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Abstract
Background and purpose: The potentially increased risk of extrathymic cancers in myas-
thenia gravis (MG) remains uncertain. We present the occurrence of extrathymic cancer 
diagnoses in different MG subgroups.
Methods: We conducted a nationwide Swedish register-based cohort study, including 
patients who had their first MG diagnosis or first prescription of acetylcholine esterase 
inhibitors between the years 2006 and 2018. Timing and subtypes of cancer diagnosis in 
relation to MG as well as corticosteroid-sparing immunosuppressants (CSISs) were identi-
fied from national patient, cancer and drug registers.
Results: In the study population of 2812 MG patients, 92 had juvenile MG (3%), 632 had 
early-onset MG (23%), 1968 had late-onset MG (LOMG; 70%) and 120 patients had thy-
moma-associated MG (TAMG; 4%). Extrathymic cancers were observed in 630 patients 
(22.4%). Skin cancer and cancer in the male genital organs were most common (N = 138, 
respectively), followed by cancers in the female genital organs (N = 103), digestive organs 
(N = 90) and breast (N = 80). Patients with TAMG (29.2%) and LOMG (28.4%) had the 
highest occurrence of extrathymic cancer. Cancer frequency was comparable between 
acetylcholine receptor antibody seropositive and seronegative patients. Two or more 
CSIS prescriptions significantly increased the frequency of cancer, especially cancers in 
the digestive organs (p = 0.0026), male genital organs (p = 0.0037) and skin (p < 0.0001).
Conclusions: Most extrathymic cancer types in MG were observed in TAMG and LOMG 
patients, and there was a clear correlation between CSIS exposure and cancer risk. This 
study sheds light on extrathymic cancers also in non-thymoma MG.
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INTRODUC TION

Myasthenia gravis (MG) is an autoimmune disease where antibod-
ies directed against neuromuscular junction proteins cause fatigable 
skeletal muscle weakness. Thymoma-associated MG (TAMG) occurs 
in approximately 10–15% of all MG patients [1], and approximately 
10–50% of thymoma patients develop MG [2]. In general, patients 
with autoimmune diseases are considered to be at higher risk for de-
veloping cancer, and cancer may also cause autoimmunity [3,4]. One 
common example is Lambert-Eaton myasthenic syndrome (LEMS), 
in which the production of antibodies against voltage-gated calcium 
channels is strongly associated with small-cell lung cancer in approx-
imately 50% of cases [5]. A mutual immunological deficit has been 
proposed in cancer development as well as a simultaneous increased 
risk of autoimmune disease [4,6]. Intriguingly, thymus involvement 
has been suggested in the pathogenesis of malignant diseases [7,8]; 
in particular, lymphoma and soft tissue sarcoma [7]. This is further il-
lustrated by the higher risk of other, non-thymic, tumors in thymoma 
patients with and without MG [9–11].

Several studies have addressed the potentially increased risk of ex-
trathymic cancers in MG [9,12–21]; however, the results differ and are 
inconsistent. An overall increased risk of extrathymic cancers, includ-
ing lymphoid malignancies [21] and digestive tract cancers [14], was 
suggested in MG [13], with higher occurrence in older patients, pa-
tients with TAMG and those with higher disease severity or receiving 
treatment with intravenous immunoglobulins [12]. However, another 
study indicated no overall significantly elevated risk of extrathymic 
cancers within the general MG cohort [18]. These varying results may 
be attributable to a combination of use of different research methodol-
ogies, the choice of cancers evaluated and inconsistent MG subgroup 
analyses. Furthermore, few studies have evaluated the risk of cancer 
related to the use of corticosteroid-sparing immunosuppressant (CSIS) 
medication in MG [12,16,22,23]. Similarly to reports from other dis-
eases [24–26], having received azathioprine (Aza) at any point is asso-
ciated in MG patients with an approximately threefold higher risk of 
non-melanoma skin cancer (NMSC) [23]. Furthermore, long-term use 
of Aza has a slightly increased risk of overall extrathymic cancers [22]. 
Cancer possibly related to other immunosuppressive therapies used in 
MG has only been sparsely described [12,16,27].

Given the conflicting and insufficient knowledge regarding ex-
trathymic cancer diagnoses in different MG subgroups, as well as 
the possible association between cancer and MG medications, we 
conducted a register-based nationwide study to describe the cancer 
occurrence in Swedish MG patients.

MATERIAL S AND METHODS

Study design and ethical approval

This was a descriptive nationwide Swedish register-based cohort 
study, approved by the Regional Ethical Review Board, Uppsala, 
Sweden (Dnr: 2017/279).

Data were acquired from registers provided by the National 
Board of Health and Welfare in Sweden, which are described below.

1. The Swedish National Patient Register (NPR) was established in 
1964 and contains patient information on public hospital admis-
sions (e.g., dates of admission, medical diagnoses, surgical pro-
cedures), and from 2001, additionally information on outpatient 
visits to public and private caregivers, including visits to day 
surgery and psychiatric units. The inpatient part of the register 
covers all of Sweden from 1987 and reports 1%–2% of basic 
data missing during later years [28]. The outpatient part of the 
register reported 4% of data missing in the year 2016 [29]. 
Primary care is not yet covered in the NPR.

2. The Swedish Prescribed Drug Register (SPDR) established in 
2005, contains data on all dispensed prescribed drugs to the 
whole Swedish population [30]. The SPDR provides data on any 
prescribed drug, the weight of the drug (e.g., 50 mg), the dates 
when the drug was expedited over the counter at the pharmacy 
and the date of the prescription.

3. The Swedish Cancer Register was established in 1958 and claims 
to provide almost complete national coverage as it is mandatory 
for every healthcare provider to report newly detected cancer 
cases to the register [31].

Patient identification according to the inclusion criteria and 
linking of data between the three registers were carried out by the 
provider, i.e., the National Board of Health and Welfare in Sweden, 
before data delivery.

Study population

To identify MG patients in the registers, the Swedish revision of 
International Statistical Classification of Diseases and Related Health 
Problems, Ninth and Tenth Revisions (ICD- 9 and ICD-10) and the 
Anatomic Therapeutic Chemical classification (ATC) system were used. 
Inclusion criteria were (i) diagnostic classification of MG by ICD-9 code 
358A or ICD-10 code G70.0 in the NPR, or (ii) two or more prescrip-
tions of the acetylcholine esterase (AChE) inhibitors pyridostigmine 
(ATC N07AA02) or ambenonium (ATC N07AA30) in the SPDR.

Antibody status

Information on antibody status regarding acetylcholine receptor (AChR) 
antibodies (AChRab) and muscle-specific tyrosine kinase antibodies 
(MuSKab) was acquired from the Department of Clinical Immunology 
and Transfusion Medicine at Karolinska University Hospital, Sweden. 
Data were available from 2007, and subdivision of patients into four 
groups were made according to antibody status as follows:

1. AChR+: All AChRab-seropositive patients, either MuSKab se-
ronegative or with no data on MuSKab status.
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2. AChR−: All AChRab seronegative patients, either MuSKab seron-
egative or with no data on MuSKab status.

3. MuSK+: All MuSKab seropositive patients, all AChRab seronegative.
4. AChR+ and MuSK+: All patients who were both AChRab and 

MuSKab seropositive.

Myasthenia gravis onset and subgroups

Myasthenia gravis onset (MG date) was defined as the first date of iden-
tification of MG, either the first date of MG diagnosis or the first date 
of prescription of an AChE inhibitor. Based on this date, the MG cohort 
was divided into four clinical subgroups; Groups 1 to 3 were all without 
thymoma:

1. Early-onset MG (EOMG): MG onset at 18–49 years of age.
2. Late-onset MG (OMG): MG onset ≥50 years of age.
3. Juvenile MG (JMG): MG onset <18 years of age.
4. TAMG: All MG patients with a thymoma, identified by one of the 

ICD-10 codes D15.0, D38.4, or C37.9 or one of the ICD-9 codes 
212G or 164A in the NPR or Swedish Cancer Register.

Cancer diagnoses

Cancer diagnoses registered in the Swedish Cancer Register were 
included in the study. Since the Swedish Cancer Register is based 

mainly on ICD-7 codes and 130 of the registrations did not in-
clude ICD-10 codes, the Swedish version of “Coding in the Cancer 
Register” [32] was used to translate ICD-7 codes into ICD-10 codes. 
Further classification of cancer subgroups was carried out accord-
ing to the ICD-10 system. Analyses of thymoma (ICD-10 37.9) were 
treated separately.

Exposure to immunosuppressants

Data from the SPDR were used to study CSIS exposure: Aza (ATC 
L04AX01), cyclophosphamide (ATC L01AA01), cyclosporine (Cy; 
ATC L04AD01), tacrolimus (ATC L04AD02), methotrexate (ATC 
L04AX03) and mycophenolate mofetil (ATC L04AA06) for each pa-
tient. As the SPDR does not provide data on continuous dosage or 
amount prescribed, number and dates of prescriptions and drug dis-
pensations were used to estimate drug exposure. For the analysis 
of long-term exposure to CSIS medication in relation to cancer oc-
currence, patients were divided into three groups based on number 
of CSIS/Aza/Cy prescriptions: no prescription (CSIS-0/Aza-0/Cy-0 
groups); one prescription (CSIS-1/Aza-1/Cy-1 groups); and ≥2 pre-
scriptions (CSIS-2/Aza-2/Cy-2 groups). Aza exposure was further 
classified into the number and duration of drug dispensations and 
classified into five Aza exposure groups (AEGs): no dispensation 
(AEG-0); one dispensation (AEG-1); ≤2 years from first to last dispen-
sation (AEG-2); >2 to ≤5 years from first to last dispensation (AEG-
3); and >5 years from first to last dispensation (AEG-4). In order to 

TA B L E  1  Data on patients with extrathymic cancer diagnoses divided into subgroups based on age at onset and antibody

Cases, N (male patients) %
Mean age at MG 
diagnosis, years

Patients with cancer diagnosis 
(thymomas excluded), n (%)

Sex

Male 1412 50.2 62 309 (21.9)

Female 1400 49.8 57 321 (22.9)

Age at MG diagnosis

0–17 years 92 (47) 3.3 10 1 (1.1)

18–49 years 666 (230) 23.7 36 39 (5.9)

≥50 years 2054 (1135) 73.0 70 590 (28.7)

Subgroup

JMG 92 (47) 3.3 10 1 (1.1)

EOMG 632 (213) 22.5 36 35 (5.5)

LOMG 1968 (1097) 69.1 70 559 (28.4)

TAMG 120 (55) 4.3 59 35 (29.2)

Antibody group Cases (N = 877)
(male patients)

AChR+ 559 (337) 63.7 63 122 (21.8)

AChR− 308 (113) 35.1 54 60 (19.5)

MuSK+ 9 (4) 1.0 40 1 (1.1)

AChR+/MuSK+ 1 (1) 0.1 36 0 (0)

Abbreviations: AChR−, acetylcholine receptor antibody seronegative; AChR+, acetylcholine receptor antibody seropositive; EOMG, early-onset 
myasthenia gravis; JMG, juvenile myasthenia gravis; LOMG, late-onset myasthenia gravis; MG, myasthenia gravis; MuSK+: muscle-specific tyrosine 
kinase antibody seropositive; TAMG, thymoma-associated MG.
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evaluate the occurrence of cancer in relation to CSIS, only cancers 
after CSIS treatment were counted and for the patients without any 
prescription of CSIS only the cancers after MG date were counted.

Statistical analysis

Descriptive statistics are presented and parametric variables are re-
ported as mean ± SD. The analyses were performed with GraphPad 
Prism, version 6.07 for Windows (Graphpad software, La Jolla, CA, 
USA; www.graph pad.com). All univariate analyses were based on di-
chotomous variables and performed using chi-squared tests.

RESULTS

A total of 5,878 patients (3,191 women) were identified. The study 
population was restricted to patients with their first MG diagnosis or 
first AChE inhibitor prescription from 2006 until 2018. This limited 
the study population to 2,812 patients (1,400 women; Table 1).

A total of 691 patients (25%) had a cancer diagnosis, of whom 
61 patients only had a thymoma. There were, in total, 945 cancer 
diagnoses in the register, of which 861 were extrathymic cancers. 
Several patients had more than one cancer diagnosis: 99 patients 
had two diagnoses, 29 patients had three diagnoses and eight pa-
tients had four diagnoses. One patient had 24 cancer diagnoses, 23 
of which were NMSC. AChRab data were available for 877 patients 
(31%; Table 1), and 168 (19%) were additionally tested for MuSKab. 
Among the AChR+ patients, 17 (3%) had JMG, 83 (15%) had EOMG, 
408 (73%) had LOMG and 51 (9.1%) had TAMG. In the AChR− group, 
17 patients (5.5%) had JMG, 94 (30.5%) had EOMG, 193 (63%) had 
LOMG and four (1.5%) had TAMG.

Of the extrathymic cancers, skin cancer and cancers in the male 
genital organs affected most MG patients, followed by cancers in 
the female genital organs, digestive organs and breast (Table 2). A 
total of 527 cancers (61%) were diagnosed before MG (Figure 1a). In 
all, 416 patients (236 female [57%]) had a cancer diagnosis prior to 
the MG date (1 with JMG, 23 with EOMG, 372 with LOMG, 20 with 
TAMG; Figure 1a), 66 (34 female) patients had a cancer diagnosis in 
the same year as the MG diagnosis (four with EOMG, 58 with LOMG, 

TA B L E  2  Extrathymic cancers divided into cancer types and subgroups

All (N = 2815)
JMG 
(N = 92)

EOMG 
(N = 632)

LOMG 
(N = 1968)

TAMG 
(N = 120)

N (male 
patients)

Mean ± SD age, 
years n (%) n (%) n (%) n (%)

C00-C14 oral cavity and pharynx 7 (6) 65 ± 14 0 0 7 0

C15-C26 digestive organs 90 (48) 69 ± 13 0 3 81 6

C30-C39 excluding C379 respiratory 
and intrathoracic organs 
(thymomas excluded)

32 (15) 66 ± 14 0 1 28 3

C43-C44 skin cancer 138 (78) 72 ± 13 0 5 124 9

C43 melanoma skin cancer 48 (26) 67 ± 16 0 5 40 3

C44 non-melanoma skin cancer 95 (56) 74 ± 11 0 0 89 6

C45-C49 mesothelial and soft tissue 4 (2) 71 ± 9 0 0 4 0

C50 breast 80 (1) 62 ± 14 0 4 72 4

C51-C58 female genital organs 103 (0) 45 ± 16 0 12 81 10

C60-C63 male genital organs 138 (138) 67 ± 10 0 1 132 5

C64-C68 urinary tract 43 (30) 70 ± 11 0 0 41 2

C69-C72 eye, brain and other parts 
of central nervous system

26 (9) 52 ± 16 0 2 24 0

C73-C75 thyroid and other 
endocrine glands

23 (6) 46 ± 20 1 4 15 3

C78 metastases 2 (2) 71 ± 9 0 0 2 0

C76-C80 ill-defined, secondary and 
unspecified sites

1 (0) 58 ± 0 0 0 1 0

C81-C96 lymphoid, hematopoietic 
and related tissue

40 (25) 63 ± 15 0 3 33 4

D37-D48 uncertain or unknown 
behavior

7 (5) 69 ± 16 0 1 6 0

Abbreviations: EOMG, early-onset myasthenia gravis; JMG, juvenile myasthenia gravis; LOMG, late-onset myasthenia gravis; TAMG, thymoma-
associated myasthenia gravis.

http://www.graphpad.com
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four with TAMG) and 199 patients (72 [36%] female; Figure 1b) were 
diagnosed with cancer after MG diagnosis (eight with EOMG, 174 
with LOMG, 17 with TAMG; Figure 1a). Thirty-three patients had 
a cancer diagnosis before and after MG diagnosis. The majority of 
thymomas were diagnosed within the same year as the MG diag-
nosis (Figure 1c). The predominant cancers with onset before MG 

diagnosis were cancers in the male genital organs (N = 93; Figure 2a), 
female genital organs (N = 91; Figure 2b) and skin (N = 65, Figure 2c). 
After MG diagnosis, skin cancer (N = 66), cancer in the male genital 
organs (N = 37) and digestive organs (N = 30; Figure 2d) were most 
common. Thirteen of 32 patients (41%) with cancer in the respira-
tory organs and thorax (thymomas excluded) had their cancer and 
MG diagnoses in the same year (Figure 2e). In total, 21 patients had 
their cancer diagnosis ≤2 years after MG diagnosis, most frequently 
cancer in the lungs and bronchi (N = 27) and cancers in the thyroid/
other endocrine glands (Figure 2f). Six lung cancer patients had an 
additional LEMS diagnosis.

Cancer was most frequent in the TAMG (29%; N = 35) and LOMG 
subgroups (28%; N = 559 [Table 2]). TAMG patients most commonly 
had extrathymic cancers of the female genital organs, skin and the 
digestive organs. LOMG patients had 89% of all cancers, most fre-
quently cancer of the male genital organs (122 [92%] prostate can-
cer), skin, the female genital organs (51 cervical, 19 corpus uteri 
and 10 ovarian cancers) and the digestive organs (45 colon and 21 
rectal cancer). A total of 72 LOMG patients (71 female) had breast 
cancer (Figure 2g). Further, LOMG patients often had multiple diag-
noses of NMSC and cancer in the digestive organs. A total of 54% 
of the patients had their first NMSC diagnosis after the MG date 
(74 ± 11 years) and 80 (66%) of patients with prostate cancers were 
diagnosed before the MG date.

A total of 35 EOMG patients (5.5%) had a cancer diagnosis, of 
whom 23 were diagnosed before the MG date (Figure 1a); 31 pa-
tients had one cancer diagnosis and four patients had two cancer di-
agnoses. Cancer of the female genital organs was the most frequent 
cancer type (10 cervical cancer), followed by skin cancer (all mela-
nomas), breast cancer and cancers of the thyroid or other endocrine 
glands. Eight (67%) of the cancers of the female genital organs and 
four (80%) of the skin cancers were diagnosed before the MG date. 
Only one JMG patient had cancer of the cranio-pharyngeal duct.

A total of 122 AChR+ (22%, 54 women) and 60 AChR− patients 
(19.5%, 38 women) had a cancer diagnosis (Figure 3). Most AChR+ 
(N = 82; 67%) and AChR− (N = 41, 68%) patients had their first cancer 
diagnosis before the MG date (Figure S1a). There was no correlation 
between AChRab titer and time to cancer diagnosis (Figure S1b), and 
cancer frequencies did not differ between AChR+ and AChR− MG 
(Figure 3). One MuSK+ patient had a cancer diagnosis (myelodys-
plastic syndrome).

In all, 876 patients (31%) were prescribed any CSIS (Table S1) 
and several patients had prescriptions for >1 CSIS (CSIS-1 = 161 
patients, 163 prescriptions; CSIS-2 = 715 patients, 937 prescrip-
tions; Figure S2). Cancer frequency was significantly lower in the 
CSIS-0 compared with the CSIS-2 group (χ2: 37.26, Z-value 6.104, 
p < 0.0001; Figure 4a), and this remained so after excluding NMSC 
(χ2: 20.22, Z-value 4.497, p < 0.0001) and when only including LOMG 
patients (χ2: 24.19, Z-value 4.918, p < 0.0001). Cancer frequency was 
higher in the digestive organs (p = 0.0026), the male genital organs 
(p = 0.0037) and the skin (p < 0.0001) in the CSIS-2 compared to 
the CSIS-0 group, whereas other cancers did not significantly differ 
between the CSIS-1 or CSIS-2 group and the CSIS-0 group (data not 

F I G U R E  1  (a) Age at extrathymic cancer diagnosis in relation to 
age at myasthenia gravis (MG) diagnosis (MG date) and color-coded 
by MG subgroup. JMG, juvenile MG (purple triangle, one patient) 
EOMG, early-onset MG (black circles); LOMG, late-onset MG (light-
blue square); TAMG, thymoma-associated MG (dark-blue triangle). 
(b) Age at extrathymic cancer diagnosis in relation to age at MG 
diagnosis (MG date) and color-coded by sex (black, male; green, 
female) (c) Age at thymoma diagnosis in relation to MG diagnosis 
[Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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shown). Aza was prescribed to 745 patients (26.5%, Table S1). More 
patients in the Aza-1 (9%) and Aza-2 (12%) groups than in the Aza-0 
(5%) group (p = 0.0101 and p < 0.0001, respectively) developed 
cancer, and this result did not change after excluding NMSC from 
the analysis (p = 0.0057 and p < 0.0001, respectively). In the LOMG 
group, more cancer diagnoses were found in the Aza-2 compared to 
the Aza-0 group (p < 0.0001), whereas the Aza-1 and Aza-0 groups 
were comparable (p > 0.05). The Aza-1 and Aza-2 groups had more 
melanoma skin cancer (p = 0.0063 and p < 0.0001, respectively), and 
cancer in the digestive organs (p = 0.0072 and p = 0.0059 respec-
tively) and the male genital organs (p = 0.041 and p < 0.0010, re-
spectively) compared to the Aza-0 group. The Aza-2 group had more 
NMSC compared with the Aza-0 group (p < 0.0001) and the Aza-1 
group had a higher frequency of urinary tract cancers than the Aza-0 
group (p = 0.0135). Cancer incidence increased with longer Aza ex-
posure time (Figure 4a). Higher extrathymic cancer frequency was 
observed in the AEG-1, AEG-3 and AEG-4 groups compared with the 
AEG-0 group (p = 0.0187, p < 0.0001 and p < 0.0001, respectively; 
Figure 4b). NMSC frequencies were higher in the AEG-3 and AEG-4 
groups compared with the AEG-0 group (p < 0.0001), whereas all 
non-NMSC frequencies were higher in the AEG-1, AEG-3 and AEG-4 
groups than the AEG-0 group (p = 0.0131, p = 0.0046, p < 0.0001). 

In the AEG-3 group, the median time between first and last prescrip-
tion was approximately 3.4 years (interquartile range 2.8–4.3 years). 
Cy was prescribed to 168 patients (6%; Table S1). There was a sig-
nificantly higher extrathymic cancer frequency in the Cy-2 than the 
Cy-0 group (χ2: 7.451, Z-value 2.730, p = 0.0063), and also in the 
LOMG cohort (χ2: 7.298, Z value 2.701, p = 0.0069).

DISCUSSION

This is the first nationwide study on cancer occurrence in Swedish 
patients with MG. The extrathymic cancer incidence of nearly 22.4% 
was considerably higher than in previous studies, which report 
rates of 2.4–15.4% in different MG populations [12,15,19,20,33]. 
One contributing factor could be the older patients included in our 
population, as age in addition to thymoma has been identified as a 
risk factor for cancer in MG [12,16,19]. Notably, the prevalence of a 
thymoma (4%) was lower than the range of approximately 10–17% 
reported in most other international cohorts [34–37], although 
nearly comparable with previous Swedish epidemiological studies 
[38,39]. This is an unexpected finding that requires further stud-
ies; however, as we used several identification methods to discover 

F I G U R E  2  Age at diagnosis of 
different cancer types in relation to age at 
myasthenia gravis (MG) diagnosis. Cancer 
in male genital organs (a), female genital 
organs (b), skin (c), digestive organs (d), 
respiratory organs and thorax (e), and 
endocrine glands (f). EOMG, early-onset 
MG; LOMG, late-onset MG; TAMG, 
thymoma-associated MG [Colour figure 
can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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a thymoma diagnosis, an underdiagnosis seems unlikely. Patients 
with TAMG had the highest overall extrathymic cancer frequency 
of 29%, in line with previous studies [9]. The potential association 
between thymoma and extrathymic cancers may be attributable to 
perturbation of the immune system induced by the thymoma [40]. 
However, reports of secondary cancers among thymoma patients 
are somewhat inconclusive, mainly indicating a possible association 
with B-cell non-Hodgkin´s lymphoma [7]. We found a previously un-
reported sex-associated difference in the cancer frequency among 
TAMG patients (22% male and 35% female patients). One possible 
explanation could be that the most common cancer in the TAMG 
group was the female genital cancer (predominantly cervical cancer). 
Cervical cancer was the second most abundant cancer type in the 
female MG population, which differs from the cancer distribution 
in the general Swedish population. A previous study suggested an 
increased risk of cervical cancer among MG patients [21]; although 
data on MG subgroup and age at onset were lacking. Another study 
indicated female reproductive organ cancers as most common, al-
though cervical cancer was not specified [12]. In our EOMG cohort, 
the overrepresentation of younger females could be attributable to 
the younger age, on average, for cervical cancer diagnosis than for 

most other cancer types [41]. This does not hold true, however, for 
the TAMG subgroup, which had a higher mean age. The high fre-
quency of cancer cases within the LOMG group could, at least in 
part, be due to the older age range. Among male MG patients, skin 
cancer and cancer of the male genital organs, primarily prostate can-
cer, were most common, indicating a similar pattern to that observed 
among men in the general Swedish population [].

The temporal relationship between MG diagnosis and cancer di-
agnosis varies among studies [12,15,19]. The fact that, in the present 
study, we found more cancer diagnoses before the MG diagnosis 
may to some extent be attributable to the inclusion period for MG 
diagnosis (2006–2018), although information on malignancies was 
available for the patients from 1958 to 2016. Consequently, for most 
of the patients there was a longer time span before than after MG 
onset for the cancers to be diagnosed. A higher proportion of female 
patients were diagnosed with cancer before MG diagnosis, while 
more males were diagnosed with cancer after MG diagnosis, which 
is partly explained by younger women with cervical cancer and older 
men with prostate cancer.

As would be expected, thymomas were mainly diagnosed within 
the same year as MG. Nevertheless, other cancers in the respiratory 

F I G U R E  3  Number of myasthenia gravis (MG) patients with and without cancer in different age groups of first MG date. AChR+ male (a) 
and female (b) patients. AChR− male (c) and female (d) patients. AChR+, acetylcholine receptor antibody seropositive, AChR−, AChR antibody 
seronegative
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organs and thoracic cavity were also diagnosed in close proximity to 
the MG diagnosis, perhaps due to early computed tomography scan 
of the thymus. As small-cell lung cancer was the cancer most com-
monly diagnosed within the same year as MG date, the association 
might be explained by LEMS patients initially being misdiagnosed as 
having MG. However, there were also a number of larynx cancers 
and cancers unrelated to LEMS. There were no differences in cancer 
frequency between the AChR+ and AChR– subgroups, in line with 
previously published data from a smaller cohort [15].

Corticosteroid-sparing immunosuppressive medication, includ-
ing Aza, is a known risk factor for developing lymphoma, squamous 
cell carcinoma of the skin and Kaposi sarcoma [42–44]. We con-
firmed an association between CSIS exposure and extrathymic can-
cer, regardless of whether Aza, Cy or all CSIS together were used. In 
contrast, two studies did not find any significant risk for cancer with 
Aza treatment in MG [15,16], although not considering Aza exposure 
time. However, Pedersen et al. [22,23] observed a trend towards el-
evated odds ratio for cancer (significance for NMSC), with long-term 
use and higher cumulative dose of Aza. Higher cancer incidence was 
found in the AEG-1, AEG-3 and AEG-4 groups, but not in the AEG-2 

group. Since the patients in AEG-1 only had one prescription for Aza, 
this association is likely to be a coincidence. Nonetheless, patients in 
the AEG-3 and AEG-4 groups were prescribed Aza for >2 years. The 
median exposure time of 3.4 years in the AEG-3 group is comparable 
to the median Aza exposure time in the study by Rawoot et al. [45], 
however, in which no association between Aza and cancer develop-
ment was found. Our inclusion of a larger and older MG cohort could 
have influenced the differing results.

The association we found between Cy and any CSIS treatment and 
cancer indicates a possible association between those agents and can-
cer development. Previous small cohorts of non-Aza-treated patients 
(Cy, mycophenolate mofetil, cyclophosphamide and methotrexate) 
could be a reason for not finding any association with cancer develop-
ment [16,27]. Another potentially confounding factor when evaluating 
CSIS and risk of cancer is the potential association between MG sever-
ity and cancer, since the CSIS-treated group will probably consist of 
patients with more severe MG. One previous study linked an increased 
risk of developing extrathymic cancers with intravenous immunoglob-
ulin exposure, due to more severe MG status [12].

Despite including a very large MG cohort and using a previously 
validated method to select patients [38], this study has a few lim-
itations. First of all, a register-based approach will always leave un-
certainty to some degree; the patient selection method might have 
led to both over- and underdiagnosis. In addition, a retrospective 
register analysis design does not allow for any causative assump-
tions. Furthermore, the registers do not include more specific clin-
ical information to classify MG severity or information about acute 
or hospital-based treatment, including intravenous immunoglobu-
lins. Another limitation is that AChRab data were only available for 
a small subgroup of patients and MuSKab data for even fewer pa-
tients, which could have introduced bias into the analyses. Further, 
multivariate analysis was not performed since the registers did not 
provide access to data on comorbidities, smoking, diet or hormone 
treatment and, hence, conclusions regarding CSIS medication re-
main somewhat speculative.

In summary, this nationwide study sheds light on the high fre-
quency of extrathymic cancers in MG subgroups. The high frequency 
of cervical cancer in female TAMG patients has not previously been 
reported. We noted a clear correlation between CSIS exposure, in-
cluding Aza and Cy, and cancer risk in MG patients. A majority of 
patients had a cancer diagnosis prior to the MG date, which could 
in part be due to a longer observation period before MG diagnosis, 
however, evaluation of other contributing factors is warranted.
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