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Introduction: Thymic carcinoma is a rare and aggressive thymic 
neoplasm. The European Society of Thoracic Surgeons developed a 
retrospective database collecting patients undergoing resection for 
thymic tumors from 1990 to 2010.
Methods: Of 2265 patients with thymic tumors, there were 229 thymic 
carcinomas. Clinicopathological characteristics were analyzed includ-
ing age, associated paraneoplastic diseases, stage (Masaoka-Koga), 
World Health Organization histologic subtypes, type of resection (total/
subtotal/biopsy/no resection), tumor size, pre/postoperative treatments, 
and recurrence. Outcome measures included overall survival (OS), 
freedom from recurrence, and cumulative incidence of recurrence.
Results: A complete resection was achieved in 140 patients (69%). 
Recurrence occurred in 54 patients (28%). Five- and 10-year OS 

rates were 0.61 and 0.37. Five- and 10-year freedom from recur-
rence rates were 0.60 and 0.43. Cumulative incidence of recurrence 
was 0.21 (3 yr), 0.27 (5 yr), and 0.32 (10 yr). Survival was better 
after surgical resection versus biopsy/no resection (p < 0.001), after 
complete resection versus subtotal resection (p < 0.001), and when 
using Masaoka-Koga system (stages I–II versus III versus IV) (p < 
0.001). The use of multidisciplinary treatments resulted in a survival 
advantage which was significant in the surgery + radiotherapy group 
(p  =  0.02). Incomplete resection (p < 0.0001) and advanced stage 
(Masaoka-Koga III–IV) (p = 0.02) had a negative impact on OS at 
multivariable analysis. Administration of adjuvant radiotherapy was 
beneficial in increasing OS (p = 0.02).
Conclusions: The results of our study indicate that patients with 
thymic carcinoma should undertake surgical resection whenever 
possible; a complete resection and early Masaoka-Koga stage are 
independent predictors of improved survival; our results also suggest 
that postoperative radiotherapy is beneficial in improving survival.
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Thymic tumors are rare neoplasms, although they rep-
resent the most frequent anterior mediastinal tumors. 

According to the latest World Health Organization (WHO) 
histologic classification, thymic tumors are divided in thy-
momas and thymic carcinomas, the latter including the rare 
neuroendocrine thymic tumors (NETTs). The distinction 
between thymomas and thymic carcinomas reflects a differ-
ent histologic and molecular pattern and a different clinical 
and prognostic behavior. Thymic carcinomas usually present 
with locally advanced stages, an aggressive behavior, and a 
frequent incidence of lymphatic or distant metastases. As a 
consequence, survival rates are lower than those observed in 
thymomas.1–3

Due to the rarity of these tumors, only small series have 
been published so far on thymic carcinomas, with conflicting 
results about the prognostic factors and optimal management.

The last decade has witnessed a dramatic increase of the 
interest in thymic malignancies, culminated with the creation 
of several thymic interest groups, and the foundation of the 
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International Thymic Malignancies Interest Group (ITMIG) 
in 2010.

The European Society of Thoracic Surgeons (ESTS) 
thymic working group developed a retrospective database 
among interested centers to collect patients operated on for 
thymic tumors from 1990 to 2010. The aim of this study was 
to investigate the population of patients with thymic carcino-
mas submitted to surgical resection using the ESTS retrospec-
tive thymic database, to identify possible prognostic factors 
and to evaluate optimal therapeutic strategies.

MATERIALS AND METHODS
The ESTS enquired among its members about participa-

tion to the ESTS retrospective database thymoma project to 
collect patients with thymic malignancies submitted to sur-
gery from 1990 to 2010. Follow-up data were collected until 
December 2011. Overall, 36 institutions replied, including 28 
from Europe, five from United States/Canada, and three from 
Asia (Appendix 2). Institutional review board approval was 
obtained at each institution.

Of 2265 patients with thymic malignancies, 229 thy-
mic carcinomas were identified. NETTs were excluded. 
Recording variables in the data set included demographics, 
the presence of associated paraneoplastic syndromes, his-
tology, 2004 WHO classification,4 tumor size measured as 
the largest diameter on the surgical specimen, tumor stag-
ing according to Masaoka-Koga,5 completeness of resection, 
administration of preoperative (primary) or postoperative 
(adjuvant) treatment, type of surgical procedure, cause of 
death (when available), and recurrence. Clinical (preopera-
tive) staging was assessed in all cases by computed tomogra-
phy scan, integrated by magnetic resonance imaging to assess 
great vessel invasion in selected patients. Integrated positron 
emission tomography (PET)-computed tomography (CT) was 
used by most centers to exclude distant metastases. No cen-
ter employed tumor, node, metastasis (TNM)-based staging 
systems. We had no sufficient information about the nodal 
status and the site of distant metastases to draw any conclu-
sion about their role as prognostic factors. Patients operated 
on before 2004 were reclassified at each center using the lat-
est WHO histologic classification. Histologic specimens were 
assessed in each center by pathologists experienced in thymic 
malignancies, and the differential diagnosis between thymic 
carcinoma/thymoma/lung cancer was performed in each cen-
ter based on morphological evaluation and using immunohis-
tochemistry (CD5 and KIT staining) when indicated.

Study outcomes included overall survival (OS), free-
dom from recurrence (FFR), and the cumulative incidence of 
recurrence (CIR). OS was computed from the date of surgery 
to the date of death (any cause). FFR was computed from 
the date of surgery to the date of recurrence or death (any 
cause). CIR was calculated from the date of surgery to the 
date of recurrence. Death from any cause was considered as 
a competing event in FFR analysis.6 Patients alive or without 
recurrence were censored on the date of the last follow-up. OS 
was calculated on the entire population, whereas FFR and CIR 
were evaluated in patients receiving a complete (R0) resection 
and complete information on recurrence status.

Statistical Analysis
The Kaplan–Meier product-limit method was used to 

compute OS and FFR. The log-rank test was used to assess 
the differences between survival rates. The Nelson–Aalen 
method was used to calculate the CIR. Univariable and mul-
tivariable Cox proportional hazard models with shared frailty 
were employed to evaluate OS prognostic factors. Evaluated 
predictors included age at surgery (as continuous), sex, 
Masaoka-Koga stage (I–II versus III–IV), tumor size (as con-
tinuous), histology (squamous cell versus other subtypes), 
resection status (complete/incomplete), associated Myasthenia 
Gravis (MG), and administration of primary (preoperative) and 
adjuvant (postoperative) treatment. FFR analysis was under-
taken using competing-risks regression models (Fine and Gray 
method), taking into account death by any causes as competing 
event. The missing data in the different analyses were multiple 
imputed; 10 imputed data sets provided the combined esti-
mates. Chi-square test and Fisher’s exact test, when appropri-
ate, were used to evaluate the differences between groups. The 
statistical analysis was performed using STATA (version 12.1; 
StataCorp LP, College Station, TX).

RESULTS
The median contribution by institution was four patients 

(range, 1–28); 23 institutions (68%) provided less than five 
patients, seven institutions (21%) provided six to 15 patients, 
and four institutions (11%) contributed with more than 15 
patients.

Median follow-up time was 44 months (interquartile 
range [IQR], 67 mo; range, 2-214).

Follow-up data were complete in 73% of the patients at 
the end of the follow-up period (December 31, 2011).

Figure 1 illustrates the flow of patients according to the 
different end points. Two hundred fifteen patients were avail-
able for OS analysis; FFR and recurrence analysis could be 
performed on 113 patients.

Clinical Data
The characteristics of the cohort population (n = 229) 

are illustrated in Table  1. Median age at surgery was 58 
years, ranging from 22 to 88 years, and 58% of the patients 
(133 of 229) were men. Associated MG was observed in 31 
of 229 patients (14%). The most frequent histologic subtypes 
were squamous cell carcinoma (98 of 129 patients, 76%), fol-
lowed by mucoepidermoid type (10 patients, 8%). Median 
tumor size at surgery (largest diameter) was 5 cm (range, 
1–25 cm). According to resection status, a complete (macro 
and microscopic) resection (R0) was achieved in 140 of 203 
patients (69%); an incomplete resection was performed in 47 
patients, of whom there were 23 microscopic (R1) and 24 mac-
roscopic (R2) residuals; 16 patients received only biopsy (no 
resection). According to Masaoka-Koga stage, the majority of 
patients were at advanced stages (stages III–IV, 132 of 186, 
71%). One-third of the patients (78 of 215) received preopera-
tive (primary) therapy, mostly chemotherapy, including four 
patients stage I, three patients stage IIa, six patients stage IIb, 
31 patients stage III, 15 patients stage IVa, and five patients 
stage IVb (14 patients with missing information). Indications 
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