Rheumatology International (2019) 39:1733-1739
https://doi.org/10.1007/500296-019-04428-z

Rheumatology

INTERNATIONAL

COMORBIDITIES q

Check for
updates

Clinical characteristics and prognosis of polymyositis
and dermatomyositis associated with malignancy: a 25-year
retrospective study

Kyoko Motomura'® . Hiroyuki Yamashita'© - Saeko Yamada'® - Yuko Takahashi'© - Hiroshi Kaneko'

Received: 6 July 2019 / Accepted: 19 August 2019 / Published online: 23 August 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

The objective of this study was to identify factors predictive of malignancy in patients with polymyositis (PM) and der-
matomyositis (DM) in Japan. We conducted a retrospective study of PM and DM patients who were admitted to our hospital
between January 1992 and September 2017. Among 134 patients, 29 (21.6%) were diagnosed with cancer in the 3 years prior
to and 3 years after the initial diagnosis of PM or DM. According to multivariate analyses, male sex [odds ratio (OR) =3.65,
p=0.03], old age (OR =1.05, p=0.02), and a past history of diabetes mellitus (OR =10.4, p =0.005) were associated with
an increased risk of malignancy. The absence of interstitial lung disease (ILD) (OR =0.25, p=0.03) was also associated
with an increased risk of malignancy. Diabetes mellitus was observed in 28.6% of PM and DM patients with malignancy, but
in only 7.3% of those with malignancy. Survival was significantly lower in patients with malignancy than in those without
malignancy (p <0.001). Independent factors associated with malignancies in patients with PM or DM were male sex, old

age, the absence of ILD, and, especially, a past history of diabetes mellitus.
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Introduction

Polymyositis (PM) and dermatomyositis (DM) are rare
autoimmune disorders known as inflammatory myopathies.
The main clinical features include progressive weakness of
the proximal muscles, which in DM is accompanied by the
development of cutaneous lesions. Following the first report
of malignancy related to PM and DM published in 1916
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[1], several studies have examined the potential relationship
between PM and DM and malignant diseases [2—11]. Of
these studies, the vast majority have shown an increased
incidence of malignancy associated with myositis, particu-
larly in DM patients [2, 4, 5, 7, 8, 10, 11]. Large-scale stud-
ies have reported a three- to sixfold higher risk of malig-
nancy in DM patients [11-13]. Furthermore, numerous
studies have found that malignancies in PM or DM patients
are associated with high mortality [14-22]. However, these
studies typically produced inconclusive results. Moreover,
only few cohorts have been previously reported in Japan.
The objective of this study was to determine the relation-
ship between malignancy and PM and DM by retrospectively
reviewing the records of 134 patients treated over 25 years.

Materials and methods
Patient population
We conducted a retrospective study that examined all

adult patients diagnosed with PM (n=53) or DM (n=81),
including 14 clinically amyopathic DM patients) who were
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inpatients at the National Center for Global Health and
Medicine Hospital, Tokyo, Japan, between January 1992
and September 2017.

Among all patients diagnosed with PM or DM, we
excluded two patients with malignancies diagnosed at an
unknown time, five patients with malignancies diagnosed
more than 2 years before myositis diagnosis, and five with
malignancies diagnosed more than 3 years after myositis
diagnosis, resulting in a final cohort of 134 patients. To be
considered malignancy-related, the neoplasm had to be diag-
nosed 3 years before or 3 years after the detection of PM
or DM (Fig. 1). PM and DM were diagnosed based on the
Bohan and Peter criteria.

Following this initial screening, clinical data and labora-
tory test results from the medical records were reviewed.
Clinical data regarding gender, age at onset of symptoms,
diagnosis of PM or DM, interstitial lung disease (ILD),
fever, arthralgia, dysphagia, myalgia, distal muscle weak-
ness, Raynaud’s phenomenon, heliotrope rash, Gottron’s
sign, V-neck sign, cutaneous necrosis, pruritus, and any
past history of hypertension or diabetes mellitus were col-
lected. Laboratory tests at presentation were performed for
the measurement of erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), white blood cell (WBC) count,
hemoglobin (Hb), platelet (PIt) count, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), albumin
(Alb), creatinine (Cre), creatine kinase (CK), C3, and C4.
Clinical features and current complications were collected
in all clinical courses. Past histories of hypertension and dia-
betes mellitus were determined at the time of myositis diag-
nosis because of the possible adverse reactions caused by
steroids that were administered to all patients. One patient in
the group of myositis with malignancy and 16 patients in the
group of myositis without malignancy had been diagnosed at
another hospital, but all of them were initially administered
with steroids at our hospital. Four patients (treatment for
ILD in two patients, Sjogren’s syndrome in one patient, and
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chronic eosinophilic pneumonia in one patient) had taken
steroids prior to the diagnosis of myositis, although none
had diabetes mellitus. All study participants were followed
up from the time of the baseline visit until loss to follow-up,
death, or September 1, 2017. The mean follow-up duration
for all participating patients was 6.75 years.

The myositis-specific autoantibodies were measured in 15
patients using protein-immunoprecipitation assay at the Uni-
versity of Kyoto and in other patients using the EIA method.

This study was approved by the Ethics Committee of the
National Center for Global Health and Medicine Hospital.

Statistical analyses

Fisher’s exact test was used for categorical variables. For
numerical data, the Mann—Whitney U test was used to
compare the two groups. Two-sided p values < 0.05 were
considered statistically significant. Univariate and multi-
variate analyses of malignancy predictors associated with
PM or DM were performed using logistic regression analy-
ses to identify independent risk factors. Variables with a p
value < 0.05 in univariate analyses were selected for inclu-
sion in the multivariate analysis model. Adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated.
Patient survival was analyzed using a Kaplan—Meier curve
and log-rank test.

Results
Demographic data of the study subjects

Of the enrolled study subjects (134 patients with PM/DM
hospitalized in our department), 53 had PM and 81 had
DM. Demographic and clinical data of these patients are
presented in Table 1. The study population was comprised
of 41 (30.6%) men, and the median age at onset of PM/
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Duration from the diagnosis of myositis to that of malignancy (year)
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Table 1 Baseline demographic
data of patients with PM/DM

Total Polymyositis Dermatomyositis
Cases, n (%) 134 (100) 53 (40.0) 81 (60.0)
Male, n (%) 41 (30.6) 14 (26.4) 27 (33.3)
Onset age, years, median [range] 57.8 [56.7-66.3] 58.6 [47.2-70.5] 58.0 [46.2-64.5]
Interstitial lung disease, n (%) 79 (59.0) 28 (52.8) 51(63.0)
Malignancy, n (%) 29 (21.6) 12 (22.6) 17 (20.1)

Table 2 Sex-based differences in the malignancies associated with
polymyositis and dermatomyositis

Male Female

Malignancy n (%) Malignancy n (%)
Lung cancer 5(25.0) Uterine cancer 3(214)
Gastric cancer 4 (20.0) Breast cancer 3(214)
Colon cancer 3(15.0) Esophageal cancer 2(14.3)
Esophageal cancer 3 (15.0) Unknown primary cancer 2 (14.3)
Lymphoma 1(5.0)  Ovarian cancer 1(7.1)
Renal cancer 1(5.0) Cervical cancer 1(7.1)
Pharyngeal cancer 1(5.0) Myeloma 1(7.1)
Prostatic cancer 1(5.0) Pharyngeal cancer 1(7.1)
Hepatic cancer 1(5.0)

4 male and 1 female patients had double cancers: one man had esoph-
ageal and prostatic cancer, one man had gastric and colon cancer, one
man had lung and hepatic cancer, and one man had esophageal cancer
and lymphoma. One woman had uterine and breast cancer

DM was 57.8 [range 56.7-66.3] years. Twelve out of 53
(22.6%) patients with PM and 17 out of 81 (20.1%) DM
patients had cancer.

Malignancy in association with PM/DM

Twenty-nine (21.6%) patients (11 women and 18 men)
had cancer-associated PM (n=12) or DM (n=17). The
appearance of malignancy in relation to the time of diag-
nosis of PM/DM is shown in Fig. 1. In particular, malig-
nancy developed in 11 (38.0%) patients before the diagno-
sis of PM/DM, in 2 (6.9%) patients at the time of diagnosis
of myositis, and in 16 (55.2%) patients after the diagno-
sis of myositis. The mean duration from the diagnosis of
myositis to malignancy development in the 16 patients
was 8.9 months.

The most common underlying malignancies in female
patients were uterine cancer (n=3) and breast cancer
(n=3); lung cancer (n=35) was the most common malig-
nancy in men (Table 2). Overall, esophageal cancer (n=5)
and lung cancer (n=35) were the most common malignan-
cies in our study population.

Factors associated with underlying malignancies

In univariate analyses (Table 3), male sex, older age at
onset, dysphagia, and diabetes mellitus were significantly
associated with underlying malignancies in patients with
PM/DM (p <0.05). Also, ILD, arthralgia, and Raynaud’s
phenomenon were more rare in the cancer-associated vs
myositis group without malignancy. Independent factors
included male sex, older age at onset, absence of ILD, and
diabetes mellitus (Table 4). In particular, the prevalence of
diabetes mellitus was significantly higher in patients with
malignancies (OR =10.4; 95% CI 2.00-54.3; p=0.005).

A patient with malignancy exhibited anti-TIF1-y
antibodies and no patients with malignancies exhibited
autoantibodies against aminoacyl-transfer synthetases
(ARS); however, 37 (35.2%) patients without malignan-
cies had autoantibodies against ARS. Thirty-seven patients
with anti-ARS antibodies included anti-Jo-1 (n=19), anti-
EJ (n=4), anti-PL-7 (n=3), anti-OJ (n=3), anti-PL-12
(n=2), and anti-KS (n=1). Five other patients were
proved to be anti-ARS antibody positive, but the type was
not determined.

Survival analyses

Of the 134 patients included in this study, survival outcomes
were unknown for 35 patients. An additional 38 patients,
including 18 with malignancies, died during the follow-
up period. Of these 18 patients, five died as a result of the
malignancy, two died from pneumonia not caused by ILD,
one died from hemophagocytic syndrome, one died from
acute exacerbation of ILD; one died from asphyxia; one died
from septic shock; and one died from cerebral hemorrhage.
Kaplan—Meier survival curves were used to assess survival
probability for patients with and without malignancies
(Fig. 2). The cumulative survival rates of the malignancy
group were 68.2% (95% CI 44.6-83.4) at 1 year and 31.0%
(95% CI 12.5-51.8) at 5 years; in contrast, those of the non-
malignancy group were 89.6% (95% CI 80.2-94.6) at 1 year
and 86.4% (95% CI 76.2-92.5) at 5 years. According to our
results, the 1- and 5-year survival rates were significantly
higher in the primary myositis group than in the malignancy-
associated myositis group (p <0.001).
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Table 3 Univariate analyses

: ) Variables With malignancy Without malignancy p value
of PM/DM with and without
malignancy Male, 1 (%) 16 (55.2) 25 (23.8) 0.003
Onset age, years, median [range] 65.2 [56.0-72.0] 54.8 [43.6-63.8] <0.001
Polymyositis, n (%) 12 (41.4) 41 (39.0) 0.83
Interstitial lung disease, n (%) 11 (37.9) 68 (64.8) 0.01
Fever, n (%) 6 (20.7) 43 (41.3) 0.05
Arthralgia, n (%) 5(17.2) 49 (47.1) 0.005
Dysphagia, n (%) 12 (41.4) 18 (17.3) 0.01
Myalgia, n (%) 7(24.1) 47 (45.2) 0.05
Distal muscle weakness, 1 (%) 7(24.1) 21 (20.2) 0.62
Raynaud phenomenon 1(3.4) 24 (23.1) 0.02
Heliotrope rash, n (%) 13 (44.8) 32 (30.8) 0.19
Gottron’s sign, n (%) 15 (51.7) 57 (54.8) 0.84
V neck sign, n (%) 10 (34.5) 21 (20.2) 0.14
Cutaneous necrosis, n (%) 3(10.3) 13 (12.5) 0.99
Pruritus, n (%) 3(10.3) 16 (15.4) 0.76
Hypertension, n (%) 6(21.4) 26 (25.0) 0.81
Diabetes mellitus, n (%) 8 (28.6) 3(2.9) <0.001
Laboratory date (median [range])
ESR, mm/1 h 35.0[17.0-61.0] 42.0 [21.0-61.0] 0.62
CRP, mg/dL. 0.5 [0.2-1.6] 0.4 [0.1-2.0] 0.51
WBC, 10%/uL 69.0 [48.6-87.6] 64.6 [49.6-85.8] 0.98
Hb, g/dL 12.7 [11.2-14.0] 12.5[11.6-13.8] 0.70
Plt, 10%/pL 23.6 [17.3-31.3] 25.9 [20.8-30.4] 0.37
AST, U/L 100.0 [40.0-286.0] 65.0 [40.0-134.8] 0.22
ALT, U/L 56.0 [30.0-168.0] 52.5 [32.0-96.3] 0.69
Alb, g/dL 3.5[3.1-3.9] 3.5[2.94.0] 0.89
Cre, mg/dL 0.62 [0.42-0.70] 0.57 [0.45-0.64] 0.74
CK, U/L 919.5 [428.0-3155.0] 801.0 [290.0-2223.0] 0.20
C3, mg/dL 100.0 [91.8-112.0] 97.5[91.0-113.0] 0.88
C4, mg/dL 27.1[25.7-34.8] 24.2 [19.4-29.7] 0.12

ESR erythrocyte sedimentation rate, CRP c-reactive protein, WBC white blood cell, Hb hemoglobin, Plt
platelet, AST aspartate aminotransferase, ALT alanine aminotransferase, Alb albumin, Cre creatinine, CK

creatine kinase

Table 4 Multivariate analyses of PM/DM with and without malig-
nancy

Variables Adjusted OR 95% CI p value
Male 3.65 1.17-11.30  0.03
Onset age 1.05 1.01-1.10 0.02
Interstitial lung disease 0.25 0.08-0.84 0.03
Diabetes mellitus 10.4 2.00-54.3 0.005
Arthralgia 0.55 0.15-2.04 0.37
Dysphagia 2.82 0.82-9.71 0.10
Raynaud phenomenon 0.25 0.03-2.29 0.22

OR odds ratio, CI confidence intervals
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Discussion

In this retrospective study, we sought to identify factors
associated with concomitant malignancies in Japanese
patients with PM/DM. Only few cohorts have been previ-
ously reported in Japan. We believe that presenting Japanese
data is the strength of this study. Previous large-scale inves-
tigations into the prevalence of malignancies in PM and DM
revealed incidence rates of 0-43% and 0-60% for PM and
DM, respectively [23]. The prevalence of malignancies in
our patient cohorts was 22.6% for PM and 20.1% for DM,
well within the ranges reported by previous studies. Our
study presents a slightly higher prevalence of malignancy
than that reported in other cohort studies. Thus, the median
age of the patients in our study is higher than that of those
in the previous ones, resulting in a possibly high prevalence
of malignancy.
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Yang et al. [24] performed a meta-analysis and concluded
that the risk of malignancy remained unchanged for several
years following the diagnosis of myositis; however, it was
highest during the first year after initial diagnosis. Similarly,
our study also found most malignancies were detected dur-
ing the first year after diagnosis, although these findings are
not without exceptions, including one patient diagnosed with
a malignancy 11 years after the diagnosis of myositis. The
malignancy might have no relationship with myositis, but
these findings suggest that routine screenings and exami-
nations may be warranted even several years following the
diagnosis of myositis.

Our study found that the most common underlying malig-
nancy in male patients was lung cancer, whereas uterine and
breast cancer were most common in women, consistent with
previous findings [11, 12, 17]. According to the Cancer Reg-
istry and Statistics, Cancer Information Service, National
Cancer Center, Japan, gastric cancer was the most common
form of cancer among Japanese men in 2013, followed by
lung and colon cancers. Breast cancer was the most common
cancer among Japanese women in 2013, followed by colon
and gastric cancers. The types and locations of malignancy
in patients with myositis is, therefore, consistent with the
expected probability of cancer in a Japanese population.
Previous literature reviews have demonstrated that certain
cancers, such as lung and prostate cancer in men and ovar-
ian and breast cancer in women, as well as nasopharyngeal
carcinoma in all patients, are associated with idiopathic
inflammatory myopathies in patients of Southeast Asian

Follow-up time (months)

descent [4]. The Japanese cohort described here is broadly
consistent with these findings, although it is notable that
only one male patient (5.0%) and one female patient (7.1%)
had pharyngeal cancer.

Some factors associated with malignancy in the popula-
tion of PM/DM patients in this study have been consistently
implicated in previous studies, such as age, male sex, and
absence of ILD [2-5, 7, 25]. The prevalence of malignant
diseases increases with age among the general population;
this may be the underlying reason for the higher prevalence
of cancer cases among older PM/DM patients.

An important, novel finding from this study is the asso-
ciation between past history of diabetes mellitus and the
risk of malignancy. A previous trial that analyzed whether a
past history of diabetes mellitus was associated with risk of
malignancy found that more patients with cancer had a past
history of diabetes mellitus than those without cancer (24.2%
vs. 12.6%, p=0.103); however, the difference was not sta-
tistically significant [S]. A prospective study conducted in
Japan showed that 7.3% of patients with malignancy had a
past history of diabetes mellitus [26]. In comparison, we
found that 28.6% of myositis patients with malignancy had
a past history of diabetes mellitus. In addition, when we
included patients who developed cancer more than 3 years
before or more than 3 years after myositis, fewer patients
(23.7%) had a past history of diabetes mellitus. These data
support our hypothesis that diabetes mellitus affects not
only cancer itself but also myositis-associated cancer. The
associations between diabetes mellitus and cancer were
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attributable to the metabolic and hormonal aberrations
associated with diabetes mellitus, and common biological
mechanisms may be at least partially associated with insulin
and insulin-like growth factors (IGFs) [26]. The most obvi-
ous difference in diabetes mellitus patients is the reduced
insulin sensitivity with compensatory hyperinsulinemia
and elevated levels of IGF-1 that may in turn stimulate cell
proliferation in various organs. Insulin activates the IGF-1
receptor that modulates cell cycle progression. Excess insu-
lin may also influence the development of cancer indirectly
by downregulating the expression of IGF-binding protein 1,
resulting in greater bioavailability of total circulating IGF-1.
Moreover, the presence of diabetes mellitus may increase the
availability of reactive oxygen species, resulting in increased
DNA damage and a greater overall risk of cancer and other
malignancies [26]. There may be additional mechanisms
by which diabetes mellitus increases the malignancy risk
in myositis. In terms of paraneoplastic syndrome, not only
myositis but also diabetes mellitus may possibly be caused
by a mechanism of autoimmunity. Further studies are needed
to confirm these mechanisms.

Recent meta-analyses have shown that ILD and arthritis
are associated with a relatively lower risk of malignancy
in patients with myositis [6]. Several other studies, includ-
ing the data presented here, have confirmed that Raynaud’s
phenomenon [3], anti-ENA antibodies [2, 3, 6], and anti
Jo-1 antibodies were associated with fewer malignancies in
myositis patients. Anti-synthetase syndrome is defined by
the presence of autoantibodies against aminoacyl-transfer
synthetases (ARS), which are a common feature of dis-
eases such as ILD, arthritis, and Raynaud’s phenomenon
but appear to be protective against other malignancies. Our
study found no patients with malignancies with autoanti-
bodies against ARS. A previous study showed that patients
with anti-TIF1-y have reduced prevalence of ILD compared
to anti-TIF1-y-negative patients [27]. In old days we were
not able to measure anti-TIF1-y antibodies, so in our study,
only 22 patients received the anti-TIF1-y antibody test, and
only one patient exhibited the positive of antibody with
malignancy.

Over the course of our study, 18 patients with malig-
nancies died, with five of the deaths directly attributed to
the malignancy, making secondary malignancies the most
common cause of death. Also, we suspect that patients with
malignancy are at greater risk of pneumonia, septic shock,
and cerebral hemorrhage. Therefore, having malignancy
possibly may have contributed to these deaths, either directly
or indirectly. Given the increased risk of cancer in these
patients, it is, therefore, important to identify risk factors for
cancer in patients with PM/DM.

Our study has certain limitations. First, this was a ret-
rospective study. Second, we cannot exclude biases and
confounding factors that may have influenced our model

@ Springer

estimates. The third limitation is the relatively small sample
size. In addition, our study was performed on patients treated
in a single tertiary-care center; therefore, the generalizability
of the results is limited.

Conclusions

Independent factors associated with malignancies in patients
with PM or DM were male sex, older age, the absence of
ILD and especially past history of diabetes mellitus. The
prevalence of diabetes mellitus was considerably higher
in PM and DM patients than in those with malignancies.
Our study demonstrated a high prevalence of malignan-
cies in PM/DM patients and was associated with decreased
survival.
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