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Abstract
Objective
Anti-melanoma differentiation-associated protein-5 (MDAS) autoantibodies (Abs) are associated with rapidly
progressive interstitial lung disease (RP-ILD) in dermatomyositis (DM). Because the addition of plasma exchange
(PE) and rituximab (RTX) to triple therapy is inadequate in severe cases, we treat such cases with intensive induction
therapy (IIT) combining all these options with tofacitinib (TOF). In this study, we investigated the poor prognostic
Jactors and the efficacy and safety of IIT.

Methods
Thirty-three patients diagnosed with anti-MDAS5 Ab-positive DM in our institution between 2014 and 2021 were
included. The clinical characteristics of poor prognosis were retrospectively analysed using principal component
analysis (PCA), and the outcomes of IIT were analysed in terms of survival, assessed using the Kaplan-Meier test,
and adverse events.

Results
Although triple therapy with RTX, PE, or intravenous immunoglobulin was administered before the introduction
of IIT, eight of 12 RP-ILD cases with a ferritin level >400 ng/mL (mean, 2,342) died within a median of 2.5 months.
PCA revealed distinct clusters for prognosis, and age and serum ferritin were leading predictors of the prognosis.
IIT, consisting of combinations of triple therapy with higher doses of methylprednisolone, PE, RTX, and TOF, was
applied to eight patients (mean ferritin, 3,558). Although two patients died even with these regimens, a significant
improvement in survival was documented. Several IIT-related adverse events were observed, including viral and
fungal infections and cytopenia.

Conclusion
1IT significantly improved the survival of patients with severe anti-MDAS Ab-positive RP-ILD. Although infections

are noted, their benefits outweigh the risks in younger patients with high serum ferritin levels.

Key words
dermatomyositis, MDAS, plasma exchange, rituximab, tofacitinib

Clinical and Experimental Rheumatology 2023; 41: 291-300.



IIT in anti-MDAS Ab-positive DM / T. Shirai et al.

Tsuyoshi Shirai, MD, PhD

Tomoaki Machiyama, MD, PhD
Hiroko Sato, MD, PhD

Tomonori Ishii, MD, PhD

Hiroshi Fujii, MD, PhD

Please address correspondence to:
Tsuyoshi Shirai

Department of Rheumatology,
Tohoku University Hospital,

1-1 Seiryo-machi, Aoba-ku, Sendai,
Miyagi 980-8574, Japan.

E-mail: tsuyoshirajp@med .tohoku.ac jp
ORCiD iD: 0000-0002-6295-3494

Received on October 21, 2022; accepted
in revised form on January 13, 2023.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2023.

Funding: this work was supported by
JSPS KAKENHI (21K08469) to T. Shirai.

Competing interests: none declared.

292

Introduction

Rapidly progressive interstitial lung
disease (RP-ILD) associated with anti-
melanoma  differentiation-associated
protein 5 (MDAS) autoantibody (Ab)-
positive dermatomyositis (DM) is a
life-threatening autoimmune condition.
The clinical course is rapid, leading to
death within three months of symptom
onset. Although triple therapy consist-
ing of corticosteroids, cyclophospha-
mide, and tacrolimus has been consid-
ered as standard therapy (1) and addi-
tional treatments including plasma ex-
change (PE) (2) and rituximab (RTX)
(3) have been reported, the survival
rate of patients with poor prognostic
factors is poor even on application of
these treatments. Recently, there has
been increasing evidence on the effi-
cacy of tofacitinib (TOF) in refractory
DM (4-6). We treated anti-MDAS5 Ab-
positive RP-ILD with multiple poor
prognostic factors with intensive in-
duction therapy (IIT) which combined
triple therapy, PE, RTX, and TOF (7;
8). Although several studies have re-
ported the efficacy of the addition of
PE, RTX, or TOF to triple therapy in
anti-MDAS Ab-positive RP-ILD, data
presenting a combination of all these
available options are lacking. In this
study, we investigated the therapeutic
efficacy and safety of IIT in patients
with anti-MDAS Ab-positive RP-ILD
and multiple poor prognostic factors.

Materials and methods

Patients

This study included 33 consecutive
patients with anti-MDAS Ab-positive
DM who were treated in our depart-
ment between 2014 and 2021. All pa-
tients were positive for anti-MDAS
Ab, and their diagnoses were based on
the criteria of Bohan and Peter (9) or
Sontheimer for clinically amyopathic
DM (10). RP-ILD was defined as the
presence of progressive dyspnoea,
hypoxaemia, and interstitial lesions
on chest radiography or computed to-
mography (CT) within a few months of
the onset of respiratory symptoms (2).
Figure 1A shows the outline of patients
included in this study. 17 patients were
treated during 2014-2018, and nine pa-
tients survived (group 1) and eight pa-

tients died (group 2). 16 patients were
treated during 2019-2021, in which
eight patients who were considered
fatal received IIT (group 3) and eight
patients did not receive IIT (group 4).

Treatment regimen of patients

Until 2018, patients with progressive
disease had been initially treated with
triple therapy (steroid pulse followed
by 1-1.5mg/kg/day of prednisolone
(PSL), intravenous cyclophosphamide
(IVCY), and tacrolimus) and other in-
terventions including PE, intravenous
immunoglobulin (IVIG), and/or RTX
at the attending physician’s discretion.
In 2019, the use of TOF was initiated,
and patients who were considered at
risk for a lethal course, which were
determined by the discussion in our
department while considering the clini-
cal characteristics for poor prognosis,
were treated with IIT. The regimen of
IIT is as follows: corticosteroid, a. 1
g of methylprednisolone, tapering to
1 mg/kg by half every three to seven
days b. dexamethasone palmitate 2.5
mg/day until the dose of corticosteroid
became equivalent to 1mg/kg of PSL;
immunosuppressants, a. IVCY 500-
750 mg every two weeks according to
the white blood cell counts, b. tacroli-
mus targeting trough level of 10-12
ng/mL, c. RTX 500 mg/w, d. TOF 10
mg/day; and PE, three days per week
according to the condition, and one
volume of plasma per session was re-
moved and replaced with fresh frozen
plasma. In IIT group, TOF and PE were
initiated simultaneously with steroid
pulse. RTX was also simultaneously
administered except for two patients in
whom RTX was administered within a
few weeks when worsening ILD was
confirmed.

Study design

Medical records were retrospectively
assessed for the following informa-
tion: sex, age, duration until treatment
(months), which indicates the duration
required to get treatment for ILD after
developing initial symptoms, labora-
tory data including serum ferritin, the
number of affected lung lobes among
six lobes on CT, SpO,, oxygen use,
treatments, outcomes including death
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for any reasons, and adverse events.
MCK model was calculated as previ-
ously published(11). The clinical data
were collected up to 36 months after
the development of initial symptoms
of anti-MDAS Ab-positive DM. The
clinical characteristics of poor progno-
sis were retrospectively analysed, and
the outcomes of IIT were analysed in
terms of survival and adverse events.
The study protocol complied with the
principles of the Declaration of Hel-
sinki and was approved by the Ethics
Committee of the Tohoku University
Graduate School of Medicine (refer-
ence number: 2021-1-917). Written
informed consent was not required ow-
ing to the retrospective observational
nature of the study. Written informed
consent in off-label use of TOF, dexa-
methasone palmitate, and PE was ob-
tained from patients.

Statistical analysis

All statistical analyses except for clus-
ter analysis were performed using
GraphPad Prism 9 (GraphPad, San
Diego, CA, USA) software. Principal
component analysis (PCA) was used to
analyse multivariate parameters (12).
The Mann-Whitney U-test or t-test was
used for continuous data, and the chi-
squared or Fisher’s exact test was used
for binary data. The cumulative surviv-
al rate was calculated using the Kaplan-
Meier test. The log-rank test was also
used to compare survival. Cluster anal-
ysis was performed using JMP software
(JMP Pro 16, SAS Institute, Cary, NC,
USA). Statistical significance was set at
p<0.05.

Results

Survival rates before

introduction of IIT

The clinical characteristics of patients
during 2014-2018 and 2019-2021 were
shown in Table I. Seventeen patients
were treated before the introduction of
TOF, and survival rate was 53% (Table
I, Fig. 1B). Although all patients who
died were treated with triple therapy
with or without the additional use of
RTX, PE, or IVIG, eight out of 12 RP-
ILD cases with a ferritin level >400 ng/
mL (range, 402.5-5,831; mean, 2,342
+ 2,069) died within a median of 2.5

Clinical and Experimental Rheumatology 2023

IIT in anti-MDAS Ab-positive DM / T. Shirai et al.

Table I. Clinical characteristics of patients with anti-MDAS antibody-positive dermatomy-

ositis before and after the introduction of IIT.

2014-2018 2019-2021 p-value
n=17 n=16

Male 3 (17.6%) 3 (18.8%) 0.93
Age 504 +17.8 53.8 +14.5 0.63
Duration till treatment from initial 33+£26 22+20 0.17

symptoms (months)
Serum ferritin (ng/mL) 1221 £ 1761 1528 +£2222 0.66
ILD 17 (100%) 16 (100%) 1.0
RP-ILD 12 (70.6%) 13 (81.3%) 0.48
Lung lesion 28+14 35+1.6 0.18
SpO, 95328 94.1+£39 0.23
Oxygen use 3 (17.6%) 5 (31.3%) 0.36
MCK score 0.28

0 8 (47.1%) 7 (43.8%)

1 8 (47.1%) 5 (31.3%)

2 1 (59%) 4 (25%)
Irreversible respiratory dysfunction 8 (47.1%) 2 (12.5%) 0.03
Pre-existing structural lung disease 1 (5.9%) 2 (12.5%) 0.51
Dysphagia 3 (17.6%) 4 (25%) 0.61
Smoking history 3 (17.6%) 3 (18.8%) 0.93
Positive ventilation on admission 0 (0%) 0 (0%) 1.0
Triple therapy 14 (82.4%) 16 (100%) 0.09
RTX 7 (41.1%) 8 (50%) 0.61
PE 6 (35.3%) 9 (56.3%) 0.23
IVIG 4 (23.5%) 1 (6.3%) 0.17
TOF 0 (0%) 13 (81.3%) 0.0001
Death 8 (47.1%) 2 (12.5%) 0.03

IIT: intensive induction therapy; ILD: interstitial lung disease; IVIG: intravenous immunoglobulin;
PE: plasma exchange; RP-ILD: rapidly progressive-interstitial lung disease; RTX: rituximab; TOF:

tofacitinib.

Lung lesion indicates the number of the affected lung lobes. The Mann-Whitney U-test or t-test was
used for continuous data, and the Fisher’s exact test was used for binary data.

months after the development of clini-
cal symptoms (Table II, G1:G2; Fig.
1C). Furthermore, all patients with fer-
ritin level >1.000 ng/mL died within
2.5 months. Meanwhile, all patients
with ferritin levels of <400 ng/mL
survived. Higher serum ferritin levels
were observed in older patients (Fig.
1D); therefore, death was observed in
patients older than 45 years in our co-
hort (Fig. 1E). Although PE and RTX
were administered to some patients
from the beginning of treatment, early
death could not be prevented compared
with triple therapy alone, as shown in
Figure 1F. IVIG was attempted as an
escalation therapy in four patients, and
its efficacy was not apparent.

Predictive factors for lethal

course before introduction of lIT

All male patients and patients requir-
ing oxygen became lethal in our cohort
until 2018, and older age, shorter du-
ration until treatment, higher levels of
serum ferritin, more involvement of

lung lesions, and lower SpO, were sig-
nificantly different between the alive
and dead patients (Table II). Impor-
tantly, distinct clusters differentiating
dead and alive were formed by such
clinical parameters (Fig. 2A). To visu-
alise the contribution of the influenc-
ing factors, PCA was performed using
multiple factors, including clinical and
laboratory data (Fig. 2B, C). Live pa-
tients were closely clustered (Fig. 2B),
which was characterised by maintained
levels of serum albumin, blood cell
counts, SpO,, and longer duration un-
til treatment (Fig. 2C). In contrast, two
clusters were observed in patients who
died. One was characterised by higher
levels of serum ferritin and other de-
viation enzymes and comprised men.
The other was characterised by older
age, lung involvement, Krebs von
den lungen-6 (KL-6), and elevated C-
reactive protein (CRP) levels. The re-
ceiver-operating characteristic (ROC)
curve predicting death was evaluated,
and a high area under the curve (AUC)
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Fig. 1. Survival of patients before introduction of intensive induction therapy.

A. Outline of patients included in this study. B. Sur

vival curve of patients with anti-melanoma differen-

tiation-associated protein-5 autoantibody-positive dermatomyositis before intensive induction therapy.
C. Survival curves according to the corresponding levels of serum ferritin. <400: n=8; >400: n=9;

>500: n=8; and >1000: n=4. D. Serum ferritin le
patients, and red indicates dead patients. E. Surviv
F. Survival curves in patients treated with triple the

vels and age in each patient. Black indicates alive
al curves according to age. <45: n=6 and >45: n=11.
rapy alone (n=2), addition of either rituximab (n=7),

plasma exchange (n=6), or intravenous immunoglobulin (n=4).

of serum ferritin (cut-off, 487 ng/mL;
AUC, 0.94), age (cut-off, 51; AUC,
0.92), and prediction value by PCA
component (AUC, 0.99) were shown
(Fig- 2D-F). Most patients partially
responded to treatment during steroid
pulse therapy, and mild improvements
in general symptoms, cutaneous le-
sions, and laboratory data were ob-
served. However, these mild improve-
ments were followed by exacerbation
of lung lesions, and in such situations,
the addition of multiple treatments was
not successful.
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Survival rates after

introduction of IIT

Because the addition of RTX and PE to
triple therapy was insufficient to save
severe RP-ILD in anti-MDAS Ab-pos-
itive DM, prevention of the initial ex-
acerbation of ILD was considered im-
portant. Based on these observations,
de-escalation therapy was considered
desirable, and TOF was used because
some reports suggested its effective-
ness in anti-MDAS Ab-positive DM
(4-6). However, the effectiveness of PE
and RTX has also been reported, and

the exclusion of these treatments was
difficult. Therefore, IIT consisted of the
following: triple therapy with decreas-
ing the dose of methylprednisolone by
half from 1 g to 1 mg/kg in three to
five days, liposteroid to suppress mac-
rophage activity, and TOF, PE, and
RTX during the initial induction phase.
IIT was applied in eight patients (fer-
ritin levels: range, 412.2-7,095 ng/mL,;
mean, 3,558+3,152 ng/mL) with mul-
tiple poor prognostic factors including
serum ferritin levels, age, and predic-
tion by PCA (Fig. 3A). Most of patients
with serum ferritin level >500 ng/mL
were treated with IIT without one pa-
tient whose age and serum ferritin level
were 81 and 563.9 ng/mL, respectively.
Baseline clinical characteristics were
similar between patients who died dur-
ing 2014-2018 and patients treated with
IIT (Table II, G2:G3). After introduc-
tion of IT (2019-2021), significant
improvement of survival was observed
in total population compared with his-
torical control (Fig. 3B). Early death
within 2.5 months was avoided except
for one patient, and the survival rate of
patients with high levels of serum fer-
ritin was also significantly improved
compared to that of historical con-
trol (Fig. 3C). Death at two and eight
months in the IIT group was due to
the exacerbation of ILD. Initial RTX
administration was avoided in two pa-
tients because of the high intensity of
immunosuppression; exacerbation of
ILD was observed in a few weeks in
both patients, which prompted the use
of RTX. Among these two patients,
one patient survived and another pa-
tient died at eight months. The clini-
cal characteristics of patients who died
during IIT are summarised in Table
III. Both patients who died manifested
rapid progression of ILD on admission,
and a different approach is still needed
in such situations. Gono et al. built a
MCK model based on anti-MDAS5 Ab,
levels of CRP, and KL-6 for predicting
prognosis (11). Risk score was defined
as 0-2 according to the presence of
CRP =0.8 mg/dL and KL-6 =1,000 U/
mL. Survival curves according to the
MCK model is shown in Figure 3D,
showing the tendency for the improve-
ment of survival in each group.
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Table II. Clinical characteristics of patients in each group.

2014-2018 2019-2021 p-value

Group 1 Group 2 Group 3 Group 4 Gl1:G2 G2:G3 G3:G4

Alive (n=9) Dead (n=8) IIT+ (n=8) IIT- (n=8)
Male 0 (0%) 3 (37.5%) 3 (37.5%) 0 (0%) 0.082 1.0 0.2
Age 38.7+13.7 63.5+11.7 51.8+09.1 558 £18.9 0.0018 0.05 0.59
Duration till treatment from initial 5027 1.6+1.1 15+14 28+24 0.0057 0.57 0.082

symptoms (months)

Serum ferritin (ng/mL) 225 + 288 2342 + 2069 2760 + 2661 296 + 163 0.0019 0.65 0.0006

(17.3-891.7) (402.5-5831) (412.2-7095) (63.8-563.9)
ILD 9 (100%) 8 (100%) 8 (100%) 8 (100%) 1.0 1.0 1.0
RP-ILD 4 (44.4%) 8 (100%) 8 (100%) 5 (62.5%) 0.03 1.0 0.2
Lung lesion 2.1+03 36+1.7 45+1.7 26+0.7 0.023 049 0.046
SpO, 96.8 £0.8 93.6+33 92.1+3.8 96.0 + 3.0 0.032 0.55 0.021
Oxygen use 0 (0%) 3 (37.5%) 5 (62.5%) 0 (0%) 0.082 0.62 0.026
MCK score 0.45 0.23 0.04

0 4 (44.4%) 4 (50%) 1 (12.5%) 6 (75%)

1 5 (55.6%) 3 (37.5%) 4 (50%) 1 (12.5%)
2 0 (0%) 1 (12.5%) 3 (37.5%) 1 (12.5%)

Irreversible respiratory dysfunction 0 (0%) 8 (100%) 2 (25%) 0 (0%) 0.0001  0.002 0.24
Pre-existing structural lung disease 0 (0%) 1 (12.5%) 2 (25%) 0 (0%) 0.27 0.52 0.45
Dysphagia 0 (0%) 3 (37.5%) 3 (37.5%) 1 (12.5%) 0.21 1.0 0.57
Smoking history 1 (11.1%) 2 (25%) 2 (25%) 1 (12.5%) 0.58 1.0 1.0
Positive ventilation on admission 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.0 1.0 1.0
Triple therapy 6 (66.6%) 8 (100%) 8 (100%) 8 (100%) 0.21 1.0 1.0
RTX 2 (22.2%) 5 (62.5%) 8 (100%) 0 (0%) 0.15 0.2 0.0002
PE 1 (11.1%) 5 (62.5%) 8 (100%) 1 (12.5%) 0.049 02 0.0014
IVIG 1 (11.1%) 3 (37.5%) 1 (12.5%) 0 (0%) 0.29 0.57 1.0
TOF 0 (0%) 0 (0%) 8 (100%) 5 (62.5%) 1.0 0.0002 0.20
Death 0 (0%) 8 (100%) 2 (25%) 0 (0%) <0.0001  0.007 047

IIT: intensive induction therapy; ILD: interstitial lung disease; IVIG: intravenous immunoglobulin; PE: plasma exchange; RP-ILD: rapidly progressive-
interstitial lung disease; RTX: rituximab; TOF: tofacitinib.
Lung lesion indicates the number of the affected lung lobes. The Mann-Whitney U-test or t-test was used for continuous data, and the Fisher’s exact test

was used for binary data.

Predictive factors for lethal course

We performed PCA in patients in this
study, except in those who survived
with the use of TOF (Fig. 4A, B). The
results were similar but became clearer
compared with Figure 2B and C. Alive
patients were characterised by main-
tained levels of serum albumin, blood
cell counts, and SpO,, and dead pa-
tients were characterised by higher lev-
els of serum ferritin and other deviation
enzymes, or higher age, lung involve-
ment, and CRP levels. The ROC curve
predicting death was evaluated, and
a high AUC of PC1 (AUC, 0.98) and
PC1 + PC2 (AUC, 0.99) was observed
(Fig. 2C and D). Among multiple fac-
tors, serum ferritin was the best indica-
tor of death (cut-off, 412; AUC, 0.97).

Adverse events in IIT

Several adverse events were observed
in the IIT group (Table IV). The most
common event was reactivation of
cytomegalovirus (75%), while herpes
zoster was reported in one case which

Clinical and Experimental Rheumatology 2023

was not during the induction phase.
Haemorrhagic cystitis was observed
in one patient, in whom the BK virus
and adenovirus were detected. Fungal
infections of the lungs were also docu-
mented. Three cases were Aspergillus
infections, and one patient was diag-
nosed with Nocardia infection. These
infections were successfully controlled
by supportive care together with an-
tiviral or antifungal drugs. Sustained
leukocytopenia and thrombocytopenia
were observed in three patients. Gran-
ulocyte-colony stimulating factor was
administered, and cytopenia improved
within weeks. Although schistocytes
were detected in two patients and
complications of thrombotic micro-
angiopathy (TMA) were considered,
no significant clinical and laboratory
manifestations were observed. How-
ever, this led to tacrolimus discontinu-
ation. One patient who died after eight
months was proven to have pulmonary
alveolar proteinosis (PAP) on autopsy,
although it coexisted with severe pul-

monary fibrosis and the cause of death
was considered to be ILD.

Discussion

The survival rate of patients with anti-
MDAS5 Ab-positive DM differs among
studies, possibly due to the heterogene-
ity of the disease and the different situa-
tions of institutions reporting outcomes.
Nakashima et al. reported the efficacy
of triple therapy in 14 patients with a
survival rate of 75% (13). So et al. re-
cently reported 116 patients, of whom
100 (86.2%) had ILD, 47 (40.5%) had
RP-ILD, and 44 (37.9%) patients died
(14). Therefore, the prognosis of anti-
MDAS5 Ab-positive RP-ILD differs
among studies and remains poor.

On the other hand, some studies, in-
cluding ours, presented older age as a
poor prognostic factor (8); conversely,
younger patients presenting with minor
lung involvement might not necessar-
ily require intensive immunosuppres-
sion (15). Anti-MDAS Ab can be posi-
tive in patients previously diagnosed
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Fig. 2. Principal component analysis of patients before the introduction of intensive induction therapy.
A: Cluster analysis of patients treated during 2014-2018 based on the clinical parameters. Red indicates alive patients and green indicates dead patients.

B-C: Principal component analysis (PCA) of 17 patients with anti-MDAS Ab-positive dermatomyositis before the introduction of intensive induction
therapy. B: Plots of each patient according to the PC scores. Red indicates dead patients and black indicates alive patients. C: The contribution of each load-

ing to the PC is shown.

D-F: ROC analysis for death by serum ferritin level (D), age (E), and prediction by PCA (F).
Anti-MDAS-Ab: anti-melanoma differentiation-associated protein-5 autoantibodies; ROC: receiver operating characteristic.

1 - Specificity

with clinically amyopathic DM with
minimal lung involvement, who had
been treated with topical medications.
Because of the increasing availability
of detection methods for anti-MDAS
Ab, diagnosis of such mild cases would
also be increasing; therefore, over-
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treatment should be avoided in such
patients.

Several other factors have been re-
ported as poor prognostic factors. Se-
rum ferritin level was the most predic-
tive factor in this study, as reported by
Gono et al. (16). Interestingly, PCA re-

vealed that one of the clusters of lethal
cases was characterised by high serum
ferritin levels and elevated deviation
enzymes. This suggests an aberrantly
activated cytokine network in this
population, and male patients seemed
to be susceptible. The association of
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patients in whom IIT was not performed.

CNi: calcineurin inhibitor; CS: corticosteroid; IVCY: intravenous cyclophosphamide; IVIG: intrave-
nous immunoglobulin; PE: plasma exchange; RTX: rituximab; TOF: tofacitinib.

#*p<0.05; **p<0.01.
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Fig. 4. Principal component analysis of patients without the use of tofacitinib.

A-B: Principal component analysis (PCA) of patients in this study except for those who survived with
the use of TOF. A: Plots of each patient according to the PC scores. Red indicates dead patients and
black indicates alive patients. B: The contribution of each loading to the PC is shown.

C-E: ROC analysis for death by PC1 (C), prediction by PCA (D), and serum ferritin (E).
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anti-Ro52 autoantibodies was shown
(17). Recently, three different pheno-
types were reported using eight vari-
ables: age, disease course, myasthenia,
arthritis, CRP, CK, anti-Ro52, and anti-
MDAS antibody titres; however, serum
ferritin level, which would be the most
significant predictive factor, was not
included (18). Additionally, two dis-
tinct immune cell signatures have been
reported (19). PR-ILD is associated
with enriched activated CD8* T cells
with decreased CD56%™ NK cells.

In addition to such heterogeneity of
disease, our hospital is a referral cen-
tre in the northeast area of Japan that
treats patients with severe autoimmune
diseases, including DM. The mean se-
rum ferritin level of patients who died
in this study was 2342 ng/mL, which
was much higher than that reported in
other studies, indicating a more severe
disease in this study (2, 20). Therefore,
this study suggests that the treatment
outcome of anti-MDAS5 Ab-positive
RP-ILD in such referral hospitals is still
poor, even if triple therapy combined
with PE, RTX, and IVIG was applied.
The median duration to referral and
death in this study were 1.6 and 2.5
months, respectively; therefore, lethal
cases died within four weeks after ad-
mission. The disease activity of most
of these cases became uncontrollable
within two to three weeks after admis-
sion, and the addition of other treat-
ment options on exacerbation was not
usually successful, as shown in this
study. A systematic review of RTX in
anti-MDAS5 Ab-positive DM showed
an efficacy of 71.43% in the literature
(3). Their study included patients who
were successfully treated with IIT (7,
8). Moreover, reporting bias should
be considered when analysing case re-
ports. The efficacy of RTX was 28.6%
(2/7) in patients before introducing IIT
in this study, which needed the change
in treatment strategy. Shirakashi et al.
reported the efficacy of PE (2), in which
eight refractory patients received PE
and five survived. The efficacy of PE
in our study before introducing IIT was
one survival in six patients, and the dif-
ference from our result might be due
to the activity status of the disease be-
tween studies; the mean serum ferritin

297



IIT in anti-MDAS Ab-positive DM / T. Shirai et al.

Table III. Clinical characteristics of dead patients under intensive induction therapy.

Intensive induction therapy p
Alive (n=6) Dead (n=2)
Male 2 (33.3%) 1 (50%) 1
Age 50.1+104 55+2.8 0.64
Duration till treatment (M) 1.7+1.6 1 1
Ferritin (ng/mL) 2103 +2368 4731 + 3344
(412-6711) (2366-7095) 0.29
Lung lesion 40+1.7 60x00 0.35
SpO, 93.7+24 87.5+35 0.11
Oxygen use 3 (50%) 2 (100%) 0.46
Triple therapy 6 (100%) 2 (100%) 1
RTX 6 (100%) 2 (100%) 1
PE 6 (100%) 2 (100%) 1
IVIG 0 (0%) 1 (50%) 1
TOF 6 (100%) 2 (100%) 1

IVIG: intravenous immunoglobulin; PE: plasma exchange; RTX: rituximab; TOF: tofacitinib.

Table IV. Adverse events in this study.

2014-2018 2014-2018 2019-2021 2019-2021
Alive (n=9) Dead (n=8) IIT+ (n=8) IIT- (n=8)
Infection
Viral
Cytomegalovirus 2 (22.2%) 2 (25%) 6 (75%) 1 (12.5%)
Varicella zoster 0 (0%) 0 (0%) 1 (12.5%) 1 (12.5%)
BK virus 0 (0%) 0 (0%) 1 (12.5%) 0 (0%)
Adenovirus cystitis 0 (0%) 0 (0%) 1 (12.5%) 0 (0%)
Fugal
Aspergillus 0 (0%) 0 (0%) 3 (37.5%) 1 (12.5%)
Cryptococcus 0 (0%) 0 (0%) 0 (0%) 1 (12.5%)
Nocardia 0 (0%) 0 (0%) 1 (12.5%) 1 (12.5%)
Pneumocystis 1 (11.1%) 0 (0%) 0 (0%) 0 (0%)
Cytopenia 0 (0%) 2 (25%) 3 (37.5%) 1 (12.5%)
Thrombotic microangiopathy 0 (0%) 0 (0%) 2 (25%) 0 (0%)
Alveolar proteinosis 0 (0%) 0 (0%) 1 (12.5%) 0 (0%)
Death due to respiratory failure 0 (0%) 8 (100%) 2 (25 %) 0 (0%)

level was 488.1 ng/mL in their progres-
sive population. Similarly, IVIG was
ineffective. We also attempted de-esca-
lation therapy combining PE and RTX
with triple therapy from the beginning,
which could not save the lives of most
patients in our hospital; therefore, we
sought another interventional approach.
As a Janus kinase (JAK) inhibitor, rux-
olitinib, a selective inhibitor of JAK1
and JAK?2, was first reported in patients
with DM complicated by post-poly-
cythaemia vera myelofibrosis (21). The
efficacy of TOF, a JAK1/3 inhibitor, in
DM was first reported by Kurtzman et
al. in refractory cutaneous DM (22).
Thereafter, several case reports have
shown its efficacy in systemic mani-
festations of DM (23). Kurasawa et al.
first reported the efficacy of TOF in an-
ti-MDAS Ab-positive refractory ILD,
in which TOF was added to patients
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who failed to respond to triple therapy
(4-6). A single-centre, open-label clini-
cal study performed in China reported
a significantly higher complete survival
at six months (20). Suppression of inter-
feron signalling, which plays an impor-
tant role in DM by TOF might be criti-
cal (24), but TOF also inhibits multiple
cytokines. Recently, IL-15 was reported
to be higher in anti-MDAS Ab-positive
RP-ILD (25). JAK1/3 is involved in the
production of IL-15, and TOF has been
shown to have an approximately two-
fold stronger inhibitory activity against
IL-15 than other JAK inhibitors (26).
Therefore, inhibition of JAK1/3 may be
preferable for anti-MDAS Ab-positive
RP-ILD. Recent literature review re-
garding the efficacy of TOF reported
that survival rates were 100% in the
first induction therapy cases with a me-
dian follow-up of six months and 75%

in the refractory or relapsing cases (27).
On the other hand, publication bias
should be considered, and as shown in
this study, the addition of TOF to triple
therapy in the first induction therapy did
not completely overcome anti-MDAS
Ab-positive severe RP-ILD. However,
significant improvement in survival
was observed after introducing TOF in
this study, providing the evidence for its
usefulness. Another difference in regi-
men was the dosing of corticosteroid,
which could reduce the exacerbation
of ILD during induction therapy. Total
dose of corticosteroid equivalent to PSL
in the initial two weeks was approxi-
mately 4.5 g and 74 g, in 2014-2018
and in 2019-2021, respectively. Among
the eight patients treated with IIT in this
study, RTX was not used initially in two
patients. However, exacerbation of the
lung lesion was noticed, and RTX was
administered simultaneously in the in-
duction therapy in this study. Because
of the large number of drugs used in
IIT, it is desirable to disuse unneces-
sary drugs; however, it is difficult to
determine which drugs are unnecessary
at this stage. Further, it should be rec-
ognised that the most severe case was
refractory to these intensive regimens.

Such intensive regimens require care-
ful attention to avoid adverse events,
including infections. In particular, vi-
ral infections were frequent, as has
been observed in previous studies.
Re-activation of cytomegalovirus was
the most frequent but was successfully
controlled by ganciclovir. Therefore,
pre-emptive and prophylactic ganci-
clovir therapies are ideal. Although
TOF is known to increase the risk
of herpes zoster (28), none of the pa-
tients developed herpes zoster during
the induction phase. Fungal infections,
including Aspergillus, require more at-
tention because the lungs are frequent
sites for fungal infections. In addition,
drug interactions are frequent between
tacrolimus and antifungal drugs. Pro-
longed cytopenia was observed in three
patients. Although cytomegalovirus in-
fection and medications, including gan-
ciclovir and IVCY, could be the cause
of cytopenia, other reasons were also
considered. Cytopenia following the
use of RTX has been recognised (29),
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and supportive therapy, including gran-
ulocyte colony-stimulating factor, is
required. TMA was also documented in
three patients, although they were mild
and presented with schistocytes without
apparent laboratory abnormalities re-
lated to haemolysis. The complication
of TMA in anti-MDAS Ab-positive DM
has occasionally been described in ac-
tive patients (30), and the use of tacroli-
mus was discontinued in our cases. PAP
is also rarely complicated in DM (31)
and was seen in one patient in this study
on autopsy. Although dysfunction of al-
veolar macrophages would have led to
secondary PAP, the cause of death was
considered to be exacerbation of ILD;
therefore, intensive treatment was re-
quired in such patients.

As shown in this study, serum ferritin
levels tended to be higher in older pa-
tients. However, the intensity of immu-
nosuppression of IIT would be extreme-
ly high for elderly patients. As shown
in Figure 3A, IIT was not performed in
patients beyond their late 60s. Because
the addition of RTX seemed to signifi-
cantly affect the immunosuppressive
status of patients, additional treatment
with PE or TOF to conventional triple
therapy was applied in such patients.
The limitations of this study include the
small number of patients and retrospec-
tive design. The application of IIT was
determined by the clinical discussion
considering poor prognostic factors,
and strict inclusion criteria was not
predetermined. The influence of addi-
tional immunosuppression before the
introduction of IIT on the outcome can-
not be ruled out, although intensified
treatments would not have negatively
affected the poor outcome because pro-
gression of ILD was the cause of death
in these patients. Moreover, the taper-
ing rate of corticosteroids is not uni-
form, which could have an impact on
patient survival.

In conclusion, a significant improve-
ment in survival was observed with the
introduction of IIT in patients with se-
vere anti-MDAS Ab-positive RP-ILD.
IIT would be a treatment option for pa-
tients in their 30s to 60s with multiple
prognostic factors, particularly those
with very high serum ferritin levels. On
the other hand, there are patients who
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are refractory even to these intensive
regimens, and further therapeutic ap-
proaches and elucidation of pathologi-
cal mechanisms are required.
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