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ABSTRACT

Background and purpose: This study aims to evaluate survival, relapse, comorbidities, and prognostic
factors in patients with thymic epithelial tumours (TETs) to improve risk stratification for TET-related mor-
tality and relapse and support evidence-based follow-up and treatment strategies.

Patient/material and methods: The cohort consists of consecutive Danish patients diagnosed with thy-
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moma, thymic carcinoma (TC), or thymic neuroendocrine tumor (NET) between January 1st, 2015 and KEYWORDS .
X . Thymic epithelial tumor;
December 31st, 2020, with follow-up data available. thymoma;

Data were collected from online medical records including disease characteristics, survival outcomes,
comorbidities, and relapse. Statistical analyses were performed in R 4.3.2 and the prognostic value baseline
traits were analyzed using Cox Proportional Hazards models.

Results: Our cohort comprised 282 patients with a mean diagnostic age of 65 years and the following his-
tological distribution: thymoma (85%), TC (13.6%), and NET (1.4%). During the 72-month mean follow-up,
65 deaths occurred yielding overall survival (OS) of 81% in patients with thymoma and 47% in patients
with TC. TET-related deaths predominated in TC, yielding a cancer-specific survival) of 53% compared with
96% in thymoma. Reduced OS was associated with increasing age (p < 0.001) and advanced Tumor, Node,
Metastasis-stage (lll p < 0.05; IV p < 0.001). Disease progression was verified in 13/201 (6%) of thymoma
patients with RO or R1 resection.

Interpretation: We report a high OS of Danish TET patients compared to existing population-based
studies.The occurrence of TET-related mortality and disease progression in patients with thymoma and
TC, highlights the need for long-term follow-up and therefore risk stratification in TET management.

thymic carcinoma;
progression-free survival;
prognosis; recurrence;
mortality

Introduction

Tumors derived from the thymic epithelium are the most
common malignancies of the anterior mediastinum, although
they are very rare and occur in 0.48-0.5 per 100,000 [1, 2]. Thymic
epithelial tumors (TETs) are divided in three histopathological
distinct types, of which thymomas are the most frequent, thymic
carcinomas (TC) the most malignant, and thymic neuroendo-
crine tumors (NET) the rarest [3].

This diverse nature of the different types of TETs is reflected
in the survival outcomes, with the 5-year cancer-specific survival
(CSS) ranging from 91% for thymoma to 50% for TC [1]. Patients
with TETs are found to be at risk of relapse even several years
after conclusion of primary treatment [4, 5].

Autoimmune diseases and other primary malignancies are
more prevalent in patients with TETs, with the association most
pronounced in patients with thymoma [6, 7]. Myasthenia Gravis
(MG) is the most frequent autoimunne disease and is diagnosed
in 15-35% of TET patients [4, 7, 8]. Historical reports find

autoimmune diseases and MG to be the cause of death in,
respectively, 7 and 3% of patients with thymoma [9, 10].
Furthermore, TET patients have a two-fold increased risk of
developing other primary cancers compared to the general
population [6, 11, 12] and have correspondingly higher
proportion of deaths caused by other cancers (2.4-8.5%)
compared to patients with other primary cancers [1].

A multidisciplinary approach is essential for effective
management of TETs due to their clinical heterogeneity and
associated risk of relapse and paraneoplastic complications.

In line with European Society for Medical Oncology (ESMO)
guidelines, Danish protocols recommend complete resection as
primary objective for patients with localized thymomas and TC
and chemo- or radiotherapy for unresectable tumors [13, 14]
with a similar approach at relapse.

After the conclusion of primary treatment, all TET patients
are enrolled in a formalized follow-up programs comprising
regular computer tomography (CT)-scans, blood samples and
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clinical assessments to enable timely discovery of disease
relapse or development of TET-associated autoimmune or
malignant comorbidities. At present, the follow-up program is
designed according to a simple risk evaluation of the patient
including tumor histology, stage and resection status [13, 14].
This is based on limited evidence, not accurately reflecting the
current composition and risk of the Danish patients.

This study aims to evaluate survival outcomes, relapse rates,
comorbidity risks, and prognostic factors in a comprehensive
national cohort of Danish TET patients to enhancerisk stratification
for TET-related mortality and relapse. This enables more evidence-
based follow-up and treatment strategies for TET patients.

Patients/material and methods

To ensure the best possible quality standards, care of all Danish
TET patients is centralized in one national centre. The diagnos-
tics and treatment of TET represents a multidisciplinary effort
across oncologists, pathologists, radiologists, neurologists, and
thoracic surgeons [14].

Since its establishment in 2021, the Danish TET Database has
collected comprehensive data on disease, treatment, and
complications of Danish TET patients to facilitate research and
inform evidence-based patient care [2].

Patients

Using the Danish Pathology Data Bank (DPDB) we identified 282
patients with diagnosis of thymoma, TC, or NET from January
2015 to December 2020. The DPDB enables data extraction from
the Danish National Pathology Registry (DNPR), which contains
all Danish pathology reports since 1997 [15], thus enabling com-
plete national coverage.

Data collection

Baseline data were collected from online medical records at the
time of TET diagnosis and included patient- and disease charac-
teristics and existing comorbidities. Data from patient fol-
low-ups, comprising vital status, cause of death, progression
status and development of paraneoplastic comorbidities, was
collected from medical records between August 1st and August
31%, 2024, and was available for the 282 patients comprising the
final study cohort. One patient was censored at follow-up, as fol-
low-up data were unavailable due to emigration.

All histopathologically verified cancers, detected in the
medical records were recorded as extrathymic primary cancers.
Autoimmune diseases were identified from the medical records
based on established diagnoses with a known or strongly
suspected etiology.

Methods

All TETs were histopathologically classified according to the
IARC WHO (2021) Guidelines [3]. In concordance with these offi-
cial guidelines, mixed thymomas and other tumors of mixed

histology were classified according to the combined compo-
nents and the representation of each dominant or minor com-
ponent with 10% intervals in the tumor tissue [2, 3]. Yet,
combined TETs containing both TC and thymoma were clinically
considered as TCs due to the more aggressive nature and nega-
tive prognostic impact of TC [3]. Mixed-subtype thymomas were
categorized according to the volume contribution of individual
subtypes, recorded at 10% intervals (Supplementary Table 1) [3].

The 8th edition of the Union for International Cancer Control
(UICC) Tumor, Node, Metastasis (TNM) system was used for
tumor staging [16]. Tumors initially staged by the Masaoka-Koga
system were restaged based on histopathological and
radiological assessment reports [3]. Resected tumors were
assessed histopathologically and staged according to tumor
invasiveness and the radicality of the resection, while clinico-
radiological staging was used for patients with no surgical
intervention.

Overall survival (OS) was measured as survival from the time
of TET diagnosis to death from any cause or last follow-up. Five-
year OS was assessed as survival 5 years post diagnosis including
only patients followed for at least 5 years or with death occurring
within that period, censoring patients followed for less than 5
years.

CSS was assessed as survival from diagnosis until death
caused by TET, censoring patients with death from competing
causes at the time of death. Similarly, 5-year CSS was calculated
as survival 5 years after TET diagnosis considering only patients
with follow-up time exceeding or with death occurring within 5
years of diagnosis.

TET relapse was considered as relapse of disease after
complete remission, defined as RO resection. Progression-free
survival (PFS) was measured as the time from tumor resection to
death due to TET or radiographically verified TET progression for
patients with RO or R1 resections. Imaging data on disease
progression was not collected for patients with macroscopically
incomplete resections (R2) or for patients with no surgical
intervention.

Data analysis

Statistical analyses were carried out using R 4.3.2 [17] and
RStudio 2024.04.2 [18]. The OS of the Danish TET patients was
illustrated using the Kaplan—-Meier method utilizing the survival
(version 3.5.7) and Survminer R packages. Multivariate analyses
were conducted using the Cox Proportional Hazards (Cox PH)
model and R survival package.

Results

Between 2015 and 2020, 282 cases of TETs were diagnosed in
Denmark. Thymomas comprised 240 (85%) of the 282 TETs,
while TCs and NETs accounted for 39 (14%) and 4 (1.4%) of tum-
ors, respectively (Table 1) [2]. As previously reported [2], the pre-
dominant subtype was conventional squamous among TC
patients, and atypical carcinoid among NET patients.
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Table 1. Baseline Characteristics of Danish TET Patients

Variable Thymoma TC NET Overall
(N =240) (N =138) (N=4) (N =282)
Sex
Female 128 (53.3%) 15 (39.5%) 0 (0%) 143 (50.7%)
Male 112 (46.7%) 23 (60.5%) 4(100%) 139 (49.3%)
Age 64.6 (£ 12.1) 65.3(+11.5) 64.8(+10.4) 64.7 (+12.0)
Tumor histology
A 22 (9.2%) 22 (7.8%)
AB 76 (31.7%) 76 (27.0%)
B1 44 (18.3%) 44 (15.6%)
B2 61 (25.4%) 61(21.6%)
B3 14 (5.8%) 14 (5.0%)
Metaplastic 1 (0.4%) 1 (0.4%)
Micronodular 12 (5.0%) 12 (4.3%)
Squamous 35(92.1%) 35 (12.4%)
Micronodular TC 2 (5.3%) 2(0.7%)
NOS TC* 1(2.6%) 1 (0.4%)
Atypical carcinoid 3 (75.0%) 3(1.1%)
Large cell NET 1(25.0%) 1 (0.4%)
TNM-stage
| 172 (71.7%) 6 (15.8%) 1(25.0%) 179 (63.5%)
Il 27 (11.3%)  5(13.2%) 0 (0%) 32 (11.3%)
1] 19(7.9%)  7(18.4%) 0 (0%) 26 (9.2%)
% 22(9.2%) 20(52.6%) 3(75.0%) 45 (16.0%)
Resection
Not resected 21 (8.8%) 18 (47.4%) 0 (0%) 39 (13.8%)
RO 172 (71.7%) 13 (34.2%) 3(75.0%) 188 (66.7%)
R1 29(12.1%) 5(13.2%) 1(25.0%)  35(12.4%)
R2 18 (7.5%) 2 (5.3%) 0 (0%) 20 (7.1%)
Existing cancer**
No 147 (61.3%) 28(73.7%) 2(50.0%) 177 (62.8%)
Yes 93(38.8%) 10(26.3%) 2(50.0%) 105 (37.2%)
Existing
autoimmunity
No 156 (65.0%) 34 (89.5%) 4(100%) 194 (68.8%)
Yes 84 (35.0%) 4 (10.5%) 0 (0%) 88 (31.2%)

The categories ‘Existing cancer’ and ‘Existing autoimmunity’ represent the
number of patients with established cancer diagnoses and autoimmune
diseases prior to TET diagnosis. *Not otherwise specified (NOS) thymoma
and TC includes patients without subtype classification due to insufficient
tissue from biopsies. **When non melanoma skin cancer was excluded, 82
patients (29.1%) had a documented cancer diagnosis preceding TET. TET:
thymic epithelial tumours; TC: thymic carcinoma; NET: neuroendocrine
tumor; TNM: Tumor, node, metastasis.

Among surgically treated patients, complete (R0) tumor
resection was obtained in 172 of 219 (78.5%) patients with
thymoma, 13 of 20 (65.0%) with TC, and 3 of 4 (75%) with NET
(Supplementary Table 2).

The mean time from TET diagnosis to follow-up was 72 months
(range: 44-115 months). A total of 217 patients were followed for
more than 5 years after TET diagnosis or died within that time span.

Cause of death

During the follow-up period, 65 patients (23%) died, with 53 deaths
occurring within the first 5 years of TET diagnosis (5-year OS: 76%).

The cause of death was confirmed in 57 of 65 cases. Six of the
eight patients with unconfirmed cause of death had complete
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tumor resection and no progression, suggesting that death was
not TET-related.

In patients with thymoma deaths were most frequently
caused by other cancers (31%), while TET-specific death
(90%) was predominant in patients with TC (Table 2,
Supplementary Table 3). All deaths from other malignancies,
treatment complications and autoimmune diseases were
confined to patients with thymoma. Two deaths attributed to
autoimmune complications were caused by myasthenic crisis
and immunodeficiency-related infection, respectively.

Overall survival

OS did not differ notably between sexes (Figure 1A). In contrast,
patients above 73 years of age diagnosis exhibited markedly
reduced OS (Figure 1B).

Across histological subtypes, the lowest OS was observed in
patients with TC (47%), compared with those diagnosed with
thymoma (81.3%) or NETs (100%) (Figure 1C, Supplementary
Table 3). The OS of patients with disease in TNM-stage | (86.0%)
and Il (84.0%) was notably higher than patients with disease in
stage Il (58%) and IV (47%) (Figure 1D). OS was slightly reduced
in patients with pre-existing cancers (72%) and marginally
improved in patients with pre-existing autoimmune diseases
(83%), compared to that of the total cohort (77%) (Figure 1E).

Patients with RO resected tumors had a notably higher OS
(88%) than patients with R1 resections (74%), with the difference
in OS approaching statistical significance (p = 0.053, x>-test)
(Figure 1F).In contrast, patients with macroscopicallyincomplete
resections (R2) or no surgical intervention had markedly lower
OSrates of 55 and 36%, respectively, highlighting the prognostic
impact of complete resection.

Prognostic factors of survival

In the multivariate analysis, only increasing age and advanced
TNM stage (Il or IV) at TET diagnosis remained significant
prognostic factors for OS. Both factors were associated with

Table 2. Cause of death among danish TET patients during the follow-up
period with the contribution of the separate causes presented as the
proportion of the total deaths during the follow-up period.

Cause of death Thymoma TC Total

(N =45) (N =20) (N =65)
Autoimmune disease* 2 (4.4%) 0 (0%) 2(3.1%)
Cardiovascular disease 4 (8.9%) 1 (5.0%) 5(7.7%)
Neurodegenerative disease 1(2.2%) 0 (0%) 1(1.5%)
Other cancer 14 (31.1%) 0 (0%) 14 (21.5%)
Pneumonia 5(11.1%) 1 (5.0%) 6 (9.2%)
Tet 9 (20.0%) 18(90.0%) 27 (41.5%)
Treatment complication 2 (4.4%) 0 (0%) 2(3.1%)
Unknown** 8(17.8%) 0 (0%) 8(12.3%)

For correlation of TET histology and TNM with survival and death, see
Supplementary Table 2. *Death caused by autoimmune diseases; one case
of myasthenic crisis and one cases of severe infections in a patient with
Goods Syndrome. **Of the eight patients with an unknown cause of death,
only two had active TET-disease at the time of death. TET: thymic epithelial
tumours; TC: thymic carcinoma; TNM: Tumor, Node, Metastasis.
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Figure 1. Kaplan-Meier curves for overall survival of Danish TET patients. (A-F) Overall survival stratified by sex, age quartiles, tumour histology,
TNM-stage, pre-existing comorbidities and resection status. TET: thymic epithelial tumours; TC: thymic carcinoma; NET: neuroendocrine tumor; TNM: Tumor,
Node, Metastasis.



Table 3. Multivariate survival analysis performed using the Cox proportional
hazards model.

Covariate Cox proportional hazards model output
HR 95% Cl P
Age 1.04 1.01-1.06 0.01
Male sex 1.31 0.78-2.22 0.31
Histology
A 1.00 Ref. NA
AB 1.48 0.48-4.59 0.50
B1 1.13 0.29-4.39 0.86
B2 1.41 0.43-4.56 0.57
B3 1.38 0.33-5.69 0.66
NOS 3.02 0.73-12.46 0.13
Other thymoma 1.17 0.21-6.59 0.86
NET 0.00 0.00-Inf 1.00
TC 2.60 0.83-8.18 0.10
TNM-stage
| 1.00 Ref. NA
Il 1.02 0.38-2.72 0.97
11l 2.55 1.13-5.74 0.02
\% 4.27 2.13-8.56 0.00
Comorbidities
Pre-existing cancer* 1.21 0.69-2.12 0.51
Pre-existing 1.16 0.60-2.22 0.66

autoimmune disease**

*Patients with an established diagnosis of another primary cancer at the
time of TET diagnosis. **Patients with an existing autoimmune disease at the
time of TET diagnosis. TET: thymic epithelial tumours; TC: thymic carcinoma;
NET: neuroendocrine tumor; NOS: Not otherwise specified; TNM: Tumor,
Node, Metastasis.

increased mortality risk (Figure 1B & 1D, Table 3: age p = 0.01;
TNM-stage Il p = 0.02; TNM-stage IV < 0.001).

Cancer specific survival

The 5-year CSS was 63.2% in patients with TC and 96.3% patients
with thymoma (Figure 2A). Patients with advanced TMN-stage
had a poorer 5-year CSS (lll: 80.8%, IV: 66.7%) than patients with
early-stage disease (I: 100%, Il: 90.6%) (Figure 2B).

Relapse and PFS

TET relapse after RO or R1 resection occurred in all histological
tumor types and was radiographically verified in 13 of 201 (6.5%)
patients with thymoma, 2 of 18 (11.1%) patients withTC and 1 of
4 (25%) patients with NET (Supplementary Table 2). The 5-year
PFS was 94% for patients with thymoma and 77% for patients
with TC (Figure 2C). In thymoma patients with RO or R1 resection
the 5-year PFS was 96.5 and 79.3%, respectively (Figure 2D).

Discussion and conclusion

This population-based study presents survival outcomes and
relapse in a nationwide cohort of Danish TET patients, offering
an evaluation of prognostic factors in our patients.

This study benefits from a robust methodological framework,
including a population-based design and centralization of
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care at one institution, ensuring standardized clinical and
pathological assessments with minimal interobserver variability
and near complete data. The comprehensive data availability of
this study was enabled by the distinct layout of the Danish
National Healthcare Registry, permitting linkage of patient files
and collection of diagnostic and clinical data across all databases.

Although based on comprehensive data from a complete
national cohort, the relatively small study population and the
short follow-up limit our findings of prognostic markers. These
limitations are expected to impact under-represented sub-
groups such as patients with NET, specific thymoma subtypes,
and patients with disease progression after RO or R1 resection,
thus accentuating the importance of interpreting our results in
the context of larger studies with longer time to follow-up and
enhanced statistical power.

We report higher 5-year OS (76%) of Danish TET patients
compared to the 5-year survival rates (69-70%) of historical
European population-based cohorts [11, 19]. This higher OS of
TET-patients is also seen in the Swedish (1958-2004) and South
Korean (1999-2017) studies documenting changes in TET
mortality over time [1, 11]. South Korean patients diagnosed
with TET between 2013 and 2017 achieved a 5-year net survival
of 91% for thymoma and 48% for TC [1], aligning closely with the
5-year CSS of the Danish cohort (Thymoma: 96%, TC: 53%),
thereby supporting a trend over time towards improved survival
outcomes of TET-patients across cohorts.

This trend may be explained by more patients diagnosed
with low-stage disease, possibly driven by advancements in
diagnostic procedures and the more frequent availability of
CT-scans [20] or by improvements in treatment strategies and
supportive care.

TET-specific mortality was accounted for the death within 5
years of diagnosis of 4.2 and 36.8% of Danish patients with
thymoma and TC, respectively. This aligns with the findings of
Shin et al. and Tseng et al. reporting the highest TET-specific
mortality in patients with TC [1, 9]. Consistent with existing
literature, all deaths from other cancers in our cohort were seen
among patients with thymoma, supporting reports that this risk
is more pronounced in thymoma compared to other TET types
[1, 10]. Only two deaths were caused by autoimmune diseases,
thus less than the 3.5-7% of autoimmunity-related deaths
among patients with thymoma reported in previous studies [9,
21]. This discrepancy could be attributed to the shorter follow-
up time of our cohort or recent advancements in treatment of
autoimmune diseases, such as MG.

Increasing age and advanced TNM-stage (lll or IV) were the
only independent prognostic factors of OS in the multivariate
analysis. This mirrors the results from a larger study of the TET
patients in the American SEER database (n = 1224) [22], which
also identified multiple other prognostic factors including sex,
tumor histology, tumor size, surgery, and radiation therapy [22].
Other studies of American and South Korean TET patients found
only age and tumor size to significantly influence OS [23, 24].

None of the studies found tumor histology to significantly
impact OS of TET patients [22-24], despite TC being considered
more malignant than thymoma [3]. This could be explained by
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Figure 2. Kaplan-Meier curves for cancer-spe-
cific survival (CSS) and progression-free CSS of
Danish TET patients. (A-B) Cancer specific survival
by tumor histology and TNM-stage at diagnosis.
(C-D) Progression-free CSS by tumor histology
and resection status. Events were defined as
death caused by TET or radiographically verified
disease progression among 223 patients with
RO or R1 resected tumors. TET: thymic epithelial
tumours; TC: thymic carcinoma; NET: neuroendo-
crine tumor; TNM: Tumor, Node, Metastasis.

the strong correlation between TC and advanced TNM-stage,
possibly diminishing the effect of tumor histology in the
multivariate analysis.

In line with existing literature, a higher OS was observed in
patients with existing autoimmune diseases [9, 25]. The
association did not persist in the multivariate analysis, likely due
to the correlation between pre-existing autoimmunity and
diagnosis of early-stage disease along with the predominance
of thymomas.

Contrasting the findings of previous studies [10], pre-existing
cancer was not and independent negative predictor of OS of
Danish TET patients. This could reflect short follow-up,
differences in tumor stage and histology distribution, or more
frequent incidental detection of early-stage TETs in Danish
patients regularly scanned for other cancers.

The discrepancy of the prognostic markers reported in the
Danish cohort and in other populations might be attributed to
our relatively short period of follow-up, small cohort size,
demographic differences and discrepancies in clinical manage-
ment of TETs across institutions. This highlights the need to
analyze representative cohorts and interpret the results
alongside larger studies to account for statistical limitation and
demographic differences.

During the period of follow-up, 5% of the patients with RO
resections had radiographically verified TET relapse with a mean
time to relapse of 33 months, thus aligning with the relapse rate
(5.8%) and time to relapse (23 months) observed in
thymectomized Chinese TET patients (n = 907) [26]. In their
study, Liu et al. report a steady relapse rate in patients with type
A, AB, and B1 thymoma throughout a 10-year period of follow-
up [26], thereby accentuating the need for long-term follow-up
of patients with thymoma.

The prevalence of recurrent cases across the histologic TET
types reported in our study differs slightly from historical

findings by others [4, 5, 9, 10]. These discrepancies are likely
caused by the relatively few cases of relapse, possibly due to the
short period of follow-up, and an under-representation of
certain histological subtypes. Our reports of TET relapse should
therefore be interpreted in the context of larger studies with
enhanced statistical power.

In contrast to many other studies, we also investigated the
rate of radiographically verified disease progression in R1
resected TET patients. Although cases of relapse after R1
resection were few in patients with thymoma (n = 6 of 29), the
proportion of R1-resected patients presenting with disease
progression during the time of follow-up (21%) was far greater
than that of RO-resected patients (4%) (Figure 2B). This highlights
the importance of complete tumor resection and accentuates
the need to prioritize optimization of surgical strategies in TET
management across all histologic types.

In conclusion, we report a high OS of Danish TET patients
compared to previous population-based studies, possibly
reflecting a broader increasing trend in survival. Still, the high
prevalence of TET-related deaths in patients with TC and steady
progression-rates after RO and R1 resections in patients with
thymoma, highlights the need for long-term surveillance of
patients with TETSs.
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