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Abstract
Background: Interstitial lung disease (ILD) is the principal cause of death in polymyositis/dermatomyositis (PM/DM).
Here we investigated prognostic factors for death and serious infection in PM/DM-ILD using the multicenter database.
Methods: We retrospectively reviewed baseline demographic, clinical and laboratory findings, treatment regimens and
outcomes in patients with PM/DM-ILD. The distribution of ILD lesions was evaluated in four divided lung zones of
high-resolution computed tomography images.
Results: Of 116 patients with PM/DM-ILD, 14 died within 6 months from the diagnosis. As independent risk factors
for early death, extended ILD lesions in upper lung fields (odds ratio (OR) 8.01, p = 0.016) and hypocapnia (OR 6.85,
p = 0.038) were identified. Serious infection was found in 38 patients, including 11 patients who died of respiratory or
multiple infections. The independent risk factors were high serum KL-6 (OR 3.68, p = 0.027), high initial dose of
prednisolone (PSL) (OR 4.18, p = 0.013), and combination immunosuppressive therapies (OR 5.51, p < 0.001).
Conclusion: The present study shows the progression of ILD at baseline is the most critical for survival and that infection,
especially respiratory infection, is an additive prognostic factor under the potent immunosuppressive treatment.
Keywords: Dermatomyositis, Polymyositis, Interstitial lung disease

Background
Polymyositis (PM) and dermatomyositis (DM) are idiopathic inflammatory myopathies (IIM) of unknown
causes, which are often associated with extramuscular
manifestations such as interstitial lung disease (ILD),
arthropathy, cardiomyopathy, and malignancies. PM/DMassociated ILD (PM/DM-ILD) is a major cause of death
[1, 2], with an estimated excess mortality rate of around
40%, and has a widely varied clinical course.
ILD is categorized according to histopathological findings into usual interstitial pneumonia, non-specific interstitial pneumonia (NSIP), organizing pneumonia, diffuse
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alveolar damage, respiratory bronchiolitis, desquamative
interstitial pneumonia, and lymphoid interstitial pneumonia. In clinical practice, a multidisciplinary approach
based on pathology findings, clinical symptoms,
laboratory tests, imaging examinations, and respiratory
function tests, is the gold standard for clinical diagnosis
and classification of ILD [3]. High-resolution computed
tomography (HRCT) scan is one of the most informative
examinations for ILD. However, in comparison with
idiopathic ILD, extrapulmonary findings including serological data are particularly important for making the
diagnosis and determining the prognosis of connective
tissue disease (CTD)-ILD including PM/DM-ILD. Indeed, previous studies have identified extrapulmonary
findings as prognostic factors for PM/DM-ILD, such as
old age [4], skin ulcer, ILD with low serum creatine
kinase (CK) [5], non-Caucasian race, male sex [6], and
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seropositivity
for
anti-melanoma
differentiationassociated protein 5 (MDA5) antibody (Ab) [7, 8]. It is
important to optimize disease management based on the
prognostic factors to improve clinical outcome.
In this study, we retrospectively assessed clinical data,
treatments, and clinical outcomes in patients with PM/
DM using the multicenter database to identify predictive
prognostic factors for PM/DM-ILD.

Methods
Patient selection

One hundred sixteen patients with PM/DM-ILD, who had
received initial treatment in six hospitals including
Yokohama City University and the affiliated hospitals,
from 2003 to 2016, were enrolled. The diagnosis of PM/
DM was based on the Bohan and Peter criteria [9]. The
modified Sontheimer criteria were adopted for the classification of clinically amyopathic dermatomyositis (CADM)
[10]. Briefly, patients was categorized as having CADM if
they presented with DM-specific skin disease but subclinical or no clinical evidence of proximal muscle weakness
and myositis on laboratory, electrophysiologic, and/or
radiologic evaluation more than 6 months after rash onset.
This study was conducted in accordance with the Declaration of Helsinki, and informed consent was obtained
from the patients and healthy controls. The study design
was approved by the ethics committee of Yokohama City
University.
Collection of clinical data

We retrospectively obtained the data from the clinical
charts of the individual patients. According to PM/DMrelated manifestations such as presence of muscle
weakness, typical dermatologic manifestations such as
Gottron’s signs, Gottron’s papules, heliotrope rashes, and
mechanic hands, fever, dysphasia, ILD, and malignancies,
the patients were categorized into three groups according to
the Bohan and Peter criteria and the modified Sontheimer
criteria [9, 10]: PM; clinically amyopathic dermatomyositis
(CADM); and classical dermatomyositis (DM). In addition,
the diagnosis of cancer-associated myositis (CAM) was
made in patients who had the complication of malignancy
within 3 years before or after the onset of PM/DM.
We reviewed the disease onset, besides demographic
findings including age, sex, habitual history such as smoking, and clinical findings such as laboratory data and
imaging findings. The laboratory data included the routine
biochemical and haematological data, KL-6, ferritin, those
on blood gas analysis, and myositis-associated autoantibodies including anti-nuclear antibodies (ANA), antihistidyl-tRNA synthetase (Jo-1), anti-aminoacyl transfer
RNA synthetase (ARS), anti-MDA5, anti-transcriptional
intermediary factor 1-γ (TIF1-γ), and anti- Sjögren’s syndrome A (SS-A) antibodies (Abs).
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We also analyzed therapy and major clinical outcomes
including survival, comorbidities, and complications.
Common remission induction therapies for PM/DM-ILD
were as follows; oral prednisolone (PSL) at a dose of 0.2–
1.5 mg/kg of body weight per day, calcineurin inhibitors
including tacrolimus or cyclosporine A, and administration of intravenous cyclophosphamide (IVCY), intravenous methyl-prednisolone (mPSL) pulse, and intravenous
immunoglobulin (IVIg). All of the therapeutic strategies
were determined by the attending physicians on the basis
of comprehensive assessment of clinical manifestations
and laboratory data. Serious infections were defined as
conditions requiring hospitalization or extension of hospital stay for additional therapy with antimicrobial agents
except for prophylactic purposes.
HRCT

Presence of PM/DM-ILD was determined by chest
HRCT findings such as ground glass opacity, reticular
opacity, areas of consolidation, honeycombing, traction
bronchiectasia, and linear opacity [11, 12]. Patients who
needed initiation or intensification of immunosuppressive therapy for the lung lesions were included in the
study. Distribution of ILD lesions was assessed in four
lung zones, zone A (above the aortic arch), zone B
(between the aortic arch and the level of the carina),
zone C (between the level of the carina and the level of
inferior pulmonary veins) and zone D (below the inferior
pulmonary veins), according to a previous report [13]. In
each zone, the extent of ILD lesions was semiquantitatively
scored based on the percentage of the lung parenchyma
involved: no involvement (0 points), 1–4% (1 point), 5–
14% (2 points), 15–29% (3 points), 30–49% (4 points),
and ≥ 50% involved (5 points). A total score was calculated
by summing the individual area scores in each zone.
The HRCT images were independently reviewed by
two rheumatologists well-trained in interpretation of
chest CT images and blinded to the patients’ baseline
data and treatment regimen. In the reliability assessment, the total score of the inter-evaluator and intraevaluator coefficients of variation were good (κ = 0.71)
and excellent (κ = 0.83), respectively. The inter-evaluator
coefficient of variation in zone A to zone C was excellent (κ = 0.85, 0.84 and 0.92, respectively) and was good
in zone D (κ = 0.72). The intra-evaluator coefficients of
variation was excellent in every zone (κ = 0.84, 0.93,
0.93, and 0.80, respectively).
Statistical analysis

To identify risk factors for death or complications from
serious infections, statistical analysis was performed using
SPSS software (IBM) and GraphPad Prism (GraphPad
Software). We used the chi-square test or Fisher’s exact
test for categorical variables, Student’s t test or analysis of
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variance for parametric analysis of continuous variables,
or the two-tailed Mann-Whitney U test, Wilcoxon rank
sum test, or Kruskal-Wallis test for non-parametric analysis. Receiver operating characteristic (ROC) analysis was
performed to identify the appropriate cutoff values for
variables that were significantly different on univariate
analysis. We divided all the patients into two groups by
the cutoff values and evaluated the survival curves statistically using the log-rank test. Cox proportional hazards regression and binomial logistic regression were performed
as multivariate analysis to identify independent risk factors
for death and serious infections. A p value < 0.05 was considered significant in all analyses.
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Table 1 The demographic data on patients with PM/DM with
ILD (excerptiona)
Variables
(n = 116 patients)
Women (n (%))

83/116 (71.6%)

Age (years)

56.0 ± 14.8b

Type (n)
Baseline data

Results
Patient characteristics and causes of death

This study enrolled 116 patients with PM/DM-ILD.
Demographic, clinical, and laboratory data at diagnosis
of PM/DM-ILD, major clinical outcomes including
survival, complication with serious infection, and malignancy are shown in Table 1 and Additional file 1. The
mean age was 56.0 ± 14.8 years and 83 (71.6%) were female. During the observation period, 28 patients (24.1%)
died at 26.3 ± 34.9 months from diagnosis. It is of note that
ILD was directly related to early death in 12 (85.7%) of 14
patients who died within 6 months after the diagnosis.
Serious infections were complications in 38 (32.8%) of
all the studied patients with PM/DM-ILD within the first
6 months after the diagnosis (Fig. 1a and Table 1). They
were also related to 11 (78.6%) of 14 early deaths, which
corresponds to 9.5% of all the patients (Fig. 1a). Eight
patients had both ILD exacerbation and complication of
serious infections, each of which could be lethal. Thus, it
was hard to determine which was primarily responsible
for the deaths.
Complication with malignancy, which appeared within
3 years before and after the diagnosis of PM/DM-ILD,
so-called cancer-associated myositis (CAM), was identified in 21 (18.8%) of all the studied patients, including 3
with PM (15.0%), 12 with DM (24.5%) and 6 with
CADM (14.0%) (Fig. 1a and Table 1). In 16 of them, malignancy was identified within a year from the diagnosis
of PM/DM-ILD. The primary lesions of malignancies
were diverse, distributed in the breast, ovary, lung,
thyroid gland, pancreas, gallbladder, and colorectum. All
seven deaths from malignancy, which corresponds to
6.3% of all the patients with malignancy, occurred more
than 6 months after the diagnosis of PM/DM-ILD
(Fig. 1a). No patients died from malignancy within
6 months after the diagnosis.
These data indicate that ILD is a critical prognostic
factor in patients with PM/DM-ILD and that infection
additively contributes to unfavorable clinical outcomes.
The survival curves indicate that there are two distinct

Values

Autoantibody (n (%))

PM 22, DM 51, CADM 43
CK (U/l)

360 (115–1496)c

LDH (U/l)

369 (279–526)c

KL-6 (U/ml)

673 (453–1030)c

CRP (mg/dl)

0.57 (0.15–1.78)c

Lymphocytes (/μl)

971 (696–1386)c

Albumin (g/dl)

3.42 ± 0.56b

PaCO2 (mmHg)

37.3 (34.3–40.3)c

Ferritin (ng/ml)

360 (165–843)c

Anti-Jo-1 Ab

21/114 (18.4%)

Anti-ARS Ab

9/45 (20.0%)

Anti-MDA5 Ab

8/31 (25.8%)

Anti-TIF-1γ Ab

2/2 (100%)

Malignancy (<3 years) (n (%))

21/112 (18.8%)

Treatment (n (%))

Initial PSL dose
(mg/kg/day)

0.83 ± 0.29b

mPSL pulse

77/116 (66.4%)

IVCY

48/116 (41.4%)

Calcineurin inhibitor

81/115 (70.4%)

Combination therapyd

40/116 (34.5%)

Prognosis (n (%))

Death

28/116 (24.1%)

Serious infection

38/116 (32.8%)

CK creatine kinase, LDH lactate dehyrdrogenase, CRP C-reactive protein,
PaCO2 arterial partial pressure of carbon dioxide, PSL prednisolone, mPSL intravenous
methyl-prednisolone, IVCY intravenous cyclophosphamide, PM polymyositis,
DM dermatomyositis, CADM clinically amyopathic dermatomyositis
a
See also Additional file 1: Table S1
b
The data are shown as the mean ± standard deviation
c
Values are the median (interquartile range)
d
Combination therapy includes glucocorticoid, IVCY and calcineurin inhibitors

waves of fatal events in patients with PM/DM-ILD
(Fig. 1b). The first wave is generated by ILD and infection in the early phase, whereas the second one is due to
complicated malignancy later.
Comparison of clinical features among PM/DM subtypes
in PM/DM-ILD

We diagnosed ILD based on HRCT findings in 116 patients, including 22 with PM (19.0%), 51 with DM (44.0%)
and 43 with CADM (37.1%) (Table 2 and Additional file 2).
All PM/DM subtypes were determined by manifestations
that appeared throughout the clinical course.
At baseline, the patients in the DM group were significantly older than those in the other two groups. Among
the laboratory data, serum CK, LDH, and CRP were significantly lower in the CADM group than the other two
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Fig. 1 Survival curves for patients with polymyositis/dermatomyositis-interstitial lung disease (PM/DM-ILD) over the observation time. a Frequency
of infections and malignancies in patients with PM/DM-ILD up to 6 months after initiating immunosuppressive therapy and within three years
before and after diagnosis of PM/DM in the overall observation period (gray columns). Frequency of the patients with PM/DM who died from
infection and malignancy within 6 months and in the overall observation period (black columns) are also shown. b The survival curve for the
patients with PM/DM-ILD. It shows that there are two phases with a high rate of death. c The survival curves for each PM/DM subtype reveals no
significant difference among the three subtypes. CADM clinically amyopathic dermatomyositis

groups, while serum ferritin level was highest in the DM
group. The serological study revealed that anti-Jo-1 Ab
was most prevalent in the PM group (38.1%) followed by
the classical DM group (19.6%) and the CADM group
(7.1%). Although anti-MDA5 Ab has been emphasized
as a biomarker of CADM-associated ILD, the autoantibody was detected not only in the CADM (30.8%) but
also in the classical DM group (23.5%), though it was examined only in some of the patients.
The distribution of ILD lesions assessed by the zone
score was not different among the three groups except
for the zone D score, which was the higher in the PM
than in the other groups. The initial dose of PSL was significantly higher in the DM group than in the others,
while the frequency of methyl PSL pulse therapy was
comparable among the three groups (Table 2). On the
other hand, remission induction therapy was more
intensified by adding the concurrent use of calcineurin
inhibitors and/or IVCY to corticosteroids in the CADM
group as compared with the other groups; combination
therapy was given in 47% of patients with CADM. This
is probably in line with a number of previous studies
that have shown that CADM is associated with unfavorable clinical outcomes [14]. However, our study showed
no differences in the survival curves between the CADM
and the classical DM groups (Fig. 1c). On the other
hand, all but one of the patients with PM survived the
observation period.

Comparison of clinical features between survivors and
non-survivors in PM/DM-ILD

To determine prognostic factors for early death within
fewer than 6 months after the diagnosis of PM/DM-ILD,
we next compared baseline clinical features between the
survivors and the short-term non-survivors (Table 3 and
Additional file 3). There were no significant differences
between the periods from the initial manifestation to the
initiating treatment. The short-term non-survivors
among patients with PM/DM-ILD were characterized by
having high serum KL-6, lymphopenia, hypoalbuminemia, hypocapnia, and extensive ILD.
We determined the cutoff points for individual variables to separate survivors from non-survivors using
ROC analysis, and conducted multivariate analysis using
binomial logistic regression. We found that high zone A
score (OR 8.01, p = 0.016) and low arterial partial pressure of carbon dioxide (PaCO2) (OR 6.85, p = 0.038)
were independently associated with early death. ROC
analysis revealed that the cutoff points for the zone A
score was 1.3 (between 1 and 2) for distinguishing the
short-term non-survivors from survivors. The survival
curve for patients with a zone-A score > 1 was significantly inferior to those in the other patients at any time
point (Fig. 2a). Likewise, there was a significant difference in the survival curves between patients with and
without hypocapnia, < 34.5 mmHg of PaCO2 (Fig. 2a).
Both of the risk factors were associated with progression
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Table 2 Comparison of demographic data among each PM/DM subtype in PM/DM-ILD patients (excerptiona)
PM/DM-ILD (n = 116)

PM (n = 22)

DM (n = 51)

CADM (n = 43)

P value

Women (n (%))

13/22 (59.1%)

40/51 (78.4%)

30/43 (69.8%)

0.23

Age (years)

56.2 ± 14.9b

60.0 ± 13.3b

51.3 ± 15.4b

0.016**

Baseline data

Autoantibody (n (%))

Treatment (n (%))

Prognosis (n (%))

c

c

CK (U/l)

1956 (1067–4399)

609 (211–1773)

83 (57–183)

LDH (U/l)

449 (374–564)c

437 (341–590)c

284 (242–343)c

c

c

<0.001**
<0.001**

c

KL-6 (U/ml)

685 (490–1709)

759 (463–1129)

657 (413–911)

CRP (mg/dl)

0.71 (0.18–1.95)c

0.62 (0.16–1.94)c

0.49 (0.15–1.32)c

c

c

c

0.35
0.44

Lymphocyte (/μl)

1346 (983–1553)

971 (696–1386)

825 (592–1041)

0.022*

Ferritin (ng/ml)

258 (165–305)c

960 (719–1365)c

361 (116–645)c

0.032*

Anti-Jo-1 Ab

8/21 (38.1%)

10/51 (19.6%)

3/42 (7.1%)

0.011*

Anti-MDA5 Ab

0/1 (0%)

4/17 (23.5%)

4/13 (30.8%)

NAe

3/20 (15.0%)

12/49 (24.5%)

6/43 (14.0%)

0.39

Zone A

1.0 (0–1.0)c

1.0 (0–1.0)c

1.0 (0–1.0)c

0.90

c

c

0.58

Malignancy (<3 years) n (%)
HRCT

c

c

Zone B

1.0 (1.0–1.8)

1.0 (0–2.0)

1.0 (0–1.0)

Zone C

2.0 (1.3–3.0)c

1.0 (1.0–3.0)c

1.0 (1.0–2.0)c

Zone D

c

4.0 (3.0–4.8)

c

3.0 (2.0–4.0)

c

3.0 (2.0–3.0)

0.033*

Zone total

8.0 (5.3–10.8)c

6.0 (3.0–10.0)c

6.0 (4.0–7.0)c

0.25

b

b

b

0.22

Initial PSL dose (mg/kg/day)

0.77 ± 0.25

0.92 ± 0.28

0.72 ± 0.32

0.004**

mPSL pulse (n (%))

10/22 (45.5%)

35/51 (68.6%)

32/43 (74.4%)

0.059

IVCY

6/22 (27.3%)

19/51 (37.3%)

23/43 (53.5%)

0.092

Calcineurin inhibitor

8/22 (36.4%)

36/50 (72.0%)

37/43 (86.0%)

<0.001**

Combination therapyd

2/22 (9.1%)

18/51 (35.3%)

20/43 (46.5%)

0.011*

Death

6/22 (27.3%)

15/51 (29.4%)

7/43 (9.6%)

0.31

PM polymyositis, DM dermatomyositis, ILD interstitial lung disease, HRCT high-resolution computed tomography, CK creatine kinase, LDH lactate dehyrdrogenase,
CRP C-reactive protein, PaCO2 arterial partial pressure of carbon dioxide, PSL prednisolone, mPSL intravenous methyl-prednisolone, IVCY intravenous cyclophosphamide,
CADM clinically amyopathic dermatomyositis
a
See also Additional file 2: Table S2
b
The data are shown as the mean ± standard deviation
c
Values are the median (interquartile range)
d
Combination therapy includes glucocorticoid, IVCY and calcineurin inhibitors
e
Not applicable
*p < 0.05, **p < 0.01

of ILD, especially extension of ILD lesions into the upper
lung fields, zone A, at baseline.
Comparison of clinical features between patients with
and without the complication of serious infections in
PM/DM-ILD

As shown in Table 3, the complication of infection was
another candidate for the critical prognostic factor
especially for survival in the early phase. By multivariate
analysis using binomial logistic regression, we identified
serious infection as an independent factor for early
death after starting treatment in PM/DM-ILD (OR 6.49,
p = 0.012). Therefore, our analysis focused on serious infectious events within 6 months from starting treatment
in PM/DM-ILD.
Bacterial infection was the most frequent among causative pathogens. A total of 34 bacterial infection events consisted of 16 cases of pneumonia, 9 of urinary tract
infections, 4 of catheter-related bloodstream infections, 3 of

cellulitides, one of lung abscess, and one of femoral intramuscular abscess. Fungal infection was identified in 15 patients including 9 with pneumocystis pneumonia, which
was prevalent in patients not receiving prophylactic therapy
with sulfamethoxazole/trimethoprim (ST) agents. As for
viral infection, there were 23 patients with cytomegalovirus
(CMV) antigenemia requiring antiviral therapy under regular monitoring (Additional file 3), although none of them
developed serious organ involvement.
Multiple infections were identified in 13 patients, including 10 short-term non-survivors. Respiratory infection, which was the most common focus, was identified
in 13 patients, including 10 short-term non-survivors.
Moreover, early death was associated with multiple
infections including respiratory infection, which was
directly involved in lethal events.
Comparative analysis of the baseline variables between
patients with and without infection revealed that patients in the infection group were more likely to have
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Table 3 Comparison of demographic data between survivors and non-survivors of PM/DM-ILD patients (excerptiona)
PM/DM-ILD (n = 116)

Non-survivore (n = 14)

Survivor (n = 102)

P value

Women (n (%))

8/14 (57.1%)

75/102 (73.5%)

0.22

Type (n)

PM 1, DM 8, CADM 5

PM 21, DM 43, CADM 38

0.41

b

Age (years)
Baseline data

HRCT

Treatment (n (%))

KL-6 (U/ml)

60.1 ± 9.6

55.5 ± 15.4

935 (809–1230)c

612 (431–1023)c

c

0.14
0.016*
c

Lymphocyte (/μl)

714 (398–909)

1,013 (730–1425)

0.002**

Albumin (g/dl)

3.03 ± 0.54b

3.46 ± 0.55b

0.014*

c

c

PaCO2 (mmHg)

32.6 (31.2–36.0)

37.8 (35.3–40.7)

Zone A

2.0 (1.0–2.0)c

1.0 (0–1.0)c

Zone B

c

2.0 (1.0–2.8)

c

1.0 (0–1.0)

Zone C

2.0 (1.0–3.8)c

1.0 (1.0–2.0)c

Zone D

c

4.0 (3.0–4.8)

c

3.0 (2.0–4.0)

0.021*

Zone total

10.0 (6.5–13.5)c

6.0 (4.0–8.3)c

0.004**

b

0.005**
<0.001**
0.001**

b

0.069

Initial PSL dose (mg/kg/day)

0.96 ± 0.24

0.80 ± 0.31

0.061

mPSL pulse (n (%))

14/14 (100%)

63/102 (61.8%)

0.002**

IVCY (n (%))

11/14 (78.6%)

37/102 (36.3%)

0.003**

Calcineurin inhibitor

13/14 (92.9%)

68/101 (67.3%)

0.062

Combination therapy

10/14 (71.4%)

30/102 (29.4%)

0.005**

Serious infection

11/14 (78.6%)

27/102 (26.5%)

<0.001**

d

Outcome (n (%))

b

PM polymyositis, DM dermatomyositis, ILD interstitial lung disease, HRCT high-resolution computed tomography, CK creatine kinase, LDH lactate dehyrdrogenase,
CRP C-reactive protein, PaCO2 arterial partial pressure of carbon dioxide, PSL prednisolone, mPSL intravenous methyl-prednisolone, IVCY intravenous cyclophosphamide,
CADM clinically amyopathic dermatomyositis
a
See also Additional file 3: Table S3
b
The data are shown as the mean ± standard deviation
c
Values are the median (interquartile range)
d
Combination therapy includes glucocorticoid, IVCY and calcineurin inhibitors
e
The non-survivor group includes the patients who died within 6 months after the diagnosis of PM/DM
*p < 0.05, **p < 0.01

high serum LDH, KL-6, CRP and hypoalbuminemia,
lymphopenia, hypocapnia, and high ILD score, especially
in the upper lung fields (Table 4 and Additional file 4).
Most of the risk factors were shared between death and
serious infection. In addition, however, unlike survival
prognostic factors, the univariate analyses extracted
several therapy-related factors, including a high dose of
initial PSL, mPSL pulse therapies, IVCY, calcineurin
inhibitors and combination therapy, but not cumulative
PSL dose, as risk factors for serious infections.
After the cutoff points of individual numerical parameters were determined by ROC analysis, multivariate analysis using binomial logistic regression identified
high serum KL-6 (OR 3.68, p = 0.027), initial PSL dose
(OR 4.18, p = 0.013), combination therapy (OR 5.51,
p < 0.001) and male sex (OR 3.38, p = 0.024) as independent risk factors for serious infections. As shown
in Fig. 2b, there were significant differences in the
infection-free survival curves between high-risk and
low-risk groups for individual independent risk factors
except for sex.

Discussion
Consistent with some previous reports [1, 2], we had
identified the existence of ILD at baseline and the complication of serious infection as risk factors for death
(OR 6.10, p = 0.010, and OR 2.46, p = 0.038, respectively)
in patients with PM/DM (n = 188) in our multicenter
database. In this study, we focused on the patients with
PM/DM who had ILD and investigated their independent prognostic factors.
This study showed that presence of the ILD lesion in
the upper lung fields and hypocapnia were independently
associated with unfavorable clinical outcomes, especially
early death in patients with PM/DM-ILD. In general, mortality in PM/DM-ILD has two waves [14–16]. Exacerbation of ILD and/or complication of serious infections are
mainly responsible for the first peak [14, 17]. The present
study revealed that hypocapnia and extent of ILD lesions
up to the upper lung fields are the independent prognostic
factors for PM/DM-ILD, indicating that progression and
ILD severity was the most critical factor in the early phase.
In concordance with the present study, we have previously
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Fig. 2 Survival curves and infection-free rates in patients with polymyositis/dermatomyositis-interstitial lung disease (PM/DM-ILD) 6 months after
baseline. Patients are divided into two groups based on the cutoff points of individual variables, which were determined by receiver operating
characteristic analysis. a high score in zone A and low arterial partial pressure of carbon dioxide (PaCO2) are significantly associated with early
death. The cutoff point for zone A is 1.3 (between 1 and 2) and that for PaCO2 is 34.5 mmHg. b High serum KL-6, high initial prednisolone (PSL)
dose and treatment with combination therapy are significantly associated with serious infections. The cutoff point for KL-6 is 670 U/ml and that
for initial PSL dose is 0.55 mg/kg body weight per day

shown that positron emission tomography (PET)-CT scan
visualizes active ILD lesions and the extent is closely associated with progression of ILD in connective tissue diseases including PM/DM [18]. The second wave of
mortality is flatter than the first one and is mainly due to
malignancy in patients with CAM [14, 19].
There is accumulating evidence that patients with
CADM and anti-MDA5 Ab frequently have acute
progressive ILD requiring potent immunosuppressive
therapy [20, 21]. However, neither CADM nor anti-MDA5
Ab was identified as prognostic factors in this study. The
discrepancy from the previous studies was caused by the
incomplete study of anti-MDA5 Ab, which was examined
in some of the patients, mainly in those diagnosed more
recently. Our study did not show any difference in survival
prognosis between CADM and classical DM. The data

suggest that serological anti-MDA5 Ab is more closely associated with acute progressive ILD than CADM as a clinical phenotype, as previous studies have shown that
patients with classical DM anti-MDA5 Ab present with
rapidly progressive ILD as do patients with seropositive
CADM [22–24]. Serum ferritin level has been shown to
be a biomarker for the activity of ILD in patients with
PM/DM [25]. Unlike the previous studies, however, we
did not identify a significant association between serum
ferritin and ILD-related death. In this study, we only analyzed the baseline data but not those in those with the
most active disease, presumably leading to the
discrepancy.
There is no evidence-based treatment for PM/DMILD, because of lack of prospective randomized controlled trials. In the real world, the first-line therapy for
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Table 4 Comparison of demographic data between PM/DM-ILD patients with or without complication of serious infectiona
(excerptionb)
Infection (n = 38)

Women (n (%))

24/38 (63.2%)

59/78 (75.6%)

0.16

Type (n)

PM 7, DM 24, CADM 7

PM 15, DM 27, CADM 36

0.007**

Age (years)

58.9 ± 13.9c

54.7 ± 15.2c

0.15

Baseline data

HRCT

Treatment (n (%))

d

LDH (U/l)

343 (258–486)d

420 (335–574)

d

0.005**

d

KL-6 (U/ml)

848 (605–1231)

572 (405–978)

CRP (mg/dl)

0.9 (0.34–1.99)d

0.30 (0.10–1.51)d
d

0.014*
0.032*
d

Lymphocyte (/μl)

848 (552–1177)

1,008 (735–1435)

0.040*

Albumin (g/dl)

3.18 ± 0.52c

3.53 ± 0.55c

0.003**

PaCO2 (mmHg)

36.0 (31.5–38.8)

Zone A

1.0 (0–2.0)d
d

d

d

38.0 (35.5–41.5)

0.016*

1.0 (0–1.0)d

0.054

d

Zone B

1.0 (1.0–2.0)

1.0 (0–1.0)

Zone C

2.0 (1.0–3.0)d

1.0 (1.0–2.0)d

Zone D

d

3.0 (2.0–4.0)

d

3.0 (2.0–4.0)

0.068

Zone total

7.0 (4.0–11.0)d

6.0 (4.0–8.0)d

0.031*

c

0.049*

c

0.036*

Initial PSL dose (mg/kg/day)

0.94 ± 0.30

0.76 ± 0.29

0.005**

mPSL pulse (n (%))

31/38 (81.6%)

46/78 (59.0%)

0.016*

IVCY (n (%))

25/38 (65.8%)

23/78 (29.5%)

<0.001**

Calcineurin inhibitor

34/38 (89.5%)

47/77 (61.0%)

0.002**

Combination therapy

23/38 (60.5%)

17/78 (21.8%)

<0.001**

Death

11/38 (28.9%)

3/78 (3.8%)

<0.001**

e

Outcome (n (%))

Non-infection (n = 78)

P value

PM/DM-ILD (n = 116)

PM polymyositis, DM dermatomyositis, ILD interstitial lung disease, HRCT high-resolution computed tomography, CK creatine kinase, LDH lactate dehyrdrogenase,
CRP C-reactive protein, PaCO2 arterial partial pressure of carbon dioxide, PSL prednisolone, mPSL intravenous methyl-prednisolone, IVCY intravenous cyclophosphamide,
CADM clinically amyopathic dermatomyositis
a
The infection group includes the patients with PM/DM-ILD who had the complication of serious infections, which needed intravenous antibiotic therapy or longer
hospitalization within 6 months after diagnosis
b
See also Additional file 4: Table S4
c
The data are shown as the mean ± standard deviation
d
Values are the median (interquartile range)
e
Combination therapy includes glucocorticoid, IVCY and calcineurin inhibitors
*p < 0.05, **p < 0.01

PM/DM-ILD is high-dose glucocorticoid therapy with or
without immunosuppressants [26–29]. As several lines
of study suggest, potent immunosuppressive combination therapy using high-dose glucocorticoid, calcineurin
inhibitors, and cyclophosphamide should be considered
as induction therapy for acute progressive ILD,
particularly in patients with CADM who are positive for
anti-MDA5 Ab, because of unfavorable prognosis, as
mentioned above [30].
On the other hand, it has been shown that infection is
one of the major complications during treatment for
PM/DM. Some recent studies showed that the serious
infection occurred in 26–37% of patients with PM/DM
during treatment [17, 31–33]. The incidence rate of serious infection in our database cohort was quite similar
to those in these studies. The rate of serious infection as
a cause of death was also similar to those of the previous
studies (2–22%) [5, 17, 31, 33, 34].

Intensive immunosuppressive therapies are associated
with high risk of infection [17, 31, 35]. Nzeusseu et al. also
demonstrated that high dose of initial corticosteroids is associated with increased adverse events including infection
but not with improving clinical outcomes of myopathies
[36]. Another group identified different sets of risk factors
including esophageal involvement, ventilator insufficiency,
malignancy, myalgia, and use of methotrexate, but not a cumulative dose of glucocorticoids or use of immunosuppressants in patients with PM/DM [32]. However, these reports
might be too old to assess recent styles of combination immunosuppressive therapies including calcineurin inhibitors.
Unlike previous studies, besides therapeutic factors
including the initial PSL dose, and combination immunosuppressive therapy, the present study showed high serum
KL-6 to be a risk factor for infection, suggesting that progressive ILD predisposes to the local complication of
infection.
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We would like to emphasize that our study identified
serious infections, especially with respiratory infection,
as another prognostic factor for PM/DM-ILD patients. It
is likely that complication with respiratory infection further accelerates the progression of respiratory insufficiency in a patient with PM/DM-ILD requiring intensive
immunosuppressive therapies, resulting in a fatal event.
Indeed, such clinical courses were observed in 10 of 14
patients with PM/DM-ILD who died in this study.
Our data suggest the reconsideration of the appropriate therapeutic regimen for PM/DM-ILD. The present
retrospective observational analyses suggests that the
clinical outcome is favorable in the regimen using
0.5 mg/kg body weight per day of PSL with a calcineurin
inhibitor compared with that using 1.0 mg/kg/day of
PSL or IVCY, although the choice of either regimen has
not been controlled. This issue should be analyzed in a
prospective study in the future. At this moment, we
would like to emphasize that infection should be controlled by prophylaxis based on screening, and by early
detection using monitoring and subsequent treatment,
in the management of patients with PM/DM-ILD receiving intensive immunosuppressive therapies.
There are several limitations in this study. First, the
previously reported prognostic factors for PM/DM-ILD,
such as myositis-specific autoantibodies (MSA) and ferritin, were not collected comprehensively because of the
retrospective study design and unavailability of stocked
serum as discussed above. It can be attributed to the fact
that measurement of MSA, except for anti-Jo-1 Ab, had
not been commercially available and the relationship between serum ferritin level and mortality in PM/DM-ILD
had not yet been identified in the significant part of the
study period. Second, therapeutic decision-making relied
on the individual attending physicians without use of
consistent protocols.

Conclusions
In conclusion, we found both local and extrapulmonary
findings, including immunosuppressive therapies, were
risk factors for fatal events and serious infections in
patients with PM/DM-ILD, based on clinical findings.
Additional files
Additional file 1: Table S1. The demographic data of patients with
PM/DM with ILD. (PDF 37 kb)
Additional file 2: Table S2. Comparison of demographic data among
each PM/DM subtype in PM/DM-ILD patients. (PDF 102 kb)
Additional file 3: Table S3. Comparison of demographic data between
survivors and non-survivors of PM/DM-ILD patients. (PDF 92 kb)
Additional file 4: Table S4. Comparison of demographic data between
PM/DM-ILD patients with or without complication of serious infection.
(PDF 92 kb)

Page 9 of 10

Abbreviations
Ab: Antibody; ANA: Anti-nuclear antibodies; Anti-ARS Ab: Anti-aminoacyl
transfer RNA synthetase antibody; Anti-MDA5 Ab: Anti-melanoma
differentiation-associated protein 5 antibody; Anti-SS-A Ab: Anti-Sjögren’s
syndrome A antibody; Anti-TIF1-γ Ab: Anti-transcriptional intermediary factor
1-γ antibody; CADM: Clinically amyopathic dermatomyositis; CAM: Cancerassociated myositis; CK: Creatine kinase; CMV: Cytomegalovirus; CT: Computed
tomography; DM: Dermatomyositis; HRCT: High-resolution computed
tomography; IIM: Idiopathic inflammatory myopathies; ILD: Interstitial lung
disease; IVCY: Intravenous cyclophosphamide; IVIg: Intravenous
immunoglobulin; Jo-1: anti-histidyl-tRNA synthetase; mPSL: Intravenous
methyl-prednisolone; MSA: Myositis-specific autoantibodies; OR: Odds ratio;
PaCO2: arterial partial pressure of carbon dioxide; PM: Polymyositis;
PSL: Prednisolone; ROC: Receiver operating characteristic
Acknowledgements
We thank all the colleagues in our department for their kind cooperation in
this article. We also thank Mr. Tom Kiper for his review of the manuscript.
Funding
This work was supported by JSPS KAKENHI grant number JP23791118,
JP26461468 (RY), JP26713036 and JP15K15374 (YK), the Japan Rheumatism
Foundation (RY), Yokohama Foundation for Advancement of Medical Science
(RY, YK), the Takeda Science Foundation (RY, YK), Kanae Foundation.(YK), and
Bristol-Myers K.K. (RY).
Availability of data and materials
Data can be requested from the corresponding author.
Authors’ contributions
YS, MT, and RY designed the study. YS, MT, YK, SO, KM, KK, YY, TA, AI, TU, and
AS collected the data. YS and MT scored all radiographs. YS analyzed the
data. YS, MT, and RY interpreted the data. YS, RY, and MT wrote the
manuscript. All authors reviewed and approved the manuscript.
Ethics approval and consent to participate
The study design was approved by the ethics committee of Yokohama City
University. Because this study was a retrospective observational study with
medical records, the ethics committee of Yokohama City University also
approved that consent to participate was waived.
Consent for publication
Not applicable.
Competing interests
This study was partly supported by a grant from Bristol-Myers K.K. (RY).
No non-financial conflicts of interest exist for any of the authors.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Stem Cell and Immune Regulation, Yokohama City University
Graduate School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama
236-0004, Japan. 2Department of Allergy and Rheumatology, Nippon Medical
School Graduate School of Medicine, Tokyo, Japan. 3Yokohama Minami
Kyosai Hospital, Yokohama, Japan. 4Center for Rheumatic Diseases,
Yokohama City University Medical Center, Yokohama, Japan. 5National
Hospital Organization Yokohama Medical Center, Yokohama, Japan.
6
Chigasaki Municipal Hospital, Chigasaki, Japan. 7Fujisawa City Hospital,
Fujisawa, Japan.
Received: 27 October 2017 Accepted: 27 December 2017

References
1. Marie I, Hatron PY, Dominique S, Cherin P, Mouthon L, Menard JF.
Short-term and long-term outcomes of interstitial lung disease in
polymyositis and dermatomyositis: a series of 107 patients. Arthritis Rheum.
2011;63(11):3439–47.

Sugiyama et al. Arthritis Research & Therapy (2018) 20:7

2.

3.

4.

5.

6.

7.

8.

9.
10.

11.

12.
13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

Yu KH, Wu YJ, Kuo CF, See LC, Shen YM, Chang HC, et al. Survival analysis of
patients with dermatomyositis and polymyositis: analysis of 192 Chinese
cases. Clin Rheumatol. 2011;30(12):1595–601.
Travis WD, Costabel U, Hansell DM, King Jr TE, Lynch DA, Nicholson AG, et
al. An official American Thoracic Society/European Respiratory Society
statement: update of the international multidisciplinary classification
of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med.
2013;188(6):733–48.
Marie I, Hatron PY, Levesque H, Hachulla E, Hellot MF, Michon-Pasturel U, et
al. Influence of age on characteristics of polymyositis and dermatomyositis
in adults. Medicine. 1999;78(3):139–47.
Yamasaki Y, Yamada H, Ohkubo M, Yamasaki M, Azuma K, Ogawa H, et al.
Longterm survival and associated risk factors in patients with adult-onset
idiopathic inflammatory myopathies and amyopathic dermatomyositis:
experience in a single institute in Japan. J Rheumatol. 2011;38(8):1636–43.
Schiopu E, Phillips K, MacDonald PM, Crofford LJ, Somers EC. Predictors of
survival in a cohort of patients with polymyositis and dermatomyositis:
effect of corticosteroids, methotrexate and azathioprine. Arthritis Res Ther.
2012;14(1):R22.
Gono T, Kawaguchi Y, Satoh T, Kuwana M, Katsumata Y, Takagi K, et al. Clinical
manifestation and prognostic factor in anti-melanoma differentiation-associated
gene 5 antibody-associated interstitial lung disease as a complication of
dermatomyositis. Rheumatology. 2010;49(9):1713–9.
Chen F, Wang D, Shu X, Nakashima R, Wang G. Anti-MDA5 antibody is
associated with A/SIP and decreased T cells in peripheral blood and
predicts poor prognosis of ILD in Chinese patients with dermatomyositis.
Rheumatol Int. 2012;32(12):3909–15.
Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two parts).
N Engl J Med. 1975;292(7):344–7.
Sontheimer RD. Would a new name hasten the acceptance of amyopathic
dermatomyositis (dermatomyositis sine myositis) as a distinctive subset
within the idiopathic inflammatory dermatomyopathies spectrum of clinical
illness? J Am Acad Dermatol. 2002;46(4):626–36.
Aziz ZA, Wells AU, Hansell DM, Bain GA, Copley SJ, Desai SR, et al. HRCT
diagnosis of diffuse parenchymal lung disease: inter-observer variation.
Thorax. 2004;59(6):506–11.
Nishino M, Itoh H, Hatabu H. A practical approach to high-resolution CT of
diffuse lung disease. Eur J Radiol. 2014;83(1):6–19.
Gunnarsson R, Aalokken TM, Molberg O, Lund MB, Mynarek GK, Lexberg AS,
et al. Prevalence and severity of interstitial lung disease in mixed connective
tissue disease: a nationwide, cross-sectional study. Ann Rheum Dis.
2012;71(12):1966–72.
Marie I. Morbidity and mortality in adult polymyositis and dermatomyositis.
Curr Rheumatol Rep. 2012;14(3):275–85.
Marie I, Hachulla E, Hatron PY, Hellot MF, Levesque H, Devulder B, et al.
Polymyositis and dermatomyositis: short term and long term outcome, and
predictive factors of prognosis. J Rheumatol. 2001;28(10):2230–7.
Benbassat J, Gefel D, Larholt K, Sukenik S, Morgenstern V, Zlotnick A.
Prognostic factors in polymyositis/dermatomyositis. A computer-assisted
analysis of ninety-two cases. Arthritis Rheum. 1985;28(3):249–55.
Amaral Silva M, Cogollo E, Isenberg DA. Why do patients with myositis die?
A retrospective analysis of a single-centre cohort. Clin Exp Rheumatol.
2016;34(5):820–6.
Uehara T, Takeno M, Hama M, Yoshimi R, Suda A, Ihata A, et al. Deep-inspiration
breath-hold 18F-FDG-PET/CT is useful for assessment of connective tissue
disease associated interstitial pneumonia. Mod Rheumatol. 2016;26(1):121–7.
Fang YF, Wu YJ, Kuo CF, Luo SF, Yu KH. Malignancy in dermatomyositis and
polymyositis: analysis of 192 patients. Clin Rheumatol. 2016;35(8):1977–84.
Yamazaki K, Wakabayashi H, Suganami Y, Sano S, Wakunami Y, Katayama T,
et al. A case of dermatomyositis with severe myalgia and muscle weakness
testing positive for anti-melanoma Differentiation-associated gene 5
Antibody. Acta Med Okayama. 2017;71(4):341–4.
Fujiki Y, Kotani T, Isoda K, Ishida T, Shoda T, Yoshida S, et al. Evaluation of
clinical prognostic factors for interstitial pneumonia in anti-MDA5 antibodypositive dermatomyositis patients. Modern Rheumatol. 2018;28(1):133–40.
Li L, Wang Q, Yang F, Wu C, Chen S, Wen X, et al. Anti-MDA5 antibody as a
potential diagnostic and prognostic biomarker in patients with
dermatomyositis. Oncotarget. 2017;8(16):26552–64.
Hoshino K, Muro Y, Sugiura K, Tomita Y, Nakashima R, Mimori T. Anti-MDA5
and anti-TIF1-gamma antibodies have clinical significance for patients with
dermatomyositis. Rheumatology. 2010;49(9):1726–33.

Page 10 of 10

24. Moghadam-Kia S, Oddis CV, Sato S, Kuwana M, Aggarwal R. Antimelanoma
differentiation-associated gene 5 antibody: expanding the clinical spectrum in
North American patients with dermatomyositis. J Rheumatol. 2017;44(3):319–25.
25. Gono T, Kawaguchi Y, Hara M, Masuda I, Katsumata Y, Shinozaki M, et al.
Increased ferritin predicts development and severity of acute interstitial
lung disease as a complication of dermatomyositis. Rheumatology.
2010;49(7):1354–60.
26. Wilkes MR, Sereika SM, Fertig N, Lucas MR, Oddis CV. Treatment of
antisynthetase-associated interstitial lung disease with tacrolimus. Arthritis
Rheum. 2005;52(8):2439–46.
27. Nawata Y, Kurasawa K, Takabayashi K, Miike S, Watanabe N, Hiraguri M, et al.
Corticosteroid resistant interstitial pneumonitis in dermatomyositis/
polymyositis: prediction and treatment with cyclosporine. J Rheumatol.
1999;26(7):1527–33.
28. Villalba L, Hicks JE, Adams EM, Sherman JB, Gourley MF, Leff RL, et al.
Treatment of refractory myositis: a randomized crossover study of two new
cytotoxic regimens. Arthritis Rheum. 1998;41(3):392–9.
29. Kameda H, Nagasawa H, Ogawa H, Sekiguchi N, Takei H, Tokuhira M, et al.
Combination therapy with corticosteroids, cyclosporin A, and intravenous
pulse cyclophosphamide for acute/subacute interstitial pneumonia in
patients with dermatomyositis. J Rheumatol. 2005;32(9):1719–26.
30. Mimori T, Nakashima R, Hosono Y. Interstitial lung disease in myositis: clinical
subsets, biomarkers, and treatment. Curr Rheumatol Rep. 2012;14(3):264–74.
31. Murray SG, Schmajuk G, Trupin L, Lawson E, Cascino M, Barton J, et al. A
population-based study of infection-related hospital mortality in patients
with dermatomyositis/polymyositis. Arthritis Res Ther. 2015;67(5):673–80.
32. Marie I, Menard JF, Hachulla E, Cherin P, Benveniste O, Tiev K, et al.
Infectious complications in polymyositis and dermatomyositis: a series of
279 patients. Semin Arthritis Rheum. 2011;41(1):48–60.
33. Tani K, Tomioka R, Sato K, Furukawa C, Nakajima T, Toyota Y, et al. Comparison
of clinical course of polymyositis and dermatomyositis: a follow-up study in
Tokushima University Hospital. J Med Invest. 2007;54(3-4):295–302.
34. Limaye V, Hakendorf P, Woodman RJ, Blumbergs P, Roberts-Thomson P.
Mortality and its predominant causes in a large cohort of patients with
biopsy-determined inflammatory myositis. Intern Med J. 2012;42(2):191–8.
35. Marie I, Hachulla E, Cherin P, Hellot MF, Herson S, Levesque H, et al.
Opportunistic infections in polymyositis and dermatomyositis. Arthritis
Rheum. 2005;53(2):155–65.
36. Nzeusseu A, Brion F, Lefebvre C, Knoops P, Devogelaer JP, Houssiau FA.
Functional outcome of myositis patients: can a low-dose glucocorticoid
regimen achieve good functional results? Clin Exp Rheumatol. 1999;17(4):441–6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

