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ABSTRACT

Background: This study assessed the risks of developing pulmonary fibrosis and cancer and whether patients are at risk of acquiring subsequent
cancer after pulmonary fibrosis development.

Methods: From the claims data of 22 million insured people, we identified 1461 patients with dermatomyositis (DM) and 1058 with polymyositis
(PM) diagnosed in 1996-2016 and 50,380 comparison individuals without pulmonary fibrosis and cancer at baseline, matched by sex and age.
Incident pulmonary fibrosis and cancer in each cohort were assessed at the end of 2016. We further followed up individuals with and without
pulmonary fibrosis to assess the subsequent development of cancer.

Results: The cancer incidence was 2.6-fold higher in the DM/PM groups combined than in comparisons (135.3 vs. 52.1 per 10,000 person-years),
with an adjusted hazard ratio (aHR) of 3.11 (95 % confidence interval [CI] = 2.71-3.58). The incidence was lower in patients with PM than in
those with DM (81.3 vs. 176 per 10,000 person-years), with an aHR of 0.39 (95 % CI = 0.29-0.54). The likelihood of developing pulmonary fibrosis
was 92 times higher in the PM/DM groups combined than in comparisons (37.9 vs. 0.41 per 10,000 person-years; aHR 84.0 (95 % CI = 49.5-143).
The incidence was 1.44-fold higher in patients with PM than in those with DM (46.1 vs. 32.0 per 10,000 person-years), but the difference was not
significant. Further analysis showed that in 2452 patients with myositis without pulmonary fibrosis, 234 (9.5 %) had cancer, whereas no cancer was
identified in 67 patients with pulmonary fibrosis (p = 0.019).

Conclusion: Patients with PM and DM are at great risk of developing cancer and pulmonary fibrosis. Patients who develop pulmonary fibrosis might
be at low risk of developing cancer. The complexity of cancer risk interplaying between patients with and without pulmonary fibrosis has clinical
relevance and deserves further investigation. Patients who are free of pulmonary fibrosis deserve close monitoring to reduce subsequent cancer risk.

1. Introduction

Dermatomyositis (DM) and polymyositis (PM) are rare autoimmune disorders characterized by myositis, with connective tissue
inflammation leading to chronic muscle fiber inflammation [1]. The skin also becomes inflamed with a rash appearance in patients
with DM. The incidence rates of these two diseases vary among populations, being higher for DM than for PM in general [2-8]. Patients
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are at a higher risk of developing muscular and/or connective tissue damage, involving the heart, lungs, joints, and gastrointestinal
tract and thus developing other disorders, including cancers, lung diseases, and cardiovascular diseases.

The increased likelihood of developing cancers and progression of pulmonary fibrosis have been carefully considered in patients
with DM and PM [5-8]. The prevalence of cancer varies among populations, in general nearly twofold higher in patients with DM than
in those with PM.

Pulmonary complications include extramuscular manifestations in patients with DM and PM. Among the pulmonary involvements,
lung cancer and other interstitial lung diseases (ILDs) are common disorders for these patients [9-13]. Pulmonary complications of ILD
involve shortness of breath because of lung scarring (fibrosis), with pulmonary fibrosis being the most notable [13-17]. A recent
systemic analysis found that approximately 13-40 % of patients with ILDs in Europe and the USA developed a progressive fibrosing
phenotype [13].

Lung cancer also has been reported as a common comorbidity of patients with idiopathic pulmonary fibrosis (IPF), with the
prevalence ranging from 2.7 % to 48.2 % [18-21]. Lung cancer may develop post-IPF or coexistence with IPF [21,22]. However, the
relationship between pulmonary fibrosis and lung cancer for patients with DM and PM remains unclear. An earlier Japanese study
found the cumulative incidence of lung cancer in an IPF cohort increased with follow-up years, but the underlying disorder associated
with IPF was not specified [23]. Conversely, a Japanese retrospective study using 25-year medical records found that among 134
patients with DM/PM, those with ILD are at a reduced risk of developing cancer [12]. To our knowledge, no other study has ever
reported this benefit for patients with ILD or pulmonary fibrosis. Whether patients with DM and PM are at further risk of developing
cancers after pulmonary fibrosis remains unclear. We, therefore, used insurance claims data from Taiwan to identify a cohort of
patients with DM and a cohort with PM to evaluate the risk of developing pulmonary fibrosis and cancers. The subsequent risk of
developing cancers for patients with DM and PM who had developed pulmonary fibrosis was also evaluated.

2. Methods and materials
2.1. Data source and study design

A retrospective cohort study was conducted using the claims data of 22 million individuals covered by the National Health In-
surance of Taiwan, which is a mandatory, single-payer social health insurance system [24]. More than 99 % of Taiwan residents have
been covered by the system since 1996. Data analyses were conducted at the Health and Welfare Data Science Center designated by the
Ministry of Health and Welfare. The database contains medical records of outpatient visits and hospital inpatient stays. Information on
demographic status (sex, birth date, residential area, occupation, and income), healthcare provided, and cost was available. Re-
searchers and policymakers can use the data to assess the utilization of healthcare, disparities, and outcomes of disorders. Diseases
were coded with the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) before 2016, and Tenth
Revision, Clinical Modification (ICD-10-CM) since 2016. The insurance authority changed all patient identifications into surrogate
numbers before releasing the data file to researchers to protect patient privacy. The Ethical Research Committee at China Medical
University and Hospital approved the study using the insurance claims data (CRREC-107-021).

Insurance claims data
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Fig. 1. Flow chart for establishing study cohorts of polymyositis (PM) and dermatomyositis (DM) and comparisons.
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2.2. Study population

Using the claims data from 1998 to 2016, a group of patients with DM (ICD-9-CM 710.3; ICD-10 CM M33.0, M33.1, M33.9) and a
group of patients with PM (ICD-9-CM 710.4; ICD-10-CM M33.2) aged >20 years, newly diagnosed from 1998 to 2016, were identified
(Fig. 1). Patients with pulmonary fibrosis (ICD-9-CM 516.3/ICD-10-CM J84.1 or J84.18) or cancer ICD-9-CM 140-208/ICD-10-CM
C00-C96) at the baseline were excluded. From the general population without a history of DM, PM, pulmonary fibrosis, and cancer, 20
persons for each patient with DM and PM, with frequency matched by sex and age, were included for comparison. Individuals in these
three cohorts were followed up until the diagnosis of pulmonary fibrosis and/or cancer, loss to follow-up, death, or the end of 2016.
Person-years of follow-up were calculated for each participant.

2.3. Statistical analysis

Baseline data on sex, age, and income were compared among the three cohorts: patients with DM, patients with PM, and their
comparisons. The baseline Charlson comorbidity index (CCI) was also calculated for each person in the study cohorts to substitute
individual comorbidities. Descriptive statistics were presented as numbers with percentages for categorical variables. Means (standard
deviations) were also used to report continuous measures of age. The Kaplan-Meier method was used to calculate the cumulative
incidence of pulmonary fibrosis developed between DM and PM cohorts, and a log-rank test was performed to examine the differences.
Incidence rates of pulmonary fibrosis and cancer were then calculated for each cohort by sex. Cox proportional hazards regression
analysis was performed to calculate the hazard ratios (HRs) and their related 95 % confidence intervals (Cls) of patients with PM and
those with DM who developed pulmonary fibrosis and cancer. Adjusted hazard ratios (aHRs) were calculated after controlling for
covariates, including sex, age, income, and CCI. Adjusted sub-distribution hazard ratios (aSHRs) and 95 % CI of pulmonary fibrosis and
cancer were also estimated considering death as a competing risk. We then calculated the combined incidence of PM and DM who
developed pulmonary fibrosis and cancer and estimated HRs and SRH relative to the comparison group by sex, age, income, and CCL
We further combined patients with DM and PM to identify two subgroups: with and without pulmonary fibrosis. Both subgroups were
compared for the incident cancer developed. A case-control analysis was conducted to estimate the risk of developing cancer in pa-
tients with myositis with and without pulmonary fibrosis. The fudge skill was used by embedding a “1” case to each cell, replacing the
cell with a “0” case, to estimate Fisher’s chi-square.

3. Results

Our study cohorts consisted of 1461 patients with DM, 1058 patients with PM, and 50,380 controls without DM and PM, comprising
approximately 66 % of women and 49 % aged >50 years (Table 1). Income distributions were alike among the three groups. Patients
with PM were older, but the prevalence of CCI of >1 in patients with PM was approximately 2.5- and 8-fold greater than that in the DM
group and comparisons (72.2, 29.4, and 8.2 %, respectively).

Table 1
Baseline demographic status and Charlson comorbidity index in dermatomyositis and polymyositis patients and comparisons at baseline.
Comparisons Dermatomyositis Polymyositis
N = 50380 N = 1461 N = 1058
n % n % n % p-value
Sex 0.98
Women 33360 66.2 965 66.0 703 66.5
Men 17020 33.8 496 34.0 355 33.6
Age 0.001
<50 25840 51.3 800 54.8 492 46.5
50-59 12180 24.2 337 23.1 272 25.7
>60 12360 24.5 324 22.2 294 27.8
Mean + SD 47.4 +17.7 45.7 +18.7 49.8 +16.0 <0.0001
Income® 0.55
<15000 8942 17.8 281 19.2 182 17.2
15000—25000 23431 46.5 677 46.3 504 47.6
>25000 18007 35.7 503 34.4 372 35.2
CCI <0.0001
0 46228 91.8 1031 70.6 294 27.8
1 2498 4.96 306 20.9 507 47.9
2 824 1.64 78 5.34 168 15.9
3 830 1.65 46 3.15 89 8.41

SD, standard deviation; CCI, Charlson comorbidity index.

2 NTD, new Taiwan dollar, 1 NTD equals 0.03 USD.
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3.1. Incidence of malignancy

The cancer incidence was 2.6-fold greater in the DM and PM cohorts combined than in the control group (135.3 vs. 52.1 per 10,000
person-years), with an aHR of 3.11 (95 % CI = 2.71-3.58) (Table 2). The cancer incidence was higher in men than in women (p <
0.001) and increased with age (p for trend <0.001). The additional impact of comorbidities on cancer incidence was minor for patients
with myositis compared with controls (7.9 vs. 56.3 per 10,000 person-years, p < 0.001).

The malignant incidence was significantly lower in the PM cohort than in the DM cohort (81.3 vs. 176 per 10,000 person-years),
with an aHR of 0.39 (95 % CI = 0.29-0.54) and an aSHR of 0.43 (95 % CI = 0.32-0.59) for patients with PM (Table 3). Male patients
had a higher rate of developing malignancy than female patients, with the overall incidence 2.2-fold higher in the DM cohort (281 vs.
130 per 10,000 person-years, p < 0.001) and 1.4-fold higher in the PM cohort (101 vs. 72.4 per 10,000 person-years, p < 0.01). Head
and neck cancers were the most common malignancies, followed by lung cancer, and were much higher in men than in women.

3.2. Incidence of pulmonary fibrosis

The Kaplan-Meier method measured the cumulative incidence and showed that approximately 2 % of patients with pulmonary
fibrosis developed within 2 years in both DM and PM groups (Fig. 2). The incidence increased to a greater level in patients with PM
starting the 3rd year and was 3.6 % higher than that in patients with DM (6.8 vs. 3.2 %) at the end of the 18-year follow-up.

Table 3 shows that the incidence of pulmonary fibrosis was 44 % greater in the PM cohort than in the DM cohort (46.1 vs. 32.0 per
10,000 person-years), a difference that did not reach statistical significance based on measured HRs.

The incidence rate of pulmonary fibrosis in both DM and PM groups combined was 92.4-fold greater than that in the comparison
group (37.9 vs. 0.41 per 10,000 person-years), with an aHR of 84.0 (95 % CI = 49.5-143) (Table 4). The incidence was higher in male
patients than in female patients, increased with age, and was higher for those with comorbidity. Compared to the study population
without comorbidity, the excess incidence in those with CCI of >1 was at a much greater level in patients with DM and PM than in
comparisons (23.4 vs. 2.08 per 10,000 person-years) (p < 0.001).

3.3. Reduced malignant risk in patients who developed pulmonary fibrosis
Table 5 shows that 234 patients were malignant (9.54 %) among 2452 patients with DM and PM who had been free of pulmonary

fibrosis, whereas 67 patients who developed pulmonary fibrosis were malignant-free, with the risk of <1.47 % (1/68), estimated using
the fudge skill to embed “1” case to each cell, replacing the cell with “0” case) (p = 0.019).

Table 2
Incidences and hazard ratios of cancer compared between cohorts with and without dermatomyositis or polymyositis.

Dermatomyositis or polymyositis

iabl
Variable No Yes Hazard ratio (95 % confidence interval)
Event PY Rate” Event PY Rate” cHR aHR” aSHR®
All 2401 460862 52.1 234 17294 135.3 2.64 (2.30-3.01) © 3.11 (2.71-3.58) © 2.31 (1.99-2.68) ©
Sex
Women 1397 312381 44.7 127 12034 105.5 2.39 (2.00-2.87) © 2.64 (2.19-3.18) © 2.10 (1.72-2.56) ©
Men 1004 148481 67.6 107 5260 203.4 3.05 (2.50-3.73) © 3.94 (3.20-4.85) © 2.61 (2.08-3.28) ©
Age
<50 645 263828 24.4 79 11074 71.3 2.98 (2.36-3.76) © 2.75 (2.13-3.55) © 2.54(1.93-3.33) ¢
50-59 670 104296 64.2 80 3697 216.4 3.46 (2.75-4.37) © 3.45 (2.69-4.43) © 2.86 (2.20-3.73) ©
>60 1086 92737 117.0 75 2524 297.1 2.67 (2.11-3.37) © 2.56 (2.01-3.25) © 1.60 (1.24-2.06) ©
Income
<15000 478 77060 62.0 40 3059 130.8 2.14 (1.55-2.95) © 2.94 (2.11-4.10) © 2.08 (1.46—2.96) ©
15000—-25000 1171 229509 51.0 120 8454 141.9 2.82(2.34-3.41) © 3.29 (2.71-4.00) © 2.39 (1.94-2.94) ©
>25000 752 1545293 48.7 74 5781 128.0 2.67 (2.10-3.39) © 2.92 (2.28-3.74) © 2.28 (1.75-2.98) ©
CCI
0 2140 436110 49.1 132 10001 132.0 2.72 (2.28-3.24) © 3.60 (3.02—-4.30) © 2.71 (2.24-3.27) ©
>1 261 24752 105.4 102 7293 139.9 1.30 (1.03-1.64) ¢ 2.27 (1.76-2.91) © 1.63 (1.27-2.08) ©

CCI, Charlson comorbidity index; cHR, crude hazard ratio.

2 Incidence rate, per 10,000 person-years.

b Adjusted hazard ratio, adjusting age, sex, income, and CCI score.
¢ Adjusted subhazard ratio, adjusting age, sex, income, and CCI score by competing Cox model with death as competing factor.

4 p < 0.05.
€ p < 0.001.
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Table 3
Incident pulmonary fibrosis and cancer compared between patients with dermatomyositis and polymyositis by sex.
Dermatomyositis Polymyositis Polymyositis to Dermatomyositis
N = 1461 N = 1058 Hazard ratio (95 % confidence interval)
n (%) Rate” n (%) Rate” cHR aHR" aSHR®
Pulmonary fibrosis
Men 12 (0.08) 37.9 13 (1.23) 57.4 1.47 (0.67-3.22) 1.26 (0.55-2.90) 1.32 (0.59-2.97)
Women 21 (1.44) 29.3 21 (2.00) 41.1 1.36 (0.74-2.50) 1.07 (0.56-2.04) 1.21 (0.62-2.37)
Both 33 (2.26) 32.0 34 (3.21) 46.1 1.40 (0.87-2.26) 1.14 (0.69-1.90) 1.26 (0.75-2.10)
All cancer
Men 84 (16.9) 281 23 (6.48) 101 0.35 (0.22—-0.55) 0.31 (0.19-0.49)’ 0.33 (0.21-0.53) *
Women 90 (9.33) 130 37 (5.26) 72.4 0.54 (0.37-0.79) 0.48 (0.32—0.71) *** 0.53 (0.35-0.80)°
Both 174 (11.9) 176 60 (5.67) 81.3 0.45 (0.33—0.60) *** 0.39 (0.29—0.54) *** 0.43 (0.32-0.59)'
Lung
Men 15 (3.02) 50.2 4(1.13) 17.6 0.35 (0.11-1.04) 0.26 (0.08—0.83)" 0.29 (0.10-0.78) *
Women 19 (1.97) 27.4 4 (0.57) 7.8 0.27 (0.09—0.79) * 0.24 (0.08—0.74)° 0.29 (0.09—-0.87) *
Both 34 (2.33) 34.3 8(0.76) 10.8 0.30 (0.14—0.66) ** 0.25 (0.11-0.55) *** 0.28 (0.13—0.60) **
Liver
Men 9(1.81) 20.1 4(1.13) 17.6 0.84 (0.24-2.98) 0.59 (0.15-2.23) 0.66 (0.16-2.76)
Women NA 8.72 NA 2.05 0.23 (0.03-1.89) 0.20 (0.02-1.85) 0.24 (0.03-2.05)
Both 12 (0.82) 121 5(0.47) 6.83 0.54 (0.19-1.54) 0.40 (0.14-1.20) 0.46 (0.15-1.44)
GI tract
Men 9(1.81) 30.1 4(1.13) 17.6 0.58 (0.18-1.89) 0.54 (0.15-1.89) 0.60 (0.18-1.96)
Women 9 (0.93) 13.0 6 (0.85) 11.7 0.87 (0.31-2.46) 0.69 (0.32-2.05) 0.82 (0.26-2.65)
Both 18 (1.23) 18.2 10 (0.95) 13.6 0.74 (0.34-1.60) 0.61 (0.27-1.39) 0.69 (0.30-1.59)
Head and neck
Men 38 (7.66) 127 4(1.13) 17.6 0.13 (0.05—0.37)' 0.13 (0.05-0.39)’ 0.16 (0.05—0.47) ***
Women 6 (0.62) 8.75 NA 5.94 0.63 (0.16-2.51) 0.93 (0.21-4.03) 1.09 (0.31-3.80)
Both 44 (3.01) 44.4 7 (0.66) 9.53 0.20 (0.09—0.45) *** 0.22 (0.09—0.49) *** 0.25 (0.11-0.59) **
Kidney
Men NA 6.73 0 (0.00) 0.00 NA NA NA
Women NA 4.33 NA 5.92 1.39 (0.28-6.94) 0.89 (0.17-4.83) 1.02 (0.15-7.18)
Both 5(0.34) 5.01 NA 4.13 0.80 (0.19-3.33) 0.56 (0.13-2.53) 0.64 (0.13-3.21)
Lymphoma
Men 6(1.21) 20.1 NA 8.88 0.42 (0.09-2.09) 0.39 (0.07-2.13) 0.47 (0.10-2.17)
Women 8(0.83) 11.5 NA 5.93 0.52 (0.14-1.96) 0.50 (0.12-2.05) 0.55 (0.12-2.53)
Both 14 (0.96) 14.1 5 (0.47) 6.84 0.48 (0.17-1.33) 0.44 (0.15-1.31) 0.51 (0.18-1.50)
Other types
Men 8(1.61) 26.8 5(1.41) 22.0 0.81 (0.26-2.46) 0.74 (0.23-2.39) 0.89 (0.32-2.49)
Women 39 (4.04) 56.3 17 (2.42) 33.3 0.57 (0.32-1.01) 0.51 (0.28-0.94) 0.58 (0.32-1.07)
Both 47 (3.22) 47.4 22 (2.08) 29.8 0.61 (0.37-1.01) 0.56 (0.32-0.95) 0.64 (0.38-1.08)

@ Incidence rate, per 10,000 person-years.

b Adjusted hazard ratio, adjusting age, sex, income, and CCI score.

¢ Adjusted subhazard ratio, adjusting age, sex, income, and CCI score by competing Cox model with death as competing factor; cHR, crude hazard
ratio; GI, gastrointestinal; NA, the insurance authority prohibits report data with 3 or less cases for privacy protection.

4 p <0.05.

¢ p<0.01.

fp < 0.001.

4. Discussion
4.1. Epidemiology of patients with DM and PM

Both DM and PM are rare diseases defined by muscle inflammation with overlapping clinical characteristics of autoimmune my-
opathies. Previous epidemiologic studies thus often combine these two diseases when reporting findings of developing pulmonary
fibrosis and malignancy [2-8]. This population-based longitudinal study used the 18-year claims data on a population of nearly 22
million. We were able to make comparisons between patients with DM and those with PM.

The present study found incident cases of DM were nearly 40 % more than those of PM. DM is likely more prevalent than PM in our
study population, a finding consistent with that of previous studies. Patients with PM were older with a baseline comorbidity prev-
alence of approximately 43 % higher than those with DM.

The incidence in the Taiwan population reported in 2011 was 7.1/106 for DM and 4.4/106 for PM [3], which are approximately
similar to the findings in an earlier study in Japan. It merged the data of incident DM/PM of 2004-2010, ranging from 10 to 13 per 1,
000,000 person-years with a prevalence of 13.2 per 100,000 [2]. The combined prevalence of PM and DM was reported as 21.5/100,
000 in the Quebec physician billing and hospitalization database [4]. A recent population-based study found an incidence of 1.1 per
100,000 person-years for DM in Olmsted County, Minnesota from 1995 to 2019 [25]. The number of patients in our study is sufficiently
large to compare the subsequent malignant and pulmonary fibrosis risks between patients diagnosed with DM and PM.
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Fig. 2. Cumulative incidence of pulmonary fibrosis in patients with dermatomyositis and polymyositis and comparisons.

Table 4
Incidences and hazard ratios of pulmonary fibrosis compared between cohorts with and without dermatomyositis or polymyositis.

Variable Dermatomyositis or polymyositis
No Yes Hazard ratio (95 % confidence interval)
Event PY Rate” Event PY Rate” cHR aHR" aSHR®
All 19 468467 0.41 67 17698 37.9 87.0 (52.2—145) *** 84.0 (49.5-143) *** 67.0 (39.8—113) ***
Sex
Women 10 317445 0.32 42 12268 34.2 102 (51.0—203) *** 93.8 (46.0—191) *** 78.4 (38.9-158) ***
Men 9 151022 0.60 25 5430 46.0 70.9 (33.0—152) *** 73.5 (33.1-163) *** 55.9 (25.6—122) ***
Age
<50 4 266255 0.15 26 11234 23.1 150 (52.1—429) *** 113 (38.5—330)" 103 (35.0—305) ***
50-59 4 106648 0.37 23 3860 59.6 144 (49.9—419) *** 171 (57.1-512)° 145 (46.6—452) ***
>60 11 95564 1.15 18 2604 69.1 53.1 (24.9-113) *** 43.4 (19.8—95.4) *** 29.3 (14.0-61.4)¢
Income
<15000 8 78447 1.02 13 3097 42.0 40.1 (16.6—97.0) *** 50.5 (19.8—129)¢ 32.0 (13.3-76.6)"
15000—-25000 6 233274 0.26 29 8712 33.3 120 (49.8—289)d 110 (44.4—273)d 89.5 (36.1-222) ***
>25000 5 156747 0.32 25 5889 42.4 120 (45.9-314)¢ 114 (42.3-306) *** 100 (38.1-265) ***
CCI
0 13 443132 0.29 29 10323 28.1 91.9 (47.7—177)d 111 (57.5—215) *** 88.1 (46.3—167) ***
>1 6 25335 2.37 38 7375 51.5 22.6 (9.55—53.6) *** 27.7 (11.3-67.9) *** 22.1 (8.91-54.7) ***

@ Incidence rate, per 10,000 person-years.

b Adjusted hazard ratio, adjusting age, sex, income, and CCI score.

¢ Adjusted subhazard ratio, adjusting age, sex, income, and CCI score by competing Cox model with death as competing factor; CCI, Charlson
comorbidity index; cHR, crude hazard ratio.

4 p <0.001.

4.2. Subsequent cancer in patients with DM and PM

Cancers may be diagnosed concurrently or after the myositis diagnosis. Our study excluded 170 patients with cancer (6.1 %) from
patients with myositis diagnosed at baseline. Our study mainly investigated cancers after the myositis diagnosis. Among 1461 patients
with DM and 1058 patients with PM, 9 % of patients developed cancer after the myositis diagnosis, which is 2.1-fold higher in the
former than in the latter (11.9 % vs. 5.67 %). The overall aHR of cancer was 0.39 (0.29-0.54) for patients with PM compared with those
with DM. An earlier Swedish study found that among 392 patients with DM and 396 with PM, 61 and 42 developed cancer with
myositis simultaneously, while 59 (15 %) and 37 (9 %) developed cancers after the myositis diagnosis, respectively [5]. A later study
using data pooling from Sweden, Denmark, and Finland (SDF data) found that among 618 patients with DM and 914 with PM, 115
(18.6 %) and 85 (9.29 %) developed cancer after the myositis diagnosis, respectively, indicating a 2.3-fold higher incidence in the
former than in the latter [6]. A recent study using the 20-year hospital medical records of 1100 patients with DM and 1164 with PM
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Table 5
Case-control analysis of subsequent cancer in dermatomyositis or polymyositis patients with and without pulmonary fibrosis by sex.
Sex Pulmonary fibrosis Cancer Fisher’s
n Yes, n No, n Chi-square p
Men Yes, 25 0)+1 25+1 2.051 0.238
No, 826 107 +1 719 +1
Women Yes, 42 ) +1 42 +1 1.880 0.251
No, 1626 127 +1 1499 + 1
Both Yes, 67 0) +1 67 +1 5.228 0.019
No, 2452 234 +1 2218 +1

For (0) case, we used fudge skill by embedding “1” case to each cell to estimate the Fisher’s Chi-square.

cared at a tertiary medical center in Taiwan revealed that cancer occurred in 61 (5.55 %) patients with DM and 38 (3.26 %) patients
with PM with a ratio of 1.88. This data demonstrates that the risk of acquiring cancer in patients with DM is approximately twofold
higher than in patients with PM.

Types of cancer are different between our study and the SDF data study. The SDF study showed that DM was strongly associated
with ovarian cancer and lung cancer, whereas PM was associated with an increased risk of non-Hodgkin lymphoma followed by lung
cancer [6].

Our data showed the malignancy risk was greater in men than in women, with a men-to-women incidence ratio of 2.2- and 1.4-fold
for patients with DM and those with PM, respectively. It should be noted in our data that head and neck cancer alone contributed 45.2
% and lung cancer contributed another 17.7 % of cancers for men in the DM cohort. Both incidence rates were 14.5- and 1.8-fold
greater for men than for women, respectively. These two types of cancer contributed similarly: 17.4 % each to all patients with
cancer in men after the PM diagnosis, with incidence rates 3.0- and 2.3-fold greater than women with PM. Higher tobacco and alcohol
use in men may contribute to both types of cancer [26,27]. Oncogenic viruses are also considered as predominant risk factors for head
and neck cancer in Western populations [27]. However, the extremely high incidence of head and neck cancer in men with DM in our
Taiwanese data might also be associated with betel quid chewing [28]. With a male-to-female oral cancer ratio of 9.68 to 1 in Taiwan,
the age-adjusted incidence in males has been estimated 5.3 times as high as that in the United Kingdom. It can be suspected a good
number of male patients with DM were betel quid users in addition to the link of smoking and drinking.

4.3. High risk of subsequent pulmonary fibrosis

Pulmonary fibrosis is a chronic progressive disorder in the lungs, resulting in respiratory dysfunction. To our knowledge, no
previous study has ever investigated and compared the development of this fibrotic disorder between patients with DM and those with
PM. Our study revealed a 92.4-fold increased incident pulmonary fibrosis in patients with DM and PM combined, compared with the
general population. It is important to note a 2-fold higher incidence of pulmonary fibrosis, but a 54 % decreased incidence rate of
cancer, in patients with PM than in those with DM. The incidence of cancer in patients with PM and DM combined was 2.6-fold higher
than in the general population. This data reflects that the relative risk of developing fibrosis was much greater than developing cancer
for patients with PM/DM than for the general population, while the fibrosis risk might be higher for patients with PM than for those
with DM. However, incident cancer cases were higher than incident pulmonary fibrosis and were 5.3-fold (174/33) for patients with
DM and 1.8-fold (60/34) for PM patients. The data shows again that the subsequent cancer risk is greater for patients with DM than
with PM.

Fibrotic scarring may exert other types of impact on fibrotic survival with subsequent complications or comorbidity such as lung
cancer. Studies on pulmonary fibrosis with the coexistence of lung cancer, either after the pulmonary fibrosis diagnosis or simulta-
neously appearing, might not be based on specific origins.

ILD is a group of devastating chronic fibrotic lung disorders, including IPF, leading to repetitive injuries and progressive lung
scarring. Studies have reported an increased risk of developing malignancies in patients with IPF, particularly lung cancer can be
fivefold as high or higher as in the controls [21,29,30]. A Greek study evaluated 1016 patients with IPF at eight medical centers and
found that among 102 patients with lung cancer comorbidity, 49 were diagnosed post-IPF [21]. A recent study followed up on 25,241
patients diagnosed with IPF in 2009-2014 identified from the Health Insurance Service database in South Korea [30]. The overall
cancer incidence was nearly twofold higher in the IPF cohort than in the controls (29.0 vs. 13.9 per 1000 person-years) by the end of
2016 with the incidence of lung cancer being the highest.

No previous studies have ever evaluated the subsequent cancer risk for patients with DM/PM after pulmonary fibrosis diagnosis.
With the advantage of large population size, we were able to identify cohorts with large numbers of newly diagnosed patients with DM
and PM. Among these patients with myositis, 67 developed pulmonary fibrosis. Further evaluation showed none of the patients
developed cancer after the pulmonary fibrosis diagnosis. It is likely patients with IPF are at a higher risk of developing cancers, but
might not for patients with DM/PM after the development of pulmonary fibrosis. However, whether these patients with myositis who
developed fibrosis are at a minor risk for further development of cancer or it may take a longer follow-up period for the development
remains unclear.
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4.4. Study limitation

From the population-based 18-year claims data, the numbers of patients with DM and PM identified in the present study were
higher than that in most previous studies. However, the main limitation of this study was the number of patients with pulmonary
fibrosis was not sufficiently large and “low incidence” of cancer in DM or PM patients with pulmonary fibrosis developed. In addition,
the life expectancy of patients with pulmonary fibrosis might not be sufficiently long for further cancer development. The other
limitation was the lack of laboratory data to validate the study population at the individual level. Without information on lung function
and radiological examinations, we were unable to evaluate the severity of the disorders. Based on the ICD code, the study cohorts of
DM and PM and subsequent disorders of pulmonary fibrosis and cancers were likely reliable because all these conditions are cate-
gorized as catastrophic disorders, which required validation by at least two physicians. Whether there was misclassification in the
control cohort was also unclear.

5. Conclusion

Patients with PM and DM are at greater risk of developing cancer and pulmonary fibrosis. Patients who develop pulmonary fibrosis
might be at lower risk of developing cancer. The complexity of cancer risk interplay between patients with and without pulmonary
fibrosis has clinical relevance and deserves further investigation. Patients who are free of pulmonary fibrosis deserve close monitoring
to reduce subsequent cancer risk.
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