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rapidly progressive interstitial lung disease
with anti-MDAS5 antibody-positive juvenile
dermatomyositis: a case report and literature
review
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Abstract

Background: Rapidly progressive (RP) interstitial lung disease (ILD) is a life-threatening complication of juvenile
dermatomyositis (JDM); however, it is generally refractory to treatment; to the best of our knowledge, no evidence-
based treatment has been established for RP-ILD yet. We present the case of a 2-year-old girl with RP-ILD who showed
resistance to treatment with methylprednisolone, cyclosporine A, cyclophosphamide, immunoglobulin, and plasma
exchange (PE) and was finally treated with extracorporeal membrane oxygenation. We further present a literature
review of 18 cases of JDM with RP-ILD.

Case presentation: A 2-year-old girl presented with malar rash, mild muscle weakness, and weight loss for a few
months before admission. She had a history of dry cough and dyspnea for a few days, followed by rapid respiratory
failure. The patient was diagnosed with JDM with RP-ILD through physical examination (malar rashes and Gottron’s
sign) and based on the finding of myositis on femoral magnetic resonance imaging, elevated levels of serum muscle
enzymes, positive anti-melanoma differentiation-association gene 5 (MDA5) antibody (> 7,500 index), elevated level
of Krebs von den Lungen-6 glycoprotein (KL-6; 3,420 U/mL), and extensive ground-glass opacities with consolidation
in the bilateral lungs on chest high-resolution computed tomography. She received combination therapy, including
methylprednisolone pulse therapy, followed by oral prednisolone and intravenous cyclosporine A, cyclophospha-
mide, and immunoglobulin. On day 11 of hospitalization, she was placed on ventilation support and PE was initiated.
However, her respiratory condition continued to deteriorate and veno-venous extracorporeal membrane oxygenation
was started on day 24 of hospitalization. Rituximab was administered on day 28. After 2 weeks of rituximab therapy
initiation, her respiratory condition showed gradual improvements. Eventually, on day 52 of hospitalization, the
patient could be weaned off extracorporeal membrane oxygenation. Finally, she was discharged with minimal ventila-
tion support and no neurological complications 11 months after admission.
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Conclusions: Our literature review suggest that JDM with RP-ILD has a high mortality rate. In JDM, rituximab may be
a promising treatment option for RP-ILD. In the future, the efficacy of rituximab in the early phases of ILD should be

investigated.

Keywords: Dermatomyositis, Anti-melanoma differentiation-association gene 5 antibody, Extracorporeal membrane

oxygenation, Plasma exchange, Prone position, Children

Background
Juvenile dermatomyositis (JDM) is a rare autoimmune
disease in children [1]; this is complicated by interstitial
lung disease (ILD) in 8%—53% of cases in Japan [2, 3]. In
particular, rapidly progressive ILD (RP-ILD) is a rare but
life-threatening complication. JDM-associated RP-ILD is
generally refractory to treatment, and to the best of our
knowledge, no evidence-based treatment has been estab-
lished yet. Despite potent combination therapy including
methylprednisolone pulse therapy (MPT), calcineurin
inhibitor, and/or intravenous cyclophosphamide (IVCY),
as well as intravenous immunoglobulin (IVIG), the prog-
nosis of JDM-associated RP-ILD remains unfavorable [1].
Although, the efficacy of plasma exchange (PE) or rituxi-
mab (RTX) therapy has been reported in a small number
of in adult patients with dermatomyositis with associated
RP-ILD, the reports in children are limited [4—6].
Anti-melanoma differentiation-association gene 5
(MDADS) antibody has a significant correlation with JDM-
associated ILD [4]. In particular, patients with JDM with
a high level of anti-MDA 5 antibody are likely to develop
RP-ILD [3, 7]. Here we report the case of a 2-year-old girl
with RP-ILD with anti-MDAS5 antibody-positive JDM
who exhibited resistance to MPT, cyclosporine A (CyA),
IVCY, IVIG, and PE. She finally required veno-venous
extracorporeal membrane oxygenation (VV-ECMO);
ultimately, RTX therapy helped her achieve remission
and survive.

Case presentation

A previously healthy 2-year-old girl presented with malar
rash, mild muscle weakness, and weight loss for a few
months before admission. Her medical and family histo-
ries were unremarkable. She was previously admitted to
another hospital owing to complaints of dry cough and
dyspnea, which developed a few days ago. She was diag-
nosed with JDM based on the European League Against
Rheumatism/American  College of Rheumatology
(EULAR/ACR) classification criteria for adult and juve-
nile idiopathic inflammatory myopathies (progressive
muscle weakness of the proximal lower extremities, Got-
toron papules, Gottoron’s sign, and elevated serum levels
of muscle enzymes). Femoral magnetic resonance imag-
ing suggested myositis. Her percutaneous oxygen satura-
tion was 96% on oxygen via nasal canula at 2 L/min. After

6 days since diagnosis, the patient’s respiratory state rap-
idly deteriorated and she was transferred to our intensive
care unit with a diagnosis of JDM-associated RP-ILD.

Upon admission to our institution, she presented with
low-grade fever (37.4 °C), tachycardia (158 beats per
min), tachypnea (56 breaths per min), with an oxygen
saturation of 86%—-96% on oxygen mask (8 L/min). Her
height and body weight were 92 cm and 11.2 kg, respec-
tively; she lost 1.8 kg in 5 months. Malar rashes and Got-
tron’s sign (i.e., papules on knuckles and elbows) were
noted. The laboratory results showed the following levels
of the parameters studied: creatinine kinase, 22 (normal:
43-270) U/L; alanine transaminase, 69 (normal: 24—44)
U/L; aspartate transaminase, 49 (normal: 9-30) U/L; lac-
tate dehydrogenase (LDH): 576 (normal: 190-365) U/L;
aldolase: 13.5 (normal:<6.1) U/L; Krebs von den Lun-
gen-6 glycoprotein (KL-6), 3,420 (normal:<500) U/mL;
anti-MDAS5 antibody, > 7,500 (normal: < 500) index; inter-
leukin-6, 5.2 (normal:<6) pg/mL, and Interleukin-18,
1102.6 (normal: < 500) pg/mL. Anti—Ro52 antibody could
not be measured. Other autoantibodies and infection-
related tests were all negative. PaO, was 68.7 mmHg
on oxygen mask (8 L/min). Chest high-resolution com-
puted tomography (CT) revealed extensive ground-glass
opacities with consolidation in the bilateral lungs, higher
in the left lung; these findings are consistent with a dif-
fuse alveolar damage pattern (Fig. 1a and b). Her respir-
atory condition was too severe to use tools such as the
Childhood Myositis Assesment Scale or Manual Muscle
Testing-8. Therefore, we assessed disease activity and
response to treatment for myositis using the results of
various blood test parameters such as the levels of muscle
enzymes, liver enzymes, and LDH. Disease activity and
response to treatment for ILD were assesed using KL-6
level, anti-MDA5 antibody level, her respiration condi-
tion, and chest X-ray findings. The level of creatinine
kinase did not increase during the disease course, which
is commonly observed in anti-MDA-5 antibody-related
JDM. LDH and KL-6 levels represented important mark-
ers before PE initiation.

Owing to the rapid progression of her respiratory fail-
ure, the patient received combination therapy includ-
ing four courses of MPT (30 mg/kg/day for 3 days per
course) followed by oral prednisolone (PSL; 1 mg/kg/
day) and intravenous CyA (starting with 3 mg/kg/day
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Fig. 1 Chest computed tomography of the patient. a and b Lung computed tomography (CT) scan performed at admission showing extensive
ground-glass opacities with consolidation in bilateral lungs, significant on the left side. ¢ Chest X-ray performed upon the initiation of veno-venous
extracorporeal membrane oxygenation showing massive bilateral areas of consolidation. d and e Lung CT scan performed after treatment on

day 78 of hospitalization showing improvement in aeration and resolution of consolidation. Ground-glass opacities were enlarged, and traction

bronchiectasis was evident. f and g Lung CT scan performed at 11 months after admission showing improvement in both lungs

and adjusted to maintain trough levels at 150-200 ng/
mL), two courses of IVCY (500 mg/m?/dose at a 1-month
interval), and IVIG (2 g/kg/dose, Fig. 2). She also received
trimethoprim—sulfadiazine as prophylaxis for opportun-
istic infections. Her respiratory condition deteriorated
further, and she was placed on a ventilator support on
day 11 of hospitalization; the following settings were
used: mean airway pressure (MAP), 12 ¢cmH,O; peak
inspiratory pressure (PIP), 20 cmH,O;positive end-expir-
atory pressure (PEEP), 6 cmH,0; and FiO,, 0.8 (oxygen
index: 8.0, PaO,/FiO,: 150).

Her respiratory condition worsened further, and the
level of anti-MDA-5 antibody did not decrease. Thus,
PE was initiated on day 11 of hospitalization (Fig. 2); a
total of 23 sessions of PE were performed. Afterward,
the serum level of anti-MDAS5 antibody decreased tem-
porarily but soon increased markedly. Furthermore, her
respiratory status, including oxygen demand, showed no
improvements.

On day 24 of hospitalization, the patient could no
longer maintain an SpO, of 90% at the following ventila-
tor settings: MAP, 18 cmH,O; PIP, 31 cmH,O; PEEP, 10
c¢cmH,0; FiO,, 1.0 (oxygen index: 20, PaO,/FiO,: 50), and
nitric oxide, 5.0 ppm. We then decided to introduce VV-
ECMO for life support. As her respiratory condition was
unstable, we could not performe a follow-up chest CT
after her admission. Plain chest radiography performed at
that time showed diffuse ground-glass opacities (Fig. 1c).

After receiving approval from the institutional ethical
committee (approval no. 2020-03), 375 mg/m?* of RTX

was administered on day 28 of hospitalization. Mycophe-
nolate mofetil (MMF) was added on day 40 of hospitali-
zation. Respiratory physical therapy, including placement
of the patient in the prone position, was continued under
VV-ECMO. After 2 weeks of RTX therapy initiation,
the patient’srespiratory status started to improve gradu-
ally. She was eventually weaned off ECMO on day 52 of
hospitalization. Chest CT performed on day 78 of hos-
pitalization showed improved aeration and reduced con-
solidation. However, the ground-glass opacities enlarged
and traction bronchiectasis was also noted (Fig. 1d-e).
The levele of anti-MDA-5 antibody decreased stead-
ily after the first course of RTX, and thus additional
RTX was administered at 2 and 6 months because of the
recovery of B cells from peripheral blood.

No severe respiratory complications such as pneumo-
nia, pneumothorax, pulmonary hemorrhage, or throm-
bosis occurred in the acute phase. We avoided high
ventilation pressures above PIP 30 cmH,O as much as
possible to avoid pneumothorax.

After 3 months of admission, the patient’s general con-
dition improved without neurological complications.
Her activities of daily living improved after continuous
rehabilitation. She regained the abilities to speak, eat,
walk, and bathe at 3, 4, 6, and 10 months after admis-
sion, respectively. Finally, she was discharged with mini-
mum ventilator support 11 months after admission. At
discharge, she was weaned from the ventilator for short
periods; the ventilator settings were as follows: MAP, 8
c¢cmH,0; PIP, 14 cmH,O; PEEP, 7 cmH,O; and FiO,, 0.24.
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Fig. 2 Clinical course and treatment. Clinical course and treatment of the patient. MPT, methylprednisolone pulse therapy; PSL, prednisolone;
Lipo-Dex, liposteroid dexamethasone; IVCY, intravenous cyclophosphamide; CyA, cyclosporine A; Tac, tacrolimus; MMF, mycophenolate mofetil;
IVIG, intravenous immunoglobulin; PE, plasma exchange; RTX, rituximab; HFNC, High-flow nasal cannula; CMV, conventional mechanical ventilation;
VW-ECMO, veno-venous extracorporeal membrane oxygenation; KL-6, Krebs von den Lungen-6; MDAS5, melanoma differentiation-association gene

Chest CT revealed remarkable improvement in both
lungs at this time (Fig. 1f-g). Currently, at 5 months after
discharge, the patient can withdraw from the ventilator
for up to 9 h per day but requires oxygen at 0.5 L/min.
Her anti-MDAS5 antibody level was 450 index, and her
KL-6 level was 1,150 U/mL. Her disease is now managed
with PSL 4 mg/day, tacrolimus adjusted with trough lev-
els of nearly 5.0 ng/mL, and MMF 500 mg/day.

Discussion and conclusions

We reported the effectiveness of combined therapy
including RTX for a 2-year-old girl with life-threatening
RP-ILD associated with anti-MDA5 antibody-positive
JDM. Although the patient’s condition deteriorated and
she eventually required VV-ECMO, she was rescued with
the aforementioned therapies. This case suggests that
RTX is an effective option in JDM for severe and refrac-
tory RP-ILD that does not respond to current combina-
tion therapy.

Anti-MDA-5 antibody-positive JDM and adult dermat-
omyositis are known to be more common in Asians than
in other races [8]. Notably, in Japan, 28% of children with
JDM and juvenile polymyositis and 10%—48% of adults
with dermatomyositis and polymyositis are positive for

anti-MDA-5 antibodies [8]. Furthermore, patients with
anti-MDA-5 antibody-positive JDM and adult dermato-
myositis are prone to developing RP-ILD [3, 7]; in JDM
specifically, RP-ILD has a poor prognosis with no estab-
lished treatment. To study this further, we conducted a
literature review of JDM with RP-ILD and found 18 cases
(Table 1) [3, 6, 8-19]. The search was performed in July
2021 using the PubMed/Medline database. The search
period was from January 2000 to July 2021. Our main
search comprised terms related to “juvenile dermatomy-
ositis” combined with the term “interstitial lung disease”
We used the following search formula:

“dermatomyositis” [MeSH Terms] OR “dermatomyosi-
tis” [All Fields] OR (“juvenile” [All Fields] AND “dermato-
myositis” [All Fields]) OR “juvenile dermatomyositis” [All
Fields]) AND (“lung diseases, interstitial” [MeSH Terms]
OR (“lung” [All Fields] AND “diseases” [All Fields] AND
“interstitial” [All Fields]) OR “interstitial lung diseases”
[All Fields] OR (“interstitial” [All Fields] AND “lung” [All
Fields] AND “disease” [All Fields]) OR “interstitial lung
disease” [All Fields]) AND (“infant” [MeSH Terms] OR
“infant” [All Fields] OR “infants” [All Fields] OR “infant
s” [All Fields] OR (“child” [MeSH Terms] OR “child”
[All Fields] OR “children” [All Fields] OR “child s” [All
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Fields] OR “children s” [All Fields] OR “childrens” [All
Fields] OR “childs” [All Fields]) OR (“paediatrics” [All
Fields] OR “pediatrics” [MeSH Terms] OR “pediatrics”
[All Fields] OR “paediatric” [All Fields] OR “pediatric”
[All Fields]) OR (“adolescences” [All Fields] OR “adoles-
cency” [All Fields] OR “adolescent” [MeSH Terms] OR
“adolescent” [All Fields] OR “adolescence” [All Fields] OR
“adolescents” [All Fields] OR “adolescent s” [All Fields])
OR (“juvenile” [All Fields] OR “juvenile s” [All Fields] OR
“juveniles” [All Fields] OR “juvenility” [All Fields]).

Among the 18 patients (6 men and 12 women), the
median age at disease onset was 6.5 (range, 2—16) years.
There were 16 Asians, including 14 Japanese patients.
Although 11 patients demonstrated apparent mus-
cle weakness, 4 were classified as having juvenile clini-
cally amyopathic dermatomyositis, whereas the other
3 had no available data. The median months of interval
between the onset of JDM and diagnosis of ILD was 3
(range, 1-8) months. The median months of interval
between the diagnoses of JDM and ILD was 1 month
(range, 0—7 months). Upon the diagnosis of ILD, respira-
tory symptoms were observed in 11 patients, whereas 3
were asymptomatic. Furthermore, 12 patients were posi-
tive for anti-MDAS5 antibody, 1 was positive for anti-Jo-1
antibody, and 5 patients were not tested for these. Two
patients, including the patient whose case has been
reported here, required ECMO. A total of 12 patients
died despite recieving potent combination therapy with
MPT, CyA, and/or, IVCY. The duration from ILD onset
to death was within 4 months for all patients. ILD was
relatively more severe in the present case than in previ-
ous cases. Among the six survivors, ventilation was not
required in three and not noted in one. Ours is a rare
case of a successful treatment of refractory RP-ILD that
required VV-ECMO. There have been few reports on
RTX use in severe cases of RP-ILD refractory to combi-
nation therapy.

Yeung et al. recently reported a case of RP-ILD with
JDM treated with multiple agents, including RTX [6].
However, their patient exhibited much milder respira-
tory symptoms than our patient. Furthermore, because
multiple agents were combined with RTX, it is difficult
to evaluate the efficacy of RTX alone. However, the effi-
cacy of RTX has been reported in many adult patients
with dermatomyositis [5]. Although the mortality
rate in dermatomyositis-associated RP-ILD has been
reported to be approximately 50% within 6 months
[20], its prognosis can be improved with early diagno-
sis and aggressive treatment, including combination
therapy with/without RTX [5, 21]. In the present case,
combination therapy, IVIG, and PE were inadequate
to manage RP-ILD, but the patient gradually improved
after the addition of RTX. This combination therapy
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also stabilized the anti-MDA-5 antibody level, which
has previously been associated with RP-ILD/dermato-
myositis [21, 22]. As mentioned earlier, it is challeng-
ing to evaluate the efficacy of RTX alone. We consider
that clinical improvement in our patient was resulted
from the combined effects of multiple immunosuppres-
sive therapies, including IVCY and RTX. The possible
addition of RTX in children with RP-ILD refractory
to the aforementioned treatments must be considered
promptly. However, RTX is not reimbursed in Japan for
patients with JDM or ILD. Concerns regarding the use
of RTX have been discussed within the medical team
considering multiple reports on its adverse events in
interstitial pneumonia [23]. In our case, we obtained
informed consent from the parents of the patient and
approval from the hospital’s ethics committee.

There have been a few reports on patients with der-
matomyositis/JDM-associated RP-ILD who were treated
with PE but had poor outcomes [4, 12, 24]. Some experts
suggest that PE can be considered in patients who are
unresponsive to combination therapy with corticoster-
oids and immunosuppressive agents [4]. In our case, the
serum level of anti-MDAS5 antibody decreased after fre-
quent PE; however, it increased soon, and the patient’s
respiratory failure worsened. Both RTX and PE have the
same effect in terms of reducing autoantibody levels, but
RTX suppresses antibody production more radically and
persistently. In addition, RTX has the advantage of sup-
pressing T and B cell interactions and increase of the
number of regulatory T cells [25].

VV-ECMO can be indicated in cases of life-threat-
ening respiratory failure, but the prognosis for adult
patients with RP-ILD who require VV-ECMO is poor
[4]. VV-ECMO is also used as a bridging therapy in lung
transplantation for adult patients [5]. Our patient was
successfully weaned off VV-ECMO 24 days after RTX
administration. Zulian et al. have reported a similar case
of a pediatric patient who survived after VV-ECMO [10].
Therefore, VV-ECMO should be considered as a sup-
portive therapy in combination with immunosuppressive
therapy, including RTX, in children with severe JDM and
RP-ILD.

We took several precautions in the management of
this critical patient. Trimethoprim-sulfadiazine was
administered as prophylaxis for infection. We closely
monitored our patient for the growth of Pneumocystis
carinii, cytomegalovirus, and fungi. Deep sedation was
also performed for stable respiratory management. We
refrained from using high ventilatory pressures and toler-
ated hypoxemia and hypercapnia to some extent because
high respiratory pressures may cause pneumothorax and
pneumoperitoneum, which can result in sudden respira-
tory and circulatory collapse [26]. Placing the patient in
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the prone position might have also contributed to the
improvement of respiratory status.

In conclusion, we treated a pediatric patient with life-
threatening RP-ILD associated with JDM who ultimately
required VV-ECMO. Initially, she showed resistance to
multiple therapeutic strategies such as corticosteroids,
immunosuppressive agents, and PE. Finally, the addition
of RTX improved respiratory failure and managed anti-
MDA-5 antibody level. Although further studies are war-
ranted to validate our results, RTX may be a promising
drug against RP-ILD associated with JDM. The efficacy of
RTX in the early phase of ILD should also be studied in
the future.
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