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Abstract: Thymoma is a rare tumor that was reclassified by the World Health Organization in 2015. Recent studies have 
made advances in molecular targeted therapies, such as c-KIT, EGFR, IGF-1R, PTEN, HDAC, VEGF and PD-L1. 
Additionally, new molecular markers such as CTV/CTS, GTF2I, Pax8 and DSG-3 have been used in the differential 
diagnosis of thymoma. This article reviews molecular pathogenesis of thymoma, application of molecular pathology in 
the differential diagnosis of thymoma and recent progress in targeted therapies for thymoma. 
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1. INTRODUCTION 

Thymoma is considered as a thymic epithelial tumor 
and usually located in anterior superior mediastinum. 
Thymomas show low-grade malignant potential with 
local infiltrating growth or rarely distant metastasis [1]. 
Thymic epithelial tumors have various forms. There 
have been many changes in the classification of these 
tumors with controversies. In 2015, the WHO classified 
thymic epithelial tumors into type A, atypical type A, 
type AB, type B1, type B2, type B3, and thymic 
carcinoma [2]. In recent years, a variety of tumor 
molecular markers have been discovered to aid in the 
pathologic diagnosis and provide information for 
molecular targeted therapies. 

2. MOLECULAR PATHOGENESIS OF THYMIC 
EPITHELIAL TUMORS 

The formation of cancer is a multi-step process 
involving oncogene activation, tumor suppressor gene 
inactivation and other changes. Saito M et al. [3] 
analyzed genomic and epigenetic aberrations in Asian 
patients with thymic carcinoma using whole exome 
sequencing, RNA sequencing and methylation array, 
and then compared the findings with those from 
American/European patients with thymic carcinoma. 
They found that molecular process leading to thymic 
carcinoma depends on accumulation of genetic and 
epigenetic aberrations. 

PTEN (PHOSPHATE and TENSION homology) is 
located on10q23.3.It has nine exons and encodes a 
protein phosphatase of 403 amino acids, also called as  
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mutated in multiple advanced cancer 1 (MMAC1) or 
TGF-regulated and epithelial cell -enriched 
phosphatase (TEP1). Some studies have found 
inactivation of PTEN and over expression of c-myc 
occurred in thymoma and their expressions were 
negatively correlated. These two genes seem to play a 
synergistic role in malignant transformation of thymic 
epithelial cells, leading to development of thymoma [4]. 
Masunaga A et al. [5] analyzed genetic mutations and 
RNA expression in two non-tumor thymus specimens, 
33 thymomas and 4 thymic carcinomas using direct 
sequencing, methylation-specific PCR and reverse 
transcription PCR (RT-PCR). The results demonstrated 
that PTEN protein was not detected in non-tumor 
thymus tissues or B1/B2 thymoma tissues, but was 
detected in type A thymoma and thymic carcinoma 
tissues. The findings suggest that non-tumor thymic 
epithelial cells and B1/B2 thymoma cells have a 
mechanism of translational inhibition and/or 
accelerated protein degradation, whereas type A 
thymoma cells exhibit transcriptional repression of 
mRNA and accelerate translation and/or protein 
accumulation. 

Wang et al. [6] studied Wnt4 and Forkhead box 
protein N1 (FoxN1) in thymoma and found that the 
expressions of Wnt4 and FoxN1 were positively 
correlated, suggesting their involvement in thymoma 
pathogenesis. 

3. TARGETED THERAPIES FOR THYMIC 
EPITHELIAL TUMORS 

Due to their low incidence and unclear 
pathogenesis, there are no effective molecular targeted 
therapies for thymic epithelial tumors, comparing to 
non-small cell lung carcinoma. Recurrence or 
metastasis of thymic epithelial tumors may still occur 
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after surgical resection and chemotherapy and/or 
radiotherapy [7]. However, studies of specific molecular 
markers have promoted the exploration of new 
molecular targeted therapies in thymic epithelial 
tumors. 

3.1. Programmed Death-Ligand-1 

Expression of programmed death-ligand-1 (PD-L1) 
has been detected in various tumors including thymic 
epithelial tumors. Katsuya Y et al. [8] found PD-L1 was 
expressed in thymoma and thymic carcinoma using 
tissue microarray, suggesting potentials of anti-PD-
1/PD-L1 immunotherapy in unresectable or recurrent 
thymoma/thymic carcinoma. Enkner F et al. [9] 
analyzed the expression of multiple proteins including 
anaplastic lymphoma kinase (ALK), human epidermal 
growth factor receptor 2 (HER2), human epidermal 
growth factor receptor 3 (HER3), MET, phosphorylation 
of mammalian rapamycin Target protein (mTOR), P16, 
platelet-derived growth factor receptor alpha 
(PDGFRA), human beta-type platelet-derived growth 
factor receptor (PGFGFB), PD-L1, PTEN and ROS1 in 
37 thymomas and 35 thymic carcinomas. The results 
demonstrated that PDGFRA was highly expressed in 
thymic carcinoma and PD-L1 was expressed in B3 
thymoma and thymic carcinoma, suggesting potential 
therapeutic targets in these tumors.  

Tiseo M et al. [10] analyzed the expression of 
EGFR, C-KIT, kirsten rat sarcoma viral oncogene 
(KRAS), ALK and PD-L1 by immunohistochemistry 
(IHC) in 112 thymoma cases and correlated with 
clinicopathological features. The results demonstrated 
that thymic carcinoma may carry C-KIT mutations and 
increased PD-L1 expression. Our group examined PD-
L1 protein and mRNA in tumor cells and stromal tumor 
infiltrating lymphocytes using IHC and real-time 
fluorescent quantitative PCR in 70 thymic epithelial 
tumors. The results demonstrated that PD-L1 protein 
positive rate (cut-off value: 1%) was 76.7% in B3 
thymoma or thymic carcinoma, significantly higher than 
that in other types (37.5%). PD-L1 protein expression 
was significantly associated with histological type, 
Masaoka staging, radiotherapy and chemotherapy 
(P<0.05). PD-L1 mRNA expression was positively 
correlated with PD-L1 protein expression and the 
overall coincidence rate of the two methods was 
85.71%. Our and others’ findings suggest that PD-
L1/PD-1 blockage may be a new strategy for 
immunotherapy in thymic epithelial tumors, especially 
in B3 thymoma or thymic carcinoma [11]. 

3.2. C-Kit (CD117) 

C-Kit, a retroviral proto-oncogene encoding a 
transmembrane receptor with tyrosine kinase activity, 
was firstlydetected in healthy cats in 1986 [12]. C-Kit 
has been found to be overexpressed in thymic 
carcinoma, but rarely in thymoma [13-15]. Schirosi L et 
al. [16] studied the protein expression of c-Kit, p63, 
CD5 and neuroendocrine markers using IHCs, and 
genetic mutation of c-Kit exon 9, 11, 13, 14 and 17 in 
48 thymic carcinomas using direct sequencing. They 
found that c-Kit was positive in 60% of cases, CD5 
positive in 69%, and p63 in 85%. Six c-Kit protein 
positive cases (12.5%) showed c-Kit gene mutations. 
No genetic mutations were detected in c-Kit protein 
negative tumors. C-Kit genetic mutations were found in 
all poorly differentiated thymic squamous cell 
carcinomas expressing c-Kit protein, CD5 and p63, but 
lacking neuroendocrine markers. The mutations 
included mutations in exon 11 (V559A, L576P, Y553N, 
W557R), in exon 9 (E490K) and in exon 17 (D820E). 
Since c-Kit mutation can predict the efficacy of c-Kit 
inhibitors, the results suggest all thymic carcinomas 
should be screened using IHCs for c-Kit and then c-Kit 
genetic mutation analysis may be performed only in c-
Kit protein positive cases, especially with concurrent 
positive CD5 and p63, but negative neuroendocrine 
markers.  

Imatinib, a small molecule tyrosine kinase inhibitor, 
has the effect of blocking one or more protein kinases. 
It is commonly used in the treatment of chronic 
myelogenous leukemia and malignant gastrointestinal 
stromal tumors, and has been explored in the treatment 
of thymic epithelial tumors. However, studies by 
Giaccon et al. [17] have shown that imatinib is not 
effective in thymic epit，helial tumor patients. In this 
study, imatinib was given to 7 patients (2 B3 type 
thymomas, 5 thymic carcinomas). Two patients were 
stable and five patients progressed with the median 
survival time as 4 months and the median survival time 
as 2 months. In another prospective clinical study, 11 
patients with C-kit+ or PDGFR+ thymic carcinoma were 
enrolled and received imatinib [18]. While only three 
SD( stable disease) patients (27%) were found, and the 
median SD was 6 months. Hence, no effective cases 
were found in the study. However, arecent case report 
found that a 48-year-old patient with thymic carcinoma 
harboring C-kit gene mutationbenefited from imatinib 
therapy [19]. 
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3.3. Epithelial Growth Factor Receptor (EGFR)  

EGFR is a large transmembrane glycoprotein with a 
molecular weight of approximately 180 KDa and ligand-
induced tyrosine protein kinase activity. It is a member 
of a conserved receptor family of ErbB. A 2010 study 
[20] showed that EGFR mutations were rare in thymic 
epithelial tumors, leading to poor efficacy of EGFR 
targeting drug gefitinib in thymoma [21]. Li et al. [22] 
examined epidermal growth factor receptor (EGFR) 
and insulin-like growth factor-1 receptor (IGF-1R)in 63 
thymomas and 15 thymic follicular hyperplasia cases 
using immunohistochemical EnVision two-step method 
and correlated with clinical significance. They found 
that high expression of EGFR and IGF-1R was related 
to the occurrence, development and invasion of 
thymoma, suggesting that the combined detection of 
EGFR and IGF-1R expression could provide useful 
information for assessing clinical stage and a reference 
for clinical treatment options. Christodoulou et al. 
reported a phase II clinical trial of erlotinib combined 
with bevacizumab therapy for 18 patients with 
thymoma or thymic carcinoma, who failed to respond to 
other treatments after recurrence. The study showed 
no effect was observed [23]. However, Takahashi et al. 
reported a 43-year-old female thymoma benefited from 
erlotinib therapy. The patient was treated with erlotinib 
when her disease recurred after six years after 
resection, and the tumor shrank significantly after 8 
weeks of erlotinib treatment [24]. In other clinical 
studies, cetuximab therapy showedeffect inadvanced 
thymoma patients with EGFRprotein overexpression, 
but no EGFR gene mutation or amplification [25,26]. To 
date, there are few studies on anti-EGFR therapy for 
refractory thymoma, and the clinical outcome is still 
uncertain. Therefore, it may still worth exploring the 
expression and mutation of EGFR in thymoma in 
future. 

3.4. Insulin-like Growth Factor-1 Receptor (IGF-1R)  

IGF-1R is a transmembrane receptor involved in the 
regulation of cellular metabolism, growth and survival. 
A number of studies have shown that most thymic 
malignant tumors show moderate to high expression of 
IGF-1R. Omatsu et al. reported that IGF-1R expression 
was detected in 73% of patients with thymic carcinoma, 
while only 27% of patients with thymoma [27]. In 
another study with a cohort of 56 thymoma cases and 7 
thymic carcinoma cases, moderate or strong IGF-1R 
expression was detected in86%of thymic carcinoma 
patients, while only in 43% of thymoma patients [28]. 
Cixutumumab is a humanized antibody, which binds to 

IGF-1R with high affinity and effectively mediates the 
internalization and degradation of IGF-1R receptor. It 
has been reported that cixutumumab can suppress 
tumor growth by blocking IGF-1R receptor function,thus 
inhibiting the activation of IGF-1R receptor and its 
signal transduction. At present, cixutumumab therapy 
for thymic tumor patients is still inearly stage. A recent 
study reported a phase I clinical study of cixutumumab 
treatment for a patient with metastaticthymoma and 
found the tumor sizehad a 10% reduction 
aftercixutumumab treatment with stable disease for one 
year [29]. Giaccone et al. reported a phase II clinical 
study of cixutumumab treatment in a cohort of 13 
patients (5 cases of thymoma and 8 cases of thymic 
carcinoma), the results demonstrated that 8 patients (4 
cases of thymoma, 4 cases of thymic adenocarcinoma) 
achieved stable disease, while 5 patients 
progressedafter cixutumumab therapy [30]. Rajan et al. 
reported a phase II clinical trial of cixutumumab therapy 
in a cohort of 49 patients with thymic epithelial tumors 
(37 cases of thymoma and 12 cases of thymic 
carcinoma). In the group of patients with thymoma, 5 
cases had partial response, 28 cases had stable 
disease and 4 cases progressed. In the group of 
patients with thymic carcinoma, 5 cases had stable 
disease and 7 cases progressed, while no case had 
partial response [31]. 

3.5. Histone Deacetylase (HDAC)  

HDAC plays an important role in modification of 
chromosome structures and regulation of gene 
expression. Belinostat, an DHAC inhibitor, inhibits 
cancer cell proliferation by increasing histone 
acetylation and p21 expression. Giaccone et al. 
reported a cohort of 14 thymomas and 8 thymic 
carcinomas treated with Belinostat therapy [30]. Among 
those, two thymoma patients achieved partial 
response, 13 patients were stable, and 6 patients 
progressed. Belinostat combined with chemotherapy is 
currently being investigated as first-line therapy for 
refractory advanced or recurrent thymomas. 

3.6. Vesicular Epithelial Growth Factor (VEGF) 

VEGF expression has been shown to be associated 
with tumor metastasis and staging [32]. Tomita et al. 
reported that VEGF proteins were detected in 56% 
(11/18) of non-invasive thymomas, 55% (11/20) of 
invasive thymomas, and 62.8% ofthymic carcinomas. 
The study also revealed that there was a significant 
correlation between angiogenesis and invasiveness in 
patients with thymic epithelial tumors [33]. These 
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results suggest a distinct correlation between VEGF 
expression and an increase of microvessel density. 

3.7. Other Markers 

In addition, somatostatin receptors, tropomyosin 
receptor kinase (Trk) and Cyclin-dependent kinase 
(CDK) inhibitors, steroid receptor coactivator (SRC) 
family and their ligands, exportin 1 (XPO1) inhibitor 
have been investigated as potential targets for 
treatment in thymic epithelial tumors [34-39]. It is 
difficult to enroll patients for clinical trials due to the low 
incidence and relative inertia of thymic epithelial 
tumors; therefore, these studies were restricted to 
individual case reports.  

Remon J et al. found that all TET protein (ten-
eleven translocation, TET) subtypes were CD22 
positive, mainly in AB type thymoma (68%). They also 
found that CD26 was expressed in type AB thymoma 
(68%) and type A thymoma (50%), while CD52 was 
expressed more frequently in B2 and B3 thymoma. 
IGFR1 was the most common marker in thymic cancer 
samples (92%), followed by EG5 (60%). The 
expression of EG5 in thymic carcinoma was 
significantly higher than that in thymoma (75% vs 38%, 
P=0.026). These results suggest that agents targeting 
CD52, CD22, CD26 or EG5 [40] could be potentially 
effective in treating patients with thymic malignancies. 

4. MOLECULAR APPLICATIONS IN THE 
DIAGNOSIS OF THYMIC EPITHELIAL TUMORS 

In normal thymus, cathepsin V (CTV) and cathepsin 
S (CTS) are expressed in cortical and medullary 
epithelial cells, respectively. Kiuchi S et al. [41] 
investigated CTV and CTS expression using IHCs in 77 
thymic epithelial tumors and found these two proteins 
were expressed differently in thymomas, with positive 
rates at 98% and 47%, respectively. However, in 
thymic carcinomas, there was no significant difference 
in the expression of CTV and CTS, with positive rates 
at 41% and 47%, respectively. CTS were expressed in 
type A and type AB thymoma, but not in type B 
thymoma. Additionally, the expression of CTV and CTS 
in AB type thymomas was significantly associated with 
histological features. The study also revealed that the 
recurrence rate of CTV-negative thymoma cases was 
higher than that of CTV-positive cases. The findings 
suggest that CTV and CTS can serve as auxiliary 
diagnostic and prognostic markers in thymic epithelial 
tumors.  

Petrini et al. [42] analyzed 28 thymoma specimens 
using next-generation sequencing and identified the 

GTF2I mutation (chromosome 7 c.74146970T>A) at a 
higher frequency (?%) in type A thymoma compared to 
other type thymomas. Of the 274 thymoma specimens 
studied, GTF2I mutation was detected in 82% of type A 
and 74% of type AB thymomas; however, this mutation 
rarely occurred in the aggressive subtype of thymomas.  

Pax8 is a transcription factor involved in embryonic 
development of the thyroid, kidney, and mullerian 
systems and plays a role in tumorigenesis of these 
organs. Pax8 protein is highly expressed in the primary 
and metastatic sites of thyroid, kidney and Mullerian 
tumors. Weissferdt A et al. [43] showed that Pax8 
positive expression occurred in 77% of thymic 
carcinomas, 100% of type A thymomas, and 93% of 
type B thymomas. They also found that Pax8 was 
weakly expressed in epithelial cells of residual thymus 
tissue surrounding the tumor.  

The potential use of squamous epithelial marker 
p40 and desmoglein core glycoprotein 3 (Desmoglein 
3, DSG-3) in diagnosing of thymic lesions is uncertain. 
Some studies have investigated their expression levels 
and patterns in 66 thymomas, 12 thymic squamous cell 
carcinomas, 6 undifferentiated thymic carcinomas, 5 
proliferative thymuses and 5 normal thymuses, and 
found DSG-3 expression was useful in differentiating 
squamous cell carcinoma from thymoma. Of the 43 
cases with both neoplastic and non-neoplastic thymus 
tissues in the same section, 26 (60.5%) of the 43 cases 
where neoplastic and nonneoplastic thymus were 
present on the same slide, the presence/absence or 
distribution pattern of DSG-3 immunoreactivity was 
different in the 2 components, suggesting that this 
marker can be helpful in staging thymomas with 
incomplete encapsulation. The presence of DSG-3 
positive and DSG-3 negative thymomas suggests 
these tumors may originate from two different types of 
thymic epithelial cells [44].  

Another study found that the positive rates of β5t 
were significantly different among B1 and B2, B3 types 
of thymomas. In CD20-negative AB thymoma, β5t was 
mostly expressed in cytoplasm and perinuclear area, 
rarely in nucleoplasm. This unique expression pattern 
is useful in diagnosing AB type thymoma. It has been 
shown that β5t and CD20 were positive in bipolar type 
A thymomas, indicating their potential roles in 
identifying metaplastic thymoma [45].  

Leisibach P et al. [46] found that cytoplasmic p21 
expression was associated with overall survival and 
metastasis of malignant thymic epithelial tumors.  



10     Journal of Cancer Research Updates, 2019, Vol. 8 Jin and Zhang 

B3 thymoma and thymic squamous cell carcinoma 
have some overlapping histological features, making it 
difficult to differentiate these two entities from each 
other, especially in small biopsies. Mucin-1 (MUCIN-1, 
MUC-1) is a transmembrane mucin and is involved in 
tumor progression and outcome in a variety of 
malignancies. GLUT-1 is a member of the mammalian 
family of passive carriers of the Glucose transporter 
protein (GLUT) and functions as an energy-
independent system for transporting glucose. These 
two proteins have been shown as useful markers for 
the diagnosis, progression and prognosis of various 
tumors. Su XY et al. [47] and Du J et al. [48] found 
there was a significant difference in the expression of 
GLUT-1, MUC-1, C-KIT, CD5, carcinoembryonic 
antigen (CEA)，CD1a and Terminal Deoxynucleotidyl 
Transferase (TdT) between thymic squamous cell 
carcinoma and B3 thymoma. In thymic squamous cell 
carcinomas, GLUT-1 and MUC-1 were the most 
sensitive markers (100%), followed by CK5 / 6 (95%), 
C-KIT (90%), P63 (85%), CD5 (80%) and CEA (75%). 
Additionally, CD5, C-KIT and CEA were the most 
specific markers (100%) for thymic squamous cell 
carcinomas, followed by MUC-1 (56.3%), GLUT-1 
(50%), p63 (25%) and CK5/6 (12.5%). In B3 
thymomas, the sensitivities were 100%, 93.8% and 
87.5% for CK19, TdT and CD1a respectively, while the 
specificities were 100% for CD1a, 95% for TdT and 
10% for CK19. Therefore, the combination of GLUT-1, 
MUC-1, CD5, C-KIT, CEA, CD1a and TdT can 
effectively differentiate thymic squamous cell 
carcinoma from B3 thymoma. Kim BS et al. [49] 
demonstrated that an immunohistochemical panel 
consisting of the cheese of zeste homolog 2 (EZH2), C-

KIT and CD205 was useful to differentiate thymic 
squamous cell carcinomas from type B3 thymomas. In 
a combined cohort analysis, the sensitivity and 
specificity of EZH2 were higher than those of C-KIT or 
CD205.The combined panel had the highest sensitivity 
and specificity at 96.3% and 100%, which was 
significantly or marginally higher than those of EZH2, 
C-KIT, and CD205 alone, Indicating that EZH2 may be 
useful as a novel diagnostic marker for distinguishing 
thymic squamous cell carcinoma from thymomas.  

Karube Y et al. reported folyl polyglutamate 
synthase (FPGS)/follicle-stimulating hormone (GGH) 
and vascular endothelial growth factor (VEGF) were 
elevated in thymic epithelial tumors and the expression 
levels were correlated with the degree of malignancy of 
B3 thymomas [50]. 

5. SUMMARY 

Although multiple molecular markers and potential 
pathogenic pathways have recently been discovered in 
thymic epithelial tumors, targeted molecular therapy is 
still in its infancy. Future studies of signaling pathways 
and genetic mutations in thymic epithelial tumors are 
warranted to provide new targets for developing 
effective targeted therapies. 
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