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Treatment Outcomes of Infectious and Non-infectious Acute Exacerbation of Myositis-Related Interstitial Lung Disease
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Introduction: Although respiratory infections are common causes of acute respiratory failure (ARF) in patients with myositis-interstitial lung disease (ILD), limited data are available regarding the treatment outcomes by the etiologies of acute exacerbation (AE) of myositis-related ILD (infectious vs. non-infectious). Our study aimed to investigate the treatment outcomes of AE in patients with myositis-related ILD focused on the infectious etiology.

Methods: A single center-based retrospective cohort was performed at Hanyang University Hospital between January 2000 and December 2018. A total of 36 patients with AE of myositis-related ILD were consecutively included. The exposure was the etiologies of AE in myositis-related ILD, and the outcome was in-hospital mortality. The infectious etiology was defined as confirmation of bacteria, virus, or fungus in samples obtained from the respiratory tract.

Results: Among the 36 patients, 17 were diagnosed with infectious AE. The overall in-hospital mortality rate of AE was 47.2%. Although the mortality rate in patients with infectious AE was lower (41.2%) than in those with non-infectious AE (52.6%), this difference was not statistically significant (p = 0.724). A survival analysis showed no significant difference in mortality between patients with infectious AE versus those with non-infectious AE [risk ratio = 0.78, 95% CI = 0.38–1.59].

Conclusion: Our study showed that infectious AE is an important cause of mortality in patients with myositis-related ILD, showing a similar risk of mortality as non-infectious AE.
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INTRODUCTION

Idiopathic inflammatory myopathies (IIMs), mainly dermatomyositis and polymyositis, are autoimmune diseases involving skeletal muscle inflammation of unknown cause (1). Extra-skeletal muscle involvements commonly occur in IIM, and lung involvement is known as myositis-related interstitial lung disease (ILD) (2). With advances in the treatment of myositis, the prognosis of patients has been improved (3). However, the mortality rate of patients with myositis-related ILD who develop acute respiratory failure (ARF) is still very high (4). Unfortunately, the prognosis of acute exacerbation (AE) of myositis-related ILD has been reported inconsistently, and there is no definite consensus on diagnosis and treatment (5, 6).

Infectious conditions, as well as non-infectious conditions, such as idiopathic AE of ILD and drugs, can cause ARF in patients with IIM (7). The definition of AE of ILD has been the most well-studied in idiopathic pulmonary fibrosis (IPF) (8). The conventional definition of AE of IPF considered infection etiologies as a reversible condition and excluded it (9). However, recent studies suggest that infection may play a role in the AE of IPF (10). Consequently, the new definition of AE of IPF was divided into AE with or without a trigger (8).

Since patients with myositis commonly use immunosuppressive drugs, respiratory infections can cause ARF in patients with myositis-related ILD (11). However, due to the rarity of this disease, it is unknown whether infectious ARF can be applied to patients with myositis-related ILD, as in IPF. Accordingly, our study aimed to investigate the treatment outcomes of ARF in patients with myositis-related ILD focused on the etiologies, i.e., infectious and non-infectious causes.



METHODS


Study Design and Population

A single center-based retrospective cohort study was performed at Hanyang University Hospital between January 2000 and December 2018. Of 613 patients with myositis-related ILD being hospitalized during the study period, we excluded 573 patients who were not admitted to the intensive care unit (ICU) and 4 patients who were admitted to the ICU due to causes other than AE. As a result, 36 patients with AE of myositis-related ILD were consecutively included (Figure 1). IIM was defined using previous criteria (12). The presence of ILD was determined using the high-resolution computed tomography (HRCT) findings.
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FIGURE 1. Flowchart of patient inclusion. ILD, interstitial lung disease; ICU, intensive care unit; AE, acute exacerbation.


This study was conducted following the Helsinki declaration, and ethics approval was obtained from the Institutional Review Board (IRB) of Hanyang University Hospital (IRB number: HYUH 2020-04-056-002). The need for written informed consent was waived because this was a retrospective cohort study.



Exposure and Outcome

The exposures were etiologies of AE in patients with myositis-related ILD. We defined AE of myositis-related ILD as (1) acute worsening <1 month; (2) new ground-glass or consolidation on HRCT; and (3) no evidence of left arterial hypertension on echocardiography (8). The etiology was classified into infectious and non-infectious. To assess the etiology of AE, all patients underwent bronchoalveolar lavage (BAL) within the first 24 h of admission. Infectious etiology was defined as confirmation of bacteria, virus, or fungus in samples, such as BAL, obtained from the respiratory tract. Regardless of the etiologies, all patients received systemic corticosteroids. All patients with infectious AE received appropriate antibiotics that covered the microorganism identified. The main outcome was in-hospital mortality.



Data Collection

We reviewed patients' electronic medical records to collect the following data: baseline demographics [age, sex, body mass index, and smoking status], inflammatory myopathy subtype, autoantibodies, maintenance immunosuppressive medications, lung function, comorbidities, and the clinical manifestation of AE (age at AE, disease severity, radiologic features, time from ICU admission to the BAL, laboratory findings, medications for treating AE, CU length of stay, and in-hospital mortality). Disease severity was assessed using the ratio of arterial oxygen partial pressure to fractional inspired oxygen (PF ratio), acute physiology and chronic health evaluation (APACHE) score, and the need for mechanical ventilation. According to the American Thoracic Society (ATS)/European Respiratory Society (ERS), pulmonary function was measured using a spirometer (13). The percentage-predicted values of forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC) were measured using the Korean formula (14). Regarding comorbidities, hypertension, diabetes mellitus, and pulmonary hypertension were evaluated by a chart review.



Statistical Analyses

Continuous variables were presented as median with interquartile range (IQR), and categorical variables were presented as percentages. The value of p was analyzed for continuous variables by the Wilcoxon Rank-Sum test and for categorical variables by the chi-squared test and Fisher's exact test depending on the event numbers. The Kaplan–Meier curve was drawn using the “survival” and “survminer” package of R. The risk ratio (RR), 95% confidence interval (CI), and p were calculated using the “fmsb” package of R. All statistical analyses were performed using R 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Baseline Characteristics

The baseline characteristics of the patients are described in Table 1. At the diagnosis of myositis-related ILD, the median (IQR) of age was 50 (39–59) years, and 69.4% were women. Most of the patients had dermatomyositis (86.1%). The proportion of those with dermatomyositis was lower in patients who developed infectious AE than in those who developed non-infectious AE (70.6 vs. 100%, p = 0.039).


Table 1. Baseline characteristics of patients with myositis-related interstitial lung disease (ILD).
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The most common autoantibody was antinuclear antibody (83.3%), followed by anti-Ro (Sjögren' syndrome type A) antibody (11.1%), anti-double-stranded deoxyribonucleic acid (anti-dsDNA) (5.6%), and anti-Jo1 antibody (5.6%). The mainly prescribed maintenance immunosuppressive medication was corticosteroid (86.1%), followed by cyclosporin (27.8%), methotrexate (25.0%), azathioprine (11.1%), tacrolimus (8.3%), and mycophenolate mofetil (8.3%). However, there were no differences in the autoantibodies and maintenance immunosuppressive medications between the patients who developed non-infectious versus infectious AE. Patients with infectious AE had lower FVC (L) (p = 0.011), FEV1 (L) (p = 0.002), and the percentage-predicted value of FEV1 (p = 0.003) than those with non-infectious AE.

There were no significant intergroup differences in laboratory findings and comorbidities between patients with infectious AE and those with non-infectious AE, except for higher median brain natriuretic peptide (BNP) levels in patients with infectious AE than those with non-infectious AE (p = 0.020).



Clinical Manifestations and Treatments of AE

As shown in Table 2, the median (IQR) of age at AE, time from admission to the BAL, and ICU length of stay was 53 (45–60) years, 10 (4–20) days, and 5 (0–17) h, respectively. Regarding the disease severity, the median (IQR) of the PF ratio and APACHE II score was 161 (89–241) mmHg and 10 (7–13), respectively. About two thirds of the patients required mechanical ventilation (66.7%). These observations and disease severities were similar between the two etiologies.


Table 2. Clinical manifestations and treatments of acute exacerbation (AE) of patients with myositis-related ILD.
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The most common radiologic feature was non-specific interstitial pneumonia (55.6%), and the median number of lobes involved was 2 [IQR, 2–3]. The patients with infectious AE showed higher median BNP levels than those with non-infectious AE [242 (IQR, 104–470) vs. 89 (IQR, 48–132) ng/ml], but there were no differences in radiological features or other laboratory findings between patients with non-infectious AE and those with infectious AE.

The main treatment for AE of myositis-related ILD was systemic corticosteroids. The median methylprednisolone equivalent dose of corticosteroids was 63 (IQR, 31–750) mg/day. The most common adjunctive treatment was cyclosporin (30.6%), followed by intravenous immunoglobulin (19.4%), cyclophosphamide (8.3%), and mycophenolate mofetil (2.8%). Although the median corticosteroid dose was 2.5-fold lower in infectious AE than non-infectious AE [50 (IQR, 25–250) vs. 125 (IQR, 48–750) mg/day], this difference was not significant (p = 0.212). In addition, there were no statistical significances in the use of adjunctive treatments between the groups.



Infectious Etiologies and Mortality

Among the 36 patients with AE of myositis-related ILD, 17 were diagnosed with infectious AE. The identified organisms were Streptococcus pneumonia (n = 2), Pseudomonas aeruginosa (n = 3), anaerobes (n = 3), cytomegalovirus (n = 6), herpes simplex virus (n = 1), and pneumocystis jirovecii (n = 4). The overall in-hospital mortality rate of AE of myositis-related ILD was 47.2%. Although the mortality rate in patients with infectious AE was lower (41.2%) than in those with non-infectious AE (52.6%), this difference was not statistically significant (p = 0.724). A survival analysis showed no significant difference in mortality in patients with infectious AE and those versus non-infectious AE (RR = 0.78, 95% CI = 0.38–1.59) (Figure 2).
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FIGURE 2. The rate and mortality of AE of myositis-related interstitial lung disease according to the etiology. AE, acute exacerbation; RR, risk ratio; CI, confidence interval.





DISCUSSION

In this study, we evaluated the treatment outcomes in patients with myositis-related ILD by etiologies. Our study showed that survival was not significantly different between the patients with myositis-related ILD in whom the etiologies (i.e., infectious vs. non-infectious) were retrospectively evaluated.

While respiratory infections are a known etiology for the AE of myositis-related ILD, the exact causes or mechanisms for non-infectious AE are unknown (2). Liang et al. found that the increased myositis activity at the time of admission was a risk factor for AE of myositis-related ILD (5), suggesting that AE may result from an intrinsic acceleration of the underlying disease. Supporting this view, anti-Melanoma Differentiation-Associated gene 5 (anti-MDA5) antibody, an autobody of myositis, was shown to be associated with rapidly progressive ILD (15). Intrinsic biological dysfunction caused by increased levels of myositis-related cytokines, which makes patients more vulnerable to external stimuli, could be the other possible mechanism (16). However, there is still a lack of sufficient understanding of the mechanism of developing AE in patients with myositis-related ILD. Therefore, further studies are needed on this issue.

In clinical practice, distinguishing infectious etiologies from non-infectious etiologies for AE of myositis-related ILD is important to provide an appropriate treatment. However, unfortunately, our study results showed that it is very hard to distinguish infectious AE from non-infectious AE based on the clinical manifestation since there were no differences in radiologic features and laboratory findings by etiology. In addition, despite the prompt attempts to unveil the infectious etiologies for AE (all patients underwent BAL within 24 h of admission) and appropriate antibiotic use, our study showed that infectious causes had a similar risk of in-hospital mortality compared with non-infectious AE of myositis-related ILD. Accordingly, as in AE of IPF (17), our study results indicate that respiratory infections are important causes of AE in myositis-related ILD (8). A similar definition and classification of AE of ILD used in IPF may also be used in patients with myositis-related ILD. Thus, it is suggested that clinicians consider infections as a high priority in patients with AE of myositis-related ILD. We would like to suggest more rapid diagnostic approaches to identify potential pathogens and immediate treatment for possible infectious causes to improve treatment outcomes in myositis-related ILD patients with infectious AE.

The treatment outcome of non-infectious AE of myositis-related ILD was very poor in this study, showing more than 50% of mortality within 90 days after admission despite using high-dose of systemic corticosteroid with/without adjunctive treatments. The treatment of non-infectious AE of myositis-related ILD has not been standardized, and there have been no randomized clinical trials that have compared the efficacy of these treatments (18). Nevertheless, corticosteroid therapy has been the cornerstone of treatment for AE of myositis-related ILD, and intravenous immunoglobulin has been used as an adjunctive treatment (19). The poor outcomes of corticosteroid-based treatment in our study may indicate that we need alternative treatments for patients who are refractory to corticosteroids. Fortunately, depending on the better understanding of the mechanism of some endotypes of myositis-related ILD (e.g., anti-synthetase syndrome and anti-MDA5 positive myositis-related ILD), novel immunologic agents have shown some potential to be used for this purpose (20). For example, a Janus kinase (JAK) inhibitor, tofacitinib, significantly increased the survival rate of patients with refractory rapidly progressive myositis-related ILD whose treatment failed with high-dose steroids and adjunctive drugs (21). Another study showed that Rituximab improved the lung function in patients with refractory anti-synthetase syndrome (22). A recent study proposed that biologics [e.g., anti-interferon α, anti-interferon α receptors antibodies, anti-interleukin 12/23, anti-interleukin-6, or other anti-B cell therapy (e.g., ibrutinib)], and antifibrotic agents (e.g., nintedanib and pirfenidone), might be promising (20). However, since there is a paucity of data on the efficacy of these novel agents for the treatment of AE in patients with myositis-related ILD, more evidence is needed.

Our study has the strength that the largest number of patients with AE of myositis-related ILD was evaluated. In previous studies, due to the low incidence of IIM, myositis-related ILD was commonly studied with other connective tissue disease-related ILD (23). However, there are some limitations in our study. First, our study was retrospective and performed in a single center. Second, some important myositis-associated antibodies, such as anti-MDA5 antibody, were not assessed because these tests were unavailable in Korea. Thus, we could not evaluate the impact of anti-MDA5 antibody on the presentation of AE and treatment outcomes. Since previous studies have shown that patients with anti-MDA5 have rapidly progressive characteristics of ILD (15, 20), anti-MDA5 might be associated with developing non-infectious AE in our study. To overcome these limitations, future studies, including a comprehensive evaluation of myositis-associated antibodies, are necessary.

In conclusion, our study showed that infectious AE is an important cause of mortality in patients with myositis-related ILD, showing a similar mortality rate for non-infectious AE. More rapid diagnostic approaches to identify potential pathogens and immediate antibiotic coverage for possible infectious causes would be likely to be important to improve treatment outcomes. Our study suggests that the detailed phenotyping or endotyping of non-infectious AE of myositis is needed to improve treatment outcomes.
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Total (n = 36) Non-infectious AE (n = 19) Infectious AE (n = 17) p-value

Socio-demographic profile

Age (years) 50 (39-69) 49 (40-57) 50 (39-59) 0975
Female, n (%) 25 (69.4) 12(63.2) 13 (76.5) 0615
Body mass index (kg/m?) 21.4(185-23.1) 21.6(20.5-24.1) 20.0(18.0-22.4) 0232
Current or past smoker, n (%) 6(16.7) 5(26.9) 169 0282
Inflammatory myopathy subtype

Dermatomyositis, n (%) 31(86.1) 19 (100) 12 (70.6) 0.039
Polymyosits, n (%) 383 00 3(17.6) 0.191
Others*, n (%) 2(5.6) 00) 2(11.8) 0.418
Autoantibody

Antinuclear antibody, n (%) 30(83.9) 17 (89.5) 13 (76.5) 0550
Anti-Ro (SSA) antibody, 1 (%) 4(11.9) 3(15.8) 16.9) 0680
Anti-La (SSB) antibody, n (%) 128 1(6.3) 0(0) 1.000
Anti-Jot antibody, n (%) 2(56) 0(0) 2(11.8) 0418
Anti-dsDNA, 1 (%) 2(5.6) 16.9) 169 1.000
Anti-Smith antibody, (%) 128 0(0) 16.9) 0955
Antinuclear ribonucieoprotein antibody, n (%) 128 0(0) 169 0955
Maintenance immunosuppressive medication

Corticosteroid use, n (%) 31(86.1) 16(84.2) 15(88.2) 1.000
Meintenance dose’ (mg/day) 18 (5-80) 20 (6-36) 16 (6-24) 0514
Cyclosporin, n (%) 10(27.8) 5(263) 5(20.4) 1.000
Methotrexate, n (%) 9(25.0) 7(36.8) 2(11.8) 0.177
Azathioprine, n (%) 4(11.9) 2(105) 2(11.8) 1.000
Tacrolimus, n (%) 383 2(10.5) 1669 1.000
Mycophenolate mofeti, n (%) 383 16.3) 2(11.8) 0920
Lung function (n = 16)

FVC U 1.6(1.2-26) 23(1.63.0) 1.2(0.9-1.6) 0011
FVC (%pred) 57.0 (40.7-67.3) 63.5(54.5-73.8) 46.4(32.9-58.3) 0.066
FEV () 1.4(0.9-2.0) 20(15-23) 09(0.8-1.3) 0.002
FEV; (%pred) 57.9(41.6-66.7) 66.7 (61.2-73.9) 41.6(34.7-52.0) 0.003
FEV1/FVC (%) 87.5(77.9-93.1) 87.7 (77.9-93.1) 85.9 (70.8-91.7) 0.793
Laboratory findings

LDH (U/L) (0 = 33) 331 (229-526) 358 (287-463) 312 (203-553) 0871
CPK (IUL) (n = 33) 130 (63-390) 130 (53-335) 147 (54-509) 0.652
ESR (mvh) (0 = 29) 51(37-68) 49 (32-64) 57(38-77) 0266
CRP (mg/dL) (1 = 33) 1.5(0.4-22) 0.8(0.1-1.8) 1.8(0.9-38) 0.062
BNP (ng/ml) (0 = 29) 54 (22-116) 34 (19-61) 102 (84-155) 0.020
Comorbidity

Hypertension 11(30.6) 4@1.9) 7@12) 0281
Diabetes melitus 8(22.2) 6(31.6) 2(11.8) 0236
Pulmonary hypertension 7(19.4) 2(105) 5(29.4) 0314

Data were expressed as medians with interquartie ranges for continuous variables and numbers with percentages for categorical variables.

*Two other causes were mixed connective tissue disease with inflammatory myositis and systemic lupus erythematosus with inflammatory myositis.

" Dose is based on an equivalent dose of methylprednisolone.

AE, acute exacerbation; dsDNA, double-stranded deoxyribonucleic acid; SSA, Sjdgren’ syndrome type A; SSB, Sicgren’ syndrome type B; FVC, forced vital capacity; FEVs, forced
expiratory volume in 1 second;: LDH, lactate dehydrogenase; CPK, creatinine phosphokinase; ESR, erythrocyte sedimentation rate; CRE, C-reactive protein; BNP. brain natriuretic peptide.
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Total (n = 36) Non-infectious AE (n = 19) Infectious AE (n = 17) p-value

Age at AE (years) 58 (45-60) 53 (45-58) 53 (45-61) 0924
1CU length of stay (day) 10 (4-20) 10 (5-18) 9(2-20) 0634
Time from admission to the BAL (hour) 5(0-17) 10 (0-20) 2(0-11) 0.188
Disease severity

PF ratio (mmHg) 161 (89-241) 164 (87-201) 158 (105-300) 0.330
APACHE Il scores 10 (7-13) 10 (7-18) 10 (6-14) 0824
Mechanical ventilation, 1 (%) 24(66.7) 13 (68.4) 11(64.7) 1.000
Radiologic feature

Number of lobe invoivement, n (%) 2(2-9) 229 2(29) 0242
Usual interstitial pneumonia, (%) 8(22.2) 6(31.6) 2(11.8) 0305
Non-Specific interstitial pneumonia, n (%) 20(55.6) 9(47.4) 11(64.7) 0.478
Organizing pneurmonia, n (%) 5(13.9) 4@1.4) 169 0.406
Laboratory findings

LDH (U 404 (281-642) 403 (289-560) 405 (281-708) 0635
CPK (U 106 (45-327) 92 (57-262) 120 (42-990) 0949
ESR (mvh) (0 = 33) 63(35-77) 57 (39-79) 68 (35-83) 0.402
CRP (mg/dL) (n = 35) 5.0(1.6-10.6) 5.0 (1.6-7.1) 6.5 (1.4-20.9) 0643
BNP (ng/m) (n = 31) 116 (77-306) 89 (48-132) 242 (104-470) 0.009
Medication

Corticosteroid doset (mg/day) 63 (31-750) 125 (48-750) 50 (25-250) 0212
VIG, n (%) 7(19.4) 4@1.1) 3(17.6) 1.000
Cyclophospharmide, n (%) 383 2(105) 169 1.000
Mycophenolate mofeti, n (%) 128) 163) 0(0.0) 1.000
Cyclosporin, n (%) 11(306) 8(42.1) 3(17.6) 0219

*Dose is based on an equivalent dose of methylprednisolone.

AE, acute exacerbation; ICU, intensive care unit; BAL; bronchoalveolar lavage; PF, arterial oxygen partial pressure to fractional inspired oxygen; APACHE, acute physiology and chronic
health evaluation; LDH, lactate dehydrogenase; CPK, creatinine phosphokinase; ESR, erythrocyte sedimentation rate; CRR, C-reactive protein; BNF, brain natriuretic peptide; IVIG,
intravenous immunoglobulin.
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