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Abstract

The objective of the study was to determine the clinical features and treatment course in Canadian patients with dermato-
myositis (DM) associated with the anti-melanoma differentiation-associated gene 5 antibody (MDAS). A retrospective chart
review of consecutive patients with anti-MDAS antibody DM from two Canadian tertiary care centre between 2014 and 2018
was done. Twenty-one consecutive cases of anti-MDAS5-positive DM were identified. Median age at diagnosis was 52 years,
71% Asians, predominantly Chinese, and 29% Caucasians. In this case series, all patients had either typical DM rash, or
vasculopathy and ulceration unique to anti-MDAS5-positive DM. 38% of the patients had rapid progressive (RP)-interstitial
lung disease (RP-ILD), 33% had chronic ILD and 29% had asymptomatic ILD. Anti-Ro52 positivity was more prevalent in
RP-ILD. Mortality was high in the RP-ILD group, with five deaths in eight patients. Lung transplant was life-saving interven-
tion for three of the RP-ILD patients who survived. A review of the literature in treating RP-ILD associated with anti-MDAS5
is presented. Although evidence is limited to small case series, cyclophosphamide (CYC) for refractory skin lesions, and CYC
or mycophenolate mofetil plus a calcineurin inhibitor or rituximab (RTX) for RP-ILD appear efficacious. This is the largest
North American case series of anti-MDAS-positive DM patients to date. There is a wide spectrum of clinical presentation
of this entity. Survival is poor in those with RP-ILD; early aggressive immunosuppression and timely lung transplant were
life-saving in our patients with RP-ILD.

Keywords Melanoma differentiation-associated protein 5 - Interstitial lung disease - Amyopathic dermatomyositis - Lung
transplantation

Introduction

Dermatomyositis (DM) is a heterogeneous group of systemic

autoimmune rheumatic disorders typically characterized by
muscular and extra-muscular manifestations particularly
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skin and lung of varying severity. Specific myositis-specific
autoantibodies (MSAs) are associated with characteristic
clinical phenotypes, which may assist in diagnosis, treatment
and prognostication of DM and related complications [1].
Melanoma differentiation-associated gene 5 (MDAS),
an RNA-specific helicase that functions in recognizing
double-stranded RNA viruses [2], has emerged as an
important target of DM-specific antibody that is seen in
10-35% of patients with DM [3-5]. Patients with anti-
MDAS antibody are more likely to have clinical amyo-
pathic DM (CADM), a term coined to describe absent or
minimal muscle disease in DM, and to have increased risk
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of interstitial lung disease (ILD), particularly rapid pro-
gressive ILD (RP-ILD) [6, 7]. Cutaneous manifestations
unique to anti-MDAS5-positive DM include skin ulceration,
necrosis, palmar papules and digital ischemia, consistent
with underlying vasculopathy seen on biopsy [3].

Case series of anti-MDAS5-positive DM are reported
worldwide, with the largest from Japan and China, and
smaller ones from North America and Europe [3-5, §-12].
Asian patients had higher frequency of anti-MDAS anti-
body among CADM patients as well as stronger asso-
ciation with ILD and especially RP-ILD leading to high
mortality [4, 5, 10]. Western literature has limited and
somewhat conflicting data on anti-MDAS5 association with
RP-ILD [3, 8, 9, 11, 12]. In this study, we aim to describe
the clinical features and therapeutics of 21 patients with
anti-MDAS-positive DM from two large Canadian tertiary
centres, thereby identifying the spectrum of this disease
entity in Canadian patients. We will also review the evi-
dence in treatment of ILD, specifically RP-ILD associated
with anti-MDAS.

Materials and methods

Twenty-one consecutive patients with positive anti-MDAS5
antibody were identified from January 1, 2014 to September
30, 2018 from Vancouver General Hospital (any department)
and Saint Michael’s Hospital (Rheumatology department),
both of which are tertiary care centers. Follow-up data were
collected till December 30, 2018. Data on history, physical
findings, and investigations of the 21 patients were collected
by a retrospective chart review using a standardized pro-
tocol. ILD was defined as radiographic pulmonary fibro-
sis noted on high-resolution computed tomography (CT).
RP-ILD was defined as acute and progressive worsening of
dyspnea requiring hospitalization, supplementary oxygen,
or subsequent respiratory failure requiring intubation within
3 months of the ILD diagnosis [12]. Typical DM rash is
heliotrope, Gottron’s, Shawl and Holster signs.

Total 18 antigens were tested in the Line immunoassay
(http://Mitogen.ca, Euroimmun GmbH, Luebeck, Germany).
Anti-MDAS antibodies were measured semi-quantitatively
by densitometry: negative, < 10; +, low positive 11-29; ++,
moderate positive 30-89; and +++, high positive > 90 units.
Serum sample to test anti-MDAS was usually taken soon
after initiation of high-dose corticosteroid but before addi-
tion of immunosuppressants.

SAS Enterprise Guide (Version 7.1, Cary, NC, USA) was
used for all analyses. Fisher’s exact test and non-parametric
tests were used for analysis. p value of less than 0.05 is con-
sidered statistically significant.
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Search strategy

To evaluate the effectiveness of rituximab (RTX) as a treat-
ment for RP-ILD in anti-MDAS5 DM patients, we searched
MEDLINE, SCOPUS, Web of Science and EMBASE up
to June 10, 2019 for English-language sources using the
following keywords: MDAS, ILD, and RTX.

In total, 4 articles resulted from MEDLINE, 9 from
SCOPUS, 7 from Web of Science and 27 from EMBASE.
All articles were reviewed in detail. Review articles, dupli-
cate abstracts, case reports with too little clinical data, and
cases using RTX for stable ILD were excluded. A total
of 28 articles were included in the final literature review.

Results

Twenty-one consecutive patients with clinical and serolog-
ical anti-MDAS5-positive DM were identified including 17
from VCH and 4 from SMH from January 1, 2014 to Sep-
tember 30, 2018. The clinical characteristics are summa-
rized in Table 1. Overlap myositis antibodies were found
in three patients (#2, #7, #20) (see Table 3). All others
had MDAS with or without Ro52 antibodies. The median
age at diagnosis was 52 years (range 21-69) with 57.1%
females. Median duration from time of onset to the time
of diagnosis was 3 months (range 1-14 months). Median
follow-up, from diagnosis to either death or end of data
collection, was 20 months (range 2—64 months). Our study
consisted of predominantly Asians (71.4%) particularly
Chinese (52.4%) in origin. There were six Caucasians,
representing 28.6% of this cohort. About 57.1% of the
patients presented with CADM. Polyarthritis was present
in 12 of 21 patients (57.1%). All patients had typical DM
rash such as Gottron’s sign, heliotrope, V-neck rash and
Holster’s sign (100%), nine with skin ulceration or vascu-
lopathy (ischemic digits and painful palmar papules), and
one patient had panniculitis. All patients had ILD (100%)
with RP-ILD in 38.1%, chronic ILD in 33.3% and asymp-
tomatic ILD in 28.6%. Pneumothorax was found in five
patients. Among eight patients with RP-ILD, five died and
three survived after ECMO bridging to lung transplant.
Overall mortality was high at 23.8%. Ro52 antibody posi-
tivity was found in 61.9% of this group.

Table 2 illustrates the prevalence of anti-Ro52 in rela-
tion to severity of lung or skin disease. Anti-Ro52 was
found in 87.5% of RP-ILD, 57.1% of chronic stable ILD
and only 33.3% of asymptomatic ILD (NS, p value=0.12).
Similarly, anti-Ro52 was present in 80% of patients with
ulcerative skin and refractory vasculopathy versus 36.4%
of those without (NS, p value =0.07). Mortality was 30.8%
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Table 1 Summary of demographic, clinical, and laboratory features

Anti-MDA
5-positive DM
(N=21)
Age, median (range) 52 (21-69)
Time from onset to diagnosis (months), median 3(1-14)
(range)
Time from diagnosis to death or end of study period 20 (2-64)
(months), median (range)
Female, n (%) 12 (57.1%)
Caucasian, n (%) 6 (28.6%)
Asian, n (%)
Chinese 11 (52.4%)
Filipino 1 (4.76%)
Vietnamese 1 (4.76%)
East Indian 1 (4.76%)
Mixed race (French/Chinese) 1 (4.76%)
Cutaneous manifestations, n (%)
Typical DM rash 21 (100%)
Skin ulceration and refractory vasculopathy 9 (42.9%)
Panniculitis 1(4.76%)
CADM, n (%) 12 (57.1%)
Polyarthritis, n (%) 11 (52.4%)
Pneumothorax, n (%) 5(23.8%)
ILD, n (%) 21 (100%)
Asymptomatic ILD 6 (28.6%)
Symptomatic and chronic ILD 7 (33.3%)
RP-ILD 8 (38.1%)
R052 positivity, n (%) 13 (61.9%)

Table 2 Analysis of proportion of patients with Ro52 according to
severity of lung or skin disease

With anti-
Ro52, n
(%)
Severity of ILD
RP-ILD (n=38) 7 (87.5%)
Symptomatic and chronic ILD (n=7) 4 (57.1%)
Asymptomatic ILD (n=6) 2 (33.3%)
Severity of skin manifestation
Skin ulceration and refractory vasculopathy (n=10) 8 (80%)
Non-severe rash (n=11) 4 (36.4%)

in Ro52 antibody-positive patients, compared to 12.5% in
Ro052 negative group (NS, p value=0.61).

Demographics, time of diagnosis, clinical manifesta-
tions, serology, treatment and outcome are summarized
in Table 3. For further discussion purpose, patients are
grouped by the severity of their lung and skin disease
manifestations.

Group 1: patients with RP-ILD

Eight patients in group 1 presented with RP-ILD in the
context of newly diagnosed anti-MDAJS5-positive DM. All
had typical DM rash and were clinically amyopathic with
respiratory symptom at onset. Five (62.5%) had cutaneous
ulcers and palmar papules unique to anti-MDAS. Seven
(87.5%) had concomitant positive Ro52 antibody. They all
had dense consolidation and organizing pneumonia radio-
graphically on chest CT. In addition to glucocorticoids,
they all received aggressive immunosuppression including
intravenous immunoglobulin (IVIG), mycophenolate mofetil
(MMF), cyclosporin (CsA), cyclophosphamide (CYC) and
RTX. All except one were intubated for respiratory support
due to progressive hypoxemia. Patient #4 declined intuba-
tion despite hypoxemic on 100% high flow O,. Two of the
eight patients developed pneumothorax while on ventilation.

Three received venous—venous extracorporeal membrane
oxygenation (vv-ECMO) bridging to double lung transplan-
tation. Time from intubation to vv-ECMO was 2, 34 and
24 days, and time from ECMO to double lung transplant was
28, 2 and 16 days, respectively, for patients #1-3. They sur-
vived and remained on combination therapy with MMF and
tacrolimus (Tac). Lung transplant was not an option for the
other five patients at the time of their presentation, either due
to lack of resources, rapid deterioration or poor candidacy
for transplant. They passed away from severe hypoxemic
respiratory failure.

Group 2: patients with symptomatic and chronic ILD

Symptomatic chronic ILD was found in seven patients in
group 2, all of whom were CADM. Although ILD was
clinically and radiographically evident in these patients,
their respiratory status was stable on immunosuppression
and none required oxygen therapy. Radiographically, they
were described as fibrotic NSIP with characteristic traction
bronchiectasis, ground glass opacification, and subpleural
reticulation with varying degree of fibrosis. Three patients
had spontaneous pneumothorax, a feature reportedly asso-
ciated with anti-MDAS (13). Six (85.7%) had symmetric
polyarthritis resembling rheumatoid arthritis. Four of the
seven patients (57.1%) had concurrent positive Ro52 anti-
body. Patient #11, a 31-year-old man of Chinese origin, had
severe ulcerative cutaneous rash and moderate ILD on CT
and pulmonary function test. Glucocorticoid and IVIG were
ineffective and he could not tolerate MMF (cytopenia) or
azathioprine (AZA) (hepatotoxicity). After starting 6 doses
of monthly IV CYC at 750 mg/m? together with Tac, he had
resolution of the ulcerative rash as well as stabilization of
his ILD. Patient #13 in this group is a 27-year-old woman
of Chinese origin with refractory ulcerative skin lesions and
progressive ILD who only partially responded to IVIG, AZA
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) and MMF. She finally achieved remission after second dose
g é of RTX and Tac.
=]
2 2 E g
8 8 g § Group 3: patients with refractory cutaneous disease
2 g g E‘g and asymptomatic ILD
2135 k5 &g
8|2 E § % Three patients in this category have severe refractory cuta-
. = ._qé LS neous disease. None had respiratory symptoms initially
- gﬁé % 2 = although both had very mild ILD on chest CT. Radiograph-
S e "g S = g ically, their chest CT described mild NSIP. Two of three
= ] S g E g z had positive Ro52 antibody. Patient #18 was a 51-year-old
212 5 < % E é g 5 woman with moderate ulcerative skin disease which only
q§ g g 8 3 f, 5 § é partially responded to IVIG, hydroxychloroquine (HCQ),
e 'z § AZA and tofacitinib. She subsequently developed extensive
§o % biopsy proven panniculitis. Six cycles of monthly IV CYC
_S~ ;>‘3 were instituted with complete resolution of skin manifes-
? P tations. Patient #16, a 51-year-old Caucasian woman, was
% n % ~ 47 q £ diagnosed with breast ductal carcinoma in situ a few months
< o Zgq R 5 prior to the onset of DM. Subsequent resection of the tumor
3 % Z é % e:i = é did not result in improvement of rash. Vasculopathic skin
% % disease progressed despite glucocorticoid, methotrexate
a a & § (MTX), AZA, MMF and plasma exchange (PLEX). As
Z, g %" g adjunctive therapy, aspirin, pentoxyphyline, nitroglycerin
| E g =:£ g patch, and calcium channel blockers were tried with no
g g g = % g;n improvement. Due to worsening painful digital ischemia, she
% % % g = % received IV epoprostenol infusion which offered moderate
A< < 5 § 5 short-term benefit. Further escalation to CYC or RTX was
o i = g limited by mycobacterium abscessus infection in her wrist.
2 §Ea
s 4 i s % E EE Group 4: patients with well-controlled skin disease
é % 8A g = S and asymptomatic ILD
E=zANEE §E=
é E‘ G LM) 5 § o) g_:a Patients in this group had well controlled skin disease and
= % g asymptomatic ILD only evident on imaging. None of the
E) £ 5 E"D g . é“ i E three patients in this group had concurrent Ro52 antibody.
573 5 573 5502 Patient # 19 (a 44-year-old woman of Chinese origin) and
) 8 i _; g i P E 40 § patient #21 (a 54-year-old Chinese origin woman) in this
§ z E E’ 8z E E < E‘j £ E group had mild cutaneous rash typical of DM which quickly
g g = § g = E ga¢g responded to a brief course of prednisone alone. Neither had
gl&ge==ages E % i & any signs of recurrence on long-term follow-up.
s 2 ESL
éb é f % § Discussion
| n on g g )
E é g i é g é In this study, we report 21 cases of anti-MDAS5-positive DM
=|e = § é’ g <_‘6D from two large tertiary centres in Canada, the largest North
% i g é American case series of this entity to date. The large number
3 § - ; 235 g of East Asian descent in our cohort of Western world cor-
E ?é % Q; Z E g 2 responds to the known higher incidence of the disease in this
Eli) E § = g E ot § S ethnic group and is a unique aspect of our cohort.
S|t ev v < A 2 § i In this case series, all had ILD; roughly 1/3 of the patients
% E - _ g é gné were asymptomatic with only radiographic evidence, 1/3
RSN o £ o00E symptomatic chronic ILD and 1/3 rapid progressive. The
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Table 4 Literature review of 28 cases of anti-MDAS5-positive DM with RP-ILD treated with rituximab
References Age/sex/race Previous therapy =~ RTX targeting Duration prior to  Rx during or after Outcome
lesion RTX RTX
Berianu et al.? [25] 7 cases of ILD Unknown ILD Unknown Unknown One died from RP-
(4 NSIP, 2 with ILD. The other 6
organizing pneu- stable
monia, one UIP)
Patel et al.? [26] 55M African- GC, CYC RP-ILD Several months GC, MMF, Tac Died
American
Mohammed et al.*  44M None RP-ILD Several months IV GC Died
[27]
Alqatari et al. [28] 49F European GC RP-ILD 4 weeks GC, CYC, IVIG, Died
Tac
So et al. [29] 49F Chinese MME, CsA, CYC, RP-ILD 18 months GC Improved
VIg
50M Chinese MMEF, CYC and RP-ILD 4 months GC, Tac Improved
Tac
38M Chinese MMF, Tac, IVIg  RP-ILD 21 months GC Improved
48M Chinese CsA RP-ILD 18 months GC Improved
Ogawa et al. [30]  48M Japanese GC, CsA, CYC RP-ILD and skin 125 days GC, CsA Improved
Oberg et al. [31]  46M Japanese Unknown RP-ILD, necrotiz- Unknown GC, CsA Died
ing bronchitis
and ulcerative
skin lesion
Sultan et al.* [32]  23F Hispanic Unknown RP-ILD Unknown GC, MMF, IVIG, Died
VV-ECMO
Koichi et al. [33] 71F Japanese GC, Tac, CYC, RP-ILD and skin 102 days Tac Improved
PMX, IVIG GC
Tokunaga et al. 71F Japanese GC, Tac, CsA, RP-ILD 38 days GC, CsA, MMF, Died
[34] CYC Tac
69F Japanese GC, CsA RP-ILD 33 days GC, CsA, IV Died
CYC, Tocili-
zumab
Watanabe et al. 58F Japanese GC, Tac, CYC RP-ILD 3 months GC, 1V CYC, Improved
[35] IVIG, PMX
Hershberger et al.*  46F African— GC RP-ILD Several months GC, MMF Improved
[36] American
Yokochi et al.* [37] 61° Japanese GC, CsA, CYC RP-ILD 21 days GC, CsA, CYC Died
71°7 apanese GC, CsA, CYC RP-ILD 51 days GC, CsA, CYC Died
69 J apanese GC, CsA, CYC RP-ILD 17 days GC, CsA, CYC Died
7527 apanese GC, CsA, CYC RP-ILD 21 days GC, CsA, CYC Died
Gil et al. [38] 55F Israelis GC RP-ILD N/A CYC, PLEX Died
Clottu et al. [39] 68F European GC, IVIG, CYC, Skin 2 year N/A Improved
MMF, CsA, Tac

(topical), HCQ

RP-ILD rapid progressive interstitial lung disease, GC glucocorticoid, CsA cyclosporin, CYC cyclophosphamide, RTX rituximab, MMF
mycophenolate, Tac tacrolimus, HCQ hydroxychloroquine, /VIG IV immunoglobulin, PLEX plasma exchange, PMX polymyxin B-immobilized
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clinical spectrum in our patients was very broad, ranging
from mild cutaneous disease and asymptomatic ILD requir-
ing minimal treatment, to severe refractory vasculopathic

skin disease and fatal RP-ILD. When we compare 15 Asian

to 6 Caucasian patients in our series, there was no major
signal pointing to more severe disease in one ethnic group,
albeit the number is too small to draw definitive conclusions.
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Lung transplant for RP-ILD

Three of the eight RP-ILD patients survived after ECMO
bridging to lung transplant, which represented the first and
largest cases series describing lung transplant as the ulti-
mate life-saving intervention for this entity. Despite maximal
immunosuppression and ventilatory support, the other five
with RP-ILD who did not receive lung transplant, either due
to patient refusal or poor transplant candidacy, died from
hypoxemic respiratory failure. High mortality from RP-ILD
was also reported in two North American studies [9, 12] and
as high as 40-60% within 6 months of presentation in Asian
studies [5, 10, 13].

Successful lung transplants in RP-ILD associated with
anti-MDAS were reported in three cases previously. First
case was a 52-year-old Japanese female who received a left
lower lobe from her daughter and a right lower lobe from her
son within 15 days of hospitalization. She remained well on
immunosuppression (not specified) [14]. Second case was
a 51-year-old Korean man who continued to worsen with
treatment including IV CYC, CsA, IVIG and RTX. He went
on ECMO for 35 days until double lung transplant on day
48 of hospitalization. He recovered well on MMF and Tac
combination therapy postoperatively [15]. Most recently, a
report of 38-year-old Caucasian man with anti-MDAS5-asso-
ciated RP-ILD had successful lung transplant after failing
glucocorticoid and CYC [16]. Similarly, the three patients
in our series who required ECMO would not otherwise have
survived without double lung transplant.

Prognostic factors

High positive MDAS (as opposed to medium or weakly posi-
tive) and the presence of anti-Ro52 may carry prognostic
values. In our series, RP-ILD was the presentation in 4 of the
5 patients with high positive MDAS5, compared to 3 of the 16
patients with medium or weakly positive MDAS, suggest-
ing that perhaps high titer of MDAS antibody also predicts
severe disease. However, one cannot use decreasing MDAS
antibody titer during treatment to predict response because
the titer in those who died reduced at the same rate as those
who survived [17]. Another potential prognostic marker is
R052 antibody. There was a propensity of more positive anti-
Ro52 with severe ILD observed in our study (Table 2). In the
eight patients with RP-ILD, seven (87.5%) had positive anti-
Ro052, whereas only four of the seven chronic ILD (57.1%)
and two of the six asymptomatic ILD (33.3%) were positive
for anti-Ro52. The difference was not statistically significant
possibly due to small numbers. This association was also
noted in the Barcelona cohort of 14 anti-MDAS patients
[11]. Similarly, although not statistically significant, there
was a trend that patients with ulcerative skin or vasculopathy
findings were also more likely to have anti-Ro52 (Table 2).

@ Springer

Asian patients in general seem to confer a more severe phe-
notype [4, 5, 10]. Therefore, the discrepancy in prevalence of
anti-Ro52 in this case series (62%) compared to other North
American cohort (27% in Hall et al. [8]) may be related to
much higher proportion of Asian patients in our study.

The exact mechanism as to how anti-Ro52 contributes
to a more severe ILD pathology remains unclear. MDAS
functions as an intracellular pattern recognition receptor that
recognizes dsRNA viruses and activates type I interferon
production. Both MDAS and Ro52 are highly induced by
interferon and perhaps the two may form a novel complex,
particularly immunogenic in the innate immune system in
response to a viral infection [8]. The association of anti-
Ro052 with RP-ILD in patients with anti-MDAS should alert
clinicians for close monitoring.

Treatment of ILD

Treatment approach for myositis-associated ILD was
recently proposed in an expert review [18]. Patients with
chronic and stable ILD associated with anti-MDAS5 were
treated the same way as ILD from other connective tissue
disease. Glucocorticoid was often required initially. MMF
as a steroid sparing agent has been successful in many case
studies of ILD associated with anti-MDAS and was reviewed
elsewhere [9]. Emerging evidence also suggests that addi-
tion of Tac to either AZA, MMF or CYC in patients ILD
associated with myositis enabled significant reduction in
prednisone dose, and improved FVC, DLCO and prognosis
[19, 20].

Evidence in treatment of RP-ILD associated with anti-
MDAS is scarce and based on case reports only. To date,
the best evidence supports either IV CYC with a calcineurin
inhibitor (CI) or MMF with Tac [9, 21, 22]. RTX has pre-
viously been successfully used in anti-synthetase patients
with refractory or severe ILD [23, 24]. For RP-ILD asso-
ciated with anti-MDAS, we did a literature search for the
cases treated with RTX. To date, only 28 cases treated with
RTX targeting RP-ILD were reported (Table 4); 15 of the 28
patients responded to RTX. In our study, although RTX was
initiated on 6 of the 8 patients with RP-ILD, ECMO bridg-
ing to lung transplant was the ultimate life-saving therapy
for the 3 patients who survived. For those with symptomatic
but stable ILD, RTX was rarely needed for disease control as
other conventional therapies appear to be effective.

As clinicians around the world better recognize the clini-
cal presentation of anti-MDAS5-positive DM with RP-ILD,
early diagnosis and aggressive treatment have been associ-
ated with better survival. From previously documented mor-
tality of 40-60% within 6 months of presentation in Asian
studies [5, 10, 13] to reported 100% survival in RP-ILD
patients when aggressive treatment was instituted early [21],
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RP-ILD
anti-MDAS

Pulse GC
IV CYC+ Tac or CsA, or
Rituximab

Further worsening
on ventilatory support

Achieving remission

Maintenance treatment
MMF or AZA
(+Tac)

Lung transplant
GC
MMF + Tac

Fig. 1 Proposed treatment algorithm for RP-ILD associated with anti-
MDAS5 DM. Based on the literature and our own experience, we rec-
ommend pulse methylprednisolone with RTX or combined IV CYC
with a calcineurin inhibitor as induction therapy. Once remission is
achieved, we recommend maintenance therapy with MMF and/or tac.
If patients further deteriorate from hypoxia despite mechanical ven-
tilation support, ECMO bridging to lung transplant is likely the only
life-saving intervention. Post-transplantation, maintenance therapy
would be the same as anti-rejection regimen, a combination of MMF
and tac

there is clearly a window of opportunity for these patients
with RP-ILD to survive and achieve remission (Fig. 1) with
RTX or combined IV CYC with a calcineurin inhibitor as
induction therapy [21]. If patients further deteriorate from
hypoxia despite mechanical ventilation support, ECMO
bridging to lung transplant appears to be the only life-saving
intervention in our case series and other reports [14—16].
Based on this evidence, in an appropriate candidate, we rec-
ommend consulting transplant team early for assessment.

There are several limitations to this study. First, the
patients in this case series may represent more severe disease
spectrum due to referral bias, as we only captured patients
from two major tertiary centres in Canada. Secondly, there is
an overwhelming representation of patients with East Asian
descent in this study. Other ethnic groups are underrepre-
sented. Next, we do not have an MDAS antibody negative
control arm in this study. A comparison group is particularly
important given the prominent ethnic influence on the pat-
terns of anti-MDAS5-positive DM. Lastly, we did not serially
measure MDAS and Ro52 antibody titers throughout treat-
ment to correlate with clinical response, which could be of
important prognostic value.

In summary, we report 21 Canadian cases of anti-MDAS5-
positive DM, the largest North American case series of this
entity to date, describing a broad spectrum of clinical pres-
entations of variable severity and new therapeutic options.
In the face of continued respiratory deterioration despite

ventilatory support, ECMO bridging to lung transplant can
be a life-saving intervention.

Acknowledgements We thank Dr. Rohit Aggarwal for critical review
of the manuscript, Dr. Hamid Tavakoli for statistical analysis, and Lili-
ana Cartagena for her assistance in ethics approval. We also appreciate
Drs. David Collins, Natasha Dehghan and Meghan Hiltz for providing
clinical information of the patients included in this study.

Author contributions KH designed the work, acquired the data, per-
formed the analysis, drafted and revised the manuscript, approved the
final version, and agreed to be accountable for all aspects of the work.
OV acquired the data, revised the manuscript, approved the final ver-
sion, and agreed to be accountable for all aspects of the work. KS
designed the work, acquired the data, revised the draft, approved
the final version, and agreed to be accountable for all aspects of the
work. JY acquired the data, performed the analysis, revised the draft,
approved the final version, and agreed to be accountable for all aspects
of the work. RS acquired the data, interpreted the work, revised the
manuscript, approved the final version, and agreed to be accountable
for all aspects of the work. MN acquired the data, revised the draft,
approved the final version, and agreed to be accountable for all aspects
of the work. JAA-Z designed the work, performed the analysis, revised
the draft, approved the final version, and agreed to be accountable for
all aspects of the work. All co-authors are fully responsible for the
integrity of the study and the final version of the manuscript.

Funding This study did not receive any funding.

Compliance with ethical standards

Conflict of interest Kun Huang declares that she has no conflict of in-
terest. Ophir Vinik declares that he has no conflict of interest. Kam
Shojania declares that he has no conflict of interest. James Yeung de-
clares that he has no conflict of interest. Rachel Shupak declares that
she has no conflict of interest. Michael Nimmo declares that he has
no conflict of interest. Antonio Avina-Zubieta declares that he has no
conflict of interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
This study is approved by research ethics board (REB) at the University
of British Columbia (#H18-03216), Vancouver Coastal Health (#V18-
03216) and the St Michael’s hospital (#18-116). Individual patient’s
consent is not required by REB.

Informed consent This study is approved by research ethics board
(REB) at the University of British Columbia (#H18-03216), Vancouver
Coastal Health (#V18-03216) and the St Michael’s hospital (#18-116).
Individual informed consent was not required by the institution from
each individual participant included in the study.

References

1. Targoff IN (2002) Idiopathic inflammatory myopathy: autoanti-
body update. Curr Rheumatol Rep 4(5):434—-441

2. Barral PM, Sarkar D, Su ZZ, Barber GN, DeSalle R, Racan-
iello VR, Fisher PB (2009) Functions of the cytoplasmic RNA
sensors RIG-I and MDA-5: key regulators of innate immunity.

@ Springer



1980

Rheumatology International (2019) 39:1971-1981

10.

11.

12.

Pharmacol Ther 124(2):219-234. https://doi.org/10.1016/j.pharm
thera.2009.06.012

Fiorentino D, Chung L, Zwerner J, Rosen A, Casciola-Rosen L
(2011) The mucocutaneous and systemic phenotype of dermato-
myositis patients with antibodies to MDAS (CADM-140): a ret-
rospective study. J Am Acad Dermatol 65(1):25-34. https://doi.
org/10.1016/j.jaad.2010.09.016

Chen Z, Cao M, Plana MN, Liang J, Cai H, Kuwana M, Sun L
(2013) Utility of anti-melanoma differentiation-associated gene 5
antibody measurement in identifying patients with dermatomyosi-
tis and a high risk for developing rapidly progressive interstitial
lung disease: a review of the literature and a meta-analysis. Arthri-
tis Care Res (Hoboken) 65(8):1316—1324. https://doi.org/10.1002/
acr.21985

Hamaguchi Y, Kuwana M, Hoshino K, Hasegawa M, Kaji K,
Matsushita T, Komura K, Nakamura M, Kodera M, Suga N,
Higashi A, Ogusu K, Tsutsui K, Furusaki A, Tanabe H, Sasaoka
S, Muro Y, Yoshikawa M, Ishiguro N, Ayano M, Muroi E, Fujik-
awa K, Umeda Y, Kawase M, Mabuchi E, Asano Y, Sodemoto K,
Seishima M, Yamada H, Sato S, Takehara K, Fujimoto M (2011)
Clinical correlations with dermatomyositis-specific autoantibod-
ies in adult Japanese patients with dermatomyositis: a multicenter
cross-sectional study. Arch Dermatol 147(4):391-398. https://doi.
org/10.1001/archdermatol.2011.52

Sato S, Hoshino K, Satoh T, Fujita T, Kawakami Y, Fujita T,
Kuwana M (2009) RNA helicase encoded by melanoma differen-
tiation-associated gene 5 is a major autoantigen in patients with
clinically amyopathic dermatomyositis: association with rapidly
progressive interstitial lung disease. Arthritis Rheum 60(7):2193—
2200. https://doi.org/10.1002/art.24621

Sato S, Hirakata M, Kuwana M, Suwa A, Inada S, Mimori T,
Nishikawa T, Oddis CV, Ikeda Y (2005) Autoantibodies to a 140-
kd polypeptide, CADM-140, in Japanese patients with clinically
amyopathic dermatomyositis. Arthritis Rheum 52(5):1571-1576.
https://doi.org/10.1002/art.21023

Hall JC, Casciola-Rosen L, Samedy LA, Werner J, Owoyemi K,
Danoff SK, Christopher-Stine L (2013) Anti-melanoma differenti-
ation-associated protein 5-associated dermatomyositis: expanding
the clinical spectrum. Arthritis Care Res (Hoboken) 65(8):1307—
1315. https://doi.org/10.1002/acr.21992

Hoa S, Troyanov Y, Fritzler MJ, Targoft IN, Chartrand S, Mansour
AM, Rich E, Boudabbouz H, Bourre-Tessier J, Albert M, Goulet
JR, Landry M, Senecal JL (2018) Describing and expanding the
clinical phenotype of anti-MDA5-associated rapidly progressive
interstitial lung disease: case series of nine Canadian patients and
literature review. Scand J Rheumatol 47(3):210-224. https://doi.
org/10.1080/03009742.2017.1334814

Koga T, Fujikawa K, Horai Y, Okada A, Kawashiri SY, Iwa-
moto N, Suzuki T, Nakashima Y, Tamai M, Arima K, Yamasaki
S, Nakamura H, Origuchi T, Hamaguchi Y, Fujimoto M, Ishi-
matsu Y, Mukae H, Kuwana M, Kohno S, Eguchi K, Aoyagi K,
Kawakami A (2012) The diagnostic utility of anti-melanoma dif-
ferentiation-associated gene 5 antibody testing for predicting the
prognosis of Japanese patients with DM. Rheumatology (Oxford)
51(7):1278-1284. https://doi.org/10.1093/rheumatology/ker518

Labrador-Horrillo M, Martinez MA, Selva-O’Callaghan A, Tral-
lero-Araguas E, Balada E, Vilardell-Tarres M, Juarez C (2014)
Anti-MDAS antibodies in a large Mediterranean population of
adults with dermatomyositis. ] Immunol Res 2014:290797. https
://doi.org/10.1155/2014/290797

Moghadam-Kia S, Oddis CV, Sato S, Kuwana M, Aggarwal R
(2017) Antimelanoma differentiation-associated gene 5 antibody:
expanding the clinical spectrum in North American patients
with dermatomyositis. J] Rheumatol 44(3):319-325. https://doi.
org/10.3899/jrheum. 160682

@ Springer

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Ye S, Chen XX, Lu XY, Wu MF, Deng Y, Huang WQ, Guo Q,
Yang CD, Gu YY, Bao CD, Chen SL (2007) Adult clinically
amyopathic dermatomyositis with rapid progressive intersti-
tial lung disease: a retrospective cohort study. Clin Rheumatol
26(10):1647-1654. https://doi.org/10.1007/s10067-007-0562-9

. Shoji T, Bando T, Fujinaga T, Chen F, Sasano H, Yukawa N,

Mimori T, Date H (2013) Living-donor lobar lung transplanta-
tion for rapidly progressive interstitial pneumonia associated with
clinically amyopathic dermatomyositis: report of a case. Gen
Thorac Cardiovasc Surg 61(1):32-34. https://doi.org/10.1007/
s11748-012-0106-3

Kim J, Kim YW, Lee SM, Kim YS, Kim YT, Song YW (2009)
Successful lung transplantation in a patient with dermatomyositis
and acute form of interstitial pneumonitis. Clin Exp Rheumatol
27(1):168-169

Leclair V, Labirua-Iturburu A, Lundberg IE (2018) Successful
lung transplantation in a case of rapidly progressive interstitial
lung disease associated with antimelanoma differentiation-asso-
ciated gene 5 antibodies. J Rheumatol 45(4):581-583. https://doi.
org/10.3899/jrheum. 171047

Abe Y, Matsushita M, Tada K, Yamaji K, Takasaki Y, Tamura N
(2017) Clinical characteristics and change in the antibody titres
of patients with anti-MDAS antibody-positive inflammatory
myositis. Rheumatology (Oxford) 56(9):1492-1497. https://doi.
org/10.1093/rheumatology/kex 188

. Oddis CV, Aggarwal R (2018) Treatment in myositis. Nat

Rev Rheumatol 14(5):279-289. https://doi.org/10.1038/nrrhe
um.2018.42

Witt LJ, Demchuk C, Curran JJ, Strek ME (2016) Benefit of
adjunctive tacrolimus in connective tissue disease-interstitial
lung disease. Pulm Pharmacol Ther 36:46-52. https://doi.
org/10.1016/j.pupt.2015.12.004

Kurita T, Yasuda S, Oba K, Odani T, Kono M, Otomo K, Fujieda
Y, Oku K, Bohgaki T, Amengual O, Horita T, Atsumi T (2015)
The efficacy of tacrolimus in patients with interstitial lung dis-
eases complicated with polymyositis or dermatomyositis. Rheu-
matology (Oxford) 54(8):1536. https://doi.org/10.1093/rheum
atology/kev192

Matsushita T, Mizumaki K, Kano M, Yagi N, Tennichi M,
Takeuchi A, Okamoto Y, Hamaguchi Y, Murakami A, Hasegawa
M, Kuwana M, Fujimoto M, Takehara K (2017) Antimelanoma
differentiation-associated protein 5 antibody level is a novel tool
for monitoring disease activity in rapidly progressive interstitial
lung disease with dermatomyositis. Br J] Dermatol 176(2):395—
402. https://doi.org/10.1111/bjd.14882

Nakashima R, Mimori T (2013) Anti-MDAS (melanoma differ-
entiation-associated gene 5) antibody and dermatomyositis with
rapidly progressive interstitial pneumonia. Nihon Rinsho Meneki
Gakkai Kaishi 36(2):71-76

Andersson H, Sem M, Lund MB, Aalokken TM, Gunther A,
Walle-Hansen R, Garen T, Molberg O (2015) Long-term experi-
ence with rituximab in anti-synthetase syndrome-related intersti-
tial lung disease. Rheumatology (Oxford) 54(8):1420-1428. https
://doi.org/10.1093/rheumatology/kev004

Bauhammer J, Blank N, Max R, Lorenz HM, Wagner U, Krause
D, Fiehn C (2016) Rituximab in the treatment of Jol antibody-
associated antisynthetase syndrome: anti-Ro52 positivity as
a marker for severity and treatment response. J] Rheumatol
43(8):1566—1574. https://doi.org/10.3899/jrheum.150844
Berianu F, Maya VJ, Wang B (2018) MDA 5 dermatomyosistis
and response to rituximab in a small cohort at our institution. Ann
Rheum Dis 77(Supplement 2):1515

Patel A, Warrior K, Yoder MA (2018) Organizing pneumonia
as the presenting symptom of anti-mda5 amyopathic dermato-
myositis. In: American Journal of Respiratory and Critical Care


https://doi.org/10.1016/j.pharmthera.2009.06.012
https://doi.org/10.1016/j.pharmthera.2009.06.012
https://doi.org/10.1016/j.jaad.2010.09.016
https://doi.org/10.1016/j.jaad.2010.09.016
https://doi.org/10.1002/acr.21985
https://doi.org/10.1002/acr.21985
https://doi.org/10.1001/archdermatol.2011.52
https://doi.org/10.1001/archdermatol.2011.52
https://doi.org/10.1002/art.24621
https://doi.org/10.1002/art.21023
https://doi.org/10.1002/acr.21992
https://doi.org/10.1080/03009742.2017.1334814
https://doi.org/10.1080/03009742.2017.1334814
https://doi.org/10.1093/rheumatology/ker518
https://doi.org/10.1155/2014/290797
https://doi.org/10.1155/2014/290797
https://doi.org/10.3899/jrheum.160682
https://doi.org/10.3899/jrheum.160682
https://doi.org/10.1007/s10067-007-0562-9
https://doi.org/10.1007/s11748-012-0106-3
https://doi.org/10.1007/s11748-012-0106-3
https://doi.org/10.3899/jrheum.171047
https://doi.org/10.3899/jrheum.171047
https://doi.org/10.1093/rheumatology/kex188
https://doi.org/10.1093/rheumatology/kex188
https://doi.org/10.1038/nrrheum.2018.42
https://doi.org/10.1038/nrrheum.2018.42
https://doi.org/10.1016/j.pupt.2015.12.004
https://doi.org/10.1016/j.pupt.2015.12.004
https://doi.org/10.1093/rheumatology/kev192
https://doi.org/10.1093/rheumatology/kev192
https://doi.org/10.1111/bjd.14882
https://doi.org/10.1093/rheumatology/kev004
https://doi.org/10.1093/rheumatology/kev004
https://doi.org/10.3899/jrheum.150844

Rheumatology International (2019) 39:1971-1981

1981

217.

28.

29.

30.

31.

32.

33.

Medicine Conference: American Thoracic Society International
Conference, ATS 197 (MeetingAbstracts)

Mohammed A, Torres C, AlNabulsi M, Smith SB (2018) A
fatal case of anti-MDAJ5 antibody positive clinically amyopathic
dermatomyositis (CADM) associated with rapidly progressive
interstitial lung disease. In: American Journal of Respiratory and
Critical Care Medicine Conference: American Thoracic Society
International Conference, ATS 197 (MeetingAbstracts)

Alqatari S, Riddell P, Harney S, Henry M, Murphy G (2018)
MDA-5 associated rapidly progressive interstitial lung disease
with recurrent Pneumothoraces: a case report. BMC Pulm Med
18(1):59. https://doi.org/10.1186/s12890-018-0622-8

So H, Wong VTL, Lao VWN, Pang HT, Yip RML (2018) Rituxi-
mab for refractory rapidly progressive interstitial lung disease
related to anti-MDAS antibody-positive amyopathic dermatomy-
ositis. Clin Rheumatol 37(7):1983-1989. https://doi.org/10.1007/
s10067-018-4122-2

Ogawa Y, Kishida D, Shimojima Y, Hayashi K, Sekijima Y (2017)
Effective administration of rituximab in anti-MDAS antibody-pos-
itive dermatomyositis with rapidly progressive interstitial lung
disease and refractory cutaneous involvement: a case report and
literature review. Case Rep Rheumatol 2017:5386797. https://doi.
org/10.1155/2017/5386797

Oberg CL, Hiensch R, Dua S (2017) Dermatomyositis and asso-
ciated vasculopathy causing tracheal necrosis and spontaneous
pneumomediastinum. In: American Journal of Respiratory and
Critical Care Medicine Conference: American Thoracic Society
International Conference, ATS 195 (no pagination)

Sultan S, Bosak A, Ardiles T, Whiting T, Saggar R (2017) Treat-
ment of rapidly progressive interstitial lung disease with positive
melanoma differentiation associated gene 5 with amyopathic der-
matomyositis using lung rest ventilation with extracorporeal mem-
brane oxygenation with corticosteroids, rituximab, and cellcept.
In: American Journal of Respiratory and Critical Care Medicine
Conference: American Thoracic Society International Conference,
ATS 195 (no pagination)

Koichi Y, Aya Y, Megumi U, Shunichi K, Masafumi S, Hiroaki
M, Masahiko K, Shinsuke K, Manabu U, Kenichiro H, Fumiaki
A, Nozomi A, Toshitaka M, Masayoshi Y, Chikako K, Yoshinao

Affiliations

Kun Huang'

- Ophir Vinik3® . Kam Shojania'

J. Antonio Avina-Zubieta'*

Division of Rheumatology, University of British Columbia,
706-13737 96 Ave, Surrey, BC V3V 0C6, Canada

Department of Pathology and Laboratory Medicine,
University of British Columbia, Vancouver, Canada

34.

35.

36.

37.

38.

39.

M, Tatsuo S, Masahiko K (2017) A case of anti-MDAS5-positive
rapidly progressive interstitial lung disease in a patient with clini-
cally amyopathic dermatomyositis ameliorated by rituximab, in
addition to standard immunosuppressive treatment. Mod Rheuma-
tol 27(3):536-540. https://doi.org/10.3109/14397595.2015.10141
40

Tokunaga K, Hagino N (2017) Dermatomyositis with rapidly pro-
gressive interstitial lung disease treated with rituximab: a report
of 3 cases in Japan. Intern Med 56(11):1399-1403. https://doi.
org/10.2169/internalmedicine.56.7956

Watanabe R, Ishii T, Araki K, Ishizuka M, Kamogawa Y, Fujita
Y, Shirota Y, Fujii H, Harigae H (2016) Successful multi-target
therapy using corticosteroid, tacrolimus, cyclophosphamide,
and rituximab for rapidly progressive interstitial lung disease
in a patient with clinically amyopathic dermatomyositis. Mod
Rheumatol 26(3):465-466. https://doi.org/10.3109/14397
595.2015.1012797

Hershberger D (2016) Rapidly progressive hypoxic respiratory
failure after a rash: a case of clinically amyopathic dermatomy-
ositis (CADM)-associated ILD. Chest 150(4 Supplement 1):509A
Yokochi R, Tokunaga K, Takenouchi S, Muranaka K, Shinozaki
M, Hagino N (2016) Dermatomyositis (DM) with positive anti-
melanoma differentiation associated gene 5 (MDAS) antibody-
report of the five cases. Int J Rheum Dis 19(Supplement 2):59
Gil B, Merav L, Pnina L, Chagai G (2016) Diagnosis and treat-
ment of clinically amyopathic dermatomyositis (CADM): a case
series and literature review. Clin Rheumatol 35(8):2125-2130.
https://doi.org/10.1007/s10067-015-2928-8

Clottu A, Laffitte E, Prins C, Chizzolini C (2012) Response of
mucocutaneous lesions to rituximab in a case of melanoma dif-
ferentiation antigen 5-related dermatomyositis. Dermatology
225(4):376-380. https://doi.org/10.1159/000346573

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- James Yeung'

- Rachel Shupak®® - Michael Nimmo?

Division of Rheumatology, Saint Michael’s Hospital,
Toronto, Canada

Arthritis Research Canada, University of British Columbia,
Vancouver, Canada

@ Springer


https://doi.org/10.1186/s12890-018-0622-8
https://doi.org/10.1007/s10067-018-4122-2
https://doi.org/10.1007/s10067-018-4122-2
https://doi.org/10.1155/2017/5386797
https://doi.org/10.1155/2017/5386797
https://doi.org/10.3109/14397595.2015.1014140
https://doi.org/10.3109/14397595.2015.1014140
https://doi.org/10.2169/internalmedicine.56.7956
https://doi.org/10.2169/internalmedicine.56.7956
https://doi.org/10.3109/14397595.2015.1012797
https://doi.org/10.3109/14397595.2015.1012797
https://doi.org/10.1007/s10067-015-2928-8
https://doi.org/10.1159/000346573
http://orcid.org/0000-0002-0242-6959
http://orcid.org/0000-0002-5691-857X
http://orcid.org/0000-0003-2525-3744
http://orcid.org/0000-0001-7506-2650
http://orcid.org/0000-0001-9028-5238
http://orcid.org/0000-0003-2295-887X
http://orcid.org/0000-0001-5526-663X

	Clinical spectrum and therapeutics in Canadian patients with anti-melanoma differentiation-associated gene 5 (MDA5)-positive dermatomyositis: a case-based review
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Results
	Group 1: patients with RP-ILD
	Group 2: patients with symptomatic and chronic ILD
	Group 3: patients with refractory cutaneous disease and asymptomatic ILD
	Group 4: patients with well-controlled skin disease and asymptomatic ILD

	Discussion
	Lung transplant for RP-ILD
	Prognostic factors
	Treatment of ILD

	Acknowledgements 
	References




