
From Department of Medicine, Solna 

Karolinska Institutet, Stockholm, Sweden 

IDIOPATHIC INFLAMMATORY 
MYOPATHIES AND CANCER: FAMILIAL 
RISK, GENETICS AND CONSEQUENCES 

Weng Ian Che 

謝詠茵 

 

Stockholm 2024 

 



 

All previously published papers were reproduced with permission from the publisher. 
Published by Karolinska Institutet. 
Printed by Universitetsservice US-AB, 2024 
© Weng Ian Che, 2024 
ISBN 978-91-8017-174-8 
Cover illustration by Weng Ian Che.   



Idiopathic Inflammatory Myopathies and Cancer: Familial 
risk, Genetics and Consequences 
Thesis for Doctoral Degree (Ph.D.)  

By 

Weng Ian Che 

The thesis will be defended in public at Rolf Luft centrum L1 00, Karolinska Universitetssjukhuset 
Solna Anna Steckséns Gata 53, January 26, 2024, at 09:00. 

Principal Supervisor: 
Assoc. Prof. Marie Holmqvist 
Karolinska Institutet 
Department of Medicine, Solna 
Division of Clinical Epidemiology  
 
Co-supervisor(s): 
Prof. Ingrid E Lundberg  
Karolinska Institutet 
Department of Medicine, Solna 
Division of Rheumatology 
 
Dr. Helga Westerlind 
Karolinska Institutet 
Department of Medicine, Solna 
Division of Clinical Epidemiology 
 
Dr. Karin Hellgren 
Karolinska Institutet 
Department of Medicine, Solna 
Division of Clinical Epidemiology 
 

Opponent: 
Prof. Katja Fall 
Örebro University 
School of Medical Sciences 
Clinical Epidemiology and Biostatistics 
 
Examination Board: 
Assoc. Prof. Anna-Karin Hultgård Ekwall 
University of Gothenburg  
Department of Rheumatology and Inflammation 
Research 
 
Prof. Arvid Sjölander  
Karolinska Institutet 
Department of Medical Epidemiology and Biostatistics 
 
Assoc. Prof. Linda Lindström  
Karolinska Institutet 
Department of Oncology-Pathology 

 
 





 
 





 

 

Popular science summary of the thesis 
Myositis, also called idiopathic inflammatory myopathies, is a rare rheumatic condition. The 
disease develops when our immune system wrongly identifies our muscles and sometimes 
other parts of the body, as foreign and want to destroy it. This causes muscle inflammation, 
especially in the arms and legs. Consequently, individuals with myositis can experience 
different levels of muscle weakness that affect their everyday tasks and quality of life. 
Myositis might also bring other health issues like autoimmune diseases and cancer, making 
lives even more challenging for those affected. Unfortunately, what causes myositis and how 
it leads to these complications is not fully understood. Similar to many other immune-related 
conditions, both genes and the environment seem to play a part in causing myositis. This 
thesis explores how genetics contribute to myositis and how it impacts people’s lives, 
especially when cancer is involved.   

Genetics might have a role in causing myositis, which raises two important questions: how 
much genetics contribute to myositis and how likely is it for family members to also get 
myositis. Study I used Swedish population register data to find answers. It compared the 
chance of parents, full-siblings or children having myositis among people with and without 
myositis. We found that people with myositis were four times more likely to have family 
members affected by it. Furthermore, genetics seemed to have a less crucial role in causing 
myositis than other nongenetic factors such as environmental stimuli.  

If two diseases have similar genetic causes, they might be seen in the same families. For 
instance, other rheumatic diseases are often observed in relatives of people with myositis. In 
Study II, we not only saw that relatives of people with myositis were more likely to get other 
rheumatic diseases, but we also noticed that they were more vulnerable to other autoimmune 
diseases including inflammatory bowel diseases, autoimmune thyroid diseases and celiac 
disease (gluten intolerance).  

We also looked into whether genes play a role in the development of both myositis and cancer 
in Study III and IV. We found that in men with dermatomyositis, which is a myositis subtype 
that is closely linked to cancer, there was a higher chance of their fathers, brothers or sons 
having cancer compared to those of men without dermatomyositis. Among various cancer 
subtypes, we noticed that myeloid malignancies, a type of blood cancers, and liver cancer 
were more likely to occur in relatives of people with myositis compared with those of people 
without myositis. Even though we did not find a greater risk of B-cell lymphomas among 
relatives of people with myositis, our genetic analyses showed shared genetic patterns 
between myositis and B-cell lymphomas in a few numbers of genomic regions, especially in 
parts of genes related to the immune system.  

Myositis combined with cancer is a complicated condition that can lower life expectancy. In 
Study V, we followed people from their myositis diagnosis and looked at how the risk of 
dying changed once they were diagnosed with cancer. We observed that people with myositis 
who later got cancer had a similar risk of dying from other causes as those who did not get 
cancer after myositis, but they had a significantly higher risk of dying from cancer. 
Furthermore, within the first 10 years after being diagnosed with cancer after having myositis, 



there was a 10% chance of getting another primary cancer, which further reduced survival 
chances. We also found that certain traits affected how people fared after a cancer diagnosis. 
For example, people with dermatomyositis had a higher risk of dying after being diagnosed 
with cancer compared to other myositis subtypes.  

All these discoveries suggest that genetics play a role in myositis development and its 
connection to other autoimmune diseases and cancer. However, it seems that genetics are not 
the main factor, and environment might be more important in making people susceptible to 
myositis and its complications, including other autoimmune diseases and cancer. This thesis 
also highlights how cancer affects people with myositis. The increased risk of dying from 
cancer in people with myositis who later got cancer suggests that there is a need for better 
cancer screening and management, something that future research should focus on.  

  



 

 

Populärvetenskaplig sammanfattning av avhandlingen 

Myosit, även kallad idiopatisk inflammatorisk myopati, är en sällsynt reumatisk sjukdom. 
Det inträffar när vårt immunförsvar felaktigt angriper våra muskler och ibland andra delar av 
kroppen, vilket orsakar pågående muskelinflammation, särskilt i armar och ben. Följaktligen 
kan individer med myosit uppleva muskelsvaghet på olika nivåer, vilket påverkar deras 
vardagliga sysslor och livskvalitet. Myosit kan också medföra andra hälsoproblem som 
autoimmuna sjukdomar och cancer, vilket gör livet ännu mer utmanande för de drabbade. 
Tyvärr är det inte helt klarlagd vad som orsakar myosit med dess komplikationer. I likhet 
med många andra immunrelaterade tillstånd verkar både gener och miljö spela en roll i 
sjukdomsutvecklingen. I denna avhandling undersöker vi hur genetik bidrar till myosit och 
hur det påverkar människors liv, särskilt i kombination med cancer. 

Genetik kan ha en roll i uppkomsten av myosit, vilket väcker två viktiga frågor: hur mycket 
genetiken bidrar och hur troligt är det att familjemedlemmar också får myosit. I studie I 
använde vi uppgifter från svenska folkbokföringen för att hitta svar. Vi jämförde hur stor 
risken var för helsyskon, föräldrar eller barn till en som hade myosit, att få myosit jämfört 
med dem som inte hade myosit. Vi fann att personer med myosit hade fyra gånger större 
sannolikhet att ha familjemedlemmar som också drabbades av myosit. Dessutom tyder vår 
forskning på att genetiken kanske har en mindre betydande roll i att orsaka myosit jämfört 
med andra icke-genetiska faktorer, som till exempel miljömässiga påverkningar. 

Om två sjukdomar har liknande genetiska orsaker kan de förekomma i samma familjer. Till 
exempel observeras andra reumatiska sjukdomar ofta hos släktingar till personer med myosit. 
I studie II såg vi inte bara att släktingar till personer med myosit var mer benägna att få andra 
reumatiska sjukdomar, utan vi märkte också att de var mer mottagliga för andra autoimmuna 
sjukdomar inklusive inflammatoriska tarmsjukdomar, autoimmuna sköldkörtelsjukdomar 
och celiaki (glutenintolerans). 

Vi undersökte också om gener spelar en roll i utvecklingen av både myosit och cancer i studie 
III och IV. Vi fann att hos män med dermatomyosit, som är en subtyp av myosit som är nära 
kopplad till cancer, fanns det en högre risk att deras fäder, bröder eller söner skulle få cancer 
jämfört med män utan dermatomyosit. Bland olika typer av cancer märkte vi att vissa typer 
av blodcancer och levercancer var vanligare hos släktingar till personer med myosit jämfört 
med personer utan myosit. Vi hittade inte någon större risk för blodcancer av typ lymfom 
bland släktingar till personer med myosit men våra genetiska analyser visade, att samma 
regioner i vissa gener var inblandade för myosit och B-cellslymfom, särskilt i delar av gener 
relaterade till immunförsvaret. 

Myosit i kombination med cancer är ett komplicerat tillstånd som kan sänka den förväntade 
livslängden. I studie V följde vi människor från tiden då de fick sin myositdiagnos och tittade 
på hur risken att dö förändrades när de fick diagnosen cancer. Vi såg att personer medmyosit 
som senare fick cancer hade lika stor risk att dö av andra orsaker som de som inte fått cancer 
efter myosit. Däremot hade de signifikant högre risk att dö i cancer. Dessutom, inom de första 
10 åren efter att ha diagnostiserats med cancer, fanns det en 10% risk att få en annan primär 
cancer, vilket ytterligare minskade chansen för överlevnad. Vi fann också att personer med 



dermatomyosit hade högre risk att dö efter att ha diagnostiserats med cancer jämfört med 
andra subtyper av myosit. 

Alla dessa upptäckter tyder på att genetik spelar en roll i utvecklingen av myosit och dess 
koppling till andra autoimmuna sjukdomar och cancer. Det verkar dock som att miljön kan 
vara viktigare för att göra människor mottagliga för myosit och dess komplikationer, 
inklusive andra autoimmuna sjukdomar och cancer. Denna avhandling belyser också hur 
cancer påverkar personer med myosit. Den ökade risken att dö i cancer hos personer med 
myosit som också fått cancer talar för att det finns ett behov av bättre screening och hantering 
för cancer, något som framtida forskning bör fokusera på. 

  



 

 

論文科普摘要 
肌炎，也稱特異性發炎性肌炎，是一種罕見的風濕性疾病。其病因是由於免疫系統

錯誤地攻擊我們的肌肉組織甚至身體其他組織，導致手和腳部的肌肉持續性發炎。

因此，肌炎患者會有不同程度的肌肉無力，令日常生活受到影響。肌炎患者還會伴

隨著其他的健康問題，比如患上其他自體免疫性疾病和癌症，這些併發症都會影響

患者的預後。目前我們對肌炎的病發原因以及是甚麼導致了肌炎患者容易患上上述

併發症沒有一個全面的了解。我們知道的是，類似於許多其他免疫相關的疾病，基

因和環境似乎在引發肌炎的過程中發揮著一定的作用。本論文探討了基因在導致肌

炎和其相關併發症中的作用，以及癌症如何影響肌炎患者的預後。 

如果基因能在引發肌炎中起著一定的作用，後續两個相關的問題是：基因有多大的

作用？對比普通人群的親屬，肌炎患者的親屬會有更高的風險患上肌炎嗎？利用瑞

典全國人口健康數據，研究一發現肌炎患者的父母、兄弟姐妹或子女（一級親屬）

比起非患者的一級親屬有多四倍的機會患上肌炎。但是，我們也發現了比起基因，

其他非遺傳因素諸如環境刺激等可能在導致肌炎中起著更大的作用。 

再有，如果两種病有相似的遺傳因素，那麼這兩種病就容易出現在有血緣關係的人

中。例如，我們常常發現肌炎患者的血緣親屬患有其他風濕性疾病。在研究二中，

我們不僅看到肌炎患者的一級親屬比起非患者的一級親屬更有可能患上其他風濕性

疾病，還發現了他們更容易患有炎症性腸病，自體免疫性甲狀腺疾病和乳糜瀉（乳

糖不耐受症）。 

我們也在研究三和研究四中調查了基因在肌炎和癌症的發病中起作用的可能性，結

果顯示，患有皮肌炎的男性，其一級親屬患上癌症的可能性比起沒有患皮肌炎的男

性的一級親屬更高，特別是骨髓性白血病和肝癌。雖然我們並未發現肌炎患者的一

級親屬有更高的風險患上 B細胞淋巴癌，但在研究四中，通過分析肌炎和 B細胞淋
巴癌的基因數據，我們發現了两者在少數一些基因區域中共享遺傳信息，尤其是在

與免疫相關的基因區域。 

肌炎合併癌症是一種更為複雜的情況，也會導致較差的預後，降低患者的預期壽

命。在研究五中，我們由肌炎發病開始追踪患者並觀察了他們在癌症診斷後死亡風

險的變化。結果顯示，肌炎患者被診斷出癌症後，其非癌症引致的死亡風險與癌症

被診斷前相當，但由癌症引致的死亡風險大大提高。此外，在患上癌症後的頭 10 年
內，肌炎患者再次罹患癌症的風險大約為 10%。同時，再次罹患癌症的肌炎患者，
其預期壽命會進一步下降。我們也發現了一些會影響患者預後的特徵。例如，皮肌

炎患者在癌症診斷後比起有其他肌炎亞型的患者有更高的死亡風險。 

綜合上述，我們的研究結果表明，基因在肌炎的發病和其關聯的併發症包括其他自

體免疫性疾病和癌症的發病中起著作用。然而，基因似乎不並是主要因素，環境因

素可能起著更重要的作用。我們也指出了癌症對肌炎患者預後的影響，癌症顯著地



增加了肌炎患者的死亡風險，表明有必要加強癌症的控制，這應是後續研究應該關

注的重點。 

 

 

 

 

 

 
 
 
  



 

 

Abstract 
Idiopathic inflammatory myopathies (IIMs) are a group of rare rheumatic inflammatory 
diseases (RIDs), characterised by a diverse range of clinical, serological and 
histopathological characteristics, with muscle weakness as a shared hallmark. While 
advancements in disease management have improved the survival rates of patients with IIM, 
the mortality rate among patients with IIM is still higher than the general population, mainly 
due to association with comorbidities such as cancer. The pathogenesis of IIM, the 
pathological link between IIM and cancer and the impact of cancer on the survival of patients 
with IIM remain a subject of uncertainty. The rarity and heterogeneity inherent in IIM pose 
significant challenges in filing these knowledge gaps. This thesis encompasses five studies, 
which aimed at addressing research questions concerning the genetic contribution to IIM and 
its link with other autoimmune diseases and cancer, as well as the disease burden in the 
context of cancer in a large representative population of patients with IIM. 

Study I was a population-based case-control family study including 7,615 first-degree 
relatives of 1,620 patients with IIM diagnosis between 1997 and 2016 and 37,309 first-degree 
relatives of 7,797 matched comparators without IIM. Patients with IIM were four times more 
likely to have at least one first-degree relative affected by IIM compared to matched 
comparators without IIM. The heritability of IIM, a proportion of the phenotypic variance 
that can be explained by additive genetic variance, was 22% in the Swedish population.  

Study II, with the same study population as in Study I, analysed the familial associations 
between IIM and a variety of autoimmune diseases under a causal framework. We found 
shared familial factors between IIM and other RIDs, inflammatory bowel diseases, 
autoimmune thyroid diseases and celiac disease. 

Study III, with a similar study population and analytical approach as in Study II, 
comprehensively investigated the familial co-aggregation of IIM and cancer. We did not 
observe a familial association between IIM and cancer overall but modification effect by sex 
was noted: there was a modest familial association (adjusted odds ratio=1.39) with cancer in 
male first-degree relatives of patients with IIM. We also found that offspring of patients with 
IIM were more likely to have a cancer diagnosis at age younger than 50 years compared to 
those of matched comparators without IIM. In the exploratory analysis by specific cancer 
types, findings suggest that IIM shared familial factors with myeloid malignancies and liver 
cancer.  

Study IV explored genetic correlation between IIM and B-cell lymphomas via a cross-trait 
secondary analysis using summary statistics from genome-wide associations studies of IIM 
and four common B-cell lymphoma subtypes including diffuse large B-cell lymphoma, 
follicular lymphoma, chronic lymphocytic leukaemia and marginal zone lymphoma. We 
detected a limited number of genomic loci, predominantly within the human leukocyte 
antigen region, demonstrating significant genetic correlations between IIM and common B-
cell lymphoma subtypes.  

Study V, a cohort study, followed 1,826 patients to (first and second) cancer and death 
(overall and cause-specific death) events since IIM diagnosis for more than 20 years. 



Compared to patients with no cancer diagnosis after IIM, patients with a first cancer diagnosis 
after IIM faced a greater five-year mortality (22% versus 49%). This excessive risk was due 
to an increased risk of death from cancer. In patients with a first cancer diagnosis after IIM, 
the one-year risk of having a second primary cancer was 11% and having a second cancer 
diagnosis slightly increased the risk of death. We also reported several prognostic factors 
associated with increased risks of cancer and death (overall, from cancer and from other 
causes).  

This thesis offers useful insight into the role of genetics in IIM pathogenesis and its 
connections with other autoimmune diseases and cancer, as well as the impact of cancer on 
the survival of patients with IIM. The observed familial aggregation of IIM and familial 
associations between IIM and other autoimmune diseases suggest genetic involvement in the 
development of IIM. Family history of IIM, other RIDs, inflammatory bowel diseases, 
autoimmune thyroid diseases and celiac disease may serve as indicators pointing towards an 
IIM diagnosis. Missing heritability is suggested by the discrepancy between our family-based 
heritability and the SNP-based heritability, implying yet-to-be discovered genetic variants 
associated with IIM. The acquired knowledge of shared familial factors between IIM and 
other autoimmune diseases may inform future genetic studies aiming to uncover novel IIM-
associated genetic variants. There is a limited shared familial/genetic susceptibility between 
IIM and cancer. The human leukocyte antigen region plays an important role in the limited 
shared genetic susceptibility between IIM and common B-cell lymphoma subtypes. IIM 
concomitant with cancer leads to a substantial increase in mortality, mainly due to cancer. 
Future research should focus on reducing cancer-related disease burden in patients with IIM. 
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Introduction 
Idiopathic inflammatory myopathies (IIMs) were initially documented as a disease in 1863 
(1). Today, IIM is acknowledged as a rare and heterogeneous group of rheumatic 
inflammatory diseases (RIDs) primarily affecting proximal muscles, yet often with 
manifestations in multiple organs such as skin, lung, joints, heart, and gastrointestinal tract 
(2). Decades of research efforts have significantly progressed our understanding of IIM 
pathogenesis and its management. Notably, following the first genome-wide association 
study (GWAS) of IIM in 2013, mounting evidence has underscored the pivotal role of the 
human leukocyte antigen (HLA) region in the genetic susceptibility of IIM (3-7). 
Nevertheless, the extent of genetic contribution to IIM remains uncertain. 

Cancer represents one of the common comorbidities linked to IIM (8, 9). Although the 
association between IIM and cancer is acknowledged, the underlying pathological connection 
is not fully understood. Additionally, increased mortality has been observed in patients with 
both IIM and cancer (10). A comprehensive exploration of the cancer-related disease burden 
in IIM patients has been lacking, given the rarity of the co-occurrence of IIM and cancer. 

This thesis endeavors to address key research inquiries concerning the genetic underpinnings 
of IIM, including shared genetic susceptibility with other autoimmune diseases and cancer, 
as well as examining the impact of cancer on the prognosis of patients with IIM. The 
subsequent literature review will provide an insightful comprehension of each study 
encompassed within this thesis. 
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1 Literature review 

1.1 Idiopathic Inflammatory myopathies 

1.1.1 Incidence and prevalence  

Idiopathic inflammatory myopathies (IIMs) are very rare rheumatic conditions, with 
incidence and prevalence varying across regions (11-35). A meta-analysis including 46 
studies reported a pooled incidence of IIM at 8.0 per one million person-years (95% CI 7.4-
8.7) and a pooled prevalence of IIM at 14.0 per 100,000 persons (95% CI 12.8-15.5) (36). 
Similar estimates of the incidence and prevalence of IIM have been found in other two 
population-based studies (34, 35). In Sweden, IIM has an incidence of 11 per one million 
person-years (95% CI 10-12) and a prevalence of 14.0 per 100,000 persons (95% CI 13.0-
15.0) (34). For IIM overall, an increase in incidence over time has been suggested in some 
studies (22, 26, 31). The incidence of IIM in the UK raised to 21 per one million person-years 
in 2016 from 14 per one million person-years in 2007 (31).  However, the incidence of IIM 
remained stable over time periods, 1980 to 2014 in Western Australia and 2007 to 2011 in 
Sweden.  

The incidence and prevalence of IIM differ in sex, age and IIM subtypes. Women have 
approximately a two-fold higher risk of IIM, excluding inclusion body myositis (IBM), than 
men (31, 34). For IBM, the sex risk ratio is reversed (34, 37). Although there is a juvenile 
onset of IIM, the incidence rate is the highest over 50 years of age and peaks at 70-79 years 
of age (34). Subtype-specific data on incidence and prevalence are sparse and inconsistent. 
Adult dermatomyositis (DM) has been consistently reported as the most common IIM 
subtype, with an incidence of 3.2 per one million person-years (95% CI 2.7-3.7) and a 
prevalence of 3.8 per 100,000 persons (95% CI 3.5-4.3) in Sweden (31, 33, 34). The 
incidence and prevalence of IBM, polymyositis (PM) and juvenile DM (JDM) in Sweden is 
presented in Table 1. Notably, the higher incidence and prevalence of PM compared to DM 
are due to inclusion of other IIM subtypes within the PM group (34). The recognition of new 
IIM subtypes and updated classification criteria for IIM have resulted in a more homogeneous 
grouping of IIM subtypes. This evolution might account for the increased incidence of 
overlap myositis (OM) and other IIM, and the decreased incidence of PM observed in a 
recently published population-based study in Western Australia (35).    

Table 1. The incidence and prevalence of IBM, PM and JDM in Sweden 

 Incidence (95% CI), per one million person-years Prevalence (95% CI), per 100,000 persons 
IBM 1.1 (0.9-1.5) 1.0 (0.8-1.2) 
PM 5.7 (5.1-6.4) 7.6 (7.0-8.2) 
JDM 0.8 (0.5-1.1) 1.1 (0.9-1.3) 
IBM: Inclusion body myositis; PM: Polymyositis; JDM: Juvenile dermatomyositis; CI: Confidence interval. 

1.1.2 Clinical subtypes  

Of note, with the identification of antisynthetase syndrome (ASyS), immune-mediated 
necrotising myopathy (IMNM) and IBM, the existence of PM as a distinct subtype of IIM is 
doubtful (38). Each of the subtypes has a rather distinct clinical, histopathological, 
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serological and prognostic pattern, but there is overlap between the phenotypes (Figure 1 on 
page 4).  

1.1.2.1 Dermatomyositis  

DM is defined by the presence of skin manifestations and myositis primarily affecting 
proximal muscles. The other three less common conditions under the DM group are 
amyopathic DM, where muscular manifestation is absent, hypomyopathic DM, where there 
is laboratory evidence suggesting myositis, but no obvious muscle symptoms are presented, 
and DM sine dermatitis, where only myositis is presented, and muscle biopsy findings are in 
line with DM features. The first two conditions are defined when they last for at least six 
months and are often collectively called clinically amyopathic DM (CADM). High creatine 
kinase (CK) level is usually found in patients with DM. The typical histopathological features 
on muscle biopsy of DM include perivascular inflammatory infiltrate with perifascicular 
atrophy, membrane attack deposition on capillaries and myxovirus resistance A expression 
in non-necrotic fibres. Eight DM-specific autoantibodies have been discovered and they are 
associated with distinct clinical features; anti-nucleosome remodelling deacetylase complex 
(Mi2) and anti-nuclear matrix protein 2 (NXP2) autoantibodies are often linked to remarkable 
muscle diseases; anti-melanoma differentiation-associated gene 5 (MDA5) autoantibodies 
are usually amyopathic and associated with rapidly progressive interstitial lung disease 
(ILD); anti-small ubiquitin-like modifier activatin enzyme (SAE) autoantibodies are 
associated with severe skin manifestations and dysphagia; anti-transcriptional intermediary 
factor 1 g (TIF1g), anti-Sp4 and anti-CCAR1 autoantibodies are linked to cancer occurrence 
(2, 39).  

1.1.2.2 Antisynthetase syndrome 

ASyS is defined by the presence of anti-aminoacyl tRNA synthetase (aaRS) autoantibodies 
(2, 39). Anti-histidyl tRNA synthetase (Jo1) autoantibodies, first discovered in 1984, is the 
most common anti-aaRS autoantibodies (40). Seven more anti-aaRS autoantibodies 
including anti-PL-7, anti-PL-12, anti-EJ, anti-OK, anti-KS, anti-Zo and anti-Ha 
autoantibodies have been identified. In addition to proximal muscle weakness, arthritis, 
Raynaud’s phenomenon, ILD and mechanic’s hands are frequently observed in patients with 
ASyS. Histopathological features of ASyS include perifascicular necrosis, upregulation of 
major histocompatibility complex class I and II proteins in cytoplasm and scarcolemma fibres 
(2, 39).  

1.1.2.3 Overlap myositis 

Although lack of a consensus on definition, OM is broadly known as a co-occurrence of IIM 
and other connective tissue diseases (CTDs) including systemic sclerosis (SSc), systemic 
lupus erythematosus (SLE), rheumatoid arthritis (RA) and Sjögren syndrome (SS). SSc is the 
most common overlapping disease with IIM (5%-43%), followed by SLE (4%-21%), SS 
(8%-15%) and RA (3%-9%) (41-43). Moreover, in a Spanish cohort including 342 patients 
with OM, 33% of them had mixed CTD (MCTD), a rare disease condition comprising 
features of multiple CTD, a lower rate of 15% was however found in OM patients in the 
MYONET registry (44, 45). OM has variable clinical presentations and are associated with 
a higher rate of infection than other major IIM subtypes (44). Myositis-associated 
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autoantibodies (MAAs) are frequently found in patients with OM; anti-PM/Scl 
autoantibodies usually present in patients with IIM overlapping SSc; anti-Ro52 
autoantibodies may occur with anti-Jo1 or anti-MDA5 autoantibodies and are associated with 
poor prognosis due to severe ILD; anti-Ku autoantibodies are also linked to ILD and tend to 
have distal muscle weakness; anti-U1RNP autoantibodies are linked to IIM overlapping with 
SSc, SLE and RA. 

1.1.2.4 Immune-mediated necrotizing myopathy 

IMNM is characterised by severe muscle manifestation, extremely high CK level and 
infrequent skin rash. Necrosis and regeneration of muscle fibres with sparse inflammatory 
infiltrate are key histopathological features. There are two IMNM specific autoantibodies; 
anti-3-hydroxy-3-methylglutaryl CoA reductase (HMGCR) autoantibodies, often found in 
patients with statin use, typically do not exhibit extramuscular manifestations. In contrast, 
anti-signal recognition particle (SRP) autoantibodies are more frequently associated with 
cardiac involvement and dysphagia (2, 39).  

1.1.2.5 Inclusion body myositis   

IBM is recognised by asymmetrical muscle weakness typically in the long finger flexors and 
quadriceps. Patients with IBM rarely have high CK level and extramuscular manifestations 
except dysphagia which can be observed in more than half of patients. The characteristic 
features of muscle biopsy are endomysial T cell infiltrates of CD8+ T cells and rimmed 
vacuoles (2, 39).  Anti-cN1A autoantibodies associated with IBM, are also seen in other 
connective tissue diseases but its linked clinical feature is unclear (2, 39). 

1.1.2.6 Polymyositis 

PM is characterized by proximal muscle weakness without skin manifestation and myositis-
specific autoantibodies (MSAs). The key muscle biopsy finding is endomysial inflammatory 
infilitrates of CD4+ and CD8+ T cells in non-necrotic fibres. As classification criteria for IIM 
continue to develop, PM is now considered as a rare IIM subtype. Notably, it is important for 
researchers to consider that ASyS, IMNM and OM were frequently classified as PM in earlier 
studies (2, 39). 

1.1.2.7 Juvenile idiopathic inflammatory myopathies   

IIM diagnosed before age of 16 or 18 years is defined as juvenile form of IIM and up to 90% 
of juvenile IIM (JIIM) are JDM (46). JDM overall shares similarities with adult DM but 
differences in frequency of DM-specific autoantibodies and their associated clinical features 
present. Anti-TIF1g and anti-NXP2 autoantibodies are the first and second prevalent 
autoantibodies found in JDM but association with malignancy has not been suggested as in 
adult DM. Anti-TIF1g autoantibodies, presenting in 23-30% of JDM, are associated with 
photosensitivity, chronic skin manifestations including severe rash and skin ulceration, 
oedema and lipodystrophy. Compared to adult DM, JDM presents less extramuscular 
manifestations but in JDM patients with anti-NXP2 autoantibodies, gastrointestinal 
manifestation is common (47).  
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1.1.3 Classification criteria 

Several diagnostic criteria have been developed to determine and classify IIM (Figure 1). 
The Bohan and Peter criteria published in 1975 is one of the first and remains widely applied 
diagnostic criteria nowadays to differentiate DM from PM based on presence of skin 
manifestations (48, 49). Other diagnostic criteria have emerged as more distinct IIM subtypes 
have been recognised. The Griggs criteria and the European Neuromuscular Centre criteria 
are commonly used criteria to classify IBM (50, 51). In 2017, the European League Against 
Rheumatism (EULAR)/American College of Rheumatology (ACR) proposed scored-based 
classification criteria for IIM. A major advantage of the EULAR/ACR criteria is that it can 
determine IIM without muscle biopsy data. A predetermined cut-off for the aggregated score 
is set to ≥ 5.5 or ≥ 6.7 when muscle biopsy data is available to reach the best balance between 
sensitivity and specificity. Compared to the Bohan and Peter criteria, the EULAR/ACR 
criteria demonstrate better performance in identifying and classifying IIM, especially for 
ADM. However, one major limitation of the EULAR/ACR criteria is that it cannot 
differentiate ASyS, IMNM and OM from PM (52).   

 

 
Figure 1. Changing criteria of the idiopathic inflammatory myopathies. (reproduced with permission from Springer 
Nature: Khoo T, Lilleker JB, Thong BY, Leclair V, Lamb JA, Chinoy H. Epidemiology of the idiopathic inflammatory 
myopathies. Nat Rev Rheumatol. 2023;19(11):695-712.) 
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1.1.4 Risk factors 

Like many autoimmune diseases, the onset of IIM is multifactorial and involves both genetic 
and environmental factors (53). Numerous genetic and environmental factors associated with 
IIM have been identified but no single factor to date has been found to trigger IIM by itself.  

1.1.4.1 Genetic factors  

1.1.4.1.1 Familial component  

Although IIM is not considered a hereditary disease, familial aggregation of IIM has been 
reported, suggesting a genetic predisposition to IIM development. Having more than one 
family member affected by IIM is very rare. Supportive evidence of familial IIM is mainly 
from case studies reporting familial JDM, IBM, IBM/PM and ASyS (54-58). There are only 
four small scale or population-based family studies attempting to investigate familial 
aggregation of IIM (59-63). One study published in 1998 reported 16 families with at least 
two first-degree relatives affected by IIM; of these families, six were affected by DM solely, 
seven were affected by PM solely, one was affected by IBM solely, one was affected by PM 
and DM, and one was affected by PM and IBM (63). Another study published in the same 
year and aimed to study familial autoimmunity in 21 pedigrees of IIM by comparing to 21 
matched control probands (59). There was only one first-degree relative of patients with IIM 
developed DM. A family study including first- to third-degree relatives of 304 children with 
JDM observed that 0.04% of their relatives were affected by DM, compared with the 
prevalence of DM of 0.02% in the general population, corresponding to an odds ratio (OR) 
of 3.0 (95% CI 0.3-28.9) (60). A Danish study examined familial aggregation of a number of 
autoimmune diseases including 949 patients with IIM reported a familial OR of 3.9 (95%CI 
0.6-27.7) for parents or siblings of patients with DM and 4.9 (95%CI 0.7-35.2) for parents 
only (61). Recently, a Swedish study comprising 2,668 patients with one diagnostic code 
suggesting IIM between 1964 and 2012 observed similar familial aggregation of DM/PM 
among first-degree relatives (standardised incidence ratio, SIR=4.0, 95%CI 1.3-8.4) (62). 
Four of the total five familial cases of DM/PM were found in siblings (SIR=7.4, 95%CI 1.9-
19.1). The familial association was stronger in men (SIR=5.8, 95%CI 1.1-14.2) than in 
women (SIR=2.8, 95% CI 0.3-8.0). These findings suggest a familial component in IIM 
development. However, problems like IIM ascertainment using invalidated algorithms and 
wide 95% of confidence interval found in the previous studies increase the uncertainty of 
these findings.  

It is unknown if familial IIM differs from sporadic IIM. Rider et al. comparing 36 familial 
IIM to 181 sporadic IIM in terms of clinical, serologic and immunogenetic features found no 
obvious differences except younger onset age of familial DM (mean±SD, 25.6±18.9 versus 
39.7±13.1) and IBM (39.2±16.6 versus 53.7±10.3), lower prevalence of autoimmune 
diseases (37% versus 61%) in familial IIM. However, the age of onset became similar 
between adult familial and sporadic DM after excluding JDM cases. Regarding 
immunogenetic association, both familial (OR=5.5 95% CI 2.6-11.8) and sporadic (OR=9.5 
95% CI 5.4-16.9) IIM were associated with HLA-DRB1*03:01 while DQA1 homozygosity 
(of DQA1*05:01 in particular) was found as a unique genetic risk factors of familial IIM. 
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This study also found more concordant clinical and serological features between familial IIM 
than between randomly paired sporadic IIM (63). 

1.1.4.1.2 Genetic variants and heritability  

Many genetic variants associated with IIM have been identified in the past decade, thanks to 
international collaboration, advancement in sequencing techniques, and refined statistical 
analyses. Table 2 (on page 8) summarises the genetic variants and alterations associated with 
IIM that have been reported in Caucasian populations. However, the heritability of IIM, 
defined as the proportion of the phenotypic variation of IIM attributable to genetic variation, 
remains unclear (64). Rothwell et al. performed a post hoc analysis to estimate how much of 
all single nucleotide polymorphisms (SNPs) on the ImmunoChip account for the phenotypic 
variation of DM and PM. They reported a SNP-based heritability of 8.3% for PM and 5.5% 
for DM (65). These figures might be underestimated due to selected loci and limitations 
associated with the analytical method (66, 67).  

The HLA 8.1 ancestral haplotype (AH) on chromosome 6 has been confirmed as the major 
genetic factor influencing susceptibility to or protection from IIM (4-7). The 8.1 AH is more 
than four megabases long with alleles in extensive linkage disequilibrium (LD). This 
haplotype is conserved in European populations and associated with various types of 
autoimmune diseases (68). Genome-wide association studies (GWASs) have identified HLA-
DRB1*03:01 and HLA-B*08:01 as the strongest independent genetic variants associated with 
various IIM subtypes, MSAs and MAAs (4-6, 69-71). Other HLA alleles demonstrating 
independent effects include HLA-DQB1*04:02 for DM (5), HLA-DQB1*02:01 and HLA-
C*02:02 for JDM (4, 70), and HLA-DRB1*15 for anti-U1RNP autoantibodies (7). Although 
an interaction between HLA alleles has not been suggested, a combination of multiple alleles 
in 8.1 AH confers an even stronger risk of IIM than HLA-DRB1*03:01 or HLA-B*08:01 
alone. The strongest combination differed slightly among clinical IIM subtypes but all of 
them presented HLA-B*08:01, -DRB1*03:01 and -DQB1*02:01 (4).  

There are also several genes in the HLA class III region associated with IIM overall, subtypes 
including DM, ASyS, IBM, PM and JDM, and IIM-related autoantibodies (72, 73).  For 
example, low gene copy number of C4A has been suggested as risk factor of adult IIM, JDM, 
anti-Jo1 and PM/Scl autoantibodies, as well as MAA (73, 74).   

It has been suggested that HLA associations with IIM may be driven by amino acid 
associations which have important implications in functionality (5, 7, 69, 71). One typical 
example is that the arginine at position 74 of HLA-DRB1 showed similar associations with 
DM, anti-Jo1, PM/Scl and cN1A autoantibodies as HLA-DRB1*03:01 did. Arginine at 
position 74 of HLA-DRB1 locates within the peptide binding groove and may alter the 
functional structure of HLA DR protein (5). This structural alteration may affect antigen 
presentation to T lymphocytes and may eventually contribute to the breakdown of immune 
tolerance upon a specific exposure. More amino acid associations have recently been reported 
in serologically defined IIM subgroups and these associations are summarised in Figure 2 
(on page 11) (7). 

More than 40 non-HLA variants, particularly immune-related loci, have been discovered to 
be associated with IIM although not all of the associations have reached GWAS level of 
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significance (3, 5, 72, 75, 76). Rare variants of the IFI35 gene have been suggested to be a 
potential risk factor of IIM but the validation cohort failed to replicate this association (72). 
A recent study using genome-wide imputation of the ImmunoChip data suggested several 
novel genetic associations with IIM (75). Furthermore, a higher rate of Klinefelter syndrome 
(47,XXY), a X chromosome abnormality,  has been found in male patients with DM/PM 
(1.0% versus 0.1%), IBM (4.1% versus 0.1%) and SSc (4.3% versus 0.1%), compared to 
healthy controls.   
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Table 2. The genetic alleles and alterations associated with IIM in Caucasian populations and their associations with 
other autoimmune diseases and common B-cell lymphoma subtypes 

Genetic 
allele/aleration Effect Subtypes/autoantibodies Autoimmune diseases B-cell 

lymphomas Ref 

HLA class II 

DRB1*03:01 Risk 

IIM, DM, ASyS, IBM, PM, 
JDM 

Jo1, PL-12, La, PM/Scl, Ro, 
cN1A 

SLE (77), SS (78), MS 
(79), IBD (80), T1DM 
(81), AITD (82), CeD 

(83), MG (84) 

 (4-6, 69, 
70) 

DRB1*03 
Risk PM/Scl, Jo1, Jo1/Ro52 

  (7) 
Protective U1RNP, Mi2, TIF1g 

DRB1*01 Protective 
ASyS 

Anti-Jo1, TIF1g SSc (85), SS (78) FL (86) (7, 71) 

DRB1*04:01 Protective IIM, PM RA (87), MS (79), 
T1DM (81)  (69) 

DRB1*04 Risk U1RNP  
  (7) 

DRB1*07:01 
Risk Mi2 

SSc (85), IBD (80), MG 
(84) CLL (88) (71) 

Protective AsyS 
Jo1 

DRB1*07 Risk Mi2, TIF1g   (7) 
DRB1*11 Risk Ku, HMGCR, U1RNP SSc (85)  (7, 71) 
DRB1*13 Risk Seronegative  FL (86) (7) 

DRB1*15:01 Protective IIM SSc (85), MS (79), IBD 
(80),  MG (84)  (4) 

DRB1*15 Risk U1RNP   (7) 
DRB1*16 Risk Mi2   (7) 
DRB1*15/16 Protective PM/Scl   (71) 

DQA1*05:01 Risk IIM, PM, DM, IBM, AsyS 
Jo1, PM/Scl, Ro 

SLE (77), SSc (85), SS 
(78), T1DM (81), AITD 

(82), CeD (83), MG 
(84) 

 (4, 69, 
71) 

DQA1*05 
Risk PM/Scl, Jo1/Ro52 

  (7) Protective Mi2, TIF1g 

DQA1*01:01 Protective AsyS 
Jo1, PM/Scl IBD (80) FL (89) (71) 

DQA1*01:03 Protective IIM IBD (80), MG (84)  (69) 

DQA1*01 Risk Seronegative   (7, 69, 
71) Protective DM, AsyS 

DQA1*02:01 
Risk Mi2 

SSc (85), SS (78), IBD 
(80), MG (84)  (69, 71) Protective IIM, PM, IBM, AsyS 

Jo1, Ro 
DQA1*02 Risk Mi2, TIF1g   (7) 

DQA1*03 
Risk U1RNP 

  (7, 69) 
Protective IBM 

DQB1*02:01 
(JDM) Risk IIM, DM, PM, JDM 

Jo1, TIF1 (juvenile), PM/Scl 

SLE (77), SS (78), IBD 
(80), T1DM (81), CeD 

(83) 
 (4, 6, 70) 

DQB1*02:02 Risk TIF1 (adult) SSc (85), IBD (80)  (6) 

DQB1*02 
Risk PM/Scl, Jo1/Ro52 

MG (84)  (7) Protective U1RNP, seronegative 
DQB1*03 Risk U1RNP   (7) 
DQB1*04:02 Risk DM IBD (80)  (5) 
DQB1*05 Risk TIF1g   (7) 

DQB1*06 
Risk Seronegative 

  (7) 
Protective TIF1g 

DRA1*01:03 Risk IIM   (4) 
Continued on next page  
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Table 2. The genetic alleles and alterations associated with IIM in Caucasian populations and their associations with 
other autoimmune diseases and common B-cell lymphoma subtypes (Continued) 

Genetic 
allele/aleration Effect Subtypes/autoantibodies Autoimmune diseases B-cell 

lymphomas Ref 

DRA1*02:01 Risk IIM, DM   (4) 

DPB1*01:01 
Risk IIM, DM, PM 

Jo1   (4) 
Protective JDM 

HLA class I 
B*08 Risk PM/Scl   (71) 

B*08:01 Risk IIM, DM, ASyS, PM, JDM 
Jo1, La, Ro 

SLE (77), IBD (80), 
MG (84) 

DLBCL 
(90), MZL 

(91) 

(4-6, 69, 
71) 

B*15 Risk IIM,   (69) 

A*01 Risk IIM, ASyS 
Jo1 T1DM (92)  (69, 71) 

A*01:01 Risk PM/Scl MG (84)  (71) 
A*30 Protective IIM   (69) 
A*68 Risk IIM, DM   (69) 
C*02:02 Risk JDM   (4, 70) 
C*03:04 Risk PL-7 IBD (80)  (71) 
C*04 Protective Jo1   (71) 

C*07:01 Risk IIM, DM, ASyS, PM, JDM 
Jo1, La, Ro IBD (80), MG (84)  (4, 69, 

71) 
C*07:02 Protective IIM IBD (80)  (69) 
C*14 Risk IBM   (69) 
PSMB8 Risk ASyS   (72) 
PSMB9 Risk ASyS  CLL (93) (72) 
CCHCR1 Risk IIM   (72) 

HLA class III 
NOTCH4 Risk IIM, DM   (72) 
TNF Risk IIM   (72) 
AGER Risk ASyS   (72) 
C2 Protective IIM, ASyS, PM   (72) 
Low gene copy 
number of CA4 Risk IIM, IBM, PM, JDM 

Jo1, PM/Scl, MAA   (73) 

CTP21A2 Protective ASyS   (72) 
Non-HLA (chr no.) 

PTPN22 (chr1) 
 

Risk IIM, PM AITD (94), IBD (95), 
RA (76, 96), SLE (76, 
97), SSc (98), TIDM 

(99) 

 (5, 75, 
76) Protective IIM 

YDJC (chr22) Risk IIM 
CeD (100), IBD (95), 
RA (76, 96), SLE (76, 

97),SSc (76) 
 (5, 75, 

76) 

DGKQ (chr4) 
Risk IIM RA (76), SLE (76), SSc 

(76, 101)  (5, 75, 
76) Protective IIM 

STAT4 (chr2) 
Risk IIM RA (96), SLE (76, 97), 

SSc (76, 101)  (5, 75, 
76) Protective IIM 

MGCT4A (chr2) Risk IIM   (5) 
PRR5L|TRAF6 
(chr11) Protective IIM   (5) 

CCL17 (chr16) Risk IIM   (5) 

EOMES (chr3) Protective IIM  
DLBCL 

(102), CLL 
(93) 

(5) 

Continued on next page 
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Table 2. The genetic alleles and alterations associated with IIM in Caucasian populations and their associations with 
other autoimmune diseases and common B-cell lymphoma subtypes (Continued) 

Genetic 
allele/aleration Effect Subtypes/autoantibodies Autoimmune diseases B-cell 

lymphomas Ref 

CD28 (chr2) Risk IIM RA (96)  (5) 
RPL31P10 
(chr12) Protective IIM   (5) 

LOC728073|RPL
38 (chr17) Risk PM   (5) 

UBE3B|MMAB 
(chr12) Protective PM   (5) 

NAB1 (chr2) Risk IIM, PM RA (76), SLE (76), SSc 
(101) (76)  (5, 75, 

76) 
FAM167A|BLK 
(chr8) 

Risk IIM, DM RA (76, 96), SLE (76, 
97), SSc (76, 101)  (3, 5, 75, 

76) Protective PM 
IL18R1 (chr2) Protective PM   (5) 
SLC26A1|IDUA 
(chr4) Risk PM   (5) 

RGS1 (chr1) Protective PM CeD (100), MS (103), 
T1DM (99)  (5) 

ROPN1L|ANKRD
33B (chr5) Risk DM   (5) 

PTTG1|ATP10B 
(chr5) Risk DM   (5) 

GSDMB (chr17) Risk DM IBD (95), MS (103), 
RA (96), T1DM (99)  (5) 

IFI35 (chr17) Risk IIM   (72) 
PRDX3 (chr10) Risk IIM   (72) 
SLAMF1 (chr1) Risk IIM   (72) 
ZFAT (chr8) Risk IIM   (72) 
PTPN6 (chr12) Risk IIM   (72) 
CD1C (chr1) Risk DM   (72) 

IRF5 (chr7) Risk IIM RA (76), SLE (76), SSc 
(76)  (76) 

TNFAIP3 (chr6) Risk IIM SLE (76), SSc (76)  (76) 
IL12RB2 (chr1) Protective IIM SLE (76), SSc (76)  (76) 
PHTF1-RSBN1 
(chr1) Risk IIM RA (76), SLE (76)  (76) 

AP4B1 (chr1) Protective IIM RA (76), SLE (76), SSc 
(76)  (76) 

TNFSF4-
LOC100506023 
(chr1) 

Risk IIM SLE (76), SSc (76)  (76) 

NCF2 (chr1) Risk IIM SLE (76)  (76) 
DNASE1L3 
(chr3) Risk IIM SLE (76), SSc (76)  (76) 

KPNA4-ARL14 
(chr3) Risk IIM RA (76), SLE (76), SSc 

(76)  (76) 

TNIP1 (chr5) Risk IIM RA (76), SLE (76), SSc 
(76)  (76) 

SCT-DRD4 
(chr11) Protective IIM RA (76), SLE (76), SSc 

(76)  (76) 

PTPN11 (chr12) Risk IIM SLE (76), SSc (76)  (76) 
IRF8 (chr16) Protective IIM SLE (76), SSc (76)  (76) 
TYK2 (chr19) Protective IIM SLE (76), SSc (76)  (76) 
PRP12 (chr19) Risk IIM SLE (76), SSc (76)  (76) 

Continued on next page 
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Table 2. The genetic alleles and alterations associated with IIM in Caucasian populations and their associations with 
other autoimmune diseases and common B-cell lymphoma subtypes (Continued) 

Genetic 
allele/aleration Effect Subtypes/autoantibodies Autoimmune diseases B-cell 

lymphomas Ref 

SDK2 (chr17) Risk IIM   (75) 
LINC00924 
(chr15) Protective IIM   (75) 

TEC (chr4) Risk IIM RA (96)  (75) 

PLCL1 (chr2) 
Risk IIM, DM 

SLE (104, 105)  (3, 75) 
Protective DM 

LTBR (chr12) Protective IIM   (75) 
CCR5 (chr3) Protective IBM   (75) 
CCL21 (chr9) Protective DM RA (87)  (3) 
47,XXY 
X chromosome 
aneuploidiesn 

Risk IIM SLE (106), SSc (107)  (107) 

IIM: Idiopathic inflammatory myopathy; DM: Dermatomyositis; ASyS: Antisynthetase syndrome; IBM: Inclusion body 
myositis; PM: Polymyositis: JDM: Juvenile dermatomyositis; RA: Rheumatoid arthritis; SLE: Systemic lupus 
erythematosus; SSc: Systemic sclerosis; SS: Sjogren Syndrome; MS: Multiple sclerosis; IBD: Inflammatory bowel 
diseases; T1DM: Type 1 diabetes mellitus; AITD: Autoimmune thyroid disease, CeD: Celiac disease; MG: Myasthenia 
gravis; DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; CLL: Chronic lymphocytic leukemia; MZL: 
Marginal zone lymphoma; Chr: chromosome; Ref: Reference. 
Boldface indicates independent association; Italic indicates suggestive level of significance. 

 

Figure 2. The subgroups of IIM based on autoantibody profiles, HLA and amino acid significant associations, and their 
correspondence to the clinical/pathological subsets. IIM: Idiopathic inflammatory myopathy; HLA: Human leukocyte 
antigen; AsyS: Antisynthetase syndrome; IBM: Inclusion body myositis; JDM:Juvenile dermatomyositis; PM: Polymyositis; 
DM: Dermatomyositis; IMNM: Immune-mediated necrotising myopathy; OM: Overlap myositis. (Reproduced with 
permission from Elsevier: Leclair V, Galindo-Feria AS, Rothwell S, Krystufkova O, Zargar SS, Mann H, et al. Distinct HLA 
associations with autoantibody-defined subgroups in idiopathic inflammatory myopathies. EBioMedicine. 2023;96:104804.) 
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1.1.4.2 Environmental factors  

Various environmental factors have been linked to IIM but only a few of these associations 
have been replicated in population-based studies.  

An association with ultraviolet (UV) radiation has been consistently found in DM and in 
serological subgroup of anti-Mi2 autoantibodies (108-112).  

A higher frequency of smoking has been noted in patients with anti-Jo1 autoantibodies and 
HLA-DRB1*03:01, suggesting smoking may contribute to presence of anti-Jo1 
autoantibodies through interacting with this risk allele (113).  

Environmental pollutants mainly silica and dust have been suggested to trigger IIM (114-
116). A Swedish cohort study found a two-fold increased risk of RIDs including SLE, SSc 
and DM in male workers with occupational exposure to silica compared to those unexposed 
(114). Other study reported an increased risk of having SSc, vasculitis or IIM in US discharge 
military veterans exposed to inorganic dust compared with those unexposed and a dose-
dependent effect with increase in length of service was also observed (117). Furthermore, the 
presence of anti-Jo1 autoantibodies has been frequently reported in IIM cases exposed to 
occupational pollutants (116, 118-122). 

Infection is considered a potential risk factor of IIM given the observed seasonal pattern of 
IIM onset in some MSA groups (i.e., anti-TIF1g, Jo1 and MDA5 autoantibodies) and in 
groups of patients with specific HLA alleles (i.e., HLA-DRB1*03:01 and HLA-DQA1*05:01) 
(123-127). The association between IIM and infection has been further supported by an 
elevated risk of adult IIM in individuals with respiratory tract or gastrointestinal infections 
found in a Swedish population-based study (128). Severe acute respiratory syndrome 
coronavirus 2 is another potential trigger of IIM (129-131). It has been observed that 
coronavirus diseases 19 presents similar pathophysiological features to autoimmune anti-
MDA5 syndrome (130).  

Pharmacological treatments may also trigger IIM and the linked medications are statins and 
immune checkpoint inhibitors (ICIs). The use of statins has been implicated in various IIM 
subtypes, exhibiting a strong association with anti-HMGCR autoantibodies in IMNM and 
weaker associations with other subtypes, including IMNM with anti-SRP autoantibodies, 
DM, IBM, and PM (132-137). It is well-known that the administration of ICIs may lead to 
immune-related adverse events including myositis, myasthenia gravis (MG) and myocarditis 
as they function to boost the immune system against tumours (138-141). Importantly, even 
though lymphocytic infiltration is presented in muscle biopsy of patients with ICI-associated 
myositis (138), characteristics like concurrence with myasthenia gravis or myocarditis, 
infrequent positivity of MSAs/MAAs, high mortality and resolution after steroid and 
intravenous immunoglobin treatments highlight a distinct pathological mechanism different 
from that of IIM (138, 140, 141).  

1.1.5 Disease mechanisms 

The pathogenesis of IIM is not fully understood but there is a growing body of evidence 
suggesting that IIM can be triggered by environmental risk factors in genetically predisposed 
individuals. The pathogenesis of IIM involves both immune-mediated and non-immune-
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mediated mechanisms. The important roles of T and B cells, and interferon (IFN) pathway in 
the pathogenesis of IIM, particularly DM, are typical examples of immune-mediated 
mechanisms (142-144). Non-immune-mediated mechanisms related to IIM include 
endoplasmic reticulum stress response, autophagy and hypoxia (53, 145). For example, it has 
been suggested that accumulation of misfolded amyloid b in IBM can lead to muscle cell 
dysfunction by production of reactive oxygen species and this damage is further amplified 
via endoplasmic reticulum stress response (146). 

1.1.6 Mortality  

Patients with IIM still have a higher mortality compared to the general population although 
improvement in survival has been observed in recent years (10, 35, 147-151). The five-year 
survival ranges from 59.6% to 82.8% (10, 35, 147, 148). The mortality rate has been found 
to be the highest shortly after IIM diagnosis. Compared to the Swedish general population, 
there was an approximately 10-fold higher risk of death following the first year of IIM 
diagnosis (10). The excess mortality in patients with IIM can be attributed to commonly 
associated comorbidities including cancer (10, 35, 152, 153), respiratory diseases (interstitial 
lung disease, ILD in particular) (10, 35, 152-160), cardiovascular  diseases (10, 35, 161) and 
infections (152, 157, 158, 162-165).  

1.2 IIM in the context of cancer  

1.2.1 Epidemiology  

The occurrence of cancer in patients with IIM was firstly described in 1916 (166) and 
recognised as a comorbid condition in DM and PM by Bohan and Peter in 1975 (48, 49). The 
association between IIM and cancer has become well-established after the publications of 
well-conducted population-based studies released in late 20th to early 21st century (8, 167, 
168). Cancer may occur concurrently with or any time before or after IIM diagnosis, but it is 
frequently observed within three years before and after IIM diagnosis, which is a common 
timeframe to define cancer-associated myositis (CAM) (169). However, there is no 
consensus on the definition of CAM. Some investigators extended the timeframe to five years 
after IIM diagnosis (167, 170, 171) or included no time restriction (172). This discrepancy 
together with differences in study design and year, IIM ascertainment, IIM subtypes being 
studied and ethnic background lead to a significant variation in frequency of cancer measured 
in patients with IIM. The prevalence of cancer in patients with IIM from two tertiary centers 
in Riyadh, Saudi Arabia was 6.7% while it was 78% in a hospital-based study including DM 
or ADM patients positive to anti-TIF1g autoantibodies (173, 174). In population-based 
studies conducted in Nordic countries, Scotland, Korea and Taiwan, the overall prevalence 
of cancer in patients with IIM varied from 11% to 24% (8, 9, 168, 175-177). Incidence of 
cancer after IIM diagnosis was commonly reported as a proportion or a rate ratio in previous 
studies, with the risks varying from 10% to 17% (167, 178-181), and the rate ratios ranging 
from 2 to 7.7 for patients with DM and 1.3 to 2.1 for patients with PM (8, 20, 168, 175). Our 
previous work reported that the incidence rate of cancer three months after IIM diagnosis was 
21.1/1000 person years, which was 1.7 times higher than the general population (9).  
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The risk of cancer in IIM is time dependent. The risk can rise as soon as three years before 
and usually peak within the year of IIM diagnosis, when it can be up to 25-fold higher than 
the general population, and then decrease gradually but can remain significantly elevated 
more than 10 years after IIM diagnosis (8, 9, 20, 178, 180).  

1.2.2 Associated IIM subtypes  

The association with cancer has been observed in several IIM subtypes. The strongest 
association is consistently found in DM, followed by PM. In a meta-analysis study including 
five large-scale observational studies, the pooled SIR was 4.7 (95% CI 3.3-6.5) and 1.8 
(95%CI 1.4-2.3) for DM and PM, respectively (180). Moreover, patients with DM are also 
more likely to have cancer history compared to patients with other IIM subtypes (8, 9). In the 
Swedish population, the OR of cancer one year before to within 90 days after IIM diagnosis 
was 12.1 (95%CI 7.1-20.8) and 2.3 (95%CI 1.4-3.5) for DM and other IIM, respectively (9). 
There is also evidence supporting an association with cancer for CADM (179, 182), IMNM 
(183, 184) and IBM (178, 185, 186), though with conflicting findings (175, 187). The 
increased risk of cancer in CADM and IMNM may be attributed to the presence of anti-TIF1g 
autoantibodies and anti-HMGCR autoantibodies, respectively (182-184).  There is little 
evidence indicating an increased risk of cancer in patients with JDM, ASyS and OM (44, 45, 
176, 188). 

1.2.3 Associated site-specific and histological subtypes of cancer  

Various types of cancer have been reported in patients with IIM and the associated subtypes 
of cancer seem to be in line with the population cancer risk. For example, an elevated risk of 
nasopharyngeal cancer (NPC) is frequently observed in patients with IIM from Asian 
countries including China (189-193) and Singapore (194) while patients from Korea are more 
likely to have NPC and stomach cancer (195, 196). Patients with IIM from Taiwan have been 
found to be associated with an increased risk of brain cancer, but this finding was based on 
cases less than five. Breast, prostate, ovarian, stomach, colorectal, kidney, bladder and skin 
cancers are commonly seen in patients with IIM from Nordic countries (8, 9, 167, 197), 
Scotland (168),  Hungary (198), Australia (185) and the US (199) where these cancer types 
are more prevalent. Lung and haematological cancers are associated with IIM in both Asian 
and Western populations (8, 189, 196).  

Most of the associated cancer subtypes are more likely to occur around the time of IIM 
diagnosis. For instance, elevated risks of lung, stomach, colorectal and ovarian cancers, as 
well as haematological malignancies are usually found close to the time of IIM diagnosis and 
seldomly observed more than 5 years after (8, 9, 168, 200). Specifically, in our previous work, 
we found increased risks of lung, colorectal and ovarian cancers only before IIM diagnosis 
while increased risks of oropharyngeal, cervical and skin cancers were observed only 90 days 
after IIM diagnosis (9). However, a Nordic study found that an increased risk of colorectal 
cancer could last up to more than 5 years following DM diagnosis (8).  

There is no consistent pattern of the associated cancer subtypes found between IIM subgroups. 
However, increased risks of lung, ovarian, cervical, stomach and colorectal cancers are more 
likely observed in patients with DM than in patients with PM in Western countries (8, 167, 
168). Among patients with anti-TIF1g autoantibodies positive DM from the UK, breast and 
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ovarian cancers, and lymphoma are overrepresented (201). A single center study in China 
also observed similar findings (202) while another Chinese single center study found that 
NPC, breast and lung cancers were overrepresented (203). Furthermore, when considering 
cancer association by histology, DM is associated with squamous cell carcinoma, 
adenocarcinoma and haematological malignancies while PM is only associated with 
haematological malignancies (8, 9).  

1.2.4 Predictors  

Patients affected by IIM and cancer are associated with specific features. Meta-analysis 
studies investigating predicators of cancer by comparing IIM patients with cancer and those 
without showed that old age at IIM diagnosis, male sex, rapid disease onset of IIM, skin 
manifestations especially cutaneous necrosis, dysphagia, lower levels of CK and lactate 
dehydrogenase, elevated levels of C-reactive protein and erythrocyte sedimentation rate (≥ 
35 mm/h) and presence of anti-TIF1g autoantibodies were associated with an increased risk 
of cancer, while ILD, Raynaud’s phenomenon, arthritis, presence of anti-Jo1, anti-EJ or any 
anti-aaRS autoantibodies were protective factors of cancer (204-206). Of these factors, old 
age, male sex, dysphagia, ILD, anti-TIF1g autoantibodies and anti-aaRS autoantibodies were 
suggested to be established predictors of cancer in a meta-analysis including the largest 
number of studies (n=67) (206). Importantly, patients with IIM diagnosed at young age and 
female patients are also at a higher risk of developing cancer compared to the general 
population, although old age and male sex may confer a higher risk (9, 176).   

There are more predictors that have been suggested to increase risk of cancer in IIM; however, 
these associations remain to be verified. There is evidence from multivariate analyses 
suggesting low baseline level of complement 4, neutrophil to lymphocyte ratio > 5.5, low 
level of alanine transaminase and absence of fever as risk factors of cancer in patients with 
IIM (171, 193, 207). Tumour marker CA125 has also been suggested to be associated with 
cancer in IIM but its predictability is not promising (206, 208, 209). Furthermore, 
associations between anti-HMGCR, anti-NXP2, anti-SAE and anti-calreticulin (CRT) 
autoantibodies, MSA negative, obesity and cancer have been observed (183, 184, 188, 202, 
210-214), although conflicting findings for some of these factors exit (193, 204, 206, 208).  

Little is known if there is genetic variant associated with cancer in patients with IIM. Limaye 
et al. observed higher frequency of HLA-A28 in patients with IIM and cancer than those 
without cancer (11% versus 2%) (185). HLA-Cw 90AGSHTLQWM98 protein binding motif 
sequence has been reported to positively associated with CAM (69). The HLA-DRB1*03:01 
allele, which is strongly associated with IIM is however not associated with cancer in patients 
with IIM (69, 198).  

1.2.4.1 Utility of MSAs in cancer prediction  

The predictability of anti-TIF1g autoantibodies and negativity of other IIM-related 
autoantibodies has been examined. A meta-analysis study reported a pooled sensitivity of 
78% (95% CI 45-94%) and a specificity of 89% (95% CI 82-93%) when using the presence 
of anti-TIF1g autoantibodies to predict cancer in adult patients with DM or ADM (215). A 
UK study with a large patient cohort found that the combination of anti-TIF1g autoantibodies 
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positivity and absence of anti-Jo1, anti-Ku, anti-PM/Scl, anti-U1RNP and anti-U3RNP 
autoantibodies detected via hospital-based routine immunology testing had high sensitivity 
(93.8%) and negative predictive value (99.2%) but low specificity (44.7%) and PPV (9.3%) 
(216).  

1.2.4.2 Cancer predictors in patients with anti-TIF1g autoantibodies 

Not all patients with anti-TIF1g autoantibodies positive DM experience cancer although anti-
TIF1g autoantibodies are strong risk factor of cancer. Among patients with anti-TIF1g 
autoantibodies positive DM, up to 62% of them could be free of cancer (201, 203). 
Identifying factors associated with cancer in patients with anti-TIF1g autoantibodies positive 
DM is important to inform cancer assessment. A Chinese study including 87 patients with 
anti-TIF1g autoantibodies identified 14 clinical variables that could result in good 
performance of cancer predication based on different machine learning algorithms (area 
under the receiver operating characteristic curve ranged from 88% to 100% in the training 
samples and from 70% to 91% in the testing samples) (203). Of these clinical variables, 
disease duration had the highest importance in cancer prediction, followed by percentage of 
lymphocytes, percentage of neutrophils, neutrophil-to-lymphocyte ratio (NLR), sex, C-
reactive protein, shawl sign, arthritis/arthralgia, V-neck sign, anti-PM/Scl75 autoantibodies, 
deterioration of general condition, Raynaud’s phenomenon, fever and anti-Jo1 autoantibodies. 
Furthermore, several novel autoantibodies or biomarkers have been reported to be associated 
with cancer in patients with anti-TIF1g autoantibodies. Anti-Sp4 and anti-CCAR1 
autoantibodies concurrent with anti-TIF1g autoantibodies in patients with DM have been 
shown to be associated with a reduced risk of cancer (217, 218). A significant higher serum 
level of galectin-9, an immune checkpoint protein, has been observed in DM patients with 
newly onset and untreated cancer than in DM patients with treated cancer, DM patients 
without cancer and cancer patients without IIM (219). Anti-TIF1g autoantibodies in 
combination with the presence of serum galectin-9 showed good predictability of cancer (area 
under the receiver operating characteristic curve=89%, 95% CI 80%-98%) in patients with 
DM (219). 

1.2.5 Pathogenesis  

Little is known the pathological link between IIM and cancer, but some hypotheses have been 
suggested based on evidence from mainly epidemiological studies. The mainstream proposed 
hypotheses are cancer-induced autoimmunity and autoimmunity-induced cancer. These two 
hypotheses, together with shared pathogenesis as the third hypothesis are introduced in the 
following sections.  

1.2.5.1 Cancer-induced autoimmunity  

IIM in some cases, particularly DM, can be considered as a paraneoplastic symptom triggered 
by the internal malignancy in an individual. Evidence supporting this proposed hypothesis 
includes firstly close temporal relationship between IIM and cancer and association between 
active disease activity of IIM and cancer (180, 196, 204). Concordant disease courses of IIM 
and cancer is frequently observed, for example, IIM symptoms can be resolved after 
successful cancer treatments or surgeries (198, 220-224). Furthermore, DM patients with 
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cancer associated MSAs including anti-TIF1g, anti-NXP2 and anti-SAE1 autoantibodies 
usually have cancer detected close to IIM onset (188, 201, 225). Two studies also found that 
titre of anti-TIF1g autoantibodies were correlated with the disease courses of DM and cancer, 
and patients had a lower level of anti-TIF1g autoantibodies or became anti-TIF1g 
autoantibodies negative after control of cancer (172, 226). Importantly, there is increasing 
evidence supporting the important role of TIF1g protein in the development of paraneoplastic 
DM. TIF1g protein has been found to overexpress in tumour cells, muscle and skin tissues of 
DM patients with cancer (227) and in regenerating muscle cells (228). Features of muscle 
regeneration have been found in patients with newly diagnosed cancer (229). Furthermore, 
somatic mutations and loss of heterozygosity of TIF1 genes have been found in tumours of 
patients with cancer-associated DM positive to anti-TIF1g autoantibodies (230, 231). 
Together, this evidence leads to a hypothesis where anti-tumour immunity against neoantigen 
(mutated self-protein produced during tumorigenesis) may cross-react with the wild-type 
self-protein expressed in regenerating muscle tissues, leading to muscle damage and onset of 
IIM (227, 232).  

Cancer may also indirectly lead to IIM development via anti-cancer treatment. Hormone 
therapy aromatase inhibitors, one of the primary treatments for breast cancer, have been 
suggested to be associated with ASyS and other autoimmune diseases including lupus, SSc 
(233-235). This suggested association is however based on findings from case reports. As 
abovementioned, onset or flare of IIM has been observed in patients treated with ICIs (138-
141). However, the pathogenesis of ICI-associated myositis remains unclear. It is possible 
that ICIs may contribute to IIM development via enhancing T cells activation which has an 
important role in the pathogenesis of IIM (143, 236).  

1.2.5.2 Autoimmunity-induced cancer 

The long-term risk of cancer observed in patients with IIM may suggest that in some cases, 
especially IIM subtypes other than DM, the autoimmune conditions may lead to cancer (9). 
IIM is a chronic condition, and its development involves chronic inflammation (53). 
Although little is currently known if the underlying chronic inflammation of IIM may 
contribute to the onset of cancer years following IIM diagnosis, it is well-known that chronic 
inflammation favours formation of tumour microenvironment (237). Long-term use of 
immunosuppressive treatment in patients with IIM may also pose risks of developing cancer, 
experiencing cancer recurrence and second cancer but evidence is lacking in patients with 
IIM. Relevant knowledge is mainly learnt from studies of patients with other autoimmune 
diseases or patients experienced solid organ transplantation. Glucocorticoids are the first-line 
treatment for IIM and its long-term use is needed for patients with moderate to severe IIM 
(53). A meta-analysis found no higher risk of malignancy in kidney transplant patients using 
steroids versus those discontinuing steroids after five years of follow-up (238). However, 
corticosteroid in combination with cyclophosphamide has been reported to be associated with 
an increased risk of cancer in patients with SLE (239). Moreover, azathioprine, the first line 
nonsteroid treatment for IIM, has been found to be associated with skin cancer (240, 241).  
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1.2.5.3 Shared pathogenesis 

Adopting a broader perspective and moving beyond direct causality, IIM and cancer may 
have common pathological pathways given that immune system plays a central role in the 
developments of both conditions. Song et al. conducted a meta-analysis of gene expression 
data of IIM and controls derived from muscle and skin tissues from public databases (145). 
The authors identified top 10 up-regulated differentially expressed genes associated with IIM 
and these genes were enriched in IFN signalling pathway, unfolded-protein responses and 
protein secretion. It is already known that IFN signalling pathway has an important 
pathogenic role in DM, ASyS and IBM and its role in CAM has also been proposed in a 
review paper written by Selva-O'Callaghan et al. (144, 232). Unfolded-protein response 
signalling pathway has been recognised as a regulator of tumorigenesis (242). Moreover, the 
top up-regulated gene TSMB10 reported in the abovementioned meta-analysis study has been 
found to overexpress in breast and liver cancers (145, 243, 244).  

1.2.5.3.1 Familial component  

Studying familial co-aggregation of IIM and cancer is an useful approach to investigate if 
IIM and cancer share familial (genetic and environmental) factors. A study conducted in 1997 
found no significant difference in frequency of family history of cancer between patients with 
newly onset JDM, patients with juvenile RA and healthy controls (245).There are also a few 
studies examining familial co-aggregation of IIM and haematological malignancies but none 
of them detected statistically significant associations. The earliest study published in 2000 
failed to observe any cases of lymphoma and leukaemia in 511 offspring of 348 parents with 
DM/PM (246). Engels et al. later reported that patients with non-Hodgkin lymphoma (NHL) 
were more likely to have family history of DM compared to controls (0.9% versus 0%, 
p=0.02) (247). Landgren et al. using Nordic nationwide register data to examine if family 
history of DM/PM was associated with chronic lymphocytic leukaemia (CLL), HL and 
multiple myeloma (MM) among first-degree relatives (248-250). The OR was 0.9 (95%CI 
0.5-1.6) for CLL, 1.5 (95%CI 0.8-2.8) for HL and 1.0 (95%CI 0.7-1.5) for MM. A Swedish 
population-based study with more recent data observed a similar finding for MM and an 
insignificant negative association for HL but the estimation was based on only one HL case. 
This study also found no significant familial association between DM/PM and NHL overall 
(SIR=0.8, 95%CI 0.4-1.4), as well as for diffuse large B-cell lymphoma (DLBCL) (SIR=2.1, 
95%CI 0.8-4.3) and follicular lymphoma (FL) (SIR=1.2, 95%CI 0.2-3.6) (251). These 
findings overall do not support that familial component plays an role in the co-occurrence of 
IIM and haematological malignancies. However, given the limitations such as using only 
inpatient data to define IIM and defining IIM based on only one diagnostic visit in the 
abovementioned studies (248-251), further investigation is needed. Moreover, prior to study 
III, no research had investigated familial co-aggregation between IIM and solid cancers.  

1.2.5.3.2 Shared genetic susceptibility  

No study has published to date to investigate shared genetic susceptibility between IIM and 
cancer. Nevertheless, there are genes or genetic variants associated with IIM and cancer 
reported in independent GWASs of these diseases. For example, though with different 
associated variants, HLA class I genes associated with IIM are also related to various types 
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of cancer including lung and cervical cancers, and haematological malignancies (4, 90, 91, 
252-255). Furthermore, several IIM-associated genes outside the HLA region such as 
GSDMB, STAT4, PTPN22, PHTF1-RSBN1 are linked with diverse types of cancer (5, 75, 76, 
256-261). Furthermore, Song et al. identified several expression quantitative trait loci 
potentially associated with IIM via in silico analysis, one of which is mapped to the AGER 
gene (145). Genetic variant of the AGER gene has been found to be associated with increased 
neutrophil-lymphocyte ratio and mortality in lung cancer (262). Notably, higher neutrophil-
lymphocyte ratio has been found as a risk factor of cancer in patients with IIM (203, 207). 
These findings suggest shared pathogenesis between IIM and cancer from a genetic 
perspective.  

1.2.5.3.3 Shared environmental factors 

There are no confirmed environmental risk factors associated with IIM in the context of 
cancer. However, suggested risk factors of IIM including smoking, UV radiation and 
infections are well established risk factors of various cancer types (263, 264). With data from 
the MYONET registry, prevalence of smoking was higher in IIM patients with cancer (51%) 
than those without (37%) (45). Yet, an Australian study including 80 patients with IIM and 
cancer found similar frequency of cancer between never smokers (9.2%) and current or 
former smokers (10.8%) (185). 

1.2.6 Cancer screening  

In 2022, the first risk-based cancer screening approach for IIM, formulated based on available 
evidence of risk factors of cancer and clinical experiences, was introduced and it was further 
refined in a recent publication (265, 266). This approach primarily targets patients who have 
adult-onset IIM diagnosis within a three-year window of time and risk levels of cancer are 
categorized as low, moderate or high based on IIM subtypes, clinical and serological factors 
(Figure 3). It is recommended to perform age- and sex-appropriate cancer screening as per 
local guidelines to all patients with IIM regardless of risk level of cancer. Furthermore, 
patients at low risk group (one moderate risk factor or ≥ one low risk factor) should undergo 
basic cancer screening at IIM diagnosis. At moderate risk group (≥ 2 moderate risk factors 
or one high risk factor), patients should undertake basic and enhanced cancer screening 
panels at IIM diagnosis. At high risk group (≥ two high risk factors), patients should undergo 
basic and enhanced cancer screening panels at IIM diagnosis plus annual basic cancer 
screening for three years based on the overall risk assessment. Moreover, in cases where basic 
and enhanced cancer screening panels reveal no signs of cancer in patients at high risk group, 
clinicians may consider using 18F-fluoro-deoxy-glucose positron emission tomography-
computed tomography as an additional cancer screening method, particularly when there are 
suspicions of lymphoma. Importantly, no study thus far has evaluated the benefits gained 
from this risk-based cancer screening approach.  
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Figure 3. Risk stratification and frequency of screening for IIM-related cancer. ASSD: Antisynthetase syndrome; CADM: 
Clinically amyopathic dermatomyositis; HMGCR: 3-hydroxy 3-methylutaryl coenzyme A reductase; IBM: Inclusion body 
myositis; IMNM: Immune-mediated necrotizing myopathy; MDA5: Melanoma differentiation-associated gene 5; NXP2: 
Nuclear matrix protein 2; RNP: Ribonucleoprotein; SAE1: Small ubiquitin-like modifier-1 activating enzyme; SRP: Signal 
recognition particle; TIF1γ: Transcription intermediary factor 1 γ. aAnti-PM/Scl, anti-Ku, anti-RNP, anti-SSA/Ro, anti-
SSB/La autoantibodies. bIf not already part of country/region-specific age- and sex-appropriate cancer screening 
programmes. (reproduced with permission from Springer Nature Oldroyd AGS, Callen JP, Chinoy H, Chung L, Fiorentino 
D, Gordon P, et al. International Guideline for Idiopathic Inflammatory Myopathy-Associated Cancer Screening: an 
International Myositis Assessment and Clinical Studies Group (IMACS) initiative. Nat Rev Rheumatol. 2023;19(12):805-17.) 

1.2.7 Disease management  

Disease management for patients with IIM and cancer is challenging as effective strategy is 
lacking to maintain a balance between IIM and cancer treatment. The current 
pharmacological treatment to control IIM in patients with CAM is a combination of 
prednisone (1 mg/kg/day), cyclosporine (up to 5 mg/kg/day) or tacrolimus (0.06 mg/kg/day) 
and intravenous immunoglobulins (2 g per kg every 4-6 weeks). Moreover, IIM medications 
can interact with many antineoplastic agents and therefore there should be additional 
attention to drug-drug interaction when prescribing treatments to patients affected by IIM 
and cancer. Similar to the health management advices given to the general population, 
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patients with IIM are recommended to avoid smoking, alcohol consumption and UV 
exposure, to have physically active life and equilibrated Mediterranean diet, and to follow 
vaccination programmes against infections (267).    

1.2.8 Prognosis  

1.2.8.1 Cancer recurrence and second cancer  

Our understanding of cancer recurrence in patients with IIM is primarily based on case 
reports that often present IIM as a paraneoplastic syndrome associated with cancer relapse 
(170, 268-281). In some of these cases, IIM was detected when a previously diagnosed 
primary cancer reoccurred (170, 268-270, 273, 274, 280, 281). In other cases, IIM was 
presented as the first manifestation that led to a diagnosis of a primary cancer during cancer 
examination, subsequently, cancer recurrence was detected when IIM flared during follow-
up (271, 272, 275-279). Prospective epidemiological studies investigating the risk of cancer 
recurrence in patients with IIM who later get cancer is lacking. In a systematic review of 48 
case reports including 110 patients with DM/PM and ovarian cancer, 31 patients (28.2%) 
experienced cancer recurrence within a median follow-up of 24.5 months (ranges 5-210 
months) (282). Furthermore, about two-third of these cases had DM as the first manifestation 
(282). Similar findings were reported in another systematic review of 27 case studies of 
patients with DM and colorectal cancer, with a frequency of cancer recurrence of 19.2% after 
a median follow-up of 7.9 months (ranges 2-21 months) (283).  Little is currently known 
what factor is associated with cancer recurrence in IIM. The majority of abovementioned 
cases reported cancer recurrence in patients with DM but we cannot draw any conclusive 
interpretation as these reported cases could be highly selective (170, 268, 269, 271-283). 
Another potential factor associated with cancer recurrence in IIM is anti-CRT autoantibodies. 
In a Chinese single center study including 469 patients with IIM, the positivity rate of anti-
CRT autoantibodies was significantly higher in IIM patients with cancer recurrence (62.5%) 
than those with cancer in remission (18.2%) (214). Moreover, the frequency of cancer 
recurrence in patients with anti-CRT autoantibodies was also higher than in patients without 
anti-CRT autoantibodies (214). There is also a study reporting increased level of anti-TIF1g 
autoantibodies in DM patients with cancer recurrence, but findings were based on a few 
number of patients (n < 5) (226).  

Besides cancer recurrence, patients with IIM may also experience multiple primary cancers. 
However, previous epidemiological studies have predominantly focused on the risk of ever 
cancer diagnosed within three years of IIM diagnosis or the risk of cancer after IIM diagnosis, 
leading to restricted understanding of the risk of a second cancer in IIM. According to the 
descriptive data from population-based studies, as well as single and multicentre cohorts, the 
frequency of IIM patients with more than one primary cancer among all included IIM patients 
ranged from 0.2% to 3.2% (168, 170, 176, 226). Among IIM subtypes, the frequency of 
having a second cancer in patients with PM varied from 0.3% to 0.7%, versus 0.1% to 0.4% 
in patients with DM (168, 176).  
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1.2.8.2 Mortality  

Cancer is one of the major comorbidities associated with IIM and it worsens patients’ 
prognosis. Patients affected by IIM and cancer have poorer survival than the general 
population, cancer patients without IIM and patients with primary IIM. Compared to the 
general population, patients with IIM have a four-fold higher risk of death from cancer than 
the Swedish general population (10). Increased mortality has also been found in cancer 
patients with CTD compared to those without CTD (284-286). The survival rate of lung 
cancer patients with DM/PM was much lower than that of lung cancer patients without any 
rheumatic diseases (285). A Swedish study also found an increased mortality in lung cancer 
patients with DM/PM compared to the cancer-specific mortality rate in the general population 
(SIR=4.2, 95% CI 3.0-5.6) (284). Furthermore, compared to patients with primary IIM, two 
cohort studies reported lower one- and five-year overall survival rates in patients with CAM 
(193, 198). In a Chinese large multicentre cohort, the one- and five-year survival rates of 
CAM were 84% and 76% versus 94% and 92% for primary IIM (193).  

Study investigating mortality between DM and PM patients with cancer is scarce and findings 
are inconsistent. Wakata et al. reported a one-year survival rate of 80% in DM patients with 
cancer versus 100% in primary DM while it was 50% in PM patients with cancer versus 
100% in patients with primary PM (287). A more recent study with larger sample size 
however found lower one-year survival rate in DM patients with cancer (49%) compared to 
69% in PM patients with cancer while at five-year survival, a more reduced survival rate was 
observed in PM compared to DM (15% versus 28%) (288).  

The length of time interval between IIM and cancer diagnoses may also have an impact on 
mortality. It has been found that patients with cancer concurrent with active IIM had shorter 
mean survival time (50.2 months, 95%CI 28.2-71.6 months) than patients with cancer 
diagnosed during inactive myositis (219.1, 95%CI 165.5-272.7 months), corresponding to a 
hazard ratio of 4.3 (95%CI 1.5-12.7) (196). Similar findings were observed in two other 
studies when comparing patients with CAM to those with non-CAM (177, 188). Other factors 
potentially associated with an increased mortality in patients with IIM and cancer include 
male sex, advanced cancer stage and cutaneous necrosis (196, 210, 289). For example, the 
cumulative one-year survival rate was the lowest for male patients with advanced cancer 
(69%) compared to patients with either of risk factor (93%) and patients with no risk factor 
(100%) (210).  

Malignancy and respiratory diseases are common causes of death reported in patient with 
IIM and cancer, but evidence is mainly from descriptive data. Two studies found cancer as 
the major cause of death in patients with IIM and cancer (193, 196, 289-293), while other 
studies reported ILD as the primary cause of death (215, 287) and one study found even 
contribution between ILD and cancer (294).  

1.3 Specific background of Study I and II 

1.3.1 Inherited IIM mimics  

Inherited muscular diseases such as metabolic myopathies (i.e., McArdle disease and Pompe 
disease) and muscular dystrophies (i.e., fascioscapulohumeral muscular dystrophy and 
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dysferlinopathies) are common IIM mimics. Given the shared clinical and histopathological 
features with IIM, particularly PM, misdiagnosing inherited muscular diseases as IIM is not 
uncommon. Misdiagnosing of inherited muscular diseases as PM usually happen when 
distinct disease features are not noticed and there is a late disease onset accompanied with 
proximal muscle weakness, elevated CK level and inflammatory infiltrate on muscle biopsy, 
characteristics that fulfil the Bohan and Peter criteria for PM (295-298). In a French study 
including 40 patients with genetically confirmed dysferlinopathies, 10 of the patients (25%) 
were misdiagnosed as PM in early diagnostic work-up. However, in a screening of non-
inflammatory myopathies in 3,170 patients included in the MYONET registry, only 103 
patients were excluded due to indications of IIM mimics or other reasons irrevalent to IIM 
mimics, corresponding to a PPV of 97% (45).  

In Sweden, considerable measures have been implemented to reduce the risk of 
misdiagnosing inherited muscular diseases as IIM. These efforts involve high awareness of 
IIM mimics among rheumatologists, neurologists and neuropathologists, alongside thorough 
diagnostic evaluation and vigilant monitoring. In Sweden, patients with IIM generally have 
at least two follow-up visits within the year of initial diagnosis at specialised clinics for 
prognostic assessment. The first follow-up visit usually occurs within one to three months 
after the initial diagnosis. The number of visits increases and the time interval between 
follow-up visits is shortened when disease is severe or there is no beneficial effect from 
immunosuppressive treatments, which is a typical feature of inherited muscular diseases. 
Once no treatment response is found, patients are usually subject to a new diagnostic workup 
and a second muscle biopsy is often performed together with magnetic resonance imaging. 
Therefore, even if a misdiagnosis occurs, it is unlikely that the misdiagnosis remained 
uncorrected for an extended period in the Swedish healthcare system.  

1.3.2 Polyautoimmunity, familial autoimmunity and shared genetic susceptibility with other 
autoimmune diseases  

Autoimmune diseases have a common origin and therefore, co-occurrence of more than one 
autoimmune diseases in an individual is frequently observed and usually defined as 
polyautoimmunity (299). Polyautoimmunity has been observed in more than one third of 
patients with an autoimmune disease (299). The frequency of polyautoimmunity in patients 
with IIM can be reflected by the frequency of OM, ranging from 12% to 28% (45, 300). IIM 
may not only overlap with MCTD, SSc, SLE, SS and RA but also other autoimmune diseases 
including celiac disease (CeD), psoriasis, inflammatory bowel diseases (IBD), autoimmune 
thyroid diseases (AITD) and MG (60, 300-302). An increased prevalence of CeD has been 
observed in patients with adult IIM compared to the general population (4.5% versus 0.5%) 
(300). A population-based study in Taiwan found that patients with ulcerative colitis had a 
six-fold high risk of having DM than the general population (301). An increased risk of PM 
in UC was however not found. Furthermore, a strong association between IIM and MG has 
been reported (OR=21.0, 95%CI 5.8-75.3) (302). 

IIM may cluster within families along with other autoimmune diseases. These autoimmune 
diseases include RA, SLE, SSc, Type 1 diabetes mellitus (T1DM) and AITD (59, 60, 62, 
303-305), but conflicting findings exist (59, 60, 245, 306-308). There are also studies 
examining familial associations between IIM, and SS, multiple sclerosis (MS), IBD, CeD 
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and MG but found no significant associations, probably due to small number of IIM cases 
(59, 60, 245, 309-311). Knowledge of familial association between two diseases is helpful to 
understand the aetiology of both diseases and to guide genetic studies exploring genetic 
correlation between diseases.  

Several attempts have been made to study genetic overlap between IIM and various 
autoimmune diseases and have successfully discovered numerous genetic variants associated 
with both IIM, RA, SLE and SSc (3, 5, 76). Moreover, insights drawn from independent 
genetic studies of IIM and other autoimmune diseases, including SS, T1DM, MS, IBD, CeD, 
AITD and MG, reveal share genetic variants with IIM (3, 5, 76-85, 87, 92, 94-101, 103-105). 
Table 2 presents the genetic variants that have been reported to be associated with IIM and 
these autoimmune diseases. Among these autoimmune diseases, SLE and SSc share the 
highest number of genetic variants with IIM. 

1.4 Specific background of Study IV 

1.4.1 The risks of common B-cell lymphoma subtypes in IIM 

Among haematological malignancies, only NHL has been found to be associated with both 
DM and PM and its association with IIM has been observed in patients from Western and 
Asian countries (8, 196). Further investigation has discovered positive associations between 
IIM and DLBCL and FL (312). Other study however observed no statistically significant 
association between IIM and DLBCL, FL, CLL and marginal zone lymphoma (MZL) (313).  

1.4.2 Genetic variants associated with both IIM and common B-cell lymphoma 
subtypes 

B-cell lymphomas are a group of malignancies with highly variable genetic alterations, 
pathological pathways, clinical courses, treatment strategies and responses. The most 
common subtypes, derived from different stages of B lymphocyte maturation, are DLBCL, 
FL, CLL and MZL (314).  

The genetics of B-cell lymphomas involve both germline and somatic alterations, with the 
latter playing a more established role in the development of B-cell lymphomas (315). The 
introduction, however, addresses the germline alterations of B-cell lymphomas, aligning with 
the study aim of Study IV. The SNP-based heritability of DLBCL, FL, CLL and MZL is 9%, 
16%, 24% and 8%, respectively (316). Only a few genetic variants associated with IIM are 
also linked to the common B-cell lymphoma subtypes (Table 2). The shared genetic variants 
are HLA-B*08:01 and EOMES for DLBCL (90, 102), HLA-DRB1*01, HLA-DRB1*13 and 
HLA-DQA1*01:01 for FL (86, 89), HLA-DRB1*07:01, PSMB9 and EOMES for CLL (88, 
93), and HLA-B*08:01 for MZL (91). 
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2 Research aims 
This PhD thesis comprising five studies aims to improve our understanding of IIM and its 
associations with other autoimmune diseases and cancer from a genetic perspective, as well 
as to inform disease burden due to cancer events in patients with IIM. The study-specific 
aims are presented as follows: 

Study I: Familial aggregation and heritability of IIM  

Our knowledge of how likely IIM may aggregate within families and what extent genetics 
may contribute to IIM development is limited. Study I aimed to quantify the familial 
aggregation of IIM among first-degree relatives and the heritability of IIM using nationwide 
register data in Sweden. 

Study II: Familial autoimmunity in patients with IIM 

Autoimmune diseases have a common immunogenetic nature and clustering of multiple 
autoimmune diseases is frequently observed. However, evidence supporting familial 
associations between IIM and other autoimmune diseases is scarce and inconsistent. Study 
II aimed to investigate familial associations of a wide range of autoimmune diseases with 
IIM in comparison to the general population.  

Study III: Familial co-aggregation of IIM and cancer 

Study IV: Genetic overlap between IIM and common B-cell lymphoma subtypes 

It is not known if IIM shares genetic susceptibility with cancer. Study III aimed to address 
this knowledge gap by exploring familial associations between IIM and a wide variety of 
cancer types in comparison to the general population. Study IV further addressed the 
research question and focused on exploring the extent of genetic overlap between IIM and 
four common B-cell lymphoma subtypes using GWAS summary statistics.  

Study V: Impact of cancer on the prognosis of patients with IIM 

Due to the rarity of the comorbid condition of IIM and cancer, our understanding of how 
cancer may affect the prognosis of patients with IIM, and the relevant prognostic factors 
remains limited. Study V aimed to examine the incidence of cancer events and cause-specific 
mortality by following patients since IIM diagnosis, as well as to determine factors associated 
with cancer and death events.  
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3 Materials and methods 

3.1 Study setting  

Sweden, a Nordic country with a land area of 407,284 km2, has 10.6 million inhabitants in 
2023. The Swedish healthcare system is largely funded by tax incomes (80%), making it is 
accessible and affordable to all residents with Swedish personal identity number (317).  

The Swedish healthcare is delivered via primary and secondary healthcare sectors that are 
managed and operated by regions (n=21) and municipalities (n=290) under the healthcare 
policy determined by the state. Generally, primary care provided by general practitioners, 
psychologists or physiotherapists is the first point of contact to physical healthcare. An 
individual will be referred to secondary health care sectors when there is a needed (317).  

Sweden has a well-established registration system to prospectively collect demographic and 
healthcare data at national scale. The unique identification number assigned to each legal 
resident enables linkage between multiple national registers, making the registration system 
a valuable and powerful asset in epidemiological research. The following section will 
introduce the registers used in this thesis in details.  

3.2 Data sources 

3.2.1 Swedish National Registers  

3.2.1.1 The National Patient Register 

The National Patient Register (NPR) prospectively collects data on inpatient visits since 1964 
and outpatients visits since 1997. The coverage has reached a nationwide level of nearly 
100% since 1987 for inpatient visits and approximately 80% since 2001 for outpatient visits. 
The lower coverage of outpatient visits is due to unregistered visits to private sectors. The 
NPR records information on date of visit, date of discharge (for inpatient visit), main and 
contributory diagnoses labelled with the International Classification of Diseases (ICD) codes, 
as well as visiting clinic and hospital. The NPR applies different ICD code versions in 
different time periods: ICD-7 during 1964 to 1968, ICD-8 during 1969-1986, ICD-9 during 
1987-1996 and ICD-10 from 1997 to present (318). In Sweden, patients with IIM are treated 
and followed by hospital-based specialists at specific inpatient or (mostly) outpatient clinics. 
Hence, the NPR has a good coverage of patients with IIM.  

3.2.1.2 The Swedish Cancer Register 

All histologically or cytologically confirmed malignant tumours should be reported by 
clinicians and pathologists to the Swedish Cancer Register (SCR) since 1958. The SCR has 
an overall coverage of 96% and a validity of nearly 100%. However, there is a large variation 
in underreporting among site-specific cancers. An investigation of completeness of the SCR 
against the inpatient data of the NPR found underreporting rate varied from 1% (skin) to 20% 
(other sites) across cancer sites and further increased for age at diagnosis over 70 years. Lack 
of histology or cytology verification is the major reason of underreporting. In the SCR, each 
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primary cancer of an individual is registered separately. Annual examination is performed by 
the six regional cancer registers to prevent multiple registrations of a primary cancer. 
Unfortunately, cancer relapse is not captured by the SCR (319).  

The SCR holds a wide range of medical data including date of diagnosis and diagnostic codes 
for cancer site, histological type and cancer stage. Each cancer is coded by ICD code since 
1958 and Systematized Nomenclature of Medicine (SNOMED) code since 1993, with 
different versions in different time periods: ICD-7 (since 1958), ICD-9 (since 1987), ICD for 
Oncology second edition (ICD-O/2) (since 1993), SNOMEDO10 (since 1993), SNOMED3 
(since 2005), ICD-O/3 (since 2005). In 2004, the tumour, node and metastasis (TNM) staging 
system and the International Federation of Gynecology and Obstetrics (FIGO) staging system 
were introduced for cancer staging (319).  

3.2.1.3 The Cause of Death Register  

The Cause of Death Register (CDR) records all deaths since 1952 and holds data on death 
date, underlying and contributing causes of death. Underlying and contributing causes of 
death are specified based on the medical death certificate issued by the patients’ usual 
physician or the last-contacted physician. Different ICD code versions are used to define 
cause of death: ICD-7 (1958-1968), ICD-8 (1969-1986), ICD-9 (1987-1996) and ICD-10 
(1997 and onwards). The completeness of CDR is virtually 100% and 96% of individuals in 
the CDR have information on underlying cause of death (320). In 2015, the missingness of 
death is 0.9%. The quality of the CDR depends on the validity of death certificate and is 
overall high. For deaths with malignant neoplasm as the cause of death in the CDR, 90% of 
them agree with the medical record (321). Therefore, when studying prevalent cancer, 
researchers may use data from the CDR to capture additional cases that were not registered 
in the SCR. 

3.2.1.4 The Total Population Register  

The TPR founded in 1968 holds birth and death records and other basic demographic data of 
nearly the entire Swedish population, as well as data on immigration and emigration, with a 
coverage of 95% and 91%, respectively. The TPR is the source of comparators in many 
epidemiological studies (322). 

In the TPR, emigration is defined as individuals staying abroad for a year or more except 
those who work for the Swedish state or who are in prison or who died suddenly. Moreover, 
individuals moving to other Nordic countries will remain in the Swedish TPR till they are 
registered in the population register of their new country of residence (322).   

3.2.1.5 The Multi-Generation Register  

The Multi-Generation Register (MGR) was established using data derived from census data 
and further developed into the present state after several reformations done between 1991 
and 2013 and became part of the TPR. The MGR holds parental information of individuals 
who were born in 1932 or later and registered in Sweden since January 1 1961. Information 
om biological and adoptive parents is available. This thesis considered only biological 
parents. The coverage of the MGR varies with country of birth. For individuals born in 
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Sweden in 1947, 97% and 95% of them have information on mother and father, respectively, 
and the coverage of both parents is complete for those born in 1972 and onwards. The 
coverage of parental information was much lower in those born outside Sweden in 1947 (27% 
for mother and 22% for father) and it remained below 85% for those born in 2007 (323). The 
quality of parental information is high in the MGR given that the frequency of misattributed 
paternity is 1% in Sweden (324).  

3.2.1.6 The Prescribed Drug Register  

The Prescribed Drug Register (PDR) funded in mid-2005 holds data on all dispensations of 
prescribed drugs including drug name, prescription and dispensation dates and dosage. The 
Anatomical Therapeutic Chemical code is used to label and classify the prescribed drug. 
Drugs that purchase over the counter or administrated at hospital are not included in the PDR 
(325). 

3.2.2 The Myositis Genetics Scientific Interest Group of the International Myositis Assessment 
& Clinical Studies Group  

The International Myositis Assessment & Clinical Studies Group (IMACS) is an 
international consortium of clinicians, researchers, patients and pharma representatives with 
interest in IIM research. The IMACS has a vision to improve quality of life of patients 
affected by IIM through conducting collaborative research in various topics including 
aetiological research, clinical trials and developing new diagnostic criteria and disease 
management guidelines.  

The Myositis Genetics Scientific Interest Group (MYOGEN) is one of the focus groups under 
the IMACS and aims to investigate genetic profile of IIM as whole and its major subtypes 
via diverse approaches such as exploratory GWAS, and subsequent fine mapping and 
functional studies.  

The MYOGEN consortium holds genetic data of up to 2,954 patients with IIM and 15,651 
geographically matched controls from the US and 13 European countries. The Bohan and 
Peter criteria was used to define DM, JDM and PM (48, 49). Patients with IBM were 
diagnosed based on the Griggs or the European Neuromuscular Centre criteria (51). The age 
cut-off for JIIM was < 16 years old for all cases except those cases from the USA where the 
age cut-off was < 18 years old. Patients were also screened for IIM mimics and those with 
indication of IIM minics were excluded. Geographically matched controls are selected from 
different consortia (3-6).  

The MYOGEN consortium contains several sets of data derived from the initial GWAS and 
the ImmunoChip study. The original GWAS data contains genotyping data for the whole 
genome of 1,710 patients with IIM and 4,724 controls. Three years after the initial GWAS of 
IIM published in 2013, samples were collected from 2,954 patients with IIM and 15,651 
controls and genotyped using the Immunochip (covering 186 established loci related to 12 
autoimmune diseases) (3-6). Recently, a new imputation using the Trans-Omics for Precision 
Medicine Imputation Server against the Trans-Omics for Precision Medicine reference panel 
version R2 on human genome assembly GRCh38 was performed with these two data sets  
(Table 3) (326). All included patients were European descents. Before imputation, SNPs 
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were filtered on a call rate < 95% or a p-value < 10-5 for controls and a p-value < 10-9 for 
cases in the Hardy-Weinberg equilibrium test. Furthermore, individuals with a genotyping 
missing rate > 5% or with pi-hat > 0.2 determined by the identity-by-descent coefficient were 
excluded. In this quality control step, duplicates among these two data sets were identified 
(pi-hat=1) and only the individuals in the ImmunoChip data set were kept, making the two 
data sets independent to each other. Imputation was performed separately for IIM subgroups 
including DM, PM, JDM and anti-Jo1 autoantibodies in each data set. After imputation, SNPs 
with minor allele frequency < 0.01 or low imputation quality (R2 < 0.6) were removed. 
Principal component (PC) analysis with PLINK for the GWAS data and Ancestry Inference 
using principal component analysis and spatial analysis for the ImmunoChip data were 
performed to correct for population stratification. SNP associations were tested using logistic 
regression where the first five PCs were adjusted in the models.  

Table 3. The number of patients with IIM, controls and SNPs, and the used Illumina arrays in the GWAS and the 
ImmunoChip data 

 No. Case No. Control No. typed SNP No. SNP after 
imputation Illumina chip 

GWAS  
IIM 936 

4,336 223,661 8,668,073 

Human1M-Duo v3  
Human660W-Quad v1  

HumanHap550  
HumanCNV370-Duo v1 

Human610-Quad v1 

DM 402 
PM 255 
JDM 260 
Anti-Jo1 97 

ImmunoChip  
IIM 2,592 

7,486 142,220 1,201,876 Immunoarray  
DM 870 
PM 923 
JDM 476 
Anti-Jo1 336 
IIM: Idiopathic inflammatory myopathy; SNP: Single nucleotide polymorphism; GWAS: Genome-wide association 
study; DM: Dermatomyositis; PM: Polymyositis; JDM: Juvenile dermatomyositis; Jo1: Histidyl tRNA synthetase. 

3.2.3 The International Lymphoma Epidemiology Consortium  

The International Lymphoma Epidemiology Consortium (InterLymph), formed in 2001, is a 
collaborative group of investigators conducting epidemiological research of NHL. The 
InterLymph holds genetic data of patients with pathologically confirmed B-cell lymphomas 
(subtypes including DLBCL, FL, CLL and MZL) and sex- and age matched controls from 
22 studies: nine cohort studies, eight population-based case-control studies and five clinic or 
hospital-based case-control studies (86, 90, 91, 93). B-cell lymphomas were classified based 
on the World Health Organisation classification (2008). All included individuals were 
European descents.  

The genetic data of all B-cell lymphoma subtypes except MZL were from multiple study 
groups. Table 4 summaries the number of patients and controls, the number of typed SNPs 
after quality control and the used Illumina chips in each study group, as well as the number 
of quality-controlled SNPs after imputation for each B-cell lymphoma subtype. Information 
on quality control criteria prior to imputation is presented in previous studies (86, 90, 91, 93, 
327). Imputation was performed using IMPUTE2 with the 1000 Genomes Project version 3 
as the reference panel. Only common SNPs with minor allele frequency > 0.01 and with 
imputation INFO score > 0.3 were included. The HLA region was imputed using SNP2HLA 
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based on the reference panel from the Type 1 Diabetes Genetics Consortium. Logistic 
regression models with SNPTEST version 2 were used to test SNP associations, adjusting 
for age, sex and significant principal components. Meta-analyses were done with the imputed 
SNPs using fixed effects inverse variance models. SNPs were aligned to human genome 
assembly GRCh37 (86, 90, 91, 93, 327). 

Table 4. The number of patients, controls and SNPs, and the used Illumina arrays in the each study group for each B-
cell lymphoma subtype 

 No. 
Case 

No. 
Control 

No. typed and quality 
controlled SNP 

No. SNP after 
imputation Illumina chip 

DLBCL 

NCI GWAS 2,661 6,221 611,844 

9,116,853 

Illumina OmniExpress, 
Illumina Omni2.5  

MAYO GWAS 393 172 523,949 Illumina HumanHap 660W 
UCSF2 GWAS 254 748 290,523 Illumina HumanCNV370-Duo 

GELA/EPIC 
GWAS 549 525 513,264 

Illumina HumanHap 610K for 
cases and Illumina HumanHap 

660W or 610K for controls 
Total 3587 7666   

FL 
NCI GWAS 2,142 6,221 611,844 

9,078,855 

Illumina OmniExpress 
SCALE GWAS 376 791 298,045 Illumina HumanHap 317K 
UCSF2 GWAS 210 746 290,523 Illumina HumanCNV370-Duo 
UCSF1 GWAS  119 349 614,320 Illumina OmniExpress 
Total 2847 8107   

CLL 

NCI GWAS 2,179 6,221 608,811 

9,098,434 

Illumina OmniExpress, 
Illumina Omni2.5  

UTAH GWAS 321 405 512,171 Illumina HumanHap 610K 
GEC GWAS 387 294 687,578 Affymetrix 6.0 
UCSF2 GWAS 213 747 290,523 Illumina HumanCNV370-Duo 
Total 3100 7667   

MZL 

NCI GWAS 825 6,221 611,856 8,478,065 Illumina OmniExpress, 
Illumina Omni2.5  

SNP: Single nucleotide polymorphism; DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; CLL: 
Chronic lymphocytic leukaemia; MZL: Marginal zone lymphoma; GWAS: Genome-wide association study; NCI: 
National Cancer Institute; MAYO: Mayo Clinic study; UCSF2: San Francisco bay area non-Hodgkin lymphoma 1 case-
control study; GELA: Groupe d’Etude des Lymphomes de l’Adulte; EPIC: European prospective investigation into 
cancer, chronic diseases, nutrition and lifestyles; SCALE: Scandinavian lymphoma etiology FL case-control study; 
UCSF1: San Francisco bay area non-Hodgkin lymphoma 2 case-control study; UTAH: Utah CLL study; GEC: Genetic 
epidemiology of CLL consortium. 

3.3 Study populations  

3.3.1 Patients with IIM and matched comparators without IIM identified in the NPR 

Prevalent (Study I-III) and incident (Study V) cases of IIM were identified using modified 
register-based algorithms, formulated based on clinical experience in diagnostic workup for 
IIM and verified to be robust (34). In the study of Svensson et al., the original base case 
definition used to define incident IIM required a first ever inpatient or outpatient visit 
indicating IIM, followed by at least one subsequent visit occurring within one to 12 months 
after the first IIM visit in the NPR or the Swedish Rheumatology Qaulity Register between 
2007 and 2011. Similarly, the original base case definition for prevalent IIM in 2012 required 
≥ 2 inpatient or outpatient visits indicating IIM in the NPR or a Swedish Rheumatology 
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Qaulity Register registration. In these definitions, ICD-10 codes M33.0, M33.1, M33.2, 
G72.4, M60.8 and M60.9 from internal medicine, rheumatology, dermatology, neurology and 
paediatrics clinics were used to define IIM cases. The authors found this algorithm to be 
robust against liberal (required ≥ 1 visit) and strict (additionally required an indication of IIM 
treatment within 12 months after the first visit) case definitions. Moreover, the ICD-10 codes 
relevant to IIM were validated by using subtype data from the Swedish Rheumatology 
Qaulity Register, where diagnosis is entered by clinicians, as the gold standard. The ICD-10 
code M33.0, M33.1 and G72.4 has a PPV ≥ 90% to define JDM, DM and IBM, respectively. 
The PPV is 83% for M33.2 and 57% for M33.9, indicating a risk of subtype misclassification 
using these codes.  

To align with the available data sources and research aims of this thesis, a couple of  
modifications were made to the abovementioned definitions: 1) using NPR data only due to 
unavailability of Swedish Rheumatology Qaulity Register data; 2) extending time window to 
cover more IIM cases; 3) dropping ICD-10 codes M60.8 and M60.9 to increase specificity 
since these codes are usually used for spurious cases not definite case of IIM; 4) including 
additional specialist clinics in Study III and V to increase coverage since patients were 
treated in clinic other than the usual ones at some hospitals; 5) grouping cases with M33.2, 
M33.9 or G72.4 as other IIM as these codes are not subtype specific. The register-based 
algorithm used to define IIM in each of the Study I-III and V is presented in Table 5. 

In Study I-III, each patient was matched to up to five individuals without IIM randomly 
selected from the TPR on sex, birth year and residential area at the index date. In Study I and 
II, individuals without IIM had no first-degree relatives alive in 1987 or born before 1932 or 
outside Sweden were excluded. In Study III, individuals without IIM had no first-degree 
relatives alive in 1958 or born before 1932 or outside Sweden were excluded. In these studies, 
patients with IIM and the matched individuals without IIM were collectively referred as index 
individuals.  
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Table 5. The register-based algorithms used to define and classify IIM in Study I-III and V 

 Study I and II Study III Study V 
Type of algorithm Prevalence Prevalence Incidence 

Inpatient visit only 
1997-2000: ≥ 1 inpatient 

visit with IIM as main 
diagnosis 

1997-2000: ≥ 1 inpatient visit 
with IIM as main diagnosis 

1998-2001: a first ever 
inpatient visit with IIM as 

main diagnosis 

Inpatients and 
outpatient visits 

2001-2016: ≥ 2 inpatient 
or outpatient visits with 

IIM as main or 
contributory diagnosis 

2001-2016: ≥ 2 inpatient or 
outpatient visits with IIM as 

main or contributory diagnosis 

2002-2020: a first ever 
inpatient or outpatient visit 

indicating IIM and ≥ 1 
subsequent visit happening 

within one to 12 months 
after the first visit of IIM 

ICD 10 codes M33 and G72.4 M33 and G72.4 

M33 and G72.4 
*ICD codes of the previous 

versions to exclude 
prevalent cases: 

ICD-9: 710D and 710E 
ICD-8: 716,00 and 716,10 
ICD-7: 710,00, 710,01 and 

726,30 

Specific clinics 

Internal medicine, 
rheumatology, 

dermatology, neurology 
and paediatrics 

All Swedish hospitals except 
the twos specified below: 

internal medicine, 
rheumatology, dermatology, 

neurology and paediatrics 
Östersunds sjukhus: 

rehabilitation 
Länssjukhuset Ryhov: 

orthopaedic clinic 

All Swedish hospitals 
except the twos specified 
below: internal medicine, 

rheumatology, 
dermatology, neurology 

and paediatrics 
Östersunds sjukhus: 

rehabilitation 
Länssjukhuset Ryhov: 

orthopaedic clinic 

Exclusion criteria 

With contributory 
diagnosis indicating IIM 
only or born before 1932 

or born outside Sweden or 
without first-degree 

relatives who were alive 
in 1987 

With contributory diagnosis 
indicating IIM only or born 
before 1932 or born outside 

Sweden or without first-
degree relatives who were 

alive in 1958 

With contributory 
diagnosis indicating IIM 
only or age at diagnosis < 

18 years 

Index date 

1997-2000: Discharge 
date 

2001-2016: Discharge or 
outpatient visit date of the 

second visit 

1997-2000: Discharge date 
2001-2016: Discharge or 
outpatient visit date of the 

second visit 

1998-2001: Discharge date 
2002-2020: Discharge or 
outpatient visit date of the 
earliest eligible subsequent 

visit 

IIM subtype 
classification 

DM (M33.0 and M33.1 
and age at diagnosis > 18 

years) 
Other IIM (M33.2, M33.9 

and G72.4 and age at 
diagnosis > 18 years) 

JIIM (age at diagnosis ≤ 
18 years) 

DM (M33.0 and M33.1 and 
age at diagnosis > 18 years) 

Other IIM (M33.2, M33.9 and 
G72.4 and age at diagnosis > 

18 years) 
JIIM (age at diagnosis ≤ 18 

years) 

DM (M33.0 and M33.1 
and age at diagnosis ≥ 18 

years) 
Other IIM (M33.2, M33.9 

and G72.4 and age at 
diagnosis ≥ 18 years) 

 

IIM: Idiopathic inflammatory myopathy; DM: Dermatomyositis; JIIM: Juvenile IIM; ICD: International Classification 
of Diseases.  
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3.3.2 First-degree relatives  

Given that members within a family, to various extent, share genetics and are exposed to 
similar living environment, they are a good source of data to explore genetic and 
environmental effects on disease development. In this thesis, first-degree relatives including 
parents, full-siblings and offspring who share 50% of genetic similarity were used. An 
assumption was made concerning the degree of shared environmental factor among different 
types of first-degree relatives: full-siblings were presumed to have a higher degree of shared 
environmental factors than parent-offspring relationship. In Study I-III, first-degree relatives 
of the corresponding index individuals were identified from the MGR.  

3.3.3 Defining IIM and autoimmune diseases in first-degree relatives 

The NPR data overall has a good validity to define autoimmune diseases. The PPV of using 
≥ 1 visit in the NPR for disease ascertainment was above 80% for RA (90% for inpatient visit 
and 85% for outpatient visit), SLE (97%), MS (93%), IBD (88%), T1DM (95%), CeD (86%) 
and MG (83%) (302, 328-333). A lower PPV was observed for IIM (60%), SSc (68%) and 
SS (77%) (12, 334, 335). To increase number of cases, in the main analysis in Study I and 
II, an autoimmune disease was defined by ≥ 1 visit with main diagnosis indicating the studied 
autoimmune diseases between 1987 and 2017 in the NPR. Furthermore, strict definitions 
requiring ≥ 2 visits indicating the studied autoimmune disease were used in the sensitivity 
analyses to test the robustness of the main findings. Table 6 shows the main and strict 
definitions used to define IIM and other autoimmune diseases including RA, other RIDs (SLE, 
SSc, SS and other CTD), MS, IBD, T1DM, AITD, CeD and MG among first-degree relatives 
in Study I and II.   
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Table 6. The definitions used to define idiopathic inflammatory myopathies and other autoimmune diseases in first-
degree relatives 

Autoimmune 
diseases 

Time 
period 

ICD codes 
Types of 
diagnosis 

Main definition Strict definition 

Idiopathic 
inflammatory 
myopathies 

1987-
2017 

710D, 710E, 
M33.0, 
M33.1, 
M33.2, 

M33.9, G72.4 

Main/contributory 
diagnosis 

≥ 1 main diagnosis in 
the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine, rheumatology, 

neurology, dermatology or 
paediatric clinic 

Rheumatoid 
arthritis 

1987-
2017 

714A-C, 
714W, M05, 

M06.0, 
M06.2, 
M06.3, 
M06.8, 
M06.9 

Main/contributory 
diagnosis 

≥ 1 main diagnosis in 
the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine, rheumatology or 

paediatric clinic 

Other 
rheumatic 
inflammatory 
diseases 

1987-
2017 

136B, 710A, 
710B, 710C, 
710W, 710X, 

725, M32, 
M34.0, 
M34.1, 
M34.8, 

M34.9, M35 

Main diagnosis 
≥ 1 main diagnosis in 

the NPR 
- 

Multiple 
sclerosis 

1987-
2017 

340, G35 
Main/contributory 

diagnosis 
≥ 1 main diagnosis in 

the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine or neurology or 

paediatrics clinic 

Inflammatory 
bowel diseases 

1987-
2017 

555, 556, 
K50-51 

Main/contributory 
diagnosis 

≥ 1 main diagnosis in 
the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine, gastroenterology, 
rheumatology, surgical care, 

gastrointestinal care or 
paediatrics clinic 

Continued on next page 
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Table 6. The definitions used to define idiopathic inflammatory myopathies and other autoimmune diseases in 
first-degree relatives (Continued) 

Autoimmune 
diseases 

Time 
period 

ICD codes 
Types of 
diagnosis 

Main definition Strict definition 

Type 1 
diabetes 
mellitus 

1987-
2017 

250, E10 
Main/contributory 

diagnosis 

≥ 1 main diagnosis in 
the NPR. The 

diagnosis had to be 
made ≤ 30 years of 

age as the ICD-9 code 
250 cannot distinguish 

Type 1 diabetes 
mellitus from Type 2 
diabetes mellitus and 
the ICD-10 code E10 

might be used for 
Type 2 diabetes 
mellitus as it can 

developed into insulin 
dependency. 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in 
endocrinology, internal 

medicine or paediatrics clinic. 
The diagnosis had to be made ≤ 

30 years of age as the ICD-9 
code 250 cannot distinguish 

Type 1 diabetes mellitus from 
Type 2 diabetes mellitus and the 
ICD-10 code E10 might be used 
for Type 2 diabetes mellitus as it 

can developed into insulin 
dependency. 

Autoimmune 
thyroid 
diseases 

1987-
2017 

242, 242A, 
242B, 242D, 
242E, 244X, 
245C, E038, 
E039, E063, 
E050, E051, 
E052, E053, 
E058, E059, 

O905 

Main diagnosis 

≥ 1 main diagnosis in 
the NPR or ≥ 1 filling 

of a prescription of 
thyroid hormone 

substitution therapy 
(H03AA01 and 

H03AA02) between 
2005-2017, with no 
history of thyroid 

cancer or a 
prescription of iodine-

containing drugs 
(C01BD01, 
N05AN01, 

L03AB01/L03AB04/L
03AB05) 

- 

Celiac disease 
1987-
2017 

579A, K90.0 
Main/contributory 

diagnosis 
≥ 1 main diagnosis in 

the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine, gastroenterology, 

gastrointestinal care, paediatrics 
clinic 

Myasthenia 
gravis 

1987-
2017 

358A, G70.0 
Main/contributory 

diagnosis 
≥ 1 main diagnosis in 

the NPR 

≥ 1 main diagnosis in inpatient 
register between 1987 and 2000 

or ≥ 2 diagnoses (≥ 1 main 
diagnosis) in the NPR between 

2001 and 2017 in internal 
medicine, neurology or 

paediatrics clinic 

NPR: National Patient Register. 

 

3.3.4 Population-based case-control family design, accompanied with Directed Acyclic Graph 

A population-based case-control family study can be conceived as a family study using case-
control sampling at population level. This design has advantages of increasing study 
efficiency (case-control sampling from population register enables cost-effective inclusion 
of a desired number of patients with a rare disease, along with controls and their relatives), 
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minimizing systematic bias (use of prospectively collected data from register to define 
exposure can largely reduce recall bias compared to data collection via interview or 
questionnaires) and having better generalizability (population-level sampling can reduce risk 
of biased selection). Given the strengths of this study design, it was used to estimate the 
familial aggregation of IIM (Study I), and the familial co-aggregation of IIM and other 
autoimmune diseases (Study II) and cancer (Study III).    

In traditional case-control family study investigating familial co-aggregation of two diseases, 
estimate is often interpreted as familial risk or association. Causal relationships between one 
disease in relatives and another disease in index individuals, as well as other involved factors 
are rarely specified, making causal interpretation difficult. Hudson et al. has proposed a 
structural approach to tackle this limitation by incorporating Directed Acyclic Graph (DAG) 
to specify causal relationships between variables within a relative pair under different causal 
scenarios (336, 337). DAG, a causal diagram, uses directed edges to present causal 
relationships between variables and does not allow cyclic causal relationship (a variable 
causes itself directly or indirectly through other variables). In a DAG, an open path (absence 
of common effect (collider), that is, a variable has more than one cause) represents a statistical 
association between two variables while a closed path (presence of common effect) indicates 
that such statistical association should be absent. A closed path can be opened after adjusting 
for a collider (338). 

In this structural approach, causal relationships between variables within a relative pair are 
illustrated in Figure 4.  Shared familial factors (C) are a latent (unmeasured) variable that 
has a central role in these DAGs. Other variables presented in the DAGs include the four 
disease variables indicating IIM status and a secondary disease status (an autoimmune disease 
or cancer) in index individuals (IIM1 and SD1) and in any type of relatives (IIM2 and SD2). 
First-degree relative is used in the subsequent description to maintain consistency with the 
thesis. There are four edges pointing to the four diseases variables from C, representing 
potential causal relationships between shared familial factors and diseases clustering within 
relatives. Additional four latent variables represent unique individual factors (i.e., sex and 
age) that may lead to IIM and a secondary disease in index individuals (U1) and first-degree 
relatives (U2) and disease-specific factors that are not shared within families (UIIM and USD). 
It is assumed that the latent variables have additive effects and should be independent to each 
other when the four disease variables are not adjusted (336).  

When no causal relationship between IIM and a secondary disease is assumed, an observed 
statistical association can be directly interpreted as being due to shared familial factors 
(Figure 4a). It is because only the paths IIM1/2ßCàSD2/1 are open. The following 
introduction focuses on the paths linking IIM1 and SD2 since this thesis studied the familial 
association between IIM in index individuals and an autoimmune disease or cancer in first-
degree relatives. 

Interpretation of findings from this structural approach can become complicated when there 
are direct effects between IIM and a secondary disease as additional paths without C are open, 
as illustrated in Figure 4b and 4c. In Figure 4b, assuming IIM can be caused by a secondary 
disease, two additional paths (IIM1ßSD1ßCàSD2 and IIM1ßSD1ßUSDàSD2) are open, 
and the latter does not include C, meaning that there can be a statistical association even in 
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the absence of shared familial factors. The latter path can be blocked by adjusting for the 
secondary disease in index individuals, but this adjustment can open other new paths 
(IIM1ßU1àSD1ßUSDàSD2, IIM1ßU1àSD1ßCàSD2 and IIM1ßCàSD1ßUSDàSD2) 
since SD1 is a collider. Adjustment of a collider often leads to downward bias by introducing 
negative association between variables, here IIM1 and SD2 (339). Similar consequence can 
be seen in the scenario assuming a direct effect from IIM to a secondary disease (Figure 4c). 
Therefore, the authors of this approach suggest that researchers could interpret the adjusted 
estimate as a lower limit of familial association when assuming a causal relationship between 
two diseases. Moreover, if statistical significance remains after adjustment, it is a strong 
evidence suggesting the presence of familial factors shared between IIM and a secondary 
disease (336).  

 

Figure 4. The proposed underlying mechanisms between IIM and a secondary disease (SD, an autoimmune disease or 
cancer in this thesis) illustrated by Directed Acyclic Graphs. IIMj and SDj represent IIM and a SD, respectively, for 
individual j in a given pair; j = 1, 2. UIIM represents common causes for IIM1 and IIM2, and USD represents common causes 
for SD1 and SD2. Uj represents unique individual common causes for IIMj and SDj that may vary within the pair, and C 
represents shared family factors for IIMj and SDj that are constant within the pair. a. No causal relationship; b. Causal 
relationship from a SD to IIM; c. Causal relationship from IIM to a SD. IIM: Idiopathic inflammatory myopathy. 

Key features in terms of study design and statistical analyses for each study are presented in 
the following sections. For details, please refer to the corresponding publication/manuscript.  
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3.3.5 Study I: Familial aggregation and heritability of IIM 

Study I was a population-based case-control family study. Patients with prevalent IIM, 
matched comparators without IIM and their first-degree relatives were identified as described 
in section 3.3. We defined IIM in first-degree relatives based on the main and strict 
definitions presented in Table 6.  

Given the matching design, logistic regression conditioning on matching stratum was used 
to compare the odds of having ≥ one first-degree relative affected by IIM (exposure) in 
patients with IIM (outcome) with that in matched comparators without IIM. To increase 
statistical efficiency, each first-degree relative was paired with the corresponding index 
individual and each relative pair was treated as an independent unit. Same regression model 
was used but standard error was adjusted by robust sandwich variance estimator to account 
for data dependence in this data format. Furthermore, in the conditional logistic regression 
model, sex and birth year of first-degree relatives were adjusted in addition to the matching 
factors. Parents, full-siblings and offspring share varying degrees of similarity in 
environmental factors. We performed a subgroup analysis by types of kinship to explore 
difference in familial aggregation of IIM between these relationships.  

In quantitative genetics, heritability is defined as a proportion of the phenotypic variance that 
is explained by genetic variance. Heritability can be defined as broad- or narrow-sense 
heritability depending on the types of genetic effect included in the estimation. Broad-sense 
heritability accounts for all genetic effects including additive, dominant and epistatic effects 
while only additive genetic effect is included in narrow-sense heritability. Among these 
genetic effects, only additive genetic effect is inheritable from parents to children. Together 
with ample amount of evidence suggesting a major role of additive genetic effect in complex 
diseases, we assumed that genetic variance of IIM was solely due to additive genetic effect 
and thus we estimated the narrow-sense heritability of IIM. We also assumed that there was 
no assertive mating and familial resemblance was due to genetics only. We used tetrachoric 
correlation to estimate the heritability of IIM. This analysis involved using a 2X2 contingency 
table, presenting the concordant and discordant IIM status within relative pairs of patients 
with IIM and matched comparators without IIM, and it was used to estimate the correlation 
coefficient in disease liability of IIM (tendency of having IIM) between these relative pairs. 
The counts of exposed and unexposed relative pairs of matched comparators without IIM 
were corrected by the prevalence of IIM in Sweden (0.014%) and the estimated OR of 
familial association of IIM to account for the matched case-control sampling used in the study 
(340). The heritability of IIM was obtained by dividing the correlation coefficient by the 
degree of relatedness, 0.5 for first-degree relatives. To test if the heritability estimate was 
robust to the change of the prevalence of IIM, we repeated the analyses by correcting the 
count numbers with a range of prevalence values between 0.004% and 0.024%.   

To evaluate the potential impact of variation in IIM ascertainment, we did all analyses anew. 
This involved defining IIM in first-degree relative using the strict definition, and including 
only index individuals with first-degree relatives alive in 2001, the year when both inpatient 
and outpatient data became nationwide available. 
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3.3.6 Study II: Familial autoimmunity of IIM 

Study II had the same study design and study population as Study I. Briefly, in the main 
analyses, we used the main definitions presented in Table 6 to define IIM and a wide range 
of autoimmune diseases in first-degree relatives of index individuals. Conditional logistic 
regression was used to estimate the familial association between IIM (outcome) and each 
autoimmune disease by the number of first-degree relatives affected by the autoimmune 
disease (exposure, ≥ 1 and ≥ 2 affected first-degree relatives) and by treating each first-degree 
relative pair as an independent unit. In the latter analysis, conditional logistic regression 
models were accompanied by causal DAGs with different assumptions on direct effects 
between IIM and an autoimmune disease, as illustrated in Figure 4. Subgroup analyses by 
types of kinship were performed. In the main analyses, we assumed no direct effects. This is 
a reasonable assumption given the common genetic architecture among many autoimmune 
diseases. However, to test the robustness of our main findings, we conducted sensitivity 
analyses by additionally adjusting for firstly autoimmune disease in index individuals and 
secondly IIM in first-degree relatives. We performed two additional sensitivity analyses 
where strict definitions were used to define IIM and other autoimmune diseases in first-
degree relatives and only first-degree relatives alive in 2001 were included. In the models for 
relative pairs, robust sandwich variance estimator was used to control standard errors, and 
sex and birth year of first-degree relatives were adjusted.  

3.3.7 Study III: Familial co-aggregation of IIM and cancer  

Study III was a population-based case-control family study with a study population 
including patients with IIM, matched comparators without IIM and their first-degree relatives 
identified according to the definitions presented in section 3.3.  

We defined cancer in index individuals and their first-degree relatives based on a diagnosis 
in the SCR or a death record with cancer as the underlying cause of death in the CDR between 
1958 and 2016. Cancers were classified into different subtypes that are associated with IIM 
or common in the Swedish population based on the ICD and SNOMED codes (8, 9, 168, 189, 
196, 197). In order to have a more accurate and precise classification, we prioritised the latest 
version of ICD and SNOMED codes. For individual with more than one primary cancer 
diagnosis in the SCR, only the first diagnosis was classified.  

We defined IIM in first-degree relatives using the same case definition but extending the time 
frame from 1987 to 2016. ICD-9 codes 710D and 710E were used to define IIM diagnosed 
between 1987 and 1996. 

We formatted the family data into index individual-relative pairs. Conditional logistic 
regression models based on the defined DAGs shown in Figure 4 were used to estimate the 
familial co-aggregation of IIM in index individuals (outcome) and cancer overall in first-
degree relatives (exposure). We stratified the analyses by types of kinship, IIM subtypes and 
sex-concordance of relative pairs to examine potential effect modifications. We corrected 
standard errors with robust sandwich variance estimator and additionally adjusted for sex and 
birth year of first-degree relatives in the models. However, sex of first-degree relatives was 
not adjusted in the subgroup analyses by sex-concordance of relative pairs. 
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There were two exploratory analyses investigating if the familial association varied with age 
at cancer diagnosis (< 50 years) and cancer types. Familial associations between IIM and 
specific cancer types were analysed overall, by types of kinship and IIM subtypes and by sex 
concordance of relative pairs. In the analyses of sex-specific cancer types, only first-degree 
relative pairs with the corresponding sex were included and sex was not adjusted. No 
exploratory analysis by cancer types was performed for JIIM due to small number of cancer 
cases.  

Multiple testing was an issue in the main and the exploratory analyses by specific cancer 
types. We used Benjamini and Hochberg (BH) procedure to control the false discovery rate 
(FDR) at 0.05 in both analyses (341).  

Another concern in Study III was that assuming no direct effects between IIM and cancer in 
the main analyses was unlikely true as evidence in the literature suggests a bidirectional 
relationship between IIM and cancer. To investigate if direct effects between IIM and cancer 
had an impact on the estimation, we performed sensitivity analyses by adjusting for cancer 
in index individuals (when assuming a causal effect from cancer to IIM) and IIM in first-
degree relatives (when assuming a causal effect from IIM to cancer).  

3.3.8 Study IV: Genetic overlap between IIM and common B-cell lymphoma subtypes 

Study IV was a cross-trait genetic study where summary statistics from independent GWASs 
of IIM, DLBCL, FL, CLL and MZL were used to explore the genetic correlations between 
these diseases. To enhance comprehension, the major concepts central to this study, along 
with the study design and statistical methods, are presented in separate sections.   

3.3.8.1 The value of GWAS summary statistics 

GWAS, with a capability to test associations of hundreds of thousands to millions of genetic 
variants (usually common SNPs with minor allele frequency > 5%) across the genome with 
a phenotype, has a pivotal role in understanding the genetics of complex diseases. Since the 
first GWAS published in 2005, more than 50,000 disease-associated genetic variants have 
been reported (342). Furthermore, summary statistics from GWAS, defined as aggregated 
level of genetic variant association data such as p value and effect estimates, have diverse 
applications including but not limited to estimations of single-trait heritability and cross-trait 
genetic correlation (343-346).  

One major concern about the use of GWAS summary statistics for cross-trait genetic 
correlation analysis is the diversity of data formats between studies. The common format and 
quality problems include inconsistent human genome assembly, presence of ambiguous 
SNPs, SNPs with null effect size or low imputation quality, unaligned reference allele and 
unaccommodated effect estimate to the used software (343). Although several movements 
have been advocated to store GWAS summary statistics in standard format (i.e., variant call 
format) that is ready for analysis, many summary statistics, particularly those published in 
the past, are still subject to problem of heterogeneity in data formats (347). Keeping this 
potential problem in mind, our GWAS summary statistics from the disease consortia 
underwent multiple steps of quality control and standardisation before statitsitcal analyses 
(348-351) (Table 7). The quality controlled and harmonised data were presented in human 
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genome assembly GRCh37. We paired each B-cell lymphoma subtype to the GWAS DM, 
the GWAS PM, the ImmunoChip DM and the ImmunoChip PM data and kept only the 
overlapping SNPs in each pairing, resulting in a total of eight GWAS and eight ImmunoChip 
disease pairs.  

Table 7. The number of cases, controls and SNPs included after quality control and data alignment for IIM and B-cell 
lymphoma subtypes  

  GWAS 
DM 

GWAS 
PM 

Immuno
Chip DM 

Immuno
Chip PM 

DLB
CL FL CLL MZL 

Cases  402 255 870 923 3,587 2,847 3,100 825 

Controls  4,336 4,336 7,486 7,486 7,666 8,107 7,667 6,221 

Stable 
biallelic 
SNPs 

Imputed 
SNPs 8,668,073 8,668,0

73 1,201,875 1,201,875 9,116,
853 

9,078,
855 

9,098,
434 

8,478,0
65 

Single-study 
group - - - - 498,5

60 
460,7

23 
487,4

17 - 

SNP 
duplicates - - - - 2 8 3 - 

Missing odds 
ratio 2a 79a - - - - - - 

Multiallelic 573,612 573,686 79,739 79,739 - - - - 
Conversion 

unstable 
SNPs 

1,878 1,878 48 48 - - - - 

LiftOver 
to 
GRCh37 

Failed to be 
converted 14,036 14,036 1,115 1,115 - - - - 

QC and 
Alignmen
t 

Missing on 
reference 
genome 

50,963 50,945 38,455 38,455 49,25
3 

49,00
5 

48,78
7 48,121 

Ambiguous 
SNPs 1,241,828 1,241,8

13 164,677 164,677 1,324,
362 

1,324,
362 

1,323,
363 

1,302,7
98 

Zero effect 
value - - - - - - - 3,764 

Not matched 
to reference 

genome 
3,015 3,015 49 49 - - - - 

Qced 
SNPs 

After QC and 
alignment 6,782,631 6,782,5

90 917,536 917,536 7,244,
776 

7,244,
757 

7,238,
864 

7,123,3
82 

SNP: Single nucleotide polymorphism; GWAS: Genome-wide association study; DM: Dermatomyositis; PM: 
Polymyositis; DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; CLL: Chronic lymphocytic 
leukaemia; MZL: Marginal zone lymphoma; QC: Quality control. 
a SNPs with missing OR were multiallelic. 

3.3.8.2 The role of linkage disequilibrium in genetic correlation analysis   

Nearly all methods developed to estimate genetic correlation using GWAS summary 
statistics reply on LD, a common concept in population genetics describing the nonrandom 
association of alleles at two or more loci due to limited recombination (342). This nonrandom 
association can be quantified as a measure called LD score. In GWAS, a significant SNP 
association does not necessarily have causal meaning. Instead, it represents an average effect 
of all SNPs in LD with the tested SNP (352). SNPs in LD with a causal variant tend to have 
higher test statistics in GWAS and thus have higher likelihood of being detected. Importantly, 
those SNPs also tend to have a higher LD score. The relationship between LD score and 
GWAS test statistics is the key concept of the LD score regression, the first method used for 
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genetic correlation analysis using GWAS summary statistics (344, 345, 352). In single-trait 
LD score regression, one can estimate (narrow-sense) heritability by regressing test statistics 
of SNPs on the LD scores estimated with a matched population reference panel. In cross-trait 
LD score regression, genetic covariance between two diseases is estimated by regressing the 
product of z statistics pairs (a measure with implication of effect direction) of SNPs of the 
two diseases on the LD scores estimated with a matched population reference panel (344).  

3.3.8.3 Local genetic correction and its estimation using LAVA 

Genetic correlation can be measured at global and local levels. Global genetic correlation is 
an overall estimate of all SNPs across the genome. Heterogeneity in genetic correlations 
across the genome, usually the case in complex diseases, is not captured by global genetic 
correlation. Moreover, global genetic correlation may also overlook genetic correlations 
between two diseases if there is comparable number of correlations in opposite direction, 
which may be averaged out in an overall estimate. Another problem is that current methods 
such as LD score regression usually fails to compute global genetic correlations for diseases 
with low heritability including IIM, DLBCL, FL and MZL (316, 344). The primary challenge 
encountered in LD score regression for IIM lies in the exclusion of the HLA region, owing 
to its complex LD structure, which the method recommend for optimal analysis. Considering 
the central role of the HLA region in the genetic susceptibility of IIM, estimating genetic 
correlations with other diseases accounting for the influence of the HLA region into account 
offers more comprehensive understanding.   

We fixed this problem by measuring local genetic correlation using local analysis of 
(co)variant association (LAVA) instead (346, 349, 353). Compared to global genetic 
correlation, local genetic correlation estimates genetic correlation between two diseases at 
each partitioned genomic region (loci). LAVA, like LD score regression, utilizes LD score 
and z statistics from GWAS to compute genetic correlations between multiple diseases. We 
partitioned the whole genome into 2,495 non-overlapping loci, of which 21 loci corresponded 
to the HLA region. In the LAVA analyses, summary statistics data of each disease pair were 
fitted in a multiple logistic regression model. Local heritability (at observed scale) was first 
computed for the 2,495 loci for both diseases in each disease pair (univariate analysis). 
Subsequently, only loci showing significant local heritability for both diseases in each disease 
pair were tested for local genetic correlation (bivariate analysis) (346). We adjusted p-values 
with Bonferroni correction to account for multiple testing.  

3.3.8.4 Identification of jointly associated SNP using pleioFDR 

To complement the LAVA analyses, we also applied pleiotropy-informed false discovery 
rate (pleioFDR) method to identify SNP jointly associated with both diseases in each disease 
pair (354). PleioFDR has two components: conditional FDR (CondFDR) and conjunctional 
FDR (conjFDR). The key idea of this method is that many common SNPs are associated with 
multiple diseases (pleiotropy) and for related diseases, SNPs associated with one disease have 
higher probability of being associated with the other disease than other SNPs with null 
associations. That is, pleioFDR is a method used to correct p-values of SNPs of a disease at 
a less stringent level than Bonferroni correction through leveraging pleiotropy with another 
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disease. Significant genomic enrichment observed in pleioFDR analysis suggests shared 
genetic susceptibility between two diseases.  

We first examined the genomic enrichment in a fold-enrichment plot for each disease in a 
disease pair by strata of the -log10 of the nominal p-values of SNPs of an IIM/B-cell 
lymphoma subtype defined based on the p-values of the corresponding SNPs of a B-cell 
lymphoma/IIM subtype (-log10(p) ≥ 1, -log10(p) ≥ 2 and -log10(p) ≥ 3). The fold enrichment 
was computed as the ratio between the cumulative distribution of SNPs in a given -log10(p) 
stratum and the cumulative distribution of all SNPs (354). An observation with the strongest 
fold enrichment found in the stratum of the lowest p-values of SNPs and weaker enrichment 
in strata with higher p-values suggests shared genetic susceptibility between two diseases.  

To identify SNPs jointly associated with both diseases which LAVA does not tell, we first 
used CondFDR to corrects nominal p-values of SNPs of an IIM/B-cell lymphoma subtype 
by conditioning on the p-values of the corresponding SNPs of the paired B-cell 
lymphoma/IIM subtype. A conservative conjFDR of a SNP was obtained by maximising the 
condFDRIIM|B-cell lymphoma and condFDRB-cell lymphoma|IIM of that SNP. A significant jointly 
associated SNP had corrected p-value < 0.05. Lead jointly associated SNPs/loci were defined 
by clumping.   

To avoid artificial genetic enrichment, we adjusted the nominal p-value of each SNP by using 
intergenic inflation control and excluded SNPs located in the HLA and the chromosome 8 
inversion regions from fitting the conditional empirical cumulative distribution function 
(354).  

3.3.9 Study V: The impact of cancer on the prognosis of patients with IIM  

Study V was a cohort study following patients to cancer and death events since IIM 
diagnosis. Patients with incident IIM were identified in the NPR based on the algorithm 
presented in Table 5. An overview of the study design and statistical methods are described 
below in separate sections. 

3.3.9.1 Cancer ascertainment and classification 

Via linkage to the SCR, we identified all cancer diagnoses of patients with IIM between 1958 
and 2020. For each patient, cancer diagnoses happened before the index date were defined as 
cancer before IIM and those occurred at or after the index date were defined as cancer after 
IIM. Furthermore, events of first cancer after IIM (defined as the earliest cancer diagnosis 
among cases of cancer after IIM) and second cancer after IIM (defined as a primary cancer 
subsequent to the first cancer after IIM) were of interest. Similar to the approach used in 
Study III, we classified cancer cases by tumour sites according to the ICD codes and, from 
1993, according to SNOMED codes. We also categorized cancer cases diagnosed after 2003 
into different stages according to TNM and FIGO staging systems. Benign tumours and 
duplicated diagnoses in the SCR were removed. 



 

 45 

3.3.9.2 Death ascertainment  

We retrieved death information including date of death and underlying cause of death in the 
CDR. Death records were categorized into deaths from cancer and deaths from other causes 
according to the ICD-10 chapter (Table 8) (10).  

Table 8. Defining causes of death based on the ICD-10 codes, adapted from (10). 

Idiopathic inflammatory myopathies M33.0, M33.1, M33.2, M33.9, G72.4 
Certain infections and parasitic diseases A and B chapter 
In situ neoplasms, Benign neoplasms, Neoplasms of 
uncertain or unknown behaviour, Diseases of the 
blood and blood-forming organs and certain 
disorders involving the immune mechanism  

 

 

D chapter 

Malignant neoplasms C chapter 
Mental and behavioral disorders F chapter 
Endocrine, nutritional and metabolic disease E chapter 
Diseases of the nervous system G chapter 
Diseases of eye, adnexa, ear and mastoid process H chapter 
Diseases of the circulatory system I chapter 
Diseases of the respiratory system*  J chapter 
Diseases of the digestive system K chapter 
Diseases of skin and subcutaneous tissue L chapter 
Diseases of the musculoskeletal system and 
connective tissue M chapter 

Diseases of the genitourinary system N chapter 
Symptoms signs and abnormal clinical lab findings R and Q chapter 
Provisional assignment of new diseases of uncertain 
aetiology or emergency use or Resistance to 
antimicrobial and antineoplastic drugs 

U chapter 

External causes of morbidity and mortality V, W, X, Y chapters 
ICD: International Classification of Diseases. 

3.3.9.3 Multistate model: states, transitions and time scales 

In Study V, patients’ transitions to first cancer after IIM, second cancer after IIM, death 
from cancer and death from other causes since IIM diagnosis were of interest. Each of these 
transitions could be considered as a survival model and studied independently. However, this 
approach did not explicitly capture the changes on risk estimation between these events, i.e., 
the risks of death from cancer or other causes before and after first cancer after IIM. To 
understand these transitions in a better way, we applied multistate modelling where each 
event of interest was represented as a discrete state and a forwarding movement to a 
downstream event under a continuous time scale was taken as a transition. Considering co-
occurrence of IIM and cancer is a rare condition, inclusion of all events of interest in one 
multistate model may lead to very small number of events in a state which increases statistical 
uncertainty. To avoid this issue, we constructed two multistate models with different research 
focuses, with one model focusing on the cancer-specific mortality before and after first 
cancer after IIM (first cancer multistate model, Figure 5a) and another model focusing on 
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the risk of having a second cancer after IIM and the following risk of death (second cancer 
multistate model, Figure 5b).  

In the first cancer multistate model, patients’ trajectories included transitions from “Incident 
IIM” state to “First cancer“ state (T1), “Death from cancer” state (T2) and “Death from other 
causes” state (T3), as well as transitions from “First cancer” state to “Death from cancer” 
state (T4) and “Death from other causes” state (T5). Patients with cancer before IIM were 
included in the initial “Incident IIM” state and those died from cancer underwent T2.  

In the second cancer multistate model, the five transitions were transitions from “Incident 
IIM” state to “First cancer“ state (T1) and “Death” state (T2), transitions from “First cancer” 
state to “Second cancer” state (T3) and “Death” state (T4), and transition from “Second 
cancer” state to “Death” state (T5).  

One important assumption related to multistate model is Markovian property, which asserts 
that the past history affects a future state solely through the present state. This assumption 
does not always hold, and violation can lead to biased estimates (355, 356). Time spent in 
the previous state is a common factor that can lead to violation of Markov assumption. This 
might also be the case in our study given that a strong risk of death from cancer has been 
observed within the first year of IIM diagnosis in patients with IIM compared to the general 
population (10). Assuming duration dependence was the only cause that led to violation of 
Markov assumption, we could solve this problem by relaxing the Markov assumption via 
having a Semi-Markov multistate model where follow-up time was reset when patients enter 
a new state and Markov assumption remains valid in this setting. In this study, we used time 
since IIM diagnosis as the time scale for the transitions before the “First cancer” state and 
reset the time scale to time since first/second cancer after IIM when patients entering the 
“First cancer” state and “Second cancer” state.  

 
Figure 5. The multistate models consist of states and transitions to different states since IIM diagnosis, with time scale 
in each transition specified. a. The first cancer multistate model included transitions to first cancer, death from cancer and 
death from other causes since IIM diagnosis; b. The second cancer multistate model included transitions to first cancer, 
second cancer and death since IIM diagnosis. The time scales for transitions were specified as t, time since incident IIM; c, 
time at first cancer; s, time at second cancer; t-c, time since first cancer; t-c-s, time since second cancer. IIM: Idiopathic 
inflammatory myopathy. 
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3.3.9.4 Covariates  

We explored the impacts of a number of covariates on the cancer and death events of interest. 
Table 9 shows the definitions of these covariates.  

Table 9. Definitions of covariates included in the multistate models 

Covariate Definition Format Inclusion in the models 

Age at IIM diagnosis > or ≤ 60 years Binary 
First cancer multistate model: T1-T3 
Second cancer multistate model: T1-

T2 
Sex Men and women Binary All transitions 

Cancer before IIM Yes/no Binary 

First cancer multistate model: all 
transitions except T2 

Second cancer multistate model: all 
transitions 

IIM subtypes DM or other IIM Binary All transitions 

Calendar period at IIM 
diagnosis 

1998-2008 or 2009-2020 
 Binary 

First cancer multistate model: T1-T3 
Second cancer multistate model: T1-

T2 

Age at first cancer 
diagnosis after IIM > or ≤ 70 years Binary 

First cancer multistate model: T4-T5 
Second cancer multistate model: T3-

T5 
Calendar period at first 
cancer diagnosis after 
IIM 

1998-2008 or 2009-2020 
 Binary 

First cancer multistate model: T4-T5 
Second cancer multistate model: T3-

T5 

Time from IIM to first 
cancer 

≤ 1 year, (1-3] years or > 3 
years Categorical 

First cancer multistate model: T4-T5 
Second cancer multistate model: T3-

T4 
Time from first cancer 
to second cancer after 
IIM 

≤ 1 year, (1-3] years or > 3 
years Categorical Second cancer multistate model: T5 

IIM: Idiopathic inflammatory myopathy; DM: Dermatomyositis; T: Transition. 

3.3.9.5 Nonparametric estimations: state occupation probability and cumulative incidence 

Nonparametric estimates can facilitate a better understanding of data and inform model 
fitness by comparing with parametric estimates. State occupation probability, representing a 
probability of being in a specific state, may be favourable to clinicians as it can be directly 
interpreted as a probability or risk. In this study, we estimated state occupation probabilities 
of each event of interest in both multistate models using the Aalen-Johansen estimator. The 
probability of being in “First cancer” or “Second cancer” state estimated from the multistate 
models were affected by the probability of death and thus it could decrease during follow-up. 
Considering cumulative incidences of first cancer after IIM (since IIM diagnosis) and second 
cancer after IIM (since the diagnosis of first cancer after IIM) might be of interest to some 
readers, we also estimated them using the Aalen-Johansen estimator in two separate simple 
survival models with first cancer after IIM and second cancer after IIM as the failure event, 
respectively.  

3.3.9.6 Flexible parametric modelling  

Flexible parametric modelling, first proposed by Royston and Parmar in 2002, offers several 
advantages over the Cox regression model (357). First, in flexible parametric model, baseline 
hazard is modelled and smoothed by restricted cubic spline, thus allowing easy prediction of 
clinically relevant measures (i.e., state occupation probability and length of stay in a given 
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state by time t, as well as the absolute and relative differences of these estimates). Time-
dependent effect of covariate can also be easily incorporated using spline function (358, 359).   

In the two multistate models, we used flexible parametric methods to estimate the transition-
specific baseline hazards. Patients were followed till an event of interest (state), emigration 
or the end of follow-up (2020-12-31), whichever came first. We first fitted crude multistate 
models and then multivariable multistate models to explore the impacts of the covariates 
specified in Table 9 on the cancer and death events. Time-dependent effect was incorporated 
into the transition for covariates that violated the proportional hazard assumption. With the 
transition-specific baseline hazards estimated from the models, we predicted the state 
occupation probability for each state and length of stay of a non-fatal state, using simulation 
approach. We repeated the simulation with a sample size of 10,000 for 200 times (359).  

We found that there were 20 patients who had no cancer diagnosis in the SCR but died from 
cancer (based on death records in the CDR), probably due to underreporting. These patients 
might be misclassified as patients without first cancer after IIM. Though it was just a small 
proportion of patients with IIM, we reran the crude parametric multistate models by 
excluding these 20 patients to examine if it would make a difference. 

3.4 Ethical consideration  

Public trust, dedication to striving for public benefit through research, and a commitment to 
personal integrity are fundamental to the success of register-based research, significantly 
advancing medical and social sciences. Adhering strictly to the General Data Protection 
Regulation and relevant national legislations in Sweden, we ensured good research practices 
in all studies presented in this thesis. 

First, we obtained ethical permits from the Swedish Ethical Review Authority for conducting 
Study I-V. Motivated by knowledge gaps in myositis research and the unmet needs of 
patients, our studies aimed to enhance our understanding of the pathogenesis and disease 
burden of IIM, crucial for improving disease management. The data utilized in this thesis 
were pseudonymized, de-identified, and aggregated (in Study IV), with thorough 
considerations given to potential risks associated with breaches of personal data. Every stage, 
from planning to ethical and data application, through execution to publication, was 
meticulously approached to minimize risks and potential harm to individuals, society, and 
the environment. 

We strictly requested only the data required to answer the research questions, with all data 
transfers from authorities safeguarded—either encrypted on flash drives or via a secure file 
transfer platform at university with shell protection. Data storage occurred on department 
servers with shell protection, and access was granted solely to authorized researchers within 
our team. Moreover, all team members underwent training on accessing and utilizing the data 
appropriately. 

Our focus on high-quality data and appropriate methodologies ensured the integrity of all 
analyses. We were acutely aware of methodological limitations and interpreted findings 
cautiously through comprehensive author discussions to avoid misleading conclusions that 
might adversely affect individuals. 
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Given the rarity of IIM, even with de-identified data, patients could be potentially identified 
through sparse data presentations. We apologized that we did not give thorough 
considerations concerning this potential risk in Study I-III and presented sparse data with 
number of cases less than five. We have made corresponding adjustment in Study V where 
data were consistently presented at the group level with at least five cases to protect 
anonymity. 

All studies were supported by the Swedish Research Council, necessitating the free 
accessibility of our findings. Study I-V have been published with open access. 
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4 Key findings 
The key findings of each study are outlined below. For more detailed information, please 
refer to the respective publications and manuscripts.  

4.1 Study I: Familial aggregation and heritability of IIM 

Population and family structure  

We identified 1,620 patients with IIM. Their median birth year and median age at diagnosis 
was 1949 (interquartile range, IQR 1941-1964) and 57 years (IQR 44-66), respectively. 
Among these patients, 59% were women. Other IIM was the most prevalent IIM subtype 
(n=991, 61%), followed by DM (n=501, 31%) and JIIM (n=128, 8%). Due to the matching 
design, we found similar demographic characteristics in the 7,797 matched comparators 
without IIM. Furthermore, patients with IIM shared similar family structure with the matched 
comparators without IIM (Table 10). The mean number of first-degree relatives per family 
unit was 4.7 among patients with IIM, compared to 4.8 in matched comparator without IIM.   

Table 10. Family structures of patients with IIM and individuals without IIM, and demographic characteristics of their 
first-degree relatives 

 Patients with IIM Individuals without IIM 

Any first-degree relatives, n, mean±SD  7,615 4.7±2.2 37,309 4.8±2.1 

   Parents 2,306 1.4±0.8 11,414 1.5±0.7 

      Women, n (%) 1,253 (54)  6,314 (55)  

      Birth year, median (IQR) 1926 (1916-1943)  1926 (1916-1943)  

   Full siblings 2,464 1.5±1.5 11,685 1.5±1.5 

      Women, n (%) 1,238 (50)  5,863 (50)  

      Birth year, median (IQR) 1951 (1943-1962)  1950 (1943-1963)  

   Offspring 2,845 1.8±1.3 14,210 1.8±1.3 

      Women, n (%) 1,335 (47)  6,960 (49)  

      Birth year, median (IQR) 1975 (1966-1987)  1975 (1967-1989)  

IIM: Idiopathic inflammatory myopathy; IQR: Interquartile range. 

Familial aggregation 

There were 13 patients with IIM who had at least one first-degree relatives affected by IIM, 
versus 16 in matched comparators without IIM, corresponding to an adjusted OR (aOR) of 
4.3 (95%CI 2.0-9.3) (Table 11). We found no visits indicating muscular dystrophies or 
metabolic myopathies in the 13 cases of familial IIM. We observed weaker but still 
significant familial associations of IIM in the analyses treating first-degree relative pairs as 
independent units. The aOR was 2.6 (95%CI 1.8-3.8) for any first-degree relative pairs and 
2.5 (95%CI 1.6-4.0) for full sibling pairs. We noted consistent findings in the sensitivity 
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analyses using the strict definition of IIM and including only first-degree relatives alive in 
2001. 

Table 11. The aORs of having first-degree relatives affected by IIM in patients with IIM compared to individuals 
without IIM 

 Patients with IIM, 
n/N (%) 

Individuals without IIM, n/N 
(%) aORa (95% CI) aORb (95% CI) 

≥ 1 relative 13/1620 (0.80) 16/7797 (0.21) 4.32 (2.00-9.34) - 

Any first-degree 
relatives 13/7615 (0.17) 16/37309 (0.04) 2.61 (1.80-3.78) 2.61 (1.80-3.79) 

Parents < 5 < 5 - - 

Full siblings 9/2464 (0.37) 10/11685 (0.09) 2.54 (1.62-3.99) 2.53 (1.62-3.96) 

Offspring < 5 < 5 - - 

aOR: Adjusted odds ratio; IIM: Idiopathic inflammatory myopathy; n: Number of exposed cases; N: Total number of 
individuals/relative pairs included; ≥ 1 relative: Comparison between patients with IIM and individuals without IIM; Any 
first-degree relatives, parents, full siblings and offspring: Comparison between relative pairs of patients with IIM and relative 
pairs of individuals without IIM. 
a Controlled for sex, birth year and residential area of index persons. 
b Controlled for sex, birth year and residential area of index persons, sex and birth year of first-degree relatives. 

Heritability  

With a prevalence of IIM of 0.014%, the family-based heritability of IIM among any first-
degree relatives was 22% (95%CI 12%-31%) and it was 24% (95%CI 13%-37%) among full 
siblings. These estimates were robust to the changes of the prevalence of IIM (Figure 6).  

 
Figure 6. The point estimates with 95% confidence intervals (grey shading) of the heritability of IIM using the prevalence 
of IIM ranging from 0.004% to 0.024%, with a fixed interval of 0.0002% for A. any first-degree relatives and B. full 
siblings. IIM: Idiopathic inflammatory myopathy. 
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4.2 Study II: Familial autoimmunity of IIM 

Study II had the same study population as in Study I. For information on patient 
characteristics and family structure among patients with IIM and matched comparators 
without IIM, please read section 4.1 and Table 10. 

Prevalence of autoimmune diseases  

All autoimmune diseases except MS were significantly more prevalent in patients with IIM 
compared to matched comparators without IIM (Table 12).   

Table 12. The prevalence of each autoimmune disease in patients with IIM and individuals without IIM 

 Patients with IIM (n=1,620) Individuals without IIM 
(n=7,797) 

Rheumatoid arthritisa 182 (11) 116 (1) 

Rheumatic inflammatory diseasesa 352 (22) 63 (1) 

Multiple sclerosis 5 (0.3) 25 (0.3) 

Inflammatory bowel diseasesa 35 (2) 108 (1) 

Type 1 diabetes mellitusa 9 (1) 14 (0.2) 

Autoimmune thyroid diseasesa 215 (13) 696 (9) 

Celiac diseasesa 27 (2) 35 (0.5) 

Myasthenia gravisa 10 (1) < 5 

IIM: Idiopathic inflammatory myopathy. 
a p values from Chi-square test < 0.05 

Familial association  

In the analyses by the number of affected first-degree relatives, we observed significant 
familial associations only for other RIDs and CeD (Figure 7). Patients with IIM were more 
likely to have ≥ 1 (aOR=1.4 95%CI 1.1-1.8) and ≥ 2 first-degree relatives (aOR=2.4 95%CI 
0.9-6.5) affected by other RIDs than matched comparators without IIM although only the 
association with ≥ 1 first-degree relative affected was statistically significant. A tendency of 
dose-dependent effect was also observed for CeD but only the familial association with ≥ 2 
first-degree relatives affected was statistically significant (aOR=3.6 95%CI 1.3-9.9). We 
observed additional familial associations with IIM for IBD (aOR=1.2 95%CI 1.0-1.4) and 
AITD (aOR=1.1 95%CI 1.0-1.2) when treating first-degree relative pairs as independent 
units. Furthermore, in subgroup analyses by types of kinship, we observed significant familial 
associations with IIM in parents and offspring for other RIDs and IBD, in parents and full 
siblings for CeD, and in offspring only for MS and AITD. Analyses with adjustments of an 
studied autoimmune disease in index individuals or IIM in first-degree relatives, use of strict 
definitions and inclusion of first-degree relatives alive in 2001 only showed no different 
results. 
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Figure 7. The adjusted odds ratios of familial associations between idiopathic inflammatory myopathies and different 
autoimmune diseases by the number of affected first-degree relatives and in any first-degree relative pairs. FDRs: First-
degree relatives; RA: Rheumatoid arthritis; RIDs: Rheumatic inflammatory diseases; MS: Multiple sclerosis; IBD: 
Inflammatory bowel diseases; T1DM: Type 1 diabetes mellitus; AITD: Autoimmune thyroid diseases; CeD: Celiac disease: 
MG: Myasthenia gravis. 
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4.3 Study III: Familial co-aggregation of IIM and cancer 

Using a modified definition of IIM, we identified slightly more patients with IIM (n=1,639) 
and matched comparators with IIM (n=7,878) (Table 13). Basic characteristics and family 
structure were similar to Study I and II. We found a higher frequency of lifetime cancer in 
patients with IIM compared to matched comparator without IIM (27% versus 20%). The 
prevalence of lifetime IIM was higher in first-degree relatives of patients with IIM than in 
those of matched comparators without IIM.  

Table 13. Family structures of patients with IIM and individuals without IIM, and characteristics of their first-degree 
relatives 

 Patients with IIM (n=1,639) Individuals without IIM (n=7,878) 

Women, n (%) 959 (59%) 4,675 (59%) 

Birth year, median (IQR) 1949 (1941-1963) 1949 (1941-1963) 

Living in Southern Sweden, n (%) 1,350 (82%) 6,485 (82%) 

Age at inclusion, median (IQR) 58 (45-66) 58 (45-66) 

IIM subtypes, n (%)   

   Juvenile IIMa 127 (8%) - 

   Dermatomyositisb 506 (31%) - 

   Other IIMc 1,006 (61%) - 

Lifetime cancer, n (%) 436 (27%) 1,553 (20%) 

Parents, n (median (IQR)) 3,066 (2 (2-2)) 14,918 (2 (2-2)) 

   Women, n (%) 1,564 (51%) 7,565 (51%) 

   Birth year, median (IQR) 1920 (1910-1936) 1920 (1912-1937) 

   Lifetime IIM, n (%) < 5  < 5  

Full siblings, n (median IQR) 2,494 (1 (0-2)) 11,819 (1 (0-2)) 

   Women, n (%) 1,249 (50%) 5,917 (50%) 

   Birth year, median (IQR) 1951 (1943-1962) 1950 (1943-1963) 

   Lifetime IIM, n (%) 7 (0%) 8 (0%) 

Offspring, n (median (IQR)) 2,900 (2 (1-3)) 14,390 (2 (1-3)) 

   Women, n (%) 1,355 (47%) 7,033 (49%) 

   Birth year, median (IQR) 1975 (1966-1987) 1975 (1967-1988) 

   Lifetime IIM, n (%) < 5  - 

IIM: Idiopathic inflammatory myopathy; IQR: Interquartile range. 
a Age at diagnosis ≤ 18 years of age. 
b With diagnostic code M33.1 and age at diagnosis > 18 years of age. 
c With diagnostic code M33.2, M33.9 or G72.4 and age at diagnosis > 18 years of age. 
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Familial co-aggregation of IIM and cancer  

Among 8,460 first-degree relatives of patients with IIM, 1,598 (18.9%) had a lifetime cancer 
diagnosis compared to 7,370 (17.9%) in first-degree relatives of matched comparators 
without IIM, resulting an aOR of 1.04 (95%CI 0.99-1.09). We found similar estimates in 
subgroup analyses by IIM subtypes and types of kinship. 

In the analyses exploring if familial co-aggregation of IIM and cancer differed by sex 
concordance of first-degree relative pairs and IIM subtypes, we observed statistically 
significant association only in male first-degree relative pairs of patients with DM (aOR=1.4 
95% CI 1.2-1.7), after adjusting for multiple testing (Table 14). Moreover, similar point 
estimates were found in father-son pairs and brother pairs of patients with DM but these 
associations did not reach statistical significance after correcting for multiple testing.  

In the analyses by age at cancer diagnosis, we observed a familial co-aggregation of IIM and 
cancer diagnosed at 50 years of age or olders (aOR=1.1 95%CI 1.0-1.3) in full siblings and 
a familial co-aggregation of IIM and cancer diagnosed before 50 years of age in offspring 
(aOR=1.2 95%CI 1.0-1.3).  

Table 14. The familial co-aggregation of IIM and cancer overall by sex concordance of any first-degree relative pairs 
and IIM subtypes 

 Patients with IIM, n (%) Individuals without IIM, n (%) aOR (95% CI)a 
Female concordant pairs    

   Any IIM 504 (20.6%) 2,392 (19.5%) 1.06 (0.97-1.16) 
   DM 177 (21.6%) 699 (20.1%) 1.05 (0.91-1.22) 
   Juvenile IIM 10 (5.8%) 51 (6.7%) 0.88 (0.47-1.64) 
   Other IIM 317 (21.9%) 1,237 (20.1%) 1.07 (0.96-1.19) 
Male concordant pairs    

   Any IIM 328 (18.2%) 1,345 (16.2%) 1.17 (1.05-1.30) 
   DM 103 (20.1%) 301 (15.4%) 1.39 (1.15-1.68)b 

   Juvenile IIM < 5 6 (1.9%) - 
   Other IIM 223 (18.1%) 893 (17.1%) 1.09 (0.96-1.25) 
Discordant pairs    

   Any IIM 766 (18.2%) 3,633 (17.7%) 0.98 (0.92-1.06) 
   DM 232 (17.4%) 990 (17.7%) 0.94 (0.82-1.07) 
   Juvenile IIM 8 (3.3%) 46 (4.2%) 0.79 (0.39-1.60) 
   Other IIM 526 (19.9%) 2,152 (19.1%) 1.01 (0.93-1.10) 
IIM: Idiopathic inflammatory myopathy; aOR: Adjusted Odds ratio; CI: Confidence interval; DM: Dermatomyositis.  
a Adjusted for sex, birth year and residential area of index individuals, and birth year of first-degree relatives. Model 
assuming no direct effects between IIM and cancer.  
b The false discovery rate (FDR) threshold was 0.0009. The only association (observed p value=0.0006) remained 
statistically significant after FDR correction. 

 
Familial co-aggregation of IIM and specific cancer types 

In the exploratory analyses by specific cancer types, we only observed statistically significant 
familial associations for myeloid malignancies (aOR=2.3 95%CI 1.4-3.6) and liver cancer 
(aOR=2.0 95%CI 1.2-3.3) in male first-degree relatives of patients with IIM after adjusting 
for multiple testing (Table 15).   
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Table 15. The familial co-aggregation of IIM and specific cancer types among first-degree relatives by sex 
concordance of relative pairs 

 Female concordant Male concordant Discordant 
 Patients with 

IIM/individuals 
without IIM, n (%) 

aOR (95% CI)a 
Patients with 

IIM/individuals 
without IIM, n (%) 

aOR (95% CI)a 
Patients with 

IIM/individuals 
without IIM, n (%) 

aOR (95% CI)a 

Haematological 
malignancies  25 (1.0%)/118 (1.0%) 0.99 (0.72-1.35) 35 (1.9%)/ 119 (1.4%) 1.30 (0.99-1.71) 50 (1.2%)/241 (1.2%) 1.02 (0.81-1.30) 

Lymphoid  22 (0.9%)/80 (0.7%) 1.19 (0.87-1.63) 25 (1.4%)/102 (1.2%) 1.12 (0.80-1.57) 38 (0.9%)/189 (0.9%) 0.99 (0.76-1.30) 
   B cell lymphoma 17 (0.7%)/55 (0.4%) 1.33 (0.94-1.87) 17 (0.9%)/60 (0.7%) 1.25 (0.84-1.85) 26 (0.6%)/105 (0.5%) 1.13 (0.82-1.56) 
   Hodgkin 
lymphoma 

< 5/8 (0.1%) - < 5/11 (0.1%) - < 5/20 (0.1%) - 

Myeloid 
malignancies 

< 5/34 (0.3%) - 9 (0.5%)/13 (0.2%) 
2.27 (1.43-

3.60)b 10 (0.2%)/47 (0.2%) 1.07 (0.63-1.82) 

   Chronic myeloid 
leukaemia  

< 5/11 (0.1%) - < 5/5 (0.1%) - 6 (0.1%)/14 (0.1%) 2.38 (1.18-4.81) 

   Acute myeloid 
leukaemia 

< 5/16 (0.1%) - 6 (0.3%)/7 (0.1%) 2.50 (1.32-4.72) < 5/22 (0.1%) - 

Solid cancers  
479 (19.6%)/2,274 

(18.6%) 1.06 (0.97-1.16) 
293 (16.2%)/1,226 

(14.8%) 1.14 (1.02-1.27) 
716 (17.0%)/3,391 

(16.5%) 0.98 (0.91-1.06) 

Low-grade brain 5 (0.2%)/37 (0.3%) 0.80 (0.37-1.70) 9 (0.5%)/23 (0.3%) 1.86 (1.10-3.14) 11 (0.3%)/67 (0.3%) 0.77 (0.46-1.28) 
Head and neck  13 (0.5%)/72 (0.6%) 0.88 (0.55-1.42) 6 (0.3%)/65 (0.8%) 0.49 (0.23-1.02) 23 (0.5%)/147 (0.7%) 0.72 (0.51-1.03) 
   Non-
oropharyngeal  

13 (0.5%)/68 (0.6%) 0.93 (0.58-1.49) 5 (0.3%)/53 (0.6%) 0.49 (0.21-1.13) 20 (0.5%)/124 (0.6%) 0.74 (0.51-1.08) 

Breast 109 (4.5%)/523 
(4.3%) 

1.04 (0.87-1.23) < 5/< 5 - 61 (1.4%)/340 (1.7%) 0.86 (0.69-1.07) 

Lung  21 (0.9%)/95 (0.8%) 1.15 (0.81-1.63) 35 (1.9%)/90 (1.1%) 1.67 (1.28-2.19) 44 (1.0%)/229 (1.1%) 0.89 (0.69-1.14) 

Liver < 5/15 (0.1%) - 7 (0.4%)/12 (0.1%) 
2.01 (1.21-

3.33)b 7 (0.2%)/38 (0.2%) 0.88 (0.45-1.71) 

Colorectal 47 (1.9%)/188 (1.5%) 1.20 (0.92-1.55) 35 (1.9%)/162 (1.9%) 1.00 (0.75-1.34) 75 (1.8%)/375 (1.8%) 0.95 (0.78-1.16) 
Pancreatic 18 (0.7%)/89 (0.7%) 0.86 (0.57-1.28) 9 (0.5%)/56 (0.7%) 0.86 (0.47-1.55) 33 (0.8%)/150 (0.7%) 0.94 (0.70-1.26) 
Kidney 12 (0.5%)/34 (0.3%) 1.83 (1.11-3.02) 8 (0.4%)/37 (0.4%) 1.09 (0.57-2.08) 20 (0.5%)/87 (0.4%) 1.03 (0.70-1.52) 
Bladder 6 (0.2%)/44 (0.4%) 0.72 (0.37-1.41) 19 (1.1%)/76 (0.9%) 1.19 (0.79-1.81) 29 (0.7%)/122 (0.6%) 1.07 (0.79-1.44) 

Uterine 24 (1.0%)/103 (0.8%) 1.07 (0.76-1.51) 
- 
- 

- 
- 
- 

- 

Cervical 116 (4.7%)/514 
(4.2%) 

1.13 (0.96-1.33) - - - - 

Ovarian 17 (0.7%)/77 (0.6%) 1.11 (0.75-1.64) - - - - 
Prostate - - 78 (4.3%)/394 (4.7%) 0.92 (0.75-1.12) - - 
Melanoma 12 (0.5%)/127 (1.0%) 0.53 (0.32-0.89) 21 (1.2%)/52 (0.6%) 1.60 (1.17-2.20) 42 (1.0%)/168 (0.8%) 1.16 (0.91-1.47) 
Non-melanoma 
skin 

33 (1.4%)/145 (1.2%) 1.04 (0.78-1.38) 20 (1.1%)/95 (1.1%) 0.99 (0.67-1.46) 49 (1.2%)/214 (1.0%) 1.03 (0.80-1.32) 

IIM: Idiopathic inflammatory myopathy; aOR: Adjusted Odds ratio; CI: Confidence interval.  
a Adjusted for sex, birth year and residential area of index individuals, and sex and birth year of first-degree relatives. For subgroup analyses of sex-concordant relative pairs and for 
sex-specific cancers, sex of first-degree relatives was not adjusted. Model assuming no direct effects between IIM and cancer.  
b The false discovery rate (FDR) threshold was 0.0008. Only these associations (observed p values: 0.0002 for liver cancer and 0.0005 for myeloid malignancies) remained 
statistically significant after FDR correction. 

 
Due to small number of cases, only some of the cancer types were analysed in all three types 
of kinship and these associations did not differ from the those in any first-degree relatives. 
Furthermore, additionally adjusting for cancer or specific cancer types in index individuals 
or IIM in first-degree relatives in the analyses showed results in line with the main analyses.   

4.4 Study IV: Genetic overlap between IIM and common B-cell lymphoma 
subtypes 

The number of common SNPs/loci from each data set included the LAVA and the PleioFDR 
analyses for each disease pair are presented in Table 16.  

Local genetic correlations 

The GWAS data 

Among the loci showing significant heritability with both diseases of the GWAS data, there 
were in total seven loci presenting significant genetic correlations, with strengths varying 
from -0.5 to 0.72; the detected loci were [chr17:62,112,374-63,548,724] for DM-FL, 
[chr6:32,629,240-32,682,213] and [chr9:114443476-115390112] for DM-CLL, 
[chr1:238,094,456-238,704,857] for PM-DLBCL, [chr3:158460059-159478751], 
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[chr7:55161395-56303513] and [chr12:126871453-127545377] for PM-MZL (Table 17). 
The squared local genetic correlation (rg2) represented the proportion of the heritability of an 
IIM subtype that could be explained by the heritability of a B-cell lymphoma subtype in a 
given locus. We found the highest rg2 in the locus [chr6:32,629,240-32,682,213] that showed 
a strong rg between DM and CLL, that is, about half of the local heritability of DM could be 
explained by that of CLL in this locus. For the other detected local rg, the rg2 ranged from 
23% to 39%. Of note, the local heritability presented in each disease pair was low.  

Table 16. The number of SNPs and loci included in the LAVA analyses and the pleioFDR analyses for the GWAS and 
the ImmunoChip disease pairs of IIM and common B-cell lymphoma subtypes 

The ImmunoChip data 

We identified more significant local genetic correlations for the ImmunoChip disease pairs 
and most of these correlations were found in the HLA region (Table 17). There were three 
HLA loci detected for DM-DLBCL, four HLA loci and one non-HLA locus on chromosome 
1 detected for DM-FL, three HLA loci detected for DM-CLL, four HLA loci and one non-
HLA loci on chromosome 9 detected for PM-DLBCL, and one HLA locus for PM-CLL. We 
observed a very strong genetic correlation in the locus [chr6:32,208,902-32,454,577] for 
DM-CLL, corresponding to a rg2 of 70%. The loci [chr6:30,715,007-31,106,493] and [chr6: 

31,320,269-31,427,209] were associated with both disease pairs DM-DLBCL and PM-
DLBCL. Moreover, the locus [chr6:31,427,210-32,208,901] was associated with DM-
DLBCL and DM-FL. The loci [chr6:32,208,902-32,454,577] and [chr6:32,586,785-
32,629,239] were associated with DM-FL and DM-CLL. The locus [chr6:32,629,240-
32,682,213] was associated with DM-CLL and PM-CLL.  

  LAVA  PleioFDR 

 
Number of 
common 

SNPsa 

Number of total loci in 
univariate analysis 
(both:IIM:B-cell 

lymphomas)b 

Number of loci 
in bivariate 

analysis 

Number of 
common SNPsa  

GWAS data 

DM-DLBCL 6,415,387 2,471 (1,836:1,876:2,431) 680 6,260,170 
DM-FL 6,416,691 2,469 (1,829:1,889:2,409) 611 6,259,969 
DM-CLL 6,417,297 2,474 (1,828:1,881:2,421) 741 6,260,163 
DM-MZL 6,384,382 2,451 (1,786:2,337:1,900) 813 6,239,939 
PM-DLBCL 6,415,351 2,466 (1,073:1,111:2,428) 326 6,260,153 
PM-FL 6,416,654 2,465 (1,052:1,111:2,406) 284 6,259,952 
PM-CLL 6,417,260 2,472 (1,068:1,118:2,422) 369 6,260,145 
PM-MZL 6,384,346 2,460 (1,025:1,147:2,338) 264 6,239,921 

ImmunoChip data 

DM-DLBCL 882,537 1,697 (614:1,020:1,291) 37 850,547 
DM-FL 882,935 1,694 (607:1,017:1,284) 34 850,673 
DM-CLL 882,730 1,698 (616:1,019:1,295) 36 850,596 
DM-MZL 880,432 1,671 (567:1,023:1,215) 24 849,056 
PM-DLBCL 882,537 1,740 (627:1,078:1,289) 35 850,547 
PM-FL 882,935 1,746 (614:1,078:1,282) 36 850,673 
PM-CLL 882,730 1,712 (661:1,078:1,295) 36 850,596 
PM-MZL 880,432 1,691 (602:1,080:1,213) 23 849,056 
SNP: Single nucleotide polymorphism; LAVA: Local analysis of (co) variant association; pleioFDR: Pleiotropy-
informed false discovery rate; GWAS: Genome-wide association study; IIM: Idiopathic inflammatory myopathy; DM: 
Dermatomyositis; PM: Polymyositis; common B-cell lymphoma subtypes included diffuse large B-cell lymphoma 
(DLBCL), follicular lymphoma (FL), chronic lymphocytic leukaemia (CLL) and marginal zone lymphoma (MZL). 
a Nonoverlapping SNPs between diseases and SNPs that were not aligned to the reference panel in the LAVA or in the 
pleioFDR were excluded.  
b Some loci were dropped in the univariate analyses due to number of SNPs < 2 in the locus or negative variance 
estimate for both diseases. 
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Table 17. The loci with significant local genetic correlations (rg) for the GWAS and the ImmunoChip disease pairs of 
IIM and common B-cell lymphoma subtypes 

Disease pair Chr Start Stop n.snps n.pcs h2
IIM h2

B-cell lymphoma rg (95% CI) rg
2 (95% CI) P value 

GWAS data 

DM-FL 17 62112374 63548724 2483 283 0,02 0,01 -0,50 (-0,72 - -0,32) 0,25 (0,10 - 0,52) 5,29 X 10-7 

DM-CLL 6 32629240 32682213 45 20 0,04 0,01 0,72 (0,53 - 0,89) 0,51 (0,28 - 0,79) 1,38 X 10-8 

DM-CLL 9 114443476 115390112 2459 204 0,02 0,02 0,62 (0,54 - 0,70) 0,39 (0,30 - 0,49) 3,39 X 10-38 

PM-DLBCL 1 238094456 238704857 2081 171 0,00 0,02 0,48 (0,30 - 0,66) 0,23 (0,09 - 0,44) 7,62 X 10-7 

PM-MZL 3 158460059 159478751 1961 218 0,00 0,00 0,54 (0,33 - 0,78) 0,29 (0,11 - 0,61) 3,31 X 10-6 

PM-MZL 7 55161395 56303513 3322 226 0,02 0,01 0,53 (0,32 - 0,77) 0,28 (0,10 - 0,59) 3,03 X 10-6 

PM-MZL 12 126871453 127545377 2021 243 0,01 0,01 0,57 (0,38 - 0,78) 0,33 (0,15 - 0,61) 6,83 X 10-8 

ImmunoChip data 

DM-DLBCL 6 30715007 31106493 544 60 0,03 0,01 0,77 (0,48 - 1,00) 0,59 (0,23 - 1,00) 1,05 X 10-5 

DM-DLBCL 6 31320269 31427209 299 42 0,04 0,01 0,70 (0,45 - 0,98) 0,49 (0,20 - 0,96) 1,08 X 10-5 

DM-DLBCL 6 31427210 32208901 400 79 0,04 0,01 0,58 (0,33 - 0,88) 0,34 (0,11 - 0,77) 5,86 X 10-5 

DM-FL 1 205917549 208162951 2918 288 0,01 0,01 0,51 (0,27 - 0,78) 0,26 (0,07 - 0,60) 6,59 X 10-5 

DM-FL 6 31427210 32208901 400 79 0,04 0,03 0,35 (0,20 - 0,51) 0,13 (0,04 - 0,26) 2,47 X 10-5 

DM-FL 6 32208902 32454577 152 23 0,03 0,04 0,42 (0,25 - 0,58) 0,18 (0,06 - 0,34) 3,43 X 10-6 

DM-FL 6 32539568 32586784 23 13 0,01 0,04 0,43 (0,22 - 0,63) 0,19 (0,05 - 0,40) 1,65 X 10-4 

DM-FL 6 32586785 32629239 75 37 0,04 0,04 0,50 (0,35 - 0,63) 0,25 (0,12 - 0,40) 3,01 X 10-9 

DM-CLL 6 32208902 32454577 151 22 0,03 0,01 0,84 (0,62 - 1,00) 0,70 (0,39 - 1,00) 2,18 X 10-7 

DM-CLL 6 32586785 32629239 75 37 0,04 0,01 0,77 (0,53 - 1,00) 0,59 (0,28 - 1,00) 1,52 X 10-6 

DM-CLL 6 32629240 32682213 45 20 0,07 0,01 0,54 (0,37 - 0,70) 0,29 (0,14 - 0,49) 1,77 X 10-8 

PM-DLBCL 6 30070718 30715006 617 77 0,03 0,01 0,63 (0,36 - 0,96) 0,40 (0,13 - 0,92) 5,4 X 10-5 

PM-DLBCL 6 30715007 31106493 544 60 0,05 0,01 0,62 (0,35 - 0,94) 0,39 (0,12 - 0,88) 6,54 X 10-5 

PM-DLBCL 6 31320269 31427209 299 43 0,06 0,01 0,68 (0,44 - 0,94) 0,46 (0,19 - 0,88) 3,3 X 10-6 

PM-DLBCL 9 138995792 140097759 1042 192 0,02 0,01 -0,46 (-0,70 - -0,23) 0,21 (0,05 - 0,48) 1,69 X 10-4 

PM-CLL 6 32629240 32682213 45 20 0,10 0,01 0,51 (0,33 - 0,67) 0,26 (0,11 - 0,45) 4,48 X 10-6 

GWAS: Genome-wide association study; IIM: Idiopathic inflammatory myopathy; DM: Dermatomyositis; PM: Polymyositis; common B-cell lymphoma subtypes included diffuse large B-cell 
lymphoma (DLBCL), follicular lymphoma (FL), chronic lymphocytic leukaemia (CLL) and marginal zone lymphoma (MZL); n.snps: Number of single nucleotide polymorphisms in each locus; 
chr: Chromosome number; n.pcs: Number of principal components in each locus; h2

IIM: Local heritability of IIM at observed scale; h2
B-cell lymphoma: Local heritability of B-cell lymphoma at observed 

scale; CI: Confidence interval. 

Heatmaps of the rg in the HLA region for the GWAS and the ImmunoChip disease pairs  

We also compared the local genetic correlations in all tested HLA loci between the GWAS 
and the ImmunoChip data (Figure 8). The SNP overlapping rates between the two data sets 
ranged from 69% to 100%. Overall, we observed consistent findings in terms of strength and 
direction in loci that were tested in both the GWAS and the ImmunoChip disease pairs. The 
genetic correlation detected in the locus [chr6:32,629,240-32,682,213] in the GWAS disease 
pair DM-CLL was replicated in the ImmunoChip disease pair DM-CLL. 
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Figure 8. The heatmaps presenting the local genetic correlations (rg) of all tested human leukocyte antigen loci for the 
GWAS (A) and the ImmunoChip (B) disease pairs of IIM and common B-cell lymphoma subtypes. GWAS: Genome-wide 
association study; IIM: Idiopathic inflammatory myopathy; DM: Dermatomyositis; PM: Polymyositis; common B-cell 
lymphoma subtypes included diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL), chronic lymphocytic 
leukaemia (CLL) and marginal zone lymphoma (MZL); *** P value < 0.00 (significant threshold); ** P value < 0.01; * P 
value < 0.05.  

Pleiotropic enrichment  

We observed typical pleiotropic enrichment only in the ImmunoChip disease pairs DM-CLL 
and PM-CLL.  For SNPs with p-values < 0.001 in CLL, there were up to 400- and 225-fold 
enrichment of SNPs with -log10(p)=7 for DM and PM compared to all SNPs, respectively. 
Similarly, there were 45- and 60-fold enrichment of SNPs with -log10(p)=7 for CLL when 
conditioning on SNPs with p-values < 0.001 in DM and PM, respectively.  

Jointly associated SNPs 

The GWAS data 

Among the GWAS disease pairs, we identified in total 12 lead jointly associated SNPs and 
the majority of them resided in the HLA region: one associated with DM-DLBCL, two with 
DM-FL, one with DM-CLL, one with DM-MZL, three with PM-DLBCL, two with PM-FL, 
one with PM-CLL and one with PM-MZL (Table 18). The lead SNP rs3130923 was 
associated with both PM-DLBCL and PM-MZL.  

The ImmunoChip data 

We detected more jointly associated SNPs among the ImmunoChip disease pairs and again 
most of them were located in the HLA region (Table 18). The two lead jointly associated 
SNPs rs9270493 and rs2596500 detected respectively for the disease pairs PM-FL and PM-
CLL of the GWAS data were replicated in the ImmunoChip data.  
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Table 18. The lead jointly associated SNPs detected for the GWAS and the ImmunoChip disease pairs of IIM and 
common B-cell lymphoma subtypes 

Disease 
pair 

SNP ID 
Reference 

allele 
Effect 
allele 

ZIIM 
ZB-cell 

lymphoma 
Chr Position P valueIIM 

P valueB-cell 

lymphoma 
conjFDR 

GWAS data 

DM-
DLBCL 

rs3094005 G T 7,00 4,32 6 31465047 2,64 X 10-12 1,56 X 10-5 8,21 X 10-3 

DM-FL rs2596462 T C 4,23 4,80 6 31414580 2,39 X 10-5 1,56 X 10-6 9,00 X 10-3 

DM-FL rs7450278 C T 6,41 -4,97 6 32439048 1,46 X 10-10 6,68 X 10-7 3,36 X 10-4 

DM-CLL rs9273325 G A 8,61 5,86 6 32623193 7,50 X 10-18 4,54 X 10-9 2,60 X 10-6 

DM-MZL rs3130490 G T 7,25 4,74 6 31739120 4,02 X 10-13 2,09 X 10-6 1,04 X 10-3 
PM-
DLBCL 

rs1611929 G A -3,81 -4,00 3 21457961 1,41 X 10-4 6,31 X 10-5 4,29 X 10-2 

PM-
DLBCL 

rs3130923 G A 8,51 4,28 6 31462135 1,69 X 10-17 1,87 X 10-5 8,86 X 10-3 

PM-
DLBCL 

rs117408955 G A 3,90 -4,28 13 112538767 9,45 X 10-5 1,85 X 10-5 3,07 X 10-2 

PM-FL rs130071 G A 4,24 5,25 6 31116210 2,26 X 10-5 1,5 X 10-7 9,43 X 10-3 

PM-FL rs9270493 T C 5,20 -5,66 6 32559110 2,01 X 10-7 1,51 X 10-8 6,95 X 10-5 

PM-CLL rs2596500 A C 8,47 4,04 6 31321267 2,49 X 10-17 5,42 X 10-5 4,17 X 10-2 

PM-MZL rs3130923 G A 8,52 5,09 6 31462135 1,65 X 10-17 3,62 X 10-7 1,89 X 10-4 

ImmunoChip data 

DM-
DLBCL 

rs3093958 A G 12,30 4,84 6 31410521 9,56 X 10-35 1,28 X 10-6 7,68 X 10-5 

DM-FL rs10173316 C T 3,54 3,31 2 152170442 4,00 X 10-4 9,30 X 10-4 3,78 X 10-2 

DM-FL rs9273504 T C 11,18 3,26 6 32628407 5,22 X 10-29 1,12 X 10-3 4,40 X 10-2 

DM-CLL rs12203592 C T 6,83 7,32 6 396321 8,78 X 10-12 2,51 X 10-13 
5,74 X 10-

10 
DM-CLL rs9348747 A G -3,41 3,22 6 27002406 6,60 X 10-4 1,27 X 10-3 3,21 X 10-2 

DM-CLL rs3093958 A G 12,30 3,76 6 31410521 8,73 X 10-35 1,72 X 10-4 4,14 X 10-3 

DM-CLL rs511515 A G -3,49 5,03 6 33541507 4,78 X 10-4 4,99 X 10-7 1,54 X 10-2 

DM-CLL rs2872812 G A -3,42 -3,36 17 38758650 6,22 X 10-4 7,89 X 10-4 1,99 X 10-2 

DM-MZL rs3093958 A G 12,31 5,13 6 31410521 8,24 X 10-35 2,86 X 10-7 1,46 X 10-5 
PM-
DLBCL 

rs2596500 A C 15,37 5,06 6 31321267 2,54 X 10-53 4,18 X 10-7 2,09 X 10-5 

PM-FL rs2023472 A G -4,39 3,40 6 30075864 1,13 X 10-5 6,81 X 10-4 4,55 X 10-2 

PM-FL rs9270493 T C 12,22 -5,63 6 32559110 2,36 X 10-34 1,82 X 10-8 8,89 X 10-7 

PM-CLL rs12203592 C T 5,38 7,32 6 396321 7,36 X 10-8 2,51 X 10-13 4,9 X 10-6 

PM-CLL rs10946859 A G -3,60 -3,38 6 26851785 3,22 X 10-4 7,18 X 10-4 2,92 X 10-2 

PM-CLL rs2523990 A G 3,84 3,27 6 30077229 1,25 X 10-4 1,06 X 10-3 4,33 X 10-2 

PM-CLL rs2596500 A C 15,37 3,97 6 31321267 2,80 X 10-53 7,20 X 10-5 2,62 X 10-3 

PM-MZL rs2596500 A C 15,37 5,31 6 31321267 2,44 X 10-53 1,07 X 10-7 4,81 X 10-6 

SNP: Single nucleotide polymorphism; GWAS: Genome-wide association study; IIM: Idiopathic inflammatory myopathy; DM: 
Dermatomyositis; PM: Polymyositis; common B-cell lymphoma subtypes included diffuse large B-cell lymphoma (DLBCL), follicular 
lymphoma (FL), chronic lymphocytic leukaemia (CLL) and marginal zone lymphoma (MZL); chr: Chromosome number; ZIIM: Z score 
of SNP of IIM; ZB-cell lymphoma: Z score of SNP of B-cell lymphoma; conjFDR: Conjunctional false discovery rate; P values were corrected 
for genomic inflation. 
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4.5 Study V: The impact of cancer on the prognosis of patients with IIM 

Study population  

This study included 1,826 patients with adult-onset IIM diagnosed between 1998 and 2020, 
of 310 patients had cancer before IIM and 306 patients had first cancer after IIM (Figure 9). 
Table 19 presents the basic demographic characteristics of all patients overall and by timing 
of cancer. Briefly, patients with cancer (before and after IIM) were born earlier than all 
patients with IIM. There were more DM cases in patients with cancer before IIM than the 
other two patient groups. 

 
Figure 9. The multistate models consist of states and transitions to different states since IIM diagnosis, with number of 
patients and time scale in each transition specified. a. The first cancer multistate model included transitions to first cancer, 
death from cancer and death from other causes since IIM diagnosis; b. The second cancer multistate model included 
transitions to first cancer, second cancer and death since IIM diagnosis. The time scales for transitions were specified as t, 
time since incident IIM; c, time at first cancer; s, time at second cancer; t-c, time since first cancer; t-c-s, time since second 
cancer. IIM: Idiopathic inflammatory myopathy. 

Table 19. The baseline characteristics of all patients with IIM, overall and stratified by timing of cancer 

 All patients (n=1,826) Patients with cancer 
before IIM (n=310) 

Patients with first 
cancer after IIM 

(n=306) 
Birth year, median (IQR) 1949 (1939-1963) 1942 (1934-1950) 1942 (1934-1949) 
Women, n (%) 1,149 (59.53%) 199 (64.19%) 163 (53.27%) 
Age at IIM diagnosis, median 
(IQR) 62 (48-72) - - 

Age at cancer diagnosis, 
median (IQR) - 64 (52-73) 71 (63-78) 

DM, n (%) 638 (34.94%) 143 (46.13%) 116 (37.91%) 
Other IIM, n (%) 1,188 (65.06%) 167 (53.87%) 190 (62.09%) 
IIM: Idiopathic inflammatory myopathy; IQR: Interquartile range; DM: Dermatomyositis; Among patients with cancer 
before IIM, the characteristics were defined based on the cancer diagnosis that occurred closest in time to the IIM diagnosis.  

Cancer  

Of 310 patients with cancer before IIM, 49 (16%) and 11 (4%) had first cancer after IIM and 
second cancer after IIM, respectively (Table 20). Among 306 patients with first cancer after 
IIM, 50 (16%) had a second primary cancer. The cumulative incidence of first cancer after 
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IIM was 28% (95% CI 25%-33%) after approximately 23 years of follow-up. With the same 
duration of follow-up since the diagnosis of first cancer after IIM, the cumulative incidence 
of second cancer after IIM was 24% (95% CI 18%-31%). In both patients with cancer before 
IIM and patients with first cancer after IIM, the majority of cancer cases were cancer in situ 
or logically or regionally aggressive at diagnosis, and half of them were diagnosed within 
three years of the IIM diagnosis. In patients with cancer before IIM, the most frequent 
subtypes were breast cancer (n=54, 17%), cervical cancer (n=39, 13%), skin cancer (n=39, 
13%), colorectal cancer (n=32, 10%) and prostate cancer (n=30, 9.68%) while in patients with 
first cancer after IIM, the top five prevalent subtypes were skin cancer (n= 87, 28%), prostate 
cancer (n=29, 9%), breast cancer (n=28, 9%), colorectal cancer (n=26, 9%) and lung cancer 
(n=24, 7.84%).  

Table 20. The cancer characteristics among patients with cancer before IIM and patients with first cancer after IIM 

 Patients with cancer before IIM 
(n=310) 

Patients with first cancer after 
IIM (n=306) 

Cancer before IIM, n (%) - 49 (16.01%) 
First cancer after IIM, n (%) 49 (15.81%) - 
Second cancer and IIM, n (%) 11 (3.55%) 50 (16.34%) 
Disease extent of cancer, n (%)   
   Cancer in-situ 27 (8.71%) 52 (16.99%) 
   Locally aggressive 86 (27.74%) 110 (35.95%) 
   Locally or regionally aggressive 29 (9.35%) 37 (12.09%) 
   Distant metastasis 12 (3.87%) 26 (8.50%) 
   Missing 37 (11.94%) 58 (18.95%) 
   Missing due to diagnosed before 2004 119 (38.39%) 23 (7.52%) 
Time from cancer/IIM to IIM/first 
cancer, n (%)   

   ≤ 1 year 89 (28.71%) 84 (27.45%) 
   (1-3] years 62 (20.00%) 60 (19.61%) 
   > 3 years 159 (51.29%) 162 (52.94%) 
Time from cancer/IIM to IIM/first 
cancer, median (IQR) 3.20 (0.71-9.94) 3.49 (0.88-8.11) 

Number of cancers diagnosed before/after 
IIM, n (%)   

   1 252 (81.29%) 256 (83.66%) 
   2-3 56 (18.06%) 42 (13.73%) 
   > 3 < 5 8 (2.61%) 
IIM: Idiopathic inflammatory myopathy; IQR: Interquartile range; Among patients with cancer after IIM, the 
characteristics were defined based on the cancer diagnosis that occurred closest in time to the IIM diagnosis. 

Causes of death  

Among patients with no cancer that occurred at or after IIM diagnosis, 93 died from cancer, 
and 364 died from other causes, specifically of 128 (28%) deaths due to diseases of the 
circulatory system, 52 deaths due to IIM and 46 deaths due to diseases of the respiratory 
system (Figure 9a). Notably, there were 20 patients who died from cancer but had no cancer 
diagnosis registered in the SCR. Among patients with first cancer after IIM, we observed 95 
deaths from cancer and 62 deaths from other causes, mostly diseases of the circulatory system 
(n=23, 15%) and the respiratory system (n=13, 8%).  Of 50 patients with second cancer after 
IIM, 27 died during follow-up (Figure 9b).  
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First cancer multistate model  

The state occupation probability of each state at several follow-up time points predicted from 
the crude first cancer multistate model is presented in Figure 10. Compared to patients with 
no  cancer diagnosis after IIM, patients with first cancer after IIM had a greater risk of death; 
at 25th year of follow-up, the risk of overall death was 66% for patients with no cancer 
diagnosis after IIM and 89% for patients with first cancer after IIM. Furthermore, patients 
with no cancer diagnosis after IIM were more likely to have died from other causes than from 
cancer and the risk of death from other causes increased gradually from 4% at 1st year to 35% 
at 10th year to 50% at 25th year of follow-up. Whereas patients with first cancer after IIM 
were at a greater risk of death from cancer than other causes; the risk of death from cancer 
was 14% at 1st year and it rapidly rose to 31% at 5th year and further increased to 49% at 25th 
year of follow-up. However, the risk of death from other causes among patients with first 
cancer after IIM also increased during follow-up and was comparable to that in patients with 
no cancer diagnosis after IIM. The state occupation probabilities estimated from the 
parametric models were comparable to the ones estimated by the AJ estimator.  
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Figure 10. The state occupation probabilities estimated from the crude parametric first cancer multistate model, starting 
from “IIM” state (a) and “First cancer” state (b). IIM: Idiopathic inflammatory myopathy.  
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Table 21 presents the predicted length of stay in a non-fatal state at a given time point of 
follow-up. At one year after IIM diagnosis, patients spent almost the entire year in the 
“Incident IIM” state. The proportion of time spent in the “Incident IIM” state dropped 
gradually during follow-up as the risks of first cancer and death increased. Similarly, patients 
with first cancer after IIM were alive nearly the whole first year after cancer diagnosis but 
the proportion of duration spent in the “First cancer” state dropped sharply after five years of 
follow-up.  

Table 21. The length of stay in year with 95% CI at 1st, 5th, 10th, 15th, 20th and 25th year of follow-up, estimated 
from the crude parametric first cancer multistate model, starting from the “Incident IIM” state and the “First cancer” 
state 

 From incident IIM state From first cancer state 
Follow-up year IIM state First cancer state First cancer state 
1 0.93 (0.92-0.94) 0.03 (0.02-0.04) 0.88 (0.85-0.91) 
5 4.09 (4.00-4.18) 0.26 (0.22-0.31) 3.42 (3.21-3.65) 

10 7.25 (7.05-7.46) 0.67 (0.58-0.78) 5.48 (5.03-5.97) 

15 9.68 (9.36-10.01) 1.15 (0.99-1.33) 6.85 (6.17-7.60) 
20 11.55 (11.09-12.03) 1.62 (1.38-1.90) 7.79 (6.89-8.81) 

25 12.97 (12.36-13.62) 2.06 (1.74-2.45) 8.46 (7.35-9.73) 

IIM: Idiopathic inflammatory myopathy; CI: Confidence interval.   

The effect estimates of the studied prognostic factors on each transition are presented in 
Table 22. Having IIM diagnosis at age > 60 years, being men and having DM were associated 
with first cancer after IIM. In patients without first cancer after IIM, having IIM at age > 60 
years and DM conferred a higher risk of death from cancer; having IIM at age > 60 years and 
cancer before IIM increased the risk of death from other causes while having IIM diagnosis 
between 2009 and 2020 was a protective factor. In patients with first cancer after IIM, having 
cancer before IIM, DM and a cancer diagnosis within a year after IIM diagnosis were 
associated with a greater mortality from cancer while having first cancer after IIM between 
2009 and 2020 was a protective factor; having first cancer after IIM at age > 70 years, being 
men and having a cancer diagnosis within a year after IIM diagnosis were risk factors for 
death from other causes.  
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Table 22. The hazard ratios with 95% CI of the covariates in each transition of the first cancer multistate model 

Transition Covariate Hazard ratio (95% CI) 

T1: IIM to first 
cancer 

Age at IIM diagnosis > 60 years 2.89 (2.25-3.72) 
Male sex 1.34 (1.07-1.68) 

Cancer before IIM 1.16 (0.85-1.60) 
DM 1.54 (1.22-1.94) 

Calendar year at IIM diagnosis 2009-2020 0.92 (0.72-1.17) 

T2: IIM to death 
from cancer 

Age at IIM diagnosis > 60 years 3.94 (2.43-6.39) 
Male sex 1.15 (0.76-1.74) 

DM 4.24 (2.77-6.48) 
Calendar year at IIM diagnosis 2009-2020 0.71 (0.47-1.08) 

T3: IIM to death 
from other causes 

Age at IIM diagnosis > 60 years 6.46 (4.89-8.54) 
Male sex 1.07 (0.87-1.32) 

Cancer before IIM 1.35 (1.03-1.77) 
DM 0.92 (0.73-1.17) 

Calendar year at IIM diagnosis 2009-2020 0.68 (0.54-0.85) 

T4: First cancer 
after IIM to death 
from cancer 

Age at first cancer diagnosis after IIM > 70 years 1.44 (0.93-2.21) 
Male sex 0.99 (0.66-1.50) 

Cancer before IIM 1.74 (1.07-2.85) 
DM 2.16 (1.42-3.28) 

Calendar year at first cancer diagnosis after IIM 2009-2020 0.50 (0.33-0.78) 
Time from IIM to first cancer < 1 year 2.29 (1.42-3.70) 

Time from IIM to first cancer (1-3] years 1.08 (0.60-1.97) 

T5: First cancer 
after IIM to death 
from other causes 
 
 
 
 

Age at first cancer diagnosis after IIM > 70 years 2.56 (1.47-4.46) 
Male sex 1.77 (1.03-3.04) 

Male sex_tvc_df1 2.52 (1.41-4.50) 
Cancer before IIM 0.89 (0.43-1.82) 

DM 0.87 (0.49-1.52) 
Calendar year at first cancer diagnosis after IIM 2009-2020 1.13 (0.62-2.08) 

Time from IIM to first cancer  < 1 year 1.87 (1.01-3.46) 
Time from IIM to first cancer (1-3] years 1.42 (0.73-2.75) 

IIM: Idiopathic inflammatory myopathy; CI: Confidence interval; T: Transition; tvc_df1: The corresponding estimate 
represents the change in hazard ratio of the time-dependent covariate for every unit increase in logarithm of time between 
time 0 and the first centile of time. 

Second cancer multistate model  

In patients with first cancer after IIM, the one-year risk of having second cancer after IIM 
was 11% and it increased to 14% at 5th year and gradually decreased to 4% at 25th year of 
follow-up (Figure 11b). The risk of death was much higher in patients with first cancer after 
IIM and patients with second cancer after IIM compared to patients without any cancer 
diagnosed at or after IIM diagnosis. Among patients with second cancer after IIM, the risk 
of death rose from 22% at 1st year, to 86% at 15th year to 94% at 25th year of follow-up. 
Regarding the length of stay, similar to patients with first cancer after IIM, patients with 
second cancer after IIM stayed alive for almost the entire first year after cancer diagnosis 
and the duration of survival reduced during the follow-up (Table 23).    
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Figure 11. The state occupation probabilities estimated from the crude parametric second cancer multistate model, 
starting from “Incident IIM” state (a), “First cancer” state (b) and “Second cancer” state (c). IIM: Idiopathic 
inflammatory myopathy. 

Table 23. The length of stay in year with 95% CI at 1st, 5th, 10th, 15th, 20th and 25th year of follow-up, estimated 
from the crude parametric second cancer multistate model, starting from “Incident IIM” state, “First cancer” state 
and “Second cancer” state 

 From incident IIM state From first cancer state From second cancer state 
Follow-
up year 

IIM state First cancer state Second cancer state 
First cancer 

state 
Second cancer 

state 
Second cancer state 

1 0.93 (0.91-0.94) 0.03 (0.02-0.03) 0.00 (0.00-0.00) 0.85 (0.82-0.88) 0.03 (0.02-0.05) 0.87 (0.78-0.96) 
5 4.11 (4.03-4.19) 0.24 (0.20-0.29) 0.02 (0.02-0.03) 3.06 (2.88-3.26) 0.37 (0.27-0.51) 3.17 (2.63-3.82) 
10 7.30 (7.11-7.50) 0.61 (0.52-0.72) 0.08 (0.05-0.12) 4.70 (4.31-5.13) 0.82 (0.59-1.13) 4.77 (3.76-6.07) 
15 9.72 (9.42-10.03) 1.04 (0.88-1.21) 0.16 (0.10-0.25) 5.72 (5.12-6.40) 1.17 (0.82-1.68) 5.69 (4.22-7.66) 
20 11.54 (11.12-11.98) 1.46 (1.23-1.73) 0.26 (0.16-0.43) 6.42 (5.59-7.37) 1.44 (0.97-2.13) 6.24 (4.38-8.90) 
25 12.89 (12.33-13.48) 1.86 (1.54-2.24) 0.36 (0.21-0.63) 6.90 (5.87-8.11) 1.65 (1.07-2.54) 6.59 (4.39-9.88) 
IIM: Idiopathic inflammatory myopathy; CI: Confidence interval.   
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Table 24 shows the prognostic factors associated with first cancer after IIM, second cancer 
after IIM and death. The covariates associated with an increased risk of first cancer after IIM 
were the same as in the first cancer multistate model. Furthermore, the factors associated with 
an increased overall mortality before the diagnosis of second cancer after IIM were in line 
with those observed in the first cancer multistate model. Being men was the only risk factor 
significantly associated with second cancer after IIM. In patients with second cancer after 
IIM, DM was associated with a four-fold higher risk of death compared to other IIM.  

Table 24. The hazard ratios with 95% CI of the covariates in each transition of the second cancer multistate model 

Transition Covariate Hazard ratio (95% CI) 

T1: IIM to first 
cancer 

Age at IIM diagnosis > 60 years 2.89 (2.25-3.72) 
Male sex 1.34 (1.07-1.68) 

Cancer before IIM 1.16 (0.85-1.60) 
DM 1.54 (1.22-1.94) 

Calendar year at IIM diagnosis 2009-2020 0.92 (0.72-1.17) 

T2: IIM to death 

Age at IIM diagnosis > 60 years 4.83 (3.67-6.38) 
Age at IIM diagnosis > 60 years_tvc_df1 0.99 (0.78-1.26) 
Age at IIM diagnosis > 60 years_tvc_df2 0.83 (0.69-1.00) 

Male sex 1.14 (0.94-1.37) 
Cancer before IIM 2.46 (1.98-3.07) 

Cancer before IIM_tvc_df1 1.15 (0.95-1.38) 
Cancer before IIM_tvc_df2 1.43 (1.21-1.68) 

DM 1.57 (1.27-1.95) 
DM_tvc_df1 0.58 (0.49-0.69) 
DM_tvc_df2 1.20 (1.06-1.36) 

Calendar year at IIM diagnosis 2009-2020 0.67 (0.55-0.83) 
Calendar year at IIM diagnosis 2009-2020_tvc_df1 1.07 (0.91-1.27) 
Calendar year at IIM diagnosis 2009-2020_tvc_df2 0.84 (0.73-0.96) 

T3: First cancer to 
second cancer 
after IIM 

Age at first cancer diagnosis after IIM > 70 years 1.48 (0.81-2.73) 
Male sex 1.88 (1.06-3.34) 

Cancer before IIM 1.98 (0.97-4.02) 
DM 0.53 (0.27-1.07) 

Calendar year at first cancer diagnosis after IIM 2009-2020 0.97 (0.48-1.95) 
Time from IIM to first cancer < 1 year 0.78 (0.36-1.66) 

Time from IIM to first cancer (1-3] years 1.04 (0.48-2.28) 

T4: First cancer 
after IIM to death 

Age at first cancer diagnosis after IIM > 70 years 1.61 (1.11-2.32) 
Male sex 1.11 (0.78-1.58) 

Cancer before IIM 1.30 (0.82-2.05) 
DM 1.54 (1.08-2.21) 

Calendar year at first cancer diagnosis after IIM 2009-2020 0.61 (0.42-0.89) 
Time from IIM to first cancer < 1 year 2.34 (1.55-3.52) 

Time from IIM to first cancer (1-3] years 1.34 (0.81-2.21) 

T5: Second cancer 
after IIM to death 

Age at first cancer diagnosis after IIM > 70 years 2.67 (0.84-8.47) 
Male sex 1.67 (0.70-3.97) 

Cancer before IIM 1.55 (0.62-3.87) 
DM 3.77 (1.46-9.75) 

Calendar year at first cancer diagnosis after IIM 2009-2020 0.97 (0.30-3.14) 
Time from first cancer to second cancer after IIM (1-3] years 0.97 (0.34-2.79) 

Time from first cancer to second cancer after IIM < 1 year 1.05 (0.34-3.22) 
IIM: Idiopathic inflammatory myopathy; CI: Confidence interval; T: Transition; tvc_df1: The corresponding estimate 
represents the change in hazard ratio of the time-dependent covariate for every unit increase in logarithm of time between 
time 0 and the first centile of time; tvc_df2: The corresponding estimate represents the change in hazard ratio of the time-
dependent covariate for every unit increase in logarithm of time between the first centile and the second centile of time. 
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5 Discussion 
In this section, I aim to comprehensively discuss the major findings of this thesis by 
comparing with previous literature, highlighting strengths, limitations, scientific and clinical 
implications, as well as methodological considerations.  

5.1 Understanding the familial and genetic susceptibility of IIM with population 
data 

The nationwide registration system integrating population and healthcare data are powerful 
data sources that can overcome many challenges presented in traditional family study 
including small and highly selective sample, laborious data collection, recall bias, short 
duration of follow-up and high cost (360). In this thesis, Study I-III with a population-based 
case-control family design included a large representative sample of patients with IIM. 
Furthermore, random sampling from the general population, identification of their blood 
relatives, accurate determination of the presence of a wide range of diseases in patients, 
comparators and their relatives spanning a long time period were easily done in a cost-
effective way. With appropriately performed statistical analyses, findings from Study I-III 
provided important insights into the genetic susceptibility of IIM that we as researchers have 
made huge amount of efforts to answer in the past decade. The significance of this was 
exemplified in Study I, confirming the familial risk of IIM and pioneering the report on 
family-based heritability of IIM. This sheds light on the potential upper limit of the 
proportion of the phenotypic variance of IIM that could be explained by additive genetic 
variance.     

The familial risk of IIM was estimated to be four times higher in patients with IIM compared 
to the general population or three times higher in first-degree relative pairs of patients with 
IIM compared to those of the general population. Our findings are line with two previous 
population-based family studies; one used Danish nationwide register data and reported an 
familial OR of having parents or siblings affected by IIM in 949 patients with IIM to be 3.9 
(95%CI 0.6-27.7); another Swedish study used similar approach and presented a significant 
familial risk of IIM in parents or full-siblings of 2,668 patients with IIM (SIR=4.0 95%CI 
1.3-8.4) (61, 62). Both of these two studies defined IIM based on one outpatient or inpatient 
visit and analysed familial aggregation of IIM based on very small number of cases, which 
led to the wide confidence intervals. Study I, where IIM was defined using a robust algorithm, 
presented a more precise estimate of familial aggregation of IIM through analysing all first-
degree relative pairs.  

The family-based heritability of IIM was estimated to be 22% (95%CI 12%-31%), which is 
higher than the previously reported SNP-based heritability (estimated using SNPs presented 
on the ImmunoChip, 5.5% for DM and 8.3% for PM) (65). This discrepancy could be 
explained by an overestimation in our family-based heritability of IIM due to the presence of 
shared environmental factors or an underestimation in the SNP-based heritability due to 
selective genomic coverage (missing heritability) . The former reason is possible since it is 
unlikely that similarity between first-degree relatives solely stems from genetics, particularly 
in the case of full siblings who often share the same upbringing environment. However, in 
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Study I, we found that the heritability of IIM among full siblings was just two percent higher 
than the heritability of IIM among any first-degree relatives, suggesting that our family-based 
heritability of IIM was unlikely biased upward to a large extent due to the inclusion of shared 
environmental factors in the estimation. Missing heritability was a more convincing 
explanation as the used ImmunoChip covered only 186 immune-related loci. Moreover, the 
study was likely underpowered to detect SNPs with small to moderate effects and the 
analytical method, genome-wide complex trait analysis, could underestimate the heritability 
of a rare disease (66, 67). Considering the family-based heritability as the upper limit and the 
SNP-based heritability as the lower limit for the heritability of IIM, the missing heritability 
was roughly 12%. This suggests that there might be numerous more IIM-associated variants 
yet to be identified. Advancement in genotyping, imputation techniques and analytical 
methods, as well as international collaboration have led to discovery of many non-HLA 
variants linked to IIM (with GWAS or suggestive level of significance) (Table 2) (3, 5, 6, 
72, 75, 76). Nearly all of the identified genetic variants are common SNPs. We know little 
about if there are other types of genetic variants associated with IIM. Our team is currently 
conducting an ongoing study involving the genotyping of patients with clearly defined IIM 
using whole-genome sequencing, which may shed light on this question.  

The findings from Study I have important clinical implications. Firstly, family history of IIM 
(among first-degree relatives) could be considered an indication pointing towards a diagnosis 
of IIM although familial IIM is exceptionally rare. Once family history of IIM has been 
observed, at least in the Swedish setting where a diagnostic code of IIM is strictly given to 
only confirmed cases, it could serve as supporting evidence for a genuine IIM case.  

When advising patients about family planning, it is crucial to interpret the findings from 
Study I cautiously. Patients need to understand that although the familial risk of IIM 
appeared significant in the study, this was based on a comparison of small proportions. The 
observed frequency of familial IIM in Study I was extremely low. Additionally, when we 
refer to the heritability of IIM, we are discussing the proportion of the variance in IIM that 
can be explained by additive genetic variance. It is important to note that this is about 
variation at the population level and doesn't determine the likelihood of a child inheriting IIM 
from an affected parent. Moreover, heritability is specific to the study population, the time 
of observation and the environment. Therefore, the generalizability of the family-based 
heritability of IIM reported in Study I to other populations with distinct settings is limited 
(361).  

In study II, we confirmed the familial associations with other RIDs and AITD in patients 
with IIM, as previously suggested in studies (62, 303-305), and also reported statistically 
significant familial associations with CeD and IBD for the first time (309). However, some 
previous studies examining familial associations with IIM in patients with SSc, SS and IBD 
reported no significant findings, probably due to lack of statistical power (306-310). It is 
because a sufficiently large sample of patients with a specific autoimmune disease is required 
to detect familial association with a rare disease like IIM. For example, a Swedish population-
based study examining the familial association with IIM in 25,846 patients with ulcerative 
colitis and 18,885 patients with Crohn’s disease observed a SIR of 1.0 (95%CI 0.1-4.0) based 
on three cases in siblings for ulcerative colitis and a SIR of 2.3 (95%CI 0.6-7.2) based on six 
cases in siblings for Crohn’s disease (309). Study II investigated the familial autoimmunity 
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in a large representative sample of IIM might avoid overlooking potential associations. 
Furthermore, our analyses were performed under a causal framework and found the observed 
familial associations were robust to the presence of causal relationships between IIM and the 
autoimmune diseases, supporting that the observed familial associations could be attributed 
to shared familial factors.  

When two diseases are found to run in families, it suggests that they might share genetic 
susceptibility. This insight can guide genetic studies, helping us better understand the genetic 
contribution to a disease. Several genetic studies of IIM were guided by the knowledge of 
common genetic architecture among autoimmune diseases, particularly RIDs, and 
successfully identified numerous non-HLA loci associated with IIM via using the 
ImmunoChip or meta-analysing GWAS summary statistics of seropositive RIDs (3, 5, 75, 
76). In Study II, the strength of familial associations of IIM with CeD and IBD were 
comparable to that of familial association between IIM and other RIDs. Among the reported 
IIM-associated genetic variants, five were associated with CeD and 15 were associated with 
IBD, respectively, compared to 27 for SSc and 26 for SLE (4-6, 69-71, 75-77, 80, 83, 85, 87, 
95-97, 100, 101, 104, 105). Considering the previously successful examples and the access 
to publicly available GWAS summary statistics of CeD and IBD, secondary analysis of their 
and IIM’s GWAS summary statistics may lead to identification of novel disease-associated 
genetic variants and enhance understanding of the shared pathogenesis between IIM and CeD 
and IBD (343).  

In diagnostic assessment, family history of autoimmune diseases is one of the indicators 
towards a diagnosis of IIM. The findings of Study II add to the knowledge of which 
autoimmune diseases cluster in families of patients with IIM (53). There should be additional 
attention to suspected cases of IIM whose first-degree relatives are affected by other RIDs, 
IBD, AITD and CeD.   

5.2 IIM and cancer: from genetics to consequences  

Investigating the genetic contribution to the co-occurrence of IIM and cancer is one of the 
primary aims of this thesis, given the relevant knowledge is lacking. The findings from Study 
III (familial co-aggregation of IIM and cancer) and IV (genetic correlation between IIM and 
B-cell lymphomas) help to fill the knowledge gap and suggest that IIM to a low extent shares 
genetic susceptibility with cancer.  

In Study III, when studying cancer overall, we observed statistically significant familial co-
aggregation of cancer only in male relative pairs of patients with DM, suggesting that shared 
familial factors might be of more importance to explain the co-occurrence of DM and cancer 
in men than other subgroup of patients affected by IIM. Interestingly, both male sex and DM 
are well-known risk factors of cancer in IIM (206). To date, no sex difference in SNP 
associations with IIM has been noted (3, 4). However, an association between IIM and X 
chromosome abnormality (47, XXY) in men has been repored (107). Besides genetics, 
environmental exposure or lifestyle behaviours shared between male relatives might also 
explain this observation. For example, male relatives may exhibit similar smoking habits, a 
known factor associated with both IIM and cancer (113).  
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We also examined the familial co-aggregation of IIM and a variety of specific cancer types 
in Study III and observed significant findings only for myeloid malignancies and liver cancer 
in male relative pairs. Only familial associations between IIM and haematological 
malignancies including HL, MM, DLBCL, FL and CLL have been examined in previous 
studies but none of these association reach statistical significance (246-251). In Study III, 
the aORs for familial associations with HL and B-cell lymphomas were 1.1 (95%CI 0.6-1.8) 
and 1.2 (95%CI 1.0-2.5), respectively. These point estimates align with findings from 
previous studies (249, 251).   

In Study III, we explored if first-degree relatives of patients with IIM had an increased risk 
of cancer before 50 years of age since early-onset cancer might be additional evidence 
supporting the presence of shared genetic susceptibility between IIM and cancer (362). We 
found that only offspring of patients with IIM were more likely to have early-onset cancer 
compared to offspring of the general population without IIM. Besides shared genetics, we 
could not preclude that this observation could be due to cancer surveillance in offspring of 
patients with IIM. However, this explanation is not supported by the clinical practice. To date, 
there is no advice on cancer screening among offspring of patients with IIM (363). 
Nevertheless, considering many autoimmune diseases are associated with an increased risk 
of cancer, IIM in an affected parent might indirectly lead to an increased cancer surveillance 
in their offspring via familial association with other autoimmune diseases, especially when 
the offspring was diagnosed with an autoimmune disease younger than 50 years of age.   

Importantly, Study III is the first population-based family study exploring the familial co-
aggregation of IIM and cancer, and the findings were found to be robust. However, 
replication studies in other populations are warranted to make conclusive interpretation on 
the role of familial factors in the pathological link between IIM and cancer.  

In Study IV, our analyses focused on examining the genetic correlation, specifically 
exploring loci genetic correlation and jointly associated SNPs, between DM and PM with 
four common B-cell lymphoma subtypes including DLBCL, FL, CLL and MZL. Despite not 
finding a significant familial association between IIM and B-cell lymphomas in Study III, 
we, in Study IV, uncovered genetic correlations in a limited number of loci and all disease 
pairs showed genetic correlations and/or had jointly associated SNPs in the HLA region. 
These findings highlight the significance of the HLA region as a central factor in the limited 
shared genetic susceptibility observed between major IIM and B-cell lymphoma subtypes. 
This coincides with the recognized importance of HLA alleles in the genetic susceptibility of 
both IIM and common B-cell lymphoma subtypes. Specifically, for DM, PM and the four B-
cell lymphoma subtypes, associations with various HLA class I-III alleles have been reported 
(4-7, 69-73, 327). Moreover, associations with HLA class II alleles have been identified in 
CLL and FL and associations with HLA class I alleles have been reported in DLBCL and 
MZL (86, 88-91, 93). In our study, we observed corresponding shared genetic susceptibility 
in HLA class II loci for the disease pairs of DM and PM with FL and CLL, as well as in HLA 
class I loci for the disease pairs of DM and PM with DLBCL and MZL. Though both DM 
and PM show associations with HLA class III alleles, we only found significant genetic 
correlations in HLA class III loci for the DM disease pairs.  
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Both DM and PM exhibit associations with haematological malignancies in comparable 
manners concerning the strength of association and the timing of cancer diagnosis (8, 9, 364). 
However, it is unclear if the underlying biological mechanisms between DM and PM overlap. 
In Study IV, we observed both similarities and differences in the shared genetic susceptibility 
between the DM and PM disease pairs. For example, there were two HLA class I loci 
associated with both the disease pairs DM-DLBCL and PM-DLBCL. For the disease pair 
PM-DLBCL, we also found shared genetic susceptibility in non-HLA loci. These findings 
suggest the presence of both common and distinct biological pathways in the development 
of B-cell lymphomas between DM and PM.  

The findings from Study III and IV suggest that familial factors and genetics are not a major 
factor contributing to the co-occurrence of IIM and cancer overall, especially regarding B-
cell lymphomas specifically. This is expected given the complex relationship between IIM 
and cancer. It is unlikely that there is a factor that could explain the pathological link between 
IIM and cancer substantially. The biological mechanism behind the co-occurrence of IIM 
and cancer may involve numerous genetic and environment factors, as well as their 
interactions, with small to moderate effects.  Moreover, the biological mechanism may differ 
among disease subsets with different characteristics. For instance, findings from patients with 
DM and anti-TIF1g autoantibodies suggest that DM may develop due to the interplay 
between anti-tumour immunity and tumorigenesis (227, 232). Conversely, for other IIM 
subtypes with a long-term risk of cancer, IIM-related factors including chronic inflammation 
and immunosuppressive treatments may contribute to cancer development, particularly skin 
cancer (9, 237, 239-241).  

This thesis does not only comprehend our knowledge of the pathological link between IIM 
and cancer, but also offers useful information to guide future research. In Study IV, we 
detected shared genetic susceptibility in non-HLA loci for the disease pairs DM-FL, DM-
CLL, PM-DLBCL, PM-CLL and PM-MZL. No genetic variant association in these loci has 
been reported to be associated with IIM and B-cell lymphomas. Concerning missing 
heritability has been suggested for IIM and B-cell lymphomas (65, 365, 366), further 
investigation in these genomic regions may lead to identification of novel disease-associated 
genetic variants.  

The focus of our discussion is now moved to the findings of Study V where we investigated 
cancer-related disease burden by following patients’ trajectories to cancer and death since 
IIM diagnosis. 

In Study V, we revealed an increased risk in mortality and a change in disease burden, 
wherein the primary cause of death shifted from other causes to cancer in patients with first 
cancer after IIM, compared to patients without any subsequent cancer diagnosis after IIM. 
The predicted one- and five-year overall survival rates were 80% and 51% in patients with 
first cancer after IIM, respectively, versus 93% and 78% in patients without any cancer 
diagnosis after IIM. Moreover, compared to patients with no cancer diagnosis after IIM, 
patients with first cancer after IIM had a much higher risk of death from cancer and a 
comparable risk of death from other causes (the five-year risk of death: 31% versus 7% for 
cancer and 18% versus 15% for other causes). It is also important to note that the jump in 
risk of death from cancer in patients with first cancer after IIM was more profound within 
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the first five years of the diagnosis of first cancer after IIM. These findings are line with 
previous studies where patients with CAM had lower five-year survival rate than patients 
with primary IIM only and cancer as the most common cause of death (193, 196, 198, 289-
293). 

Furthermore, we made the first attempt to estimate the risk of having a second primary cancer 
after IIM diagnosis in patients with IIM and to examine its impact on mortality. We found 
that the risk of having a second primary cancer in patients with first cancer after IIM was 
around 10% within the first 10 years of follow-up and it gradually decreased to below 5% at 
25th year of follow-up. Moreover, a diagnosis of second cancer after IIM slightly increased 
the risk of death in patients with first cancer after IIM.  

Knowing what patient characteristics are associated with an increased cancer risk and an 
elevated mortality overall or from a specific cause of death is important to assess disease 
burden and direct intervention strategy. First, we found that old age at IIM diagnosis (> 60 
years), being men and having DM were associated with first cancer after IIM, in line with 
previous findings (206). We also found that being men was significantly associated with an 
increased risk of a second cancer in patients with first cancer after IIM. In the latest cancer 
screening guideline for IIM, risk of a second cancer is not accounted for (363). Although 
having more than one cancer diagnosis in patients with IIM is uncommon, it may become a 
more frequently observed complication given that the survival of patients with IIM has been 
improved in recent years (149-151). Attention to second cancer may be needed in male 
patients with a cancer diagnosis after IIM.   

Among patients with no cancer diagnosis after IIM, having IIM at age older than 60 years 
was associated with increased risks of death from cancer and other causes but it was a 
stronger risk factor for death from other causes. We found that having cancer before IIM was 
a risk factor of death from other causes while having IIM diagnosis between 2009 and 2020 
was a protective factor, probably due to improved disease management in recent years (149-
151). Among patients with first cancer after IIM, having cancer before IIM, DM, first cancer 
diagnosis within one year after IIM diagnosis conferred a higher risk of death from cancer 
while having first cancer diagnosis between 2009 and 2020 was a protective factor. For 
increased mortality from other causes, the risk factors were having first cancer diagnosis at 
age older than 70 years, being men and having first cancer diagnosis within one year after 
IIM diagnosis. In patients with second cancer after IIM, having DM was associated with an 
increased mortality. These findings corroborate with previous studies where a close temporal 
relationship between IIM and cancer and male sex were suggested to be associated with an 
increased mortality in patients affected by IIM and cancer (177, 188, 196, 210, 289). 

5.3 Other considerations  

Limitations associated with the Swedish nationwide register data 

The Swedish nationwide register data is not perfect and come with limitations. First, its use 
on population scale often comprises detailed information. Using the NPR data, only ICD-10 
codes could be used for IIM classification. As a result, patients with IIM in Study I-III and 
V were broadly classified into DM and other IIM. The other IIM group was heterogeneous 
and could include ASyS, IMNM, IBM, OM and PM as these subtypes share ICD-10 codes 
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M33.2 and M33.9. This prevented us from performing analyses in more homogeneous group 
of IIM subtype. Specifically, in Study III, the estimates of familial co-aggregation of other 
IIM and cancer might be diluted due to inclusion of patients with ASyS, IBM and OM in the 
analysis, subtypes that has little evidence supporting an association with cancer (44, 45, 176, 
188). Another problem associated with the NPR is that it does not include data from primary 
care visit. This will become problematic when studying a disease that is usually managed at 
primary care. For instance, CeD is mostly detected and treated at primary care and only 
patients with severe symptoms require inpatient or hospital-based outpatient care (367). 
Therefore, in Study II, the detected familial association between IIM and CeD might be 
overestimated. It is also essential to take into account the timeframe encompassed by a 
nationwide register, especially when studying early-onset disease in a family study including 
parents of patients with a late-onset disease. For example, in Study II, T1DM in parents and 
full siblings might be missed as there was no nationwide coverage for inpatient visit till 1997 
and outpatient visit till 2001. A sensitivity analysis including only first-degree relatives alive 
in 2001 was therefore performed to examine if this might affect the estimation.  

Although the coverage of the SCR is nearly complete, underreporting may be more of a 
problem for patients with aggressive cancer, old age and comorbid condition (319). When 
ascertaining prevalent cancer cases, data from the CDR can be used to identify missed cases, 
as such in Study III. However, for incident cancer case, data from the CDR are less useful 
since it holds no information on date of cancer diagnosis. In Study V, there were 20 potential 
unreported cases of cancer. A validation study found that only 50% of cancer cases registered 
only in the NPR should be reported to the SCR (319). Therefore, in the main analysis, we 
might misclassify 10 patients with cancer as patients with primary IIM only, which was 
unlikely to have a significant impact on the estimation. A sensitivity analysis excluding the 
20 patients found no significant difference compared to the main findings. Another concern 
is that not all variables included in the SCR are available since 1958. The SNOMED codes, 
with higher accuracy and specificity for cancer classification than ICD codes, were not 
introduced till 1993. In Study III, where we analyzed prevalent cancer cases diagnosed 
between 1958 and 2016, we classified cancer cases into broader categories to reconcile the 
varying levels of detail between the SNOMED and ICD codes. Consequently, further 
investigations into familial associations with specific B-cell lymphoma subtypes such as 
DLBCL and FL in patients with IIM were unfeasible. Similarly, Study V encountered a 
comparable challenge. As TNM and FIGO codes for cancer staging have become available 
only since 2004, and these systems often have missing values, only 219 (72%) patients with 
a first cancer diagnosis following IIM had information on TNM and/or FIGO codes. 
Consequently, with this reduced sample size, it was not feasible to explore the impact of 
cancer stage on mortality in the multivariable analyses. 

As a researcher actively engaged in register-based research within Sweden, it is essential to 
acknowledge both the strengths and limitations inherent in the register data. Moreover, 
equipping oneself with knowledge and skills to mitigate potential biases is fundamental in 
conducting high-quality studies using population-based register data.  
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Misclassifying inherited IIM mimics as IIM, a big issue within the Swedish context? 

Misdiagnosing inherited muscular diseases as PM is not uncommon given the shared clinical 
and histopathological presentations. However, as mentioned in section 1.3.1, the diagnostic 
work-up of IIM within the Swedish healthcare system is comprehensive and with a high 
awareness to potential IIM mimics. IIM-related ICD codes are strictly given based on 
evidence from all examination tests. Even if a misdiagnosis happens, it should be corrected 
within a short timeframe given that patients’ clinical courses are closely monitored at specific 
hospital-based clinics.  

In Study I, we performed additional investigations into the risk of misdiagnosing inherited 
IIM mimics as IIM. By checking the inpatient and outpatient visits of patients with IIM and 
their first-degree relatives with IIM between 1987 and 2017, we found that none of them had 
a visit indicating muscular dystrophies or metabolic myopathies. Given that DM present 
distinct skin manifestations, which set it apart from inherited IIM mimics, we performed a 
sensitivity analysis that only included patients with DM or JDM and their matched 
comparators. This yielded an aOR of 1.4 (95% 0.4-5.2) and a heritability of 5% (95% -8%-
19%). Although the estimates became statistically insignificant, they still suggested the 
familial aggregation and heritability of IIM in the same direction as the main analysis. These 
findings bolster the confidence in the robustness of our Study I findings and suggest a low 
risk of misdiagnosing inherited IIM mimics as IIM within the Swedish context. However, 
since inherited muscular diseases stem from entirely different biological mechanisms than 
IIM, the risk of misdiagnosing them as IIM is a critical concern in the realm of IIM research, 
particularly genetic studies.    
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6 Conclusions 
This thesis addresses a wide scope of research questions spanning from genetic inquiries of 
IIM to an investigation of cancer-related disease burden on patients with IIM. The key 
findings, scientific and clinical implications of Study I to V are summarized as below.  

Key findings 

• Compared to the Swedish general population, patients with IIM had a four-fold higher 
risk of having at least one first-degree relative affected by IIM. In Sweden, about 22% 
of the phenotypic variance of IIM could be explained by additive genetic variance.  

• The autoimmune diseases aggregated within families of patients with IIM included 
other RIDs, IBD, AITD and CeD.  

• We observed a modest familial co-aggregation of IIM and cancer among male first-
degree relatives of patients with DM. The odds of having a cancer diagnosis before 
50 years of age in offspring of patients with IIM was 14% higher than in those of 
comparators without IIM. Among a variety of specific cancer types, family history of 
myeloid malignancies and liver cancer in male first-degree relatives were 
significantly associated with IIM. 

• Major IIM (DM and PM) and B-cell lymphoma subtypes (DLBCL, FL, CLL and 
MZL) shared genetic suscepitiblity in a limited number of loci, primarily within the 
HLA region. Some HLA loci were associated with more than one disease pair. The 
non-HLA loci showing significant genetic correlations were disease pair specific. 

• Compared to patients with no cancer diangosis after IIM, patients with cancer 
diagnosis after IIM had an increased mortality, notably exhibiting a significantly 
greater risk of death from cancer and a comparable risk of death from other causes. 
The risk of having a second primary cancer was approximately 10% within the first 
decade after a cancer diagnosis following IIM. We also reported prognistic factors 
associated with increased risks of cancer and death events that happened after IIM.  

Scientific implications 

• Our family-based heritability of IIM surpassed the SNP-based heritability by roughly 
12%, suggesting the presence of missing heritability and yet-to-be-discovered IIM-
associated genetic variants.  

• IIM to a low extent shared familial and genetic susceptibility with cancer. Moreover, 
our findings suggest that the HLA region was a key player in the limited shared 
genetic susceptibility between IIM and common B-cell lymphoma subtypes. 

• The identified loci presenting significant genetic correlations with the disease pairs 
of DM and PM with B-cell lymphoma subtypes could serve as potential candidate 
genomic regions for uncovering of novel disease-associated genetic variants. 

Clinical implications 

• The actual prevalence of familial IIM was extremely low (0.8%). Moreover, 
heritability estimate tells nothing about the chance of having a child inherited a 
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disease from an affected parent. Rather it is an estimate to quantify how much additive 
genetics may contribute to the phenotypic variance of a disease in a specific 
population.  

• Family history of IIM, other RIDs, IBD, AITD and CeD could serve as indicators 
pointing towards a IIM diagnosis. 

• Study V sheds light on the cancer-related disease burden on patients with IIM and 
identified key prognotic factors. Patients who are diagnosed with cancer after IIM, 
particularly those exhibiting risk factors associated with increased risks of second 
cancer and mortality, require additional care. 
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