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Abstract: Our objective in this review article is to present a clinical case of a patient with antisyn-
thetase syndrome (ASyS) and provide an overview of the pathogenesis, classification criteria, antibody
profiles, clinical features, and current knowledge of treatment options, focusing on interstitial lung
disease (ILD). ASyS is an uncommon autoimmune disease with a heterogenous clinical presentation
characterized by the presence of autoantibodies against an aminoacyl-tRNA synthetase and man-
ifested by myositis, fever, inflammatory arthritis, Raynaud’s phenomenon, mechanics hands, and
ILD. ASyS-associated ILD (ASyS-ILD) is the most serious complication of ASyS, which may evolve
to rapidly progressive ILD; therefore, it often requires thorough clinical and radiologic evaluation
including recognition of a specific clinical phenotype associated with the antisynthetase antibodies
(ASAbs) to guide therapeutic interventions.

Keywords: interstitial lung disease; antisynthetase syndrome; antisynthetase antibodies; idiopathic
inflammatory myopathy; anti-Jo-1 antibody; IIM

1. Introduction

Antisynthetase syndrome (ASyS) is a heterogenous autoimmune disease character-
ized classically by a triad of muscle inflammation, arthritis, and interstitial lung disease
(ILD) [1,2]. It belongs to the family of diseases known as idiopathic inflammatory my-
opathies (IIMs), which also includes polymyositis, dermatomyositis, immune-mediated
necrotizing myopathy (IMNM), inclusion body myositis (IBM), and myositis overlap syn-
drome [3]. In addition to a broad spectrum of clinical features, ASyS is distinguished by the
presence of autoantibodies against aminoacyl tRNA synthetases; however, the role these
antisynthetase antibodies (ASAbs) play in the pathogenesis of the disease remains largely
unknown, making targeted treatment strategies difficult [4]. This review will serve as a
comprehensive discussion of ASyS with an emphasis on ASyS-associated ILD (ASyS-ILD),
including updated molecular pathogenic theories, various clinical features, phenotypic
profiles, and the latest treatment approaches.

2. Clinical Case

A 54-year-old man initially presented to the pulmonary clinic for evaluation of ILD.
Six months prior to the current presentation, he had coronavirus disease (COVID-19) with
symptoms of low-grade fever, malaise, and a dry cough. Most of his symptoms resolved
after one week, aside from the cough and a new inability to take full-deep inspiration. He
was treated with an antihistamine, a bronchodilator, and oral corticosteroids. After 1 week,
his fever and malaise resolved; however, the cough persisted. He also began experiencing
mild dyspnea on exertion. He had no orthopnea, myalgias, rash, or joint pain. The patient
revealed a history of Raynaud’s phenomenon.
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The patient was born in China and moved to the United States in 1997, where he lived
in the northern California, midwestern, and northeastern parts of the country. He had a
10-pack-year smoking history and quit over 30 years ago. The patient did not vape or use
alcohol or inhaled or intravenous drugs. Besides having a pet cat, he reported no exposure
to other pets or birds, hot tubs or saunas, mold, tuberculosis, or wood or farm work.

In terms of occupation, the patient worked as a scientist in the chemical industry with
organic solvent vapor, heavy metal, and dust exposure using a hood. Rarely, he worked
with N-methyl-2-pyrrolidine but had no exposure to asbestos, silica, or other metals. The
patient also noted working in his home attic with exposed insulation materials containing
glass fibers while wearing a simple mask. He reported no use of pneumotoxic medications,
herbs, supplements, or radiation therapy.

On physical exam, he was noted to have bibasilar inspiratory crackles and hyperker-
atosis of both second digits, right worse than left, and along the right first digit. Pertinent
laboratory studies included white blood cell count 13 k/pL (ref 3.8-10.8 k/uL), absolute neu-
trophil count 10,758 cells/uL (ref 15007800 cells/uL), absolute monocyte count 554 cells/puL
(ref 200-950 cells/uL), erythrocyte sedimentation rate 34 mm/h (ref <20 mm/h), C-reactive
protein 17.1 mg/L (ref < 8.0 mg/L), creatine kinase 423 U/L (ref 44-196 U/L), antinuclear
antibody 1:320 (ref > 1:80 elevated antibody) with cytoplasmic pattern, weakly positive double-
stranded DNA antibody 11 IU/mL (ref > 10 positive), and positive E] 97 SI (ref < 11 SI). The
complement C3 and C4 levels were normal. The patient had pulmonary function testing
(PFT), which revealed a restriction with reduced total lung capacity (TLC) 4.30/63% predicted,
forced expiratory volume (FEV1) prebronchodilator (pre) 1.91/54% and postbronchodilator
(post) 2.09/59%, forced vital capacity (FVC) pre 2.34/51% and post 2.58/56%, FEV1/FVC
ratio 81, and diffusing capacity of lungs for carbon monoxide (DLCO) 46%. During a 6 min
walk test, the patient was able to ambulate 133 m and desaturated to 90% with no significant
tachycardia. His computed tomography (CT) scan of the chest demonstrated bilateral lower
lobe predominant peripheral and peribronchovascular ground-glass opacities mild traction
bronchiectasis (Figure 1).

Figure 1. Chest CT scan of lower lung fields.

Given these findings, our patient was diagnosed with connective tissue disease-ILD
(CTD-ILD) (amyopathic dermatomyositis/idiopathic inflammatory myopathies spectrum)
by pulmonary. He was treated with a prednisone taper and mycophenolate mofetil (MMF)
with up titration (500 mg twice daily increased to 1500 mg twice daily). The patient was
subsequently referred to rheumatology where his diagnosis was narrowed further to ASyS
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given the features of Raynaud’s phenomenon, mechanic’s hands, and ILD with positive
serology and correlating imaging findings. While on a stable dose of MMF 1500 mg twice
daily and tapering his prednisone dose, repeat PFT showed interval improvement with
TLC 3.88/61% predicted, FEV1 pre 2.38/77% and post 2.45/79%, FVC pre 2.98/76% and
post 2.88/74%, FEV1/FVC ratio 80, and DLCO 64%. On a repeat 6 min walk test, the patient
was able to ambulate almost three times as far (365 m) and the lowest oxygen saturation
was 92% with mild tachycardia noted. He continued MMF 1500 mg twice daily and the
prednisone was tapered off completely with the stabilization of his symptoms and he is
currently pending repeat PFT and CT scans.

3. Etiology and Pathogenesis

ASyS is defined by the presence of autoantibodies against an aminoacyl-tRNA syn-
thetase. Aminoacyl-tRNA synthetases are a group of twenty cytoplasmic and mitochondrial
enzymes, which are essential to RNA transcription and protein synthesis. Autoantibodies
against eight aminoacyl-tRNA synthetases have been associated with ASyS, including
HisRS (anti-Jo-1), ThrRS (anti-PL-7), AlaRS (anti-PL-12), GlyRS (anti-E]), IleRS (anti-OJ),
AsnRS (anti-KS), PheRS (anti-Zo), and TyrRS (anti-HA /YRS) [5-11]. Anti-Jo-1 antibodies
are most common in patients with ASyS, leaving most of our current knowledge of ASyS
focused on this antibody. The clinical associations with different ASAbs are seen in Table 1
and the frequencies of different antibodies in patients with ASyS are seen in Table 2.

Table 1. Frequency of various ASAbs in patients with IIM and associated clinical features; Huang,
2020 [12].

Prevalence in

Antibody Patients with Myositis Arthritis ILD
Myositis

Anti-Jo-1 15-30% 82% 74% 82%

Anti-P1-7 2-5% 80% 50% 77%

Anti-PL-12 2-5% 51% 42% 83%

Anti-EJ <2% 84% 53% 90%

Anti-OJ <2% 78% 44% 61%
Anti-KS <2% - - -
Anti-Zo <1% - - -
Anti-Ha <1% - - -

Table 2. Prevalence of ASAbs in patients with ASyS.

Antibody Zha;)l, =2(;2121 [13] Cavagl?i, 82;);9 [14]
Anti-Jo-1 63% 72%
Anti-P1-7 15% 11%
Anti-PL-12 8% 10%
Anti-EJ 14% 5%
Anti-OJ - 2%
Anti-KS - -
Anti-Zo - -
Anti-Ha - -

HisRS and other aminoacyl-tRNA synthetases are known to be cleaved by granzyme
B to produce immunogenic peptides [5,15]. Studies in mice have shown that the N-terminal
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domain of HisRS can act independently as a chemoattractant for lymphocytes, monocytes,
and dendritic cells [16]. Galindo-Feria et al. studied this further by isolating CD4+ T cells
from bronchoalveolar lavage (BAL) fluid samples in patients with ASyS, exposing the cells
to N-terminal HisRS-derived peptides, and noted the development of a proinflammatory
T cell phenotype. The group also isolated germinal center-like structures from lung biopsy
samples and anti-Jo-1 antibodies in BAL fluid from ASyS patients. Combined, these results
suggest a possible mechanism for ASyS pathogenesis whereby a pulmonary exposure leads
to an undefined autoimmune cascade in which HisRS peptide-mediated proinflammatory
T cells activate B cells, which in turn form germinal center-like structures that produce
anti-Jo-1 antibodies [3,17].

Hervier et al. looked at the involvement of natural killer (NK) cells in the pathogenesis
of ASyS by studying the phenotypes of peripheral blood NK cells derived from patients
with ASyS vs. healthy controls. They found that ASyS patients had NK cells with a dif-
ferentiated phenotype and decreased expression of NKp30. This was associated with an
overall loss of NK cell function and decreased production of IFN-y (at baseline and when
stimulated). Notably, the NK cells maintain degranulation and proteolytic capabilities
when NKp30 expression is decreased. NKp30 expression was not affected by anti-Jo-1
antibodies. Furthermore, in the ASyS group, NK cells were found to be in high quantities in
the lungs, with NK cells specifically positive for granzyme B present in both the lungs and
in higher quantities in the blood compared to controls [18]. This work taken together with
the previous study paints a highly plausible picture for ASyS pathogenesis: a genetically
susceptible individual inhales environmental antigens to the exposed lung epithelium
where the antigens interact with NK cells, inducing the differentiation and downregulation
of NKp30. The production of granzyme B increases and HisRS is cleaved to expose the
N-terminal peptide, thus triggering the previously described CD4+ T cell-mediated path-
way to produce anti-Jo-1 antibodies [17,18].

Proinflammatory cytokines appear to be involved in the pathogenesis of ASyS.
Interleukin-17A (IL-17A) likely plays a major role in the inflammatory process of ASyS.
IL-17A, produced by T-helper 17 (Th17) cells, stimulates the production of other proinflam-
matory cytokines including tumor necrosis factor-alpha (TNF-c), IL-1, IL-6, and others,
which promote inflammatory cell recruitment into various tissues [19]. Additionally, IL-17A
is involved in the interaction of B and T lymphocytes and in activated B cell immunoglobu-
lin class switching [20]. IL-17A has already been implicated in the pathogenesis of various
autoimmune diseases including rheumatoid arthritis (RA) and systemic lupus erythemato-
sus (SLE) where increased serum and tissue levels of IL-17A have been found, and higher
serum levels correlated with disease activity in patients [21,22]. Behrens Pinto et al. ex-
amined IL-17A serum levels in patients with ASyS and found them to be increased when
compared to healthy controls, although the levels did not correlate with disease activity.
This research group also conducted a prospective analysis on a subset of these patients who
started treatment with rituximab and were followed up at 6- and 12-month intervals. After
treatment with rituximab, IL-17A serum levels and disease activity both decreased [19].

The role neutrophils play in the pathogenesis of ASyS has been proposed by the
production of neutrophil extracellular traps (NETs) and the process of NETosis. NETosis
is the process by which neutrophils release NETs to capture and kill microorganisms in
response to infection [23]. Excessive NETosis is hypothesized to play a major role in
several autoimmune disorders, as molecules released during NET formation can become
autoantigens involved in triggering autoimmune disease [23]. For example, NETs can
act as a source of citrullinated proteins, which induce the production of anti-citrullinated
protein antibodies (ACPAs) in RA [24]. Inflammatory cytokines, including IL-17A, have
been shown to induce NETosis in RA. The increased production of IL-17A in ASyS may
also induce NETosis, promoting inflammation and the production of autoantigens [19,24].
Indeed, in IIM studies, NET formation was found to augment the disruption of myofibers,
likely through citrullinated histone-mediated pathways [25].
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To elucidate the genetic susceptibility to an environmental insult that results in ASyS,
Lopez-Mejias et al. looked to a polymorphism of the MUC5B gene (rs35705950), which is
associated with idiopathic pulmonary fibrosis (IPF), chronic hypersensitivity pneumonitis
(CHP), and RA-ILD. The MUC genes code for mucins, which are part of mucous secretions
that are vital to host defense against bacterial and fungal infections, especially in the
respiratory tract. The group further conducted an analysis of patients with ASyS, ILD
unrelated to ASyS, and healthy controls and found no evidence of a link of MUC5B gene
polymorphism in patients with ASyS. Likewise, the polymorphism frequency did not
correlate with the severity of ASyS-ILD nor with a UIP pattern vs. non-UIP pattern in
ASyS-ILD patients. There was, however, a statistically significant increased frequency of
MUCS5B rs35705950 in RA-ILD, IPF, and CHP (which favor a UIP pattern) compared to
ASyS-ILD (which favors an NSIP or OP pattern), suggesting these distinct phenotypes
result from different genetic predispositions [26].

Remuzgo-Martinez et al., working in the same laboratory, conducted a similar study
looking at the MUCT rs4072037 allele. This allele was found to increase the risk of ASyS
but had no association with the presence or absence of ILD or the anti-Jo-1 status. MUC1
rs4072037 allele frequencies were higher in ASyS-ILD patients when compared to IPF,
although serum KL-6 levels were not statistically different [27]. This suggests that while KL-
6 levels cannot be used to differentiate the two diagnoses, the MUCT rs4072037 allele could
be used as a genetic marker for ASyS-ILD. Ponce-Gallegos et al. studied polymorphisms of
the interleukin 1B (IL1B), which encodes the proinflammatory cytokine IL-1(3, known to be
associated with RA, SLE, and other autoimmune disorders. The rs1143634 polymorphism
was found to be associated with an increased risk of ASyS and the GA genotype with
increased levels of IL-1f in the serum of ASyS patients [28].

4. Epidemiology

Although classically presenting with a triad of features including myositis, arthritis,
and ILD, ASyS can present with diverse clinical manifestations occurring in various time-
frames and thus with a myriad of possible patient presentations. This can be diagnostically
challenging. Additionally, the varying classification systems used to diagnose ASyS and
various ASAbs make accurate incidence and prevalence data difficult to tabulate. Further-
more, it is likely that patients with ASAbs and myositis are only a portion of patients with
ASyS, possibly even a minority, and that there are patients with ILD, arthritis, and other
manifestations who are undiagnosed. Even though most of the epidemiological data are
from patients with IIM, what is known about ASyS is that women are more often affected
than men (greater than 2:1), with a mean age of onset 48 + 15 years, and African American
patients are thought to have more frequent and severe ILD [29-31].

5. Classification and Diagnostic Criteria

ASyS, while originally categorized as either polymyositis (PM) or dermatomyositis
(DM) based on clinical manifestations, is now agreed by most experts to be its own disease
entity within IIMs [2,32,33]. However, the latest EULAR/ACR criteria do not yet reflect
this, only including anti-Jo-1 and failing to capture ASyS patients positive for one of the
seven other ASAbs [34]. In response to this, there have been two major classification
criteria proposed for ASyS, Solomon’s criteria and Connors’ criteria, both of which require
a positive ASADb as an entry criterion, as seen in Table 3 [30,35].

Table 3. Comparison of existing and proposed classification criteria for ASyS and IIM, adapted from
Opinc, 2021 [3] and Marco, 2020 [36].

Solomon et al., 2011 [30] Connors et al., 2010 [35] EULAR/ACR 2017 [34]
Antisynthetase antibody plus two major . N body ol Definite IIM: scorelofbe}t least 7.5 (8.7 with
criteria or one major and two Antisynthetase antibody plus one or more muscle biopsy)
of the following: Probable IIM: score of at least 5.5 (6.7 with

minor criteria:

muscle biopsy)
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Table 3. Cont.
Solomon et al., 2011 [30] Connors et al., 2010 [35] EULAR/ACR 2017 [34]
e  Major Criteria e Myositis by Bohan and Peter [33] e  Anti-Jo-1
. Myositis by Bohan and . ILD . Objective symmetrical weakness of upper and
Peter [33] . Arthritis lower proximal extremities
o ILD . Raynaud’s phenomenon . Proximal leg muscles weaker than distal
) o e Mechanic’s hands e  Dysphagia or esophageal motility disorders
e  Minor Criteria e  Persistent unexplained fever e  Skin lesions (heliotrope rash, Gottron’s papules,
. Arthritis and Gottron’s sign)
. Raynaud’s phenomenon e  Ageof onset

° Mechanic’s hands

° Typical features in muscle biopsy and elevated
skeletal muscle enzymes

6. Clinical Features

While ASyS is classically defined by a clinical triad including muscle involvement,
arthritis, and ILD, patients often do not have all three findings at presentation. Cavagna
et al., for instance, found that patients positive for anti-Jo-1 often exhibited an incomplete
triad, usually with only one of the manifestations, on presentation. Furthermore, only about
half of those patients went on to develop the other two features of the triad later in their
disease course, ranging from months to years later [37]. Indeed, many groups have studied
the evolution of clinical manifestations, finding various timelines for the development
of the triad and other features, including fever, Raynaud’s phenomenon, and mechanic’s
hands (Table 4) [38—40]. ILD may also be the initial presenting feature, preceding muscle,
joint, and cutaneous manifestations.

Table 4. Clinical features of patients with ASyS by ASAD; Shi, 2017 [41].

Variable AILP:?;: “ n]Z ;2 nP=L ;1 rf ];1122 n EJI9

Mean age of onset (years) 50.4 49.9 51.7 54.0 47.6
Female 75.8% 71.0% 80.6% 75.0% 84.2%
Muscle weakness 63.7% 62.9% 71.0% 66.7% 52.6%
ILD 94.4% 96.8% 83.9% 100% 100%

Rapid onset ILD 8.9% 4.8% 19.4% 8.3% 5.8%
Raynaud’s phenomenon 9.7% 12.9% 3.2% 16.7% 5.3%
Mechanic’s hands 46.0% 46.8% 45.2% 41.7% 47.4%
Arthritis /arthralgia 54.0% 71.0% 41.9% 41.7% 26.3%
Dysphagia 11.3% 8.1% 19.4% 8.3% 10.5%
Malignancy 6.5% 6.5% 6.5% 8.3% 5.3%
Ro52+ 29.0% 9.7% 38.7% 66.7% 52.6%

6.1. Muscle

ASyS muscle involvement ranges from myalgias to severe proximal muscle weakness
in the upper and lower extremities, resulting in significant disability [32]. Like other types of
IIMs, creatine kinase (CK) is often elevated, with one study finding a mean peak CK greater
than 4000 UL [32]. About 25% of anti-Jo-1-positive ASyS patients are termed amyopathic,
meaning muscle symptoms are absent; however, CK and/or electromyography (EMG) may
still be abnormal [37]. Studies have found overall myopathy symptoms are more prevalent
and more severe in anti-Jo-1 than anti-PL7 and anti-PL12 ASyS patients (Table 5) [42—44].
Magnetic resonance imaging (MRI) and EMG can be useful to examine for the presence of
active muscle inflammation and identify target areas for biopsy.

MRI abnormalities were found in 65% of ASyS patients, with nonspecific features
including symmetrical muscle loss and edema [45]. EMG findings are indistinguishable
from other types of IIMs and include increased spontaneous activity, marked by sharp
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waves and fibrillation, early recruitment and low-amplitude, and short-duration motor
unit potentials [46]. Muscle biopsy, while not always necessary, can help rule out myositis
mimics if the diagnosis is unclear. Like dermatomyositis, histology in ASyS patients often
reveals perifascicular necrosis [32]. While proximal muscle involvement is most com-
mon, esophageal and diaphragmatic weakness can occur, leading to significant dysphagia,
gastroesophageal reflux disease (GERD), and dyspnea [32,36].

Table 5. Prevalence of myositis in ASyS by autoantibody, Cavagna 2019 (n = 828) [14].

?&I::tizi;l:il]‘:;:l;e Myositis (%) Classic Onset Hypomyopathic Onset
Anti-Jo-1 (n = 593) 82.1% 80.0% 20.0%
Anti-PL7 (n = 95) 80.0% 69.3% 30.7%
Anti-PL12 (n = 84) 51.2% 72.1% 27.9%
Anti-EJ (n = 38) 84.2% 81.3% 18.7%
Anti-OJ (n = 18) 77.8% 64.3% 35.7%
6.2. Joint

Articular manifestations of ASyS typically include polyarthralgias and polyarthritis
in roughly 60-70% of ASyS patients [37,39]. When arthritis is present, about 70% have a
symmetric polyarticular arthritis resembling RA while 30% have an asymmetric, oligoartic-
ular arthritis [37,39]. Furthermore, of those with an RA-like distribution, it is reported that
35% had erosive changes on plain radiograph, 39% were rheumatoid factor positive, and
28% were anti-citrullinated protein antibodies positive [38]. When symmetric polyarticular
arthritis is the sole presenting symptom, a diagnosis of RA is often made until other clinical
manifestations evolve over time.

6.3. Lung
e Interstitial Lung Disease

Interstitial lung disease is the most common extramuscular manifestation of ASyS with
an estimated prevalence of 67-100% [47]. Patients may present with an indolent course of
dyspnea on exertion over time, others with a subacute/acute form, and a small portion with
a rapidly progressive form leading to high morbidity and potential mortality [12,44]. Still,
other patients are discovered to have asymptomatic ILD initially, found only by routine
screening. Patients with anti-PL7 or anti-PL12 antibodies were found to have ILD more
frequently compared to those with anti-Jo-1 antibodies; furthermore, the patients with anti-
PL7 or anti-PL12 tended to have early, severe, and more rapidly progressive ILD [29,44].
Refer to Table 6 for two studies assessing the prevalence of ILD in ASyS by autoantibody.

Table 6. Prevalence of ILD in ASyS by autoantibody.

A. Teel, 2022 [48]

All ‘:23;5::2?3“ Jo-1 PL7 PL12 EJ 0]
(0 = 994) n =712 n=78 n =23 n=>52 n=4
93% 83% 87% 91% 98% 100%
B. Cavagna, 2019 [14]
Antisynthetase
Autoantibody ILD (%) Acute Onset Chronic Onset Asymptomatic
(n = 828)
Anti-Jo-1 (n =593) 82.0% 37.3% 41.9% 20.8%
Anti-PL7

(n = 95) 76.8% 38.9% 44.4% 12.6%




Int. J. Mol. Sci. 2024, 25, 4453 8 of 25
Table 6. Cont.
B. Cavagna, 2019 [14]
Antisynthetase
Autoantibody ILD (%) Acute Onset Chronic Onset Asymptomatic
(n = 828)
Anti-PL12 83.3% 48.6% 40.0% 11.4%
(n=84)
Anti-EJ o o o o
(n = 38) 89.5% 63.6% 33.3% 3.0%
Anti-OJ 61.1% 36.4% 54.6% 9.1%
(n=18)

Fine inspiratory crackles and plain radiographic changes do not occur until late in
the course of ILD and should not be relied on for the diagnosis. For baseline screening in
asymptomatic patients and for follow-up in patients with dyspnea, pulmonary function
testing with DLCO should be performed. A restrictive lung disease pattern with reduced
FVC, TLC, and DLCO is suggestive of ILD and should be followed with high-resolution
computed tomography (HRCT) of the chest, the gold-standard for diagnosis [36]. HRCT
is essential to the diagnosis of ASyS-ILD and especially helpful when ILD is the lone
presenting manifestation. Several studies found that 78-100% of patients with ASyS-ILD
on HRCT have nonspecific interstitial pneumonia (NSIP), organizing pneumonia (OP), or
a mixed NSIP/OP pattern [36,49-53]. When these patterns are found in a patient with
isolated pulmonary symptoms, it should prompt the physician to look for ASyS-specific
autoantibodies. Refer to Figure 2 for radiographic findings of various ILD patterns based
on different ASAbs.

Anti-PL12

Figure 2. Chest CT scans with different ASAbs. (A): Bilateral, scattered, peribronchovascular ground-
glass opacities; (B): bilateral, right side predominant, dense consolidative opacities; (C): diffuse,
lower lobe predominant round-glass opacities with traction bronchiectasis; and (D): lower lobe
predominant, scattered ground-glass opacities.
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e  Pulmonary Arterial Hypertension

Like other autoimmune conditions, pulmonary arterial hypertension (PAH) has been
shown to occur in patients with ASyS, both secondary to and independently from ILD [54].
One retrospective study by Hervier et al. found that, using transthoracic echocardio-
grams (TTEs), 25% of their cohort had probable PAH, with 7.9% confirmed to have severe
pre-capillary PAH by right heart catheterization (RHC). As only a few selected people
underwent RHC, this likely underestimates the number with severe PAH [55]. The presence
of PAH was associated with significant mortality with a reported three-year survival rate
of 58% [55,56]. Due to the poor prognosis associated with PAH, asymptomatic patients
should undergo routine screening with TTEs.

6.4. Skin
e  Mechanic’s Hands and Hiker’s Feet

Mechanic’s hands are a classic cutaneous finding in ASyS marked by scaly, fissured,
hyperkeratotic plaques on the radial and palmar aspects of the fingers and hands, especially
the second finger [57]. The lesions are named for resembling an occupational dermatitis
associated with manual labor, as seen in Figure 3. Mechanic’s hands, however, are not
specific to ASyS and can occur in other types of myositis. Similar eruptions have been
noted on the toes of patients with ASyS and termed “hiker’s feet” in recent years [58,59].
Hiker’s feet were noted to occur in 90% of patients who had mechanic’s hands [58]. Notably,
some report an association between the presence of mechanic’s hands and a higher rate of
ILD [57].

Figure 3. Mechanic’s hands (courtesy of C. Oddis).

e Raynaud’s Phenomenon, Nailfold Capillary Abnormalities, and Digital Ischemia

ASyS has several clinical features that overlap with those of systemic sclerosis (SSc), in-
cluding Raynaud’s phenomenon, nailfold capillary abnormalities, and digital ischemia [12].
Raynaud’s phenomenon (RP) is thought to occur in 38-51% of patients with ASyS [3].
Nailfold capillary abnormalities have been reported in over 60% of ASyS patients, with
35% having an SSc-like pattern and occurring independent of RP [60]. Digital ischemia
was previously thought to occur infrequently in ASyS but may be underestimated due to
misclassification as SSc. A single-center cohort in Japan was found to have severe digital
ischemia in 7% of their patients positive for ASAb [61].

6.5. Other Clinical Features

While other types of IIMs, especially dermatomyositis, are associated with malignancy,
there are mixed data as to whether ASyS poses an increased risk of malignancy or is actually
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protective compared to other types of IIMs [29]. However, given ASyS patients are often
treated with long-term immunosuppressants, routine cancer screenings are still essential.
Besides PAH, other cardiac manifestations of ASyS may include myocarditis or pericarditis,
although they are typically of minor clinical significance [62,63].

7. Imaging and Histology

HRCT of the chest is the gold-standard imaging for detecting ASyS-ILD, revealing
unique imaging patterns compared to other causes of ILD. Waseda et al. described these
features as ground-glass opacities, consolidation, and reticulation, distributed in the lower
lobes, periphery, and/or peribronchovascular regions, most consistent with NSIP. The
NSIP pattern alone was found in >55% of ASyS-ILD cases. The remaining cases consisted
of an OP pattern (marked by patchy areas of peripheral, subpleural, and peribronchiolar
consolidations) or a mixed NSIP/OP pattern [50]. The usual interstitial pneumonia (UIP)
pattern (marked by honeycombing and traction bronchiectasis) has also been described but
is less frequent than NSIP [49,50,64]. Diffuse alveolar damage (DAD) was found mostly
in patients with anti-Jo-1. A separate case series of 22 ASyS-ILD patients similarly had a
predominance of NSIP and OP patterns; however, they also had a high rate of acute presen-
tations with nearly 20% of patients displaying acute interstitial pneumonia on HRCT [65].
The radiographic pattern itself is less important than recognizing that a variety of ILD
patterns may ultimately be due to ASyS-ILD. Recent case reports have highlighted this as
well, as patients initially suspected to have COVID-19 pneumonia were later diagnosed
with ASyS-ILD based on CT imaging patterns and subsequent serology testing [66,67].
Refer to Table 7 for the frequency of ILD patterns associated with various ASAbs.

Table 7. ASAbs associated with patterns of ILD.

A. de Souza, 2023 [68]

Nantibody — MyositsofIlD’  patern  UPPatem o0l e
Jo-1 15-30% 70-80% 10% 25% 5% 50%
PL7 5-10% 84% 25% 50% 50% -
PL12 <5% 90% 17% 67% 17% -
KS 1% 90% 62% 27-35% - -
oJ 1% 8% - - - -
EJ 1% >90% 75% 4% 21% -
Ha <1% 60-100% - 21% - -
Zo <1% 4-38% 60% 10% 30% -
B. Jiang, 2021 [69]
Autoantibody NSIP oP NSIP + OP UIP Unclassifiable
n =84 (n)
Jo-1 (36) 44.5% 27.8% 19.4% 0% 8.3%
PL7 (22) 50.0% 18.2% 22.7% 9.1% 0%
PL12 (9) 22.2% 33.3% 22.2% 11.1% 11.1%
EJ (12) 58.3% 33.3% 8.3% 0% 0%
OJ (5) 20.0% 0% 20.0% 40.0% 20.0%

Lung biopsies for histopathological confirmation of HRCT findings are not routinely
performed in ASyS-ILD. For one, patients with a rapidly progressive ILD often have
minimum pulmonary reserve to undergo an invasive procedure. Secondly, biopsies often
have low diagnostic utility, other than to rule out infectious etiologies, as diagnosis is
centered around clinical, serological, and HRCT findings. Furthermore, there are no known
pathological findings specific to ASyS-ILD [64]. Finally, surgical lung biopsies are associated
with significant morbidity and may lead to a flare of the underlying lung disease [70].
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Chartrand et al. used a retrospective approach to study 33 patients thought to have
idiopathic interstitial pneumonia before being ultimately diagnosed with ASyS by serology
plus HRCT and/or surgical lung biopsy. On HRCT, 31/33 (94%) patients were found to
have an NSIP, an OP, or a mixed NSIP/OP pattern. Surgical lung biopsy was performed on
21 patients, with 19 (90.5%) having an NSIP, OP, NSIP /OP, NSIP /DAD, or OP/DAD pattern.
Additional histopathologic features suggesting an underlying autoimmune etiology were
noted, including lymphoplasmacytic infiltration, lymphoid hyperplasia +/— germinal cen-
ters, and evidence of pleuritis or inflammatory airways disease [53]. These findings re-
inforce the notion that histopathological results may not differ substantially from skilled
HRCT image interpretation but are another investigative tool available in case of diagnos-
tic uncertainty.

Muscle biopsies are easier to obtain and used more frequently to study IIM, with
more recent research focused on identifying specific pathological findings unique to ASyS.
Noguchi et al. looked at 50 patients with ASyS and found a pattern of perifascicular necrosis
in 48% of samples and diffuse myofiber necrosis in 16%. The remaining 36% of samples
revealed few necrotic fibers, perimysial mononuclear cellular infiltration, and /or MHC
class I and II expression on the sarcolemma and cytoplasm of non-necrotic myofibers [32].
Work by da Silva et al. using muscle biopsy samples from 26 anti-Jo-1-positive ASyS patients
with objective muscle involvement found nearly 40% of the patients had a necrotizing
myopathy pattern on histological review, marked by the presence of CD68+, and low
CD4+ and CD8+ staining [71]. These necrotizing myopathy patterns described are more
classically seen in IMNM; however, taken in the right clinical context, they may support
a diagnosis of ASyS. As a non-Jo-1 ASAb can be more technically challenging to isolate,
Tanboon et al. sought to explore the diagnostic utility of HLA-DR myofiber expression
in ASyS. The group compared HLA-DR staining patterns from muscle biopsies of ASyS
and non-ASyS myositis samples and additionally performed RNA sequencing to evaluate
interferon (IFN)-signaling pathway genes [72]. Both HLA-DR expression and IFN-y-related
gene upregulation were prominent in ASyS and IBM, suggesting HLA-DR expression could
further support ASyS diagnosis in the right clinicopathological context.

8. Autoantibodies Phenotypic Profiles

To date, eight ASAb have been associated with ASyS, including anti-Jo-1 (anti-histidyl
tRNA synthetase), anti-PL7 (anti-threonyl tRNA synthetase), anti-PL12 (anti-alanyl tRNA
synthetase), anti-OJ (anti-isoleucyl tRNA synthetase), anti-E]J (anti-glycyl tRNA synthetase),
anti-KS (anti-asparaginyl tRNA synthetase or AsnRS), anti-HA /YRS (anti-tyrosyl tRNA
synthetase or TyrRS), and anti-Zo (anti-phenylalanyl tRNA synthetase or PheRS) [5-11]. It
is extremely rare for patients to have more than one ASAb and it is thought that different
phenotypic profiles specific to each ASADb exist (see Table 8). Along with ASAbs, other
autoantibodies including anti-citrullinated peptide/protein antibodies (ACPAs) and anti-
Ro52 have been associated with distinct ASyS phenotypes.

e  Anti-Jo-1 (Anti-Histidyl tRNA Synthetase)

Anti-Jo-1 is the most common ASAb, occurring in roughly 30-60% of ASyS patients
depending on the cohort studied [47,49,73,74]. It is associated more frequently with pol-
yarticular arthritis and muscle involvement compared to the other ASAbs [47,56,75]. Indeed,
an isolated arthritis at disease onset was the most common presentation for anti-Jo-1 [14].
Mechanic’s hands were more common in an anti-Jo-1 cohort, as well as lower CK serum
values [76]. ILD, when present, often has an NSIP pattern on HRCT and is less severe
in ASyS patients positive for anti-Jo-1 [29,44,69]. One study suggested that higher levels
of anti-Jo-1 antibodies correlated with disease activity and severity [77]. Across several
cohorts, a positive anti-Jo-1 antibody coincided with improved overall survival [29,56,74].
In summary, anti-Jo-1 tends to produce a milder phenotype of ASyS with a favorable
disease course and prognosis.

e  Anti-PL7 (Anti-Threonyl tRNA Synthetase) and Anti-PL12 (Anti-Alanyl tRNA Synthetase)
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Anti-PL7 and anti-PL12 ASAbs are often studied together as they display a similar
phenotypic profile, including more prevalent and severe ILD compared to anti-Jo-1 [29].
In fact, isolated ILD is the most common presenting symptom at disease onset for anti-
PL7/PL12 [14,78]. Based on two separate retrospective cohort studies, anti-PL12 and
anti-PL7 were often associated with NSIP patterns on HRCT and/or transbronchial biopsy;
however, anti-PL12 was also linked to an OP pattern and anti-PL7 with a UIP pattern [69,79].

Myositis occurs in about 50-75% of anti-PL7 /PL12-positive patients, who also have
higher rates of GERD and dysphagia [29,44,63,78,80]. The gastrointestinal (GI) manifesta-
tions may be secondary to myositis or to intrathoracic pressure changes in the setting of
underlying ILD but need to be further studied [29]. Of interest, some retrospective studies
found increased cardiovascular events including pericarditis, myocarditis, and PAH in anti-
PL7/PL12 ASyS patients [63,80]. Those positive for anti-PL7 had especially high rates of
pericarditis, occurring in one-third to one-half of patients [63,78]. Anti-PL7/PL12 positivity
was further associated with a greater diagnostic delay and lower survival rates compared
to anti-Jo-1 [14,74].

e  Anti-OJ (anti-isoleucyl tRNA synthetase)

Of the commercially available myositis panels, anti-OJ is the least commonly detected
ASAD [36]. One large retrospective study found that at the time of diagnosis, ASyS patients
with anti-OJ most often had isolated myositis, while another cited isolated ILD [14,81]. The
myositis tends to be particularly severe, with higher CK values, more necrosis on muscle
biopsy, and profound weakness when compared to the myositis course associated with
other ASADbs [32,81]. This was also confirmed via muscle biopsy, in which anti-OJ samples
showed myopathological features including diffuse myofiber necrosis, which corresponded
clinically to severe myositis compared to other ASAbs [32,72]. Depending on the cohort
studied, anti-OJ-positive ASyS-ILD has been associated with NSIP/OP or UIP patterns on
HRCT [69,79].

e  Anti-E] (anti-glycyl tRNA synthetase)

As seen in anti-PL7 /PL12, isolated ILD at disease onset is the most frequent presenta-
tion for anti-EJ [14]. Anti-EJ-positive ASyS-ILD is also associated with the most common
HRCT patterns: NSIP or OP [69,79]. Furthermore, ILD is responsive to immunotherapy,
but recurrences are common [82].

e  Anti-KS (anti-asparaginyl tRNA synthetase), Anti-HA /YRS (anti-tyrosyl tRNA syn-
thetase), Anti-Zo (anti-phenylalanyl tRNA synthetase)

Limited data exist for anti-KS, anti-HA /YRS, and anti-Zo ASyS as these antibodies
must be detected via immunoprecipitation, which is not widely available commercially.
Anti-KS most often presents with isolated ILD, in more than three-quarters of ASyS patients
positive for the antibody from one Japanese retrospective study [73]. When looking at
ASyS-ILD, anti-KS positivity was associated more often with NSIP or UIP patterns on
imaging [83,84]. A small case series in the UK of patients with anti-Zo ASyS showed similar
clinical features as the other ASAbs previously described [85].

e ACPA (anti-citrullinated peptide/protein antibody)

ACPA, best known for high specificity for RA, has been found in the serum of patients
with other autoimmune conditions, such as SLE and SSc, and often coincides with an
RA-like erosive arthritis [86-90]. Meyer et al. used a case-control study to evaluate the
clinical significance of the ACPA in ASyS patients. The group found all ASyS patients with
ACPA positivity had an RA-like polyarthritis involving small joints, positive rheumatoid
factor, and elevated C-reactive protein; thus, while patients met the ASyS criteria, they
also met the diagnostic criteria for RA. This can often lead to diagnostic uncertainty and
the delayed diagnosis of ASyS in patients with isolated arthritis. Furthermore, Meyer
et al. found that ACPA-positive ASyS was also associated with refractory arthritis despite
the increased use of disease-modifying antirheumatic drugs (DMARDs) and an overall
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higher incidence of joint damage. Notably, a small subset of patients treated with a TNF-o
inhibitor developed worsening ILD and/or myositis, suggesting that rituximab may be a
more suitable treatment in ACPA-positive ASyS patients [91].

e Anti-Ro52

The Ro/SSA antigen has two polypeptide components Ro52 and Ro60, both com-
monly implicated in other autoimmune diseases; however, only antibodies against Ro52
are considered to be myositis-associated [92]. Notably, it was shown to be an independent
predictor for the development of ILD [93-95]. In IIM patients, anti-Ro52 is strongly asso-
ciated with ASyS, ILD, and dysphagia [96]. One prospective observational study found
patients with isolated anti-Ro52 antibodies and non-rapidly progressive ILD to have an
NSIP pattern on HRCT, whereas those who developed rapidly progressive ILD more often
had an OP pattern [94].

Anti-Ro52 frequently occurs with ASAbs, most commonly with anti-Jo-1 in Caucasian-
predominant cohorts and with anti-PL7/PL12/E] in Southeast Asian-predominant co-
horts [41,74,97-99]. Anti-Ro52 is associated with an increased frequency of ILD and, in
one ASyS cohort, with a decreased frequency of muscle involvement and strong female
prevalence [100]. In several retrospective studies, coincident anti-Ro52 antibodies were
associated with more severe ILD, often refractory to many treatment options, and associ-
ated with a poor overall prognosis [43,92,97,101,102]. One group found that the response
to immunosuppressive therapy was dependent on the concentration of anti-Ro52 in the
serum, aside from rituximab which worked well regardless of the anti-Ro52 presence or
concentration [92]. It therefore has been proposed to screen ASyS patients for anti-Ro52 for
risk stratification and preferred treatment options.

Table 8. Phenotypes of ASyS by ASADb specificities.

Predominant Feature

Antisynthetase

Antibodies Common Phenotype

Arthritis

Myositis

ILD

Anti-Jo-1 ° Isolated arthritis common [14]
Mild myositis [76]
ILD with NSIP pattern; overall, less severe with
improved overall survival [29,44,69]
) Mechanic’s hands common [76]

Anti-OJ ° Often isolated myositis or ILD [43,81]
Myositis tends to be severe [32,81]
ILD with NSIP, OP, or UIP [69,79]

Anti-PL7 ° More severe ILD with NSIP or UIP pattern [69,79]
Myositis common [29,44]
More frequent GERD and dysphagia [29]

Anti-PL12 e  More severe ILD with NSIP or OP pattern [69,79]
Myositis common [29,44]
More frequent GERD and dysphagia [29]

Anti-EJ e  Isolated ILD with NSIP or OP pattern [69,79]
Anti-KS ° Isolated ILD with NSIP or UIP pattern [83,84]
Anti-HA /YRS and Anti-Zo e  Not enough information is known

9. Treatment of ILD in ASyS

The treatment and management of ASyS, with its heterogeneous multisystem man-
ifestations, is often challenging and requires a collaborative multidisciplinary approach
including the rheumatologist, pulmonologist, dermatologist, and radiologist. There are no
FDA-approved medications for the treatment of ASyS and the treatment approach is usu-
ally targeted at the organ systems involved and the disease severity. The general treatment
paradigm for ILD in ASyS is extrapolated from studies of patients with myositis associated
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with ILD. Usually, the management of ILD in ASyS is targeted at both pharmacologic and
non-pharmacologic strategies as well as disease monitoring. However, in this review, we
will focus the discussion on pharmacologic interventions in the management of ILD in
ASyS. Table 9 summarizes the American College of Rheumatology (ACR) guidelines for
the treatment of ILD in systemic autoimmune rheumatic diseases.

Table 9. The 2023 American College of Rheumatology (ACR) guideline for treatment of ILD in people
with systemic autoimmune rheumatic diseases; available on the ACR website.

Treatment Guideline for Myositis Associated ILD

Mycophenolate Mofetil
Initial Treatment of ILD Azathioprine
Preferred Rituximab
Calcineurin Inhibitors
Additional options JAK 1nh1b1t0r§
Cyclophosphamide
Glucocorticoids, short term
Treatment for patients with progressive ILD on IVIG
initial treatment Nintedanib

9.1. Glucocorticoids

Glucocorticoids (GCs) have long been the initial mainstay treatment for ILD in ASyS.
There is a lack of consensus or guidelines recommending a standard regimen for the initial
dose, duration, or tapering strategies for GCs. However, there is strong evidence suggesting
clinical recurrence of lung disease with GC tapering [103] and often glucocorticoid-sparing
immunosuppressive agents are needed to manage the disease. The initial dose selected is
based on the acuity, the severity of the symptoms, and the degree of respiratory impairment.
Usually, patients are started on 1 mg/kg per day of prednisone (or equivalent and no more
than 60-80 mg daily) or pulse therapy of methylprednisolone 1000 mg for 3 days for rapidly
progressing ILD. Other immunosuppressive agents are often added to glucocorticoid
therapy to facilitate tapering and to minimize adverse effects associated with the use of
glucocorticoids, which is dependent on the dose and the duration of therapy. Common
adverse effects are weight gain, insomnia, accelerated decrease in bone mineral disease,

high blood pressure, hyperglycemia, and cushingoid features, but any organ system can
be affected.

9.2. Mycophenolate Mofetil

Mycophenolate mofetil (MMF) (or myfortic acid) is a widely used immunosuppressive
agent for the treatment of various manifestations of several rheumatological conditions,
including SLE, myositis, systemic vasculitis, SSc, and inflammatory eye disorders. MMF is
converted to mycophenolic acid, which is an active metabolite that inhibits inosine monophos-
phate dehydrogenase, leading to suppressed T and B cell lymphocyte proliferation.

In several case reports and retrospective case series of patients with IIM-associated
ILD (IIM-ILD) and other CTD-ILD, MMF demonstrated the improvement and stabilization
of declining lung function [104-108]. Typically, MMF is initiated at a dose of 500 mg twice
a day, with a target dose of 2-3 g per day. GI symptoms are the most commonly noted
adverse effect and can be curtailed with the use of enteric-coated mycophenolic acid. Other
observed adverse effects include cytopenias due to bone marrow suppression, infections,
and possibly increased risk of malignancy.

9.3. Azathioprine

Azathioprine (AZA) is another commonly used immunosuppressive agent that is used
for the treatment of a variety of conditions, including numerous rheumatic diseases. AZA is
a prodrug, which is converted to its active metabolite 6-mercaptopurine that inhibits DNA
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replication by inhibiting purine synthesis. Similar to MMF, data for AZA use in ASyS-ILD
are derived from studies of patients with IIM and IIM-ILD. There is little evidence in the
literature comparing the efficacy of AZA to other immunosuppressive agents for use in
patients with ASyS-ILD. A retrospective study of 46 patients (positive Anti-Jo 1 antibody in
50%) showed the stabilization of lung function and a reduction in steroid dose in 24 who
were treated with cyclophosphamide (CYC), 12 with AZA, and 9 with MMF [109]. In
a single-center retrospective observational study of 110 patients with IIM-ILD, 66 were
treated with AZA and 44 with MME. This study adjusted for ASAbs but showed that the
use of both AZA and MMF was associated with an improved FVC % predicted and a lower
prednisone dose. AZA was also associated with an improvement in the DLCO % predicted
and MMF showed stabilization of the DLCO % predicted in patients with IIM-ILD over
2 to 5 years. In this cohort, a higher rate of adverse events was noted more frequently in
the AZA group than the MMF group, 17% vs. 7.5%, respectively [110].

Prior to the initiation of AZA, it is imperative that patients are tested for thiopurine
methyltransferase (TMPT) deficiency to guide the dose adjustment in poor metaboliz-
ers. AZA is usually started at 50 mg per day, with a goal target dose of 2-3 mg/kg per
day to minimize adverse events. The most common adverse effects of AZA include GI
disturbances, bone marrow suppression, risk of infection, and possibly malignancies.

9.4. Calcineurin Inhibitors

Calcineurin inhibitors (CNIs) such as cyclosporine and tacrolimus exert their im-
munosuppressive effects through T cell inhibition. They are routinely used to prevent
the rejection of solid organ transplantation but are occasionally used as an adjunctive
treatment in autoimmune diseases. In a 2015 systematic review assessing the efficacy of
tacrolimus in patients with refractory IIM-ILD, an improvement in or stabilization of FVC
in 89.3% (25/28) and DLCO in 81.3% (13/16) was noted. The ASyS-ILD patients with the
anti-Jo-1 or anti-PL-12 antibodies showed stabilization of 56.6% (30/53) and 3.8% (2/53),
respectively [111]. In a retrospective Japanese study of 32 patients with ASyS-ILD treated
with GC monotherapy (n = 12) vs. GC plus CNI (n = 20) showed in the entire cohort a
2-year progression-free survival and 5-year survival rate of 68.8% and 96.9%, respectively.
Although, there was no significant difference regarding long-term survival between the
two groups [112].

Typically, tacrolimus is started at 1 mg twice daily, which is subsequently titrated
based on target trough levels of 3-6 ng/mL. Renal dysfunction is the most common and
significant side effect; therefore, it is imperative that serum trough levels of tacrolimus are
closely monitored, especially in patients with fluctuating renal clearance. Other potential
adverse events include hypertension, electrolyte abnormalities, headache, infections, and
increased risk of malignances.

9.5. Rituximab

Rituximab (RTX) is a chimeric monoclonal antibody directed against the CD20 antigen
on the surface of B lymphocytes, resulting in B cell depletion. It was the first monoclonal
antibody approved for the treatment of cancer, specifically hematologic B cell malignancies.
Since then, numerous studies have shown the efficacy of B cell depletion in autoimmune
diseases, leading to FDA approval for use in rheumatoid arthritis and ANCA-associated
vasculitis, as well as off-label use in several other rheumatic diseases [113]. The use and
benefit of rituximab has been demonstrated in several retrospective series of patients with
progressive and treatment-refractory ASyS-ILD, by showing improvement in the PFT and
HRCT findings [114-117]. An open-label, phase II clinical trial (n = 10) assessing the efficacy
of rituximab in patients with ASyS-ILD refractory to multiple immunosuppressive agents
showed improvement in PFT (measured by an increase of 10% in the absolute FVC or 15%
in the DLCO) for 5 patients, stabilization in 4 patients, and worsening in 1 patient [118].
The authors of this study noted that only two patients had an improvement in the DLCO,
suggesting that the improvement in PFT could be due to an improvement in muscle strength
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rather than an improvement in ILD. Nonetheless, this study with a relatively small sample
size emphasized the need for large clinical trials.

Adverse events include infusion reactions to rituximab, which are usually mild but
rarely can be life-threatening. However, serious toxicities include infections, hypogam-
maglobulinemia, viral reactivation (hepatitis B), and cytopenias. Typically, two doses of
intravenous rituximab of 1000 mg are administered two weeks apart every 6 months, but
the dosing regimen has not been standardized.

9.6. Cyclophosphamide

Cyclophosphamide (CYC) is an alkylating agent that is used to treat severe organ-
threatening manifestations of a variety of rheumatic diseases. CYC is a prodrug that is
converted to active metabolites in the liver that exhibits cytotoxic effects by crosslinking
strands of DNA and RNA. It is a potent and effective immunosuppressive agent but has
the potential for severe toxicity in the short and long term. Its efficacy was demonstrated
in a 2015 systematic review that assessed five studies of IIM-ILD patients (>50% patients
positive for anti-Jo-1) treated with intravenous (IV) CYC. The main outcome (an increase
of >10% in vital capacity (VC) and DLCO or decreases of >10% in HRCT score) was
noted in 57.6% (34/59), 64.3% (27/42), and 67.3% (35/52) of patients with improvements in
VC, DLCO, and HRCT, respectively [119]. Another systematic review and meta-analysis
published in 2019 that included 553 patients (45% with ASyS) showed an improvement in
lung function by 56.4% with CYC (95% CI 44-68.0) versus by 89.2% with GC monotherapy
(95% CI 82.5-93.6). However, in rapidly progressive ILD, the survival rates at 3 months
were 72.4% (95% CI 6.4-99.0) for CYC versus 51.7% (95% CI 24.2-78.1) for GC alone [120]. A
recent observational comparative study of patients with IIM-ILD (31 with ASyS) showed an
FVC improvement in 64% of patients in the CYC groups versus 32% of patients in the non-
CYC group; however, patients in the CYC group received more methylprednisolone pulses
(59% vs. 28% in the non-CYC group), lower initial GCs doses >30 mg/d (19% vs. 77%), and
lower 6-month average doses of prednisone (11 mg/d vs. 31.1 mg/d) [121]. Notably, this
study excluded patients with a UIP pattern and anti-MDA-5 positive myositis, which have
both been associated with the rapid deterioration of ILD [122,123].

Several studies of patients with IIM-ILD including ASyS have compared the efficacy
of RTX vs. CYC. One retrospective observational study of 62 patients with ASyS-ILD
showed that RTX was associated with a better 2-year pulmonary progression-free survival
compared to CYC, despite similar progression-free survival at 6 months [124]. Most recently,
in 2023, a first double-blind, double-dummy, randomized controlled phase 2b (RECITAL)
trial assessed the efficacy of RTX versus IV CYC in patients with severe or progressive
CTD-ILD. Of the 91 participants, 44 (45%) had IIM-ILD, and at 24 weeks, the FVC improved
from baseline in both groups, showing no benefit of RTX over CYC. However, the overall
incidence of adverse events was more commonly reported in the CYC group (646 events)
versus the RTX group (445 events), including more serious adverse events in the CYC
group (62) versus RTX group (33) [125]. Even though this study did not include the
antibody profile of patients with IIM-ILD, it serves as a practical guide for clinicians.

Although CYC is very effective, its use is limited to severe cases of ILD due to is-
sues related to toxicity, including its effects on the bone marrow, reproductive organs,
and bladder. Therefore, only clinicians familiar with the pharmacology, administration,
and monitoring should prescribe CYC. A thorough pre-treatment evaluation should be
completed prior to administration, including baseline laboratory tests, urinalysis, screening
for latent tuberculosis, and hepatitis B and C serologies.

9.7. CD19-Targeted Chimeric Antigen Receptor T Cells

Treatment with chimeric antigen receptor (CAR) T cells has emerged as an effective
therapy in patients with hematological malignancies, such as B cell lymphoma, acute lym-
phoblastic leukemia, and multiple myeloma. In recent years, treatment with autologous
CART cells directed against the B cell-specific surface molecule CD19 have shown rapid
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clinical remission and efficacy in several treatment-refractory rheumatic conditions, includ-
ing SLE [126-128] and SSc [129]. Similarly, the use of CD19 targeting CAR T cells against B
cells and plasmablasts has shown complete remission in patients with the Jo-1 antibody
refractory to several immunosuppressive therapies, including RTX [130-132]. Cytokine
release syndrome is observed in all patients, which can range from mild to life-threatening,
especially in patients with hematological malignancies. However, a retrospective review of
cases showed that patients with autoimmune conditions treated with CAR-T cell therapy
exhibit less toxicities and serious adverse effects than in patients with B cell lymphoma [133].
While the results are encouraging, this novel therapy is costly and not widely available and
limited follow-up studies exist.

9.8. Other Biological Agents

A systematic literature review and case series demonstrated a beneficial role of IL-1
inhibition with anakinra in seven patients with difficult to treat manifestations of ASyS,
despite the use of other immunosuppressive agents [134]. Similarly, IL-6 blockade with
tocilizumab in two patients with treatment-refractory ASyS-ILD showed an improvement
in and stabilization of lung function over time [135]. Abatacept (CTLA4-Ig) used in eight
patients with ASyS-ILD refractory to other therapeutic agents was well tolerated and
showed improvement in FVC and DLCO [136]. A randomized controlled pilot trial (Clin-
icalTrials.gov Identifier: NCT03215927) to evaluate the efficacy and safety of abatacept
in treating ASyS-ILD was completed in July, 2023, but the results are not published yet.
Several case reports have also demonstrated the efficacy of Janus kinase (JAK) inhibitors in
treatment-refractory ASyS-ILD [137-139].

9.9. Intravenous Immunoglobulin

Intravenous immunoglobulin (IVIG) is used in a variety of autoimmune and in-
flammatory disorders [140]. IVIG is FDA-approved for the treatment of dermatomyosi-
tis [141]. A retrospective study of 19 patients with active progressive ASyS-ILD treated
with IVIG showed an increase in the mean percent-predicted FVC and (p = 0.048) and
percent-predicted DLCO (p = 0.0223). Seven patients had a >10% increase in FVC (five
patients at 6 months, one patient at 12 months, and one patient at 24 months) and five
patients showed a >10% or greater improvement in DLCO and total lung capacity over
time. Despite demonstrating improved lung function, about 53% of patients developed
mild-to-severe adverse effects [142].

9.9.1. Therapeutic Apheresis

Apheresis involves the extracorporeal removal, return, or exchange of large substances
from the blood or plasma. Two case reports have demonstrated its use in ASyS refractory
to steroids and other therapeutic agents [143,144].

9.9.2. Antifibrotic Agents

Antifibrotic agents, pirfenidone and nintedanib, were approved in 2014 by the FDA
for the treatment of idiopathic pulmonary fibrosis. Although antifibrotic agents have
been proven to be safe and efficacious for the treatment of chronic progressive fibrosing
ILD [145-147], especially SSc-ILD [148], there is a lack of large, randomized trials that
assess the efficacy of antifibrotic agents for the treatment ASyS-ILD or IIM-ILD. A retrospec-
tive multicenter pilot study comparing 36 patients receiving nintedanib and 115 patients
not receiving nintedanib showed improved survival (HR: 0.26 and 95% CI: 0.09-0.75)
and a lower incidence of rapidly progressive ILD (OR: 0.09 and 95% CI: 0.16-0.55) in the
nintedanib group [149]. A retrospective cohort study in China of 307 patients with intersti-
tial pneumonia and myositis-specific antibodies showed that the addition of antifibrotic
agents in combination with glucocorticoids and immunosuppressive agents showed a
reduced risk of developing fibrosis at a median follow-up period of 22 months (HR 0.32,
95% CI0.11-0.90, and p = 0.03) [150].
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Typically, pirfenidone is administered with food in three divided doses, which ranges
up to 40 mg/kg per day (not to exceed 2403 mg/day). Common adverse effects include rash,
photosensitivity, GI manifestations, fatigue, and anorexia. Although rare, severe cutaneous
adverse reactions such as a drug reaction with eosinophilia and systemic symptoms,
Stevens—Johnsons syndrome, and toxic epidermal necrolysis have been reported. Lastly,
nintedanib is initiated at a standard dose of 150 mg twice daily. GI discomfort, diarrhea,
and liver function test abnormalities are the most common side effects of nintedanib. Its
use is not recommended in patients with severe hepatic impairment and patients taking
full anticoagulation due to its interaction with CYP3A4 inhibitors and inducers.

10. Conclusions

ASyS is a complex multisystem disease with a heterogenous presentation and clinical
features. Because patients with ASyS have other clinical features other than myositis
as a presenting manifestation, many patients are undiagnosed. This was evident in our
patient who presented with an insidious onset of subtle respiratory symptoms, a history
of previous COVID-19 infection, and significant occupational exposures, all making for
a diagnostically challenging case. Through keen observation and physical examination,
the finding of mechanic’s hands was discovered, prompting further investigation, which
included serological testing and imaging modalities. This subsequently led to the diagnosis
of ASyS, emphasizing the importance of a multidisciplinary collaborative approach needed
for the optimal management of ASyS-ILD. Prompt recognition and treatment is imperative
as ASyS is associated with a high prevalence and an increased severity of ILD compared
with other IIMs, often leading to high morbidity and mortality in these patients. Our patient
was treated with systemic steroids and MMF with a subjective alleviation of respiratory
symptoms and had improvement in PFT. Although evidence guiding treatment decisions
is limited and mainly supported by case series and retrospective studies, timely recognition
is of utmost importance to allow for early treatment. Further research and prospective
studies with only a cohort of ASyS patients are needed to assess the efficacy of treatments,
as current therapeutic approaches are extrapolated from patients with IIM-ILD.
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