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Expression of vascular endothelial growth factor
receptor in thymic epithelial tumors
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Abstract. Thymic epithelial tumors (TETs) are rare and the
major symptoms are not obvious until the tumor progresses to
a relatively large size and compresses the surrounding organs.
As its growth is aggressive and it metastasizes to distant organs,
it is important to find novel effective therapies. Lenvatinib, a
vascular endothelial growth factor receptor (VEGFR) inhib-
itor, is approved as a drug therapy for thymic carcinoma (TC);
however, although it is a molecular targeted therapy, there are
no obvious predictors of therapeutic efficacy. The present study
aimed to assess the association between clinicopathological
factors and the protein expression of VEGFR, which is associ-
ated with tumor aggressiveness and the efficacy of VEGFR
inhibitors. The VEGFR-2 protein expression was evaluated in
144 patients with TETs who underwent surgical resection. The
present study assessed whether the expression of VEGFR-2
protein was associated with TET classification and patho-
logical stage, progression-free survival and overall survival
(OS). A total of 94 cases (65.2%) were positive for VEGFR-2
protein. The expression of VEGFR-2 was higher in the more
aggressive type B3 thymoma and TC (88.5%) than in types A,
AB, Bl and B2 thymoma (60.2%). The 5-year OS rate for the
overall population was 53.1%. The 5-year OS rates of patients
with negative VEGFR-2 staining score values (66.5%) were
significantly longer than in patients with positive VEGFR-2
staining score values (42.5%; P=0.000078). Furthermore, the
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pathological stage was the only factor significantly associated
with OS in multivariate analysis. The results of the present
study suggest the possibility that the indications for VEGF
inhibitor therapy could be extended to type B3 thymoma.

Introduction

Clinical studies to establish novel effective drug therapy for
thymic epithelial tumors (TETs), which are tumors located in
the anterior mediastinum, are difficult to plan, due to the lack
of a large number of cases. The European Society for Medical
Oncology guidelines recommend cisplatin + doxorubicin +
cyclophosphamide and platinum-based anticancer therapies,
such as carboplatin + paclitaxel, for thymic carcinoma (TC) (1).

The multi-vascular endothelial growth factor (VEGF)
receptor (VEGFR) inhibitor lenvatinib has been shown to be
effective for TC, based on the results of the REMOMA trial,
and can now be used in clinical practice (2). Lenvatinib, a
molecularly targeted drug against tyrosine kinases, is effec-
tive in patients with TC, but it also carries the risk of several
side effects, such as proteinuria and hypothyroidism (3). We
hypothesize that more effective treatment plans for TC can be
formulated if the efficacy can be predicted before prescrip-
tion. By doing so, the prognosis of patients with TET could be
improved.

VEGFR-1 and -2 are mainly involved in tumor angiogen-
esis; however, VEGFR-1 also has a main role in modulating
the inflammatory response (4). It has also been reported
that VEGFR-2 is primarily involved in activating signals
for tumor angiogenesis (5). The present study first assessed
VEGFR-2 to identify a group of patients who would respond
to lenvatinib in TET. In a previous study, VEGF expression
was evaluated in 17 thymic specimens, with VEGFR-1 and -2
expression reported in the normal thymic region and in the
lesion area, and VEGF expression was reported in the tumor
epithelial cells of thymomas, in the vascular endothelium and
in the stroma close to the tumor (6). Predicting the response to
lenvatinib prior to the administration of pharmacotherapy may
help to optimize the postoperative management of advanced
TC and the treatment of recurrent disease. In the present study,
immunohistochemistry (IHC) was used to assess the expres-
sion of VEGFR-2 protein, as potentially relevant to the efficacy
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of VEGF inhibitors in patients with TETs, including TC. The
present study also evaluated thymomas that were completely
resected by surgery to assess the possibility of expanding the
therapeutic indications.

Patients and methods

Patients. The present study analyzed completely resected
tumor tissues from 144 TETs from patients aged 25-87 years
who were treated at Nagoya City University Hospital (Nagoya,
Japan) between April 2004 and March 2021. Exclusion criteria
were as follows: i) Cases in which postoperative pathology did
not diagnose TETs; ii) cases in which surgery did not result in
specimen removal; and iii) cases in which the specimen block
was no longer available. There were no missing data, except
for 7 cases in which outpatient follow-up was stopped midway
through. Patients who were lost to follow-up early were not
excluded from prognostic studies or other analyses.

The present study was performed in accordance with the
Declaration of Helsinki and was approved by the institutional
review board of Nagoya City University Graduate School of
Medical Sciences in 2020 (approval no. 70-19-0016). The
requirement for individual patient consent was waived due to
the retrospective nature of this study and since individuals were
not identified. The original hematoxylin and eosin-stained
slides were reviewed by a pathologist. The 2021 edition of the
World health Organization classification was used for histopa-
thology (7) and the 8th edition of the Union for International
Cancer Control classification was used for typing and staging
of TETs (8).

IHC staining. VEGFR-2 protein expression was assessed
using THC, with hematoxylin and eosin-stained sections
(5 uM-thick) evaluated using microscopy. Immunostaining
was performed as follows: Deparaffinization was performed
by immersion in xylene, followed by immersion in 100,
90, 80 and 70% ethanol for 5 min each. After washing in
running water, antigen activation was performed by heat
treatment (120°C for 15 min) in 10 mM citrate buffer
(pH 6.0), washing in phosphate-buffered saline (PBS),
and soaking in methanol with 0.3% hydrogen peroxide for
30 min to prevent endogenous peroxidase activity. After
another wash in PBS, the slides were covered with Block
Ace (undiluted at room temperature for 10 min) (Megmilk
Snow Brand Co., Ltd.), a normal animal serum, to block
non-specific reactions, and allowed to react for 10 min in a
wet box. The slides were then coated with 200-fold diluted
mouse anti-VEGFR-2 antibodies (cat. no. sc-393163; Santa
Cruz Biotechnology, Inc.) and kept in a 4°C, dark place
in a wet box overnight. They were then washed with PBS
and coated with mouse horseradish peroxidase-conjugated
EnVision+ Single Reagent (undiluted; room temperature for
45 min) (cat. no. K400111-2; Agilent Technologies, Inc.) and
incubated for 45 min in a wet box. Subsequently, they were
washed with PBS and incubated for 10 min in DAB/hydrogen
peroxide (Sigma-Aldrich; Merck KGaA) reaction solution
after checking for staining. The slides were then washed
with running water. Nuclei were stained with hematoxylin
(room temperature for 1 min), dehydrated in 100% ethanol
and xylene, and permeated and sealed.

Evaluation methods. VEGFR-2 staining was evaluated under
an optical microscope at x400 magnification. The plasma
membrane of the tumor cells (epithelial cells) was evaluated for
staining intensity and the proportion of staining. Lymphocytes
were excluded from the evaluation.

As there is no established method for evaluating immu-
nostaining for VEGFR-2, the method for determining human
epidermal growth factor (EGF) receptor 2, a membrane
protein like VEGFR, was referred to. The evaluation of
immunostaining was prepared according to the method for
determining immunostaining in the American Society of
Clinical Oncology/College of American Pathologists guide-
lines (9). No staining of the plasma membrane was scored as
0. Patchy staining of the plasma membrane was scored as 1,
and a specimen with >50% of the plasma membrane stained
was scored as 2. Complete circumferential staining of all the
cell membranes was scored as 3. The % stained cells within
the tumor cells was also assessed. In the case of thymoma
type AB and tumors with mixed parts with multiple scores,
the part with the highest score was targeted for evaluation.

Statistical analysis. All statistical analyses were performed
using EZR (version 1.61; Division of Hematology, Saitama
Medical Center, Jichi Medical University) (10).

Pearson's correlation coefficient was used to determine
correlation coefficients. Welch's test was use for comparisons
between two groups when the variance was not considered equal.
The Kruskal-Wallis test was used to compare the other groups,
followed by the Steel-Dwass multiple comparisons test. P<0.05
was considered to indicate a statistically significant difference.
The log-rank test was used to compare overall survival (OS) and
disease-free survival (DFS) between groups using Kaplan-Meier
curves. Univariate and multivariate analyses were performed
using Cox proportional hazard regression models.

Results

VEGFR-2 staining score in 144 patients with TETs. The
expression of VEGFR-2 was assessed in 144 patients who
underwent surgical resection of a TET (Table I). The mean
and median ages of the patients at the time of surgery were
59.0 and 58 years, respectively. The histological types of
thymomas were as follows: Type A (n=15), type AB (n=30),
type Bl (n=39), type B2 (n=34), type B3 (n=13) and TC
(n=13) (5). The pathological stages of thymoma were as
follows: Stage 1 (n=31), stage 2 (n=73), stage 3 (n=15) and
stage 4 (n=12). The pathological stages of TC were as follows:
Stage 1 (n=8), stage 2 (n=1), stage 3 (n=2) and stage 4 (n=2).
The following treatments were administered: Preoperative
treatment (n=18), steroid pulse therapy (n=13), carboplatin +
paclitaxel (n=2), radiotherapy (n=1), cisplatin + etoposide (n=1)
and doxorubicin + cisplatin + vincristine + cyclophosphamide
therapy (n=1) (data not shown).

Table II presents the VEGFR-2 staining scores for all
cases according to the pathological type of TETs. The immu-
nohistochemical staining score for VEGFR-2 protein was 0 in
50 cases, 1 in 66 cases, 2 in 22 cases, and 3 in 6 cases.

Representative images of hematoxylin and eosin staining
and THC are presented in Figs. 1 and 2. A case of type A
thymoma is shown in Figs. 1A and 2A (VEGFR-2 staining
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Table I. Patient characteristics (n=144).

Characteristic Value
Age,n (%)
<60 years 74 (514)
=60 years 70 (48.6)
Sex, n (%)
Male 70 (48.6)
Female 74 (514)
Pathology, n (%)
Thymoma type A 15 (10.4)
Thymoma type AB 30 (20.8)
Thymoma type B1 39 (27.1)
Thymoma type B2 34 (23.6)
Thymoma type B3 13 (9.0)
Thymic carcinoma 13(9.0)
Tumor size, mm® 78.5 (50)
Thymoma UICC stage, n (%)
1 31(21.5)
2 73 (50.7)
3 15(10.4)
4 12 (8.3)
Thymic carcinoma UICC stage, n (%)
1 8(5.6)
2 1(0.7)
3 2(1.4)
4 2(1.4)

*Data are presented as mean (median). UICC, Union for International
Cancer Control.

intensity score, 0; 0%); a case of type Bl thymoma is shown
in Figs. 1B and 2B (VEGFR-2 staining intensity score, 1;
40%); a case of type B3 thymoma is shown in Figs. 1C and 2C
(VEGFR-2 staining intensity score, 2; 65%); and a case of TC
is shown in Figs. 1D and 2D (VEGFR-2 staining intensity
score, 3; 95%).

The relationship between the staining score and the patho-
logical stage is presented in Table III. There was a significant
positive correlation between the VEGFR-2 staining score and
the pathological stage (correlation coefficient,0.167, P=0.04). A
significant positive correlation was also demonstrated between
the tumor diameter and VEGFR-2 staining score (correlation
coefficient, 0.339; P=0.00003). There was no correlation with
any other clinicopathological factor (data not shown).

Association between the VEGFR-2 staining score value
and clinicopathological factors. When the product of the
VEGFR-2 staining score and the % stained cells (defined as
the VEGFR-2 staining score value) was evaluated, the mean
value was 18.5, and the median value was 5. Fig. 3 demon-
strates the range of VEGFR-2 staining scores for each type of
TET. Type Bl thymoma had the lowest staining score.

In the present study, Type A, AB, Bl and B2 thymomas
were categorized as low-grade TETs, whilst type B3
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Table II. Number of VEGFR-2 stained cases per pathological
type of thymus epithelial tumor.

VEGFR-2 score

Pathology 0 1 2 3 Total
Thymoma type A 2 12 1 0 15
Thymoma type AB 9 20 1 0 30
Thymoma type B1 30 6 3 0 39
Thymoma type B2 6 19 8 1 34
Thymoma type B3 2 4 4 3 13
Thymic carcinoma 1 5 5 2 13
Total 50 66 22 6 144

VEGFR, vascular endothelial growth factor receptor.

Table III. Number of VEGFR-2 stained cases per pathological
stage of thymus epithelial tumor.

VEGFR-2 score

Pathological stage 0 1 2 3 Total
I 15 14 2 0 31
II 26 43 10 3 82
I 4 6 6 2 18
v 5 3 4 1 13
Total 50 66 22 6 144

There was a significant positive correlation between the VEGFR-2
staining score and the pathological stage (correlation coefficient,
0.167; P=0.04). VEGFR, vascular endothelial growth factor.

thymomas and TCs were categorized as high-grade TETs.
The mean + standard deviation of the VEGFR-2 staining
score value was 9.11+88.05 for low-grade TET, compared with
61.03+88.06 for high-grade TET. The values were significantly
higher in the high-grade TET group compared with in the
low-grade TET group (P=0.0063; Fig. 4).

Preoperative treatment. The association between preop-
erative steroid pulse therapy and the VEGFR-2 staining
score value was analyzed and the results demonstrated that
the VEGFR-2 staining score values of patients who received
steroid pulse therapy did not differ from those of patients who
did not receive steroid pulse therapy (data not shown).

No significant differences were identified between the
groups categorized according to pathological stage (P=0.226;
Fig. 5). Advanced-stage TET (stages 3-4) had a higher
VEGFR-2 staining score in comparison with early-stage TET
(stage 1-2); however, the difference between the groups was
not statistically significant (P=0.24).

Association between the VEGFR-2 staining score value and
the prognosis. The 5-year OS and DFS rates for the overall
population were 53.1 and 50.8%, respectively. The 5-year OS
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Figure 1. HE staining of thymic epithelial tumors. HE staining of (A) thymoma type A, (B) thymoma type B1, (C) thymoma type B3 and (D) thymic carcinoma.
HE, hematoxylin and eosin. Magnification, x400.

Figure 2. Immunostaining of thymic epithelial tumors. Vascular endothelial growth factor receptor staining score was (A) 0, (B) 1 with 40% stained cells,
(C) 2, with 65% stained cells, and (D) 3, with 95% stained cells. Magnification, x400.
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Figure 3. Average VSV for thymic epithelial tumors grouped by pathological type. VSV, vascular endothelial growth factor receptor score value.
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Figure 4. Average VSV for thymic epithelial tumors grouped by grade type.
VSV, vascular endothelial growth factor receptor score value.

and DFS rates in the low-grade TET group (OS, 53.4%; DFS,
54.3%) were notably higher than those in the high-grade TET
group (OS, 36.6%; DFS, 32.2%); however, the differences were
not significant (OS, P=0.48; DFS, P=0.408). Furthermore, the
5-year OS and DFS rates of patients with negative VEGFR-2
staining score values (OS, 66.5%; DFS, 65.5%) were higher
than those of patients with positive VEGFR-2 staining score
values (OS, 42.5%; DFS, 45.4%), and the differences were
found to be significant (OS, P=0.000078; DFS, P=0.00051).
Table IV shows univariate and multivariate analysis of
TETs prognosis. Univariate analyses identified preopera-
tive therapy (P=0.00869), VEGFR-2 staining score value >1
(P=0.0438) and advanced pathological stage (P=0.000253)
as significant risk factors for OS. Age (P=0.5661), sex
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Figure 5. Average VSV for thymic epithelial tumors grouped according to the
8th edition of the Union for International Cancer Control classification stage.
VSV, vascular endothelial growth factor receptor score value.

(P=0.06429), histological grade (P=0.1139), smoking history
(P=0.9193), and tumor size (P=0.6264) were not associated
with OS. Advanced pathological stage was the only factor that
showed a significant association with OS in the multivariate
analysis (P=0.008076).

Of the 13 deaths in the current study, 7 were tumor-related
deaths and 6 were deaths from other diseases.

Discussion
TET is a rare tumor, and the elucidation of improved treat-

ment for advanced and relapsed cases, especially for TC and
type B3 thymoma, is needed. Overcoming the difficulties of
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Table I'V. Univariate and multivariate analysis of thymic epithelial tumor prognosis.

Univariate analysis

Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value
Age 1.01 (0.975-1.047) 0.5661
Sex
Male 2.58 (0.95-7.02) 0.0643
Female 1
Preoperative therapy
Yes 4.70 (1.48-14.92) 0.0087 1.67 (0.47-5.99) 0.4302
No 1
Histological grade
Low 1
High 2.33 (0.82-6.65) 0.1139
VEGEFR score
Positive 3.25(1.03-10.22) 0.0438 2.23(0.71-70.34) 0.1714
Negative 1
Smoking
Never 1
Smoker 1.05 (0.40-2.77) 09193
Pathological stage
1 and 2 1
3and 4 245 (1.52-3.95) 0.0003 2.08 (1.21-3.58) 0.0080
Tumor size
<5cm 1
>5cm 1.27 (0.49-3.30) 0.6264

HR, hazard ratio; CI, confidence interval; VEGFR, vascular endothelial growth factor receptor.

planning a clinical study to establish novel effective drug
therapies, a previous study reported that a daily dose of 24 mg
lenvatinib demonstrated a 38.1% response rate, and achieved a
marked reduction in tumor size for recurrent or unresectable
TC (2). Regarding VEGFR molecular-targeted therapeutic
drug inhibitor for TC and B3 thymomas, the RELEVENT
phase II trial reported that carboplatin + paclitaxel +
ramucirumab, a monoclonal antibody with antiangiogenic
activity that specifically targets the extracellular domain of
VEGFR-2, was effective for untreated metastatic TC and B3
thymoma (11).

To date, no genetic driver mutations have been reported
in thymomas and TC that could serve as therapeutic targets
for effective therapy, to the best of our knowledge. A previous
study reported that no obvious driver mutations can be
detected in thymomas and TC (12). According to the results
of a biomarker analysis in a phase 2 trial of lenvatinib for
advanced medullary thyroid cancer, several factors, including
high serum VEGF, soluble VEGFR-3 and platelet-derived
growth factor-a, and low baseline levels of soluble Tie-2, were
reported as positive predictive markers for the efficacy of
lenvatinib (13). Circulating fibroblast growth factor (FGF)19
and FGF23 were also indicated as positive predictive markers
for the efficacy of lenvatinib in hepatocellular and thyroid
carcinoma, respectively (14,15).

For the growth of tumors, blood vessels are needed to
carry nutrients and oxygen along with waste products and
metabolites. The limit of diffusion in the interstitial fluid is
~200 pgm, and as long as tumors are small, metabolic main-
tenance is possible without blood vessels entering the tumor.
However, for tumors >1-2 mm, angiogenesis into the tumor
is required. Angiogenesis is associated with tumor growth
and distant metastasis, and angiogenic factors include VEGF,
basic fibroblast growth factor, angiopoietin, hepatocyte
growth factor, EGF and placental growth factor (16). The
findings of the present study suggest that low-grade TETs,
specifically thymoma types A and Bl, express minimal
VEGFR-2 expression levels. Conversely, high-grade TETs,
including TC and thymoma type B3, demonstrated elevated
VEGFR-2 expression levels. Larger tumors and more
advanced-stage lesions were also demonstrated to express
VEGFR-2. To the best of our knowledge, no other studies
have evaluated tumor size and the expression of VEGFR-2.
The expression of VEGF mRNA has been reported to be
increased in many solid tumors, including brain, gastric,
renal, colon and ovarian tumors (17-19). Since the forma-
tion of blood vessels is necessary for solid tumors to grow
beyond a certain size, it is conceivable that the expression of
VEGEF, which is strictly specific to vascular endothelial cells,
increases during tumor growth (20).
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Factors known to adversely affect the recurrence and
life expectancy in patients with TETs include tumor size,
incomplete resection and pathological staging; however, age,
sex, and myasthenia gravis are not considered to have a prog-
nostic impact (21,22). Furthermore, colorectal cancer (23),
gastric cancer (24), cervical cancer (25) and papillary thyroid
cancer (26,27) have been reported to have an adverse effect
on the prognosis in VEGF- and VEGFR-positive case groups.
However, to the best of our knowledge, there are no previous
studies assessing the relationship between VEGF or VEGFR
and prognosis in thymoma and TC. In the univariate analysis
in the present study, a high expression of VEGFR-2 was
associated with a worse prognosis; however, the expression
of VEGFR-2 showed no prognostic impact in the multivariate
analysis. The present study investigated the PFS and OS
according to differences in VEGFR-2 expression; however,
as the numbers of cases with thymic cancer and type B3
thymoma, and stage III and IV disease are small, no signifi-
cant differences were observed in terms of PES or OS.

If the expression of VEGFR-2 is confirmed to predict the
efficacy of lenvatinib in future studies, there may be benefits,
such as increased complete resection rates, if lenvatinib can
be used as a preoperative therapy for TETs with surrounding
organ invasion. To this end, future research should evaluate
VEGFR-2 in biopsy specimens and surgical specimens
from patients treated with lenvatinib for the postoperative
recurrence of TET and patients who are diagnosed with unre-
sectable TET, as well as the antitumor efficacy of lenvatinib
and the subsequent recurrence rate. Alternatively, tumors that
require concomitant resection prior to treatment may no longer
require concomitant resection after treatment. Furthermore,
future research should use cell lines to perform a functional
analysis of VEGFR-2.

The present study had several limitations, including the
inclusion of cases in which tissue sections were stored for
long periods, the retrospective case-count design, the single
center setting, and the fact that immunostaining of the tissues
was performed by hand, which may have resulted in uneven
staining in comparison with machine staining. Moreover,
the selection bias was not ignored. In particular, the number
of the cases with thymic cancer and type B3 thymoma, and
stage III and IV disease was low, making it difficult to fully
examine them. Despite these limitations, there are no reports
assessing VEGFR-2 expression in TETs, to the best of our
knowledge, and it is hoped that the present study is a useful
report suggesting that VEGFR may be a novel target for the
treatment of TETs. Finally, of the 13 deaths in the current study,
seven were tumor-related deaths and six were deaths from
other diseases. As a high proportion of the deaths from other
diseases, the influence of this factor could not be excluded.

In conclusion, among TETs, the expression of VEGFR-2
was notably high in TETs that were of a higher grade, larger
tumors and advanced stages. Future research should evaluate
the effects of modulating VEGFR-2 expression on other
thymic cancer cells using cell lines for VEGFR-2 and other
receptors in TET.
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