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ABSTRACT

Background and purpose: We report the incidence, characteristics, and comorbidities of the complete
unselected Danish cohort of patients with thymic epitheliums (TETs), which may serve as evidence for guid-
ing treatment, surveillance, and counselling of TET patients.

Patients and methods: All patients diagnosed with TETs from January 1st, 2015, to December 31st, 2020,
were identified using the Danish Pathology Data Registry. Data on patient characteristics, comorbidities,
and tumor histology were collected from electronic medical records available for all patients.

Results: The cohort consisted of 283 patients with a mean age of 64 years (SD: 12). The crude rate was
8.2/1,000,000 TETs annually, thus higher than the age-standardized rates of 4.8/1,000,000 in the WHO
World Standard Population and 6.1/1,000,000 in the European Standard Population. Thymomas were diag-
nosed in 240 patients (85%) (9% type A, 31% AB, 18% B1, 26% B2, 6% B3, 5% micronodular, 0.4% metaplas-
tic, and 5% of unspecified subtype), thymic carcinomas in 39 patients (14%), and thymic neuroendocrine
tumors in 4 patients (1.4%). Tumors in Tumour, Node, Metastasis (TNM) stage | were diagnosed in 181
patients (64%) and were mostly thymomas (72%). Prior to TET diagnosis, 91 (32%) patients presented with
autoimmune disorders (19% myasthenia gravis) and 82 patients (29%) had at least one cancer diagnosis.
Interpretation: We found a higher incidence of TETs in Denmark than in previous European popu-
lation-based studies, while reporting a similar distribution of histological types and tumor stages.
Furthermore, we found an increased prevalence of autoimmune disorders and cancers in the cohort before
TET diagnosis compared to the general population.
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Introduction Diagnosis of TET is associated with an increased risk of
developing autoimmune disorders and secondary cancers [3, 4],
which is suspected to involve an immune deficiency caused by
dysfunction of the TET [5]. This association is strongest for
patients with thymoma, one third of whom are affected by the
autoimmune disease myasthenia gravis [3]. Still, no recent
studies have presented the incidence of the TET-associated
comorbidities in a complete and unselected cohort, thus
offering no comprehensive evidence-backed guidance for
clinicians in the surveillance and counselling of TET patients.

To address these issues, our study reports the epidemiology
of TETs in the complete unselected national Danish cohort, thus

Tumors of the thymic epithelium (TETs) are the most common
malignant neoplasms of the anterior mediastinum and consist
of thymomas, thymic carcinomas (TC), and thymic neuroendo-
crine tumors (NETs) [1]. Thymomas have the highest incidence
of all TETs (75-85%) and are characterized by a more indolent
and locally invasive growth pattern [1]. TCs are rarer (14-22% of
all TETs) and more aggressive with malignant features compar-
able to high-grade carcinomas derived from other organs [2].
Thymic NETSs are even less frequent, accounting for only 2-5% of
all thymic tumors, and are classified with the same nomencla-

ture and criteria as for pulmonary NETs [1]. Clinicians are chal-
lenged by the different histological types of TETs with respect to
the treatment, surveillance, and counselling of patients. Still, the
choice of treatment is often based on low evidence due to the
rarity of the diseases and scarcity of easily comparable studies
investigating these patients.

providing an unbiased description of the patient population,
disease characteristics, and associated comorbidities. The aim of
this report is to provide evidence to guide clinicians when
planning treatment, surveillance, and counselling of patients
diagnosed with TETs and to eventually improve both prognosis
and life quality for these patients.
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Patients and methods

This study analyzes data from an entire cohort of 283 Danish TET
patients. The inclusion criteria were an established diagnosis of
either thymoma, TC, or NET in the Danish Pathology Data Bank
(DPDB) between 1st of January 2015 and 31st of December 2020.

The DPDB is an underlying registration database for the
Danish National Pathology Registry (DNPR) containing all
records of Danish pathology specimens analyzed since 1997,
thereby enabling identification of the complete cohort of
Danish TET patients with pathologic date of diagnosis between
2015 and 2020 [6]. Given that treatment of TET in Denmark is
centralized at our institution, all the final histopathological
diagnoses of TET in the study period were made as consensus
diagnoses by at least two thorax pathologists from our
institution to minimize interobserver variation regardless of
whether these diagnoses were made on specimens from our
hospital or revision of specimens from other Danish hospitals.

Information concerning the disease, patient characteristics,
and cancer diagnoses as well as all entities of autoimmune
disorders established prior to TET diagnosis were collected for
all patients. Data was collected from electronic medical records
available for all patients in SP EPIC, thus providing healthcare
information of all hospitalizations for the complete cohort.

All tumors were staged according to the 8" edition of the
Union for International Cancer Control (UICC) Tumour, Node,
Metastasis (TNM) staging system [7]. Resected tumors were
staged pathologically and according to the radicality of the
resection, while non-resected tumors were staged clinically
based on imaging.

The TETs were histologically classified according to the 5th
edition of WHO's Classification of Thoracic Tumors [1]. For a
better overview, mixed TETs with both thymoma and TC
histology were registered and biologically considered (therefore,
hereby presented) as TCs. For mixed thymomas, we present
histology grouped according to the combined components and
the representation of each dominant or minor component with
10% intervals in the tumor tissue [1]. For more details on mixed
TETs, see Supplementary Table 1.

The age- and sex-standardized incidence rates were
calculated using R version 4.3.0 according to IARC’s Cancer
Epidemiological Principles and Methods [8]. Age-standardized
rates (ASRs) were made in the WHO World Standard Population
and European Standard Population [9]. The observed incidence
rates were calculated using data on the annual population at
risk from the Danish Statistical Register from the 1st of July from
2015 to 2020 [10]. Other statistical analyses were made in IBM
SPSS Statistics 25.

Results

The cohort had a mean age of 64 years (SD: 12) at the time of TET
diagnosis (Table 1). More females were observed in the group of
patients diagnosed with thymomas (129/240), while more males
were in the group of patients diagnosed with TC (25/39) and
NETs (4/4) (Supplementary Table 2).

Table 1. Characteristics of the 283 Danish patients diagnosed with TETs
between 1st of January 2015 and 31st of December 2020.

Patient characteristics Patients
n % Mean s.d.
Age, Mean 64 12
Female 143 50.5
Male 140 49.5
Neuroendocrine tumor 4 14
Atypical carcinoid 3 1
Large cell neuroendocrine 1 0.4
Thymic carcinoma 39 14
Squamous TC 34 12
Micronodular TC 2 0.7
Other TC 3 1.1
Thymoma 240 85
A 22 8
AB 76 27
B1 44 16
B2 62 22
B3 14 5
Micronodular Thymoma 12
Metaplastic Thymoma 1 0.4
NOS subtype* 9 3
TNM stages
| 181 64
I 31 11
lNla 22 8
lib 5 2
Iva 24 9
IVb 20 7
Comorbidities
Autoimmune disorders 91 32
Previous cancers 82 29

For data on TETs of mixed subtype, see Supplementary Table 1.

*Not otherwise specified (NOS) subtype due to insufficient tumor tissue. TET:
thymic epithelium.

Asymptomatic tumors were diagnosed in 81 patients (29%)
and were primarily discovered as incidental findings on
computerized tomography (CT) scans performed for other
purposes.

An average of 47 patients/year were diagnosed with TETs
during the time period between 1st of January 2015 and 31st of
December 2020, resulting in a crude rate of 8.2/1,000,000 in the
Danish population (Supplementary Table 2). The ASR of TETs in
Denmark was 4.8/1,000,000 in the WHO World Standard
Population (Figure 1) and 6.1/1,000,000 in the European
Standard Population during the same time period.

Thymomas were the most common histological category of
TETs with an average annual incidence of 40 per year and an ASR
of 4/1,000,000 in the WHO World Standard Population. TCs were
in average diagnosed in six patients annually resulting in an ASR
of 0.7/1,000,000. Only four patients were diagnosed with NETs
(Supplementary Table 2).

TNM stage | was the most frequent stage of the tumor
diagnosed in the cohort (64%), accounting for 72% of the
thymomas and 18% of the TCs (Figure 2 and Supplementary
Table 3).
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Figure 1. Age standardized rates (ASRs) of TETs in Denmark in the WHO World Standard Population from January 1st, 2015, to December 31st, 2020. For
annual incidences, crude-rates, and all incidence-rates of thymomas, TCs and NETs in Denmark, see Supplementary Table 2. TET: thymic epithelium; TC: thy-

mic carcinomas; NET: neuroendocrine tumor.

A similar difference was also seen in the surgical resection
status as 92% of the patients with thymoma had completely
resected tumors (RO) compared to 66% of those with TCs (Figure
3 and Supplementary Table 4).

Comorbidities

Autoimmune diagnoses were present in 91 (32%) patients prior
to TET diagnosis (Table 1). Myasthenia gravis was by far the most
frequent autoimmune disorder and was observed in 53 patients
(19%). Sporadic cases of other autoimmune disorders of the

nervous, endocrine, immune, hematologic, integumentary, or
gastrointestinal system were observed in 45 patients (16%)
(Table 2 and Supplementary Table 5). Seven patients (2%) had
two or more autoimmune disorders at the time of TET diagnosis.
Autoimmune diseases were more common in patients with thy-
momas (36%) than in patients with TCs (15%) or NETs (0%) (Table
2).

Eighty-two patients (29%) had at least one diagnosis of a
non-thymic primary cancer established before the date of TET
diagnosis (Table 1), while 10 patients (4%) had two or more
cancer diagnoses. Colon and breast cancer were the most
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Figure 2. Association between tumor histology and TNM stage. See Supplementary Table 2 for more details on TNM staging of the tumors diagnosed in the
cohort. *Not otherwise specified thymomas. The category contains nine thymomas lacking subclassification. Tumor tissue from biopsies proved insufficient
for subtype specification in eight of these cases. The last patient was diagnosed with the extremely rare ‘sclerosing thymoma' (a type no longer present in
the current WHO classification of thymomas), which is characterized by extensive sclerosis and inconspicuous areas of preserved thymoma tissue that was
unclassifiable. **The category ‘Other Thymomas'includes 12 micronodular thymomas and a single metaplastic thymoma.
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Figure 3. Association between tumor resection status and histologic types. See Supplementary Table 4 for more details on resection status of tumors
diagnosed in the cohort. *The category contains nine thymomas lacking subclassification. Tumor tissue from biopsies proved insufficient for subtype spec-
ification in eight of these cases. The last patient was diagnosed with the extremely rare ‘sclerosing thymoma' (a type no longer present in the current WHO
classification of thymomas), which is characterized by extensive sclerosis and inconspicuous areas of preserved thymoma tissue that was unclassifiable.
**The category ‘Other Thymomas'includes the 12 micronodular thymomas and a single metaplastic thymoma.

frequent extrathymical cancer diagnoses in the cohort and were
registered in 21 (7%) and 19 patients (7%), respectively (Table 3).

Discussion

This is the first study to report the epidemiology of patients with
all types of thymic epithelial tumors in a well-defined and unse-
lected Scandinavian cohort. Data from complete and well-de-
fined cohorts are important to get the full picture of disease
characteristics and allow comparison of data from different
cohorts as adjustments for patient selection, as incompleteness
of cohorts always implies a risk of bias.

Our cohort is complete and with minimal selection bias,
because all 283 patients were included through the DPDB with
a 100% coverage of malignant diagnoses in Denmark. Since

Table 2. The prevalence of disorders with a suspected autoimmune
pathogenesis in patients diagnosed with TETs of various histologic types.

TET histology Patients with autoimmune disorders

n %
Neuroendocrine T 0 0
Thymic Carcinoma 6 15
Thymoma 85 36
A 8 36
AB 21 28
B1 17 39
B2 26 42
B3 9 64
Micronodular Thymoma 2 17
Metaplastic Thymoma 0 0
NOS Subtype 2 22

The prevalence is presented as the proportion of patients with the specific
TET type diagnosed with autoimmune diseases. TET: thymic epithelium.

treatment of TETs in Denmark is centralized at our institution, all
histopathological diagnoses of TETs during the study period
were made as consensus diagnoses on specimens from our
hospital and other Danish hospitals by at least two thorax
pathologists from our institution. Thereby, diagnostic
interobserver variation was minimized. The clinical data is

Table 3. Frequency of previous non-thymic primary cancers in the cohort.

Previous cancer diagnoses Cases

S

N
—_

Colon cancer
Breast cancer
Prostate cancer

—_
(o)

Endometrial cancer
Lymphoma

Cervix cancer
Hematologic cancers
Melanoma

Lung cancer
Urothelial cancer
Thyroid cancer

Head and neck cancer
Parathyroid cancer*
Renocarcinoma

Germ cell cancer
Pheocromocytoma
Gastric cancer
Malignant nerve sheath tumor
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All cancer diagnoses established prior to thymic epithelium (TET) discovery
are included except for non-melanoma skin cancers. Twelve patients had
two or more established cancer diagnoses before the date of TET diagnosis..

*Two patients were diagnosed with malignant tumors in the parathyroid
glands as a manifestation of their Multiple Endocrine Neoplasia (MEN)
Syndrome.



retrieved from electronic medical records available for all
patients, thus enabling us to present the true unbiased
epidemiology of TETs in a complete Scandinavian cohort.

To our knowledge, the only published study of thymic
malignancies in a Scandinavian population was performed by
Gadalla et al. and was solely investigating Swedish patients
diagnosed with thymomas [11]. From 1958 to 2004, Gardella et
al. examined data from 668 Swedish patients with thymomas
and reported an increasing trend in the incidence of thymomas
from 151 cases (1958-1972) to 315 cases (1988-2004). Still, the
average annual incidence of Swedish patients diagnosed with
thymomas from 1988 to 2004 (26 patients per year) is notably
lower than the incidence of thymomas reported in our study (40
patients/year) (Supplementary Table 2), thereby suggesting a
continuous increase in the incidence of thymomas in the
Scandinavian population.

The findings of other studies imply a similar increasing trend
in the incidence of all TETs. From 1994 to 2003, de Jong et al.
reported an ASR of TETs in the Dutch population of 3.2/1,000,000
(in the European standard population), which is notably lower
compared to our findings (6.1/1,000,000) [12], thus supporting
the hypothesis of a general trend in the European population.

Recent changes in the healthcare systems might explain part
of the discrepancy seen in the age-standardized incidence rates
of the two studies, as the use of diagnostic imaging has been
drastically increasing in the last 20 years [13]. The Danes are
among the most CT-scanned populations worldwide [13].
Therefore, the frequent use of CT imaging is expected to
contribute to the high ASRs reported in this study and might
also explain the notable proportion of asymptomatic tumors
(29%) diagnosed in the Danish cohort.

The authors of a more recent study investigating TETs in the
South Korean population also believe that the frequent use of CT
scans may be causing the increasing trend in the TET incidence
[14]. Indeed, in their study Shin et al. reported a steady 6.1%
annual increase in the incidence of TETs during the time period
from 1999 to 2017, resulting in an increment from 580 patients
diagnosed withTETs at the beginning to 2,519 patients diagnosed
at the end of that period [14]. This trend is consistent with the
difference inincidence of TETs in the Dutch and our Danish study.

Still, the ASR of TETs reported by Shin et al. in South Korea
from 2013 to 2017 (7.0/1,000,000 in the WHO World Standard
Population) is notably higher than the ASR in Denmark from
2015 to 2020 (4.8/1,000,000) [14]. Hsu et al. presented a possible
explanation for this difference in the study of the demographics
of the American TET patients, in which they reported the highest
incidence of TETs in Asians/Pacific Islanders and the lowest in
Caucasians [15], thus suggesting a higher incidence of TETs in
Asian populations.

Histology

The distribution of histological types of TETs in the Danish
cohort with 85% thymomas, 14% TCs, and 1.4% NETs resembles
that of the Dutch cohort [12]. However, a discrepancy is seen in
the distribution of TET types in South Korea with TCs accounting
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for 38% of the TETs diagnosed in the cohort [14]. The ASR of TCs
was correspondingly increased in the South Korea study
(2.6/1,000,000 from 2013 to 2017) compared to the Danish ASR
of TCs (0.7/1,000,000) [14]. These findings were also in line with
the reporting of Hsu et al,, finding the incidence of TCs to be
significantly increased among American patients with Asian/
Pacific Islander heritage [15]. Still, the cause of increased inci-
dence of TCs in the two populations is yet to be understood. In
the study, Shin et al. suggest the particularly high exposure to
chest radiation for diagnostic or therapeutic purposes to possi-
bly contribute to the increased incidence of TCs in the South
Korean population [14]. Although this might explain part of the
trend seen in the South Korean population, it is unlikely to
explain the increased incidence of TC reported in American
patients with Asian/Pacific Islander heritage [15], indicating that
ethnical/genetic factors may also play a role.

The distribution of thymoma types in the Danish cohort is
concordant with the findings of other studies of European
cohorts with thymomas of type AB and B2 as the most frequent
[12,16].

Staging

A discrepancy was observed in the proportion of patients with
localized TETs in Denmark and South Korea. Although reporting
atrend towards diagnosis of more TETs in early stage, only 39.2%
of the South Korean patients diagnosed in 2017 had localized
disease [14], in contrast to 64% of TETs diagnosed in stage |, in
our cohort. When compared to the distribution of TNM stages in
the Danish cohort, Shin et al. found slightly more patients with
regional disease (33.4%), a similar proportion with distant dis-
ease (17.9%), and notably more patients with TETs of unknown
stage (9%) [14].

Comorbidities

Autoimmune diseases were reported in cases with a well-estab-
lished diagnosis. Despite this, even diagnoses of autoimmune
diseases collected from electronic patient charts contains some
uncertainty; therefore, we suspect underreporting of these dis-
orders in this study.

Still, we find a notably higher prevalence of autoimmune
diseases in the cohort prior to TET diagnosis (32%) compared to
the general Danish population, assuming a prevalence of
autoimmune diseases of 5.29% as reported by Eaton et. al [17].

A few other studies have investigated the chronological
development of autoimmune disorders in patients with
thymomas with total prevalence of autoimmune diseases in the
cohort ranging from 32.7 to 55% [11, 18]. The study performed
by Bernard et al. investigated 85 patients diagnosed with
thymomas and reported the prevalence of autoimmune
disorders to be 38% prior to thymoma diagnosis and 55% after a
mean follow-up time of 60 months [18].

Assuming a similar chronology, we expect to see an increase
in the prevalence of autoimmune diagnoses in the Danish
cohort a few years after TET diagnosis.
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We found an increased cumulated risk of non-thymic cancer
in TET patients (29%) compared to the cumulative risk of cancer
in the Danish 64-year-old individuals between 2015 and 2020
(18%) [19].

Our findings are in concordance with the findings of an
American study reporting a significantly increased risk of a
second primary cancer in thymoma patients in the SEER
database compared to patients with other cancers and of the
Swedish study finding the risk of developing secondary primary
cancers to be double in patients with thymomas [4, 11]. In
concordance with our findings, both studies reported an
increased occurrence of breast cancer, colon cancer, prostate
cancer, and lymphomas in patients diagnosed with TETs [4, 11].
Still, the incidence order of the specific cancer types varies
among the different studies, possibly reflecting differences in
genetic and demographic factors as well as lifestyle affecting
the risk of developing different extra-thymic cancers in diverse
populations [4, 11].

Conclusion

In conclusion, we succeeded in establishing a complete and
unselected cohort of Danish patients diagnosed with TETs,
hereby enabling our reporting of the true incidence of TETs in
the Danish population. We report a higher incidence of TETs in
Denmark compared to the findings of previous European popu-
lation-based studies, while finding a similar distribution of both
histologic types and tumors stages. Lastly, we found the preva-
lence of autoimmune disorders and cancer diagnoses to be
increased in the cohort, even before TET diagnosis, thus provid-
ing important information concerning the chronology in the
development of the TET-associated comorbidities.

Data availability statement

The data presented in this study is not publicly available. The
data have been accessed through a study permit from the
Capital Region of Denmark allowing the collection (R-20072336
+ 21010159) and a permit from the Data Safety Authorities of
the Capital Region of Denmark to store these retrospective data
concerning the Danish TET patients (P-2020-1132).

Ethics statement

The study is conducted in compliance with the guidelines of
the Danish National Medical Research Ethics Committee, and
required no approval from the ethics committee as no addi-
tional tests or investigations are done in the patients whose data
are included in this study.

Disclosures

RHP: Speaker fee from Medtronic, Medela, AstraZeneca and
AMBU, Advisory board member for AstraZeneca, MSD, BMS, and
Roche. ESR: Author received grants from Sanofi and Takeda. The
author received honoraria Amgen, Astra Zeneca, Bayer,

Bristol-Myers Squibb, Roche, Takeda. The author received pay-
ment for participation in Advisory Board from Roche and Takeda.

References

[1] WHO Classification of Tumours Editorial Board. Thoracic tumours.
In: WHO classification of tumours. 5th ed. 2021. p. 319-99, IARC
Publications Lyon, Frnace.

[2] Ruffini E, Detterbeck F, van raemdonck D, Rocco G, Thomas P, Weder
W, et al. Tumours of the thymus: a cohort study of prognostic fac-
tors from the European Society of Thoracic Surgeons database. Eur J
Cardiothorac Surg. 2014;46(3):361-8. https://doi.org/10.1093/ejcts/
ezt649

[3] Padda SK, Yao X, Antonicelli A, Riess JW, Shang Y, Shrager JB, et al.
Paraneoplastic syndromes and thymic malignancies: an examina-
tion of the international thymic malignancy interest group retro-
spective database. J Thorac Oncol. 2018;13(3):436-46. https://doi.
0rg/10.1016/}.jtho.2017.11.118

[4] Weksler B, Nason KS, MacKey D, Gallagher A, Pennathur A. Thymomas
and extrathymic cancers. Ann Thorac Surg. 2012;93(3):884-8. https://
doi.org/10.1016/j.athoracsur.2011.05.089

[5] Blum TG, Misch D, Kollmeier J, Thiel S, Bauer TT. Autoimmune dis-
orders and paraneoplastic syndromes in thymoma. J Thorac Dis.
2020;12:7571-90. https://doi.org/10.21037/jtd-2019-thym-10

[6] Erichsen R, Lash TL, Hamilton-Dutoit SJ, Bjerregaard B, Vyberg M,
Pedersen L. Existing data sources for clinical epidemiology: the
Danish National Pathology Registry and Data Bank. Clin Epidemiol.
2010;2:51-6. https://doi.org/10.2147/clep.s9908

[8] Brierley JD, Gospodarowicz MK, Wittekind C. TNM classification of
malignant tumours. 8th ed. Wiley; 2016.

[9] Silva dos S. Cancer epidemiology: principles and methods. IARC
Publ; 1999.

[10]  Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue
M. Age standardization of rates: a new WHO standard obesity proj-
ect view project medical migration view project. 2001. [Accessed
on June 5th 2024] Available from: https://www.researchgate.net/
publication/284696312

[11]  Danmarks Statistik. Danmarks Statestik [Internet]. Vol. 5.
Statistikbanken; 2020. p. 248-53. [Accessed on May 12th 2024]
Available from: https://www.statistikbanken.dk/statbank5a/default.
asp?w=1920.

[12]  Gadalla SM, Rajan A, Pfeiffer R, Kristinsson SY, Bjorkholm M,

Landgren O, et al. A population-based assessment of mortality and

morbidity patterns among patients with thymoma. Int J Cancer.

2011;128(11):2688-94. https://doi.org/10.1002/ijc.25583

de Jong WK, Blaauwgeers JLG, Schaapveld M, Timens W,

Klinkenberg TJ, Groen HJM. Thymic epithelial tumours: a popu-

lation-based study of the incidence, diagnostic procedures and

therapy. Eur J Cancer. 2008;44(1):123-30. https://doi.org/10.1016/].
ejca.2007.11.004

[14]  Borg M, Hilberg O, Andersen MB, Weinreich UM, Rasmussen TR.
Increased use of computed tomography in Denmark: stage shift
toward early stage lung cancer through incidental findings. Acta
Oncol (Madr). 2022;61(10):1256-62. https://doi.org/10.1080/02841
86X.2022.2135134

[15]  Shin DW, Cho JH, Ha J, Jung KW. Trends in incidence and survival
of patients with thymic epithelial tumor in a high-incidence Asian
country: analysis of the Korean Central Cancer Registry 1999 to
2017. J Thorac Oncol. 2022;17(6):827-37. https://doi.org/10.1016/j.
jtho.2022.02.001

[16]  Hsu CH, Chan JK, Yin CH, Lee CC, Chern CU, Liao Cl. Trends in the inci-
dence of thymoma, thymic carcinoma, and thymic neuroendocrine
tumor in the United States. PLoS One. 2019;14(12):e0227197. https://
doi.org/10.1371/journal.pone.0227197

[17]  Weis CA, Yao X, Deng Y, Detterbeck FC, Marino M, Nicholson
AG, et al. The impact of thymoma histotype on prognosis in a

[13]


https://doi.org/10.1093/ejcts/ezt649
https://doi.org/10.1093/ejcts/ezt649
https://doi.org/10.1016/j.jtho.2017.11.118
https://doi.org/10.1016/j.jtho.2017.11.118
https://doi.org/10.1016/j.athoracsur.2011.05.089
https://doi.org/10.1016/j.athoracsur.2011.05.089
https://doi.org/10.21037/jtd-2019-thym-10
https://doi.org/10.2147/clep.s9908
https://www.researchgate.net/publication/284696312
https://www.researchgate.net/publication/284696312
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
https://doi.org/10.1002/ijc.25583
https://doi.org/10.1016/j.ejca.2007.11.004
https://doi.org/10.1016/j.ejca.2007.11.004
https://doi.org/10.1080/0284186X.2022.2135134
https://doi.org/10.1080/0284186X.2022.2135134
https://doi.org/10.1016/j.jtho.2022.02.001
https://doi.org/10.1016/j.jtho.2022.02.001
https://doi.org/10.1371/journal.pone.0227197
https://doi.org/10.1371/journal.pone.0227197

[18]

[19]

worldwide database. J Thorac Oncol. 2015;10(2):367-72. https://doi.

org/10.1097/JT0.0000000000000393

Eaton WW, Rose NR, Kalaydjian A, Pedersen MG, Mortensen PB.

Epidemiology of autoimmune diseases in Denmark. J Autoimmun.
2007;29(1):1-9. https://doi.org/10.1016/j.jaut.2007.05.002

Bernard C, Frih H, Pasquet F, Kerever S, Jamilloux Y, Tronc F, et al.
Thymoma associated with autoimmune diseases: 85 cases and

[20]

ACTA ONCOLOGICA 46

literature review. Autoimmun Rev. 2016;15(1):82-92. https://doi.
org/10.1016/j.autrev.2015.09.005

Registries Association of the Nordic Cancer Registries. Predictions
- trends [Internet]. NORDCAN IARC; 2022 [cited 2024 Feb 5].
Available  from:  https://nordcan.iarc.fr/en/dataviz/predictions_
trends?key=cum_risk&populations=208&age_end=12&sexes=0&-
cancers=990


https://doi.org/10.1097/JTO.0000000000000393
https://doi.org/10.1097/JTO.0000000000000393
https://doi.org/10.1016/j.jaut.2007.05.002
https://doi.org/10.1016/j.autrev.2015.09.005
https://doi.org/10.1016/j.autrev.2015.09.005
https://nordcan.iarc.fr/en/dataviz/predictions_trends?key=cum_risk&populations=208&age_end=12&sexes=0&cancers=990
https://nordcan.iarc.fr/en/dataviz/predictions_trends?key=cum_risk&populations=208&age_end=12&sexes=0&cancers=990
https://nordcan.iarc.fr/en/dataviz/predictions_trends?key=cum_risk&populations=208&age_end=12&sexes=0&cancers=990

