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Abstract
Objective

The clinical features of myositis specific antibody negative dermatomyositis (MSA negative DM) varied greatly, 
and there were few reports in the literatures. This study aimed to describe and expand the clinical phenotypes and 

prognoses of MSA negative DM patients.

Methods
MSA negative DM patients were identified from January 2010 to June 2020. We retrospectively reviewed the clinical 

features and laboratory data. The survival status was followed up until July 31. 2020 SPSS version 21.0 and R version 
3.6.1 software were used for the statistical analyses.

Results
A total of 97 MSA negative DM patients were enrolled. The most common type of rashes was heliotrope rash (80.4%). 
More than half of the patients (55.7%) had interstitial lung disease (ILD), and seven of them developed rapid progressive 
ILD. There were eleven patients with tumours. During the follow-up, twelve patients died, of whom 5 (41.7%) died due to 

infection. Two phenotypes of MSA negative DM patients were identified by cluster analysis. Patients in cluster 1 developed 
muscle weakness, mechanic’s hands, arthritis, and ILD more frequently. Patients in cluster 2 had a higher incidence of 
heliotrope rashes. Patients in cluster 1 tended to have worse prognoses, wherein the 1-year and 5-year survival rates 

(81.1% and 78.4%, respectively) were lower than those in cluster 2 (97.6% and 95.2%, respectively), with p-value 
0.04 and 0.056, respectively.

Conclusion
Through cluster analysis, different clinical phenotypes of MSA negative DM patients were determined. The prognoses 

of the two subgroups were different in terms of survival rate and cause of death.
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Introduction
Dermatomyositis (DM) is a complex 
heterogeneous disease characterised by 
muscle and skin inflammation, along 
with varying degree of internal organs 
involvement (1, 2). According to the Eu-
ropean Neuro Muscular Center (ENMC) 
classification criteria, myositis specific 
autoantibodies (MSAs) play critical 
roles in the diagnosis of DM (3, 4). 
Moreover, MSAs can indicate different 
clinical features and predict prognoses 
of DM (5-8). For example, DM patients 
with anti-melanoma differentiation-as-
sociated gene 5 (anti-MDA5) antibody 
usually develop rapid progressive intes-
tinal lung disease (RP-ILD) with poor 
prognoses, while those with anti-nuclear 
matrix protein 2 (anti-NXP2) antibody 
often develop severe muscle weakness 
and subcutaneous calcifications (9-12).
However, the proportion of patients 
with MSA negative DM is high. They 
also demonstrate heterogeneous clinical 
characteristics and prognoses. We have 
previously demonstrated that patients 
with MSA negative DM could develop 
RP-ILD (13). The current understand-
ing of MSA negative DM, a subtype 
of DM, is limited. This study aimed to 
analyse the clinical features and progno-
ses of patients with MSA negative DM 
in order to improve our insight into this 
type of DM.

Materials and methods
Study population
From January 2010 to June 2020, a to-
tal of 1016 patients who were clinically 
suspected DM (these patients had at 
least one of the classic clinical charac-
teristics: rashes and muscle weakness) 
underwent the test of MSA at the De-
partment of Rheumatology in China-
Japan Friendship Hospital, Beijing, 
China. The clinical data of the patients 
were carefully reviewed, and 113 adults 
were diagnosed with MSA negative 
DM according to the 2018 ENMC pro-
posed criteria (4). Sixteen patients were 
diagnosed with overlap syndrome (sev-
en with DM and Sjögren’s syndrome, 
three with DM and systemic sclerosis, 
two with DM and rheumatoid arthritis, 
two with DM and psoriasis, one with 
DM and systemic lupus erythematosus, 
and one with DM and ankylosing spon-

dylitis). Finally, 97 adult MSA negative 
DM patients were enrolled in this study. 
The study protocol was approved by the 
Ethics Committee of the China-Japan 
Friendship Hospital (approval number: 
2016-117).

Clinical data
The demographics, clinical features 
and laboratory data of the patients were 
gathered through detailed records at 
their first time to our department.
The clinical manifestations included 
myalgia, proximal limb muscle weak-
ness, cutaneous involvement, Ray-
naud’s phenomenon, dysphagia, arthri-
tis, and interstitial lung disease (ILD). 
The cutaneous features observed in 
the patients included heliotrope rash, 
V sign, shawl sign, mechanic’s hands, 
Gottron’s papules and sign, cutaneous 
ulcer, periungual erythema and subcu-
taneous calcification.
Cancer-associated myositis was defined 
as cancer that occurred within 3 years 
of the disease onset (before or after) 
(14). The survival status of the patients 
was followed up until July 31, 2020.

Laboratory data
The laboratory data consisted of routine 
blood test results, lymphocyte subsets, 
the levels of serum transaminase (ALT 
and AST), creatine kinase (CK), lactate 
dehydrogenase (LDH), albumin (Alb), 
pre-albumin (Pre-Alb), immunoglobu-
lins (IgG, IgA, and IgM), C-reactive 
protein (CRP), serum ferritin and anti-
nuclear antibody (ANA) spectrum.

Detection of MSA
MSAs (anti-Mi-2, anti-TIF1-γ, anti-
MDA5, anti-NXP2, anti-SAE1, anti-
SRP, anti-Jo-1, anti-PL-7, anti-PL-12, 
anti-EJ, and anti-OJ) were detected 
by Immuno Blot (order No. DL 1530-
1601-4G; EUROIMMUN, Germany), 
and the anti-HMGCR autoantibody 
was detected by ELISA according to 
the manufacturer’s instructions (cata-
log number:704760, Inova Diagnostics, 
Inc., USA), both of which have been 
widely used in clinical practice in China.

ILD evaluation
ILD was diagnosed via high-resolution 
computer tomography (HRCT) of the 
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chest. A subset of patients with RP-
ILD presented with progressive dysp-
noea and a worsening of the interstitial 
changes on HRCT within 1 month from 
the onset of the respiratory symptoms 
(15). The classification of ILD, which 
included usual interstitial pneumonia 
(UIP), non-specific interstitial pneu-
monia (NSIP) and organising pneu-
monia (OP) were made via HRCT by 
two experienced radiologists who were 
blinded to the clinical features of the 
patients.

Statistical analysis
SPSS version 21.0 was used for the 
statistical analyses. The Kolmogorov-
Smirnov test was used to evaluate the 
distribution of each continuous param-

eter. Statistical differences between 
groups were calculated using Student’s 
t test (normal distribution), Mann-
Whitney U test (non-normal distribu-
tion) or the Chi square test. Data were 
expressed as means ± standard devia-
tion (SD) or median (range P25, P75). 
Hierarchical cluster analysis was used 
for classification, and multiple corre-
spondence analysis was used for con-
firmation by R version 3.6.1 software 
(10). Classification and regression trees 
was analysed to find predictor variables 
using the R software. For the survival 
analysis, Kaplan-Meier curves were 
performed on different clusters. All sta-
tistical tests were two-sided, and p-val-
ues of less than 0.05 were considered to 
be significant.

Results
Overall clinical characteristics 
and prognoses of MSA negative 
DM patients
We screened 113 MSA negative DM 
patients from clinically suspected DM 
in our cohort. Of the 113 patients, 16 
(14.2%) presented with overlap syn-
drome, which were excluded from the 
study (Fig. 1). The remaining patients 
with isolated MSA negative DM (n=97) 
included 61 females (62.9%) and 36 
males (37.1%) (Table I). The average 
ages of disease onset were 45.26±13.98 
years (range from 19 to 81 years), and 
the durations of DM ranged from 1 to 
168 months (median 6 (3-23) months).
All patients in this study had cutaneous 
involvement. Seventy-eight (80.4%) 
patients presented with heliotrope 
rashes, 61 (62.9%) patients had Got-
tron’s papules, and 59 (60.8%) patients 
developed with Gottron’s sign. In addi-
tion, 86 (88.7%) patients had proximal 
limb muscle weakness, and 92 (94.8%) 
patients presented with elevated levels 

Fig. 1. Flowchart of the study.
MSA: myositis specific autoantibody; ENMC: European Neuro Muscular Centre; DM: dermatomyositis.

Table I. The general clinical features of pa-
tients with MSA negative DM.

Clinical features N=97

Age of onset (y) 45.26 ± 13.98
Female/male n (%) 61 (62.9)
Duration (m) 6 (3,23)
Rash types n (%) 97 (100)
 Heliotrope rash n (%) 78 (80.4)
 V sign n (%) 56 (57.7)
 Shawl sign n (%) 42 (43.3)
 Mechanic’s hands n (%) 31 (32.0)
 Gottron’s papules n (%) 61 (62.9)
 Gottron’s sign n (%) 59 (60.8)
 Cutaneous ulcer n (%) 9 (9.3)
 Periungual erythema n (%) 8 (8.2)
 Subcutaneous calcification n (%) 1 (1.0)

Clinical manifestations 
Reynold phenomenon n (%) 6 (6.2)
Myalgia n (%) 54 (55.7)
Muscle weakness n (%) 86 (88.7)
Dysphagia n (%) 21 (21.6)
Arthritis n (%) 35 (36.1)
Interstitial lung disease (ILD) n (%) 54 (55.7)
    Rapid progressive ILD n (%) 7 (7.2)
Cancer n (%) 11 (11.3)
   Cancer-associated myositis n (%) 10 (10.3)

Laboratory results 
Elevated muscle enzymes n (%) 92 (94.8)
MSA tested at disease onset n (%) 62 (63.9)
MAA positive n (%) 49 (50.5)

MAA: myositis associated antibody. 
MAA included ANA, Ro52, CCP, dsDNA, M2, 
PM-Scl and anti-phospholipid antibody.
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of muscle enzymes during disease pro-
gression. Considering ten patients with 
either proximal limb muscle weakness 
or increased muscle enzymes and one 
patient with neither proximal limb mus-
cle weakness nor increased muscle en-
zymes, muscle pathology had done and 
shown definitive DM for them. Two 
patients, who presented with typical 
rashes, were clearly diagnosed as DM 
with definite interface dermatitis.
More than half of the patients (55.7%) 
had ILD. In addition, seven patients de-
veloped RP-ILD. NSIP (34/54, 63.0%) 
was the most common pattern observed 
in the HRCT. Thirty-five (36.1%) pa-
tients had arthritis. Twenty-one patients 
(21.6%) experienced dysphagia.
All patients received glucocorticoid 
(GC) therapy, of whom 78 patients re-
ceived immunosuppressant. Cyclophos-
phamide (CYC) was the most common-
ly used immunosuppressant (25.6%), 
followed by calcineurin inhibitors (Cy-
closporine A or Tacrolimus, 23.1%) and 
methotrexate (MTX, 16.7%). Further-
more, seven patients received a combi-
nation of two immunosuppressants.

The survival status of the patients was 
followed up until July 31, 2020. Due 
to invalid contact information, 18 pa-
tients could not be followed up. Twelve 
of 79 patients died of infection (n=5), 
cancers (n=4), and other reasons(n=3). 
The survival time of the patients were 
from 3 to 67 months. In addition, elev-
en cases developed tumours (2 with 
thyroid cancer, 2 with breast cancer, 2 
with lung cancer, 1 with cervical car-
cinoma, 1 with oesophageal cancer, 1 
with nasopharyngeal carcinoma, 1 with 
malignant invasive hydatidiform mole 
and 1 with lymphoma), of whom 10 
cases had cancer-associated myositis.

Clinical subgroups of MSA negative 
DM patients based on cluster analysis
The MSA negative DM patients were 
stratified into two clusters by hierarchi-
cal cluster analysis (Fig. 2). Multiple 
correspondence analysis further con-
firmed the existence of two phenotypes 
of MSA negative DM patients (Fig. 3). 
The first cluster included 43 patients 
(44.3%), and the second cluster includ-
ed 54 patients (55.7%). Comparisons 

of the clinical features and laboratory 
data between two clusters were shown 
in Table II.
The age of disease onset in cluster 1 
(48.72±14.62 years) were older than 
those in cluster 2 (42.50±12.92 years, 
p=0.029). All of patients in cluster 1 
displayed proximal limb muscle weak-
ness, which had a higher frequency than 
cluster 2 (100% vs. 79.6%). Increased 
frequencies of mechanic’s hands (48.8% 
vs. 18.5%), Gottron’s sign (83.7% vs. 
42.6%) and Gottron’s papules (76.7% 
vs. 51.9%) were observed in the cluster 
1 patients, while heliotrope rash (65.1% 
vs. 92.6%) was more common in clus-
ter 2 patients (Table II). None of the pa-
tients in cluster 2 had cutaneous ulcer, 
periungual erythema or subcutaneous 
calcification, and the frequencies of 
the first two types of rashes in cluster 1 
were significantly higher(p<0.05). The 
incidences of extra-muscular clinical 
features, such as dysphagia (34.9% vs. 
11.1%), arthritis (62.8% vs. 14.8%) and 
ILD (86.0% vs. 31.5%), were also sig-
nificantly higher in cluster 1 than those 
in cluster 2. The incidences of tumours 

Fig. 2. The cluster analysis of MSA negative DM.
Dendrogram generated using euclidean distance and the Ward agglomerative method. The bold vertical line indicates the height of fusion into clusters p 
roposed and the x-axis indicates the individuals (n=97) at the bottom of the dendrogram.
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were comparable in the two clusters 
(14.0% vs. 9.3%).
Patients in cluster 2 showed higher lev-
els of Alb than those in cluster 1 with 
statistical significance. However, pa-
tients in cluster 1 showed a tendency of 
higher levels of CRP and ferritin than 
those in cluster 2, which was not sig-
nificant. Other laboratory data, includ-
ing blood routine test and spectrum of 
muscle enzymes, were comparable be-
tween the two clusters.

The predictor of stratification 
into two subgroups in MSA 
negative DM patients
Significant differences in clinical fea-
tures were observed between cluster 1 
and cluster 2. Therefore, it was neces-
sary to find predictors in MSA negative 
DM patients in order to classify them 
into different subgroups. The clinical 
data of 97 MSA negative DM patients 
were analysed. The variables included 
in the unsupervised analysis were gen-
der, age of disease onset (in the form of 

continuous variables), myalgia, proxi-
mal limb muscle weakness, elevated 
muscle enzymes, heliotrope rash, V 
sign, shawl sign, mechanic’s hands, 
Gottron’s papules and sign, cutaneous 
ulcer, periungual erythema, Raynaud 
phenomenon, dysphagia, arthritis, ILD 
and cancer by regression tree model. 
Three variables were found to affect 
the results: ILD, arthritis, and V sign. 
They were predictors of stratification 
for the patients into different clusters 
with a total accuracy of 83.51% (Fig. 
4). The accuracies of the different clus-
ters were 84.62% and 82.76%, respec-
tively. MSA negative DM patients with 
ILD and arthritis belonged to cluster 
1. If they developed ILD but neither 
with arthritis nor typical V sign, they 
can also be in the cluster 1. If the MSA 
negative DM patients did not compli-
cate with ILD, they belonged to clus-
ter 2, but it should be noted that some 
patients with ILD and typical V sign 
while no arthritis, they also belonged 
to cluster 2. Therefore, it highlights the 

involvement of other systems except 
muscle and skin in cluster 1, while the 
tendency of other system involvement 
decreased in cluster 2.

The prognoses of patients 
in the two clusters
The prognoses of patients in the two 
clusters were compared. The follow-
up period of the 79 MSA negative DM 
patients ranged from 1 to 117 months. 
Eight and four deaths were reported in 
cluster 1 and 2, respectively. The pa-
tients in cluster 1 tended to have worse 
prognoses, despite a p value of 0.128 in 
the survival analysis (Fig. 5). The sur-
vival time of patients who died in clus-
ter 1 ranged from 3 to 14 months (mean 
6.6±3.9 months), while those in cluster 
2 ranged from 3 to 67 months (mean 
38.0±31.4 months). In addition, the 
1-year survival rate in cluster 1 (30/37, 
81.1%) was significantly lower than 
that in cluster 2 (41/42, 97.6%, p=0.04). 
Moreover, the 2-year and 5-year sur-
vival rates in cluster 1 (78.4%) showed 

Fig. 3. The confir-
mation of two clus-
ters by multiple cor-
respondence analy-
sis.
Factor map showing 
the raw data (individ-
uals) used to generate 
the dendrogram. On 
the factorial map, the 
colors indicate indi-
viduals according to 
the cluster to which 
they belong, while 
the lines indicate 
how far individuals 
from the centre.
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a downward trend than those in cluster 
2 (95.2%, p=0.056).
Infection (50%) was the most common 
reason of death in cluster 1, followed 
by tumours (37.5%). The survival time 
of patients who died of severe infection 
were less than 6 months in cluster 1. In 
contrast, only one patient (25%) died 
of infection in cluster 2. Two deaths 
were caused by other reasons (50%, 
such as cerebral infarction) in cluster 2.

Discussion
In this study, we described the clinical 
characteristics and prognoses of MSA 
negative DM patients in the largest Chi-
nese cohort for the first time. Two main 

subtypes of MSA negative DM patients 
were determined by cluster analysis. 
Those in cluster 1 mainly presented 
with myositis, mechanic’s hands, ILD, 
and arthritis. These features were simi-
lar to the clinical spectrum of the anti-
synthetase syndrome (ASS) (16). Pa-
tients in cluster 2 seemed to exhibit less 
extra-muscular features and had better 
prognoses.
Patients with MSA negative DM had 
typical DM rashes and muscle involve-
ment, according to various classifica-
tion criteria (4, 17). The main subtype 
of rashes observed in these patients was 
heliotrope rash, followed by Gottron’s 
papules and Gottron’s sign. However, 

there existed significant different fre-
quencies between clusters. The inci-
dence of Gottron’s papules or Gottron’s 
sign was higher, while the incidence 
of heliotrope rash was lower in clus-
ter 1. In addition, patients in cluster 1 
had higher frequencies of myositis, 
mechanic’s hands, ILD, arthritis and 
other symptoms. Based on the proposed 
clinical classification criteria for ASS, 
patients in cluster 1 seemed to be simi-
lar with ASS (18, 19). They suffered 
from the characteristic triad syndrome 
of myositis, ILD and arthritis, although 
without the typical autoantibodies that 
target aminoacyl transfer RNA syn-
thetases. Moreover, the frequency of 
mechanic’s hands was higher, which is 
also a predominant cutaneous feature 
of ASS (16). However, the increased 
proportion of Gottron’s papules or Got-
tron’s sign in our study (>70%) was not 
a significant feature of ASS. According 
to previous reports, only about 20% pa-
tients with ASS had Gottron’s papules 
or Gottron’s sign (20, 21). As we know, 
eight types of autoantibodies targeting 
aminoacyl transfer RNA synthetases 
have been identified so far (22). For pa-
tients in cluster 1, we only detected the 
five common autoantibodies targeting 
aminoacyl transfer RNA synthetases. 
Therefore, there might be a possibility 
that patients of cluster 1 were actually 
ASS, but our current detection method 
cannot cover the other three rarer types 
of autoantibodies. In addition, there 
may be new autoantibodies existed in 
this cluster, especially autoantibodies 
targeting aminoacyl transfer RNA syn-
thetases. Further researches are needed 
to examine this phenomenon and ex-
plore new autoantibodies in future.
Patients in cluster 2 had lower inci-
dences of systemic involvement and 
better prognoses than those in cluster 
1. The incidence of internal organs in-
volvement, such as ILD and dysphagia, 
was lower. The majority of patients had 
good prognoses. Furthermore, higher 
levels of Alb and lower levels of fer-
ritin were observed, which might be 
related to the low disease activity in 
these patients. Previous studies have 
reported that reduced levels of Alb ex-
isted in the majority of the anti-NXP2 
positive DM patients, who mainly 

Table II. The clinical phenotypes of two subtypes by cluster analysis.

Clinical features Cluster 1 (n=43) Cluster 2 (n=54) p

Age at onset (y) 48.72 ± 14.62 42.50 ± 12.92 0.029*
Female n (%)  27 (62.8) 34 (63.0) 0.986
Duration (m) 4.0 (2.5,18.0) 8.0 (3.8, 24) 0.153
Rash types    
  Heliotrope rash, n (%) 28 (65.1) 50 (92.6) 0.001*
  V sign, n (%) 21 (48.8) 35 (64.8) 0.114
  Shawl sign, n (%) 19 (44.2) 23 (42.6) 0.875
  Mechanic’s hands, n (%) 21 (48.8) 10 (18.5) 0.001*
  Gottron’s papules, n (%) 33 (76.7) 28 (51.9) 0.012*
  Gottron’s sign, n (%) 36 (83.7) 23 (42.6) <0.001*
  Cutaneous ulcer, n (%) 9 (20.9) 0  0.001*
  Periungual erythema, n (%) 8 (18.6) 0  0.003*
  Subcutaneous calcification, n (%) 1 (2.3) 0  0.443

Clinical manifestations   
  Raynaud’s phenomenon, n (%) 4 (9.3) 2 (3.7) 0.476
  Myalgia, n (%) 24 (55.8) 30 (55.6) 0.980
  Muscle weakness, n (%) 43 (100) 43 (79.6) 0.005*
  Elevated muscle enzymes, n (%) 42 (97.7) 50 (92.6) 0.508
  Dysphagia, n (%) 15 (34.9) 6 (11.1) 0.005*
  Arthritis, n (%) 27 (62.8) 8 (14.8) <0.001*
  Interstitial lung disease (ILD) n (%) 37 (86.0) 17 (31.5) <0.001*
  Rapid progressive ILD, n (%) 5 (11.6) 2 (3.7) 0.270
  Cancer, n (%) 6 (14.0) 5 (9.3) 0.688
Death, n (%) 8 (18.6) 4 (7.4) 0.135

Laboratory results   
MAA positive, n (%) 24 (55.8) 25 (46.3) 0.352
WBC (*109/l) 7.28 ± 3.78 7.02 ± 3.06 0.710
  N (*109/l) 5.03 ± 3.68 5.20 ± 3.02 0.804
  L (*109/l) 1.26 ± 0.69 1.16 ± 0.62 0.483
   CD4 (cell/ul) 564 ± 370 569 ± 334 0.942
  N/L ratio 3.22 (2.31, 5.58) 3.71 (2.38, 9.74) 0.397
ALT (U/L) 36 (26,92) 31.5  (21, 53) 0.057
AST (U/L) 34  (20, 78) 30  (18, 48) 0.100
LDH (U/L) 283  (205, 402) 296  (193, 339) 0.627
CK (U/L) 71  (33, 314) 77  (36, 225) 0.856
Alb (g/L) 36.14 ± 4.00 38.24 ± 4.85 0.026*
ProAlb (mg/L) 193.14 ± 89.42 211.38 ± 90.27 0.331
IgG (mg/dl) 1152.83 ± 460.93 1166.00 ± 594.29 0.906
IgA (mg/dl) 199.81 ± 85.45 225.80 ± 139.42 0.269
IgM (mg/dl) 102  (68, 135) 108  (70, 149) 0.617
CRP (mg/dl) 0.45  (0.22, 1.39) 0.30 (0.17, 0.85) 0.070
Ferritin (ng/ml) 273.9 (136.1,660.3) 168.2 (63.3,318.2) 0.084

MAA: myositis associated antibody. *p<0.05.
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presented with severe muscle weak-
ness (23). Meanwhile, high ferritin 
expression was associated with poor 
prognosis in anti-MDA5 positive DM 
patients (24). In summary, these find-
ing indicated that patients in cluster 2 
might have mild disease activity and 
good prognoses.

The main cause of death in this study 
was infection, especially severe pneu-
monia. Five patients died of infection 
within 6 months. This finding was con-
sistent with previous literatures (25). 
ILD, especially RP-ILD, is the most 
common and severe complication in 
DM, leading to the increase mortality 

(2, 26, 27). However, it should be noted 
that no patient in our cohort died of RP-
ILD, which meant that RP-ILD in MSA 
negative DM had a better response to 
GC and immunosuppressant. There 
were 11 patients with cancers, includ-
ing solid tumours and haematological 
tumours. In terms of the incidence of 
cancer, it was lower than the major-
ity DM patients (about 20%) (28, 29). 
Nevertheless, it is still very important 
to routinely screen cancers during fol-
low-up in MSA negative DM patients.
Significant differences in prognoses 
were observed between the two clus-
ters. Patients in cluster 1 demonstrated 
worse prognoses in terms of survival 
time and survival rate than those in clus-
ter 2. The 5-year survival rate in clus-
ter 1 was about 80%, while the 5-year 
survival rate in cluster 2 showed better 
with over 95%. This result was similar 
to a recent research report (30). The dif-
ference may be related to the following 
two aspects. The first one was that the 
patients in cluster 1 had high disease 
activity, who had more organs involve-
ment, including ILD. The second rea-
son was the different causes of death. 
Patients in cluster 1 died mainly from 
early severe infection.
These characteristics above indicated 
that MSA negative DM was a unique 
subtype of DM in clinical features and 
prognoses. It was extremely critical to 
find early predictors to stratify them 
into different clusters. Our study found 
that there were three clinical character-
istics in clinical practice, ILD, arthritis 
and V Sign, which could play key roles 
in early classification of MSA negative 
DM. This result might be related to the 
features of ASS, in which ILD and ar-
thritis were both items in classification 
criteria (18, 19).
Our research also had some limitations. 
First, this was a cross-sectional retro-
spective study. Clinical symptoms were 
collected from the original medical re-
cords. Second, according to the previ-
ously reported MSA positive rate of 
60–80%, there should have been more 
patients with MSA negative DM in our 
centre (31, 32). However, the sample 
size of MSA negative DM was reduced 
based on the 2018 ENMC proposed 
classification criteria. A major reason 

Fig. 5. The survival curve between cluster 1 and cluster 2.

Fig. 4. The predictors of clinical features to position patients to different clusters by classification and 
regression trees.
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was that some patients did not have the 
typical rashes observed in DM. Third, 
the time span for this study was rela-
tively large (over 10 years). Some pa-
tients lost follow-up, which might af-
fect the analysis of prognoses. The last 
limitation was that some MSA negative 
DM patients had myositis associated 
antibodies (MAAs). DM patients with 
MAAs sometimes also show certain 
phenotype (33). While, we just focused 
on MSAs not MAAs on DM patients. 
Therefore, it is necessary to set strict 
standards in future studies.

Conclusion
MSA negative DM is a unique subtype 
of DM with high heterogeneity. Two 
subtypes of MSA negative DM patients 
were identified by cluster analyse. Pa-
tients in one cluster resembled ASS 
and had worse prognoses.

References
  1. SELVA-O’CALLAGHAN A, PINAL-FERNAN-

DEZ I, TRALLERO-ARAGUAS E, MILISENDA 
JC, GRAU-JUNYENT JM, MAMMEN AL: Clas-
sification and management of adult inflam-
matory myopathies. Lancet Neurol 2018; 17: 
816-28.

  2. LONG K, DANOFF SK: Interstitial lung dis-
ease in polymyositis and dermatomyositis. 
Clin Chest Med 2019; 40: 561-72.

  3. HOOGENDIJK JE, AMATO AA, LECKY BR et 
al.: 119th ENMC international workshop: 
trial design in adult idiopathic inflammatory 
myopathies, with the exception of inclusion 
body myositis, 10-12 October 2003, Naarden, 
The Netherlands. Neuromuscul Disord 2004; 
14: 337-45.

  4. MAMMEN AL, ALLENBACH Y, STENZEL W 
et al.: 239th ENMC International Workshop: 
Classification of dermatomyositis, Amster-
dam, the Netherlands, 14-16 December 2018. 
Neuromuscul Disord 2020; 30: 70-92.

  5. DAMOISEAUX J, VULSTEKE JB, TSENG CW 
et al.: Autoantibodies in idiopathic inflam-
matory myopathies: Clinical associations and 
laboratory evaluation by mono- and multispe-
cific immunoassays. Autoimmun Rev 2019; 
18: 293-305.

  6. NAKASHIMA R: Clinical significance of my-
ositis-specific autoantibodies. Immunol Med 
2018; 41: 103-12.

  7. GHIRARDELLO A, DORIA A: New insights in 
myositis-specific autoantibodies. Curr Opin 
Rheumatol 2018; 30: 614-22.

  8. SATOH M, TANAKA S, CCERBELLI A, CALISE 

SJ, CHAN EK: A comprehensive overview on 
myositis-specific antibodies: new and old 
biomarkers in idiopathic inflammatory myo-
pathy. Clin Rev Allergy Immunol 2017; 52: 
1-19.

  9. ROMERO-BUENO F, DIAZ DEL CAMPO P, 
TRALLERO-ARAGUAS E et al.: Recommen-
dations for the treatment of anti-melanoma 
differentiation-associated gene 5-positive 
dermatomyositis-associated rapidly progres-
sive interstitial lung disease. Semin Arthritis 
Rheum 2020; 50: 776-90.

10. ALLENBACH Y, UZUNHAN Y, TOQUET S et 
al.: Different phenotypes in dermatomyositis 
associated with anti-MDA5 antibody: Study 
of 121 cases. Neurology 2020; 95: e70-e78.

11. ZHONG L, YU Z, SONG H: Association of 
anti-nuclear matrix protein 2 antibody with 
complications in patients with idiopathic in-
flammatory myopathies: A meta-analysis of 
20 cohorts. Clin Immunol 2019; 198: 11-8.

12. ALBAYDA J, PINAL-FERNANDEZ I, HUANG 
W et al.: Antinuclear matrix protein 2 au-
toantibodies and edema, muscle disease, and 
malignancy risk in dermatomyositis patients. 
Arthritis Care Res 2017; 69: 1771-6.

13. CHEN F, ZUO Y, LI S, SHI J, WANG G, SHU X: 
Clinical characteristics of dermatomyositis 
patients with isolated anti-Ro-52 antibody 
associated rapid progressive interstitial lung 
disease: Data from the largest single Chinese 
center. Respir Med 2019; 155: 127-32.

14. YANG H, PENG Q, YIN L et al.: Identification 
of multiple cancer-associated myositis-spe-
cific autoantibodies in idiopathic inflamma-
tory myopathies: a large longitudinal cohort 
study. Arthritis Res Ther 2017; 19: 259.

15. LIAN X, ZOU J, GUO Q et al.: Mortality risk 
prediction in amyopathic dermatomyositis 
associated with interstitial lung disease: the 
FLAIR model. Chest 2020; 158: 1535-1545.

16. MARCO JL, COLLINS BF: Clinical manifes-
tations and treatment of antisynthetase syn-
drome. Best Pract Res Clin Rheumatol 2020; 
101503.

17. LUNDBERG IE, TJARNLUND A, BOTTAI M et 
al.: 2017 European League Against Rheu-
matism/American College of Rheumatology 
classification criteria for adult and juvenile 
idiopathic inflammatory myopathies and their 
major subgroups. Ann Rheum Dis 2017; 76: 
1955-64.

18. CONNORS GR, CHRISTOPHER-STINE L, 
ODDIS CV, DANOFF SK: Interstitial lung dis-
ease associated with the idiopathic inflam-
matory myopathies: what progress has been 
made in the past 35 years? Chest 2010; 138: 
1464-74.

19. SOLOMON J, SWIGRIS JJ, BROWN KK: Myo-
sitis-related interstitial lung disease and an-
tisynthetase syndro≠me. J Bras Pneumol 
2011; 37: 100-9.

20. HERVIER B, BENVENISTE O: Clinical hetero-
geneity and outcomes of antisynthetase syn-
drome. Curr Rheumatol Rep 2013; 15: 349.

21. TRALLERO-ARAGUAS E, GRAU-JUNYENT 
JM, LABIRUA-ITURBURU A et al.: Clinical 
manifestations and long-term outcome of 
anti-Jo1 antisynthetase patients in a large co-
hort of Spanish patients from the GEAS-IIM 
group. Semin Arthritis Rheum 2016; 46: 225-
31.

22. MAHLER M, MILLER FW, FRITZLER MJ: 
Idiopathic inflammatory myopathies and the 
anti-synthetase syndrome: a comprehensive 
review. Autoimmun Rev 2014; 13: 367-71.

23. LIU Y, ZHENG Y, GANG Q et al.: Perimysial 
microarteriopathy in dermatomyositis with 
anti-nuclear matrix protein-2 antibodies. Eur 
J Neurol 2020; 27: 514-21.

24. MOTEGI SI, SEKIGUCHI A, TOKI S et al.: 
Clinical features and poor prognostic factors 
of anti-melanoma differentiation-associated 
gene 5 antibody-positive dermatomyositis 
with rapid progressive interstitial lung dis-
ease. Eur J Dermatol 2019; 29: 511-7.

25. NUNO-NUNO L, JOVEN BE, CARREIRA PE et 
al.: Mortality and prognostic factors in idi-
opathic inflammatory myositis: a retrospec-
tive analysis of a large multicenter cohort of 
Spain. Rheumatol Int 2017; 37: 1853-61.

26. KAMIYA H, PANLAQUI OM, IZUMI S, SOZU 
T: Systematic review and meta-analysis of 
prognostic factors for idiopathic inflamma-
tory myopathy-associated interstitial lung 
disease. BMJ Open 2018; 8: e023998.

27. YAMASAKI Y, YAMADA H, OHKUBO M et al.: 
Longterm survival and associated risk factors 
in patients with adult-onset idiopathic inflam-
matory myopathies and amyopathic dermato-
myositis: experience in a single institute in 
Japan. J Rheumatol 2011; 38: 1636-43.

28. ANDRAS C, BODOKI L, NAGY-VINCZE M, 
GRIGER Z, CSIKI E, DANKO K: Retrospective 
analysis of cancer-associated myositis pa-
tients over the past 3 decades in a Hungarian 
myositis cohort. Pathol Oncol Res 2020; 26: 
1749-55.

29. LIU Y, XU L, WU H et al.: Characteristics and 
predictors of malignancy in dermatomyosi-
tis: Analysis of 239 patients from northern 
China. Oncol Lett 2018; 16: 5960-8.

30. WATANABE E, GONO T, KUWANA M, TERAI 
C: Predictive factors for sustained remission 
with stratification by myositis-specific au-
toantibodies in adult polymyositis/dermato-
myositis. Rheumatology 2020; 59: 586-93.

31. LI S, GE Y, YANG H et al.: The spectrum and 
clinical significance of myositis-specific au-
toantibodies in Chinese patients with idio-
pathic inflammatory myopathies. Clin Rheu-
matol 2019; 38: 2171-9.

32. STUHLMULLER B, SCHNEIDER U, GONZA-
LEZ-GONZALEZ JB, FEIST E: Disease specif-
ic autoantibodies in idiopathic inflammatory 
myopathies. Front Neurol 2019; 10: 438.

33. ZANFRAMUNDO G, TRIPOLI A, COMETI L et 
al.: One year in review 2020: idiopathic in-
flammatory myopathies. Clin Exp Rheumatol 
2021; 39: 1-12.


