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Abstract

Objectives. To identify clinical factors associated with cancer risk in the idiopathic inflammatory myo-

pathies (IIMs) and to systematically review the existing evidence related to cancer screening.
Methods. A systematic literature search was carried out on Medline, Embase and Scopus. Cancer risk

within the IIM population (i.e. not compared with the general population) was expressed as risk ratios

(RR) for binary variables and weighted mean differences (WMD) for continuous variables. Evidence

relating to cancer screening practices in the IIMs were synthesized via narrative review.
Results. Sixty-nine studies were included in the meta-analysis. DM subtype (RR 2.21), older age (WMD 11.19),

male sex (RR 1.53), dysphagia (RR 2.09), cutaneous ulceration (RR 2.73) and anti-transcriptional intermediary fac-

tor-1 gamma positivity (RR 4.66) were identified as being associated with significantly increased risk of cancer.

PM (RR 0.49) and clinically amyopathic DM (RR 0.44) subtypes, Raynaud’s phenomenon (RR 0.61), interstitial

lung disease (RR 0.49), very high serum creatine kinase (WMD �1189.96) or lactate dehydrogenase (WMD

�336.52) levels, and anti-Jo1 (RR 0.45) or anti-EJ (RR 0.17) positivity were identified as being associated with sig-

nificantly reduced risk of cancer. Nine studies relating to IIM-specific cancer screening were included. CT scan-

ning of the thorax, abdomen and pelvis appeared to be effective in identifying underlying asymptomatic cancers.
Conclusion. Cancer risk factors should be evaluated in patients with IIM for risk stratification.

Screening evidence is limited but CT scanning could be useful. Prospective studies and consensus

guidelines are needed to establish cancer screening strategies in IIM patients.
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Introduction

Idiopathic inflammatory myopathies (IIMs) are chronic

multisystem autoimmune conditions that may cause

muscle inflammation (myositis), skin manifestations and

interstitial lung disease (ILD) [1, 2]. Adult-onset IIMs are

associated with increased risk of cancer. A recent meta-

analysis of such studies reported a standardized inci-

dence ratio of 4.66 for DM and 1.75 for PM [3]. The gen-

erally accepted definition of cancer associated myositis

(CAM) is malignancy within 3 years of IIM onset. Cancer

remains the leading cause of death for adults with IIM

[4–6].

Around one in four patients are diagnosed with cancer

within 3 years before or after IIM onset [4]; however, risk

varies according to the presence/absence of certain fac-

tors [7]. Unfortunately, the data regarding risk factors

are largely derived from retrospective studies with small

populations, thus limiting the ability to form robust con-

clusions and extrapolate to the wider population.

Meta-analysis of existing evidence could synthesize

results across studies and identify factors associated

with cancer in IIM populations, thus potentially account-

ing for biases, such as publication bias and outlier stud-

ies. Further, assimilation of evidence relating to cancer

screening specific to CAM could provide an evidence

base informing clinical screening practices and facilitate

the formulation of cancer screening guidelines.

The International Myositis Assessment and Clinical

Studies Group (IMACS), the largest international group

for scientific studies in myositis, began a special interest

group to develop evidence-based cancer screening

guidelines for newly diagnosed IIM patients. This meta-

analysis forms an important component in guideline for-

mation. Therefore, the overall aim of this study is to

identify risk factors associated with CAM using meta-

analysis, and to systematically review existing evidence

relating to CAM screening approaches.

Methods

We performed a systematic review of factors associated

with cancer in IIM populations and screening practices.

Evidence pertaining to factors associated with cancer

were assimilated via meta-analysis. Results of studies

relating to cancer screening in IIM populations were

assimilated into a narrative review. Study selection, data

extraction, quality assessment, data synthesis and ana-

lysis were all carried out in adherence to PRISMA guide-

lines (for PRISMA checklist see Supplementary Material,

available at Rheumatology online) [8].

Data sources

A systematic literature search was carried out on

Medline via PubMed, Embase via OVID and Scopus.

The following were used to identify appropriate studies:

‘myositis’, ‘neoplasm’, ‘screening’. Full-length peer

reviewed articles published in English language before 8

January 2020 were included. Case reports, letters and

conference abstracts were excluded. References of

each identified study were also examined for further ap-

propriate studies.

Study selection

Studies were included in the risk factor meta-analysis if

they provided data on at least one risk factor, included

at least 10 IIM study subjects, and provided data on an

IIM control group. It is important to note that risk factors

were assessed in comparison to each study’s wider IIM

population, not the general healthy population. Eligible

IIM subtypes included DM, PM, anti-synthetase syn-

drome (ASS), immune-mediated necrotizing myopathy

(IMNM) and clinically amyopathic DM (CADM). Data

relating to inclusion body myositis were excluded due to

the relationship with cancer being distinct from that of

other IIM subtypes [4]. Only the study with the largest

cohort was included where repeated studies utilized the

same cohort data, where identifiable.

For the review of screening practices, studies that

assessed at least one cancer screening approach/mo-

dality in an IIM population were included.

Data extraction

Each eligible article was independently reviewed by two

reviewers (A.O., M.D.G., D.K., S.T., A.A., A.P. and K.K.).

The title and study abstracts were reviewed to assess

eligibility/ineligibility. Preliminary full text reviews were

carried out where eligibility/ineligibility could not be

decided using the title and abstract alone. Full text re-

view of each eligible article was carried out by a single

reviewer. Extracted data included study type, population

Rheumatology key messages

. IIM cancer risk factors include dermatomyositis, older age, male sex, dysphagia, cutaneous ulceration and anti-
TIF1c.

. Cancer screening evidence is limited but CT scans may be useful.

. Findings from this study can inform IIM-specific cancer screening guidelines.
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studied, sample size, risk factors evaluated, number of

cases (i.e. those with risk factors), controls (i.e. those

without risk factors), and number of cases and controls

diagnosed with cancer (excluding non-melanotic skin

cancers). Available data (e.g. mean, S.D., median, range)

on continuous risk factors, such as age, in those with/

without cancer were also collected. A second reviewer

reviewed selected studies to ensure accuracy of data

extraction. The quality of studies and bias assessment

was carried out using the GRADE system developed by

the Scottish Intercollegiate Guidelines Network, where

each study was given a quality assessment of either

very low, low, moderate or high [9]. Studies were

excluded if they were deemed to be of low or very low

quality or subject to a high risk of bias according to the

GRADE system. Agreement of both reviewers was

required to remove a study according to bias. The deci-

sion of study inclusion/exclusion was made by a third

reviewer in the case of differing assessments.

Data synthesis and analysis

Meta-analysis was carried out for each risk factor where

data from at least two eligible studies were available.

Investigated factors included IIM subtypes, demograph-

ics, clinical features, laboratory parameters and autoan-

tibodies. The denominator used in cancer risk

estimation for each factor was the remaining IIM popula-

tion of each study, not the general population. The can-

cer risk associated with individual ASS-related

autoantibodies (anti-Jo1, anti-PL7, anti-PL12, anti-EJ,

anti-OJ, anti-KS) was considered. Subsequently, the risk

associated with the presence of any ASS-related auto-

antibody was calculated by combining studies that com-

pared risk against non-ASS IIM controls. Risk ratios

(RRs) were calculated for binary variables (e.g. presence

of ILD). The weighted mean difference (WMD) for each

continuous variable (e.g. age) was calculated by com-

paring means and S.D.s. The mean (S.D.) was calculated

from studies that reported only median and range using

methods described by Hozo et al. [10].

The small number of studies that reported the utility of

cancer screening approaches in IIM populations pre-

cluded a meta-analysis, therefore a narrative review was

carried out.

Heterogeneity and study sample size analysis

Heterogeneity was assessed using the standard chi-

squared test and I2 statistic. Further analysis was car-

ried out for factors with very high levels of heterogeneity

(I2 >75%). Influence analysis (‘leave-one-out’) was car-

ried out to identify outlier studies, that is those with ex-

treme effect sizes, and thus substantially contributing to

heterogeneity. A study was considered an outlier if it ful-

filled the cut-off criteria proposed by Viechtbauer et al.

[11].

Egger’s test was used to assess the influence of

study cohort size on calculated effect sizes [12]. ‘Trim

and fill’ was used to calculate adjusted effect sizes for

factors with significant (<0.05) Egger’s test P-values

[13].

All analysis was carried out using the statistical pro-

gramme R [14], and the meta [15] and metaphor [16]

packages.

Results

A total of 7030 articles were initially identified via the lit-

erature search and 141 were reviewed for eligibility fol-

lowing removal of ineligible papers, duplicates, case

reports and reviews (Fig. 1). Sixty-seven studies were

included in the risk factor meta-analysis (Fig. 1) and nine

in the screening narrative review (two studies were

included in both the meta-analysis and systematic re-

view). Table 1 displays the summary RRs and WMDs

calculated for each risk factor. See Supplementary

Material for forest plots for each risk factor and further

details of each study (Supplementary Table 1, available

at Rheumatology online).

IIM subtypes

DM was significantly associated with a higher risk of

cancer compared with other IIM subtypes [17–40]. PM

[17–28, 30, 31, 33–40] and CADM [28, 35, 41] were

found to be associated with significantly lower risk for

cancer compared with remaining IIM subtypes. ASS

subtype was a non-significant factor; however, data

from only two eligible studies were available [21, 42].

Insufficient data were available to perform meta-analysis

on data relating to IMNM.

Clinical factors including demographics and

laboratory values

Demographics

Older age at time of IIM onset was found to be signifi-

cantly associated with increased risk of cancer [21, 22,

28, 29, 32, 33, 36, 39, 42–54]. The mean age of IIM

onset in cancer cases was 59 years, compared with

49 years in the non-cancer cases. Male sex was found

to be significantly associated with higher risk of cancer,

compared with female sex [17, 18, 21, 22, 25–30, 32–

34, 36, 38, 39, 41–59].

Clinical risk factors

Sufficient data were available to quantify the cancer

risks associated with dysphagia, cutaneous ulceration,

Raynaud’s phenomenon and ILD. Dysphagia, which was

typically not objectively defined across the majority of

studies, was significantly associated with higher risk of

cancer [22, 25, 26, 29, 32, 33, 39, 43, 46, 47, 49, 56, 59,

60]. Cutaneous ulceration was also significantly associ-

ated with higher risk of cancer [45, 46, 49, 50, 53].

Analysis revealed that the presence of Raynaud’s phe-

nomenon was associated with a significantly lower risk

of cancer [22, 25, 26, 29, 30, 39, 41, 45, 46, 50, 59]. The

presence of ILD, which was typically diagnosed via CT

scanning, was also associated with a significantly lower
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risk of cancer [22, 26, 28–30, 32, 33, 35, 39, 43, 45, 46,

56, 59].

Laboratory values

Lower creatine kinase (CK) [22, 27, 29, 32, 33, 38, 39,

43, 46, 53] values were significantly associated with

increased cancer risk, therefore, conversely, very high

values were associated with lower risk of cancer. It is

important to note, however, that the mean CK level in

cancer cases (2402 IU/l) was still raised compared with

normal values, but lower than the non-cancer group

(3557 IU/l). Similarly, lower lactate dehydrogenase (LDH)

[22, 32, 33, 38, 39, 46, 53] values (mean LDH 766 U/l)

were found to be associated with increased cancer risk

as compared with higher LDH values (mean LDH

1078 U/l). Both alanine transaminase (ALT) [29, 38, 53]

and ESR [22, 29, 33, 38, 43, 45] levels were found to be

non-significant factors, and insufficient data were avail-

able for aspartate aminotransferase and aldolase.

Autoantibodies

Anti-transcriptional intermediary factor-1 gamma (anti-

TIF1c) positivity was significantly associated with

increased cancer risk [21, 31, 37, 41, 44, 48, 58, 60–71].

Anti-nuclear matrix protein 2 (anti-NXP2) positivity was a

non-significant factor [21, 37, 61, 62, 68, 71–76]. Large

proportions of the control cohorts in studies of anti-

NXP2-positive cohorts were comprised of anti-TIF1c-

positive cases. We repeated meta-analysis after remov-

ing anti-TIF1c-positive cases. The RR of anti-NXP2 using

data from six studies with anti-TIF1c cases excluded

was 1.47 [95% confidence interval (CI): 0.57, 3.80; I2

0.00%], again indicating that positivity for anti-NXP2 is a

non-significant factor for cancer relative to other auto-

antibody subtypes [21, 37, 62, 68, 71, 73].

Analysis was carried out for each individual ASS-

related autoantibody. Anti-Jo-1 [21, 22, 25, 26, 29, 33,

46, 59, 62, 71, 77] and anti-EJ [21, 62, 71, 78, 79] were

significantly associated with reduced cancer risk.

Positivity for anti-PL7 [21, 62, 71, 78, 79], anti-PL12 [21,

62, 71, 78, 79], anti-OJ [21, 71, 78, 79] and anti-KS [71,

79] were non-significant factors, although limited by

small number of studies. Analysis revealed that the pres-

ence of any ASS-related autoantibody was significantly

associated with lower risk of cancer [21, 22, 25, 26, 29,

33, 59, 62, 70, 71].

Positivity for other autoantibodies, including anti-3-

hydroxy 3-methylutaryl coenzyme A reductase (anti-

HMGCR) [21, 62, 71, 80, 81], anti-signal recognition

FIG. 1 PRISMA flow diagram
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particle (anti-SRP) [62, 71, 80], anti-small ubiquitin-like

modifier-1 activating enzyme (anti-SAE1) [21, 62, 71],

anti-melanoma differentiation-associated gene 5 (anti-

MDA5) [21, 44, 48, 62, 71] or anti-Mi2 [21, 41, 58, 62,

64, 71], were identified as non-significant factors for

cancer. Both myositis specific autoantibody (MSA) nega-

tivity [21, 30, 45, 62, 71] and ANA positivity [22, 26, 28,

30, 39, 41, 43, 46, 50, 53, 54, 56, 82] were non-signifi-

cant factors.

Heterogeneity and publication bias

Table 1 displays the standard chi-squared test results

and I2 statistic for heterogeneity of each analysed factor.

Influence analysis aimed to identify outlier studies for

risk factors with very high (>75%) heterogeneity. One

study each fulfilled the outlier criteria for CK [53], ESR

[45] and ALT [53]. Adjusted WMD after removal of data

from outlier publication was calculated and did not

change overall relationships (Supplementary Table 2,

available at Rheumatology online).

Significant publication bias was observed with ‘any

ASS-antibody’. Adjusted RR following ‘trim and fill’ ana-

lysis with six added studies was 0.46 (95% CI: 0.23,

0.93).

Cancer screening utility review

Nine studies [40, 45, 83–89] relating to utility of cancer

screening approaches in IIM populations were identified.

Table 2 displays the details of each study. A total of 90

cancers were identified via screening across 1033

TABLE 1 Meta-analysis results, including calculated effect sizes, heterogeneity and publication bias for each factor

Domain Factor RR/WMD (95% CI) GRADE

certainty

ratinga

Heterogeneity Egger’s

test,

P-value

P-value I2, %

Subtypeb DM 2.21 (1.78, 2.77) Moderate 0.134 24.8 0.162

PM 0.49 (0.37, 0.65) Moderate 0.061 34.0 0.603

CADM 0.44 (0.20, 0.97) Low 0.751 0.0 —

ASS 0.28 (0.00, 6554.79) Low 0.017 82.4 —

Demographics Age 11.19 (9.29, 13.08) High 0.001 56.1 0.859

Male sex 1.53 (1.34, 1.75) High 0.101 24.2 0.081

Clinical features Dysphagia 2.09 (1.21, 3.60) High <0.0001 83.6 0.310

Cutaneous ulceration 2.73 (1.33, 5.59) Moderate 0.389 3.1 —

Raynaud’s phenomenon 0.61 (0.39, 0.95) Moderate 0.698 0.0 0.055

ILD 0.49 (0.32, 0.76) High 0.011 52.3 0.381

Blood parameters CK �1189.96 (�2132.74, �247.18) Moderate <0.0001 84.5 0.182

LDH �336.52 (�514.40, �158.64) Moderate 0.093 44.8 —

ALT 36.29 (�313.18, 385.77) Low 0.001 85.5 —

ESR 4.4 (�6.2, 14.9) Low 0.028 60.2 —

Autoantibodies Anti-TIF1c 4.68 (3.37, 6.48) High <0.0001 68.8 0.543

Anti-NXP2 1.16 (0.73, 1.87) Moderate 0.278 17.4 0.271

Anti-c 1.59 (0.33, 7.74) Low 0.217 34.5 —

Anti-HMGCR 0.55 (0.19, 1.61) Low 0.277 21.6 —

Anti-MDA5 0.17 (0.02, 1.28) Low 0.457 0.0 —

Anti-Mi2 1.05 (0.28, 3.92) Low 0.381 5.6 —

Anti-SRP 0.40 (0.14, 1.21) Low 0.790 0.0 —

Any ASS antibody 0.41 (0.26, 0.64) High 0.746 0.0 <0.001

Anti-Jo1 0.45 (0.25, 0.84) High 0.700 0.0 0.051

Anti-PL7 0.68 (0.15, 3.07) Low 0.541 0.0 —

Anti-PL12 1.59 (0.89, 2.86) Low 0.789 0.0 —

Anti-EJ 0.17 (0.07, 0.44) Low 0.964 0.0 —

Anti-OJ 1.56 (0.68, 3.52) Low 0.870 0.0 —

Anti-KS 1.23 (0.05, 30.12) Very low 0.717 0.0 —

MSA negative 0.89 (0.50, 1.59) Low 0.073 50.4 —

ANA positivity 0.91 (0.58, 1.41) Low <0.0001 75.0 0.113

aGrading of Recommendations, Assessment, Development and Evaluations certainty rating: very low (the true effect is
probably markedly different from the estimated effect), low (the true effect might be markedly different from the estimated

effect), moderate (the authors believe that the true effect is probably close to the estimated effect), and high (the authors
have a lot of confidence that the true effect is similar to the estimated effect). bThe risk of cancer for each IIM subtype is
estimated against each study’s wider IIM population, not the general population. ALT: alanine transaminase; ASS: anti-syn-

thetase syndrome; CADM: clinically amyopathic dermatomyositis; CI: confidence interval; CK: creatine kinase; DM: derm-
atomyositis; HMGCR: 3-hydroxy 3-methylutaryl coenzyme A reductase; ILD: interstitial lung disease; LDH: lactate

dehydrogenase; MDA5: melanoma differentiation-associated gene 5; MSA: myositis specific autoantibody; NXP2: nuclear
matrix protein 2; RR: risk ratio; SAE1: small ubiquitin-like modifier-1 activating enzyme; SRP: signal recognition particle;
TIF1c: transcriptional intermediary factor-1 gamma; WMD: weighted mean difference.

Cancer and myositis – a meta-analysis and review

https://academic.oup.com/rheumatology 2619

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/60/6/2615/6143039 by guest on 20 August 2022

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keab166#supplementary-data


T
A

B
L

E
2

D
e
ta

ils
o

f
id

e
n
ti
fi
e
d

s
tu

d
ie

s
re

p
o

rt
in

g
u
ti
lit

y
o

f
c
a
n
c
e
r

s
c
re

e
n
in

g
in

v
e
s
ti
g

a
ti
o

n
s

in
II
M

p
o

p
u
la

ti
o

n
s

S
tu

d
y

C
o

u
n

tr
y

S
tu

d
y

ty
p

e
II

M
s
u

b
ty

p
e

s

in
c

lu
d

e
d

P
o

p
u

la
ti

o
n

s
iz

e

S
c

re
e

n
in

g
m

o
-

d
a

li
ty

a
s
s
e

s
s
e

d

T
im

in
g

o
f

s
c

re
e

n
in

g

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

n
tr

o
l
m

o
d

a
li
ty

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

m
m

e
n

ts

K
id

a
m

b
ie

t
a
l.

[8
3
]

U
S

A
R

e
tr

o
s
p

e
c
ti
v
e

D
M

7
9

in
to

ta
l

U
p

p
e
r

G
I

e
n
d

o
s
c
o

p
y

4
7

L
o

w
e
r

G
I

e
n
d

o
s
c
o

p
y

6
7

U
p

p
e
r

a
n
d

lo
w

e
r

G
I
e
n
d

o
s
c
o

p
y

M
e
a
n

6
.8

y
e
a
rs

(S
.D

.
6
.6

)
a
ft

e
r

D
M

o
n
s
e
t

0 2
c
a
s
e
s

o
f

B
a
rr

e
tt

’s
o

e
s
o

p
h
a
g

u
s

1
0

a
d

e
n
o

m
a

N
A

N
A

M
a
lih

a
e
t
a
l.

[8
4
]

C
a
n
a
d

a
R

e
tr

o
s
p

e
c
ti
v
e

D
M

3
1
,
P

M
1
,
o

v
e
r-

la
p

2
5
,
IB

M
1
,

o
rb

it
a
l1

,
u
n
s
p

e
c
i-

fi
e
d

s
u
b

ty
p

e
4

6
3

1
8
F

-F
D

G
P

E
T

/C
T

‘A
v
e
ra

g
e
’
ti
m

e
o

f
9

m
o

n
th

s
a
ft

e
r

II
M

d
ia

g
n
o

s
is

0
‘C

o
n
v
e
n
ti
o

n
a
l’,

p
h
y
s
ic

a
la

n
d

g
y
n
a
e
c
o

lo
g

ic
a
l

e
x
a
m

in
a
ti
o

n
,

C
B

C
,
s
e
ru

m
b

io
c
h
e
m

is
tr

y
,

L
F

T
s
,
s
e
ru

m
p

ro
te

in
e
le

c
tr

o
-

p
h
o

re
s
is

,
u
ri
n
-

a
ly

s
is

,
C

X
R

,
g

a
s
tr

o
s
c
o

p
y
,

c
o

lo
n
o

s
c
o

p
y
,

C
T

o
f
th

o
ra

x
,

a
b

d
o

m
e
n

a
n
d

p
e
lv

is
,
m

a
m

-
m

o
g

ra
p

h
y
,

e
n
d

o
v
a
g

in
a
l

U
S

S
,
s
e
ru

m
tu

-
m

o
u
r

m
a
rk

e
rs

3 b
re

a
s
t

c
a
n
c
e
r

v
ia

m
a
m

m
o

g
-

ra
p

h
y
,
s
q

u
a
-

m
o

u
s

c
e
ll

c
a
rc

in
o

m
a

v
ia

e
x
a
m

in
a
ti
o

n
,

m
u
lt
ip

le
m

y
e
-

lo
m

a
v
ia

b
lo

o
d

te
s
ts

1
8
F

-F
D

G
P

E
T

/C
T

le
a
d

to
m

o
re

b
io

p
s
ie

s
c
o

m
-

p
a
re

d
w

it
h

c
o

n
-

v
e
n
ti
o

n
a
l

s
c
re

e
n
in

g
(8

vs
5
)

L
e
a
th

a
m

e
t
a
l.

[8
5
]

U
S

A
R

e
tr

o
s
p

e
c
ti
v
e

D
M

4
0
0

M
e
d

ia
n

4
.2

y
e
a
rs

(I
Q

R
1
.7

–
8
.0

.6
)

b
e
tw

e
e
n

s
y
m

p
-

to
m

o
n
s
e
t

a
n
d

s
c
re

e
n
in

g

2
9

c
a
n
c
e
rs

a
c
ro

s
s

2
7

p
a
ti
e
n
ts

d
ia

g
-

n
o

s
e
d

a
ft

e
r

D
M

o
n
s
e
t

1
7

c
a
n
c
e
rs

(1
6

p
a
ti
e
n
ts

)
d

ia
g

-
n
o

s
e
d

b
y

b
lin

d
s
c
re

e
n
in

g

C
T

a
b

d
o

m
e
n

4

M
a
m

m
o

g
ra

p
h
y

3

C
B

C
3

C
o

lo
n
o

s
c
o

p
y

2

P
S

A
2

C
T

th
o

ra
x

1

C
T

p
e
lv

is
1

N
A

N
A

2
c
a
n
c
e
rs

(b
re

a
s
t

c
a
n
c
e
r

a
n
d

D
L
B

C
L
)
w

e
re

d
ia

g
n
o

s
e
d

v
ia

re
p

e
a
t

‘b
lin

d
s
c
re

e
n
in

g
’.

In
c
re

a
s
in

g
a
g

e
w

a
s

o
n
ly

id
e
n
-

ti
fi
e
d

c
a
n
c
e
r

ri
s
k

fa
c
to

r.

H
u
a
n
g

e
t

a
l.

[8
6
]

C
h
in

a
R

e
tr

o
s
p

e
c
ti
v
e

D
M

a
n
d

P
M

1
2
9

P
M

3
0
,
D

M
9
9

W
B

M
R

I
M

e
a
n

d
is

e
a
s
e

d
u
ra

ti
o

n
3
0
.8

m
o

n
th

s
(S

.D
.
4
7
.9

,
ra

n
g

e

5
,
a
ll

D
M

3
N

P
C

1
o

v
a
ri
a
n

1
th

y
ro

id
c
a
n
c
e
r

N
A

N
A

(c
o

n
ti
n
u
e
d

)

Alexander G. S. Oldroyd et al.

2620 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/60/6/2615/6143039 by guest on 20 August 2022



T
A

B
L

E
2

C
o

n
ti
n
u
e
d

S
tu

d
y

C
o

u
n

tr
y

S
tu

d
y

ty
p

e
II

M
s
u

b
ty

p
e

s

in
c

lu
d

e
d

P
o

p
u

la
ti

o
n

s
iz

e

S
c

re
e

n
in

g
m

o
-

d
a

li
ty

a
s
s
e

s
s
e

d

T
im

in
g

o
f

s
c

re
e

n
in

g

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

n
tr

o
l
m

o
d

a
li
ty

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

m
m

e
n

ts

1
0

d
a
y
s

to
1
9

y
e
a
rs

)

W
h
it
m

o
re

e
t

a
l.

[8
7
]

U
S

A
R

e
tr

o
s
p

e
c
ti
v
e

D
M

1
4

S
e
ru

m
C

A
-1

2
5

M
e
d

ia
n

d
is

e
a
s
e

d
u
ra

ti
o

n
1
5
.5

m
o

n
th

s
(r

a
n
g

e
7
–
2
4
)

4
o

v
a
ri
a
n

c
a
n
c
e
r

N
A

N
A

P
re

-d
ia

g
n
o

s
is

s
e
ru

m
C

A
-1

2
5

le
v
e
ls

w
e
re

fo
u
n
d

to
b

e
h
ig

h
e
r

in
2

(5
0
%

)
o

f
o

v
a
r-

ia
n

c
a
n
c
e
r

c
a
s
e
s
.
N

o
rm

a
l

s
e
ru

m
C

A
-1

2
5

le
v
e
ls

w
e
re

s
e
e
n

in
a
ll

c
o

n
tr

o
ls

.

S
p

a
rs

a
e
t

a
l.

[4
5
]

F
ra

n
c
e

R
e
tr

o
s
p

e
c
ti
v
e

D
M

a
n
d

P
M

4
0

H
is

to
ry

,
p

h
y
s
ic

a
l

a
n
d

p
e
lv

ic
e
x
a
m

in
a
ti
o

n
,

C
B

C
,
E

S
R

,
g

e
n
e
ra

lc
h
e
m

-
is

tr
y

s
c
re

e
n
,

L
F

T
s
,
C

X
R

,
m

a
m

m
o

g
ra

p
h
y
,

C
T

T
A

P
,
u
p

p
e
r

a
n
d

lo
w

e
r

G
I

e
n
d

o
s
c
o

p
y
,

‘s
m

a
ll

b
o

w
e
l

ra
d

io
lo

g
ic

e
x
a
m

in
a
ti
o

n
’,

th
y
ro

id
im

a
g

-
in

g
,
M

R
I,

P
E

T
-

C
T

,
c
a
n
c
e
r-

a
s
s
o

c
ia

te
d

a
n
ti
-

g
e
n
s
,
b

o
n
e

m
a
rr

o
w

b
io

p
s
y
,

la
p

a
ro

to
m

y

N
o

t
re

p
o

rt
e
d

fo
r

w
h
o

le
c
o

h
o

rt

S
c
re

e
n
in

g
o

c
c
u
rr

e
d

b
e
-

tw
e
e
n

1
2

m
o

n
th

s
p

ri
o

r
to

a
n
d

8
m

o
n
th

s
a
ft

e
r

II
M

o
n
s
e
t

in
c
a
n
c
e
r

c
a
s
e
s

T
o

ta
l1

2
2

in
v
e
s
ti
-

g
a
ti
o

n
s
,
3
0

re
v
e
a
le

d
m

a
lig

n
a
n
c
y

3
5

te
s
ts

w
e
re

‘d
ir
e
c
te

d
’,

1
9

(5
4
%

)
w

e
re

p
o

s
it
iv

e

8
7

te
s
ts

w
e
re

‘b
lin

d
’,

1
1

(1
3
%

)
w

e
re

p
o

s
it
iv

e

N
A

N
A

C
T

T
A

P
re

v
e
a
le

d
m

o
s
t

‘b
lin

d
’

s
c
re

e
n
in

g
c
a
n
-

c
e
rs

-
5
/1

8
(2

8
%

)
w

e
re

p
o

s
it
iv

e

S
e
lv

a
-

O
’C

a
lla

g
h
a
n

e
t
a
l.

[8
8
]

S
p

a
in

P
ro

s
p

e
c
ti
v
e

4
9

D
M

,

6
P

M

5
5

1
8
F

-F
D

G
P

E
T

/C
T

W
it
h
in

6
m

o
n
th

s
p

e
ri
o

d
a
ft

e
r

II
M

d
ia

g
n
o

s
is

P
o

s
it
iv

e
in

7
c
a
s
e
s

(1
fa

ls
e
-

p
o

s
it
iv

e
),

n
e
g

a
-

ti
v
e

in
4
4

c
a
s
e
s

(3
fa

ls
e
-n

e
g

a
-

ti
v
e
s
)
a
n
d

in
-

c
o

n
c
lu

s
iv

e
in

4
c
a
s
e
s

C
T

a
b

d
o

m
e
n

a
n
d

p
e
lv

is
,
m

a
m

-
m

o
g

ra
p

h
y
,

g
y
n
a
e
c
o

lo
g

ic
e
x
a
m

in
a
ti
o

n
,

o
v
a
ri
a
n

U
S

S
,

tu
m

o
u
r

m
a
rk

e
rs

(C
A

-1
2
5
,
C

A
-

1
9
.9

,
C

E
A

,
P

S
A

)

P
o

s
it
iv

e
in

9
c
a
s
e
s

(2
fa

ls
e
-

p
o

s
it
iv

e
)

5
b

re
a
s
t,

1
lu

n
g

,
1

p
a
n
c
re

a
s
,
1

v
a
g

in
a
,
1

c
o

lo
n

N
e
g

a
ti
v
e

in
4
6

c
a
s
e
s

(2
fa

ls
e
-

n
e
g

a
ti
v
e
s
)

1
8
F

-F
D

G
P

E
T

/C
T

P
P

V
w

a
s

8
6
%

,
N

P
V

w
a
s

9
4
%

A
m

o
u
ra

e
t
a
l.

[8
9
]

F
ra

n
c
e

R
e
tr

o
s
p

e
c
ti
v
e

5
0

D
M

,

5
2

P
M

1
0
2

C
E

A
>

5
n
g

/m
l

C
A

1
5
-3
>

2
5

u
n
it
s
/m

l

N
o

t
re

p
o

rt
e
d

C
E

A
in

c
re

a
s
e
d

in
4

p
a
ti
e
n
ts

,
n
o

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

N
A

N
A

(c
o

n
ti
n
u
e
d

)

Cancer and myositis – a meta-analysis and review

https://academic.oup.com/rheumatology 2621

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/60/6/2615/6143039 by guest on 20 August 2022



T
A

B
L

E
2

C
o

n
ti
n
u
e
d

S
tu

d
y

C
o

u
n

tr
y

S
tu

d
y

ty
p

e
II

M
s
u

b
ty

p
e

s

in
c

lu
d

e
d

P
o

p
u

la
ti

o
n

s
iz

e

S
c

re
e

n
in

g
m

o
-

d
a

li
ty

a
s
s
e

s
s
e

d

T
im

in
g

o
f

s
c

re
e

n
in

g

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

n
tr

o
l
m

o
d

a
li
ty

N
o

.
c

a
n

c
e

r

c
a

s
e

s
id

e
n

ti
fi

e
d

C
o

m
m

e
n

ts

C
A

1
9
-9
>

3
7

u
n
it
s
/m

l

C
A

1
2
5
>

3
5

u
n
it
s
/

m
l

C
A

1
5
-3

in
c
re

a
s
e
d

in
2
2
,
2

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

C
A

1
9
-9

in
c
re

a
s
e
d

in
1
1

p
a
ti
e
n
ts

,
3

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

C
A

1
2
5

in
c
re

a
s
e
d

in
8

p
a
ti
e
n
ts

,
5

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

C
A

1
9
-9

a
n
d

C
A

1
2
5

w
e
re

b
o

th
in

c
re

a
s
e
d

in
3

p
a
ti
e
n
ts

,
a
ll

3
w

e
re

d
ia

g
n
o

s
e
d

w
it
h

c
a
n
c
e
r

L
im

e
t
a
l.

[4
0
]

T
a
iw

a
n

R
e
tr

o
s
p

e
c
ti
v
e

9
8

D
M

,

5
3

P
M

1
5
2

C
E

A
>

5
n
g

/m
l

C
A

1
2
5
>

3
5

u
n
it
s
/

m
l

C
A

1
9
-9
>

3
4

u
n
it
s
/m

l

C
A

1
5
-3
>

2
5

u
n
it
s
/m

l

A
F

P
>

1
2

n
g

/m
l

M
e
a
n

6
.1

y
e
a
rs

(S
.D

.
5
.7

)
a
ft

e
r

II
M

o
n
s
e
t

C
A

1
5
-3

in
c
re

a
s
e
d

in
9

p
a
ti
e
n
ts

,
n
o

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

C
A

1
2
5

in
c
re

a
s
e
d

in
1
8

p
a
ti
e
n
ts

,
1

c
a
n
c
e
r

d
ia

g
n
o

s
is

C
A

1
9
-9

in
c
re

a
s
e
d

in
1
0
,
1

c
a
n
c
e
r

d
ia

g
n
o

s
is

A
F

P
in

c
re

a
s
e
d

in
4
,
n
o

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

C
E

A
in

c
re

a
s
e
d

in
8
,
3

c
a
n
c
e
r

d
ia

g
n
o

s
e
s

8
(8

9
%

)
o

f
th

e
9

w
it
h

e
le

v
a
te

d
C

A
1
5
-3

le
v
e
ls

d
e
v
e
lo

p
e
d

IL
D

1
8
F

-F
D

G
P

E
T

/C
T

:
1
8
F

-fl
u
o

ro
d

e
o

x
y
g

lu
c
o

s
e

P
E

T
/C

T
;

A
F

P
:

a
lp

h
a

fe
to

p
ro

te
in

;
C

A
:

c
a
rb

o
h
y
d

ra
te

a
n
ti
g

e
n
;

C
B

C
:

c
o

m
p

le
te

b
lo

o
d

c
o

u
n
t;

C
E

A
:

c
a
rc

in
o

e
m

b
ry

o
n
ic

a
n
ti
g

e
n
;

C
T

T
A

P
:

c
o

m
-

p
u
te

d
to

m
o

g
ra

p
h
y

th
o

ra
x
,

a
b

d
o

m
e
n

a
n
d

p
e
lv

is
;

C
X

R
:

c
h
e
st

X
-r

a
y

ra
d

io
g

ra
p

h
;

D
L
B

C
L
:

d
if
fu

se
la

rg
e

B
c
e
ll

ly
m

p
h
o

m
a
;

G
I:

g
a
s
tr

o
in

te
st

in
a
l;

II
M

:
id

io
p

a
th

ic
in

fl
a
m

m
a
to

ry
m

yo
p

a
th

y
;

IL
D

:
in

te
rs

ti
ti
a
l

lu
n
g

d
is

e
a
s
e
;

IQ
R

:
in

te
rq

u
a
rt

ile
ra

n
g

e
;

L
F

T
:

liv
e
r

fu
n
c
ti
o

n
te

st
s
;

N
A

:
n
o

t
a
p

p
lic

a
b

le
;

N
P

C
:

n
a
s
o

p
h
a
ry

n
g

e
a
l

c
a
rc

in
o

m
a
;

N
P

V
:

n
e
g

a
ti
v
e

p
re

d
ic

ti
v
e

v
a
lu

e
;

P
P

V
:

p
o

si
ti
v
e

p
re

d
ic

ti
v
e

v
a
lu

e
;

P
S

A
:

p
ro

st
a
te

-s
p

e
c
ifi

c
a
n
ti
g

e
n
;

U
S

S
:

u
lt
ra

s
o

u
n
d

s
c
a
n
;

W
B

M
R

I:
w

h
o

le
b

o
d

y
m

a
g

n
e
ti
c

re
so

n
a
n
c
e

im
a
g

in
g

.

Alexander G. S. Oldroyd et al.

2622 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/60/6/2615/6143039 by guest on 20 August 2022



patients. Studies were carried out across a number of

countries, including the USA, Canada, Taiwan, China,

France and Spain, and widely ranging intervals between

IIM onset/diagnosis and screening were reported. All but

one study was retrospective. Study population sizes

ranged between 14 and 400. A wide variety of cancers

were diagnosed, including but not limited to breast can-

cer, squamous cell carcinoma, multiple myeloma, ovar-

ian cancer, lymphoma, lung cancer and oesophageal

cancer.

The utility of ‘blind screening’ (i.e. investigations car-

ried out in the absence of target symptoms) was

reported by Leatham et al. [85] and Sparsa et al. [45].

Leatham et al. identified 17 out of 48 cancer patients

diagnosed with cancer via blind screening modalities

after DM onset. CT scanning of the thorax, abdomen or

pelvis detected the most cancer diagnoses (6/17, 38%),

followed by mammography (3/17, 18%). Sparsa et al.

reported the identification of 30 cancers via 122 investi-

gations. Thirty-five investigations were ‘directed’ (i.e. ini-

tiated due to the presence of target symptoms) and

resulted in the identification of 19 (54%) cancers. In con-

trast, 87 investigations were blind and identified 11

(13%) cancers. Again, CT scanning of the thorax, abdo-

men and pelvis was the single investigation that

detected the most cancers (5/18, 28%).

The utility of 18F-FDG PET/CT was reported by Maliha

et al. [84] and Selva-O’Callaghan et al. [88]. Maliha et al.

reported that fluorodeoxyglucose (18F-FDG) PET/CT

scans revealed no further cancer diagnoses and actually

lead to more biopsies, compared with ‘conventional’

screening (see Table 2 for details). Similarly, Selva-

O’Callaghan reported that single 18F-FDG PET/CT scans

were comparable to a large number of conventional

screening investigations, which included complete phys-

ical examination, laboratory tests (complete blood count

and serum chemistry panel), thoraco-abdominal CT

scan, tumour markers [carbohydrate antigen-125

(CA125), CA19-9, carcinoembryonic antigen (CEA), pros-

tate-specific antigen], gynaecological examination, ovar-

ian ultrasonography and mammography.

The screening utility of CA125 was demonstrated by

Amoura et al. [89] and Whitmore et al. [87]. Amoura

et al. demonstrated that increased levels were signifi-

cantly associated with subsequent cancer diagnoses

(OR 29.7; 95% CI: 8.2, 106.6; P-value <0.0001).

Whitmore et al. also demonstrated the utility of normal

values—no study participant with normal CA125 levels

was subsequently diagnosed with cancer during the

study period. In contrast, Lim et al. concluded that

CA125 testing was not useful for detection of cancer

[40]. Eighteen participants had raised CA125 levels and

only one (6%) was subsequently diagnosed with cancer.

Additionally, 53 participants had normal CA125 levels

and two (4%) were diagnosed with cancer.

Both Amoura et al. [89] and Lim et al. [40] reported

the screening utility of CEA, CA15-3 and CA19-9

(Table 2). Raised CEA or CA15-3 levels were not associ-

ated with cancer in each study. Raised CA19-9 levels

were significantly associated with cancer in the study by

Amoura et al.; 11 cases had raised levels and three sub-

sequently developed cancer (OR 4.5; 95% CI: 1.00,

18.7; P-value 0.018). Raised CA19-9 levels were not

found to be associated with cancer in the study by Lim

et al. however. Of note, Amoura et al. reported that

three cases had raised levels of both CA19-9 and

CA125 and all of these were subsequently diagnosed

with cancer (OR 86.3; 95% CI: 4, 1832; P-value

<0.0001). Lim et al. also reported no association be-

tween raised AFP levels and cancer. Interestingly, Lim

et al. reported an association between CA15-3 levels

and the development of ILD; eight (89%) of the nine

patients with increased CA15-3 levels were diagnosed

with ILD.

Discussion

This meta-analysis has quantified the relationship be-

tween 30 clinical factors and the risk of cancer in IIM

patients. Fifteen factors significantly associated with

cancer risk were identified. Existing evidence relating to

the utility of cancer screening in IIM populations was

also reviewed, providing information useful for the future

formation of cancer screening guidelines.

DM, increasing age, male sex, dysphagia, cutaneous

ulceration and the presence of anti-TIF1c were all asso-

ciated with increased cancer risk. The magnitude of risk

of cancer was greatest for those positive for anti-TIF1c,

with a fourfold increased risk. Very high LDH or CK val-

ues were associated with reduced cancer risk.

PM and CADM subtypes were associated with lower

risk of cancer compared with other subtypes. However,

the risk of cancer in PM and CADM cases may be

reduced, but the risk is still raised compared with the

general population, as previously identified [3].

ASS subtype was a non-significant factor for cancer;

however, this was based on data from only two studies.

The presence of ILD or any ASS-related antibody, in

particular anti-Jo1 and anti-EJ, were significantly associ-

ated with lower cancer risk. ASS is characterized by ILD

and the presence of any ASS-related antibody, therefore

it may be concluded that ASS patients are at significant-

ly lower cancer risk compared with other IIM subtypes.

Insufficient evidence was available to include IMNM

subtype in the meta-analysis. However, meta-analysis

was possible for anti-SRP and anti-HMGCR, both

IMNM-specific autoantibodies. Positivity for either anti-

SRP or anti-HMGCR were non-significant factors for

cancer. Additionally, very high CK levels, which are also

typically observed in IMNM cases, were associated with

reduced cancer risk. A small number of studies have

reported increased risk of cancer in IMNM patients

compared with the general population; however, the risk

may be dependent on autoantibody status, as reported

by Allenbach et al. [80], where anti-HMGCR positivity

was associated with increased cancer risk and anti-SRP

positivity was not. An increased cancer risk associated

with anti-HMGCR positivity compared with the general
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population was, however, not found by Tiniakou et al.

[90]. Overall, the relationship between IMNM and cancer

remains unclear, and further research in larger cohorts is

warranted.

Anti-NXP2 positivity was not associated with cancer

in this meta-analysis even after removal of anti-TIF1c-

positive cases, where possible. Previous studies have,

however, highlighted the increased risk of anti-NXP2

positivity compared with the general population, for ex-

ample Yang et al. reported a cancer risk standardized

incidence ratio of 8.14 compared with the general popu-

lation [21]. It is perhaps, therefore, still appropriate to

consider anti-NXP2 positivity a cancer risk factor when

considering comparison to the general population.

Further research to fully delineate the cancer risk asso-

ciated with anti-NXP2 positivity is warranted.

Few previous studies have investigated the utility of

cancer screening approaches in IIM populations; how-

ever, a number of conclusions can be drawn.

Firstly, imaging of internal organs via CT scanning of

the thorax, abdomen and pelvis appeared to yield a

high proportion of cancers. CT scanning is a readily

available low-cost investigation and therefore represents

a potentially useful method of screening.

Secondly, CA125 levels may potentially be useful in

stratifying patients’ ovarian cancer risk. It is important to

note, however, that the evidence is overall weak, with

only three studies reporting relevant results.

Thirdly, neither of the two included studies demon-

strated that 18F-FDG PET/CT scanning leads to a higher

yield of cancer diagnosis [84, 88]. The study by Selva-

O’Callaghan et al., however, indicated that 18F-FDG

PET/CT scanning was comparable to a wide panel of

extensive screening investigations in ability to detect

cancers. This indicates that a single 18F-FDG PET/CT

scan may potentially negate the need for numerous

investigations. It is important to note the small popula-

tion sizes in the studies by Maliha et al. [84] and Selva-

O’Callaghan et al. [88] and non-stratification according

to the presence of risk factors, thus precluding extrapo-

lation of utility of 18F-FDG PET/CT in IIM patients with

risk factors. The higher number of biopsies performed

following 18F-FDG PET/CT without subsequent cancer

diagnoses, as reported by Maliha et al., is also a poten-

tial disadvantage. 18F-FDG PET/CT can provide poten-

tially useful IIM-specific clinical information relating to

ILD and myositis [91]. Further, a single 18F-FDG PET/CT

scan can result in lower out of pocket expenses for

patients (US $127 less), compared with a broad panel of

screening investigations (i.e. CT, tumour markers, faecal

occult blood, mammography, ovarian ultrasonography)

[92]. However, a small but potentially important radiation

exposure of 25 mSv is associated with an 18F-FDG PET/

CT scan, compared with 14–19 mSv with a standard

whole-body CT scan [93]. 18F-FDG PET/CT may there-

fore represent a cost-effective single investigation that

can identify underlying malignancy and detect ILD and

myositis, thus removing the need for further multiple

screening investigations. Further evidence is, however,

required to fully delineate the role of 18F-FDG PET/CT

scanning as a screening strategy for cancer in IIM

patients.

As previously mentioned, all results and findings in

this study pertain only in comparison to IIM patients, not

the general population. Future research and meta-ana-

lysis may consider delineating the cancer risk of appro-

priate factors in comparison to the general population.

One major potential limitation to this study is the vary-

ing MSA detection methods employed by different stud-

ies. This introduces the risk of varying accuracy of MSA

detection, thus affecting the calculated effect sizes.

Further, substantial heterogeneity potentially limits the

clinical translation of variables studied. Publication bias

was observed with any ASS-related antibody, thus high-

lighting potential inaccuracy of calculated effect sizes.

Recent advances in understanding raise the possibility

that PM cases may actually represent other subtypes,

such as IMNM or other neuromuscular disorders [94–

96], thus potentially limiting the accuracy of the esti-

mated cancer risk associated with PM. Calculation of

the cancer risk associated with connective tissue dis-

ease-associated IIM (overlap IIM) was not possible due

to varying classification. A number of potential risk fac-

tors such as ethnicity, arthralgia, arthritis and fever were

not included in this meta-analysis due to unavailability of

objective data. No studies addressed whether or not

repeated cancer screening is beneficial in identifying

cancer; evidence on this important topic will impact

screening practices, especially in patients where no can-

cer was diagnosed via initial screening. The potential

interaction of the presence of multiple risk factors and

their impact upon stratification of cancer risk in IIM has

never been evaluated. The small number of studies that

report the utility of cancer screening investigations high-

lights the need for further research in this area.

Conclusion

This meta-analysis has quantified the risk of cancer

associated with a large number of clinical risk factors

and MSAs, which can inform cancer screening practices

for IIM patients. In addition, the systematic review of

available evidence related to utility of cancer screening

investigations, although limited, can also inform clinical

decisions and aid guideline development in this area.

Overall, these results can inform the development of

cancer screening guidelines, thus potentially leading to

earlier cancer diagnosis and improved patient

outcomes.
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