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Abstract

Purpose of the Review  Idiopathic inflammatory myopathies are a heterogeneous group of 
autoimmune disorders. The presence of different autoantibodies allows clinicians to define 
distinct phenotypes. Antibodies against the melanoma differentiation-associated protein 
5 gene, also called anti-MDA5 antibodies, are associated with a characteristic phenotype, 
the clinically amyopathic dermatomyositis with rapidly progressive interstitial lung disease. 
This review aims to analyze the different pharmacological options for the treatment of 
rapidly progressive interstitial lung disease in patients with anti-MDA5 antibodies.
Recent Findings  Evidence-based therapeutic recommendations suggest that the best ini-
tial approach to treat these patients is an early combination of immunosuppressive drugs 
including either glucocorticoids and calcineurin inhibitors or a triple therapy adding intra-
venous cyclophosphamide. Tofacitinib, a Janus kinase inhibitor, could be useful accord-
ing to recent reports. High ferritin plasma levels, generalized worsening of pulmonary 
infiltrates, and ground-glass opacities should be considered predictive factors of a bad 
outcome. In this scenario, clinicians should consider rescue therapies such as therapeu-
tic plasma exchange, polymyxin-B hemoperfusion, veno-venous extracorporeal membrane 
oxygenation, or even lung transplantation.
Summary  Combined immunosuppressive treatment should be considered the first-line 
therapy for patients with anti-MDA5 rapidly progressive interstitial lung disease. Aggres-
sive rescue therapies may be useful in refractory patients.

Introduction

Idiopathic inflammatory myopathies (IIM) are hetero-
geneous disorders of immunologic origin that affect 
multiple organs and systems, including the muscles, 
skin, lungs, and the joints [1••]. Around 70% of 
patients with IIM develop autoantibodies that can 
be categorized as myositis-specific antibodies (MSA) 
and myositis-associated antibodies (MAA). Myositis-
associated antibodies can be detected in other auto-
immune diseases whereas MSA are generally positive 
only in patients with myositis and mutually exclusive. 
The presence of MSA is of great support for the clini-
cians, allowing to differentiate between distinct myosi-
tis phenotypes [1••].
More than a third of patients with myositis have some 
type of interstitial lung disease (ILD) [2]. A proportion 
of those patients with myositis and ILD experience a 
rapidly progressive course. A new autoantibody, the 
anti-MDA5, described in 2005 by Sato et al. [3] and 
directed against the melanoma differentiated gene 5 

protein (MDA5), also known as interferon-induced 
helicase C domain-containing protein 1 (IFIH1), is 
associated with the rapidly progressive course of the 
ILD.
Patients with anti-MDA5 autoantibodies show a clini-
cal phenotype characterized by amyopathic dermato-
myositis (CADM) with rapidly progressive interstitial 
lung disease (RP-ILD) [4–7]. Other features such as 
skin ulcers, polyarthritis, or overt clinical myopathy 
are also described in patients with anti-MDA5 autoan-
tibodies, but RP-ILD is by far the most severe manifes-
tation of the disease [8].
This review aims to analyze the standard pharmaco-
logical options for the treatment of the RP-ILD asso-
ciated with anti-MDA5 autoantibodies. Moreover, we 
also discuss aggressive therapeutic alternatives reserved 
as rescue therapy, such as plasmapheresis, polymyxin 
B-hemoperfusion, extracorporeal membrane oxygena-
tion (ECMO), or lung transplantation.
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Physiopathology—role of MDA5, interferon, and innate 
immunity

The MDA5/IFIH1 protein participates in a well-recognized innate antiviral 
response, unchaining the production of type I interferons upon detection of 
viral double-stranded RNA at the cytosol. Otherwise, the gain of function 
mutations in IFIH1 has been associated with a distinct spectrum of autoim-
mune or autoinflammatory states [9, 10].

MDA5 is a member of the retinoic-acid inducible gene (RIG)-I-like heli-
cases, which act as cytoplasmic RNA sensors. MDA5-RNA virus complexes 
trigger the activation of mitochondrial antiviral proteins (MAVS), which ena-
ble nuclear translocation of interferon regulatory factors (IRF) and induction 
of type I interferons and interferon-stimulated genes (ISGs). In turn, ISGs not 
only display a variety of antiviral actions inside infected cells but also boost 
inflammatory responses as a result of paracrine activation through the JAK-
STAT signaling pathway [10]. Altogether, the upregulation of ISGs has been 
termed the interferon “signature” (Fig. 1).

Epidemiological data has revealed a geographical clustering and defined 
seasonal epidemics of anti-MDA5-positive CADM cases [11], which supports 
the role of environmental factors, possibly RNA virus infections, in the devel-
opment of the disease.

Fig. 1   Role of MDA5 in cells. MDA5/RIG-I molecules act as sensors of viral RNA activating the interferon pathway by means 
of MAVS aggregation from monomeric filaments. The next step is the activation of the JAK-STAT pathway generating an 
inflammatory state that helps to clear the virus but also can trigger an autoimmune disease. ISG, interferon-stimulated 
genes; MVAS, mitochondrial antiviral signaling; MDA5, melanoma differentiated gene 5 protein
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Intriguingly, the pulmonary phenotype of zoonotic coronaviruses, includ-
ing Middle East respiratory syndrome coronavirus (MERS-CoV), severe acute 
respiratory syndrome coronavirus (SARS-CoV), and SARS-CoV-2, the etiologic 
agent of the current COVID-19 pandemic, resemble that of patients with anti-
MDA5 CADM-associated RP-ILD. Patients infected with these airborne trans-
mitted viruses are at risk of developing severe pneumonia and adult distress 
respiratory syndrome (ADRS). Notably, not only the cytokine profiles but also 
chest computed tomography scans show striking similarities [12]. Moreover, 
due to its long size and 5′ capped structure, SARS-CoV-2 is predicted to pri-
marily interact with the MDA5 cytosolic receptor, being the latter probably 
involved in the innate response against COVID-19 [13]. Nevertheless, none 
of our SARS-CoV-2-infected patients who developed ADRS tested positive for 
anti-MDA5 antibodies (personal communication).

The lack of MDA5/IFIH1 cytoplasmic RNA sensor in pangolins (mam-
malian order Pholidota), an intermediate host for different species of coro-
navirus and identified as a possible source of SARS-CoV-2, could prevent the 
innate immune response in these animals against the coronavirus and may 
explain why they tolerate the infection without developing a severe inflamma-
tory state, as is the case in human beings [14, 15]. Altogether, these findings 
raise intriguing questions about the role of viruses and its consequences, the 
autoimmune/inflammatory reaction, in anti-MDA5 syndrome etiopathogen-
esis [16, 17].

Pharmacologic treatment and its rationale
Immunosuppressive drugs

The first line of treatment in patients with anti-MDA5 CADM patients with 
RP-ILD includes several types of immunosuppressive agents. A recent review 
focused on evidence-based therapeutic recommendations [18••] suggests 
that the best initial approach to manage these patients is a combined treat-
ment using various immunosuppressive drugs, being the first options either 
a combination of glucocorticoids and a calcineurin inhibitor (cyclosporine 
or tacrolimus) or a triple therapy adding intravenous cyclophosphamide to 
the other two drugs.

This combined strategy is supported by several recent reports [19, 20, 21•], 
including a multicenter prospective study [21•] from Japan. In this study, a 
total of 29 adult Japanese patients with new-onset anti-MDA5-positive der-
matomyositis and ILD were enrolled from 2014 to 2017 and treated with a 
combined immunosuppressive regimen of high-dose glucocorticoids, tac-
rolimus, and intravenous cyclophosphamide. The 6-month survival of the 
patients who received this combined therapy was significantly higher than 
the patients who received a step-up strategy starting with high-dose glucocor-
ticoids followed by stepwise addition of other immunosuppressants (89% 
vs 33%; p < 0.0001).

These findings were replicated in a retrospective observational study 
[20], also from Japan, which included 11 patients with anti-MDA5-positive 

322



Pharmacologic Treatment of Anti-MDA5 Rapidly Progressive ... Selva‑O’Callaghan et al.

CADM and RP-ILD who were treated early with a combination of high-
dose glucocorticoids, i.v. cyclophosphamide and tacrolimus, experiencing 
a significant improvement in their pulmonary forced vital capacity. Even 
though this study did not have a control group, no differences in mortal-
ity were observed when comparing patients with other dermatomyositis 
phenotypes (e.g., anti-synthetase or anti-TIF1γ). As a potential drawback 
of this approach, the authors alerted of frequent cytomegalovirus reactiva-
tions induced by the profound immunosuppression of the patients.

In those patients where calcineurin inhibitors are not tolerated (e.g., 
severe hypertension or difficult to manage diabetes), other immunosup-
pressants such as mycophenolate mofetil or biologic therapies such as the 
anti-CD20 humanized monoclonal antibody rituximab [22–24] should 
be considered.

Other drugs or biological therapies have also shown promising results, 
including basiliximab [25], an anti-CD25/sIL-2R monoclonal antibody, or 
tofacitinib [26, 27, 28•, 29–31] (a Janus kinase 1/3 inhibitor). Consider-
ing the proposed physiopathology of the anti-MDA5 syndrome, the JAK/
STAT system is a particularly attractive therapeutic target in the anti-MDA5 
syndrome, since not only type I and II interferons but also additional 
proinflammatory cytokines, including IL6, are involved in this pathway.

Specifically, two studies addressed the role of tofacitinib for the treat-
ment of the RP-ILD in anti-MDA5-positive CADM patients. The first study 
[26] included a case series of 5 patients who received tofacitinib at a dose 
of 10 mg/day after failed to respond to a triple therapy with high-dose glu-
cocorticoids, cyclosporine, and cyclophosphamide. The authors compared 
the outcomes of these 5 patients with 6 historical patients who had been 
treated with triple therapy without tofacitinib. Both groups of patients 
were comparable regarding major factors of poor prognosis, including 
high serum ferritin levels, worsening pulmonary infiltrates, and general-
ized ground-glass opacities. Of note, three of the tofacitinib group had a 
favorable response, while the rest, including all patients from the histori-
cal cohort, died. Alternatively, cytomegalovirus reactivation was constant 
in patients who received triple therapy and tofacitinib. The second study 
[28•], from China, was an open-label clinical study from a single-center 
evaluating the efficacy of tofacitinib at the early stages of anti-MDA5-
positive CADM-associated ILD. From July 2017 to September 2018, a total 
of 18 consecutive patients were enrolled and received treatment mostly 
with glucocorticoids and tofacitinib (5 mg/12 h) and only occasionally 
with other immunosuppressants (2 patients received cyclosporine, and 1 
mycophenolate mofetil). When compared with a historical control group 
of 25 patients treated with a step-wise immunosuppressive approach 
based on cyclosporine, mycophenolate mofetil, and/or cyclophosphamide, 
the survival at 6 months was significantly higher in the group treated with 
tofacitinib than in the historical control group. An issue to note in this 
study was that patients achieved a favorable outcome in the absence of 
severe immunosuppression, which helped to avoid infectious complica-
tions such as cytomegalovirus reactivation, or other fastidious opportun-
istic infections.
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Genetic background in anti‑MDA5 therapeutics

The recent identification of new myositis-associated genome-wide loci 
[32–34] may help to improve our capacity to identify potential targets for 
therapeutics. This could be the case of the gene product TYK2 which is tar-
geted by tofacitinib, FAM167A-BLK targeted by nintedanib, or the truncated 
WDFY4 gene in Japanese patients, which enhances the MDA5-mediated 
nuclear-factor kappa B (NF-kB) activation in a calcineurin-dependent fashion.

How to identify the best therapeutic strategy?

The best strategy to achieve a good outcome in patients with anti-MDA5-pos-
itive CADM-associated RP-ILD seems to be to start a combined immunosup-
pressive therapy as soon as possible. It is nonetheless challenging to identify 
at the very onset of the disease those patients who are at risk of suffering an 
RP-ILD. As mentioned above, there are several predictive factors, including 
the presence of high ferritin plasma levels (approx. cutoff of 1000 ng/ml, 
NV < 200 ng/ml) [35, 36], worsening of the pulmonary infiltrates despite 
treatment, and generalized ground-glass opacities, which are considered as 
reliable poor prognosis markers [26]. Other factors such as the serologic 
levels of Krebs von den Lungen-6 (KL-6) or the titer of anti-MDA5 antibod-
ies could also be of value, albeit they are currently mostly used in research 
settings [37, 38].

Thus, although there are reported early diagnosis strategies and therapeuti-
cal algorithms (see Figs. 2 and 3), it is still the treating clinician who has to 
decide whether or not to initiate a combined immunosuppressive therapy in 
an individual patient.

While the diagnosis of ILD relies on chest X-ray and/or high-resolution CT 
scans showing reticular opacities, ground-glass opacity or a honeycombing 
appearance, rapidly progressive ILD should be considered in cases of worsen-
ing of radiologic interstitial changes with progressive dyspnea and hypoxemia 
within 1 month after the onset of the respiratory symptoms [39, 40].

Pirfenidone and nintedanib, both drugs approved for the treatment of 
idiopathic pulmonary fibrosis [40], may be useful to some extent in the 
treatment of the anti-MDA5-positive CADM-associated RP-ILD patients. The 
first one, pirfenidone, was evaluated in a recent study from China which 
reported the outcome of 30 patients diagnosed with CADM-RP-ILD receiving 
1800 mg/day in addition to conventional treatment with glucocorticoids and 
other immunosuppressive drugs. Although the drug had no impact on sur-
vival in the acute-fulminant forms, it was proven useful in the more subacute 
presentation. Thus, the administration of pirfenidone might play a role in 
improving the long-term outcome in those patients who survive [41]. Simi-
larly, nintedanib, an intracellular inhibitor of tyrosine kinases, has demon-
strated its utility not only in patients with idiopathic pulmonary fibrosis [42], 
but also in patients with ILD secondary to systemic sclerosis [43], and more 
importantly, in different diseases with ILD and a progressive course to lung 
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fibrosis [44•]. In general, those patients who survive to the acute/fulminant 
form of ILD, but who may develop ILD fibrosis as a long-term manifestation, 
might benefit from those antifibrotic drugs. Multicenter prospective studies 
gathering a high number of patients may be necessary to determine the utility 
of these particular treatments in anti-MDA5 patients with RP-ILD.

Refractory patients

Most experts agree on defining a refractory patient as the one that does not 
respond to either of the two main modalities of therapy (prednisone plus cal-
cineurin antagonists or prednisone plus cyclophosphamide plus calcineurin 
antagonists). Alternatively, the absence of response is defined when 1 week 
after the onset of the combination therapy the patient fulfills the follow-
ing criteria: worsening of the respiratory symptoms (dyspnea), increasing 
alveolar-arterial O2 tension difference, newly emerging or expanding GGO/
consolidation on chest imaging, increasing ferritin levels, and the personal 
impression of clinical worsening as assessed by the attending physicians. 
In this scenario, adding a new immunosuppressive drug (mycophenolate 
mofetil, rituximab, basiliximab, or tofacitinib) or switching one immuno-
suppressant for another are both reasonable options, emphasizing the use 

Fig. 2   Diagnosis of RP-ILD in patients with anti-MDA5 antibodies. *Combined therapy with glucocorticoids and calcineurin 
antagonists is recommended especially if some risk factors are present (> 60  years old, hyperferritinemia > 500 nm/ml, C 
reactive protein > 1 mg/dl). HRCT, high-resolution CT scan; PFT, pulmonary function tests; RP-ILD, rapidly progressive inter-
stitial lung disease; GGO, ground-glass opacity (see ref. [18••])
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of the Janus kinase inhibitor tofacitinib according to the very latest studies, 
although the evidence is still scarce and of low quality.

Other non-pharmacologic alternative rescue therapies in these severe 
cases include using plasmapheresis, polymyxin B hemoperfusion, intrave-
nous immunoglobulins, veno-venous extracorporeal membrane oxygenation 
(VV-ECMO), and lung transplantation.

Plasmapheresis

Also known as therapeutic plasma exchange, plasmapheresis (PMF) is a pro-
cedure in which blood passes through a device allowing to separate or remove 
some molecules from the plasma [45]. Its rationale in anti-MDA5-positive 
CADM RP-ILD patients is to remove the anti-MDA5 antibodies and to absorb 
or eliminate cytokines or other inflammatory molecules. The reported role of 
several cytokines, including the IL-6, IL-10, and IL-18 in the pathophysiology 
of MDA5-associated RP-ILD, supports the potential utility of plasmapheresis 
in these patients. Moreover, plasmapheresis can be used even if there is a 
concurrent infectious disease, which is not unusual in severely immunosup-
pressed patients. Even though a recent study about therapeutic recommenda-
tions in anti-MDA5 patients plasmapheresis was categorized as a level 3 of 
evidence (efficacy based in case reports and case series), it was recommended 
as a therapeutic option for refractory patients [18••].

Fig. 3   Treatment algorithm for RP-ILD patients with anti-MDA5 antibodies (see ref. [18••])
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During the last year, several reports reinforced the role of plasmapheresis 
in anti-MDA5-positive CADM RP-ILD patients. In brief, Shirakashi et al. from 
Japan retrospectively analyzed a cohort of 13 anti-MDA5-positive dermatomy-
ositis patients with RP-ILD, all of them refractory to combined immunosup-
pressive therapy with glucocorticoids, calcineurin inhibitors, and intravenous 
monthly cyclophosphamide pulses. Five out of eight patients who received 
plasmapheresis as an add-on therapy survived, in comparison with none of 
the 5 patients who were treated only with combined immunosuppressive 
therapy without plasmapheresis [46]. Similarly, another study performed also 
in Japan [47•] reported 10 anti-MDA5-positive CADM RP-ILD patients with 
combined immunosuppressive therapy refractory disease. While six of them 
were additionally treated with plasmapheresis and were all alive at 1 year, 
only 25% of the ones who did not receive plasmapheresis survived.

Some other examples are supporting the possible benefit of plasmapher-
esis as an additional therapy in patients with refractory disease [48–51]. Nev-
ertheless, the variety of local protocols and fluid replacement regimes used 
might yield different results and bias the evaluation of the efficacy of this pro-
cedure. Furthermore, transfusion-related acute lung injury following plasma 
exchange sessions is an infrequent but potentially threatening complication 
of this treatment [52].

Globally, plasmapheresis could be considered an effective adjuvant ther-
apy in refractory anti-MDA5-positive CADM RP-ILD patients.

Polymyxin‑B hemoperfusion

The rationale for using polymyxin B-immobilized fiber column direct hemop-
erfusion treatment is similar to plasmapheresis, functioning as an extracor-
poreal blood filter that absorbs blood molecules, including toxins, proteins, 
or antibodies, although the underlying mechanisms remain still unclear. 
This technique has been recommended for the treatment of refractory septic 
shock with multiorgan dysfunction and endotoxinemia [53] and also an 
alternative therapy for patients with acute respiratory distress syndrome [54]. 
Several case reports and case series [55–60] support using this technique as 
adjuvant therapy in anti-MDA5-positive CADM-associated RP-ILD patients 
refractory to combined immunosuppressive therapy. An expert panel included 
that polymyxin B-immobilized fiber column direct hemoperfusion may be 
an alternative rescue treatment in patients who do not respond to combined 
immunosuppressive drugs, either separately or sequentially with plasmapher-
esis [18••].

Veno‑venous extracorporeal membrane oxygenation (ECMO)

Veno-venous extracorporeal membrane oxygenation (ECMO) is a life-support 
technique aimed to maintain blood oxygenation in patients with severe res-
piratory failure. Thus, it applies to anti-MDA5-positive CADM-associated RP-
ILD patients refractory to combined immunosuppressive therapy, mostly as a 

327



Other CTD: Inflammatory Myopathies and Sjogren’s (I Pinal-Fernandez, Section Editor)

bridge to a most definitive solution like lung transplantation or while waiting 
for a response to the immunosuppressive drugs. Currently, there is scarce data 
on the efficacy of VV-ECMO in this type of patients [61, 62•, 63–68, 69•, 70], 
and was considered successful only in a few patients, either because it helped 
to improve the clinical status of the patient or it allowed performing a lung 
transplantation [67, 68, 69•, 70].

Lung transplantation

According to recent data, patients diagnosed with connective tissue diseases 
and interstitial lung involvement are not worse candidates for lung transplan-
tation than those with non-connective tissue diseases [71]. Notwithstanding 
this, our personal experience with lung transplantation in patients with anti-
MDA5-associated RP-ILD has not been encouraging. A series of three patients 
underwent lung transplantation in our center and all three died during the 
first year of follow-up. Chronic rejection, graft dysfunction, and opportunistic 
infections were respectively responsible for these deaths (personal commu-
nication) [72]. It is noteworthy that none of the potential specific challenges 
related to transplant in patients with the anti-MDA5 syndrome, including 
subclinical myocardial involvement, muscle weakness-induced hypoventila-
tion, gastroesophageal reflux disease, dysphagia, malignancy, and relapse of 
the underlying disease, was observed in our patients. Alternatively, the fact 
that the three of our patients underwent transplantation as an emergency 
surgery might have largely contributed to the poor outcomes [73].

There is an additional experience of lung transplants reported by other 
authors [67, 68, 69•, 70, 74] including a total of 7 patients, all of them 
survived. Thus, lung transplantation is a viable therapeutic option in refrac-
tory patients with anti-MDA5-associated RP-ILD. Referring those patients to 
centers with experience evaluating and managing lung transplants is strongly 
recommended [18••].

Conclusions

The pharmacological treatment of patients with anti-MDA5-positive CADM-
associated RP-ILD is a medical challenge. Currently, early combined double 
or triple immunosuppressive therapy with glucocorticoids plus calcineurin 
inhibitors with or without cyclophosphamide is the preferred therapeutic 
option followed by the use of mycophenolate mofetil or rituximab when cal-
cineurin antagonists are not feasible. In refractory patients, adding one more 
immunosuppressive drug (mycophenolate mofetil, rituximab, basiliximab, or 
tofacitinib) to the current therapy or changing one immunosuppressant for 
another are both reasonable options. Based on its mechanism of action and 
recent reports, the JAK inhibitor tofacitinib may be considered a new prom-
ising agent, although further data in RP-ILD are warranted to prioritize it in 
the current therapeutic algorithm. Finally, although the specific pathogenesis 
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of the RP-ILD in the anti-MDA5 syndrome is still unknown, more data on 
the genetic background, environmental triggers, and risk and prognostic fac-
tors may contribute to identifying patient profiles that will hopefully help to 
define the best patient-tailored therapy.
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