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ABSTRACT
Objectives  Patients with connective tissue diseases 
can develop interstitial lung disease (ILD), leading to a 
progressive fibrosing ILD (PF-ILD) phenotype in some 
cases. We aimed to investigate the occurrence of PF-ILD 
in idiopathic inflammatory myopathies (IIMs), and factors 
potentially predicting this phenotype. Secondary aims were 
to assess the radiological pattern and factors associated 
with IIMs-ILD.
Methods  Patients with IIMs from our multicentric 
prospective cohort were retrospectively evaluated. Data 
were recorded at IIMs and ILD diagnosis, and during 
follow-up. Patients with ILD were classified according to 
the predominant high-resolution CT (HRCT) pattern: non-
specific interstitial pneumonia (NSIP), usual interstitial 
pneumonia (UIP) and organising pneumonia (OP). PF-ILD 
was defined according to the 2022 American Thoracic 
Society (ATS), European Respiratory Society (ERS), 
Japanese Respiratory Society (JRS) and Latin American 
Thoracic Society (ALAT) guidelines. Univariate and 
multivariate analyses were performed to identify factors 
associated to ILD and to PF-ILD.
Results  Of 253 patients with IIMs, 125 (49%) had ILD: 
99 (78%) at IIMs diagnosis and 26 (22%) during follow-up 
(21/26 within 5 years). Multivariate analysis identified anti-
Jo-1, anti-MDA5, anti-Ro52, high score on manual muscle 
test, mechanic’s hands and Raynaud’s phenomenon as 
independently associated with ILD. The predominant 
HRCT pattern was NSIP (50% of patients), followed by 
UIP (28%) and OP (22%). At 1-year follow-up, PF-ILD 
occurred in 18% of IIMs-ILD. PF-ILD was predicted by anti-
MDA5, heliotropic rash, xerostomia and xerophthalmia at 
univariate but not at multivariate analysis.
Conclusion  Patients with IIM should be carefully screened 
for ILD at IIMs diagnosis and yearly during follow-up. All 
patients with IIMs-ILD should be carefully monitored to 
capture ILD progression since a consistent proportion of 
them are expected to develop PF-ILD.

INTRODUCTION
Interstitial lung disease (ILD) can be observed 
in up to 50% of patients with idiopathic 
inflammatory myopathies (IIMs).1 Although 
this rate is similar to that observed in systemic 
sclerosis (SSc)—wherein experts agree to 
perform high-resolution CT (HRCT) of the 
lung at SSc diagnosis and pulmonary function 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Patients with connective tissue diseases (CTDs) 
may develop progressive fibrosing interstitial lung 
disease (PF-ILD). Among patients with idiopathic in-
flammatory myopathies (IIMs), ILD is detectable in 
up to 50% of cases. However, unlike in other CTDs 
(eg, systemic sclerosis, rheumatoid arthritis), the oc-
currence of PF-ILD has been poorly investigated in 
patients with IIMs.

WHAT THIS STUDY ADDS
	⇒ This study provides real-life data on the occurrence 
of PF-ILD in a large multicentre cohort of patients 
with IIMs. The reported association between dif-
ferent radiological patterns and clinical/serological 
features may allow a better stratification of patients 
with IIMs in different clinical phenotypes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our findings suggest that clinicians ought to careful-
ly monitor patients with IIMs-ILD for ILD progression. 
The considerable proportion of patients with IIMs 
who develop PF-ILD highlights the importance of fu-
ture research to better define the treatment of these 
patients, especially the potential role of antifibrotics.
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tests (PFTs) at least yearly—to date there is no consensual 
screening strategy for ILD in IIMs.2 3 Nevertheless, early 
and timely detection of IIMs-ILD is of the utmost impor-
tance, as ILD may require a close follow-up and tailored 
treatment approach.

The ILD radiological pattern may differ among 
patients with IIMs. The most common HRCT feature is 
the non-specific interstitial pneumonia (NSIP), followed 
by organising pneumonia (OP), and usual interstitial 
pneumonia (UIP).4 Notably, recent studies have high-
lighted that all patients with ILD, not only those with 
idiopathic pulmonary fibrosis (IPF), can potentially 
develop a progressive fibrosing ILD (PF-ILD).5–7 PF-ILD 
is a self-sustaining process which is identified based on 
radiological, clinical and functional decline features and 
may occur at any time during follow-up (ie, in preva-
lent ILD cases).8 Data from nine centres across the UK 
showed that patients with PF-ILD have a significantly 
higher mortality compared with those with non-PF-ILD, 
and similar to patients with IPF who are characterised 
by particularly poor prognosis.9 Early identification of 
predictors of PF-ILD may help improve patient manage-
ment (eg, adopting a more aggressive therapeutic 
strategy in earlier stages of IIMs-ILD) and prognosis. 
Moreover, there has been growing interest for the study 
of PF-ILD in connective tissue diseases (CTDs) after the 
INBUILD trial results showed the efficacy of nintedan-
ib—a tyrosine-kinase inhibitor—in reducing the rate 
of forced vital capacity (FVC) decline versus placebo 
in patients with PF-ILD related to rheumatic systemic 
diseases.10 Although only two patients with IIMs were 
included in this randomized clinical trial (RCT), recent 
evidence11 12 suggests that patients with IIMs may develop 
PF-ILD not unlike patients with other CTDs (eg, SSc or 
rheumatoid arthritis). However, its occurrence has been 
poorly investigated so far in IIMs-ILD.

The primary aim of our study was to assess the prev-
alence and predictors of PF-ILD in a large, multicentre 
cohort of patients with IIM-ILD. Secondary aims were to 
explore clinical and serological features associated with 
ILD occurrence in IIMs, and the association between 
different chest HRCT patterns and clinical-functional 
data of patients with IIMs-ILD.

METHODS
Study population
We conducted a retrospective cohort study comprising 
consecutive patients affected by IIMs—according to 
Bohan and Peter’s criteria, the European Neuromuscolar 
Center (ENMC) criteria or 2017 EULAR/ACR classifica-
tion criteria13–15 followed-up in four third-level referral 
centres (Padova, Firenze, Udine, and Paris-Cochin 
Rhumatologie)15 between 2002 and 2020. Enrolled 
patients had to have at least one visit with PFTs, after the 
diagnosis of IIMs. Exclusion criteria were: juvenile idio-
pathic inflammatory myopathies (ie, IIM diagnosis at <18 
years), incomplete and/or unavailable clinical and/or 

serological baseline data, myositis in other CTDs, unavail-
able follow-up visits.

The following demographic, clinical and laboratory 
variables were collected at diagnosis and every year 
during the follow-up: constitutional symptoms (fever, 
asthenia and weight loss); articular involvement (arthritis 
and/or inflammatory arthralgia); muscular involvement 
(myalgia, muscular weakness, dyspnoea and dysphagia); 
skin manifestations (eg, Gottron’s papules and signs, 
mechanic’s hands) and other manifestations, including 
Raynaud’s phenomenon (RP), xerostomia and xeroph-
thalmia. All patients underwent manual muscle test 8 
(MMT-8), PFTs including total lung capacity, FVC and 
diffusing capacity for carbon monoxide (DLCO), serum 
levels of creatine kinase (CK), lactate dehydrogenase and 
myoglobin. PFTs were recorded at diagnosis and yearly 
during follow-up. All patients were screened for ILD by 
medical evaluation (eg, bibasilar crackles), PFTs and/or 
X-rays. When ILD was suspected due to abnormal signs 
during clinical examination or imaging findings, HRCT 
was performed.

Further diagnostic investigations—that is, muscle MRI 
and/or electromyography and/or muscle biopsy—were 
performed according to the physician’s judgement.

Autoantibody evaluation
Autoantibodies were tested in all patients at diagnosis: 
serum anti-nuclear antibodies were analysed by immuno-
fluorescence assay on HEp-2 cells, anti-extractable nuclear 
antigen antibodies by ELISA and immunoblot, myositis 
specific autoantibodies (MSA) and myosistis associated 
autoantibodies (MAA) by commercial line blots (Euroline 
Myositis Profile, Euroimmun, Lubeck, Germany) including 
recombinant human proteins for Mi-2 alpha, transcrip-
tion intermediary factor 1-gamma, small ubiquitin-like 
modifier-1 activating enzyme, Ku, PM-Scl75/100, MDA-5, 
signal recognition particle, Jo-1, PL-7, PL-12, EJ, and OJ.16

Comparison between patients with and without ILD and 
radiological evaluation in patients with IIMs-ILD
The diagnosis of ILD was based on HRCT. Clinical and 
serological data at IIM diagnosis were compared between 
IIM-non-ILD and IIM-ILD population. As some patients 
developed lung involvement during follow-up and not 
at the time of IIM diagnosis, we also compared clinical 
and serological data between IIM non-ILD population, 
patients with ILD at IIM diagnosis and those who devel-
oped ILD during follow-up.

Patients with fully available imaging for review were 
evaluated by four experienced thoracic radiologists 
(CG, LC, FG, AF) and classified into three subgroups 
according to the predominant radiological pattern: NSIP 
as group 1; UIP (definite and probable according to the 
latest guidelines17) as group 2; and OP, as group 3. The 
same IIM-ILD population was also grouped based on the 
three main IIM clinical phenotypes: polymyositis (PM), 
dermatomyositis (DM) and antisynthetase syndrome 
(ASyS). The three radiological subgroups (NISP, UIP 
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and OP) were compared considering clinical, functional 
and serological data collected at the time of IIMs-ILD 
diagnosis, and differences in predominant radiological 
features among the main IIMs clinical phenotype were 
analysed.

Identification of patients with progressive fibrosing IIM-ILD
Patients with IIM-ILD were further subgrouped in 
progressors (PF-ILD) and not-progressors (non-PF-ILD) 
according to the latest definition of PF-ILD provided by 
the 2022 ATS/ERS/JRS/ALAT guidelines.17 More specifi-
cally, patients displaying at least two of the following three 
characteristics in the first year after IIMs-ILD diagnosis 
were classified as PF-ILD: (1) worsening of respiratory 
symptoms; (2) functional deterioration (defined by an 
absolute decline in FVC of more than 5% and in DLCO 
(adjusted for haemoglobin) of more than 10% within 
1 year of follow-up); and (3) radiological worsening (iden-
tified as the increased extent of traction bronchiectasis, 
reticular abnormality, honeycombing, a new ground-glass 
opacity and increased lobar volume loss). Among patients 
with IIM-ILD, only those with functional and/or radiolog-
ical data at ILD diagnosis and after 1-year follow-up were 
included in the evaluation of progression.

Clinical, functional and serological features at the 
time of IIM-ILD diagnosis were also compared between 
patients with PF-ILD and non-PF-ILD. Finally, we evalu-
ated the immunosuppressive pharmacological treatment 
during the first year after IIMs-ILD diagnosis to explore 
potential differences between the two groups.

Ethics statement
This was a retrospective study on anonymised patient 
data collected from medical records. The study protocol 
was in accordance with current national regulation on 
retrospective observational studies.

Statistical analysis
Continuous variables were expressed as mean±SD or 
median (25th–75th IQR) and categorical variables as 
frequencies and percentages. Comparisons between 
groups were performed using the Mann-Whitney U test for 
continuous variables and the χ2 test or Fisher’s exact prob-
ability test for categorical data, where appropriate. Vari-
ables which were found to be different (p<0.1) between 
patients with and without ILD, and between PF-ILD and 
non-PF-ILD at univariable analysis were included in a 
multivariable logistic regression model, adjusted for age 
and sex. Two-sided p<0.05 was considered statistically 
significant. Kaplan-Meier survival analysis was performed 
to assess ILD-free survival in the subgroup of patients who 
developed ILD during follow-up. The statistical analysis 
was performed using the SPSS statistical package, V.22.0.

RESULTS
Demographic and clinical characteristics of the study 
population
Two hundred and fifty-three patients affected with IIMs 
were included in the study: 183 (72%) women, median 

age at diagnosis 55 (IQR 46–66) years. Among the overall 
population, a total of 125/253 (49.4%) patients exhibit 
ILD (figure 1): 99/125 (79%) had ILD at IIMs diagnosis 
and 26/125 (21%) developed ILD during follow-up. Base-
line demographic characteristics of the study population 
are reported in table  1. The median follow-up (range) 
was 6 (3–10) years and was comparable in patients with 
and without ILD (p=0.44). Considering IIMs clinical 
phenotype (table 1), most patients were diagnosed as DM 
(96/253, 38%), followed by ASyS (77/253, 30%) and PM 
(67/253, 27%). The remaining IIM clinical phenotypes 
necrotizing autoimmune myopaty (NAM) and inclusion 
body myositis (IBM) were found exclusively in patients 
without ILD. Nine patients (3.5%), all with positive 
PM-Scl antibodies, had an overlap syndrome with SSc.

Evaluation of factors associated with ILD
Serological and clinical features, and treatment in patients with 
and without ILD
Among patients who exhibited ILD during the follow-up, 
21 out of 26 (81%) developed ILD within the first 5 years 
from IIMs diagnosis (online supplemental figure 1).

Compared with patients with ILD at IIM diagnosis, 
those who developed ILD during follow-up showed 
similar baseline demographic, serological and clinical 
variables (online supplemental table 1), with a similar 
follow-up period in the two groups (p=0.19).

In patients developing ILD (either at IIM diagnosis 
or during follow-up) anti-Jo1 (p<0.0001), anti-SSA/
Ro (p<0.0001), anti-Ro52 (p=0.0002) and anti-MDA5 
(p=0.01) were more frequently found in patients 
with IIMs with ILD than in those without (table 1). By 
contrast, anti-Mi 2 was more frequently detected in 
patients without ILD (p=0.005). In patients without 
ILD, CK values were higher (p=0.001), MMT-8 score was 
lower (p<0.0001) and histological and/or MRI features 
of myositis were more frequent (p<0.0001) than in 
those with ILD. Patients with ILD more frequently had 
fever (p=0.004), arthritis (p=0.0003), RP (p=0.02) and 
mechanic’s hands (p<0.0001). (table 1). Glucocorticoids 
were taken by the same proportion of patients in the 
two groups, although at lower dosage in patients with 
ILD compared with those without. Patients without ILD 
were more frequently treated with methotrexate and 
high-dose intravenous immunoglobulins, whereas those 
with IIMs-ILD with mycophenolate mofetil, azathioprine, 
cyclophosphamide, or rituximab.

At multivariable analysis, high scores of MMT-8, anti-
Jo1, anti-MDA5 and anti-Ro52, RP and mechanic’s hands 
were independently associated with ILD. However, helio-
trope rash was negatively associated with the occurrence 
of ILD (table 2).

Subgroup analysis evaluating radiological patterns and their 
association with clinical and functional variables
HRCT scan at IIMs-ILD diagnosis was available for fully 
radiological assessment in 78 out of 125 patients (62%). 
Patients with IIMs-ILD without complete HRCT images 
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for review and those with available HRCT showed no 
substantial differences in terms of clinical and serolog-
ical variables, except for a longer follow-up in the former 
group (data not shown). We performed a subgroup anal-
ysis according to the predominant radiological pattern: 
NSIP (n=39, 50%), UIP (n=22, 28%) and OP (n=17, 
22%). Demographic, clinical, serological and functional 
data in the three subgroups at IIM-ILD diagnosis are 
summarised in online supplemental table 2. Notably, lung 
involvement was always detected before the diagnosis of 
IIM in the OP group versus NSIP group (p=0.01), and 
UIP group (p=0.04). Moreover, the OP group displayed 
significantly higher levels of baseline CK compared with 
UIP (p=0.01), but not NSIP (p=ns), and a lower MMT-8 
score compared with both NSIP (p=0.008) and UIP 
(p=0.003).

When IIM-ILD population was subgrouped based on 
the three more frequent IIM clinical phenotypes (PM, 
DM and ASyS) no differences were found in clinical and 
radiological presentation among groups (online supple-
mental table 3).

Assessment of ILD progression
A functional and/or radiological 1-year follow-up was 
available in 78/125 patients (62%).

According to the 2022 guidelines definition,18 14/78 
(18%) patients were subgrouped into PF-ILD and 64/78 

(82%) patients in not PF-ILD. An example of radiological 
progression on the CT scan of one patient with IIM-ILD 
enrolled in our study is reported in online supplemental 
figure 2.

Demographic, clinical, serological and functional data 
are summarised in table 3. The two subgroups did not 
differ with regard to age, sex and IIM clinical pheno-
type and three patients (4%) died during the follow-up. 
The PF-ILDs presented a higher prevalence of positive 
anti-MDA5 antibodies compared with non-PF-ILDs (29% 
vs 6%, p=0.03), with no other significant differences 
in the autoantibody profile. The PF-ILDs presented a 
higher prevalence of xerophthalmia (29% vs 5%, p=0.02) 
and xerostomia (36% vs 6%, p=0.007) at ILD diagnosis 
compared with non-PF-ILDs, as well as a higher preva-
lence of heliotrope rash (29% vs 5%, p=0.02). Regarding 
pharmacological treatment, the two groups did not 
differ during the first year after ILD diagnosis (online 
supplemental table 4). Glucocorticoids were taken by a 
high percentage of patients in both groups (93 vs 86%, 
p=0.49) with similar initial dosage, that is, 25 mg/day of 
prednisone (or equivalent). Mycophenolate mofetil was 
the immunosuppressant more frequently used in both 
groups (36% vs. 32%, p=0.81).

Figure 1  IIM cohort. The IIM cohort has been characterised in two groups according to the presence (IIM-ILD) or absence 
(IIM-non ILD) of interstitial lung involvement on chest CT scan. Moreover, the IIM-ILD population has been categorised 
according to the radiological pattern detectable on CT scan at diagnosis and according to the progressive fibrosing criteria.17 
ASyS, anti-synthetase syndrome; DM, dermatomyositis; HRCT, high resolution CT; ILD, interstitial lung disease; IIMs, idiopathic 
inflammatory myopathies; NSIP, non-specific pneumonia; OP, organising pneumonia; PF, progressive fibrosing; PFTs, 
pulmonary function tests; PM, polymyositis; UIP, usual interstitial pneumonia.
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Table 1  Clinical and serological features at IIM diagnosis of the overall IIMs population categorised as not associated ILD 
(IIMs not-ILD) and IIMs-associated ILD (IIMs-ILD)

Overall population 
(n=253)

IIMs non-ILD 
(n=128) IIMs-ILD (n=125) P value

Demographics

 � Female—n (%) 183 (72) 94 (73) 89 (71) 0.69

 � Age at diagnosis—years 55 (46–66) 54 (41–67) 57 (49–66) 0.056

 � History of cancer—n (%) 37 (15) 20 (16) 17 (14) 0.64

 � Follow-up duration—years 6 (3–10) 6 (3–10) 5 (3–9) 0.44

IIM clinical phenotype

 � Polymyositis—n (%) 67 (27) 41 (32) 26 (21) 0.047

 � Dermatomyositis—n (%) 96 (38) 67 (52) 29 (23) <0.0001

 � Inclusion body myositis—n (%) 5 (2) 5 (4) 0 (0) 0.06

 � Necrotising autoimmune myopathy—n (%) 8 (3) 8 (6) 0 (0) 0.007

 � Anti-synthetase Syndrome—n (%) 77 (30) 7 (5) 70 (56) <0.0001

Clinical features

 � Arthralgia—n (%) 128 (51) 53 (41) 75 (60) 0.003

 � Arthritis—n (%) 53 (21) 15 (12) 38 (30) 0.0003

 � Muscular weakness—n (%) 171 (68) 99 (77) 72 (58) 0.001

 � Fever—n (%) 48 (19) 15 (12) 33 (26) 0.004

 � Fatigue—n (%) 119 (47) 60 (47) 59 (47) 0.99

 � Heliotropic rash—n (%) 74 (29) 56 (44) 18 (14) <0.0001

 � Gottron’s papules—n (%) 40 (16) 23 (18) 17 (14) 0.39

 � Gottron’s sign—n (%) 37 (15) 24 (19) 13 (10) 0.08

 � Mechanic’s hands—n (%) 30 (12) 4 (3) 26 (21) <0.0001

 � Raynaud’s phenomenon—n (%) 47 (19) 16 (13) 31 (25) 0.02

 � Dysphonia—n (%) 9 (4) 3 (2) 6 (5) 0.33

 � Dysphagia—n (%) 58 (23) 42 (33) 16 (13) 0.0002

 � Xerostomia—n (%) 23 (9) 9 (7) 14 (11) 0.28

 � Xerophthalmia—n (%) 21 (8) 8 (6) 13 (10) 0.26

 � Dyspnoea—n (%) 68 (27) 8 (6) 60 (48) <0.0001

 � Cough—n (%) 26 (10) 2 (1) 24 (19) <0.0001

Muscle involvement

 � MMT-8 at diagnosis 140 (120–150) 133.5 (112–148) 148 (130–150) <0.0001

 � CK at diagnosis—U/L 674 (128–3268) 1264 (173–4960) 433 (100–2255) 0.001

 � Muscle biopsy—n (%) 108 (43) 70 (55) 38 (30) <0.0001

 � Muscle biopsy abnormalities—n (%) 95 (38) 62 (48) 33 (26) <0.0001

 � MRI—n (%) 109 (43) 65 (51) 44 (35) 0.01

 � MRI abnormalities—n (%) 96 (40) 63 (49) 33 (26) 0.0002

Autoantibody profile

 � Antinuclear antibodies—n (%) 162 (64) 74 (58) 88 (70) 0.049

 � Myositis-specific antibodies—n (%) 138 (55) 51 (40) 87 (70) <0.0001

 � Myositis-associated antibodies—n (%) 120 (47) 47 (37) 73 (58) 0.0003

 � Anti-synthetase—n (%) 87 (34) 12 (9) 75 (60) <0.0001

 � Anti-Jo-1—n (%) 63 (25) 7 (5) 56 (45) <0.0001

 � Anti-PL12—n (%) 13 (5) 4 (3) 9 (7) 0.14

 � Anti-PL7—n (%) 14 (6) 6 (5) 8 (6) 0.55

Continued
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Univariate and multivariate evaluation of ILD progression risk
At univariate analysis, anti-MDA5 (OR: 6.10; 95% CI 1.30 
to 28.4, p=0.02), heliotrope rash (8.00; 95% CI 1.55 to 
41.23, p=0.01), xerostomia, xerophthalmia at ILD diag-
nosis (8.19; 95% CI 1.84 to 36.36, p=0.006; and 8.00; 95% 
CI 1.55 to 41.2, p=0.01, respectively), were predictive of 
progression (table 4). However, none of the significant 
features at the univariate analysis were confirmed as inde-
pendent predictors of PF-ILD at multivariate analysis.

DISCUSSION
In our large cohort of patients with IIMs-ILD, we found 
that about 20% developed PF-ILD within 1 year, according 
to the 2022 guidelines definition. Moreover, we detected 
some key clinical and serological features strongly associ-
ated with ILD diagnosis and HRCT pattern in IIMs, high-
lighting that fibrotic changes may occur early in IIMs-ILD 
course.

Among patients with IIMs, we found that those with 
amyopathic or hypomyopathic features carry a particularly 
high risk of developing ILD, highlighting that muscular 
inflammation and pulmonary involvement often have an 

independent course in IIMs, and supporting a system-
atic ILD screening in patients with non-severe muscular 
impairment. The presence of anti-Ro52 antibodies was 
independently associated with ILD in our multivariate 
analysis, thus confirming its strong association with lung 
fibrosis, independently of concomitant anti-synthetase 
antibodies positivity.19 Although MSAs and MMAs auto-
antibodies are useful in identifying IIMs subsets,20 21 their 
detection is limited to referral centres. Our patients with 
mechanic’s hands had an estimated 9-fold increased 
risk of developing ILD versus those without, an associ-
ation that was recently reported in Asian patients.22 23 
Although mechanic’s hands and RP are hallmarks of the 
anti-synthetase syndrome,18 these are manifestations 
that do not occur in all patients with ASyS and may be 
observed in other IIMs phenotypes. Mechanic’s hands 
are easily detectable and may prompt a thorough ILD 
screening, hence the importance of clinical features in 
ILD risk stratification of patients with IIMs.24 Over 80% 
of our patients with IIMs-ILD showed signs of ILD at IIMs 
diagnosis, or developed ILD during the first 5 years of 
follow-up. Overall, our findings suggest that patients with 

Overall population 
(n=253)

IIMs non-ILD 
(n=128) IIMs-ILD (n=125) P value

 � Anti-PM/Scl—n (%) 29 (11) 12 (9) 17 (14) 0.29

 � Anti-SSA/Ro—n (%) 80 (32) 23 (18) 57 (46) <0.0001

 � Anti-SSB/La—n (%) 10 (4) 6 (5) 4 (3) 0.54

 � Anti-U1RNP—n (%) 9 (3) 6 (5) 3 (2) 0.33

 � Anti-Mi2—n (%) 21 (8) 17 (13) 4 (3) 0.005

 � Anti-Ku—n (%) 9 (3) 4 (3) 5 (4) 0.71

 � Anti-TIF1γ—n (%) 7 (3) 6 (5) 1 (1) 0.12

 � Anti-Ro52—n (%) 44 (17) 11 (8) 33 (26) 0.0002

 � Anti-MDA5—n (%) 10 (4) 1 (1) 9 (7) 0.01

 � Anti-EJ—n (%) 4 (1.5) 1 (1) 3 (2) 0.37

 � Anti-SRP—n (%) 16 (6) 12 (9) 4 (3) 0.07

 � Anti-SAE1—n (%) 3 (1) 3 (2) 0 0.25

Treatment

 � Glucocorticoids—n (%) 236 (93) 119 (93) 117 (94) 0.84

 � Dose at treatment initiation—mg 25 (0–500) 37.5 (5–500) 25 (0–75) 0.01

 � Methotrexate—n (%) 155 (61) 104 (81) 51 (41) <0.0001

 � Mycophenolate mofetil—n (%) 78 (31) 15 (12) 63 (50) <0.0001

 � Azathioprine—n (%) 41 (16) 11 (9) 30 (24) 0.0009

 � Cyclophosphamide—n (%) 17 (7) 2 (1) 15 (12) 0.0008

 � Rituximab—n (%) 56 (22) 17 (13) 39 (31) 0.0007

 � Intravenous immunoglobulin—n (%) 61 (24) 39 (30) 22 (18) 0.02

Values are expressed as numbers and (%) or median and ranges, as appropriate.
CK, creatine kinase; IIMs, idiopathic inflammatory myopathies; ILD, interstitial lung disease; MDA5, anti-melanoma differentiation-associated 
gene; MMT, manual muscle test; SAE, small ubiquitin-like modifier-1 activating enzyme; SRP, signal recognition particle; TIF1γ, transcription 
intermediary factor 1-gamma.

Table 1  Continued
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IIM at risk for ILD should be carefully screened via PFTs 
and HRCT at baseline, and yearly at least for the first 5 
years from IIMs diagnosis.

Half of our IIMs-ILD cohort had an NSIP pattern on 
HRCT. Patients with OP require particular attention due 
to their association with higher CK and lower MMT-8 
score versus other subgroups, often a precursor of IIM 
diagnosis. The association between consolidation in the 
lung and active muscular disease suggest a more inflam-
matory phenotype of IIM, which may require higher 
doses of glucocorticoids. In addition, the detection of 
lung consolidation on HRCT should prompt myositis 
antibodies testing, even in the absence of concomitant 
signs/symptoms indicative of IIMs. It also bears noting 
that over 20% of our patients had a UIP pattern at diag-
nosis, supporting the emerging concept that fibrosis may 
be an early event in CTD-ILD.

Almost 20% of our IIM-ILD population developed 
PF-ILD. In the literature, very little data is available on 
the risk of developing PF-ILD in patients with CTDs 
other than SSc. Takei et al11 reported that 27% of patients 
with CTD in their cohort developed a progressive form 
of ILD within 24 months, without accounting for each 
CTD subtype. The Canadian ILD Registry25 recently 
published specific data on patients with IIMs-ILD 

(without describing any features of the IIMs population) 
showing that over 40% developed PF-ILD, according to 
the INBUILD criteria which evaluate the occurrence of 
PF-ILD within 24 months. On the other hand, the 2022 
ATS criteria consider a tighter 1-year time frame and are 
more accurate in the definition of radiographic progres-
sion on HRCT. Even in our study, PF-ILD occurred at 
1 year in a considerable percentage of patients, suggesting 
that patients with IIMs-ILD should be more carefully eval-
uated for ILD progression, not unlike patients with SSc 
and rheumatoid arthritis. Given the EMA approval of 
the antifibrotic nintedanib for the treatment of PF-ILD 
(July 2020), there is a need to refine PF-ILD estimates in 
specific real-world CTD subgroups.9 Although IIMs-ILD 
features are generally thought to be less fibrotic than 
SSc-ILD, our findings highlighted a considerable propor-
tion of patients with early fibrotic changes; in this regard, 
two small retrospective studies evaluating the use of 
nintedanib and pirfenidone in IIMs-ILD provided some 
positive signs of effectiveness, in addition to the results 
from the INBUILD trial.26 27

We found no differences in clinical and serological 
characteristics of progressors versus non-progressors. 
Unlike previously reported data on SSc-ILD,28 29 male 
patients with IIMs and those with lower FVC and DLCO 

Table 2  Demographic and clinical/serological features at IIM diagnosis associated with the occurrence of ILD in the overall 
IIMs population

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Demographics

 � Sex—(male vs female) 1.14 (0.66 to 1.98) 0.62 – –

 � Age at diagnosis (years, ≥55 vs <55) 1.71 (1.04 to 2.80) 0.03 1.62 (0.73 to 3.57) 0.22

Clinical features

 � Muscular weakness (yes vs no) 0.37 (0.21 to 0.66) 0.001 0.68 (0.28 to 1.63) 0.39

 � Heliotrope rash (yes vs no) 0.20 (0.11 to 0.37) <0.0001 0.25 (0.08 to 0.77) 0.01

 � Dysphagia (yes vs no) 0.28 (0.15 to 0.54) <0.0001 0.51 (0.19 to 1.37) 0.18

 � Mechanic’s hands (yes vs no) 7.67 (2.58 to 22.7) <0.0001 8.56 (1.95 to 37.6) 0.004

 � Raynaud’s phenomenon (yes vs no) 2.32 (1.18 to 4.57) 0.01 3.17 (1.22 to 7.66) 0.02

 � Arthritis (yes vs no) 3.33 (1.69 to 6.53) <0.0001 0.97 (0.30 to 3.07) 0.96

Muscle involvement

 � MMT-8 1.02 (1.01 to 1.04) <0.0001 1.02 (1.00 to 1.04) 0.03

 � CK at diagnosis—U/L 1.0 (1.0 to 1.0) 0.36 – –

Autoantibody profile

 � Antinuclear antibodies (yes vs no) 1.62 (0.95 to 2.75) 0.07 1.55 (0.68 to 3.51) 0.29

 � Anti-Jo-1 (yes vs no) 13.1 (5.64 to 30.2) <0.0001 4.48 (1.09 to 19.1) 0.04

 � Anti-Ro52 (yes vs no) 5.64 (2.74 to 11.60) <0.0001 3.90 (1.42 to 10.7) 0.008

 � Anti-MDA5 (yes vs no) 9.30 (1.16 to 74.6) 0.03 10.9 (1.09 to 107.8) 0.04

 � Anti-Mi 2 (yes vs no) 0.20 (0.06 to 0.62) 0.005 0.34 (0.06 to 1.98) 0.23

Values are expressed as OR (95% CI). Logistic regression analysis was used to determine the relationship between clinical/serological data 
and the occurrence of lung involvement.
CK, creatine phosphokinase; MDA5, anti-melanoma differentiation-associated gene; MMT, manual muscle test.
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Table 3  Demographic, clinical, serological and functional characteristics at IIM-ILD diagnosis in the IIM-ILD population, 
categorised as PF-ILD or non-PF-ILD patients

Total population n=79 PF-ILD n=14 non-PF-ILD n=64 P value

Demographics

 � Male—n (%) 24 (30) 5 (36) 19 (29) 0.75

 � Female—n (%) 55 (70) 9 (64) 46 (72)

 � Age at diagnosis—years 57 (18–83) 57.5 (44–81) 57 (18–83) 0.82

 � Age at ILD diagnosis—years 58 (18–80) 57 (44–80) 58 (18–79) 0.99

 � Follow-up duration—years 4 (0–22) 2 (0.25–13) 5 (0–22) 0.047

 � Deaths—n (%) 3 (4) 1 (7) 2 (3) 0.45

IIM clinical phenotype

 � Polymyositis—n (%) 16 (20) 3 (21) 13 (20) 0.95

 � Dermatomyositis—n (%) 15 (19) 3 (21) 12 (19)

 � Anti-synthetase syndrome—n (%) 48 (61) 8 (57) 40 (61)

Clinical features

 � Muscular weakness—n (%) 35 (44) 6 (43) 29 (45) 0.90

 � Dyspnoea—n (%) 46 (58) 8 (47) 38 (54) 0.93

 � Dysphagia—n (%) 6 (8) 2 (14) 4 (6) 0.28

 � Fever—n (%) 20 (25) 3 (21) 17 (26) 0.71

 � Arthritis—n (%) 19 (24) 5 (36) 14 (22) 0.31

 � Mechanic hands—n (%) 18 (23) 4 (29) 14 (22) 0.73

 � Heliotropic rash—n (%) 7 (9) 4 (29) 3 (5) 0.02

 � Raynaud’s phenomenon—n (%) 18 (23) 2 (14) 16 (25) 0.63

 � Gottron’s sign—n (%) 6 (8) 1 (7) 5 (8) 0.94

 � Gottron’s papules—n (%) 8 (10) 2 (14) 6 (9) 0.63

 � Xerophthalmia—n (%) 7 (9) 4 (29) 3 (5) 0.02

 � Xerostomia—n (%) 9 (11) 5 (36) 4 (6) 0.007

Muscle involvement

 � MMT-8 at diagnosis 150 (70–150) 150 (70–150) 150 (70–150) 0.88

 � CK at diagnosis—U/L 179 (31–7000) 128 (40–4500) 400 (31–7000) 0.30

 � Myositis (biopsy and/or MRI)—n (%) 34 (43) 3 (21) 31 (48) 0.08

Autoantibody profile

 � Myositis-specific antibodies—n (%) 59 (75) 11 (79) 48 (74) 0.38

 � Myositis-associated antibodies—n (%) 44 (56) 5 (36) 39 (60) 0.14

 � Anti-synthetase—n (%) 51 (65) 8 (57) 43 (66) 0.55

 � ENA—n (%) 60 (76) 11 (79) 49 (75) 0.99

 � ANA—n (%) 56 (71) 8 (57) 48 (74) 0.33

 � Anti-Jo1—n (%) 36 (46) 5 (36) 31 (48) 0.56

 � Anti-PL12—n (%) 7 (9) 2 (14) 5 (8) 0.60

 � Anti-PL7—n (%) 7 (9) 1 (7) 6 (9) 0.99

 � Anti-Pm/Scl—n (%) 13 (16) 0 (0) 13 (20) 0.11

 � Anti-SSA—n (%) 37 (47) 6 (43) 31 (48) 0.78

 � Anti-SSB—n (%) 4 (5) 0 (0) 4 (6) 1.00

 � Anti-U1RNP—n (%) 3 (4) 1 (7) 2 (3) 0.45

 � Anti-Ku—n (%) 3 (4) 1 (7) 2 (3) 0.45

 � Anti-TIF1γ—n (%) 0 (0) 0 (0) 0 (0) –

 � Anti-Ro52—n (%) 28 (35) 4 (29) 24 (37) 0.76

Continued

 on A
ugust 7, 2023 by guest. P

rotected by copyright.
http://rm

dopen.bm
j.com

/
R

M
D

 O
pen: first published as 10.1136/rm

dopen-2023-003121 on 4 A
ugust 2023. D

ow
nloaded from

 

http://rmdopen.bmj.com/


9Zanatta E, et al. RMD Open 2023;9:e003121. doi:10.1136/rmdopen-2023-003121

MyositisMyositisMyositis

values at diagnosis did not appear to have an increased 
risk of progression. Similarly, there was no difference 
between progressors versus non-progressors in HRCT 
pattern, indicating that the PF-ILD phenotype may occur 
not only in patients with fibrotic UIP-like pattern but also 
in those with ground glass and consolidation. Although 
anti-MDA5 antibodies, heliotrope rash, xerostomia and 
xerophthalmia were associated with PF-ILD at univariate 
analysis, none were confirmed as independent predic-
tors. Given the conflicting reports on the prognostic 
value of positive anti-Ro52 in CTD-ILD,30 31 it should be 
noted that this autoantibody specificity was not associated 
with PF-ILD in our cohort, as found by Vojinovic et al.30 
Taken together our data suggest monitoring all patients 
with IIMs-ILD with PFTs, and HRCT reassessment at 
1 year, independently of radiographic phenotype or clin-
ical/serological IIMs characteristics.

The main strength of our study lies in the large number 
of patients included, given that IIMs are recognised as 
rare diseases. To the best of our knowledge this is one of 
the first large multicentre observational studies specif-
ically evaluating the PF-ILD occurrence in patients 
affected with IIMs, in a well-characterised IIMs cohort 
with a long-standing follow-up. As limitations, although 
centres involved in the project are third-level referral 
centres for CTDs, we cannot rule out slight differ-
ences in patient management and follow-up. Second, 
due to the retrospective design of the study, a limited 
percentage of incomplete data was tolerated, and we 
cannot rule out that the lack of a systematic evaluation 
of respiratory muscle involvement may have partially 
affected the evaluation of PF-ILD occurrence. Finally, 

the small sample size of patients with PF-ILD may have 
limited the identification of independent predictors; 
in this regard it should be noted that about 50% of 
our patients with positive MDA5 developed PF-ILD, 
suggesting that these patients warrant particular atten-
tion, nonetheless.

CONCLUSIONS
We found that almost 20% of patients with IIMs-ILD in 
our cohort developed a PF-ILD phenotype, and we were 
unable to identify independent predictors. Therefore, it 
seems reasonable that all patients with IIMs-ILD should 
be screened via PFTs and repeat HRCT to monitor ILD 
progression. In addition, we confirmed the close associ-
ation between specific autoantibodies and some clinical 
manifestations, and ILD in IIMs. Whereas glucocorti-
coids and immunosuppressants are the cornerstone of 
management of IIMs-ILD, the optimal treatment for 
patients with PF-ILD IIMs is yet to be determined. Further 
studies are needed to ascertain whether these patients 
would substantially benefit from antifibrotic treatment as 
it pertains to morbidity, mortality, and quality of life.
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Table 4  Predictive factors of 1-year ILD progression in IIM-ILD population

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Demographics

 � Sex—(male vs female) 1.34 (0.39 to 4.54) 0.63 – –

 � Age at diagnosis ILD (years, ≥58 vs <58) 0.50 (0.15 to 1.67) 0.26 – –

 � Time from diagnosis to ILD—years 0.87 (0.65 to 1.17) 0.38 – –

Clinical features

 � Mechanic’s hands (yes vs no) 1.09 (0.26 to 4.48) 0.90 – –

 � Heliotropic rash (yes vs no) 8.00 (1.55 to 41.23) 0.01 0.87 (0.13 to 5.65) 0.88

 � Xerostomia (yes vs no) 8.19 (1.84 to 36.36) 0.006 2.61 (0.23 to 28.6) 0.43

 � Xerophthalmia (yes vs no) 8.00 (1.55 to 41.2) 0.01 1.17 (0.08 to 16.1) 0.90

Muscle involvement

 � MMT-8 0.99 (0.96 to 1.02) 0.75 – –

 � CK 1.00 (0.99 to 1.00) 0.40 – –

Autoantibody profile

 � Anti—MDA5 (yes vs no) 6.10 (1.30 to 28.4) 0.02 4.00 (0.53 to 29.8) 0.17

Radiological pattern

 � NSIP (yes vs no) 0.72 (0.19 to 2.73) 0.63 – –

 � UIP (yes vs no) 2.50 (0.68 to 9.08) 0.16 – –

 � OP (yes vs no) 0.50 (0.09 to 2.57) 0.40 – –

Pulmonary function tests

 � FVC (% pred.) 1.02 (0.99 to 1.05) 0.18 – –

 � FVC (L) 1.95 (0.67 to 5.70) 0.22 – –

 � DLCO (% pred.) 1.07 (0.97 to 1.04) 0.70 – –

Values are expressed as OR (95%CI).
CK, creatine kinase; DLCO, diffusing capacity for carbon monoxide; FVC, forced vital capacity; IIM, idiopathic inflammatory myopathies; ILD, 
interstitial lung disease; MDA5, anti-melanoma differentiation-associated gene; MMT-8, manual muscle testing; NSIP, non-specific interstitial 
pneumonia; OP, organising pneumonia; UIP, usual interstitial pneumonia.
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