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Background: We previously showed that selected single-nucleotide-polymorphisms (SNPs) of genes 
involved in angiogenesis influence the aggressiveness of thymic epithelial tumors (TETs). This study analyzes 
their role in TETs and in thymic benign lesions, in order to investigate potential correlation with risk and 
outcome. 
Methods: Genomic DNA was extracted from paraffin-embedded tissue of 92 patients, undergoing surgery 
at our Institution. We investigated by Real-Time PCR the SNPs of the following genes: platelet-derived 
growth factor receptor-α (PDGFRα), hypoxia-inducible factor-1α (HIF-1α), vascular endothelial growth 
factor A (VEGF-A), vascular endothelial growth factor receptor-2 and 3 (VEGF-2, VEGFR-3), excision repair 
cross-complementation group-1 (ERCC1).
Results: Fifty-seven TETs and 35 thymic benign lesions were included into the study. Frequency of 
SNPs was as follows: rs2057482 C, rs11158358 C and rs11549465 C polymorphisms of HIF1-a: thymomas 
< general population (P=0.008, P=0.007, and P=0.044 respectively). HIF1-a alleles: general population > 
study groups, rs1951795C SNP (P=0.026 for benign lesions and P=0.0007 for thymomas), rs10873142T 
SNP (P=0.008 and P=0.001 respectively), rs12434438 A SNP (P=0.034 and P=0.0007) and rs2301113A 
SNP (P=0.027 and P=0.010). rs699947C polymorphism of VEGF-A: benign lesions > general population 
(P=0.012).
Conclusions: This is the first study investigating the angiogenetic polymorphisms in thymic benign lesions 
and TETs. SNPs analysis may represent a further asset in identification of patients who could benefit from 
anti-angiogenetic therapy.

Keywords: Thymic epithelial tumor (TETs); thymic hyperplasia; thymic cyst; thymolipoma; thymic prognostic 
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Introduction

Thymic epithelial tumors (TETs) are rare malignancies 
arising in the anterior superior mediastinum with a global 
annual incidence of 0.15/100,000 cases (1,2). They represent 
a heterogeneous group of tumors with an extremely wide 
spectrum of morphologic features. They show different 
presentations with a variable and unpredictable evolution 
ranging between an indolent noninvasive and a highly 
infiltrative and metastasizing behavior (3-5). Moreover, the 
same thymomas present a large variability of morphological 
aspects. These tumors are divided in 5 subgroups according 
to WHO classification (type A, AB, B1, B2, B3) (6). 
The International Thymic Malignancy Interest group 
(ITMIG) identified the Masaoka staging system as the 
most appropriate one that will be used, considering the 
modification included by Detterbeck et al. (7).

Furthermore, a large spectrum of benign proliferative 
morphological lesions including thymic hyperplasia, thymic 
cysts and thymolipomas may arise in thymus (8). 

Despite several studies in molecular biology investigated 
various genetic aberrations responsible of thymic 
tumorigenesis, our knowledge in this field remains poor. 
Angiogenesis has been focused as a fundamental role for 
the aforementioned mechanism. Vascular endothelial growth 
factor (VEGF) represents a proangiogenic and autocrine 
constituent in thymomas and an immunoregulatory factor 
in normal thymus (9). Thymoma and thymic carcinoma 
overexpress both VEGF-A and VEGF-receptors, compared 
to normal thymus. These angiogenesis factors show a 
correlation with advanced clinical stages, mainly in thymic 
carcinomas (10). The chromosome 6 (6p21.1) contains the 
human VEGF-A gene and the chromosome 4 (4q11-q12) 
carries VEGFR2 or KDR gene. These genes are highly 
polymorphic in the population, so single nucleotide 
polymorphisms (SNPs) have been investigated (11-13). 
The frequency of these SNPs varies in the population. In 
addition to VEGF-A and KDR, tumor angiogenesis and 
cancer progression were associated with other several genes, 
including VEGFR3 (14), platelet-derived growth factor 
(PDGF) and PDGFRα (15), hypoxia-inducible factor-1α 
(HIF-1α) (16), and excision repair cross-complementation 
group 1 (ERCC1) (17). In the last years, the scientific 
research focused on translational studies of cellular 

pathways, in order to identify the biology and the genetic 
and epigenetic aberrations drivers in thymic malignancies. 
Furthermore, integrating genomic analyses may lead to the 
identification of new biomolecular targets. 

The main aim of our study was to analyze SNPs 
mainly related to the angiogenesis to assess their role 
about susceptibility to develop thymic lesions and clinical 
outcome. 

Methods

Study population

The study population includes patients who underwent 
complete thymic resections for thymic malignancy or 
thymic benign lesion (including thymic hyperplasia, thymic 
cysts, thymolipoma and thymic remnant) at our institution 
(Università Politecnica delle Marche, Italy) between 1993 
and 2013.

Other eligibility criteria included performance status 
according to Eastern Cooperative Oncology Group 
(ECOG) classification ≤2; normal organ activity; absence 
of serious comorbidity. Our study has been approved by 
the regional ethical committee (Comitato Etico Regionale 
delle Marche, number of approval document: 214439) 
and it conforms to the provisions of in accordance with 
the Helsinki Declaration. All patients signed an informed 
consent to all the diagnostic and therapeutic procedures.

SNP selection, DNA extraction and genotyping

The present study investigated the frequency of SNPs 
involved in angiogenesis in TETs and in thymic benign 
lesions also comparing with general population. Tables 1-3 
show all frequencies and genotype distributions. 

The studied SNPs were carefully chosen through the 
National Center for Biotechnology Information (NCBI) 
data, and reviewing available literature, considering the 
following features:
	The area of the gene; polymorphisms should be 

located in biologically relevant area (i.e., coding 
sequence, 5' UTR and 3' UTR or promoter region 
intron),

	The minor allele frequency (MAF) should be 
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Table 1 Genotype and allele frequencies of evaluated genes polymorphisms in thymomas

Gene SNPs Allele
Frequencies general 

population (%)
Frequencies study 

cohort (%)
n. sample P Yates Odds ratio

VEGFR 2 rs2305948 C 92.00 90.20 51/51 0.6510 0.8364 1.25

T 8.00 9.80

VEGFR 2 rs1870377 T 72.50 74.51 51/51 0.7450 0.8677 0.90

A 27.50 25.49

VEGF A rs2010963 G 68.82 60.78 51/51 0.2295 0.2914 1.42

C 31.18 39.22

VEGF A rs699947 C 52.20 60.78 51/51 0.2163 0.2734 0.70

A 47.80 39.22

VEGFR3 rs307821 C 90.59 87.25 51/51 0.4479 0.5921 1.41

A 9.41 12.75

VEGFR3 rs307826 T 89.80 85.29 51/51 0.3298 0.4458 1.52

C 10.20 14.71

PDGFR-α rs35597368 T 86.70 94.12 51/51 0.0720 0.1185 0.41

C 13.30 5.88

HIF1-α rs2057482 C 90.30 76.47 51/51 0.0080 0.0137 2.86

T 9.70 23.53

HIF1-α rs1951795 C 86.70 66.67 51/51 0.0007 0.0013 3.26

A 13.30 33.33

HIF1-α rs2301113 A 82.70 67.00 50/50 0.0105 0.0166 2.35

C 17.30 33.33

HIF1-α rs10873142 T 86.70 67.35 49/49 0.0013 0.0023 3.16

C 13.30 32.65

HIF1-α rs11158358 C 88.24 73.53 51/51 0.0075 0.0126 2.70

G 11.76 26.47

HIF1-α rs12434438 A 84.50 63.73 51/51 0.0007 0.0012 3.10

G 15.50 36.27

HIF1-α rs11549465 C 92.50 83.33 51/51 0.0446 0.0729 2.47

T 7.50 16.67

HIF1-α rs11549467 G 98.70 100.00 51/51 0.2480 0.7764 0.00

A 1.30 0.00

ERCC1 rs11615 A 64.20 61.00 50/50 0.6400 0.7478 1.15

G 35.80 39.00

SNP, single-nucleotide-polymorphism.
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Table 2 Genotype and allele frequencies of evaluated genes polymorphisms in thymic carcinomas

Gene SNPs Allele
Frequencies general 

population (%)
Frequencies study 

cohort (%)
n. sample P Yates Odds ratio

VEGFR 2 rs2305948 C 92.00 91.67 6/6 0.9762 0.4743 1.05

T 8.00 8.33

VEGFR 2 rs1870377 T 72.50 75.00 6/6 0.8893 0.7454 0.88

A 27.50 25.00

VEGF A rs2010963 G 68.82 70.00 5/5 0.9543 0.6686 0.95

C 31.18 30.00

VEGF A rs699947 C 52.20 75.00 6/6 0.2458 0.4614 0.36

A 47.80 25.00

VEGFR3 rs307821 C 90.59 100.00 4/4 0.3741 0.7704 0.00

A 9.41 0.00

VEGFR3 rs307826 T 89.80 83.33 6/6 0.6423 0.8933 1.76

C 10.20 16.67

PDGFR-α rs35597368 T 86.70 100.00 6/6 0.1910 0.6253 0.00

C 13.30 0.00

HIF1-α rs2057482 C 90.30 91.67 6/6 0.9070 0.5513 0.85

T 9.70 8.33

HIF1-α rs1951795 C 86.70 91.67 6/6 0.6953 0.7906 0.59

A 13.30 8.33

HIF1-α rs2301113 A 82.70 91.67 6/6 0.5111 0.9630 0.43

C 17.30 8.33

HIF1-α rs10873142 T 86.70 91.67 6/6 0.6953 0.7906 0.59

C 13.30 8.33

HIF1-α rs11158358 C 88.24 91.67 6/6 0.7801 0.6893 0.68

G 11.76 8.33

HIF1-α rs12434438 A 84.50 91.67 6/6 0.5879 0.9297 0.50

G 15.50 8.33

HIF1-α rs11549465 C 92.50 100.00 6/6 0.3336 0.9144 0.00

T 7.50 0.00

HIF1-α rs11549467 G 98.70 100.00 6/6 0.6919 0.0320 0.00

A 1.30 0.00

ERCC1 rs11615 A 64.20 50.00 6/6 0.4822 0.7715 1.79

G 35.80 50.00

SNP, single-nucleotide-polymorphism.
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Table 3 Genotype and allele frequencies of evaluated genes polymorphisms in thymic benign lesions

Gene SNPs Allele
Frequencies general 

population (%)
Frequencies study 

cohort (%)
n. sample P Yates Odds ratio

VEGFR 2 rs2305948 C 92.00 97.14 35/35 0.1793 0.3321 0.34

T 8.00 2.86

VEGFR 2 rs1870377 T 72.50 79.41 34/34 0.3456 0.4578 0.68

A 27.50 20.59

VEGF A rs2010963 G 68.82 55.71 35/35 0.1097 0.1541 1.75

C 31.18 44.29

VEGF A rs699947 C 52.20 72.86 35/35 0.0116 0.0188 0.41

A 47.80 27.14

VEGFR3 rs307821 C 90.59 91.43 35/35 0.8623 0.9029 0.90

A 9.41 8.57

VEGFR3 rs307826 T 89.80 82.86 35/35 0.2319 0.3423 1.82

C 10.20 17.14

PDGFR-α rs35597368 T 86.70 91.43 35/35 0.3701 0.5316 0.61

C 13.30 8.57

HIF1-α rs2057482 C 90.30 80.00 35/35 0.0866 0.1400 2.33

T 9.70 20.00

HIF1-α rs1951795 C 86.70 71.43 35/35 0.0264 0.0441 2.61

A 13.30 28.57

HIF1-α rs2301113 A 82.70 66.18 34/34 0.0272 0.0442 2.44

C 17.30 28.57

HIF1-α rs10873142 T 86.70 67.65 34/34 0.0081 0.0146 3.12

C 13.30 32.35

HIF1-α rs11158358 C 88.24 77.94 34/34 0.1091 0.1697 2.12

G 11.76 22.06

HIF1-α rs12434438 A 84.50 69.12 34/34 0.0336 0.0546 2.44

G 15.50 30.88

HIF1-α rs11549465 C 92.50 85.71 35/35 0.1976 0.3090 2.06

T 7.50 14.29

HIF1-α rs11549467 G 98.70 100.00 35/35 0.3385 0.9246 0.00

A 1.30 0.00

ERCC1 rs11615 A 64.20 52.86 35/35 0.1732 0.2338 1.60

G 35.80 47.14

SNP, single-nucleotide-polymorphism.
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equal to or higher than 10% (with the exception of 
rs307821, rs11549465 and rs11549767).

Genomic DNA of patient enrolled in the study, was 
isolated using The RecoverAll™ Total Nucleic Acid 
Isolation Kit for Formalin Fixed Paraffin-Embedded (FFPE) 
Tissues (Applied Biosystems, Foster City, CA, USA), 
according to the manufacturer’s instructions, the DNA 
extraction has been carried out starting from 30 mg of 
paraffin-embedded tissue.

To study the genotype of the selected polymorphisms, we 
used TaqMan SNP Genotyping Assays (Applied Biosystems, 
Foster City, CA). Samples were loaded on the 7300 Real-
Time PCR System (Applied Biosystems) and SDS software 
v1.4.0 for allelic discrimination (Applied Biosystems), was 
used to analyzed the amplification product. Some samples 
were randomly reanalyzed and the results were 100% 
concordant Frequencies data of CEU population provided 
by the HapMap project (www.HapMap.org) were taken as 
reference frequency. If these data were not available, we 
considered the frequencies reported in the 1000 genome 
project (www.1000genomes.org).

Statistical analysis

Clinical data were retrospectively collected from medical 
charts and electronic records. Primary endpoint of the study 
was to investigate the prognostic role of the selected SNPs. 

Overall survival (OS) was defined as the interval between 
the date of surgery to death or last follow-up visit. 

Patients who were not reported as died at the time of the 

analysis were censored at the date, they were last known to 
be alive.

Kaplan-Meier method was used to evaluate OS and 
Mantel-Haenszel log-rank test was applied to compare 
survival among groups. A Cox-regression model was 
employed for the univariate analysis and to detect the 
prognostic role of SNPs. 0.05 value was chosen as 
statistically significant level. 

The Haploview software (Broad Institute, Cambridge, 
MA) was used to check if the SNPs were in the Hardy–
Weinberg equilibrium (HWE) and linkage disequilibrium 
(LD). In the control subjects, the most common genotypes 
were considered as references. The chi-square test and 
a Fisher’s exact probability test was used to assess the 
association between categorical variables. To adjust the 
values for multiple comparisons, Benjamin-Hochberg 
correction method was performed (18). 

Statistical analyses were assessed using MedCalc 
version 11.4.4.0 (MedCalc Software, Broekstraat 52, 9030 
Mariakerke, Belgium).

Results 

Ninety-two patients were included into the study, M/F 
ratio was 35/57 and median age was 52.5 years (range, 8– 
82 years). Clinical characteristics are described in Table 4.  
Fifty-seven patients presented TETs, including 51 
thymomas and 6 thymic carcinomas. In the cohort 
of patients with TETs, eighteen patients (32%) had 
Myasthenia Gravis (MG), whilst 3 (5%) presented with 
lichen ruber planus, pancytopenia, Coombs-positive 
hemolytic anemia and myositis. Among the 51 patients with 
thymomas, 29% presented with AB histology, 23% with B2, 
16% with A, 16% with B3, 6% with B1, 10% with B2-B3, 
according to WHO classification. Approximately 63% of 
the patients had tumors with >5 cm. According to Masaoka-
Koga classification, 38% patients presented pathologic stage 
IIA, while 17%, 31%, 8%, 4%, 2% were found to have 
stages I, IIB, III, IVA and IVB, respectively.

All patient underwent total thymectomy for symptomatic 
mass or MG syndrome.

Description of polymorphisms, HWE and LD

We identif ied two SNPs in VEGFR2  (rs2305948, 
rs1870377), VEGF-A (rs2010963, rs699947), and VEGFR3 
(rs307821, rs307826), respectively, according to the 
aforementioned criteria. A single SNP was identified both in 

Table 4 Patients characteristics

Characteristics Outcomes

Sex

Male 35 (38%)

Female 57 (62%)

Type of disease

Thymoma 51 (55%)

Thymic carcinoma 6 (7%)

Thymic hyperplasia 19 (21%)

Thymic cist 5 (5%)

Thymolipoma 1 (1%)

Thymic remnant 10 (11%)

Age at the diagnosis, years, median [range] 52.5 [8–82]

http://www.HapMap.org
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PDGFR-α (rs35597368) and in ERCC1 (rs11615) and eight 
SNPs were identified in HIF1-α (rs2057482, rs1951795, 
rs2301113, rs10873142, rs11158358, rs12434438, 
rs11549465, rs11549467). Table 5 summarizes chromosomal 
location position within the gene, base exchange, main/
minor allele frequencies (MAF). 

The identif ied SNPs were in Hardy–Weinberg 
equilibrium. At the linkage disequilibrium (LD) analysis 
rs2010963 and rs69947 of VEGF-A were found in strong 
LD similarity to HIF1-α polymorphisms (Figure 1). 

Genotyping and prognostic analyses

Table 1-3 report genotype and allele frequencies of studied 
SNPs in thymomas, thymic carcinoma and thymic benign 
lesions respectively.

The SNPs were distributed homogeneously in the 
entire cohort of patients. Assessing haplotype and allelic 
frequencies, no statistically significant differences between 
the prevalence of SNPs in the TETs group and the 

prevalence of SNPs in the control group were showed. 
However, we found a significant relationship between 
the prevalence of SNPs in patients with thymic lesion 
(thymomas or benign) and in the general population, 
although no significant association was detected for thymic 
carcinomas group. This evidence was detected for the 
following 8 SNPs:
	 HIF-1α :  rs2057482, rs11549465, rs1951795, 

rs2301113, rs10873142, rs11158358, rs12434438;
	 VEGF-A: rs699947.
In particular, rs2057482, rs11549465 and rs11158358 

SNPs of HIF-1α showed significant differences in frequency 
between the thymomas group and the general population, 
whereas rs1951795, rs2301113, rs10873142 and rs12434438 
SNPs of HIF-1α showed similar differences between both 
patients’ groups (benign lesion and thymomas) and the 
general population. Finally, the frequency of rs699947 C 
polymorphism of VEGF-A showed significant difference 
between the benign lesions group and general population, 
whilst no significant difference between patients with 

Table 5 Chromosomal location, position in the gene, base exchange and MAF of polymorphism studied group

Gene ID SNP Chr Position CDS AA change
Allele frequencies CEU (HapMap)

Main allele Minor allele

VEGFA rs2010963 6 5'UTR – G=0.6882 C=0.3118

VEGFA rs699947 6 UPSTREAM – C=0.522 A=0.47

KDR rs2305948 4 c.889 C>T p.V297I C=0.920 T=0.080

KDR rs1870377 4 c.1416A>T p.Q472H T=0.7529 A=0.247

Flt4 rs307821 5 c.3971 G>T p.R1324L G=0.9059 T=0.0941

Flt4 rs307826 5 c.1480 T>C p.T494A T=0.898 C=0.102

PDGFRα rs35597368 4 c.1432T>C p.S478P T=0.867 C=0.133

HIF1α rs2057482 14 3'UTR – C=0.903 T=0.097

HIF1α rs1951795 14 INTRONIC – C=0.867 A=0.133

HIF1α rs2301113 14 INTRONIC – A=0.827 C=0.173

HIF1α rs10873142 14 INTRONIC – T=0.867 C=0.133

HIF1α rs11158358 14 INTRONIC – C=0.8824 G=0.1176

HIF1α rs12434438 14 INTRONIC – A= 0.845 G=0.155

HIF1α rs11549465 14 c.1744C>T p.P582S C=0.925 T=0.075

HIF1α rs11549467 14 c.1762G>A p.A588T G=0.987 A=0.013

ERCC1 rs11615 19 c.354T>C p.N118N A=0.642 G=0.358

MAF, minor allele frequency; SNP, single-nucleotide-polymorphism; CDS, CoDing Sequence; AA, amino acid; CEU, Northern Europeans 
from Utah.



7252 Berardi et al. SNPs role in TETs and thymic benign lesions

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(12):7245-7256 | http://dx.doi.org/10.21037/jtd-19-3720

malignancy and general population was found. 
In particular, the HIF1-α polymorphism rs2057482 

C frequency was lower in thymomas (76.5%) in respect 
of in general population (90.3%), P=0.008, HIF-α allele 
rs11158358 C was significantly more represented in general 
population (88.2%) in comparison with patients with 
thyomas (73.5%), P=0.007; and the frequency of HIF-α 
allele rs11549465 C was significantly higher in general 
population (92.5%) respect to thymomas (83.3%), P=0.044.

The frequency of HIF-1α allele rs1951795 C was 
significantly higher in the general population (86.7 %) than 
study groups, 71.4% in the benign lesions group and 66.7% 
in thymomas group, P=0.026 and P=0.0007 respectively. 
Similarly, the frequency of HIF-1α  polymorphism 
rs10873142 T was significantly higher in the general 
population (86.7%) compared to the study groups (67.7% in 
benign lesions group; 67.4% in thymomas group; P=0.008 
and P=0.001 respectively). Furthermore, HIF-1α allele 
rs12434438 A was significantly overexpressed in the general 
population (84.5%) than the study groups (69.1% in benign 
lesions group; 63.7% in thymomas group; P=0.034 and 

P=0.0007 respectively). Similarly, the frequency of HIF-1α 
polymorphism rs2301113 A was significantly higher in the 
general population (82.7%) than thymomas groups (66.2% 
in benign lesions group; 67% in thymomas group; P=0.027 
and P=0.010 respectively).

Finally, the frequency of VEGF-A polymorphism 
rs699947 C was significantly higher in patients with benign 
lesion (72.9%) respect to general population (52.2%), 
P=0.012, whilst there was no significant difference between 
patients with malignancy and general population.

Discussion

SNPs analysis is a new promising investigation area in 
oncology. In fact, SNPs may represent tumor risk markers, 
prognostic and predictive factors and pharmacological 
targets. 

Angiogenesis plays a crucial role in TETs tumor growth 
and development, therefore we investigated angiogenesis 
related genes. 

The role of VEGF-A and VEGFR-1 and 2 in thymic 

Figure 1 Linkage disequilibrium plot generated by Haploview software. LD is displayed as pairwise D’ values. Shading represents the 
magnitude and significance of pairwise LD, with a red-to-white gradient reflecting higher-to-lower LD values. Red diamond without a 
number corresponds to D’ values of 1.0.
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proliferative lesions was initially studied by Cimpean 
and colleagues (9), assessing their immunohistochemical 
expression in TETs and in other benign conditions. They 
observed a strong immunostaining for VEGF in type 
B3 thymomas in neoplastic epithelial cells, in normal 
endothelial cells, in plasma within the blood vessels and 
focally in the stroma adjacent to the tumor. VEGFR 
resulted positive in neoplastic epithelial cells and in 
endothelium. Thus, they suggested that VEGF may act as 
an immunoregulatory factor in the normal thymus and as 
proangiogenic and autocrine factor in thymomas (9,15).

Recently Lattanzio and colleagues (19) conducted a 
similar study assessing the expression of angiogenesis-
related biomarkers in a large series of TETs arranged in 
Tissue Micro Arrays. The immunostaining of VEGF-A, 
VEGF-C, VEGF-D, VEGFR-1, VEGFR-2, VEGFR-3, 
resulted significantly lower in low risk TETs than high 
risk TETs (thymoma B3 and thymic carcinoma), whilst no 
differences were observed in terms of PDGFR-β expression. 

Several studies showed a correlation between VEGF and 
VEGFR SNPs and risk of different tumors (20-24). 

Nevertheless, the impact of VEGF and VEGFR2-3,  
HIF-1α, PDGFRα and ERCC1 SNPs on thymic tumor risk 
and clinical behavior have not been studied, yet. Therefore, 
the aim of our study was to assess the prognostic role of 
angiogenesis-related genes SNPs and their susceptibility 
to develop thymic malignancies. The polymorphism 
frequencies were analyzed in benign lesions group and 
malignancy group in comparing each other and with general 
population. 

No statistically significant differences between the 

prevalence of SNPs in the thymic carcinomas group and the 
prevalence of SNPs in the general population were showed, 
probably due to small sample of the study group.

Our results showed that the frequency of HIF-1α 
polymorphism rs2057482 C, rs11549465 C and rs11158358 
C resulted significantly lower in thymomas than in general 
population. These results suggest the protective role of 
these SNPs (Figure 2). The role of HIF-1α rs2057482 has 
not yet been investigated in cancer disease. Conversely, 
HIF-1α rs11158358 C was considered as risk factor in 
Chinese women with cervical cancer (25) and rs11549465 C 
contributes to increased cancer susceptibility according the 
literature (26).

The frequencies of HIF-1α polymorphism rs1951795 C,  
rs10873142 T, rs1243448 A and rs2301113 A were 
significantly higher in the general population than in the 
benign lesions and in the thymomas group, thus suggesting 
a protective role (Figure 2). This is the first study showing 
a significant relationship between these alleles and cancer 
disease. As regard HIF-1α rs11549465 T allele, a correlation 
with tumor development (27-32).

In our previous study, HIF-1α rs11549465 T frequency 
was higher in TETs patients vs. general population, 
although this difference was slightly significant (33).

According to our results, VEGF-A allele rs699947 C 
seems to be related only to benign lesions suggesting a risk 
factor role (Figure 2). Several studies considered this allele 
as risk factor of thyroid cancer and protective factor of 
colorectal cancer and chronic myeloid leukemia (34).

Within the benign lesion group, we found no significant 
difference in terms of overall survival between various 
genotypes. This expected result may depend on the lack 
of death events in benign lesions groups. In fact, in our 
previous study on TETs, several polymorphisms resulted 
significantly associated with better outcome (33). 

In the literature, no previous study analyzed the 
angiogenetic variants in TETs and thymic benign lesion. 
The data of our research suggest that the angiogenic 
pathway could  have  an important  ro le  in  tumor 
development according to the first therapeutic experience 
by Ströbel and colleagues (35), that reported surprising 
activity of sunitinib metastatic thymic carcinoma patients 
refractory to conventional treatment.

A phase II study, designed to confirm the activity 
of Sunitinib in previously treated TETs has also been 
conducted. This trial by Thomas and colleagues enrolled 
patients both with thymic carcinoma and thymoma, after 
least one platinum-based anticancer treatment and with 

Figure 2 Single-nucleotide-polymorphisms (SNPs) distribution in 
the study groups. SNPs distribution in general population, thymic 
malignances and thymic benign lesions.

HIF-1α: �rs1951795 C 
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progressive disease. Patients were treated with sunitinib. 
In 23 evaluable patients with thymic carcinoma and in 
16 patients affected by thymoma, the overall response 
rates (ORR) were 26% and 6%, respectively, and median 
progression free survivals were 7.2 months for patients with 
thymic carcinoma and 8.5 months, respectively (36).

Again, Remon and colleagues investigated 28 pretreated 
TETs patients (20 thymic carcinoma and 8 thymomas) 
underwent off label Sunitinib. Sixty three percent of disease 
control rate (86% for thymomas, and 55% for thymic 
carcinoma) was observed. The median OS was not reached 
for thymoma patients and for thymic carcinoma patient was 
instead 12.3 months (P=0.043) (37).

Another Europen phase II trial with the aim of 
investigation of Sunitinib clinical activity in patients with 
advanced thymic carcinoma who have failed chemotherapy 
is ongoing (NCT02623127) (38).

In conclusion, our results suggest possible biomarkers 
with the SNPs analysis that may be a further asset in 
definition of patients, who could benefit from anti-VEGF 
and anti-VEGFR agents thus suggesting the potential 
importance of innovative antiangiogenic therapies including 
targeted agents such as Sunitinib, and potentially Sorafenib 
and Pazopanib. Therefore, this study represents a further 
step on the road to personalized anticancer therapy for TETs.
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