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Introduction: Myositis associated interstitial lung disease (ILD) seems to be an
under-recognized entity.

Methods: In this multicenter, retrospective study, we recorded between
9/12/2019 and 30/9/2021 consecutive patients who presented in five different
ILD centers from two European countries (Greece, France) and received a
multidisciplinary diagnosis of myositis associated-ILD. The primary outcome
was all-cause mortality over 1 year in specific subgroups of patients.
Secondary outcomes included comparison of disease characteristics between
patients diagnosed with the amyopathic subtype and patients with evidence
of myopathy at diagnosis.
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Results: We identified 75 patients with myositis associated-ILD. Median age
(95% CI) at the time of diagnosis was 64.0 (61.0-65.0) years. Antinuclear
antibody testing was positive in 40% of the cohort (n = 30/75). Myopathy onset
occurred first in 40.0% of cases (n = 30), ILD without evidence of myopathy
occurred in 29 patients (38.7%), while 16 patients (21.3%) were diagnosed
concomitantly with ILD and myopathy. The commonest radiographic pattern
was cellular non-specific interstitial pneumonia (NSIP) and was observed
in 29 patients (38.7%). The radiographic pattern of organizing pneumonia
was significantly more common in patients diagnosed with the amyopathic
subtype compared to patients that presented with myopathy [24.1% (n = 7/29)
vs. 6.5% (n = 3/46), p = 0.03]. One year survival was 86.7% in the overall
population. Kaplan—Meier analysis demonstrated significantly higher all-cause
1-year mortality in patients with the amyopathic subtype compared to
patients with evidence of myopathy [HR 4.24 (95% Cl: 1.16-15.54), p = 0.03].
Patients diagnosed following hospitalization due to acute respiratory failure
experienced increased risk of 1-year all-cause mortality compared to patients
diagnosed in outpatient setting [HR 6.70 (95% Cl: 1.19-37.81), p = 0.03].
Finally, patients with positive anti-MDAS5 presented with higher 1-year all-
cause mortality compared to anti-MDAS5 negative patients [HR 28.37 (95% ClI:
5.13-157.01), p = 0.0001].

Conclusion: Specific ILD radiographic patterns such as NSIP and organizing
pneumonia may herald underlying inflammatory myopathies. Hospitalized
patients presenting with bilateral organizing pneumonia refractory to
antibiotics should be meticulously evaluated for myositis associated-ILD even
if there is no overt muscular involvement. Incorporation of ILD radiological
patterns in the diagnostic criteria of inflammatory myopathies may lead to
timely therapeutic interventions and positively impact patients’ survival.

myositis, interstitial lung disease, organizing pneumonia, amyopathic, survival

Introduction

Idiopathic inflammatory myopathies (IIMs) or “myositis
spectrum disorders” comprise a heterogeneous group of
systemic autoimmune diseases characterized by varying degree
of skeletal muscle inflammation (1). The most commonly
used classification involves three main subtypes of IIMs
and specifically dermatomyositis, polymyositis and clinically
amyopathic dermatomyositis (CADM) (2). The subgroups of
IIM have varied in recent years as knowledge on serotype-
phenotype correlations has evolved (3). Clinical features of
IIMs vary considerably and may include proximal muscle
weakness, skin rash, and extramuscular manifestations such as
arthralgia, Raynaud’s phenomenon, fever, cardiac arrhythmias,
ventricular dysfunction, and interstitial lung disease (ILD).
Multiple IIMs phenotypes have been described including
overlap syndrome, antisynthetase syndrome, immune mediated
necrotizing myopathy and inclusion body myositis. (4-6).
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Myositis-associated ILD represents one of the most
common extramuscular manifestations occurring in 20-80% of
patients with IIMs (7, 8). Importantly, ILD can precede clinically
evident muscle or skin disease in a considerable proportion
of patients (9-11). Of note, absence of concomitant skin or
muscle disease can confound early disease identification and
hamper timely interventions leading thus to increased mortality,
especially in centers with no expertise in connective tissue
disease associated-ILD (9). The need for meticulous evaluation
of patients admitted with rapidly progressive respiratory failure
seems amenable, given that rapidly progressive-ILD (RP-ILDs)
associated with IIMs can be refractory to immunosuppression
and result in patients’ admission to the intensive care unit (ICU)
(9, 12-14). Negative prognostic indicators include anti-MDA5
antibody positivity, absence of myopathy, older age, and skin
ulceration (8, 15-17).

Despite the considerable progress on the knowledge of IIMs
phenotypes (3, 18-21) and the advent of recent registries from
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different parts of the world (1, 22), there is still a pressing need
of data for amyopathic cases. This multicenter study aims to
present features of patients with myositis associated-ILD from
two European countries, compare patients with myopathy and
patients with the amyopathic subtype and increase awareness for
this under-recognized entity.

Materials and methods
Study design and patient selection

In this multicenter, retrospective study, we recorded
between 9/12/2019 and 30/9/2021 consecutive patients who
presented in five different ILD centers from two European
countries (Greece, France) and received a multidisciplinary
diagnosis of myositis associated-ILD. Diagnosis was typically set
following multidisciplinary discussion, thus muscle biopsy was
not always performed. Patients with a follow-up of at least 1 year
were included in the analysis. Data collection and analysis was
approved by the Institutional Review Board and the Local Ethics
Committee (protocol number 28746/9-12-2019).

Age, smoking history, comorbidities, most commonly
encountered antibodies, predominant radiographic pattern,
functional indices including Forced Vital Capacity% predicted
(FVC% pred) and diffusing capacity of the lung for carbon
monoxide% predicted (DLCO% pred), cytologic features of
bronchoalveolar lavage (BAL), treatment modalities applied,
and survival data. Radiographic patterns were reviewed by
a radiologist (CK). Antibody profile was obtained using
commercially available myositis panel tests such as EUROLINE
test kit. Results were available no later than 7 days in most cases.

Outcome measures

The primary outcome was all-cause mortality over 1 year
in specific subgroups of patients: (1) patients diagnosed with
the amyopathic subtype compared to patients with evidence
of myopathy at diagnosis, (2) patients diagnosed following
hospitalization due to acute respiratory failure compared to
patients diagnosed in outpatient setting, and (3) patients
with positive anti-MDAS5 compared to anti-MDA5 negative
patients. Secondary outcomes included comparison of disease
characteristics such as (1) the frequency of encountered
autoantibodies and (2) the most common radiographic patterns,
between patients diagnosed with the amyopathic subtype and
patients with evidence of myopathy at diagnosis.

Statistical analysis

With regards to baseline data, summary descriptive
statistics were generated with categorical data displayed
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as absolute numbers and relative frequencies. Continuous
data were denoted as mean =+ standard deviation (SD) or
medians with 95% Confidence Interval (95% CI) following
Kolmogorov-Smirnov test for normality. The primary
outcome was presented with the Kaplan-Meier method and
cumulative incidence curves were compared between the

pre-specified groups.

Results

Baseline characteristics

We included 75 patients with myositis associated-ILD.
Baseline characteristics are summarized in Table 1. Common
working diagnoses included antisynthetase syndrome (n = 43,
57.3%) and CADM (n = 29, 38.7%). Median age (95% CI) at
the time of diagnosis was 64.0 (61.0-65.0) years. Most patients
were female (57.3%, n = 43) and ex-smokers (50.7%, n = 38).
Mean FVC% predicted & SD and DLCO% predicted = SD at the
time of diagnosis were 76.5 £ 22.3 and 59.1 £ 27.7, respectively.
Median percentage (95% CI) of lymphocytes in BAL was 15.5
(6.0-22.7) in the overall population. Median percentage (95%
CI) of lymphocytes in BAL was 13.0 (6.0-20.0) in patients
with evidence of myopathy and 21.0 (3.0-43.8) in patients with
CADM. Creatine phosphokinase was elevated in 46 patients
with evidence of myopathy and 4 patients with CADM (total
number of patients: n = 50, 66.7% of this cohort).

Myopathy onset occurred first in 30 patients (40.0%), ILD
without evidence of myopathy occurred in 29 patients (38.7%),
while 16 patients (21.3%) were diagnosed concomitantly with
ILD and myopathy. Patients with evidence of myopathy (n = 46,
61.3%) had typically proximal muscle weakness, while distal
myopathy was observed following disease progression. The
percentage of patients diagnosed with IIM at the time point of
hospitalization due to acute respiratory failure was significantly
higher in CADM compared to the group with evidence of
myopathy [31% (n = 9/29) vs. 6.5% (n = 3/46), p = 0.005].

Autoantibody profiles

Antinuclear antibody testing (ANA) (40.0%, n = 30), anti-
Jo-1 (26.7%, n = 20), anti-Ro-52 (24.0%, n = 18), anti-MDAS5
(18.7%, n = 14), anti-PL-7 (14.7%, n = 11), and anti-PL-12
(14.7%, n = 11) were the most frequently encountered antibodies
in the overall population (Table 2). Anti-Jo-1 (27.6%, n = 8),
anti-MDAS5 (27.6%, n = 8), anti-Ro-52 (24.1%, n = 7), anti-PL-
7 (20.7%, n = 6), and anti-OJ (13.8%, n = 4) were the most
frequently encountered antibodies in patients diagnosed with
CADM. Anti-Ku antibodies were significantly more common
in patients with myopathy compared to patients with CADM
[13.0%, (n = 6/46) vs. 0.0% (n = 0/29), p = 0.04].
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TABLE 1 Baseline characteristics.

Total number of patients 75

Age median (%95 CI) 64.0 (61.0-65.0)

Male/Female 32 (42.7%)/43 (57.3%)

Current smokers/Ex-smokers/Never 7 (9.3%)/38 (50.7%)/11 (40.0%)

smokers
FVC% predicted &+ SD 76.5+£223
DLCO% predicted & SD 59.1+£27.7

BAL Macrophages% median (%95 CI) 64.0 (59.7-75.7)

BAL Lymphocytes% predicted median 15.5 (6.0-22.7)

(%95 CI)

BAL Neutrophils% predicted median (%95 8.0 (3.0-11.0)
CI)

BAL Eosinophils% predicted median (%95 1.0 (0.0-3.0)

19))

ILD onset first 29 (38.7%)

Concomitant diagnosis of ILD/myopathy 16 (21.3%)

Myopathy onset first 30 (40.0%)

Arterial hypertension 28 (37.3%)

Gastroesophageal reflux disease 14 (18.7%)

Hypothyroidism 11 (14.7%)
Diabetes mellitus 9 (12.0%)
Chronic heart disease 9 (12.0%)
Cancer 8 (10.7%)

BAL, bronchoalveolar lavage; CI, confidence interval; DLCO, diffusing capacity of lung
for carbon monoxide; FVC, forced vital capacity; ILD, interstitial lung disease; SD,
standard deviation.

Radiographic patterns

The predominant radiographic pattern was non-specific
interstitial pneumonia (NSIP) in 46 patients (61.3%), with
fibrotic changes in 17 of them (22.7% of the cohort). Organizing
pneumonia was observed in 10 patients (13.3%) and NSIP
along with organizing pneumonia in 19 patients (25.3%),
(Table 3). The radiographic pattern of organizing pneumonia
was significantly more common in patients diagnosed with the
amyopathic subtype compared to patients that presented with
myopathy [24.1% (n = 7/29) vs. 6.5% (n = 3/46), p = 0.03].
Representative images are shown in Figure 1. NSIP was the
most common radiographic pattern in patients with anti-Jo-1
[NSIP: 10/20 (50%), NSIP along with organizing pneumonia:
9/20 (45.0%)], anti-PL-7 [NSIP: 8/11 (72.7%), NSIP along with
organizing pneumonia: 2/11 (18.2%)], anti-PL-12 [NSIP: 6/11
(54.5%), NSIP along with organizing pneumonia: 3/11 (27.3%)],
anti-Ku [NSIP: 6/6 (100%)], and anti-OJ [NSIP: 7/9 (77.8%)]
antibodies. Organizing pneumonia was the most common
pattern in patients with positive anti-MDAS5 [organizing
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TABLE 2 Most frequently encountered autoantibodies.

Auto- Overall | Amyopathic Presence of
antibodies | N =75 | atdiagnosis myopathy
N =29 at diagnosis
N = 46
ANA 30 (40.0%) 11 (37.9%) 19 (41.3%)
Anti-Jo-1 20 (26.7%) 8 (27.6%) 12 (26.1%)
Anti-Ro-52 18 (24.0%) 7 (24.1%) 11 (23.9%)
Anti-MDAS 14 (18.7%) 8 (27.6%) 6 (13.0%)
Anti-PL-7 11 (14.7%) 6 (20.7%) 5 (10.9%)
Anti-PL-12 11 (14.7%) 3(10.3%) 8 (17.4%)
Anti-OJ 9 (12.0%) 4(13.8%) 5 (10.9%)
Anti-Ku 6 (8.0%) 0 (0.0%) 6 (13.0%)
Anti-Mi-2a 4(5.3%) 3(10.3%) 1(2.2%)
Anti-Mi-2b 4(5.3%) 3 (10.3%) 1(2.2%)
Anti-NXP2 3 (4.0%) 2 (6.9%) 1(2.2%)

ANA, antinuclear antibody; Jo-1, Histidyl-tRNA synthetase; MDAS5, melanoma
differentiation-associated gene 5; Mi-2a, helicase protein-2a; Mi-2b, helicase protein-
2b; NXP2, nuclear matrix protein; OJ, Isoleucyl-tRNA synthetase; PL-7, Threonyl-tRNA
synthetase antibodies; PL-12, Alanyl-tRNA synthetase.

TABLE 3 Radiographic patterns identified in the cohort.

Radiographic | Overall | Amyopathic | Presence of

pattern N =75 | atdiagnosis myopathy
N =29 at diagnosis

N = 46

Cellular NSIP 29 (38.7%) 12 (41.4%) 17 (37.0%)

Overlap 19 (25.3%) 5(17.2%) 14 (30.4%)

NSIP/organizing

pneumonia

Fibrotic NSIP 17 (22.7%) 5(17.2%) 12 (26.1%)

Organizing 10 (13.3%) 7 (24.1%) 3(6.5%)

pneumonia

NSIP, non-specific interstitial pneumonia.

pneumonia: 5/14 (35.7%), organizing pneumonia along with
NSIP: 4/14 (28.6%)].

Treatment modalities

Oral corticosteroids were given to all patients (100%,
n = 75), with intravenous pulses of methylprednisolone
(25.3%). Other

immunosuppressants including rituximab, mycophenolate

being implemented in 19 patients
mofetil, azathioprine, cyclophosphamide, intravenous immune
globulin, and methotrexate were applied in 54.7% (n = 41),
34.7% (n = 26), 20.0% (n = 15), 16.0% (n = 12), 14.7% (n = 11),
and 12.0% (n = 9) of patients, respectively. Treatment modalities

per myositis antibody are summarized in Table 4.
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FIGURE 1

Representative high resolution computed tomography (HRCT) images of two patients with myositis associated-ILD. Panel (A,B) depict a patient
with RP-ILD presenting with the radiographic pattern of organizing pneumonia. Panel (C,D) present a case of myositis in which non-specific
interstitial pneumonia (NSIP) was observed 10 years following diagnosis.

TABLE 4 Most common treatment regimens per myositis antibody.

Auto- Pulses CS MMEF Azathioprine | Cyclophosphamide \Y/[e]
antibodies

Anti-Jo-1 6 (30.0%) 2 (60.0%) 5 (25.0%) 4(20.0%) (10.0%) (15.0%) 4(20.0%)
Anti-MDA5 7 (50.0%) 4 (28.6%) 5 (35.7%) 2 (14.3%) 6 (42.9%) 5 (35.7%) 1(7.1%)
Anti-PL-7 4(36.4%) 4 (36.4%) 4 (36.4%) 1(9.1%) 1(9.1%) 2 (18.2%) 0 (0%)
Anti-PL-12 4(36.4%) 8 (72.3%) 4(36.4%) 3(27.3%) 3(27.3%) 0 (0%) 0 (0%)
Anti-OJ 2 (22.2%) 6 (54.5%) 2(22.2%) 2(22.2%) 1(11.1%) 0 (0%) 0 (0%)

CS, corticosteroids; Jo-1, Histidyl-tRNA synthetase; IVIG, intravenous immune globulin; MDAS5, melanoma differentiation-associated gene 5; MME, mycophenolate mofetil; MTX,
methotrexate; OJ, Isoleucyl-tRNA synthetase; PL-7, Threonyl-tRNA synthetase antibodies; PL-12, Alanyl-tRNA synthetase; RTX, rituximab.

Survival myopathy [HR 4.24 (95% CI: 1.16-15.54), p = 0.03, Kaplan-
Meier analysis], (Figure 2A). Patients diagnosed with RP-ILD

One vyear survival was 86.7% in the overall population. and acute respiratory failure experienced increased risk of 1-year
All-cause 1-year mortality was higher in patients with the all-cause mortality compared to patients diagnosed in outpatient

amyopathic subtype compared to patients with evidence of setting [HR 6.70 (95% CI: 1.19-37.81), p = 0.03], (Figure 2B).

Frontiers in Medicine 05 frontiersin.org


https://doi.org/10.3389/fmed.2022.1096203
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Karampitsakos et al.

10.3389/fmed.2022.1096203

FIGURE 2

failure (B), and anti-MDAS5 positivity (C).
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Kaplan—Meier curves showing the prognostic impact of the absence of myopathy (A), diagnosis during hospitalization for acute respiratory
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Finally, patients with positive anti-MDA5 presented with higher
1-year all-cause mortality compared to anti-MDA5 negative
patients [HR 28.37 (95% CI: 5.13-157.01), p = 0.0001],
(Figure 2C).

Discussion

This multicenter study demonstrated that ILD involvement
in the setting of amyopathic IIM and diagnosis at the
time point of hospitalization due to acute respiratory failure
are negative prognostic factors in patients with IIM. This
study also validated that presence of anti-MDAS5 is associated
with increased mortality risk. Specific ILD radiographic
patterns such as NSIP and organizing pneumonia may herald
underlying inflammatory myopathies and most importantly
raise the suspicion of autoimmune-associated ILDs with rapidly
progressive clinical course requiring timely intervention with
immunosuppressants.

The evidence that patients with the amyopathic subtype
have worse prognosis represents an important attribute of that
study that should be presented upfront. Indeed, a substantial
minority of patients presenting in the clinical setting as
antibiotic -refractory organizing pneumonia with rapidly-
progressing clinical course may display positive myositis-related
autoantibodies without any muscle involvement, as assessed by
both clinical signs and laboratory parameters (11, 12, 21, 23).
This is an important observation as specific ILD radiological
patterns including those of organizing pneumonia/NSIP in
patients with rapidly progressing respiratory failure may
raise the suspicion of an underlying autoimmune-related
pneumonitis that will respond to high-doses of corticosteroids
and immunosuppressants while escalation of antibiotics will fail,
as it happens in our cohort. Unfortunately, in the majority of
these cases the conventional serology profile is negative further
hampering the diagnosis. To this end, the myositis panel of
autoantibodies may unravel the underlying autoimmunity and
guide therapeutic decisions.

We showed that diagnosis at the time point of
hospitalization due to acute respiratory failure has a negative
prognostic impact. Our report couples with previous evidence
showing increased mortality risk for myositis-associated
RP-ILD (8, 24-26). Myositis-associated RP-ILD is more
common in female and younger patients (27). A high index
of suspicion is of paramount importance for these rare but
treatable cases. Otherwise, these patients are often admitted
to ICU due to Acute Respiratory Distress Syndrome (ARDS).
Intriguingly, critically ill patients are frequently not evaluated
for myositis-associated pulmonary processes, leading thus to
excess mortality due to the absence of appropriate treatment.
In the multinational Large Observational Study to Understand
the Global Impact of Severe Acute Respiratory Failure -LUNG
SAFE- cohort, only 12 out of 234 patients with ARDS of
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unknown etiology had been screened for autoimmune etiology
of RP-ILD (28).

Screening for autoimmune etiology in these patients should
not be limited to ANA testing. Antisynthetase antibodies
are cytoplasmic and subsequently ANA testing is frequently
negative in patients with myositis associated-ILD. Therefore,
negative ANA should not preclude further testing with myositis-
specific antibodies (9, 29). This has been corroborated by our
cohort, in which only 40% of patients were ANA positive.
Importantly, classification criteria of the European League
Against Rheumatism and American College of Rheumatology
had been widely criticized for the exclusion of non-Jo-1
antisynthetase antibodies (9, 30). The aforementioned is further
corroborated by our cohort in which anti-Jo-1 were positive
only in 26.7% of cases. Patients with myositis presented
with substantial variability with regards to myositis-specific
positive antibodies.

Myositis-specific positive antibodies might have prognostic
significance and unravel specific phenotypes based on this study
and previous reports (31). Anti-MDA5 positivity is closely
associated with CADM and has a negative prognostic role for
patients with myositis (8, 12, 15, 32-36). Features including
presence of ILD, mucocutaneous or necrotic ulcerations,
Gottron papules, painful, and erythematous papules especially
over the palmar surfaces should raise suspicion of anti-MDA5
positivity and fuel meticulous immunologic investigation even
in the absence of myopathy (37-39). Early identification of
anti-MDAS5 can lead to timely therapeutic interventions and
may positively impact patients’ survival. Several compounds
have been used for the management of anti-MDAS5 myositis
including corticosteroids and steroid sparing agents (40). Most
recently, emerging data support the use of tofacitinib in these
patients (41, 42). With regards to other autoantibodies, anti-
PL7 and anti-PL12 have been characterized as indicators of
more severe lung involvement (31). Risk of cancer is elevated
in patients with anti- Transcriptional intermediary factor-1vy,
Nuclear matrix protein 2 and 3-hydroxy-3-methylglutaryl-CoA
reductase antibodies (43). Finally, in our cohort anti-Ku were
significantly more common in patients with myopathy.

With regards to radiographic patterns, in consistency with
previous studies, most patients presented with NSIP and/or
organizing pneumonia (8, 44). Patchy bilateral areas of ground-
glass attenuation predominantly localized in the lower lobes
along with areas of consolidation, septal thickening and traction
bronchiectasis seem to be common radiographic findings
in these patients (45). Prominent consolidation refractory
to antibiotics is typical of acute onset ILD and responds
well to corticosteroids or immunosuppressive compounds if
intervention is timely. Presence of ground-glass attenuation
combined with reticulation and bronchiectasis is more common
in chronic cases potentially underdiagnosed due to lack of
extensive immunologic evaluation. Of note, American thoracic
society (ATS)/European respiratory society (ERS) statement
highlighted that overlap of NSIP and organizing pneumonia or
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presence of the fibrosing variant of organizing pneumonia are
suspicious for underlying myositis (46).

Our study presents with limitations that should be treated
cautiously. First, our sample size is relatively moderate and we
could not compare the effect of different treatment regimens
in particular subgroups; yet, this sample size seems acceptable
for this rare entity. Second, we did not present long term
follow-up data; nonetheless, our aim was to increase awareness
for timely diagnosis and intervention in this under-recognized
entity. Finally, this study has the inherent weakness of a
retrospective study.

Collectively, this study showed that ILD is the hallmark of
pulmonary involvement in both myopathic and amyopathic
forms of inflammatory myopathies and may precede myopathy
onset. Respiratory physicians should be alert to organizing
pneumonia cases without overt muscular involvement.
Hospitalized patients presenting with bilateral organizing
pneumonia refractory to antibiotics should be meticulously
evaluated for myositis associated-ILD as certain autoimmune
profiles such as anti-MDA5 have a negative prognostic role
for these patients. The term of amyopathic forms of IIMs
in the context of RP-ILD is quite often misjudged and
questioned by rheumatologists as autoantibodies presenting
in the myositis panel may also independently affect the
lung interstitium without muscle involvement. To this
end, we believe that the term “autoimmune-induced lung
injury or ILD” could be most appropriate in this context.
Incorporation of myositis-specific ILD radiological patterns
and all myositis-specific antibodies in the diagnostic criteria
of inflammatory myopathies may lead to timely and effective
therapeutic interventions.
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