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Introduction
Dermatomyositis (DM) is an idiopathic inflam-
matory myopathy (IIM), which affects skin, 
skeletal muscle, lung, and other organs, result-
ing in various systemic manifestations. The  
anti-melanoma differentiation-associated gene  
5 (anti-MDA5) antibody-positive DM, as a par-
ticular type of DM, is a deadly disease character-
ized by interstitial lung disease (ILD) or rapidly 

progressive ILD (RP-ILD) and resistance to 
treatment.1 Hemophagocytic lymphohistiocyto-
sis (HLH) or hemophagocytic syndrome (HPS) 
is a life-threatening syndrome related to a dys-
regulated hyperinflammatory response associ-
ated with aberrant activation of lymphocytes and 
macrophages, resulting in fever, cytopenia, 
hepatosplenomegaly, and hyperferritinemia.2 It 
is classically divided into primary or familial 
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HLH/HPS and secondary HLH/HPS. When 
HLH/HPS is observed in the context of rheu-
matologic diseases, secondary HLH/HPS is 
commonly known as macrophage activation syn-
drome (MAS) and is frequently found as a com-
plication of systemic juvenile idiopathic arthritis 
(sJIA), adult-onset Still’s disease (AOSD), and 
systemic lupus erythematosus (SLE).3 It has 
been reported that patients with anti-MDA5 
antibody-positive DM have elevated levels of 
serum ferritin, which may be associated with 
the disease activity of ILD in DM.4 In clinical 
practice, the presence of hyperferritinemia in 
rheumatic diseases may suggest complications 
of MAS. However, we sometimes cannot deter-
mine whether patients with DM, who have 
hyperferritinemia, also have MAS, particularly 
in patients with anti-MDA5 antibody. MAS 
diagnosis is pivotal in DM patients with anti-
MDA5 antibody, because MAS sometimes 
requires additional treatments.

The aim of the present study was to describe clini-
cal characteristics and follow up anti-MDA5 anti-
body-positive DM patients complicated by MAS. 
We also reviewed similar cases in the literature.

Methods

Study cohort and patients
A cohort of 200 Chinese patients, diagnosed with 
DM with anti-MDA5, were identified at the 
Rheumatology Department of the China-Japan 
Friendship Hospital from January 2016 to 
October 2020. The anti-MDA5 antibody in the 
serum of patients was detected by the Euroline 
myositis line-blot assay of Euroimmun (Lübeck, 
Germany). Clinical manifestations, laboratory 
data, and radiographic data were extracted from 
medical records. This study was approved by the 
Research Review Committee (RRC) and the 
Ethical Review Committee (ERC) of the China-
Japan Friendship Hospital (IRB number is 2016-
117). Written informed consent was obtained 
from all enrolled patients at admission. In this 
retrospective non-interventional study, all 
patients’ data were anonymously surveyed.

Inclusion criteria
We select patients diagnosed with anti-MDA5 
antibody-positive DM with MAS, based on 
revised diagnostic guidelines for HLH/HPS (five 

out of the eight criteria below)5: fever (⩾38.5ºC 
for ⩾7 days), splenomegaly, cytopenia (affecting 
two of three lineages in the peripheral blood), 
hypertriglyceridemia or hypofibrinogenemia, 
hemophagocytosis in bone marrow or spleen or 
lymph nodes (no evidence of malignancy), low 
or absent natural killer (NK) cell activity, ferri-
tin ⩾ 500 mg/l, and soluble CD25 (i.e. soluble 
IL-2 receptor) ⩾2400 U/ml.

Exclusion criteria
The following patients should be excluded:  
(1) patients with incomplete clinical data,  
(2) patients with hematological tumors, and  
(3) no hemophagocytosis in bone marrow or 
spleen or lymph nodes.

Literature review
An extensive electronic literature search was  
conducted, including databases such as PubMed 
and Embase, starting in 2010, when the first 
patient with anti-MDA5 antibodies was reported, 
through 2020. It was performed based on the fol-
lowing key words: dermatomyositis, anti-MDA5 
antibody, macrophage activation syndrome, and 
HPS. We extracted data from patients with anti-
MDA5 antibody complicated by MAS or HPS or 
HLH. All articles were independently reviewed 
by two authors.

Statistical analysis
Statistical analysis was performed with the IBM 
SPSS version 21.0 software (IBM Corp., Armonk, 
NY, USA). Quantitative variables were reported 
as means and were compared by a nonparametric 
test. Categorical variables were reported as 
numbers or percentages and were compared by 
the chi-square or when appropriate, the Fisher 
exact test.

Results

Clinical features
Four DM patients with anti-MDA5 antibodies 
(2%) were complicated with MAS. They were 
adult females with a mean age of 47.5 years. Their 
clinical characteristics are listed in Table 1. All of 
them showed the hallmark cutaneous manifesta-
tions of DM, four (100%) patients presented with 
Heliotrope rash, three (75%) showed Gottron’s 
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and V-neck sign, and one (25%) presented classic 
features of mechanic’s hands. In addition, muscle 
weakness was observed in three (75%) patients, 
one had mild proximal muscle weakness, and one 
showed cervical flexor weakness. However, only 
one patient had an elevated level of serum cre-
atine kinase (CK). Furthermore, all patients were 
diagnosed with ILD by lung imaging. Three 
(75%) of them developed respiratory failure 
within 3 months, following onset of respiratory 
symptoms, thereby categorized as RP-ILD. All 
patients did not have cancer and were Ro-52 pos-
itive. The time from DM onset to MAS diagnosis 
ranged from 1 to 5 months. When MAS occurred, 
all patients showed fever, cytopenia, elevated 

level of serum ferritin, and lactate dehydrogenase 
(LDH), and decreased count of NK cells.

Treatment and follow-up
All four anti-MDA5 antibody-positive DM com-
plicated with MAS received a combination ther-
apy, including glucocorticoids plus one or two 
immunosuppressants (ISAs; Table 1).

The first patient was a 60-year-old woman, who 
was admitted to the hospital due to rash and 
myalgia for 3 months and fever for 3 days. Physical 
examination (PE) revealed a body temperature of 
38.5°C, slight muscle weakness, and skin rash. 

Table 1. Patient clinical and laboratory characteristics.

Patient Case 1 Case 2 Case 3 Case 4

Age, gender 60-year-old woman 24-year-old woman 57-year-old woman 49-year-old woman

Skin lesions Heliotrope rash, Gottron’s 
papules, V-neck signs, 
MH; skin ulcer

Heliotrope rash Heliotrope and Gottron’s 
rash, V-neck sign

Heliotrope and Gottron’s 
rash, V-neck sign

Muscle Mild muscular weakness No Muscular weakness Cervical flexor weakness

Fever Y Y Y Y

ILD Y Y Y Y

Blood cells WBC 4.96 × 109/l, HGB 
6.8 g/dl, PLT 18 × 109/l

WBC 2.99 × 109/l, HGB 
10.8 g/dl, PLT 90 × 109/l

WBC 13.2 × 109/l, HGB 
8.6 g/dl, PLT 36 × 109/l

WBC 1.53 × 109/l, HGB 
11.7 g/dl, PLT 121 × 109/l

Ferritin (ng/ml) 14,022 1564.9 11,430 21,876

NK (cell/μl) 22 13 13 11

ALT (U/l) 21 41 240 271

AST (U/l) 62 406 1134 211

LDH (U/l) 1394 286 1328 876

CK (U/l) 63 185 6365 35

Ro-52 + + + –

Infection PCP, CMV

Timea 3 months 3 months 1 month 5 months

Treatment MP, CsA, IVIG MP, RTX, IVIG MP, CsA, IVIG MP, CsA, IVIG

Outcomes Fatal Improve Fatal Improve

+, positive; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CMV, cytomegalovirus; CsA, cyclosporine;  
DM, dermatomyositis; HGB, hemoglobin; ILD, interstitial lung disease; IVIG, intravenous immunoglobulin; LDH, lactate dehydrogenase;  
MAS, macrophage activation syndrome; MH, mechanic hands; MP, methylprednisolone; NK, natural killer; PCP, pneumocystis pneumonia;  
PLT, platelets; RTX, Rituximab; WBC, white blood cells.
aFrom DM onset to MAS.
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Laboratory examinations (LEs) revealed normal 
levels alanine aminotransferase (ALT), whereas 
LDH and aspartate aminotransferase (AST) 
levels were elevated. Cytopenias were also 
observed. Furthermore, patient presented aug-
mented serum ferritin and soluble interleukin-2 
receptor (sIL-2R) levels, whereas triglycerides 
(TG) increased up to 14.58 mmol/l. NK cells and 
fibrinogens were decreased, whereas anti-MDA5 
and Ro-52 antibodies were positive. In addition, 
hemophagocytosis was observed in bone marrow. 
ILD, as determined by high-resolution computed 
tomography (HRCT) (Figure 1(a)). She was 
daily given 500 mg methylprednisolone (MP) for 
3 days, after which it was adjusted to 80 mg a day. 
Patient was also given 75 mg cyclosporine (CsA) 
twice a day and 20 g intravenous immunoglobulin 
(IVIG) for 5 days. Despite active treatment, the 
cytokine storm caused by MAS resulted in multi-
ple organ failure and death.

The second patient was a 24-year-old woman. 
Three months prior to admission, red papules 

appeared on eyelids and face but with normal mus-
cle strength. HRCT suggested ILD (Figure 1(b)). 
MP (40 mg/d) was given for 8 days, after which 
skin lesions improved but she presented dysphagia 
and dyspnea. On admission, her serum was posi-
tive for anti-MDA5 and Ro-52 antibodies and 
fever appeared (38.8°C) 1 week later. Furthermore, 
we observed elevated levels of serum ferritin but 
decreased NK cells count. The transaminase and 
LDH levels were elevated. Abdominal ultrasound 
showed splenomegaly, whereas bone marrow aspi-
rate (BMA) revealed hemophagocytosis (Figure 2).  
She was intravenously administered 500 mg MP 
for 3 days, after which it was adjusted to 80 mg a 
day. She was also given 10 g IVIG for 5 days and 
600 mg Rituximab (RTX) therapy. Patient’s con-
dition gradually improved and clinical remission 
was achieved after 3 months of treatment.

The third patient was a 57-year-old woman, who 
was admitted to our hospital with joint pain, 
myalgia, muscle weakness, skin rash, dyspnea, and 
dysphagia. HRCT revealed ILD, small amount of 

Figure 1. HRCT in different patients at admission: (a) First patient; (b) second patient; (c) third patient; and  
(d) fourth patient.
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pleural effusion, and pleural thickening (Figure 
1(c)). On admission, PE showed a body tempera-
ture of 37.9°C, and skin rash. LE revealed cytope-
nia and hyperferritinaemia. LDH, AST, ALT, and 
GGT levels were elevated. Anti-MDA5 and Ro-52 
antibodies were positive. Furthermore, pulmonary 
HRCT showed worsening ILD, whereas BMA 
revealed hemophagocytosis. Despite intensive 
combination therapy, including intravenous pulses 
of MP, CsA, and IVIG was initiated, her shortness 
of breath progressively worsened, and severe myo-
cardial injury induced by MAS, she ultimately died 
due to RP-ILD and MAS.

The fourth patient was a 49-year-old woman, who 
was admitted to our hospital due to skin rash and 
polyarthritis for more than 4 months and dyspnea 
for 1 month. HRCT showed double lower lung 
reticular pattern and patchy shadow (Figure 1(d)). 
Anti-MDA5 and Ro-52 antibodies were positive. 
On admission, LE revealed ALT, AST, and LDH 
levels were elevated, and pancytopenia. She was 
daily given 40 mg prednisone but 2 weeks later, the 
patient developed high fever, and dyspnea wors-
ened. Furthermore, HRCT showed progressed 
ILD. Serum ferritin increased to 21,876 ng/ml, but 
NK cells and fibrinogens were decreased. BMA 
revealed hemophagocytosis. She was daily given 
80 mg MP, 75 mg CsA twice a day, and 20 g IVIG 
for 5 days. One week later, her condition improved 
and by the third month, glucocorticoids were 
reduced to 5 mg daily. Rash was relieved and ILD 
improved.

The difference between anti-MDA5 antibody-
positive DM patients with and without MAS
The frequency of ILD, skin rash, arthralgia, 
myalgia, fever, muscular weakness, and Ro-52 

antibodies in the MAS group were not different 
from the group without MAS (p > 0.05). But the 
occurrence of dysphagia in the MAS group was 
significantly higher than the group without MAS 
(p = 0.012). Among these DM patients with anti-
MDA5 antibodies, mean levels of AST (453.3 U/L 
versus 95.6 U/L), LDH (971 U/L versus 336.9 
U/L), and ferritin (11,323.2 ng/ml versus 1128.6 ng/
ml) in MAS group were higher than those without 
MAS (all p < 0.05) (see Supplemental Table 1).

Related studies
We analyzed eight patients identified from the lit-
erature.6–11 Their characteristics are summarized 
in Tables 2 and 3. Together with our cohort, 12 
patients were identified, including one juvenile 
DM (JDM). The median age of disease onset was 
52.0 (range = 4–63 years) years, and the male to 
female ratio was 1:6. The median duration 
between DM onset and MAS diagnosis was 
3 months (range = 1–5 months). The main DM 
symptoms were cutaneous lesions (100%), mus-
cular symptoms (75%, n = 9), and ILD (100%, 
n = 12). At the onset of MAS, most of the 
patients (91.7%, n = 11) had fever, 7/12 (58.3%) 
had leukopenia and anemia, and 9/12 (75%) had 
thrombocytopenia. All patients (100%, n = 10) 
had elevated serum ferritin. Ro antibodies were 
detected in 7/9 (77.8%) patients. All patients 
received glucocorticoids and ISAs, such as CsA, 
cyclophosphamide (CYC), and tacrolimus 
(TAC), and additional treatments, such as IVIG, 
plasma exchange, and RTX. Six (50%) patients 
recovered. However, three patients died of MAS 
and complications of comorbidities. Plasma 
exchange was performed in five patients but  
only two patients treated with RTX survived.  
In the analysis, older patients (56.7 years versus 

Figure 2. Bone marrow aspirate smears showing hemophagocytosis.
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35.5 years, p = 0.015) died. In these patients, 
higher serum ferritin (17,217.2 ng/ml) levels were 
observed, as compared with the surviving group 
(6892.6 ng/ml) but the difference was not signifi-
cant (p > 0.05).

Discussion
As MAS is a rare complication, we possess limited 
information about its frequency in DM. This 
study aimed to show anti-MDA5 antibody-posi-
tive DM patients associated with MAS by clinical 
symptoms and BMA, and review the literature to 
include similar cases. We present four patients 
with anti-MDA5 antibody-positive DM compli-
cated by MAS. Thus, 12 of such cases have been 
reported to date. According to the research of 
MAS in each autoimmune disease, the proportion 
of underlying diseases were from 0.9% to 4.6%, 
7% to 13%, and 6.9% of SLE, sJIA, and DM, 
respectively.12–14 Our study first described only 
2% prevalence of MAS in DM patients with anti-
MDA5. Regarding the temporal relation with DM 
onset, most of the patients developed MAS within 
3 months. Thus, MAS should not be neglected 
when anti-MDA5 antibody-positive DM patients 
present with a high fever, cytopenia, and hypofi-
brinogenemia within several months of DM onset.

In the present four cases, fever, decreased NK 
cells, hypertriglyceridemia, hypofibrinogenemia, 
hyperferritinemia with cytopenia, and elevated 
transaminase suggested MAS as a complication. 
Anti-MDA5 antibody-positive DM alone did not 
explain these laboratory findings. Therefore, 
MAS was confirmed by BMA. Although serum 
ferritin is sometimes associated with anti-MDA5 
antibody-positive DM, hyperferritinemia may be 
caused by concomitant MAS. It is vital not to 
overlook concomitant MAS in findings associated 
with hyperferritinemia.

Regarding MAS in other autoimmune diseases, 
9.5% of patients with AOSD and 4.9% of patients 
with SLE had fatal conditions.15,16 In this review, 
combined with our cohort, 50% of patients had 
fatal conditions due to MAS or its complications. 
These results support the findings of very high 
mortality in anti-MDA5 antibody-positive DM 
patients complicated with MAS. DM patients 
with MDA5 antibody with MAS had higher levels 
of AST, LDH, and ferritin than patients without 
MAS by comparative analysis. In addition, the 
frequency of dysphagia was higher in patients 

with MAS. These results suggested that if the 
patient had high levels of transaminase and ferri-
tin, accompanied by dysphagia, we need to be 
alert to the occurrence of MAS. In the analysis, 
older patients died and possessed higher serum 
ferritin levels compared with improving patients. 
This may suggest that the risk of death correlates 
with age of onset and high serum ferritin levels. 
These results needed to be confirmed by further 
research.

In the literature review, one case of JDM improved 
after dexamethasone and CsA, without high doses 
of glucocorticoids. Recently, a systematic review 
about MAS/HPS in JDM was reported.17 It sug-
gested that MAS/HPS in JDM may not be rare. 
However, it was difficult to treat because MP 
pulse therapy alone was insufficient in most cases. 
Despite aggressive combination therapy, 2 of the 
12 cases of JDM died. Dai Kishida reviewed adult 
DM complicated with MAS/HPS. Seven of the 18 
patients (38.9%) had deadly conditions due to 
MAS/HPS or its complications. It can be seen that 
adult DM prognosis, particularly involving anti-
MDA5 antibody complicated by MAS is worse 
than that of JDM and other subtypes of DM.

Patients with anti-MDA5 had significantly higher 
levels of serum soluble CD163 (sCD163) than 
other DM patients without such antibody.18 
CD163 is an exclusive marker of cells of the 
monocyte/macrophage lineage. It is usually 
expressed on macrophages, and elevated levels of 
serum sCD163 have been reported as a marker of 
macrophage activation in various diseases and 
conditions including MAS,19,20 which may indi-
cate that DM patients with anti-MDA5 antibody 
are prone to occur with MAS.

Although there is no generally acceptable proto-
col for MAS treatment, controlling inflammation 
of the underlying disease is essential. Chemo-
immunotherapy, including the administration of 
etoposide, glucocorticoid, IVIG, and CsA has 
been recommended for MAS.5 Except for one 
case without description about the treatment, all 
reported cases of DM complicated by MAS 
required glucocorticoids and additional treat-
ments, including CYC, IVIG, plasma exchange, 
CsA, TAC, and RTX therapy. These results 
demonstrated that glucocorticoids are the main 
medication required in the treatment of MAS. 
However, it is insufficient as a monotherapy, sim-
ilar to the management of primary HLH. An 
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intensive therapy would facilitate the improve-
ment of MAS prognosis.

In the present study, one female patient refractory 
to large doses of glucocorticoids, gradually 
improved after RTX. Another study showed a 
female DM patient with anti-MDA5 antibody 
complicated by MAS, who was initially refractory 
to a combination therapy such as MP, CYC, and 
CsA. TAC, plasma change, and RTX were then 
administrated, resulting in an excellent improve-
ment of her condition.10 Other studies also have 
demonstrated that MAS secondary to SLE 
responded well to RTX.21 Based on these find-
ings, RTX may be a useful remedy in anti-MDA5 
antibodies-positive DM patients with refractory 
MAS.

Plasma change combination with ISAs was effec-
tive for MAS second to SLE or AOSD.22 Fujita 
et  al.8 reported a DM patient with anti-MDA5 
antibody complicated by MAS that was success-
fully treated with aggressive immunosuppressive 
therapy and plasma change for her DM and MAS. 
However, the effect of plasma change needs to be 
further verified. Etoposide is one of the alterna-
tive therapies for HLH. None of the patients 
received etoposide. Therefore, it is impossible to 
evaluate whether etoposide is effective in treating 
MAS and anti-MDA5 antibody-positive DM.

While it is known that MAS is a possible compli-
cation of MDA5-DM, it is still unclear why this 
occurs in certain cases. The similarities and dif-
ferences between the pathogenesis of MAS caused 
by MDA5-DM and other immune diseases need 
to be further studied in the future. This study 
has several limitations. Only a relatively small 
number of patients was included and it results in 
challenging to speculate risk factors for MAS. 
Furthermore, ILD may rapidly progress, leading 
to respiratory failure, and BMA cannot be per-
formed in some patients. Therefore, the incidence 
of MAS may be underestimated. Finally, due to 
the small number of cases, it is difficult to find the 
most effective treatment.

Conclusion
MAS tends to occur in the early phase of anti-
MDA5 antibody-positive DM. Its mortality was 
higher, particularly in elderly patients. These 
findings suggest that clinicians should monitor 
the development of MAS. The higher the serum 

ferritin, the greater risk of MAS and the worse 
prognosis. In addition, a monotherapy of gluco-
corticoids was insufficient to control the disease, 
and additional treatments including RTX may be 
required.
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