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Expression of vascular endothelial growth factor is a clinically
useful predictor for aggressive basal cell carcinoma
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Objectives: Basal cell carcinoma (BCC) tumors are locally invasive but rarely metastatic. However, aggressive
metastatic variants are being increasingly reported in elderly people. Here we investigated the clinical utility
of vascular endothelial growth factor (VEGF) as a predictive biomarker for aggressive BCC variants.
Methods: Thirty-five pathologically confirmed cases of BCC that underwent surgical removal in the Plastic
Surgery Department between January 1, 2011 and December 31, 2012 were studied. VEGF expression was
analyzed in formalin-fixed paraffin-embedded tumor tissue by immunohistochemical staining. Positive staining
was defined as more than 10% of the tumor cells showing immunoreactivity. The associations of VEGF
expression with various clinicopathologic parameters were analyzed.

Results: The face was the most prevalent site (28/35), with 15 cases from the nose, 6 cases from the eyelid,
and 5 cases from the cheek. The patients were aged between 41 and 86 years, with a mean age of 69.26
+ 173.903 years. The mean BCC size was 1.34 + 3.853 cm, with a range of 0.3 cm to 12.0 cm. The mean
tumor invasion depth from the basement epidermal membrane was 0.17 + 0.035 cm, with a range of 0.03
cm to 1.10 cm. A mean of 5.66 + 20.938 intraoperative frozen section slides were examined. VEGF was not
expressed in 14 of the 35 patients (40.0%), whereas 42.9% of the patients had low expression and 17.1% of
the patients had high expression. VEGF expression was significantly associated with age (P = 0.022), size (F
= 0.030), site (P = 0.013), tumor invasion depth (= 0.019), and number of intraoperatively frozen sections
(P = 0.003).

Conclusions: These results suggest that VEGF expression as assessed by immunohistochemistry can predict
aggressive or poor prognosis in BCC.
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Basal cell carcinoma (BCC) is the most common
skin cancer, accounting for about 80% of skin can-
cers in America.'

These tumors are low-grade malignant and
rarely metastatic. However, their public health
relevance is increasing and their global incidence

is rising due to increases in life span.” Some pa-

tients have a high risk of developing additional
tumors within 5 years of diagnosis with BCC.?
These tumors are locally invasive, causing dis-
figurement and increasing morbidity due to fre-
quent facial localization.! Early diagnosis and
prompt management of BCCs is of crucial im-

portance in order to prevent local tissue destruc-
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tion and subsequent disfigurement.>* Although
various noninvasive or minimally invasive techni-
ques have increased the diagnostic accuracy of
BCC and progress has been made regarding treat-
ment options for BCC, more aggressive variants
of BCC still pose significant challenges for the
healthcare system.>* A potential solution is the
development of novel biomarkers for diagnosis,
prognosis, and therapy monitoring. This ap-
proach can be used in various malignancies, in-
cluding BCC. We hypothesized that gene ex-
pression signatures of tumor cells suggestive of
the tumoral microenvironment could serve as
novel predictive and prognostic biomarkers in
BCC.

Angiogenesis, a process consisting of growth
and expansion of the vasculature, is involved in
the growth and metastasis of many cancers.’
Angiogenesis is a prognostic indicator for a varie-
ty of tumors, suggesting proliferation of neo-
plastic cells into the circulation and metastasis.’
Several molecules such as cell surface receptors,
growth factors, and enzymes are involved in this
process. Moreover, antiangiogenic therapy for
cancer was proposed over 20 years ago as a valid
target for anticancer drug development.

Vascular endothelial growth factor (VEGF) is a
potent proangiogenic factor and several studies
have established a critical role for VEGF in skin
cancer.® Hence, VEGF has become the primary
antiangiogenic drug target.6 For example, an in-
tralesional anti-VEGF antibody (bevacizumab)

was recently shown to be feasible for adjuvant
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treatment of locally advanced BCCs.”

Regarding oncogenesis, VEGF may involve
carcinogenesis.® VEGF may also have direct ef-
fects on keratinocytes and skin tumor cells, spe-
cifically by promoting skin carcinogenesis by al-
tering the survival, proliferation, or stemness of
keratinocytes and tumor cells in an autocrine
manner.” !

Clinically, BCCs are rarely metastatic tumors.
However, about 10 cases of metastatic orbitofa-
cial metastatic basal cell carcinoma were de-
scribed between 1995 to 2015, after surgical
removal.

This evidence suggests that VEGF evaluation for
skin BCCs is a clinically promising prognostic fac-
tor and therapy target. However, few clinical re-
search studies have investigated these possibil-
ities, especially in Korea. The purpose of this
study was to evaluate the utility of VEGF ex-
pression as a prognostic or predictive factor of
clinicopathological factors in basal cell carcino-
ma, with the ultimate goal of enhancing our un-
derstanding of the development and management

of BCCs.

MATERIALS AND METHODS

Tissue samples

Thirty-five patients with BCC who underwent
plastic surgery to remove a BCC tumor mass be-
tween 2011 and 2012 were selected for analysis.

Hematoxylin-eosin stained (HE) slides were re-
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trieved from the Department of Pathology at
Kosin University Gospel Hospital. All slides were
reviewed by a trained pathologist. All slides, in-
cluding frozen slides, were reviewed based on the
presence or absence of the BCC characteristics.
All samples and corresponding data were
de-linked and anonymized by decoding. This
study was approved by the Institutional Review

Board of Kosin University Gospel Hospital (KUGH
2017-10-009).

Immunohistochemistry

Formalin-fixed and paraffin-embedded (FFPE)
biopsies and excision specimens were used.
Four-micron sections were cut and stained with
primary polyclonal anti-VEGF antibodies (1:200,
Neomarkers, Fremont, CA, USA) using a
BONDMAX autostainer system and a pre-treat-
ment module. The module used EnVision FLEX
Target Retrieval Solution, High pH (Dako,
Heverlee, Belgium). The antibodies were applied
for 20 minutes at room temperature. A Dako
Envision Flex kit (K8002) was used for secondary
detection.

The slides were deparaffinized in xylene, rehy-
drated, and incubated in hydrogen peroxide
(H202) in methanol for 30 minutes to inactivate
endogenous peroxidase activity. Antigen retrieval
was performed by microwave treatment at 90 W
for 10 minutes in 10 mM citrate buffer (pH 6);
non-specific protein binding was blocked using

3% bovine-serum-albumin (BSA). Antigen-anti-

body complexes were subsequently visualized us-

ing the Envision™ Detection System kit perox-
idase/DAB (DAKO, Glustrop, Denmark) and coun-
terstained with hematoxylin. For negative con-
trols, the primary antibody was replaced by either

rabbit

appropriate. All stained sections were evaluated

mouse or non-immune serum, as
in a blinded manner without prior knowledge of

the patient data.

Immunostaining interpretation

All sections were evaluated. For all tumors, at
least four randomly chosen high-power fields
(magnification 200x) were assessed per slide to
determine the percentage of positive tumor cells.
Cell staining was scored as follows: O (no staining),
1 (¢ 50% staining), or 2 (0 50% staining). For all
assessments, HF was used as an internal standard
and was considered to be 100% positive. Positive
staining was defined as immunoreactivity of more

than 10% of the tumor cells.

Statistical analysis

Statistical analyses were carried out using SPSS
version 24.0 software (SPSS, Chicago, IL, USA).
Descriptive data are presented as absolute num-
bers and percentages for categorical data and as
means with standard deviations for continuous
data. The Chi-square test for independent pro-
portions was performed to evaluate the differ-
ences and similarities in expression of VEGF be-
tween clinical data, especially according to VEGF
negative and positive groups in final analysis. P

values less than 0.05 were considered statistically
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Fig. 1. The pathologic findings of Basal cell carcinoma of skin on the face. (H-E, x100)

significant.

RESULTS

Regarding tumor site, the face was the most prev-
alent site (28/35: 80%) (Fig. 1). Of the tumors on
the face, 15 cases were from the nose (42.9%),
6 from the eyelid (17.1%), and 5 from the cheek
(14.3%). Sites other than the face included 1 case
from the anus, 1 case from the temporal area,
1 case from the clavicle, 1 case from the nasal
cavity, and 2 cases from the trunk skin. Regarding
gender, 15 patients were male (42.9%) and 20 pa-

tients were female (53.1%), yielding a male-to-fe-
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male ratio of 0.75: 1. Patients were aged between
41 and 86 years, with a mean age of 69.26 + 173.903
years. The mean BCC size was 1.34 + 3.853 cm,
with a range of 0.3 cm to 12.0 cm. BCC arising
from face skin consisted of 28 cases (80.0%). The
mean tumor invasion depth from the epidermal
basement membrane was 0.17 = 0.035 cm, with
a range of 0.03 cm to 1.10 cm. The mean number
of frozen sections obtained from patients was 5.66
+ 20.938, with a range of 0 to 19 (Table 1). Frozen
sections were not obtained from five patients.
VEGF was not expressed in 14 of the 35 patients
(40.0%) (Fig. 2A). However, 15 and 6 patients
showed low expression (42.9%) (Fig. 2B) and high
expression (17.1%) (Fig. 2C), respectively.



The clinical implication of VEGF expression in basal cell carcinoma

(B)

©

Fig. 2. The expression of VEGF by immunostaining in the basal cell carcinoma (x100)

(A) Negative expression of VEGF in the basal cell carcinoma
(B) Low—expression of VEGF in the basal cell carcinoma
(C) High—expression of VEGF in the basal cell carcinoma

79



Kosin Medical Journal 2018;33:75-84.

Table 1. The association of VEGF expression with clinicopathologic variables in the basal cell carinoma

Cases of VEGF expression P value
_ according to
s o0 0S8 : Positive reaction(n = 21) positivity
(%) negative(%) (expression
(h = 14)  total of Positivity low(%) high(%) exlpeeeSS'o
(%) (n = 15) (h = 6) v
mean age 69.26 + 103.903 63 + 14486 73.41 + 10.915 73.47 = 10.954 73.33 + 10.875 (88(2)2)
gender 0.096
gend 15(42.9) 7(46.7) 8(5.5) 5(33.3) 3(20.2) (0.120)
female 20(53.1) 7(25.0) 13(75.0) 10(60.0) 3(15.0)
Mean size 4, 4 3850 0709 + 0289 1.645 + 1.875 1.023 + 2.897 1367 + 0582 0090
(cm) (0.030)
site 0.002
(0.013)
face 28(80.0) 9(32.1) 19(67.9) 14(50.0) 5(17.9)
non—face 7(20.0) 5(64.4) 2(33.6) 1(14.3) 1(14.3)
invasion 0.000
depth(mm) 1.7 £ 0.035 1.21 £ 0.092 1.79 = 0.495 221 + 0.26 1.63 £ 0.71 (0.019)
numbers 0.000
of frozen 566 = 20.94 3.29 + 2.76 8.02 £ 5121 6.20 + 413 9.83 + 6.11 (0'003)
section .

VEGF expression was significantly associated
with age (P = 0.022), size (Z= 0.030), tumor invasion
site depth (P = 0.019), and number of frozen sec-
tions(” = 0.003).

The mean age of patients with no VEGF ex-
pression was 63 * 14.486 years, whereas those
of patients with low and high expression were 73.47
+ 10.954 and 73.33 + 10.875 years, respectively.
VEGF expression was significantly correlated with
age (P =0.022). In male patients, 7 cases (46.7%)
had no VEGF expression. However, in female pa-
tients, 7 cases (35.7%) had no VEGF expression
and 10 cases (50.0%) had low VEGF expression.
VEGF expression was not associated with gender.
Mean tumor size was greater in cases with low

VEGF expression compared to those with high ex-
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pression (2= 0.030). Specifically, the mean tumor
size was 0.710 cm in patients without VEGF ex-
pression, 1.923 c¢m in patients with low VEGF ex-
pression (VEGF-low), 1.367 cm in patients with
high VEGF expression (VEGF-high), and 1.645 cm
in patients with VEGF-positive. The incidence of
non-face tumor sites was higher in VEGF-negative
patients than in VEGF-positive patients (2= 0.013).
Tumor invasion depth was significantly deeper in
VEGF-negative patients (mean: 1.21 cm) than in
VEGF-low (mean: 2.21 cm) and VEGF-high (mean:
1.63 cm) patients (P = 0.019), and than VEGF-pos-
itive group(mean: 1.79cm) (p = 0.000).

The mean number of frozen sections excised
by the plastic surgeon was correlated with VEGF

expression: 3.29 in VEGF-negative cases, 6.20 in
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VEGF-low cases, and 9.83 in VEGF-high cases (P
= 0.003).

DISCUSSION

Angiogenesis is a crucial process in the pro-
gression and metastasis of many cancers, including
skin cancer.®!? Typically, angiogenesis is required
for tumors to grow beyond 1-2 mm in size and
offers a pathway for tumor cells to spread to meta-
static sites.>® Hence, tumor angiogenesis has been
a challenging therapeutic target of many cut-
ting-edge strategies. % To induce angiogenesis, tu-
mor cells and stromal cells in the tumor mass micro-
environment must break the balance of pro- and
anti-angiogenetic factors, favoring an “angiogenic
switch”.”> The conversion of pro-angiogenic sig-
nals to anti-angiogenic signals allows capillary
sprouting by proliferation and migration of endo-
thelial cells.14 Eventually, the newly formed vessels
supply oxygen and nutrients to the tumor; this
is required for progression.’* VEGF has been iden-
tified as a potent angiogenic factor.”

VEGF mRNA levels in normal epidermis are low.
However, differentiated epidermal cell layers have
been shown to have higher VEGF expression than
less differentiated epidermal cells.'® In this study,
distinct expression of VEGF was not identified by
immunohistochemistry. In human BCCs, weak
VEGF expression is typically seen in tumor cells
predominantly localized to the invading front

margin.'” We observed a similar expression pat-

tern, supporting this phenomenon. Bowden et al."”
reported that VEGF was expressed in 54.5% (24/44)
of the examined BCCs, most of which had low
expression. In this study, VEGF was not expressed
in 14 of the 35 patients (40.0%), expressed at low
levels in 15 of the patients (42.9%), and expressed
at high levels in 6 of the patients (17.1%). In this
study, 60% of the BCCs expressed VEGF and 42.9%
of the BCCs had low VEGF expression. Weninger
reported that 64.3% (9/14) of the analyzed BCCs
expressed VEGF mRNA.'® Thus, our results are in
the range of those reported by Bowden and
Weninger.

VEGF expression is low in animal skin and in-
creases gradually during tumor development.'
Moreover, VEGF is suspected to be clinically upre-
gulated in more aggressive tumors.’

We found that VEGF expression was significantly
associated with age (2= 0.022), size (7= 0.030),
site (P = 0.013), tumor invasion depth (2= 0.019),
and number of frozen sections (2= 0.003). These
results suggest that VEGF expression is higher in
large and deeply invasive tumors (i.e., tumors that
tend to become aggressive), comparable to the
findings of Gaitanis.” One study using an animal
model showed that VEGF involves chemi-
cally-induced tumorigenesis and that VEGF is ex-
pressed rapidly at very high levels in metastatic
cases.” In the present study, one metastatic case
had high VEGF expression (data not shown).

Management of BCC is dependent on a variety
of factors, including lesion location, patient age,

comorbidities, and tumor histologic type.®> The site
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at which the lesion occurs is important because
tumors that arise in cosmetically or functionally
important areas are best managed with treatments
that minimize the amount of tissue removed while
ensuring a high chance of complete cure.’ In the
elderly population, the slow growing nature of
BCCs means that less invasive treatments may be
favored, despite the fact that some of these meth-
ods have higher recurrence rates.> In the present
study, the average patient age was 69.26 years,
so patients underwent less invasive surgery per-
formed by plastic surgeons and sections were fro-
zen to reduce tissue loss.

Interestingly, VEGF expression was positively as-
sociated with age. This unexpected result might
result from the positive associations between high-
er expression and larger size with increased age.
Older age is associated with increased incidence
of BCCs on the face. Due to the importance of
satisfactory cosmetic outcomes when tumors arise
on the face, treatment decisions might differ sig-
nificantly from those that would be made for BCCs
arising elsewhere. Facial BCCs had more frozen
sections from which the marginal status could be
identified, with increased VEGF expression.
Another possible explanation is the increased tu-
mor size. Regarding risk factors for BCC metastasis,
one study followed ten metastatic cases for 20
years.”! The median metastatic tumor size (largest
dimension) was 3.3 cm (range, 1.9-11.5 cm).

Branson' suggested that increased tumor size,
local primary tumor recurrence, aggressive histo-

logic subtype, and perineural invasion were all
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markers of high risk orbitofacial basal cell
carcinoma. The present study included only BCCs
surgically removed by plastic surgeons, with 2 cases
of recurrence. While the recurrent cases showed
high expression of VEGF, intraoperative con-
sultation (frozen sections) was performed. Frozen
sections were acquired from most (30) cases, with
a mean of 5.66 sections. The number of frozen
sections was significantly increased in VEGF-low
cases compared to VEGF-high cases. A potential
explanation for this finding is that the increased
number of frozen sections may be due to tumor
size and invasion depth, which lead to VEGF
expression. Thus, larger size reflects more frozen
sections. Tumor invasion depth was significantly
deeper in patients without VEGF expression (mean:
1.21 cm) than in VEGF-low (mean: 2.21 cm) and
VEGF-high (mean: 1.63 cm) patients. Interestingly,
the VEGF- low-expressed group showed deeper
depth of invasion than the VEGF-high-expressed
group, but statistically insignificant (p=0.096). This
result might be explained by small number of cases
or another factors of tumor invasion, which are
pericyte function for vascular sprouts and mesen-
chymal transition. There are reports about dual
function of VEGF in the tumor invasion that VEGF
has also functions as negative regulator for peri-
cytes®? and VEGF inhibits tumor cell invasion in
some condition.” Therefore, we could presume
that VEGF has a crucial role in tumor invasion
in early stage, however, in later stage of invasion
of the basal cell carcinoma, the expression of VEGF

become lower, comparing to early stage.
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Cumulatively, our findings suggest that VEGF
expression is a potential biomarker for aggressive
BCCs with poor prognosis and that provide clini-
cian with helpful information, for example, intra-
operative frozen section.

A limitation of this study is the small number
of cases, which hinders establishment of the clin-
ical significance of VEGF expression. The next
study with larger scale of cases will be needed

for verifying these results.
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