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Abstract
Thymic epithelial tumors (TET) are a group of rare neoplasms of the anterior
mediastinum comprising thymomas and thymic carcinomas. The carcinogenesis of
TET is mostly unknown. Many studies, mostly retrospective case series, have tried to
establish prognostic factors in TET. TET is a very heterogeneous group of tumors with
many subtypes for which diagnosis and treatment remains a very challenging task.
Despite the disparities among retrospective studies, there are some prognostic factors
that are more pertinent such as the completeness of resection, TNM stage and the
Masaoka-Koga classification. On the other hand, the identification of different genetic
pathways that result in the pathogenesis of TET represents a fascinating field of study
that could possibly lead to the development of new targeted therapies. The aim of this
review is to discuss the different prognostic factors and genetic markers of TET. The
meticulous use of national and international databases could provide sufficient num-
ber of patients in order to draw more valid conclusions.
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INTRODUCTION

Thymic epithelial tumors (TET) are a group of rare neo-
plasms of the anterior mediastinum comprising thymomas
and thymic carcinomas.1 They originate from the epithelial
cells of the thymus. Thymomas are indeed the most frequent
neoplasms of the prevascular mediastinum. On the other
hand, thymic carcinomas account for 15%–20% of all thy-
mic neoplasms.1 These rare neoplasms (annual incidence
0.15 cases per 100 000) have an indolent course and despite
the fact that for many years some of them were considered
benign lesions, nowadays they are recognized as malignant
neoplasms with sometimes a highly aggressive and meta-
static potential.2 In particular, thymic carcinoma is a highly
atypical neoplasm that tends to invade adjacent tissues and
metastasize. Consequently, it has a poorer prognosis (5-year
survival rate 30%–50%) than thymomas.2 Many studies,
mostly retrospective case series, tried to establish prognostic
factors in TET.3–5 Due to the heterogeneity of resected TET

(rarity of the lesion together with many different histological
types) there is no consensus and reproducibility of findings.
TET can be associated with autoimmune diseases. Myasthe-
nia gravis (MG) is the most common among them
(23%–47% of cases). Other autoimmune diseases are red cell
aplasia, hypogammaglobulinemia (Good’s syndrome), sys-
temic lupus erythematosus, polymyositis, thyroiditis, lichen
planus and other rare diseases.6

Many staging classification systems have been proposed
and applied. The Masaoka staging system (1981) and its
modification by Koga (1994) is the most widely used
(Table 1).7–9 The histological classification proposed by the
WHO (1999) has been adopted worldwide (Table 2).8,10,11

Nevertheless, there is no direct correlation between the
WHO histological classification and the Masaoka-Koga
stage classification.7–11 In 2014 a new TNM staging system
was introduced by the IASLC and the ITMIG (Tables 3 and
4).12 By using a TNM system, thymic malignancies were
thus aligned to other solid cancers.
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The aim of this review article is to discuss the different
prognostic factors and genetic markers of TET and to point
out discrepancies and similarities among the available litera-
ture (concerning prognostic factors) and more importantly
to demonstrate the genetic pathways that could be the basis
of a development of new targeted therapies.

METHODS - SEARCH STRATEGY

This article was designed according to the recent recom-
mendations on quality assessment of narrative review arti-
cles.13 Our review article was focused on the two selected
elements concerning TET. PubMed research was conducted
using the terms [prognostic factors] AND [thymic epithelial
tumors] OR [thymomas] and [genetic markers] AND [thy-
mic epithelial tumors] OR [thymomas]. Papers concerning
pediatric cases and non-English literature papers were
excluded. Since the present study is not a systematic review,
the papers were selected according to pertinence. The
majority of studies were retrospective cases series and conse-
quently papers with higher level of evidence have not been
identified. Among the papers dealing with genetic alter-
ations in thymic tumors, priority was given to recent ones.
The references of selected papers were sought in order to
find other pertinent articles.

Prognostic factors

As already mentioned, the body of evidence concerning the
prognostic factors is mainly provided by retrospective stud-
ies. The innate heterogeneity of these tumors and the vari-
able proportion of different histological types in each cohort
results in discrepancies. However, there are some prognostic
factors that consistently appear in almost every study.

Age

A retrospective study enrolling 100 patients suggested that
patients aged more than 60 years old have a poorer prognosis
than their younger counterparts.14,15 Yano et al. and Zhao et al.
came to the same conclusion in their retrospective studies.16,17

However, these papers do not clarify if the higher mortality is
tumor-related or the results of comorbidities in the elderly.3

Sex

Available data show that there is no influence of sex in the
prognosis of patients with TET.14,18

T A B L E 1 The Masaoka-Koga staging system7,8

I Grossly and microscopically completely encapsulated tumor

IIa Microscopic transcapsular invasion

IIb Macroscopic invasion into thymic or surrounding fatty tissue, or
grossly adherent to but not breaking through mediastinal
pleura or pericardium

III Macroscopic invasion into neighboring organ (i.e., pericardium,
great vessel, or lung)

IVa Pleural or pericardial metastases

IVb Lymphogenous or hematogenous metastasis

T A B L E 2 The 2015 WHO classification of tumors of the thymus
(simplified version concerning the epithelial tumors)10

Thymoma
Type A thymoma, including atypical variant
Type AB thymoma
Type B1 thymoma
Type B2 thymoma
Type B3 thymoma
Micronodular thymoma with lymphoid stroma
Metaplastic thymoma
Other rare thymomas

Thymic carcinoma
Squamous cell carcinoma
Basaloid carcinoma
Mucoepidermoid carcinoma
Lymphoepithelioma-like carcinoma
Clear cell carcinoma
Sarcomatoid carcinoma

TAB L E 3 IASLC/TNM staging system for thymic malignancy12

T1 a: Encapsulated or unencapsulated, with or without extension into
mediastinal fat

b: Extension into mediastinal pleura

T2 Pericardium

T3 Lung, brachiocephalic vein, superior vena cava, chest wall, phrenic
nerve, hilar (extrapericardial) pulmonary vessels

T4 Aorta, arch vessels, main pulmonary artery, myocardium, trachea,
or esophagus

N0 No nodal involvement

N1 Anterior (perithymic) nodes

N2 Deep intrathoracic or cervical nodes

M0 No metastatic pleural, pericardial, or distant sites

M1 a: Separate pleural or pericardial nodule (s)
b: Pulmonary intraparenchymal nodule or distant organ

metastasis

TAB L E 4 Stage grouping according to the IASLC/TNM staging
system12

Stage T N M

I T1 N0 M0

II T2 N0 M0

IIIa T3 N0 M0

IIIb T4 N0 M0

IVa T any N1 M0

T any N0, 1 M1a

IVb T any N2 M0, 1a

T any N any M1b
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Presence of myasthenia gravis (MG)

There is controversy over the impact of MG in patients with
TET.19–23 There are studies showing a worse overall survival
(OS) in the presence of MG while others do not show any
association.19,23 However, the exact mechanism that results
in worse prognosis in the presence of MG is largely
unknown.18,24

According to some studies, myasthenia gravis does not
affect survival in patients with TET.14,15,25 On the other hand,
there are studies suggesting that the presence of myasthenia
gravis has a positive impact on survival.3 A possible explana-
tion according to Wilkins et al. is the fact that MG symptoms
lead to the diagnosis of thymomas at an earlier stage. Further-
more, steroids may lead to involution of recurrent thymomas,
preventing small recurrences to further develop.

However, it seems that the number of cases in the differ-
ent cohorts may play a role in the discrepancy concerning the
possible role of MG in the survival of patients with TET.4

Presence of other autoimmune diseases

A retrospective study of a national database of resected thy-
momas concluded that the presence of an autoimmune dis-
ease other than MG did not significantly influence
survival.26 However, it has been reported that pure red cell
aplasia is associated with more advanced thymomas and
worse prognosis.5,26

Histological type

The WHO histological classification (thymomas vs. thymic
carcinomas) is a predicting factor for survival. In general,
thymomas have a better prognosis than thymic carcino-
mas.27,28 In one study, 5-year survival rates for thymoma
and thymic carcinoma were 90 and 75%, respectively and
there was a statistically significant difference between these
two groups.27 More specifically, 5-year survival rates in A,
AB, B1, B2, B3 types, and thymic carcinomas were 90, 100,
75, 100, 100 and 75%, respectively. Disease-free survival
(DFS) among the different histological types was 100, 83, 75,
63, 67 and 80% respectively.27 In another study, 10-year sur-
vival rate was 100% for patients with subtype A tumor, 90%
for subtype AB, 78% for subtype B1, 33% for subtype B2,
35% for subtype B3 and 0% for thymic carcinomas.28 Simi-
larly, in the series of Rioja et al., 83 TET were treated over a
22-year period. Advanced histological WHO types were
associated with worse prognosis (OS 16.7 months for B2, B3
types and 12.3 months for thymic carcinomas).29

Masaoka-Koga stage

There is robust and reproducible data derived from the
available studies demonstrating that an advanced Masaoka-

Koga stage is associated with a worst prognosis.24,25,27–30 In
one study, the 5-year OS rates of stage II, III, and IV were
88, 100, and 80%, respectively and 5-year DFS rates were
88, 75, and 55%, respectively.27 In another study, the 5-year
survival rates were 100, 100, 80 and 0%, respectively.30 As
already mentioned, the different proportions of each histo-
logical type in the available series could explain the discrep-
ancies in the survival rates, nevertheless there is a clear
correlation between advanced stages and worse prognosis.
In the series by Rioja et al., advanced Masaoka-Koga stages
(III and IV) were a poor prognostic factor
(OS 16 months).29

TNM stage

In this new classification system (2014), the T component
corresponds to tumor invasiveness and not to tumor size.
The broader definition of stage I in the TNM system
(including tumors that are encapsulated or not, tumors
with or without extension into the mediastinal fat and
pleura) results in downstaging of patients with Masaoka-
Koga stage II tumors. In a retrospective study analyzing
245 patients with resected thymomas, a correlation was
found between TNM classification system and WHO his-
tological classification.31 More specifically, median survival
time (MST) was 187 months in Masaoka-Koga stage I,
166 months in stage IIa, 58 months in stage IIb;
107 months in stage III and 53 months in stage IVa
respectively. On the other hand, MST was 166 months in
TNM stage I, 107 months in stage II, 108 months in stage
IIIA, 22 months in stage IIIB, and 98 months in stage IVa.
In addition, according to the authors, advanced TNM
stages corresponded to more aggressive histologies.31

Another retrospective study enrolling 154 patients showed
that after applying the new classification system the
recurrence-free survival rates decreased significantly
(HR 2.68 for stage II, 6.84 for stage IIIA, 379.11 for stage
IIIB, 8.46 for stage IVA and 24.62 for stage IVB) with
increasing stage.32

Surgical margins - radicality of excision

Complete excision of the tumor with negative surgical
margins is the mainstay of treatment and the best prog-
nostic factor in thymomas, according to the majority of
the studies.8,10,14,25 On the contrary, there is no survival
benefit of cytoreductive surgery (debulking), especially
in cases of thymic carcinoma that are known to follow
a more aggressive course.33 Surgical debulking is pro-
posed in order to decrease the tumor size in large and
inoperable tumors. This will give the opportunity to
adapt the external radiation therapy and diminish the
side effects of extensive irradiation.33 However, there is
no sufficient data to support the routine use of this
strategy.
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Lymph node metastasis

A best evidence topic reviewing nine studies was pub-
lished in 2014 underlining the clinical relevance and
prognosis of prevascular (anterior mediastinal) and intra-
thoracic lymph nodes in TET.34 According to the
authors, a complete lymphadenectomy should be adapted
in the surgical treatment of TET. A retrospective analysis
of a Chinese database including 1617 patients showed
that the incidence of nodal involvement was 2.2% and
associated with worse OS.35 Nodal involvement was
found in only seven of 1310 (0.5%) patients with thy-
moma, whereas in patients with thymic carcinoma and
neuroendocrine thymic tumors (NETTs), this involve-
ment was 7.9 and 16.7%, respectively.35 In general, nodal
involvement is more frequent in thymic carcinomas com-
pared to thymomas.34 In the study conducted by Kondo
and Monden (cohort of 1320 patients), thymomas pre-
sented nodal involvement in 1.8% of cases, carcinomas in
27%, and carcinoids in 28%. In thymoma patients, a sig-
nificant difference in 5-year survival was identified
between N� and N + patients, without any difference
between N1 and N2 stage in the positive cases. A signifi-
cant difference in 5-year survival according to nodal
involvement was observed in carcinomas and NETTs
(N0 56.0%; N1 42.1%, N2 29.3%, N3 18.8%).34,36 Fang
et al. observed a rate of lymph node metastasis that was
2.1% in patients with thymomas, 25% in those with thy-
mic carcinomas, and 50% in those with NETTs.37 Addi-
tionally, the authors identified the following predictive
factors of nodal involvement: histological WHO type B3,
thymic carcinoma, NETT, advanced clinical stages (T3-4)
and N2 node dissection. Consequently, they suggest that
lymph node dissection should be recommended in these
cases, with the addition of ipsilateral N2 nodes. On the
contrary, bilateral dissection is usually unnecessary,
except for cases of neuroendocrine tumors that present a
high prevalence of extensive nodal disease.

Neutrophil-to-lymphocyte ratio (NLR)

The NLR is a surrogate marker of inflammation and plays
an important role in cancer growth.38–41 The NLR is
defined as the absolute number of neutrophils divided by
the absolute number of lymphocytes in blood samples. An
increase in neutrophils or decrease in lymphocytes can
activate or deactivate crucial pathways of cancerogenesis
related to the action of immune killer cells.38–42 It has
been suggested that high preoperative NLR is associated
with shorter DFS in patients with resected TET.38–41 This
novel marker is applicable to other solid tumors, such as
mesothelioma, pancreatic cancer, renal cell carcinoma,
colorectal carcinoma, gastroesophageal cancer, non-small
cell lung cancer, and cholangiocarcinoma etc., yet more
data is needed in order to establish its relevance as a prog-
nostic factor in TET.42

Localization of the tumor

A retrospective study enrolling 194 patients demonstrated a
worse OS and higher recurrence rates in TET located in the
superior mediastinum. The limit separating the superior
from the inferior mediastinum was set at the level of the
sternal angle. However, this distinction is currently not
used.43 It has previously been suggested that the proximity
of the tumor to the large vessels in the superior mediasti-
num could give rise to hematogenous spread.18

Performance of extended thymectomy

Extended thymectomy has previously been reported to pro-
vide better survival than partial thymectomy (thymomect-
omy).17,25,44 In a study by Kamata et al., the 5-year OS rates
for thymectomy and extended thymectomy were 100 and
95%, respectively, and recurrence-free survival rates 100 and
80%, respectively. However, the extent of resection is not
clearly mentioned in the various series, making comparison
difficult. Even if the surgical access has evolved with the
introduction of minimally invasive procedures, the optimal
surgical strategy remains a subject of debate.45

Recurrence-free period

Patients with thymomas who have a recurrence-free period
of less than 3 years have a poorer prognosis.25

Resection of a recurrence

A retrospective study enrolling 108 patients with TET dem-
onstrated that complete resection of a recurrence provides
better survival in comparison with patients receiving other
treatments (chemotherapy only or chemoradiotherapy).28

Number of recurrent lesions

A small number of recurrent lesions (≤2) detected on com-
puted tomography has been reported to be associated with
better prognosis compared to the presence of more
lesions.16

SUVmax and SUVmax ratio

There appears to be a correlation between the standard
uptake value (SUVmax) of TET and the histological type
according to the WHO classification and the stage according
to the Masaoka-Koga classification.14,46 Thymic carcinomas
can be distinguished from thymomas because of a signifi-
cantly higher SUVmax. Studies trying to correlate the ratio
of the SUVmax of the lesion to the SUVmax of the adjacent
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mediastinal tissues (SUVmax ratio) with the invasive nature
of TET have been performed.46 In a study which enrolled
30 patients more advanced Masaoka-Koga stages were
observed (without reaching statistical significance) and the
capsular invasion was significantly higher when the
SUVmax ratio was superior to 1.46

Genetic markers

The genetic profile of TET represents a highly heteroge-
neous, but fascinating, field. There is increasing interest
among researchers to establish a genetic profile and the
oncogenic driver alterations in the TET that can lead to the
development of molecular targeted therapies.47–49 To date,
there has been rather limited progress in this field for the
TET, especially in comparison with other solid tumors.

Meng et al. investigated the gene expression profile of
eight patients with thymomas and compared them to four
patients with thymic cysts.47 PLK5 presented the most ele-
vated expression followed by HMGA2 and REG4 compared
to the control group. These genes are known to introduce
oncogenesis and are present in other solid tumors, as well as
in leukemias.47 On the other hand, the tumor suppressor
genes SFRP1, CXCL14 and CAVI present lower expression
in thymoma patients.

Petrini et al. identified a mutation at the chromosome
7 c.74146970T > A of the GTF2I gene in type A thymomas.
In a series of 274 TET, they detected the GTF2I mutation in
82% of type A and 74% of type AB thymomas. This mutation
correlated with better survival.48 In general, thymic carcino-
mas carry a higher number of mutations than thymomas.
Recurrent mutations of Tp53, CYLD, CDKN2A, BAP1 and
PBRM1 have been identified in thymic carcinomas.48 Albero-
bello et al. identified alterations of PI3K due to mutations in
its catalytic or regulatory subunits in thymic carcinomas.49

Schirosi et al. investigated the expression and mutation
of the proto-oncogene cKIT in thymic carcinomas.50 The
majority of tumors analyzed expressed CD117 on immuno-
histochemistry (IHC), while 12.5% of the CD117 IHC-
positive tumors presented a cKIT mutation. On the contrary,
no mutation was demonstrated in the CD117 IHC-negative
tumors. This is an interesting finding given that tumors har-
boring a cKIT mutation can be targeted with cKIT inhibi-
tors. It should be noted that thymomas do not express
CD117 on IHC and do not present with cKIT mutation.

Girard et al. analyzed 90 thymomas and 174 thymic car-
cinomas that were clinically advanced and refractory to the
standard treatment in cases of recurrent disease.51 In this
study, the authors found that 10% of the thymomas showed
genetic alterations in the CDKN2A/B and TP53 genes. It is
noteworthy that an amplification in the NTRK1 gene was
detected in an unresectable stage III type B3 thymoma.
However, genetic alterations are more frequent in thymic
carcinomas, particularly in squamous, undifferentiated and
neuroendocrine carcinomas, and mostly involve the
CDKN2A, KIT and PTEN/PI3K/MTOR pathways.

DNA methylation is a biological process by which
methyl groups are added to the DNA molecule. Methylation
can change the activity of a DNA segment without changing
the sequence. When located in a gene promoter, DNA
methylation typically acts to repress gene transcription.52,53

Consequently, DNA methylation has a role in carcinogene-
sis. Bi et al. investigated the DNA methylation status of A
and B thymomas.52 Fifty-five common genes were found
between the methylation and expression data of type A and
B thymomas. Among them, 36 genes showed an inverse cor-
relation between DNA methylation and expression alter-
ations, in which seven genes were hypermethylated with low
expression (ICAM3, APBB1IP, IFI16, PARVG, CCM2,
INPP5D, SP110) and 29 were hypomethylated with high
expression (GALC, ALS2CR4, IQCC, RPL22, FEZ2, EPS15,
KIF25, PACSIN2, PRKAR1A, PTPRE, ATP2A2, PNPLA8,
SERPINB5, SGK3, CBLB, KLF11, C5orf45, SLC2A10, AUH,
CPE, FBXO8, EEF1E1, STARD13, RAPGEF4, FSTL1,
ZNF396, FRAS1, NAV2 and LCA5).52

Tang et al. investigated the involvement of two
metabolism-related genes (MRGs), ASNS and BLVRA in
TET.54 Both genes were strongly associated with survival in
these patients. Hou et al. revealed that thymic carcinomas
had significantly lower expression of HMGB1, a proinflam-
matory cytokine-related gene, compared to thymomas. More-
over, low HMGB1 expression has been linked to a poor
prognosis. Higher mutation rates were significantly associated
with advanced stage and more advanced pathological types.55

Li et al. investigated DNA methylation biomarkers where they
showed that cg05784862(KSR1), cg07154254(ELF3), cg02543
462(ILRN), and cg06288355(RAG1) were independent prog-
nostic factors for OS in patients with TET.56

Chromosome 6 is considered to harbor genetic abnormali-
ties that lead to the development of thymomas.57 Inoue et al.
studied 40 thymomas. Genetic aberrations on chromosome
6 were found in 31 of 40 cases (77.5%) in five hot spots.
The most frequent deletions on chromosome 6 were flanked
by markers D6S441-D6S290 (6q25.2), D6S442-D6S1708
(6q25.2–25.3), D6S1666-D6S1560 (6p21.31), D6S1596-D6S284
(6q14.1–14.3), and D6S447-D6S1592 (6q21).57

Epidermal growth factor receptor (EGFR) is a trans-
membrane glycoprotein with intrinsic tyrosine kinase
activity.58–61 Activation results in a variety of cellular
responses including cell proliferation and differentiation. It
has been shown that EGFR is expressed in thymic epithelial
tumors and more particularly in advanced tumors.58–61

Mutations have been identified in exons 18, 19, 20 and 21.58

Although EGFR protein overexpression can be frequent
(up to 69%), it does not correlate with gene amplifications.59

In the study by Ionescu et al., of the 23 specimens with pro-
tein overexpression, only seven (30%) showed EGFR gene
amplification by FISH.59 Similarly, in the study by Suzuki
et al., no EGFR gene mutations were detected in the 99 sam-
ples of thymomas and thymic carcinomas examined.60 Con-
sequently, there is a debate over the potential therapeutic
value of anti-EGFR treatment of TET and further research
in this field is warranted.61
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Her2/Neu immunohistochemical protein overexpression
is rare in thymomas but relatively frequent in thymic carci-
nomas.62 However, no HER2 gene amplification could be
demonstrated by FISH in any tumor examined by Pan et al.
Consequently, the authors conclude that an anti-HER-2/neu
treatment is not an option in that particular context.

Bcl-2 is a proto-oncogene inhibiting apoptosis. Bcl-2 is
expressed most in medullary lymphocytes and epithelial cells of
the normal thymus whereas p53 is not expressed. Bcl-2 and p53
are coexpressed in the majority of the thymomas with increas-
ing intensity in advanced stages.63,64 It is thus considered that
Bcl-2 expression is a marker of aggressiveness in TET.

Most cancer cells present a telomerase activity that per-
mits endless replication. One study showed that thymomas
have a higher telomerase activity than thymic carcinomas
but this is not correlated to tumor stage.65 On the contrary,
in thymic carcinoma, telomerase activity positively corre-
lated with tumor stage.

Tumor angiogenesis is a critical step in tumor invasive-
ness. The expression of vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF) in TET
has been previously investigated.66 In fact, there is a signifi-
cant correlation between tumor angiogenesis and invasive-
ness in thymic epithelial tumors. On the other hand, thymic
carcinomas have more aggressive angiogenic function than
thymomas. A correlation between VEGF expression and
invasive growth pattern in TET has been reported; however,
it seems that angiogenesis depends less on the expression of
bFGF.65 Based on these findings, there have been several
studies which have evaluated the efficacy of antiangiogenic
agents against TETs, especially in cases of advanced and
recurrent tumors with promising results.67–69 Nevertheless,
their administration is presently not the standard of care.

The degradation of extracellular matrix is another criti-
cal step that promotes tumor invasiveness and metastasis.
This process is mainly conducted by proteolytic enzymes.
Several studies have focused on the action of metalloprotei-
nases (MMP) and their role in the invasiveness of TET.69–71

More specifically, the gelatinolytic activity of active MMP-2
has been found to correlate with the invasiveness of thymic
epithelial tumors.69 In another study, MMP-2 and MMP-7
were predominantly expressed in type B3 and type C thy-
momas, respectively. MMP-9 was prominent in type B2 thy-
momas. Expression of MMP-2 or MMP-7 in tumor cells
was also found to be correlated with clinical stage.70 Sogawa
et al. report that the higher the clinical stage of tumor, the
stronger the MMP-2 positivity and tissue inhibitor of
metalloproteinase-2 (TIMP-2) expression. Additionally, the
expression of these molecules was predictive of poor prog-
nosis compared to tumors with no expression.72

CONCLUSIONS

The carcinogenesis of TET is mostly unknown. The hetero-
geneity and rarity of these tumors render research difficul-
ties. Despite the discrepancies among retrospective studies,

there are some prognostic factors that are more pertinent
such as the excision status and the Masaoka-Koga classifica-
tion. The meticulous use of national and international data-
bases could provide sufficient number of patients in order to
draw safer conclusions. With the introduction of the new
TNM classification system, patient registration should
become easier and more homogeneous, providing higher
numbers of patients that can be included in studies. On the
other hand, the identification of different genetic pathways
in the pathogenesis of TET represents a fascinating field of
study that could possibly lead to the development of new
targeted therapies. The promising results of studies investi-
gating the efficacy of antiangiogenic agents, EGFR targeting
and possibly immunotherapy should encourage further
studies leading to new treatment options.
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42. Templeton AJ, McNamara MG, Šeruga B, et al. Prognostic role of
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review
and meta-analysis. J Natl Cancer Inst. 2014;106:dju124.

43. Carter BW, Tomiyama N, Bhora FY, Rosado de Christenson ML,
Nakajima J, Boiselle PM, et al. A modern definition of mediastinal
compartments. J Thorac Oncol. 2014;9:S97–101.

44. Guerrera F, Falcoz PE, Moser B, van Raemdonck D, Bille’ A, Toker A,
et al. Thymomectomy plus total thymectomy versus simple thymo-
mectomy for early-stage thymoma without myasthenia gravis: a
European Society of Thoracic Surgeons Thymic Working Group
Study. Eur J Cardiothorac Surg. 2021;60:881–7.

45. Suda T, Kaneda S, Hachimaru A, Tochii D, Maeda R, Tochii S, et al.
Thymectomy via a subxiphoid approach: single-port and robot-
assisted. J Thorac Dis. 2016;8:S265–71.

46. Moraitis SD, Agrafiotis AC, Skoura E, et al. Can the ratio SUVmax of
the lesion/SUVmax of mediastinal tissues guide the choice of surgical
access for the resection of thymic epithelial tumors? Front Surg. 2022;
9:852906.

47. Meng F-J, Wang S, Zhang J, Yan YJ, Wang CY, Yang CR, et al. Alter-
ation in gene expression profiles of thymoma: genetic differences and
potential novel targets. Thorac Cancer. 2019;10:1129–35.

48. Petrini I, Meltzer PS, Kim IK, Lucchi M, Park KS, Fontanini G, et al.
A specific missense mutation in GTF2I occurs at high frequency in
thymic epithelial tumors. Nat Genet. 2014;46:844–9.

49. Alberobello AT, Wang Y, Beerkens FJ, Conforti F, McCutcheon JN,
Rao G, et al. PI3K as a potential therapeutic target in thymic epithelial
tumors. J Thorac Oncol. 2016;11:1345–56.

50. Schirosi L, Nannini N, Nicoli D, Cavazza A, Valli R, Buti S, et al. Acti-
vating c-KIT mutations in a subset of thymic carcinoma and response
to different c-KIT inhibitors. Ann Oncol. 2012;23:2409–14.

51. Girard N, Basse C, Schrock A, Ramkissoon S, Killian K, Ross JS. Com-
prehensive genomic profiling of 274 thymic epithelial tumors unveils
oncogenic pathways and predictive biomarkers. Oncologist. 2022;27
(11):919–29.

52. Bi Y, Meng Y, Niu Y, Li S, Liu H, He J, et al. Genome-wide DNA
methylation profile of thymomas and potential epigenetic regulation
of thymoma subtypes. Oncol Rep. 2019;41(5):2762–74.

53. Wang S, Liang X, Guo R, Gong J, Zhong X, Liu Y, et al. Identification
of molecular subtypes in lung adenocarcinoma based on DNA

3248 AGRAFIOTIS ET AL.



methylation and gene expression profiling—a bioinformatic analysis.
Ann Transl Med. 2022;10:882.

54. Tang E, Zhou Y, Liu S, Zhang Z, Zhang R, Huang D, et al. Metabolo-
mic and transcriptomic profiling identified significant genes in Thy-
mic epithelial tumor. Metabolites. 2022;12:567.

55. Hou X, Lin S, Liu Y, et al. Analysis of the tumor microenvironment
and mutation burden identifies prognostic features in thymic epithe-
lial tumors. Am J Cancer Res. 2022;12:2387–96.

56. Li S, Yuan Y, Xiao H, Dai J, Ye Y, Zhang Q, et al. Discovery and vali-
dation of DNA methylation markers for overall survival prognosis in
patients with thymic epithelial tumors. Clin Epigenetics. 2019;11:38.

57. Inoue M, Marx A, Zettl A, Ströbel P, Müller-Hermelink H-K,
Starostik P. Chromosome 6 suffers frequent and multiple aberrations
in thymoma. Am J Pathol. 2002;161:1507–13.

58. Meister M, Schirmacher P, Dienemann H, Mechtersheimer G,
Schnabel PA, Kern MA, et al. Mutational status of the epidermal
growth factor receptor (EGFR) gene in thymomas and thymic carci-
nomas. Cancer Lett. 2007;248:186–91.

59. Ionescu DN, Sasatomi E, Cieply K, Nola M, Dacic S. Protein expres-
sion and gene amplification of epidermal growth factor receptor in
thymomas. Cancer. 2005;103:630–6.

60. Suzuki E, Sasaki H, Kawano O, Endo K, Haneda H, Yukiue H, et al.
Expression and mutation statuses of epidermal growth factor receptor
in thymic epithelial tumors. Jpn J Clin Oncol. 2006;36:351–6.

61. Henley JD, Koukoulis GK, Loehrer PJ. Epidermal growth factor recep-
tor expression in invasive thymoma. J Cancer Res Clin Oncol. 2002;
128:167–70.

62. Pan CC, Chen PC, Wang LS, Lee JY, Chiang H. Expression of
apoptosis-related markers and HER-2/neu in thymic epithelial
tumours. Histopathology. 2003;43:165–72.

63. Chen FF, Yan JJ, Jin YT, Su IJ. Detection of bcl-2 and p53 in thy-
moma: expression of bcl-2 as a reliable marker of tumor aggressive-
ness. Hum Pathol. 1996;27:1089–92.

64. Engel PD, Francis D, Graem N. Expression of bcl-2 in fetal thymus,
thymomas and thymic carcinomas. Association with p53 expression
and review of the literature. APMIS. 1998;106:449–55.

65. Watanabe M, Yu SK, Sawafuji M, Kawamura M, Horinouchi H,
Mukai M, et al. Enhanced expression of telomerase activity in thy-
moma and thymic carcinoma tissues: a clinicopathologic study. Can-
cer. 2002;94:240–4.

66. Tomita M, Matsuzaki Y, Edagawa M, Maeda M, Shimizu T, Hara M,
et al. Correlation between tumor angiogenesis and invasiveness in thy-
mic epithelial tumors. J Thorac Cardiovasc Surg. 2002;124:493–8.

67. Wang C-L, Gao L-T, Lyu C-X, Zhang Q, Zeng WQ, Fang WT, et al.
Bevacizumab in combination with paclitaxel and platinum for previ-
ously treated advanced thymic epithelial tumors. Med Oncol. 2022;
39:25.

68. Perrino M, De Pas T, Bozzarelli S, et al. Resound trial: a phase 2 study
of regorafenib in patients with thymoma (type B2-B3) and thymic car-
cinoma previously treated with chemotherapy. Cancer. 2022;128:
719–26.

69. Remon J, Bernabé R, Diz P, Felip E, Gonz�alez-Larriba JL, L�azaro M,
et al. SEOM-GECP-GETTHI clinical guidelines for the treatment of
patients with thymic epithelial tumours (2021). Clin Transl Oncol.
2022;24:635–45.

70. Kondo K, Kinoshita H, Ishikura H, Miyoshi T, Hirose T,
Matsumori Y, et al. Activation of matrix metalloproteinase-2 is corre-
lated with invasiveness in thymic epithelial tumors. J Surg Oncol.
2001;76:169–75.

71. Takahashi E, Tateyama H, Akatsu H, Fukai I, Yamakawa Y, Fujii Y,
et al. Expression of matrix metalloproteinases 2 and 7 in tumor cells
correlates with the World Health Organization classification subtype
and clinical stage of thymic epithelial tumors. Hum Pathol. 2003;34:
1253–8.

72. Sogawa K, Kondo K, Fujino H, Takahashi Y, Miyoshi T, Sakiyama S,
et al. Increased expression of matrix metalloproteinase-2 and tissue
inhibitor of metalloproteinase-2 is correlated with poor prognostic
variables in patients with thymic epithelial tumors. Cancer. 2003;98:
1822–9.

How to cite this article: Agrafiotis AC,
Siozopoulou V, Hendriks JMH, Pauwels P,
Koljenovic S, Van Schil PE. Prognostic factors and
genetic markers in thymic epithelial tumors: A
narrative review. Thorac Cancer. 2022;13(23):3242–9.
https://doi.org/10.1111/1759-7714.14725

AGRAFIOTIS ET AL. 3249

https://doi.org/10.1111/1759-7714.14725

	Prognostic factors and genetic markers in thymic epithelial tumors: A narrative review
	INTRODUCTION
	METHODS - SEARCH STRATEGY
	Prognostic factors
	Age
	Sex
	Presence of myasthenia gravis (MG)
	Presence of other autoimmune diseases
	Histological type
	Masaoka-Koga stage
	TNM stage
	Surgical margins - radicality of excision
	Lymph node metastasis
	Neutrophil-to-lymphocyte ratio (NLR)
	Localization of the tumor
	Performance of extended thymectomy
	Recurrence-free period
	Resection of a recurrence
	Number of recurrent lesions
	SUVmax and SUVmax ratio
	Genetic markers

	CONCLUSIONS
	CONFLICT OF INTEREST
	REFERENCES


