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Polymyositis/dermatomyositis and Malignancy Risk:
A Metaanalysis Study
Zaixing Yang, Feng Lin, Baodong Qin, Yan Liang, and Renqian Zhong

ABSTRACT. Objective. To investigate the association between polymyositis (PM)/dermatomyositis (DM) and
risks of malignancy.
Methods. We searched Pubmed for articles dated before August 16, 2013. Studies were included if
they met the following criteria: (1) a cohort or observational study; (2) PM or DM as one of the
exposures of interest; (3) cancer as an outcome of interest; and (4) the rate ratio (RR) or standardized
incidence ratio (SIR) were available with their 95% CI. We used random-effects or fixed-effects
models to calculate the pooled RR according to the heterogeneity test.
Results. Twenty publications were included. Compared with the general population, the pooled RR
for patients with PM, DM, and PM/DM were 1.62 (95% CI 1.19–2.04), 5.50 (4.31–6.70), and 4.07
(3.02–5.12), respectively. The increased risks were more significant in patients within the first year
of myositis diagnosis, male patients, and population-based studies (for DM). A significant associ-
ation was also found between PM or DM and most site-specific malignancies. However, both PM
and DM were not associated with stomach and prostate cancers. Significant heterogeneity was found
between studies on association between PM/DM and overall malignancy, but not between PM/DM
and the majority of site-specific malignancies, suggesting that that inherent malignancy difference
may be a major source of heterogeneity. 
Conclusion. The present metaanalysis indicates that PM and DM are significantly associated with
increased risks of overall malignancy and most site-specific malignancies. The number of studies on
association between PM or DM and some malignancies is too small to draw a firm conclusion.
Accordingly, more research is needed for these malignancies. (First Release Dec 1 2014; 
J Rheumatol 2015;42:282–91; doi:10.3899/jrheum.140566)
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Polymyositis (PM) and dermatomyositis (DM), with female
predominance, are types of idiopathic inflammatory
myositis, mainly affecting proximal skeletal muscle and
skin. They may involve various organs such as the lungs,
heart, stomach, intestine, etc. Despite being rare diseases,
PM/DM are the most common of the various types of
idiopathic inflammatory myopathies. Further, the incidence
has been increasing from the 1940s up to now, although it

varies in different countries or regions, ranging from about
1.2 to 17 patients per million population1,2,3,4,5,6,7,8,9. Since
the association between PM or DM and malignant disease
was first reported in 1916, it has been studied extensively. In
1994, the first metaanalysis was performed to preliminarily
confirm the association with malignancy10. However, that
metaanalysis involved only 4 studies, including both
case-control and cohort ones, and investigated the associ-
ation between PM or DM and overall cancer. Since then, a
large number of studies has been published. Some of them
explored the association of PM and DM with specific malig-
nancies. Identification of an association with specific malig-
nancy types would help in choosing the appropriate
diagnostic procedure for malignancy screening in affected
patients. However, several results remained inconclusive
owing to too few cases. A metaanalysis can increase the
effective sample size by pooling data from individual
studies, thus enhancing the statistical power of analysis.
Recently, a metaanalysis was conducted to evaluate such
risk factors as age, sex, cutaneous necrosis, dysphagia, etc.,
for development of malignancies in DM and PM, but not to
confirm an association between DM or PM themselves and
malignancy risk11. Therefore, our present metaanalysis was
carried out to assess this association.
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MATERIALS AND METHODS 
A literature search of the Pubmed and Embase databases (updated to
August 16, 2013) was conducted using combinations of the following
terms: “dermatomyositis or polymyositis,” “malignancy or cancer or
carcinoma or neoplasia or tumor or neoplasm,” “relative risk or RR,” “odds
ratio or OR,” “hazard ratio or HR,” “standardized incidence ratio or SIR.”
We considered only publications in English. All eligible articles were
retrieved and their references were reviewed to identify additional relevant
studies.

Studies were included in the metaanalysis if they fulfilled the following
inclusion criteria: (1) a cohort or observational study; (2) PM or DM as one
of the exposures of interest; (3) cancer as 1 outcome of interest; and (4) rate
ratio (RR) or standardized incidence ratio (SIR) was available with their
95% CI (or with data to calculate them). Studies were excluded if the effect
size could not be calculated according to information in the studies. 

The Newcastle-Ottawa Scale (NOS) was conducted for quality
assessment12. Eight items were categorized into 3 dimensions including
selection, comparability, and outcome (cohort studies) or exposure
(case-control studies). A maximum of 1 star was given for each numbered
item in the selection and exposure categories, while a maximum of 2 stars
could be given for comparability. Because there are established standard
criteria, we considered a study awarded 0 to 3 as low quality, 4 to 6 as
moderate quality, and 7 to 9 stars as high quality.

All articles were retrieved and assessed independently by 2 reviewers
(Z. Yang and Y. Liang). Any disagreement was resolved by consensus.
Data extraction and statistical analysis. Publications that reported RR or
SIR with corresponding 95% CI or data with which RR or SIR could be
calculated were selected for inclusion in the metaanalysis. The detailed
method for calculating SIR has been described13. The corresponding 95%
CI were estimated using the PAMCOMP program14.

Between-study heterogeneity was assessed using the chi-squared test
and quantified by I2, which represented the percentage of total variation
across studies that was attributable to heterogeneity rather than chance15.
The pooled RR was estimated by a fixed-effect model when there was no
heterogeneity. Otherwise, it was by a random-effect model. Subgroup
analyses were carried out according to duration of followup, sex, region,
and study design. Sensitivity analysis was performed to evaluate stability
by sequential omission of individual studies. Publication bias was tested by
Egger’s linear regression test for funnel plot asymmetry and the
Begg-Mazumdar test16. All analyses were performed with STATA 11.0
software. 

RESULTS
Characteristics of included studies. A total of 274 publica-
tions were identified in the initial search and 228 records
were excluded based on screening of titles or abstracts
(Figure 1). Full-text articles were retrieved for 46 publica-
tions and assessed for eligibility. Of these 46 publications,
26 were excluded: 3 duplicate publications, 5 reviews, 1
pooled analysis, 5 reporting repeated populations, 1 in
which PM/DM was not an exposure factor, 8 in which
SIR and 95% CI could not be calculated, and 3 that were
not cohort or observational studies. Overall, we identified
and included 20 publications meeting the inclusion
criteria17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36.
Notably, of these included studies, 5 were conducted to
examine associations between PM/DM and different malig-
nancies including prostate, kidney, bladder, myeloma,
breast, cervical, endometrial, ovarian, other female genital,
and lung and anal squamous cell; but not to examine for

associations of PM or DM separately with various malig-
nancies17,18,20,21,33. Accordingly, these 5 studies were not
included in the metaanalysis, because our metaanalysis was
carried out only to evaluate PM or DM and risks of
site-specific malignancies separately. 

Study characteristics, demographic information, and
adjustment or restriction variables for the included studies
are listed in Table 1. The number of studies for associations
of PM and DM with malignancy risk are listed in Table 2. 

All the studies included were cohort studies, and were
deemed of high quality (9 with score of 9, 3 with score of 8,
and 8 with score of 7), according to the NOS for cohort
studies (Supplementary Table 1, available online at
jrheum.org).
PM/DM, PM, DM, and risks of overall malignancy. Because
of significant heterogeneity, the random-effect model was
used. As shown in Table 2, PM and DM were significantly
associated with increased risk for overall malignancy. The
pooled RR for patients with PM, DM, and PM/DM were
1.62 (95% CI 1.19–2.04), 5.50 (4.31–6.70), and 4.07
(3.02–5.12), respectively. Further, we conducted subgroup
metaanalyses by followup, sex, region, and study design.
The overall RR for malignancy were 5.02 (95% CI
2.04–8.01) and 19.41 (95% CI 14.09–24.73), respectively,
among patients with PM and DM within the first year of
myositis diagnosis, significantly higher than those after the
first year (overall RR, 95% CI, 1.27, 1.04–1.50 and 1.98,
1.60–2.36, respectively, for PM and DM). In addition, male
patients with DM and PM showed much higher risk for
overall malignancy than did female patients. Moreover, the
risk became insignificant in female patients with PM
(overall RR 1.70, 95% CI 0.89-2.50). Because the US and
Australian populations in the included studies were also of
European descent and the number of studies was too small
in those populations, they were combined with the European
population as the Western group. In this way, the subgroup
analyses were conducted in Asian and Western populations,
respectively. The results indicated that the pooled risks for
overall malignancy remained significant in both Asian and
Western populations with PM/DM. However, there might be
no significant difference between Asian and Western popu-
lations. Additionally, for DM but not for PM, the pooled RR
was a bit larger in hospital-based studies (pooled RR 9.77,
95% CI 5.28–14.25) but smaller in population-based studies
(pooled RR 4.81, 95% CI 3.47–6.15) than was overall RR.
The heterogeneity did not significantly change in the
majority of subgroup analyses (Table 2).
PM, DM, and risks of site-specific malignancies. For PM,
there were 4 studies reporting RR or giving data with which
SIR could be calculated for lung, kidney, breast, and ovarian
cancer risks; 3 for prostate, bladder, endometrial, cervical,
stomach, colorectal, and pancreatic cancers, and lymphoma
and myeloma risks; and 2 for esophageal, colon, thyroid,
and brain cancer risks. Because of no significant hetero-
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geneity, fixed-effect models were conducted to evaluate
associations between PM or DM and various malignancy
risks, with the exception of lung, colorectal, and pancreatic
cancers in patients with PM; and lung, stomach, melanoma,
and kidney cancers in patients with DM. The metaanalyses
indicated that PM was significantly associated with
increased risks of most organ and system malignancies, with
the exception of ovarian cancer, prostate cancer, myeloma,
and cancers of the digestive system (stomach, esophageal,
colorectal, and pancreatic; Table 2).

For DM, there were 7 studies reporting RR or giving data
with which SIR could be calculated for ovarian cancer risk;
5 for breast, lung, and stomach cancer risks; 4 for prostate,
bladder, colorectal, and cervical cancer risks; 3 for
esophageal and pancreatic cancers and melanoma risks; and
2 for nasopharyngeal, colon, kidney, and endometrial can-
cers, Hodgkin disease, and unspecified malignancy risks.
Because there was no significant heterogeneity, fixed-effect
models were conducted to evaluate the association between
PM/DM and various malignancy risks, with the exceptions
of lung, stomach, and kidney cancers, and melanoma. The
metaanalyses indicated that DM was significantly associ-
ated with increased risks of the majority of malignancies,
with the exceptions of stomach, prostate, and endometrial
cancers, lymphoma, Hodgkin disease, and melanoma.
Sensitivity analysis and publication bias. No significant
change of pooled RR was found by sequential omission of

individual study, indicating that our results were stable and
reliable. 

In accordance with a previous publication37, funnel plot
and Egger’s test were used only to assess the publication
bias of metaanalyses pooling 5 or more individual studies.
Funnel plot is a scatterplot designed to check for the
existence of publication bias. In the absence of publication
bias, the plot should resemble a funnel shape, because larger
studies are plotted near the average, and smaller studies are
spread evenly on both sides of the average. In the presence
of publication bias, some smaller studies reporting negative
results will be missing, resulting in an asymmetrical funnel
plot. Our funnel plot shapes showed no obvious evidence of
asymmetry, and all the p values of Egger’s tests were over
0.05. These results suggested that publication bias was not
evident in various metaanalyses. Details of these results are
presented in Supplements 2-9, available online at jrheum.org.

DISCUSSION
We describe a systematic review and metaanalysis with 20
publications of high quality to assess PM or DM and sub-
sequent cancer risks. Our results demonstrated that both PM
and DM can increase the risk of overall malignancy and the
majority of site-specific malignancies, but that the risks are
far greater for DM. The risks of overall malignancies in
patients with DM and PM are, respectively, 4.5-fold and
62% higher than those in non-PM/DM individuals. 

Figure 1. Flowchart of study selection. PM: polymyositis; DM: dermatomyositis; SIR: standardized
incidence ratio.
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Table 1. Characteristics of cohort studies on PM/DM and malignancy risks. 

Study Region Study Period No. Pts. Sex Mean Age Malignancies (n) Mean Yrs  RR Adjustment for 
at Study Followup Estimate Covariates 

Entry, yrs

Liu X, et al 201317 Sweden 1964–2008 2465 F/M NA Prostate (29), 9.75 SIR Age, sex, region, 
kidney (11), and socioeconomic 
bladder (18) status, hospitalization 

for obesity
Hemminki K, et al 201218 Sweden 1964–2008 2465 F/M NA Myeloma (4) 9.75 SIR Age, region and 

socioeconomic status, 
hospitalization for 

obesity
Limaye V, et al 201319 Australia 1980–2009 240 F/M NA Overall (27) Median: SIR NA

9 (PM), 8 (DM)
Hemminki K, et al 201220 Sweden 1964–2008 1246 F NA Breast (27), 19 SIR Age, region and 

cervical (3), socioeconomic status,
endometrial (4), hospitalization for 

ovarian (14), other obesity
female genital (2)

Hemminki K, et al 201221 Sweden 1964–2008 2465 F/M NA Lung (52) 9.75 SIR Age, sex, region and
socioeconomic status, 

hospitalization for 
obesity

Kuo CF, et al 201122 Taiwan, China 2003–2007 1303 F/M 44 (DM), All (142), Median: 3 SIR Sex, age
49.2 (PM) nasopharyngeal (32), 

breast (19), lung (15), 
cervical (9), colon (11), 
liver and bile duct (7), 
kidney (7), thyroid (4), 

other (38)
So MW, et al 201123 South Korea 1989–2010 151 F/M 49.5 All (25), lung (8), 4.1 SIR Sex, age

stomach (5), breast (4), 
biliary (2), nasopharyngeal (2), 

thyroid (2), colon, pancreatic (1), 
ovarian (1), non-Hodgkin’s lymphoma (1)

Liu WC, et al 201024 Singapore 1996–2006 69 (DM) F/M 50 All (15), 2.1 SIR Sex, age
nasopharyngeal (7), 

colorectal (3), liver (1), 
breast (2), uterine (1), ovarian (1)

Azuma K, et al 201125 Japan 1984–2002 121 F/M 51 (DM), All (20), stomach (8), 6.4 SIR Sex, age
59 (PM) colon (3), ovarian (3), 

breast (2), pancreas (2), thymic (1), 
invasive thymoma (1), 

non-Hodgkin’s lymphoma (1)
Chen YJ, et al 201026 Taiwan, China 1997–2007 1655 F/M 41.79 (DM), All (128), nasopharynx (32), 5.09 (DM), SIR Sex, age

48.38 (PM) lung (27), breast (12), 5.05 (PM)
uterus (1), uterine cervix (4), 

ovarian (2), lymphoma/leukemia (5), 
oropharynx and larynx (1), 

esophagus (1), liver/gall bladder (9), 
colorectum (10), stomach (1), 

pancreas (2), kidney (4), 
urinary bladder (4), melanoma (3), 

bone/joint (3), brain (2), thyroid (3), 
metastatic cancers (2)

Antiochos BB,  et al 200927 USA 1985–2008 124 F/M 56.7 (DM), All (27), breast (6), bladder (1), NA SIR NA
55.7 (PM) cervix (1), colon (3), 

endometrium (1), larynx (1), 
lung (5), ovarian (2), pancreas (3), 

parotid (1), prostate (1), unknown (1)
Fardet L, et al 200928 France 1995–2007 121 F/M 52 All (29), ovarian (7), lung (5), 3 SIR Sex, age

(median) breast (5), head and neck (6), 
non-Hodgkin’s lymphoma (2), 

bladder (1), prostate (1), seminoma (1), 
neuroendocrine tumor (1)
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Our present metaanalysis showed persistently increased
risks of overall malignant disease both in PM and in DM
patients, although the risks were highest during the first year
of DM or PM diagnosis. This finding may be partly due to
heightened screening for cancers after DM or PM diagnosis.
On the other hand, this result might also suggest that a true
link with cancer does exist in patients with PM or DM. In
some included studies19,22,24,30,31,32, the clustering of malig-

nancy cases before or at the same time as diagnosis of
PM/DM further suggests that the association is not merely
due to heightened malignancy surveillance after PM/DM
diagnosis. However, a subgroup metaanalysis cannot be
conducted because these studies did not give the detailed
SIR for malignancy or the number of patients with malig-
nancy occurring before or at the same time as the diagnosis
of PM/DM. Of course, the link of cancer with PM/DM may

Table 1. Continued. 

Study Region Study Period No. Pts. Sex Mean Age Malignancies (n) Mean Yrs  RR Adjustment for 
at Study Followup Estimate Covariates 

Entry, yrs

Brown LM, et al 200829 UK 1969-1996 NA M NA MM (6), MGUS (5) NA RR Age, calendar year of
diagnosis, no. 

hospital visits, latency 
between study entry 

and study exit
Stockton D, et al 200130 Scotland 1980–1996 705 F/M NA All (29), esophagus (0), NA SIR Age, sex

stomach (0), colon (2), 
rectum (2), liver (0), 

gall bladder (1), malignant 
melanoma of skin (1), lung (11), 
breast (8), cervix uteri (2), corpus 

uteri (1), kidney (0), brain (0), 
thyroid (0), ovary (3), prostate (3), 
bladder (0), Hodgkin’s disease (3), 

non-Hodgkin’s lymphoma (2), 
multiple myeloma (1), lip (1), 

tongue (1), gum (1), secondary and 
unspecified malignancy (6)

Buchbinder R, et al 200131 Australia 1981–1995 406 F/M 51.7 (DM), All (55), lung (11), head and Median: 5.3 SIR Sex, age, calendar 
57.1 (PM) neck (5), breast (7), chronic year of diagnosis

lymphocytic leukemia (4), 
prostate (3), melanoma (2), 

non-Hodgkin’s lymphoma (3), 
bladder (2), kidney (1), stomach (2), 

mesothelioma (1), cervix (3), 
colorectal (4), ovarian (4), 

uterus (3), pancreas (1), esophagus (1), 
myeloma (1), ependymoma (1)

Hill CL, et al 200132 Sweden, Denmark, 1964–1989 1532 F/M 55.6 male, 55.4   All (210), esophagus (2), NA SIR Sex, age, calendar 
Finland female for DM; stomach (8), colorectal (22), year of diagnosis

56.2 male, 57.5  pancreas (6), lung, trachea, 
female for PM and bronchus (39), breast (24), 

cervix (2), ovary (15), prostate (9), 
kidney (6), bladder (12), non-Hodgkin’s 

lymphoma (9), Hodgkin’s lymphoma (1), 
myeloma (3), leukemia (4)

Maoz CR, et al 199833 Israel 1983–1994 35 F/M 53 All (13), metastatic cancer (1), NA SIR Sex, age
ovary (1), esophageal (1), breast (2), 

Hodgkin’s lymphoma (1), myelodysplastic 
syndrome (1), adeno cancer (1), lung (1), 
melanoma (1), bladder (1), leukemia (2)

Mok CC, et al 201234 Hong Kong, China 2000–2010 200 F/M 51.5 All (50), nasopharyngeal (21), 4.7 SIR Sex, age
gastrointestinal (10), lung (10), 

breast (4), cervical (3)
Chang SH, et al 201235 South Korea 2000–2012 39 F/M NA All (NA), lung (7), colon (5), NA SIR Sex, age

gastric (4), breast (3)
Sunesen KG, et al 201036 Denmark 1978–2006 1401 F/M NA Anal squamous cell carcinoma 9.4 SIR Sex, age, calendar 

year of diagnosis

NA: not available; SIR: standardized incidence rate; RR: relative risk; PM: polymyositis; DM: dermatomyositis; MM: multiple melanoma; MGUS: malignant gastric ulcers.
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Table 2. Pooled relative risks of overall and site-specific malignancies.

Malignancies No. Studies Refs Pooled RR or SIR (95% CI) Heterogeneity
I2 (%) p

Overall malignancy
PM/DM 11 19, 22, 23, 25, 26, 27, 4.07 (3.02–5.12) 90.3 0

30, 31, 32, 33, 34, 35
PM 9 19, 22, 25, 26, 27, 30, 31, 32, 34 1.62 (1.19–2.04) 84.0 0
DM 12 19, 22, 23, 24, 25, 26, 5.50 (4.31–6.70) 89.7 0

27, 28, 30, 31, 32, 34
Subgroup followup

PM (0–1 yr followup) 4 22, 26, 31, 32 5.02 (2.04–8.01) 93.9 0
PM (> 1 yr followup) 4 22, 26, 31, 32 1.27 (1.04–1.50) 40.3 0.17
DM (0–1 yr followup) 4 22, 26, 31, 32 19.41 (14.09–24.73) 84.0 0
DM (> 1 yr followup) 4 22, 26, 31, 32 1.98 (1.60–2.36) 36.3 0.194

Sex 
PM (female) 6 22, 25, 26, 27, 30, 32 1.70 (0.89–2.50) 91.4 0
PM (male) 6 22, 25, 26, 27, 30, 32 1.80 (1.70–1.90) 24.5 0.25
DM (female) 7 22, 23, 25, 26, 27, 30, 32 5.07 (3.60–6.55) 87.8 0
DM (male) 7 22, 23, 25, 26, 27, 30, 32 5.74 (4.01–7.47) 82.1 0

Region
PM

Asia 4 22, 25, 26, 34 2.14 (2.07–2.21) 38.2 0.183
The West 5 19, 27, 30, 31, 32 1.49 (1.07–1.90) 59.6 0.042

DM
Asia 6 22, 23, 24, 25, 26, 34 5.11 (5.00–5.21) 81.2 0
The West 6 19, 27, 28, 30, 31, 32 5.48 (3.29–7.68) 86.4 0

Study design
PM (population-based) 6 19, 22, 26,  30, 31, 32 1.76 (1.32–2.20) 86.8 0
PM (hospital-based) 3 25, 27, 34 0.93 (0.23–1.62) 0 0.464
DM (population-based) 7 19, 22, 24, 26, 30, 31, 32 4.81 (3.47–6.15) 92.2 0
DM (hospital-based) 5 23, 25, 27, 28, 34 9.77 (5.28–14.25) 86.6 0

Site-specific malignancy
PM

Lung cancer 4 26, 30, 31, 32 3.65 (1.58–5.73) 90.1 0
Kidney cancer 4 26, 30, 31, 32 2.18 (1.75–2.60) 0 0.859
Breast cancer 4 26, 30, 31, 32 1.67 (1.48–1.86) 0 0.675
Ovary cancer 4 25, 30, 31, 32 1.34 (–0.50 to 3.19) 0 0.693
Prostate cancer 3 30, 31, 32 0.72 (0.03–1.40) 28.0 0.249
Lymphoma 3 30, 31, 32 3.96 (1.10–6.82) 0 0.944
Myeloma 3 30, 31, 32 2.70 (–1.06 to 6.47) 0 0.664
Colorectum cancer 3 26, 31, 32 2.32 (–0.54 to 5.17) 97.6 0
Pancreatic cancer 3 26, 31, 32 2.09 (–0.70 to 4.88) 87.8 0
Bladder cancer 3 26, 31, 32 4.32 (3.72–4.91) 64.3 0.061
Endometrial cancer 3 26, 30, 31 6.96 (5.56–8.37) 0 0.623
Cervical cancer 3 26, 31, 32 1.39 (1.10–1.67) 47.7 0.148
Stomach cancer 3 25, 31, 32 0.35 (–0.58 to 1.27) 0 0.650
Esophagus cancer 2 31, 32 1.61 (–2.89 to 6.08) 0 0.581
Colon cancer 2 25, 30 0.63 (–1.07 to 2.33) 0 0.502
Thyroid cancer 2 26, 30 3.12 (2.49–3.75) 0 0.574
Brain tumor 2 26, 30 17.76 (15.24–20.28) 71.5 0.061

DM
Ovary cancer 7 24, 25, 26, 28, 30, 31, 32 5.43 (4.69–6.17) 42.7 0.106
Breast cancer 5 25, 26, 28, 30, 32 3.49 (3.26–3.72) 28.7 0.230
Lung cancer 5 24, 28, 30, 31, 32 15.01 (5.35–24.67) 96.0 0
Stomach cancer 5 25, 26, 30, 31, 32 3.04 (–0.53 to 6.60) 61.7 0.034
Lymphoma 5 25, 28, 30, 31, 32 4.39 (–0.38 to 9.16) 0 0.682
Prostate cancer 4 28, 30, 31, 32 1.89 (0.11–3.66) 0 0.806
Colorectal cancer 4 24, 26, 31-32 4.03 (3.68-4.39) 35.2 0.201
Cervical cancer 4 28, 30, 31, 32 3.28 (2.91–3.65) 0 0.625
Bladder cancer 4 26, 28, 30, 32 3.94 (3.38–4.49) 11.2 0.337
Hodgkin disease 2 30, 32 7.35 (–12.58 to 27.27) 0 0.587
Nasopharyngeal cancer 2 24, 26 139.95 (134.82–145.09) 0 0.885
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also be that the presenting characteristics of PM/DM are
paraneoplastic features of malignancy. In fact, several
isolated case reports reviewed by Zahr and Baer38 as well as
some epidemiologic studies19,22,24,30,31,32 included in the
present metaanalysis found the parallel course between
PM/DM and malignancy. Further, some studies demon-
strated that PM/DM will either improve when the malig-
nancy is treated successfully, or will worsen. These findings
indicate that PM/DM may be a paraneoplastic phenomenon.
However, the fact that the risks of malignancy were still
increased by 27% and 98%, respectively, for PM and DM in
our metaanalysis demonstrated that PM/DM themselves
may indeed be risk factors for malignancy development. For
a patient with PM or DM, longterm use of immunosup-
pressive drugs may be needed, a treatment that also
contributes to raised risk of malignancy. However, as
described by Chen, et al26, the malignancy risk in patients
with myositis decreases with time, suggesting that the nature
of inflammation, rather than immunosuppressive drugs,
plays a pivotal role in the development of malignancy
diseases. Additionally, the immunosuppressive agents in
patients with PM/DM may lead to the reactivation of viral
infection, which has been found to be associated with
certain types of malignancies, such as Epstein-Barr virus,
lymphoma, and others39. Accordingly, the role of virus in
malignancy development in patients with PM/DM cannot be
excluded. In any case, lifelong monitoring for malignancy is
important for a patient with PM or DM. 

PM and DM predominantly affect women9. However,
our stratified metaanalysis indicated that male patients with
PM or DM showed much higher risk for malignant disease
than female patients. The increased risk is not significant in
female patients with PM. This difference of malignancy risk
between the sexes in patients with PM and DM is consistent
with that in the general population40, suggesting that more
surveillance for malignancy is needed for a male patient
with DM or PM. Although the detailed mechanisms remain
unclear, the explanations for the difference may be that, on
one hand, men may be more likely than women to smoke
(which is known as a pivotal risk factor for cancers such as
those of the lung, larynx, bladder, and others41,42), and that

estrogen might be a protective factor from development of
most cancers, a finding confirmed by several studies43,44,45. 

Of note, age should be considered in the present analysis,
although subgroup analysis for age could not be conducted,
because there were only 2 studies exploring the association
between DM/PM and cancer risk in a series of age
ranges22,26. Both of those studies found that the risk for
malignancy is significantly increased in patients with
PM/DM who are ≥ 20 years old (especially in those 40–79
years old), compared with those < 20 years old. There are
another 4 included studies specifically focusing on whether
age (as a risk factor) was associated with cancer devel-
opment in patients with DM/PM23,25,27,28, each of which
demonstrated that increased age is closely associated with
cancer risk. These results are consistent with those in the
previous metaanalysis11, suggesting that the older the age,
the more heightened the malignancy monitoring should be
in patients with PM/DM. Although not analyzed in our
study, 2 metaanalyses had shown an association of
anti-p155/p140 antibody with increased risk of malignancy
in patients with DM46,47. A number of studies showed that
the anti-NXP2 antibody might also be associated with myo-
sitis with malignancy; however, further studies are required
to confirm these findings48,49,50. In contrast, there is no
evidence to suggest that other myositis-specific and myo-
sitis-associated autoantibodies including anti-amino-
acyl-tRNA synthetase, anti-signal recognition particle,
anti-Mi2, anti-PM/Scl, anti-U1-RNP, anti-Ku, anti-MDA5,
and anti-TIF1-α or TIF1-β antibodies are associated with
malignancy development in PM/DM51,52,53,54. 

For DM, increased risk of overall malignancy can be
confirmed in both population-based and hospital-based
studies. The relative risk from hospital-based studies is far
higher than that from population-based studies. The reason
may be that hospitalized patients with DM have more severe
cases. This also suggests that the more severe DM is, the
more likely it will develop into malignancy. However, this
conclusion cannot be drawn in patients with PM. The
subgroup metaanalysis showed significant association
between PM and malignancy risk for population-based
studies but not for hospital-based ones. Admittedly, the

Table 2. Continued.

Malignancies No. Studies Refs Pooled RR or SIR (95% CI) Heterogeneity
I2 (%) p

Esophagus cancer 3 26, 30, 32 3.06 (2.45–3.67) 0 0.937
Pancreatic cancer 3 25, 26, 32 3.06 (2.46–3.66) 0 0.511
Melanoma 3 26, 30, 31 5.92 (0.08–11.76) 80.6 0.006
Colon cancer 2 25, 30 13.48 (3.18–23.78) 0 0.594
Kidney cancer 2 26, 32 5.74 (5.08–6.40) 84.9 0.01
Endometrial cancer 2 24, 31 16.22 (–16.02 to 48.45) 0 0.870
Unspecified malignancy 2 26, 30 3.58 (3.08–4.09) 67.0 0.082

RR: rate ratio; SIR: standardized incidence ratio; PM: polymyositis; DM: dermatomyositis.
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number of hospital-based studies (3) was too small to draw
a firm conclusion. 

Subgroup analysis by region showed that the risk for
overall malignancy still remains significant in both Asian
and Western populations with PM or DM, although the
difference for the risk between them appears to be insignifi-
cant. However, the number of studies is small in Western
populations, especially in the United States (1) and Australia
(2). Therefore, more studies are needed to investigate the
association in various regions other than Asia. Significant
associations between some rheumatic diseases and malig-
nancy risks have been confirmed frequently, such as
systemic lupus erythematosus and decreased risks of breast,
ovarian, and endometrial malignancies55, rheumatoid
arthritis and increased risks of lymphoma and decreased
risks of colorectal and breast cancers56, and primary Sjögren
syndrome and increased risks of non-Hodgkin lymphoma
and thyroid cancer57. Compared with other rheumatic
diseases, PM and DM (especially DM) may be significantly
associated with the risks of a larger number of malignancies,
including lung, kidney, breast, bladder, endometrial,
cervical and thyroid cancers, lymphoma, myeloma, and
brain tumor for PM, and lung, ovarian, breast, colorectal,
cervical, bladder, nasopharyngeal, esophageal, pancreatic,
colon, and kidney cancers for DM. These results imply that
PM and DM are similar but different diseases regarding the
types of associated malignancies. In accordance with our
results, intensive vigilance for cancers of the lung, breast,
cervix, and urinary system, but not for cancers of the
stomach and prostate, is needed for patients with PM and
DM. In addition, in patients with PM, investigation should
also be targeted toward lymphoma and endometrial cancer,
while in DM it should be targeted toward ovarian cancer
and cancers of the digestive system. Of note, there was no
significant heterogeneity among most of the studies on
various site-specific malignancies, suggesting that inher-
ent malignancy difference may be a major source of
heterogeneity. 

Some limitations of our study should be addressed. First,
a number of studies that failed to provide data to calculate
SIR were not included in the metaanalysis, which may
reduce the power of our analysis. However, the exclusion of
such studies should be unlikely to bias our results. Second,
some variables such as smoking, alcohol consumption, etc.,
could not be excluded because of an inherent flaw in those
included studies, which might bias the results. Third,
although no significant publication bias was found in our
study, potential publication bias cannot be completely
excluded. The reason is that small studies with null results
tend not to be published58. In addition, some included
studies referred to periods in the late 1960s, 1970s, and
1980s, when investigative techniques were less rigorous and
thus some malignancies may have been missed relative to
more recent studies; this may influence but not bias our

results. Finally, data regarding PM/DM and risks of some
site-specific malignancies were extremely sparse, limiting
our ability to draw firm conclusions.

Our present metaanalysis demonstrates that DM and PM
(especially DM) are significantly associated with increased
risk of overall malignancy. DM is associated with increased
risk of lung, ovarian, breast, colorectal, cervical, bladder,
nasopharyngeal, esophageal, pancreatic, colon, and kidney
cancers. PM is associated with increased risk of lung,
kidney, breast, bladder, endometrial, cervical, and thyroid
cancers, and lymphoma, myeloma, and brain tumors.
However, because of significant heterogeneity or too few
studies for some malignancies, the conclusion should be
drawn cautiously. Further, more studies focusing on the
association between PM/DM and various site-specific
malignancies are needed in the future.

ONLINE SUPPLEMENT
Supplementary data for this article are available online at jrheum.org.
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