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Abstract

Objectives. The aims were to identify all incident adult cases of systemic autoimmune myopathies
(SAMs) in the city of Leeds, UK, and to estimate the risk of cancer in SAMs as compared with the
general population.

Methods. Cases of SAMs were ascertained by review of all muscle biopsy reports from the
Neuropathology Laboratory. A review of medical records was undertaken for each case to review the
clinical diagnosis and collect epidemiological data such as age, ethnicity, sex and comorbidities, in-
cluding cancer. Leeds denominator population numbers were publicly obtainable.

Results. A total of 206 biopsy reports were identified and, after review, 50 incident cases were in-
cluded in the study between June 2010 and January 2021. Of the 50 cases, 27 were male and 23
were female. The mean incidence rate of SAMs in Leeds throughout the study period was 7.42/
1000000 person-years. The proportion of SAMs cases with a confirmed malignancy was 22%.
Compared with the general population, the relative risk of cancer was significantly greater in the SAMs
population (31.56; P < 0.01).

Conclusions. The incidence rate of SAMs in Leeds was consistent with data from previous literature;
however, disagreement exists between different methods of SAMs case inclusion due to varying clini-
cal criteria and definitions. SAMs are associated with an increased risk of cancer, but the pathogenesis
of this relationship still requires investigating. This study supports the practice of malignancy screening
and long-term surveillance in patients with SAMs.

Key words: systemic autoimmune myopathies, myositis, PM, DM, malignancy, epidemiology, incidence rate,
relative risk

o This study provides incidence data to complement existing reviews on systemic autoimmune myopathies (SAMs).
o The study also supports the practice of cancer screening and long-term surveillance in SAMs.

rotizing myositis (IMNM), antisynthetase syndrome,
unspecific myositis and overlap myositis [3]. SAMs may

Introduction

Systemic autoimmune myopathies (SAMs) represent a
heterogeneous group of immune-mediated syndromes
characterized by inflammation within the skeletal
muscles [1]. SAMs have most commonly been classified
as DM, PM and IBM [2]. More recently, SAMs have in-
cluded further subtypes such as immune-mediated nec-
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be classified according to biopsy results, presence of
antibodies, blood tests or clinical features. Clinicians
tend to use the Bohan and Peter criteria [4] or the re-
cently proposed EULAR and ACR criteria to verify SAMs
[5]. Briefly, the criteria apply scored variables and the
gross sum of the scores is converted into a probability
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of a SAM diagnosis. These diseases can be severely
impairing and muscle weakness, dysphagia or extra-
muscular manifestations such as interstitial lung disease
or arthritis may cause significant impairment in these
patients.

SAMs are rare diseases and the incidence varies
greatly across studies, from 1.2 to 66 cases of SAMs
per 1 million persons per year [6], usually twice as com-
mon in females as in males [7]. While a number of UK
centres have contributed to collaborated international
research, there has only been one published report,
based solely in Salford, investigating the incidence of
SAMs in the UK [8]. The epidemiology of SAMs in the
UK remains relatively unknown. The study of myositis
can reveal important clues to its aetiology, disease
associations and identification of risk factors and
comorbidities. One of the major contributors to morbid-
ity investigated in SAMs is malignancy-associated [9],
with the subtype DM showing the strongest association
with cancer [10, 11]. The pathogenesis between this re-
lationship is still unexplained, however, some theories
suggest SAMs may have a role as paraneoplastic syn-
dromes [9-16]. A diversity of cancers is observed in
SAMs, with significant variation depending on geo-
graphic region [17]. Leading sites are the ovary, lung,
gastrointestinal tract and breast [11, 18, 19], however,
further research is needed to verify this across different
populations. Furthermore, the exact effect size of the
potential correlation between SAMs and cancer remains
inconclusive [2]. In particular, most studies have had too
few SAMs cases with each cancer type to focus on the
association with specific cancers and provide definitive
conclusions [11].

Interrogation of differing geographically diverse popu-
lations can assist in constructing a more complete pic-
ture of underlying disease patterns in SAMs. To date,
due to scarce published reports, there is still very little
detail on the incidence of varying clinical subtypes of
adult SAMs in the UK, and there have been no studies
focussing on the population of Leeds served by St
James’s Hospital (SJH), Leeds Teaching Hospitals Trust.
SJH is a major centre for SAMs in the UK, located in
Leeds, which has a population of 630000 inhabitants
>18years of age. The rarity and heterogeneity of SAMs
are contributing factors to insufficiently powered studies
on the epidemiology of the diseases. Understanding the
epidemiology of these rare SAMs in the UK could help
experts develop accurate classification systems and
identify SAM subtypes and their associated comorbid-
ities such as malignancy.

There were two primary aims to this study. The first
was to establish the epidemiology of SAMs in Leeds
from 2010 to 2021. Further information on the epidemi-
ology of SAMs patients will hopefully provide clinicians
with up-to-date data that could be used when making
decisions on new guidelines, diagnosis and manage-
ment of SAM subtypes. The study’s second aim was to
estimate the risk of cancer in SAMs as compared with
the general population. This could provide insights into

the significance of any associations of SAMs with can-
cer, providing a basis for further research into under-
standing its pathogenesis.

Methods

This retrospective observational cohort study was used
in the assessment of patients presenting to SJH with
systemic autoimmune myopathies between June 2010
and January 2021. Approval for the conduct of the proj-
ect was granted without a recommendation to seek
more formal National Health Service (NHS) Health
Research Authority ethics authorization, in keeping with
local policy. The study used previously obtained data
that were routinely collected as part of patient care. No
changes were made to patient care and no patients
were approached or required for consent. All data were
stored anonymously and securely. There were no con-
flicts of interest.

Denominator population

Leeds is a city within West Yorkshire, UK, comprising a
spectrum from densely populated areas to open rural
space. The annual total mean population is publicly
available (Supplementary Table S1, available at
Rheumatology Advances in Practice online), stratified
annually by age and sex, along with annual total cases
and incidence rates. Persons <18years old were re-
moved from all calculations. Annual cases of cancer in
Leeds are also made publicly available.

Cases

The study included patient cases presenting to SJH be-
tween June 2010 and January 2021 with a clinical diag-
nosis of SAMs. Patients were included if they had at
least one muscle biopsy that had been assessed by the
laboratories of SJH and a definite diagnosis of systemic
autoimmune myopathy had been confirmed in the pa-
tient notes as a result of all investigations. Most patients
received an MRI, electron microscopy analysis and
blood tests for antibodies. All patients <18 years of age
at the time of SAM diagnosis were excluded. There
were no further exclusion criteria, as the objectives of
the study were to represent the patient population
served by SJH.

In total, 206 cases were selected for potential eligibil-
ity from a systematic search of muscle biopsies
recorded on the local medical records database (Fig. 1).
A manual review of all patients was undertaken using
PPM+ NHS software, the SJH patient database, to con-
firm the results of investigations, diagnosis of SAMs and
specific subtypes if available. Diagnoses of myositis
were confirmed by comparing biopsy findings with clini-
cal diagnoses and autoantibodies to ensure consistency
in the findings. Exclusion criteria were then applied. This
resulted in 50 cases being included in this study.
Access to all data was encrypted on a passcode-
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Fic. 1 Summary of the methods

206 cases identified

4
50 cases included in the
study
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Data stored on Excel

\ 4
Data analysis

protected Excel 2018 (version 16.16; Microsoft,
Redmond, WA, USA) document.

Cancers were manually searched for in individual
patients using PPM+ and general practitioner records.
Any findings of confirmed malignancies within 10years
before or after the date of the SAMs diagnosis were
reported and specified. Any comorbidities, past or pre-
sent, were also recorded. The patients’ age, ethnicity
and sex were recorded. All data were recorded into
Excel. For each case, the date of confirmed diagnosis,

patient age, ethnicity and sex were recorded.

Statistics

The adult population for each mid-year period was used
as the denominator for that respective year. Incidence
rates were presented as numbers per million persons
per year in relation to the denominator population and
stratified by age and sex. Mean incidence rates were
given, accompanied by 95% Cls in parentheses. Means
and s.n.s were calculated for descriptive, continuous
data that followed normal distribution. Sex-adjusted rel-
ative risks (RRs) of cancer were calculated for those
with SAMs vs the denominator population. Statistical dif-
ferences between independent categorical variables
were calculated using the chi-squared test and pre-
sented as exact P-values. Statistical analyses were per-
formed using SPSS version 26 (IBM, Armonk, NY, USA)
and Excel 2018.
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149 excluded for not meeting
diagnostic criteria
7 excluded as under 18 years of age

Patient demographics recorded
Co-morbidities recorded

Data encrypted and passcode-
protected

Descriptive analysis of aetiology,
demographics and co-morbidities
Analytic approach to association
with cancer

TasLe 1 Frequencies and proportion of subtypes of SAMs

Subtype PM DM IBM Other®
Frequency 12 10 6 22
Percentage 24 20 12 44

®Necrotizing (n=2), statin-induced (n=4), not specified
(n=16).

Results
Clinical characteristics

There were 50 confirmed incident cases of SAMs be-
tween June 2010 and January 2021. Relevant individual
patient information is summarized in the Supplementary
Table S2, available at Rheumatology Advances in
Practice online. Table 1 presents the frequency and pro-
portion of different subtypes of SAMs identified in this
study. This included 12 PM cases, 10 DM cases, 6 IBM
cases, 4 statin-induced autoimmune necrotizing myositis
cases and 2 IMNM cases. Sixteen cases were con-
firmed as SAMs but insufficient information was pro-
vided to classify them into subtypes.

Of the 50 incident cases, 27 were male and 23 were
female. Comparing subtypes (Fig. 2), 58% of PM cases
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Fic. 2 Systemic autoimmune myopathy subtypes by sex
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Fic. 3 (Left) Mean age at time of SAM diagnosis. (Right) Distribution of SAM subtypes by age
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were male, 80% of DM cases were female, 67% of IBM
cases were female and 55% of the ‘other’ cases were
male. A total of 82% and 8% of all cases were of white
and Pakistani ethnic origin, respectively.

The mean age at disease onset was 57.2years (s.D.
16) and 52% of cases were 51-70years of age at the
time of disease onset (see Fig. 3). There were no cases
of IBM found in persons <59 years of age and the oldest
mean age was 71.2years (s.0. 9). PM was most
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common between 41-50years (n=3) and >70years
(n=38). No cases of DM were first diagnosed at
>70years of age.

Individual and summarized data on comorbidities are
provided in Supplementary Tables S2 and S3, available
at Rheumatology Advances in Practice online. Twelve of
50 had hypertension, 5 had interstitial lung disease, 4
had OA or RA and 4 had gout. Four of 12 PM cases
had interstitial lung disease. Two of 10 DM cases also

https://academic.oup.com/rheumap


https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkac023#supplementary-data

Systemic autoimmune myopathies in Leeds

Fic. 4 Sex-adjusted annual incidence rates for all SAM patients in Leeds
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had scleroderma. Fourteen individual malignancies were
identified in 11/50 cases, 8 of which were found in the
10 DM patients. This included four colon cancers (3/10
DM cases), two basal cell carcinomas of the skin, two
pancreas cancers, one squamous cell carcinoma of the
skin (in a DM case) and one each of liver, breast, endo-
metrium, lymph node and prostate cancer.

A total of 18 patients (36%) had one or more recorded
antibodies on the patient database (Supplementary
Table S2, available at Rheumatology Advances in
Practice online). Anti-Ro52 and ANCA were the most
common autoantibodies (nine and six, respectively,
among all 50 patients).

Incidence of SAMs in Yorkshire

The mean incidence rate of SAMs in Leeds throughout
the 11year study period was 7.42 (Cl 4.81, 10.03)/
1000000 person-years (py). The incidence rate for
females was higher than for males [8.13 (Cl 5.79, 10.47)/
1000000py vs 6.66 (2.10-11.22)/1 000000 py, respec-
tively]. Stratifying by calendar year, the highest annual
incidence rate was 14.4/1 000000 py in 2019, but the in-
cidence rates varied greatly each year and by sex
(Fig. 4). Annual incidence rates by subtype of SAMs
were included in Supplementary Table S4, available at
Rheumatology Advances in Practice online. Age-stan-
dardized incidence rates varied across age groups, gen-
erally increasing to and peaking at the 61-70year age
group [18.04 (Cl 6.7-29.38)/1 000000 py] (Fig. 5). The in-
cidence rate was lowest in those <30years of age [1.53
(CI 0, 3.66)/1 000000 py]. There was an incidence rate of
11.49 (Cl 2.32, 20.66)/1000000py for those >70years
of age.

https://academic.oup.com/rheumap
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SAMs and cancer

The proportion of cancer was 60% in the patients with
DM and 8.3% in those with PM (Supplementary Tables
S2 and S8, available at Rheumatology Advances in
Practice online). The proportion of SAMs cases with a
confirmed diagnosis of malignancy was 22% (malig-
nancy reported in 11/50 patients). Comparing sex, the
frequency was higher in females than males (37% vs
21%, respectively). In the denominator population, the
mean frequency of cancer was 0.69% (4300/621018
persons). Comparing males and females, the mean fre-
quency of cancer was 0.75% and 0.65%, respectively.
Compared with the total population of Leeds, the RR of
cancer in SAMs was 31.56 (Cl 18.6, 53.5); in males it
was 23.12 (Cl 9.5, 56.4) and in females it was 40.15 (Cl
21.2, 76.1). There was a significantly greater proportion
of cancers found in the SAMs patients compared with
the denominator population (P < 0.01). The RR of cancer
within the cohort, comparing SAM subtypes DM to PM,
was 7.2 (Cl 1.03, 50.28). Compared with the total popu-
lation of Leeds, the RR of cancer in DM alone was 86
(Cl 51.62, 143.56). The average number of years be-
tween a SAM diagnosis and a following diagnosis of
cancer was 3years.

Discussion

The mean incidence rate for SAMs in this study was
7.42 (Cl 4.81, 10.03)/1 000 000/py, representing a similar
rate to estimates from other geographical regions [19-
21]. A recent systematic review by Meyer et al. [20]
looked at 46 articles published between 1966 and 2013
and found a mean incidence of 7.98/1 000 000/py rang-
ing from 1.16 to 19/1000000/py. The wide range in
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Fic. 5 Averaged age-adjusted incidence rates for all SAM patients in Leeds
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incidence rates may be explained by the authors report-
ing limitations to their systematic review due to method-
ological heterogeneity, in particular the varying methods
of SAMs classification used. Only 4/46 studies reported
SAMs subtype frequencies and proportions, some of
which were based on Bohan and Peter criteria, some on
the International Classification of Diseases and others
either not reported or study specific. Studies using
Bohan and Peter criteria, or requiring cases to be biopsy
verified, all reported strikingly similar results to those in
the present study. For example, a study from Sweden
and one from Australia both required biopsy-verified
cases and presented estimates of 7.4 and 7.6/1 000 000/
py, respectively [21, 22]. More recently, a large national
study in Sweden found a higher incidence rate of 11
(IQR 10-12)/1 000 000/py, however, they only used cod-
ing searches to include cases and omitted a manual re-
view of results [6]. Without a manual review of cases,
studies are more likely to include false positives.
Dabloug et al. [23], in a 2015 Norwegian study, esti-
mated an annual incidence of 6-10/1000000/py in a
Norwegian population, although they did not report the
incidence restricted to adults and IBM subtypes were
excluded from the analysis. Parker et al. [8] studied the
incidence rates of SAMs in Salford, UK, between 2007
and 2016. Their study estimated a very high incidence
rate of 17.60/1 000 000/py, however, it was a particularly
small epidemiological study—32 cases identified in a

denominator population of 190000 persons. Furthermore,
it was the only study using the newly proposed EULAR
classification system. The study contained only 13/32
biopsy-verified cases due to local clinical practice proce-
dures. The incidence rate in the present study was high-
est in females [8.13 (Cl 5.79, 10.47)/1 000 000/py] than in
males [6.66 (Cl 2.10, 11.22)/1 000000/py]. The average
age at the time of diagnosis was 58.5years. These find-
ings were consistent with Meyer et al. [20] and recent
studies [5, 7]. Incidence rates in the present study in-
creased with age until a peak at 61-70years. Meyer et al.
[20] and Parker et al. [8] did not present age-adjusted in-
cidence rates, however, the peak age of incidence
ranged from 50 to 79years in other studies [6, 24].
Interestingly, the present study found that the oldest
group of patients were the IBM subtype, with a mean
age of 71.2years (s.0. 9), which is consistent with findings
in other studies [21, 25].

The heterogeneity of methods and classifications
used in other studies is likely responsible for the consid-
erable variance in results [5, 26]. It is highly possible
that studies using coding searches alone are overrepre-
sentative of the true incidence rate. Studies requiring
biopsy-verified cases, such as the present study, may
increase the specificity of results, but they can be
underrepresentative since not all SAMs patients are sub-
ject to muscle biopsy or present typical biopsy findings.
Advances in the comprehension of the pathogenesis of
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SAMs have contributed to better recognition of SAMs
subtypes and new sets of diagnostic criteria have been
developed that take into account advances in histopa-
thology and serum autoantibody detection [27], although
there still remains a strong need to revise and reclassify
[20]. For example, the present study looked at all
comorbidities of every patient. SAM is a multisystemic
disease [25] and can affect various organs (10% of
SAMs cases in this study also suffered from ILD).

The antibodies found in the present study are sup-
ported by previous literature [27, 28, 32], in particular
the high proportion of anti-Ro52 and ANCA, however,
the frequencies may be underrepresented due to miss-
ing data and the retrospective limitations of the study
design. Furthermore, due to the histopathological focus
of SAM diagnoses, the antibody panel lacked several
antibodies, cN1A and HMGCR, two important antibodies
associated with IBM and IMNM, respectively. It also
lacked DM-specific antibodies such as anti-Mi2, anti-
MDAS5 anti-NXp2. These antibodies are used for charac-
terization of patients and serve a prognostic purpose in
defining associations with different complications and
pathologies. Nevertheless, anti-Ro52, found in 18% of
the SAMs patients in this study, was also the most fre-
quent antibody in other studies [28]. This is of particular
interest, as Chung et al. [28] also found that anti-Ro52-
positive patients had a higher frequency of ILD than
negative patients. Unfortunately, the frequencies were
too small for analysis in the present study.

The RR of cancer in SAMs in Leeds was 31.56 (Cl
18.6, 53.5; P <0.01). The results of a systematic review
[2], summarizing data for five population cohort studies
and 4538 patients in total, demonstrated a RR of 17.29
(95% CI 11.08, 26.99). The difference in results may be
due to the fact that these studies used more thorough
reviews of cancer cases and diagnoses, whereas single
reports in the patient notes were considered sufficient in
the present study. Furthermore, the present study did
not account for confounding variables such as smoking
and alcohol consumption as potential risk factors, be-
cause of the lack of relevant data in the included
articles. Nevertheless, our data support the existing liter-
ature that there is a significant increase in the risk of
cancer associated with SAMs [2, 11, 14, 25]. The aver-
age time frame of 3years between a diagnosis of SAMs
and a cancer diagnosis also corresponded with previous
data [2]; however, the RRs were calculated by including
cancers reported within 10years before a diagnosis of
SAMs. Comparing DM and PM, the proportion of cancer
was 60% (6/10 cases) and 8.3% (1/12 cases), respec-
tively; an RR of 7.2 (Cl 1.03, 50.28). These results are
consistent with a meta-analysis systematic review [25],
recent individual studies [11, 14-16] and a recent sys-
tematic review [2]. However, this study found an RR of
86 (Cl 51.62, 143.56) comparing DM individually with the
denominator population. This is considerably higher than
in previous studies, which is likely due to 32% of unspe-
cified SAM cases in this study. It is possible that many
of the unspecified cases were true DM or PM
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Systemic autoimmune myopathies in Leeds

diagnoses. Therefore the RRs of individual subtypes are
potentially overrepresentative and must be interpreted
with some limitations. Despite this, the present study is
consistent with previous research indicating that DM is
found to be more strongly associated with cancer than
PM. Due to few case numbers, it was deemed inappro-
priate to analyse the incidence or RR of separate cancer
types in relation to SAMs.

Qiang et al. [2] hypothesized that the increased inci-
dence of cancer in SAMs may be partially attributable to
more comprehensive cancer screening in this population,
particularly within the first year after diagnosis. However,
previous research, and now the present study, has dem-
onstrated an increased incidence of cancer in patients
even prior to a diagnosis of SAMs, which suggests that
there may be a true association between SAMs and can-
cer [29]. One potential explanation is that SAMs-specific
autoantigens may be involved in neoplastic processes.
These antigens are expressed at high levels in cancers
that are associated with DM and PM [30]. To date, the
pathogenesis of this association is still unknown and the
hypothesis needs testing in a large cohort.

This study has some limitations. First, this was a sin-
gle-centre, retrospective study with a small population
size. This is partly due to the rarity of the studied disease.
Nonetheless, compared with other referenced studies ex-
amining nationwide incidences, the present study is very
limited when considering the incidence of individual sub-
types. However, the city of Leeds was chosen as a focus,
rather than the whole of Yorkshire, to accurately deter-
mine cases and provide more robust data acquisition.
Using diagnostic criteria with a retrospective review may
underestimate the true incidence due to missing data, as
most criteria require several investigations, of which some
information may be missing from patient records. As
such, despite manually reviewing each case and requiring
biopsy verification, 32% of SAMs diagnoses were unspe-
cified by subtype. This was likely due to the histopatho-
logical focus of the method and incomplete data available
on SAM-specific antibodies. It is evident that, at present,
the process of defining histological features as part of the
diagnostic criteria for SAMs is still debated and may pro-
duce an underestimation of results due to the heteroge-
neity of disease presentation and variable yield of muscle
biopsy [24, 31-33]. On the other hand, a strength in man-
ually reviewing records and requiring biopsy verification
of cases is a higher specificity of results compared with
studies using coding searches alone.

Conclusion

In summary, the mean incidence of adult SAMs in Leeds
was 7.42 (Cl 4.81, 10.03)/1000000py; it appears to be
more common in older females and is in keeping with
estimates from other international studies. With a better
understanding of the disease and validation of a single,
universally accepted diagnostic criteria, it is hoped that fu-
ture studies will clarify the uncertainties of inflammatory
myopathies. This study provides data to complement
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existing reviews and supports the practice of cancer
screening and long-term surveillance, with an emphasis
on the need to screen for malignancy over time in patients
with SAMs, in particular DM. The pathogenesis of this re-
lationship is still unknown and requires investigating, with
further insights into differences between subtypes. The
present study underscores the difficult challenges in the
epidemiological study of SAMs but may nevertheless pro-
vide useful clues for the comprehension of SAMs.
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