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ABSTRACT: Interstitial lung disease (ILD) is a prognostic factor for poor outcome in polymyositis (PM)/dermatomyositis (DM). The appropriate
management of ILD is very important to improve the prognosis of patients with PM/DM. ILD activity and severity depend on the disease subtype. There-
fore, clinicians should determine therapeutic strategies according to the disease subtype in each patient with PM/DM. Anti-melanoma differentiation-
associated gene 5 antibody and hyperferritinemia predict the development and severity of rapidly progressive (RP) ILD, particularly in East Asian patients.
Combination therapy with corticosteroids, intravenous cyclophosphamide pulse, and calcineurin inhibitors should be administered in RP-ILD. In contrast,
patients with anti-aminoacyl-tRNA synthetase (ARS) show better responses to corticosteroids alone. However, ILDs with anti-ARS often display disease
recurrence or become refractory to corticosteroid monotherapy. Recent studies have demonstrated that the administration of tacrolimus or rituximab in
addition to corticosteroids may be considered in ILD patients with anti-ARS. Large-scale, multicenter randomized clinical trials should be conducted in
the future to confirm that the aforementioned agents exhibit efficacy in ILD patients with PM/DM. The pathophysiology of ILD with PM/DM should

also be elucidated in greater detail to develop effective therapeutic strategies for patients with ILD in PM/DM.
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Introduction

Polymyositis (PM)/dermatomyositis (DM) are idiopathic
inflammatory myopathies (IIM) that are occasionally com-
plicated with extramuscular lesions, such as interstitial lung
disease (ILD), cardiomyopathy, and malignancy. These com-
plications are poor prognostic factors in PM/DM patients.
ILD is found in approximately 50% of patients with PM/DM.!
ILD associated with DM is more refractory to treatment
and more strongly associated with a poorer prognosis than
ILD associated with PM.? Recent research has revealed that
myositis-specific autoantibodies (IMSAs) are closely linked to
clinical phenotypes in PM/DM. ILD activity and severity
are dependent on the subtype of PM/DM. Therefore, physi-
cians should evaluate MSAs and determine the therapeutic
strategies for ILD according to the subtype of PM/DM in

each patient.

Classification of ILD with PM/DM

ILD is classified by clinical course or pathohistological findings.
'The clinical course of ILD is divided into two subtypes: acute/
subacute interstitial pneumonia (A/SIP), also called rapidly
progressive ILD (RP-ILD), and chronic IP (CIP). The patho-

histological classification includes usual interstitial pneumonia

(UIP), nonspecific interstitial pneumonia (NSIP), organizing
pneumonia (OP), diffuse alveolar damage (DAD), desquama-
tive interstitial pneumonia, and lymphoid interstitial pneumo-
nia.3 NSIP is a typical form of ILD in PM/DM patients. UIP,
OP, and DAD are also complicated in patients with PM/DM.*
DAD is typically characterized by RP-ILD, and pulmonary
function deteriorates daily or weekly in RP-ILD with PM/DM
patients. NSIP is usually recognized as CIP. ILD develops
gradually (monthly) in CIP but develops acutely/subacutely in
some cases. Some patients with NSIP or UIP with PM/DM
do not exhibit respiratory symptoms, although ILD is demon-
strated by radiological imaging, such as X-ray radiography
and/or high-resolution computed tomography (HRCT).

Clinical Characteristics of ILD with PM/DM
The measurement of MSAs is useful for predicting clinical
course, clinical characteristics, response to treatment, and
prognosis in PM/DM patients. The MSAs that are strongly
associated with ILD include the anti-melanoma differentiation-
associated gene 5 (MDAS) and anti-aminoacyl-tRNA syn-
thetase (ARS) antibodies (Table 1).%7

'The presence of anti-MDAS is associated with clinically
amyopathic DM (CADM),%? especially cutaneous ulcers.
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Table 1. Differences in clinical characteristics between anti-MDA5
and anti-ARS antibodies in PM/DM.

ANTI-MDAS ANTI-ARS

Type of PM/DM CADM PM/DM/CADM

Clinical course of ILD RP* Chronic
progressive

Response to corticosteroids Poor* Favorable

in ILD

Recurrence of ILD Rare* Frequent

Note: *These findings are frequently found in East Asia. ILD in Caucasians is
generally not RP. Clinical manifestations may depend on race.

CADM involves the typical skin lesions that are revealed in
DM with amyopathy or hypomyopathy. Therefore, patients
with CADM do not typically present with muscle symptoms,
such as myalgia and muscle weakness.!” The risk of ILD devel-
opment is increased in patients with anti-MDAS5 in East Asian
and Western countries.®*1"13 However, the clinical course
and severity of ILD are different between Asians and West-
erners. ILD in Japan and China is generally RP and frequently
causes fatal outcomes in patients with anti-MDAS5. RP-ILD
is not frequently found in the United States and Europe. The
clinical characteristics of ILD may depend on race in patients
with anti-MDAS. Approximately half of patients with anti-
MDAS present with RP-ILD in East Asia.®*1> RP-ILD is
generally complicated with CADM, although it is not found
in all patients with CADM. Anti-MDAS5 is also not found
in all patients with CADM. Therefore, anti-MDAS is a use-
tul predictor for the complication of RP-ILD in patients with
CADM, especially in East Asia. Ferritin is the other useful
predictive marker for RP-ILD, and serum ferritin levels pre-
dict the development and severity of RP-ILD in PM/DM
patients. Hyperferritinemia is frequently found in RP-ILD
with anti-MDAS, and serum ferritin levels correlate with the
disease activity of ILD with anti-MDAS5. Gono et al dem-
onstrated that serum ferritin levels were higher in PM/DM
patients with A/SIP than in patients with CIP.16

Anti-ARS is associated with clinical manifestations,
including arthritis, mechanic’s hand, Raynaud’s phenomenon,
myositis, and ILD, which are known as antisynthetase syn-
dromes. This type of ILD generally manifests as NSIP or UIP
and typically exhibits chronic progressive pulmonary dysfunc-
tion, which may acutely/subacutely deteriorate. ILD with anti-
ARS exhibits a better response to corticosteroid therapy and
better prognosis than ILD without anti-ARS in PM/DM."
However, corticosteroid therapy alone often causes a recur-
rence of myositis and/or ILD in patients with anti-ARS.!
Therefore, combination therapy of corticosteroids and immu-
nosuppressive agents should be considered.

Anti-ARS includes anti—Jo-1, anti-EJ, anti-OJ, anti—PL-7,
anti-PL-12, anti-KS, anti-Zo, and anti-Ha. Hamaguchi et al
demonstrated the similarities and differences of clinical mani-
festations in Japanese patients with individual anti-ARSs."

DM-specific rashes, such as heliotrope and Gottron’s sign,
have been frequently observed in patients with anti—Jo-1,
anti-EJ, anti-PL-7, and anti-PL—12. ILD alone has been
frequently found in patients with anti-OJ and anti-KS, and
myositis is not complicated with ILD in some patients with

anti-ARS.

Prognosis

The overall 5-year survival rate is 77%—95% in PM/DM,20-22
and cardiac dysfunction, malignancy, respiratory failure, and
infection are the major causes of fatal outcome. Previous stud-
ies reported that cardiac involvement and respiratory muscle
involvement are significant prognostic factors for death in
patients with PM/DM, except in patients with cancer.??
Yamasaki et al retrospectively investigated 197 patients with
PM, DM, and CADM.! Survival in the entire group at 1, 5,
and 10 years was 85%, 75%, and 67%, respectively, and the
mortality in CADM and DM was 61% and 77% at 5 years,
respectively. DM patients exhibited significantly lower sur-
vival compared to PM (91% at 5 years), and ILD was the major
cause of death in CADM (71%) and DM (60%) patients. Most
of these patients died within the first few months.

The overall 5-year mortality rate of ILD with PM/DM
patients is 50%.23 Danké et al reported survival curves of
patients with PM/DM patients with and without ILD.?
The cumulative survival rate was significantly worse in DM
with ILD patients than DM without ILD patients, although
there was no difference in survival rate between PM with and
without ILD patients. One Japanese study revealed that acute/
subacute ILD, forced vital capacity (FVC), age, neutrophils in
bronchoalveolar lavage fluid, and CADM were significantly
associated with poor outcome.?* The overall 6-month sur-
vival rate of ILD with anti-MDAS is 50%-60% in Japan.'#1®
Serum ferritin levels also predict clinical outcome in ILD
with PM/DM. The survival rate in patients with serum fer-
ritin levels higher than 1500 ng/mL on admission is lower
than patients with levels less than 1500 ng/mL. The 10-year
survival rate in another study was significantly higher in ILD
patients with anti-ARS than in ILD patients without anti-
ARS (91.6% vs. 58.7%). Therefore, prognosis is dependent
upon clinical phenotype, serum ferritin levels, and MSAs."”

Efhicacy of Each Drug in ILD with PM/DM

Corticosteroids and immunosuppressive agents are consid-
ered a first-line therapy in ILD with PM/DM patients. Some
specialists recommend the use of immunosuppressive agents
with corticosteroids for myositis as the first-line therapy
because these drugs exhibit corticosteroid-sparing effects.?*2°
Immunosuppressive agents should be considered in PM/DM
patients, particularly when ILD severely or progressively
develops, to reduce the side effects of corticosteroids and
improve the response to treatment. Combination therapy with
corticosteroids and immunosuppressive agents is commonly
used, although there have been no large randomized clinical
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trials (RCTs) in ILD with PM/DM patients.?”-?® However,
it is difficult to conduct RCTs because ILD with PM/DM
is a relatively rare disease and is occasionally progressive
and fatal. Herein, we review each agent that was previously
reported as effective for the treatment of ILD with PM/DM.
Table 2 summarizes the characteristics of each agent. We ini-
tially describe conventional agents for the treatment of ILD
with PM/DM. Subsequently, we review the efficacy of novel
agents from recent studies that provided evidence for the treat-
ment of ILD with PM/DM, especially tacrolimus (TAC) and
rituximab (RTX).

Conventional Agents
Corticosteroids. Frazier and Miller first reported the use
of oral corticosteroids in ILD with PM/DM in 1974.%° Oral

high-dose corticosteroids (>1 mg/kg/day of prednisone) or

Table 2. Characteristics of each drug therapy for ILDs with PM/DM.
DRUG THERAPY CHARACTERISTICS
Corticosteroids First-line therapy for ILD with PM/DM.

Corticosteroids monotherapy is generally not
effective for RP-ILD with PM/DM.

MTX Inhibitor of folic acid metabolism.

Useful for corticosteroid-sparing agents.

AZA A prodrug of 6-mercaptopurine, inhibition of
purine synthesis.

Useful for corticosteroid-sparing agents.

CY Alkylating agent, nitrogen mustard derivative.
IVCY is administered in RP-ILD or refractory
ILD.

MMF Anti-metabolite that blocks de novo purine

synthesis and the production of B and T cells.

Efficacy for corticosteroid-resistant ILD with
PM/DM has been shown.

IVIG The mechanism of drug action is variable.

Efficacy for refractory myositis has been
demonstrated.

Efficacy was also found in several PM/DM
cases with ILD.

CSA CNI, one of the T-cell-targeting therapies.
Cornerstone for the PM/DM-ILD treatment.

Usually administered in antisynthetase syn-
drome or RP-ILD.

TAC CNI. TAC has a 100-fold greater potency
than CSA in inhibiting T-cell activation.

Efficacy for CSA-refractory ILD in PM/DM
has been demonstrated.

RTX Chimeric monoclonal anti-CD20 antibody,
B-cell targeting agent.

Efficacy for refractory ILD or antisynthetase
syndrome has been shown.

Abbreviation: CD, cluster of differentiation.

pulse therapy of methylprednisolone (1000 mg intravenously
for 3 days) are still used as a first-line therapy for ILD with
PM/DM. Approximately half of patients respond well to initial

2,30-33 However, there is a difference in

corticosteroid therapy.
the response to corticosteroid monotherapy between ILD with
PM patients and ILD with DM patients. Fujisawa et al inves-
tigated the differential responses of 28 ILD with PM/DM
patients (16 PM and 12 DM) to the therapy.? Corticosteroid
monotherapy achieved favorable responses in six (37.5%) ILD
with PM patients but only one (8.3%) ILD with DM patient.
The overall 2.5-year survival rate of ILD with DM patients
was 58%, and the 5-year survival of ILD with PM patients was
81%. RP-ILD is generally not responsive to corticosteroid
monotherapy.$*14343¢ RP-ILD is frequently complicated
with CADM. Nawata et al reported that ILD with PM/
DM patients with normal creatine kinase (CK) exhibited sig-
nificantly more resistance to corticosteroid therapy and poorer
prognosis than patients with high CK (1-year survival, 31% vs.
89%).32 Patients with normal CK levels may present with the
clinical manifestation of CADM. 'The efficacy of corticoster-
oids alone as an initial therapy for ILD is limited. Clinicians
should also consider the corticosteroid-sparing effects of the
immunosuppressive agents described below, although corticos-
teroids remain the standard therapy for ILD with PM/DM.
Methotrexate/azathioprine. Methotrexate (MTX) is an
inhibitor of folic acid metabolism and suppresses T-cell acti-
vation and adhesion molecule expression.’” MTX is widely
used in the treatment of arthritis and myositis as an adjunc-

38,39 or as a corticosteroid-

tive agent after corticosteroid failure
sparing agent in PM/DM patients. 'There is no evidence of
pulmonary-specific efficacy, although M'TX is accepted in the
treatment of ILD with PM/DM.*%# Azathioprine (AZA) is
a prodrug of 6-mercaptopurine that inhibits purine synthesis.
AZA prevents lymphocyte proliferation, which suppresses the
production of antibodies and cytokines. AZA has been widely
used in ILD with PM/DM patients as a corticosteroid-spar-
ing agent in maintenance therapy after [VCY.23:40:42:43
Cyclophosphamide. Cyclophosphamide (CY) is used
in RP or refractory ILD. CY is generally administered orally
or intravenously and is commonly used in combination with
corticosteroids. IVCY is a recent standard treatment for lupus
and PM/DM because there are fewer adverse effects associ-
ated with monthly IVCY than the daily oral administration of
CY. The efficacy of CY for the treatment of ILD with PM/
DM was demonstrated in several case studies.**~* Yamasaki
et al demonstrated the efficacy of IVCY in refractory ILD with
PM/DM in a small open-label trial.* IVCY (300-800 mg/m?,
at least six times every 4 weeks) was administered in combi-
nation with corticosteroids (0.5-1 mg/kg/day) in 17 cases of
refractory ILD with PM/DM. Eight of the 17 patients exhib-
ited improvement in vital capacity, and 9 of 17 patients showed
improved findings on HRCT. Mok et al reported improvement
when CY was administered orally followed by AZA as a main-
tenance therapy in RP-ILD with DM patients.*® CY has also
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been used with other immunosuppressive agents in refractory
ILD.®% Kameda et al demonstrated the efficacy of combi-
nation therapy that included prednisolone (PSL), IVCY (10—
30 mg/kg, every 3—4 weeks), and cyclosporin A (CSA, 2—4 mg/
kg/day).* In this study, 10 DM patients with acute/subacute
ILD were initially given combination therapy with IVCY, PSL,
and CSA, and this group exhibited significantly lower mortal-
ity (50% vs. 75%) over 3 months compared to treatment with
corticosteroids alone. However, five patients died of respiratory
failure within 3 months. Biweekly IVCY administration with
corticosteroids and calcineurin inhibitors (CNIs) was recently
recommended in Japanese patients with RP-ILD who harbor
hyperferritinemia and/or anti-MDAS5.>* Nakashima et al dem-
onstrated that the 6-month survival rate was increased to 75% in
patients with an early intensive combination therapy with corti-
costeroids, IVCY, and CNI than patients treated with conven-
tional therapy. Therefore, eatly intensive combination therapy
may improve prognosis in RP-ILD with PM/DM patients.

Mycophenolate mofetil. Mycophenolate mofetil (MMF)
is an antimetabolite that blocks de novo purine synthesis and
targets the production of activated B and T’ lymphocytes and
fibroblasts. Several case series revealed the potential efficacy of
MMF in the stabilization of progressive ILD and the reduction
of corticosteroid dose in ILD with connective tissue disease
(CTD) patients, including PM/DM.*5"% An open trial of
MMF was conducted in 28 patients with ILD in CTD, includ-
ing five patients with PM/DM. These patients received MMF
(30 mg/kg/day), although pulmonary function tests (FVC and
diffusion lung capacity for carbon monoxide [DLco]) showed
no significant improvement at 18-month follow-up.*? In another
case series, three patients with ILD in PM/DM who received
corticosteroids and MMF showed improvement in ILD.>

A retrospective study was conducted to identify differences
in the efficacy of AZA, CY, and MMTF for corticosteroid-resis-
tant ILD with PM/DM.# Thirteen, 24, and 9 patients were
treated with AZA, CY, and MMEF, respectively. There were no
differences in baseline pulmonary function in each subset. Pul-
monary function improved and the severity of dyspnea decreased
in each subset at the 6-month assessment. The corticosteroid
dose was also reduced. This result suggests that the addition
of immunosuppressive agents is useful for refractory cases and
corticosteroid-sparing effects in ILD with PM/DM patients.

Intravenous immunoglobulin. Intravenous immuno-
globulin (IVIG) is widely used for the treatment of numerous
autoimmune diseases. IVIG is variously involved in the sup-
pression or neutralization of autoantibodies and cytokines and
complements the blockade of several cell surface molecules
and specific immune cell surface receptors.”® The efficacy of
IVIG in the treatment of refractory myositis has been demon-
strated,®%®! although its efficacy for ILD with PM/DM is not
certain. One case series treated five patients with severe and
refractory ILD in PM/DM with IVIG as a salvage therapy in
combination with conventional treatments, including corticos-
teroids, IVCY, and CNIs.®2 Another case report demonstrated

improvements in pulmonary function tests and chest CTs
following the use of IVIG alone without other immunosup-
pressive therapies, including corticosteroids, in a patient with
ILD in PM/DM.%

Plasmapheresis/hemoperfusion. Plasma exchange is
used to remove circulating autoantibodies, cytokines, and
immune complexes. There have been two case reports of the
efficacy of plasmapheresis in patients with antisynthetase syn-
drome who were refractory to corticosteroids and other immu-
nosuppressive therapies.®#% Lee et al reported a case series of
DAD associated with PM/DM?® in which plasmapheresis was
performed, although all three patients died within 5 months
after the development of ILD.

Recent reports suggest that hemoperfusion is promis-
ing in certain cases with ILD associated with PM/DM.7-70
Direct hemoperfusion using a polymyxin B—immobilized
fiber column (PMX-DHP) exhibits efficacy for Gram-nega-
tive—induced sepsis. PMX-DHP reduces endotoxin levels

and inflammatory chemical mediators, such as cytokines.”

Ichiyasu et al reported three cases of RP-ILD with CADM,
in which the PaO,/FiO, ratio and CT findings improved,
and all patients survived after treatment with PMX-DHP.®
The mechanism of the efficacy of PMX-DHP in RP-ILD is
not sufficiently known, although PMX-DHP likely inhibits

monocyte activation.”?

Novel Agents
TAC and RTX have been the focus of novel treatments of
ILD with PM/DM in the last several years. TAC is a CNI,
and RTX is a biologic agent. The efficacies of other CNIs and
biologic agents have been reported in ILD with PM/DM
patients. These CNIs and biologic agents are described below.
Calcineurin inhibitors. CNIs are T-cell-targeting
agents that may become the cornerstone for the treatment of
ILD with PM/DM based on clinical findings. CNIs inhibit
interleukin (IL)-2 production and T-cell proliferation. CNIs
were recently indicated as an appropriate choice for the early
phase of ILD with PM/DM. Zou et al. reported that CADM-
acute ILD patients treated with CNIs exhibited a significantly
better outcome than patients who received treatment without
CNIs.”3 CNIs may improve the outcome of CADM patients
with acute ILD. CSA and TAC are described below.
Cyclosporin A. Several retrospective and open-label

studies analyzed the efficacy of CSA in ILD with PM/DM

patients. 23132747 Takada et al reported a retrospective mul-

ticenter study of 38 cases with acute ILD with PM/DM.
Patients who received a combination therapy of corticosteroids
and CSA as a first-line therapy had a better survival rate than
patients who received corticosteroids alone. Nine cases with
ILD in PM and five cases with chronic ILD in DM exhibited
good CSA efficacy and a good prognosis, whereas 17 cases
with RP-ILD in DM showed poor prognosis, and 7 of these
17 patients died.” A further analysis of 32 cases with RP-
ILD in DM demonstrated that 9 of 13 (69%) patients who
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started CSA within 2 weeks of initial corticosteroid treatment
survived, whereas all 17 cases who received only corticoster-
oids for more than 2 weeks as the initial therapy died within
9 months from the initiation of therapy. Another study
revealed that the early use of cyclosporine was beneficial for
survival outcome in DM-associated ILD. The mortality rate
was significantly lower in the initial treatment group com-
pared to the delayed-treatment group (0.02 person-years vs.
0.18 person-years; P = 0.0092, log-rank test).”® These results
suggest that combination therapy with CSA and corticoster-
oids during the early phase of ILD is superior to corticosteroid
monotherapy in the treatment of ILD with PM/DM.

'The monitoring of serum CSA concentrations is important
for achieving maximum efficacy and reducing toxicity. There is
marked interpatient variability in CSA absorption. Nagai et al.
suggested that preprandial once-daily administration of CSA is
beneficial, rather than twice daily, because CO was significantly
lower and adverse effects may be reduced using a once-daily
administration of CSA.”” The 2-hour postdose level (C2) was
correlated with the therapeutic effect.”””® Recent studies indi-
cated that the C2 level should reach 1000 ng/mL to achieve a
maximal immunosuppressive effect.”

Tacrolimus. TAC has a 100-fold greater potency than
CSA for the inhibition of T-cell activation. The medication
concentration in blood is also more stable, and dose adjust-
ments of medication are easier in TAC than CSA. Therefore,
TAC is more often used than CSA in recent treatments of
CTD, including ILD with PM/DM, especially in Japan.
TAC was previously used in refractory ILD with PM/DM
as an alternative to CSA. Several case series and retrospective
studies demonstrated the efficacy and tolerability of TAC in
ILD in PM/DM patients, including patients who were refrac-
tory to CSA.7>80-85 Kurita et al reported the efficacy of TAC
for the treatment of ILD with PM/DM. Forty-nine patients
were treated with the addition of TAC to conventional ther-
apy (25 cases) or conventional therapy alone (24 cases, PSL,
IVCY, and/or CSA). The group treated with TAC exhibited
significantly longer survival than the other group, although
the concomitant use of IVCY was more frequent in the group
treated with TAC than the other group. This study encourages
the use of TAC in progressive or refractory ILD in which con-
ventional treatments, such as corticosteroids and other immu-
nosuppressive agents, have no efficacy.

TAC also appears more effective in ILD with anti-
ARS patients.813386 Wilkes et al retrospectively assessed
TAC efficacy in 13 patients with ILD harboring anti-ARS.%?
The authors suggested that TAC is a well-tolerated and effec-
tive therapy for the management of ILD with anti-ARS.
Labirua-Iturburu et al demonstrated the efficacy of CNIs
(TAC or CSA) for ILD management in 15 patients with anti-
ARS.8¢ A greater than 10% increase in FVC was observed in
13 patients treated with CNIs. Taken together, these reports
demonstrate that CNIs are effective in refractory cases and as
a first-line therapy in ILD with PM/DM patients.

Biologic agents. Biologic agents, such as anti-tumor
necrosis factor (anti-INF), anti-IL-6 receptor, and anti-
CD20, have exhibited sufficient efficacies in improvements of
disease status in rheumatoid arthritis. These agents were also
used in PM/DM patients. The anti-CD20 antagonist RTX
improved clinical outcome in PM/DM patients. Herein, we
review recent studies of the efficacy of RTX or other biologics
in PM/DM patients.

Rituximab. RTX is a biologic agent consisting of a chi-
meric monoclonal anti-CD20 antibody. This molecule targets
B cells and results in B-cell depletion.®” Several case reports and
case series reported RTX efficacy in patients with refractory
myositis or ILD in PM/DM.%-%* Sem et al demonstrated the
short-term efficacy of RTX in 11 patients with antisynthetase
syndrome, including severe and progressive ILD, in a retro-
spective case series.®® RTX stabilized or improved the disease
activity of ILD in 7 of 11 patients during the first 6 months.
Krystufkovd et al demonstrated that serum levels of B-cell-
activating factor (BAFF) were significantly higher in patients
with PM/DM, especially those patients with anti—Jo-1, DM,
or ILD.”> BAFF is necessary for B-cell maturation and func-
tion. These findings indicate that BAFF may also be a potential
therapeutic target in patients with ILD in PM/DM. Aggarwal
et al investigated predictors of clinical improvement in PM/DM
patients treated with RTX.% Patients with anti-Mi-2 or anti-
ARS exhibited greater improvement than patients with other
MSAs, such as anti-signal recognition particle (anti-SRP),
anti-TTF-1y, and anti-M]J. Andersson et al reported the efficacy
of ILD with anti-ARS in 24 ILD patients with anti-ARS.””
Sixteen patients were treated with glucocorticoid steroids and/or
immunosuppressive agents prior to RTX administration. Acute
onset/exacerbation of ILD was revealed in 50% of these 24
patients. Pulmonary function, the extent of ILD, and myositis
improved after RTX treatment in most patients with anti-ARS.
These findings indicate that RTX was more effective in patients
with antisynthetase syndrome with acute-onset ILD. RTX
administration should be considered in patients with anti-ARS.

Anti-TNF agents. RCTs of anti-TNF agents were con-
ducted to confirm improvements in myositis,’® although the
efficacy of anti-TNF agents is controversial. There have been
no large RCTs of anti-T'NF agents to investigate the efficacy
of these agents in ILD with PM/DM. Therefore, only small
case series are described below.

Infliximab (IFX) is a chimeric monoclonal antibody
against soluble and membrane-bound TNF-o. with a murine
Fv region. There is only one relevant case report and a literature
review that described a retrospective study of 14 patients with
DM and acute ILD (10 CADM, 4 DM). These 14 patients
received conventional immunosuppressive therapies and IFX
(5 mg/kg).”” IFX was administered at 5 mg/kg intravenously
once weekly at weeks 0, 2, and 6, and every 8 weeks thereaf-
ter in available patients. Ten cases (71.4%) exhibited favorable
responses in chest CT findings. These 10 patients were treated
with IFX at an early stage of the disease. The other four
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patients were treated with IFX after respiratory failure was
progressive. These four patients died of respiratory failure.

Adalimumab is a fully human monoclonal antibody that
successfully improved ILD with DM in a case report and
exhibited marked improvements in DLco and radiographic
findings.1%

PM/DM may be induced or exacerbated in chronic
inflammatory diseases, such as RA, during anti-I'NF thera-
py-1%! One literature review revealed that 20 cases, including
17 RA patients, developed new PM/DM during anti-TNF
therapies,”® and myositis and ILD with anti-ARS was com-
plicated in 6 cases. Thus, physicians should carefully consider
the use of anti-TNF in PM/DM.

Symptomatic treatment. Symptomatic treatment should
be considered in patients with irreversible lesions in the lung,
such as severe pulmonary fibrosis, and patients with poor
response to immunosuppressive therapy. Home oxygen ther-
apy (HOT) is a valuable option for patients suffering from
hypoxia associated with ILD, and HOT can improve func-
tional performance in daily life. Pulmonary rehabilitation may
also improve respiratory muscle strength and functional daily
performance levels in patients with ILD.10?

Therapeutic Strategy for ILD with PM/DM

Clinicians should determine when and how patients with
ILD should be treated in PM/DM. However, there are no
large controlled trials to confirm the efficacy of treatments in
ILD with PM/DM patients. Figure 1 provides a flowchart
that illustrates the process for determining the optimal thera-
peutic strategy based on our experiences and the findings

described above. The clinical course of ILD shows a less rapid
progression in Caucasians than in East Asians. For example,
ILD with anti-MDAS more frequently shows rapid progres-
sion in Asian patients than in Westerners. Clinical manifesta-
tions and treatment responses for each MSA may depend on
race, although MSAs are useful predictors of clinical manifes-
tations and prognoses. Thus, therapeutic strategies should be
considered individually in each race.

Corticosteroids and immunosuppressive agents should be
co-administered as soon as possible in RP-ILD with PM/DM
patients. However, other causes of pneumonia or pneumonitis,
such as infections and drug use, should be excluded before
treatment initiation. 'The development of RP-ILD should be
considered particularly in Asian patients with anti-MDAS
and/or hyperferritinemia, which is defined as serum ferritin
levels greater than 500 ng/mL. Moreover, RP-ILD patients
with hyperferritinemia and/or anti-MDAS5 have a poorer
prognosis than other patients with PM/DM in Japan. There-
fore, a combination therapy of corticosteroids, IVCY, and
CNIs, such as CSA and TAC, should be immediately admin-
istered in RP-ILD patients with hyperferritinemia and/or
anti-MDAS. However, ILD is not generally RP in Caucasian
patients with anti-MDAS.

CNIs or IVCY should be added to corticosteroids in
patients with chronic progressive ILD if pulmonary func-
tion is gradually deteriorating and/or the lesions of ILD are
spreading on CT findings. CNIs should be administered with
PSL in ILD with anti-ARS patients to prevent the progres-
sion and recurrence of ILD. The administration of steroid-
sparing agents (eg, MTX, AZA, CNIs, and MMF) should

Other causes of pneumonia or pneumonitis, such as infections and drug use, should be excluded

]

]

RP-ILD (Acute/Subacute ILD)

Chronic ILD

Hyperferritinemia (>500 ng/ml)

Clinical course: progressive
or Anti-ARS Ab (+)

Clinical course: mild

1 $

or Anti-MDAS5 Ab
Abser\

Present l
Combination therapy

* High dose PSL (>1 mg/kg/day)
* Biweekly IVCY

—

High dose PSL (0.8—1 mg/kg/day
+ CNIs (TAC or CSA) or
Monthly IVCY

High dose PSL (0.8—1 mg/kg/day)
+ steroid sparing agents (MTX,
AZA, CNIs, MMF, etc.)

Poor response

* CNIs (TAC or CSA) to treatment

Poor response

to treatment

l Poor responsel
to treatment

PMX-DHP RTX

or

MMF

Figure 1. Therapeutic strategy for ILDs associated with PM/DM.
Abbreviation: Ab, antibodies.
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be also considered in patients with chronic mild ILD. RTX
or MMF administration may be considered when RP-ILD
or chronic ILD with anti-ARS is refractory to the therapies
described above.

Perspectives for Future Therapies for ILD with
PM/DM

The agents described above are not sufficient to improve the
clinical outcome of ILD in PM/DM. For example, approxi-
mately 20%-40% of RP-ILD with anti-MDAS patients
die within 6 months after diagnosis, even if a combination
therapy of corticosteroids, IVCY, and CNIs is immediately
administered.™

'Therefore, there is a need to elucidate the pathophysiol-
ogy of ILD with PM/DM in greater detail to improve the
outcome of ILD. Recent studies demonstrated novel findings
in the pathophysiology of PM/DM. Th17, CD28™! T cells,
BAFF, IL-1, IL-6, type 1 interferon, high-mobility group
box 1, and leukotriene B4 are potential molecular targets for
the treatment of patients with PM/DM.1% Anti-BAFF, beli-
mumab, and anti-IL-6 receptor tocilizumab are commonly
administered in lupus and RA patients, respectively. These
agents may be relatively easy to use as a novel therapy in PM/
DM in the future.

Recent differences in cytokine profiles were demon-
strated between RP-ILD (ILD with anti-MDAS5) and the
chronic form ILD (ILD with anti-ARS) in PM/DM.104
Serum IL-8 levels were significantly higher in ILD with
anti-MDAS patients than ILD with anti-ARS patients,
although IL-6, TNF-a, and IP-10 levels were high in both
subsets. Therefore, IL-6—targeting therapy, such as tocili-
zumab, may be efficacious in ILD with anti-MDAS5 and
ILD with anti-ARS patients. We also found that IL-6 and
IL-8 were significant contributors to hyperferritinemia in
PM/DM-ILD.! Inflammatory alveolar macrophages syn-
thesize ferritin and become activated in lung, liver, spleen,
and bone marrow in RP-ILD with anti-MDAS5 patients.!%
These findings suggest that activated alveolar macrophages
and inflammatory cytokines are more selectively and
strongly regulated to improve clinical outcome in RP-ILD
with PM/DM.

Conclusion

ILD is associated with poor prognosis in PM/DM. The appro-
priate management of ILD is very important for improving
the prognosis of patients with PM/DM. ILD activity and
severity depend on the disease subtype. Therefore, clinicians
should determine therapeutic strategies according to the sub-
type in each patient. Anti-MDAS5 antibody and hyperfer-
ritinemia predict the development and severity of RP-ILD,
particularly in East Asians. Combination therapy with cor-
ticosteroids, IVCY, and CNIs should be started immediately
in RP-ILD patients. In contrast, ILD patients with anti-
ARS exhibit a better response to corticosteroid monotherapy

in the short term, although these patients often experience a
recurrence and progression of ILD. Therefore, CNIs or RTX
may be added to corticosteroids if pulmonary function gradu-
ally deteriorates.

Large-scale, multicenter RCTs should be conducted to
confirm that the agents described above exhibit efficacy for
ILD with PM/DM. We should also elucidate the pathophysi-
ology of ILD with PM/DM in greater detail. Investigations of
the pathophysiology of these conditions may lead to the devel-
opment of novel agents to improve the prognosis in patients
with ILD with PM/DM.
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