model more convenient for
physicians to use in clinical practice, we modified three
predictors (duration, TCTs, and AST) into binary variables.
Then three transformed binary variables together with fever

and PE were used to conduct another nomogram model,
in which all five predictors were evaluated with specific
integer points: duration <4m (5 points), fever (88 points),
PE (21 points), TCTs >10 points (22 points), and AST
>200 U/L (100 points) (Figures 4A-C). Then, we obtained
Kaplan-Meier survival curves subdivided by duration <4
mouths, fever, PE, TCTs >10 points, and AST >200 U/L
(Figures 2F-J). In the end, we created a new indicator by
combining fever, PE, TCTs, and AST, which possessed good
predictive ability, as reflected by an AUC o0f.954 (Table 7 and
Figure 5).

DISCUSSION

The presence of MDA5T DM-ILD can seriously impair the
quality of life and shorten the survival of patients. The 6-
month mortality of patients with MDAS5" DM-ILD ranges
from 33 to 66% (10, 15, 16). A multicenter observational
study (39) from 37 medical centers including 121 patients
showed that MDAS5™ RP-ILD had a noteworthy high mortality
rate. Early and intensive immunomodulatory therapy has some
effects on clinical parameters such as cytokines, antibodies,
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FIGURE 4 | (A) Nomogram predicting the prognosis of MDA5*DM-ILD, while all predictors are binary variables. (B) Calibration curve of the nomogram. (C) DCA of
the nomogram.

and hyperferritinemia, and may lead to better prognosis of
concomitant ILD (29). Nakashima et al. (36) reported that
combined immunosuppressive therapy markedly improved the
prognosis from 28.6 to 75%. An existing report revealed
that application of NPPV was an independent risk factor
for survival (37). Previous studies on the predictive role
of clinical characteristics for patients with MDAS5TDM-ILD
were relatively limited. Our study aimed to design a novel
quantitative tool so clinicians can predict the probability of
death. Thus, we integrated a total of 122clinical characteristics,
46 of which are shown in Supplementary Table 1. Although
numerous clinical features were associated with prognosis, the
clinical significance of a single index in the prediction of
prognosis was quite limited because of one-sidedness. As a
result, we selected the independent variables duration, fever,
PE, TCTs, and AST, all being routine clinical practice, based
on the multivariate Cox regression analysis to construct a
predictive model.

Nakashima et al. (40) determined that the prognosis was
poor in MDA5TDM-ILD patients who went through a long

interval from appearance of skin lesions to diagnosis of ILD.
Our data indicated the average course of disease and interval
of DM and ILD in poor prognosis patients was 2.87 and
1.16 months, respectively, meaning acute onset of DM and
ILD and serious, fractious conditions. Tanizawa et al. (14) also
indicated that high fever was associated with poor prognosis
of DM-ILD. Pleural effusion (73.7% vs. 20.5%, P < 0.001) was
significantly associated with high mortality in this research. We
systematically evaluated every patients CT imaging and made
points according to standard as mentioned above, finding the
poor prognosis population getting visibly higher points not only
on TCTs but also on GGO score, consolidation score, reticular
score, and fibrosis score. It was reported that consolidation,
GGO, and reticular opacities were distinctive findings in high-
resolution computed tomography (HRCT) (14, 41) and that
an initial right middle lobe GGO score of >2 (GGO >5% of
the lobe) was a poor prognostic factor (42) for patients with
MDA5TDM-ILD. Besides, a semi-quantitative HRCT scoring
method including GGO, consolidation, and fibrosis was applied
for the assessment of MDA5T DM-ILD and confirmed an
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independent risk factor for 1-year mortality (43). However,
the fibrosis components were heavily weighted in this scoring
method. Recent research studies including an AI algorithm-
based analysis named “AI score” revealed that lower zone
GGO and consolidation demonstrated to be correlated with
RP-ILD and were applicable prognostic predictors for MDA5"
DM-ILD (31, 44). Besides, the scores of microhemorrhage,
capillary disorganization, spontaneous pneumomediastinum,
and neoangiogenesis were significantly correlated with known
poor prognosis factors of DM-ILD and total fibrosis scores of
chest HRCT (37, 45, 46). Some research studies (9, 29, 37, 40,
47) have reported that anti-MDAS5-positive and non-survivors
presented higher serum AST level.

We can believe that each enrolled index in our model has
a definite guiding function and an undoubted effect on clinic
work. However, this model was generated in a specific patient
population and specific clinical characteristics. Inevitably, this
model may not be the standard model that represents all
patients with MDAS5" DM-ILD and covers all possible clinical
indicators. What we can do is to build a model that is as
comprehensive and reliable as possible under existing conditions.
Therefore, we suggest that one flaw of our model is that
hyperferritinemia was not included. In fact, hyperferritinemia
has been indicated as a key risk factor for patients with
MDA5" DM and RP-ILD (1, 10, 48-51). It is just that our
model dropped it in the fitting process for some reason.
Nevertheless, non-hyperferritinemia in the model does not mean
that hyperferritinemia is not important, and it absolutely can be
an independent prognostic factor.

Different predictive models have been reported in the past 10
years. “FLAIR score,” including ferritin, LDH, semi-quantitative
anti-MDAS5 grade, HRCT imaging score, and RPILD/non-RPILD

based on a large-scale Chinese single-center cohort (n = 207),
was proposed to predict mortality in CADM-ILD (1). Other
reports also stated that ferritin, LDH, and KL-6 were independent
high-risk factors for poor outcomes (1, 52, 53). A multivariate
logistic regression analysis (27) previously indicated that positive
anti-MDADS5, elevated CRP, and decreased counts of lymphocyte
can provide a precise prediction for RP-ILD in patients with
CADM. The evidence-based risk prediction model using CRP
and KL-6 combined with anti-MDAS5 might also be useful for
predicting prognosis in patients with DM-ILD; it is called the
MCK (MDAS5, CRP, and KL-6) model, identifying patients at low
(<15%), moderate (15-49%), or high risk (>50%) of mortality
based on the number of risk factors. Respiratory physiological
parameters such as lower arterial partial pressure of oxygen
(PaO2) and higher alveolar-arterial oxygen difference (AaDO2)
have been associated with the development of RPILD and poor
prognosis in several small-sample MDA5" DM/CADM studies
(10, 42). Unfortunately, the heterogeneity of these cohorts was
obvious, and the pulmonary function and structure evaluation
were suboptimal.

This is the first time that duration, fever, PE, TCTs, and AST
are recommended together as a predictor for the prognosis of
MDAS5" DM-ILD. This nomogram has high predictive accuracy
and can be applied in most hospitals because of convenience.
With the aim of establishing a novel scoring system, we converted
the nomogram into a scoring system. If the total score is over 116
points, a high probability (>30%) of mortality exists. Meanwhile,
when we combined fever, PE, TCTs, and AST together, a nice
predictive function can be seen: AUC being.954, sensitivity being
84.2%, and specificity being 94.6% on the ROC curve. Hence, this
method is not only feasible and simple but could also accurately
recognize poor prognosis with high calibration.

This study is not exempt from limitations. First, this study was
based on retrospective data, and the validity of the retrospective
data was limited. Moreover, the size of the sample included in this
study was small. Next, the nomogram model was not validated
in the external validation set from other medical centers. Finally,
our follow-up time was relative short, lacking assessment of long-
term survival conditions. Therefore, multicenter validation of the
scoring system with a large study population is urgently needed to
obtain high-level evidence for its clinical application in the future.

In conclusion, the predictive model for the prognosis
of MDA5T DM-ILD assists in identifying cases accurately,
intensifying treatment early, and saving as many patient
as possible in clinical practice. This study
based on a unicentric and small sample of participants
suggesting a favorable predictive performance and should
be further validated in multicenter prospective studies in
the near future.
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