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Abstract

Background: Hepatocellular carcinoma (HCC) is the most common primary liver neoplasia. Vascular endothelial factor
receptor 2 (VEGFR-2) plays an important role in angiogenesis and it has been associated with poor survival in certain other
tumor types. Although a recent study also suggested an association between VEGFR-2 expression and HCC, the relationship
between VEGFR-2 amplification and HCC is still obscure.

Aim: To evaluate prognostic role of vascular endothelial growth factor receptor 2 (VEGFR-2) amplification in relation to
serum alpha-fetoprotein (AFP) levels and tumor clinicopathological parameters among liver-transplanted patients with HCC.
Study design: Cohort study

Methods: A total of 54 formalin-fixed paraffin-embedded and frozen HCC samples from patients who underwent liver
transplantation between 2009 and 2015 were analyzed. VEGFR-2 amplification was determined via fluorescence in situ hybridization
(FISH) method in tissue samples obtained during liver transplantation and analyzed with respect to serum AFP levels, tumor
clinicopathological parameters, and oncological outcomes including recurrence free survival (RFS) and overall survival (OS).
Results: Amplified VEGFR-2 gene was prominent in 27 (50.0%) patients, while AFP levels were 2100 ng/mL in 14 (25.9%)
patients. Presence of amplified VEGFR-2 gene was associated with significantly shorter RFS time (mean 72.8 vs 101.3 months for
positive and negative patients respectively, P = .015), whereas had no significant impact on OS time (median 79.2 vs 93.1 months,
respectively, P = .206). Presence versus absence of amplified VEGFR-2 gene was associated with significantly higher levels of AFP
(meanxSD 266.6+405.8 vs 40.6£94.6 ng/mL, P = .016) and higher recurrence rate (81.8 vs 18.2%, P = .018), and significantly
predicted the AFP levels 2100 ng/ml (OR, 10.2, 95%Cl 1.8-56.9, P = .008). Lymphatic invasion and vascular invasion emerged as
independent predictors of poor OS (HR, 12.4 [95% ClI, 2.7-57.3], P = .0l) and RFS (HR, 8.3 [95% CI, 2.3-29.8], P = .01).
Conclusion: In conclusion, our findings revealed the presence of amplified VEGFR-2 gene and its association with serum
AFP elevation for the first time in HCC. VEGFR-2 amplification was associated with significantly shorter RFS and it emerged
as a significant predictor of elevated AFP. Accordingly, our findings seem to indicate the role of AFP elevation in VEGFR-2-
mediated tumorigenesis as well as the likelihood of amplified VEGFR-2 gene and high AFP levels to determine the risk status
and efficacy of VEGFR-2-inhibitors in HCC liver transplanted patients.
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HCC, liver transplantation is the best treatment modality
associated with the highest likelihood of cure, also offering a
potential treatment for the underlying cirrhosis.!0

Vascular endothelial growth factor (VEGF) harbors 3 tyrosine
kinase receptors, namely the VEGF receptor 1, VEGF receptor 2
(VEGFR-2), and VEGF receptor 3. VEGFR-2 is a major regulator
of angiogenesis and is encoded by the KDR gene (located at 4q12)
in HCC.!!-13 The blockage of VEGFR-2 is considered a promising
strategy to inhibit tumor-induced angiogenesis to provide cancer
patients maximal survival benefit.!"¥!> HCC lesions are
characterized by arterial hyper-vascularity, in which angiogenesis
plays an important role.!® Knockdown of VEGFR-A 165
expression inhibits the proliferation, migration, survival, and
adhesion ability of HCC cell culture.'” SHARP study was the first
study to show the potential role of VEGFR inhibition, albeit with
limited survival benefit, in HCC treatment.®

However, given the discouraging results obtained in
preclinical studies with VEGFR inhibitor treatments indicating
a limited survival benefit with rapid revascularization and
more invasive and metastatic behavior of cancers after the
initial suppression of tumor vasculature and tumor growth,!8-20
the need for further investigation of the mechanisms involved
in VEGF-mediated regulation of tumor angiogenesis and to
develop novel strategies to enhance efficacy of VEGFR
inhibitors with MET inhibitor has been emphasized.!”

Indeed, the high expression of VEGFR-2 by HCC tumor cells
was reported via real-time polymerase chain reaction, western
blotting and immunohistochemistry and shown to be associated
with poor prognosis.?!?> However, despite the likelihood of gene
overexpression and gene amplification to have differential
prognostic roles, no genomic study to date have provided data on
VEGFR-2 amplification as well as its prognostic value in liver-
transplanted HCC patients.?> Only one immunochemical study
in transplanted patients indicated a high expression of VEGFR-2
in cirrhotic liver tissue but not in the tumor tissue.??

In addition, while a link between VEGFR overexpression
and increased concentrations of alpha-fetoprotein (AFP) has
previously been described, the relationship between
VEGFR-2 amplification and AFP is unclear.?!-?* This seems
notable given that a high-level gene amplification of a TKI
receptor gene such as VEGFR-2 has been considered likely to
serve as a biomarker for TKI inhibitor therapy.?®

This study was therefore designed to evaluate VEGFR-2
gene amplification in HCC tumor samples obtained during
liver transplantation, using the gold standard FISH method,
and to evaluate the potential prognostic role of amplified
VEGFR-2 gene in relation to serum AFP levels, tumor
clinicopathological parameters, and oncological outcome.

Materials and Methods

Tissue Samples

A total of 54 formalin-fixed paraffin-embedded and frozen
HCC samples from patients who underwent hepatic

transplantation between 2009 and 2015 were obtained from
Pathology Department. Mixed tumors with coexisting
intrahepatic cholangiocarcinoma were excluded.

The study was conducted in accordance with the ethical
principles stated in the “Declaration of Helsinki.”

Assessments

Data on patient demographics (age, gender), primary etiology,
tumor clinicopathological parameters (tumor stage, tumor
grade, tumor diameter, microvascular invasion, lymphatic
invasion, vascular invasion, portal vein invasion, hepatic vein
invasion, bile duct invasion and positive surgical margin) and
serum level of AFP (ng/mL) as well as follow-up data on
recurrence-free survival (RFS) and overall survival (OS)
were retrieved from the hospital records. All tumors were
classified according to the WHO classification system.
VEGFR-2 amplification in tumor samples was analyzed
using FISH technique.

FISH Technique

VEGFR-2 FISH analyses were performed, respectively, using
the Abnova VEGFR-2 4ql12/CEN 4pl3 Texas Red/FITC
Amplification dual color FISH probes (Abnova Jhongli,
Taiwan). Gene amplification was identified with FISH
technique on 3 pm-thick tissue sections with a Dako Histology
FISH Accessory kit following the manufacturer’s instructions.
FISH slides were read using an epifluorescence microscope
(Zeiss, Oberkochen, Germany) at x1000 magnification
(Zeiss) with DAPI, SpectrumGreen, SpectrumRed, and
double SpectrumGreen plus SpectrumRed filters (Abbott
Molecular). The microscope was connected to a charge-
coupled device camera and software (In Situ Imaging System
version 5.3; MetaSystems Hard & Software, AltluBheim,
Germany) for analyzing fluorescent signals. The amplification
criteria for each probe was set to >15% of tumor nuclei with
> 2.5 amplification signal per tumor nuclei within 100 tumor
nuclei. Figure 1 illustrates an example of VEGFR-2 FISH
positivity.

Statistical Analysis

Statistical analysis was made using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp.,, Armonk, NY).
Categorical variables were compared using Pearson’s Chi-
square test or Fisher’s exact test. Continuous variables were
compared using Mann-Whitney U or Student’s t-test for
independent samples, depending on the normality of the data.
Multivariate analysis (stepwise logistic regression) was used
for determination of risk factors predicting high AFP levels.
Recurrence-free survival was defined as the time elapsed
between the date of hepatic transplantation and death from
any cause or recurrence. OS analysis was based on the time
elapsed between the date of hepatic transplantation and death
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Figure |I. An Example of FISH Positivity for Amplified VEGFR-2 Gene.

from any cause and patients without event at the last follow
up were censored. Survival rates were estimated using
Kaplan-Meier analysis and inter-group comparisons were
performed using the log-rank test. Multivariate analysis of
potential factors for RFS and OS was performed via Cox
proportional hazard model. Data were expressed as
meantstandard deviation (SD), minimum-maximum, and
percent (%), and 95% confidence interval (CI) where
appropriate. P < .05 was considered statistically significant.

Results

Patient Demographics and Tumor
Clinicopathological Characteristics

Mean+SD patient age was 56.6+8.2 years and males (92.6%)
composed the majority of study population. In terms of the
etiology of liver disease, 33 patients had hepatitis B (61.1%),
10 patients had hepatitis C (18.5%), 1 patient had nonalcoholic
steatohepatitis (1.9%), and 10 patients had cryptogenic
cirrhosis (18.5%). T 1-3 stage tumors were evident in 79.6%
of patients along with microvascular invasion (48.1%), portal
vein invasion (34.6%), and hepatic vein invasion (39.2%) in
at least one-third of the study population (Table 1).

Amplified VEGFR-2 gene was evident in 27(50.0%)
patients. Patient demographics as well as all
clinicopathological parameters, except for serum AFP
levels and recurrence rates, were similar between positive
and negative groups for VEGFR-2 amplification.
Presence of amplified VEGFR-2 gene was associated
with significantly higher levels of AFP (meantSD
266.6+405.8 vs 40.6+94.6 ng/mL, P = .016) and higher
recurrence rate (81.8 vs 18.2%, P = .018) (Table 1). AFP
levels were >100 ng/mL in 14(25.9%) patients and
>400 ng/mL in 7(13.0%) patients.

Correlates of Higher AFP Levels

Lymphatic invasion (21.4 vs 2.5%, P = .049), vascular
invasion (28.6 vs 2.5%, P = .013), presence of amplified
VEGFR-2 gene (85.7 vs 35.0%, P =.001), and recurrence
(63.6 vs 36.4%, P = .004) were significantly more
common among patients with high (=100 ng/mL) versus
low (<100 ng/mL) AFP levels. Among them, multivariate
analysis identified presence of amplified VEGFR-2 gene
as the only significant independent predictor for AFP
levels >100 ng/ml (OR, 10.2, 95%CI 1.8-56.9, P = .008)
(Table 2).
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Table I. Patient Demographics and Tumor Clinicopathological Characteristics.

VEGFR-2 PValue
Total (n = 54) Positive (n = 27) Negative (n = 27)
Age (Year), mean+SD 56.6+8.2 57.5+9.3 55.9+7.2 0.298
Male Gender n (%) 50 (92.6%) 25 (96.2%) 25 (89.3%) 0.612
AFP (ng/ml), mean£SD 149.4+308.6 266.6+405.8 40.6+£94.6 0.016
T Stage
T 1-3n (%) 43 (79.6%) 10 (69.2%) 25 (89.3%) 0.68
T4 n (%) Il (20.4%) 8 (30.8%) 3 (10.7%)
Grade llI-IV n (%) 14 (25.9%) 8 (30.8%) 6 (21.4%) 0.434
Tumor Diameter, cm (meantSD) 3.5%1.7 3.8£1.8 3.2£1.5 0.229
Microvascular Invasion n (%) 26 (48.1%) 14 (53.8%) 12 (42.9%) 0419
Lymphatic Invasion n (%) 4 (7.4%) 3 (11.5%) I (3.6%) 0.342
Vascular Invasion n (%) 5(9.3%) 4 (15.4%) | (3.6%) 0.135
Portal Vein Invasion n (%) 18 (34.6%) 8 (32.0%) 10 (37.0%) 0.703
Hepatic Vein Invasion n (%) 20 (39.2%) 12 (50.0%) 8 (29.6%) 0.137
Bile Duct Invasion n (%) 4 (7.7%) 2 (8.0%) 2 (7.4%) 1.000
Positive Surgical Margin n (%) I (2.2%) | (4.3%) 0 (0%) 1.000
Recurrence, n (%) 11(20.4) 9(81.8) 2(18.2) 0.018
Abbreviations: AFP, alpha fetoprotein; VEGFR-2, vascular endothelial growth factor receptor-2.
Table 2. Correlates of higher AFP levels
AFP levels (ng/mL) p value OR3 95% ClI p value
Variables, n(%) <100 (n=40) =100 (n=14) LB UB
Lymphatic invasion 1(2.5) 3(21.4) 0.049!
Vascular invasion 1(2.5) 4(28.6) 0.013!
Amplified VEGFR-2 gene 15(37.5) 12(85.7) 0.002! 10.2 1.8 56.9 0.008
Recurrence 4(36.4) 7(63.6) 0.0042

Abbreviations: AFP, alpha fetoprotein; VEGFR-2, vascular endothelial growth factor receptor-2; OR, odd ratio; Ci, confidence interval; LB, lower

bound; UB, upper bound
3Multivariate analysis (stepwise logistic regression).

bPearson chi-square.
cFisher Exact Test.

Presence of amplified VEGFR-2 gene was also
significantly more common in the AFP>400 group vs
AFP<400 ng/mL group (85.7 vs 44.7%, P = .045).

RFS Time and OS Time According to Demographic
and Clinicopathological Characteristics

During the median 68.5 months of the follow-up period
(range, 3-78 months), 17 (31.5 %) patients died and 37 (68.5
%) were still alive and 5-year OS rate was 82% (median 89.8
months, range, 79.7 to 97.9 months).

Presence of amplified VEGFR-2 gene was associated with
significantly shorter RFS time (mean (95% CI) 72.8 (58.0-
87.7) versus 101.3 (92.3-110.2) for positive and negative
patients, respectively, P =.015), whereas it had no significant
impact on OS time (median [95% CI] 76.8 [65.5-88.1] vs
91.2 [79.3-103.1] for positive and negative patients,
respectively, P =.065) (Table 3, Figures 2 and 3).

AFP levels of >100 ng/mL as compared to lower AFP
levels were associated with significantly shorter mean RFS
time (60.7 (39.4 — 82.0) vs. 99.1 (90.8 — 107.4), p=0.001) and
a nonsignificant tendency for shorter median OS time
(72.0 [53.8-90.2] vs 93.6 [83.9-103.3], P = .061) (Table 3,
Figures 2 and 3).

Amongst the tumor clinicopathological parameters
studied, the presence of lymphatic invasion (46.5 vs 92.3
months, P = .005 and 39.0 vs 83.4 months, P = .023,
respectively) and vascular invasion (46.5 vs 92.2 months,
P = .008 and 35.6 vs 84.7 months, P = .003, respectively)
were the only parameters associated both with significantly
shorter median OS time and median RFS time (Table 3).

Cox-regression analysis identified lymphatic invasion
(HR, 12.4, 95% CI, 2.7-57.3, P = .01) and vascular invasion
(HR, 8.3, 95% CI, 2.3-29.8, P = .01) as the only independent
significant determinants of poor OS and poor RFS,
respectively.
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Table 3. Survival Outcome According to Demographic and Clinicopathological Characteristics.

RFS Time (Months)

OS Time (Months)

Median (95% Cl) PValue? Mean (95% ClI) PValue?
Total (n = 54) 80.2 (69.6 — 90.8) - 89.8 (79.7 - 97.9) -
Age (Year)
>57 86.3 (71.0-101.6) 0.287 96.3 (82.7 — 109.8) 0.243
<57 74.8 (60.6 — 89.0) 80.4 (68.2 —92.6)
VEGFR-2 Amplification
Positive (n = 26) 72.8 (58.0 - 87.7) 0.015 82,3 (68.9 — 95.6) 0.069
Negative (n = 28) 101.3 (92.3 -110.2) 92.0 (80.0 — 103.9)
AFP level (ng/mL)
<100 99.1 (90.8 — 107.4) 0.001 88.9 (79.3 —98.5) 0.133
>100 60.7 (39.4 - 82.0) 76.1 (55.0-97.2) Mean
T Stage
TI-3 82.1 (70.3 — 94.0) 0.518 91.5 (80.1 — 102.8) 0.436
T4 70.2 (49.1 - 91.3) 78.9 (62.4 — 95.4)
Differentiation
Grade |-2 84.6 (73.4 — 96.0) 0.200 94.8 (84.4 — 105.1) 0.05
Grade 3-4 63.2 (41.1 — 85.2) 66.9 (47.9 — 85.8)
Microvascular invasion
Absent 86.7 (73.0-101.0) 0.178 94.6 (81.1 — 108.1) 0.319
Present 70.0 (55.0 — 85.0) 79.5 (68.1 — 91.0) mean
Lymphatic invasion
Absent 83.4 (72.9 — 94.0) 0.023 92.9 (83.1 - 102.7) 0.0l
Present 39.0 3.5-74.5) 45.8 (154 -76.1) mean
Vascular invasion
Absent 84.7 (74.3 - 95.1) 0.003 92.8 (82.9 — 102.7) 0.02
Present 35.6 (6.6 — 64.4) 45.8 (15.4-76.2) mean
Portal vein invasion
Absent 84.4 (71.7 - 97.1) 0.186 95.3 (83.6 — 106.9) 0.133
Present 62.9 (45.6 —80.1) 71.3(57.3-854) mean
Hepatic vein invasion
Absent 86.4 (73.3 - 99.5) 0.080 95.4 (82.1 — 108.7) 0.184
Present 64.4 (47.2 - 81.6) 77.7 (64.9 — 90.5)
Bile duct invasion
Absent 81.1 (70.1 —92.1) 0.184 91.7 (81.1 - 102.2) 0.118
Present 39.3(9.3-69.2) 545 (37.5-71.6)
Surgical margin
Negative 77.7 (65.6 — 89.7) 0.092 87.8 (76.5 — 99.0) 0.04
Positive 25.0 (25.0 — 25.0) 35.3(35.3-35.3)
Tumor diameter
>3.5cm 70.6 (55.8 — 85.5) 0.568 90.8 (77.7 — 103.9) 0.507
<3.5cm 82.6 (69.2 —96.0) 79.4 (69.3 — 89.5)

Abbreviation: OS, overall survival.

Recurrence-free survival.

3Log-rank test.
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Figure 2. Kaplan-Meier Curves for Recurrence-Free Survival According VEGFR-2 Amplification and AFP Levels.
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Figure 3. Kaplan-Meier Curves for Overall Survival According VEGFR-2 Amplification and AFP Levels.

Discussion

Our findings revealed the presence of amplified VEGFR-2 in
at least half of HCCs. Presence of amplified VEGFR2, while
had no significant impact on OS, significantly predicted
higher AFP levels and was associated with significantly
higher recurrence rate and a shorter RFS. This seems notable

given that higher AFP levels were associated with a non-
significant tendency for shorter OS and significantly shorter
RFS, and with more common presence of 2 tumor pathology
parameters (lymphatic invasion and vascular invasion) that
significantly predict OS and RFS, respectively.

High baseline AFP plasma levels (>200 ng/mL) were
reported to have a negative impact on OS in HCC patients,?
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while the association of elevated AFP concentrations with
poor prognosis in HCC patients has also been stated in the
EASL guidelines.?’

The current study investigated the relationship VEGFR-2
amplification and AFP for the first time in HCC and identified
that VEGFR-2 amplification was a significant independent
predictor of AFP levels of >100 ng/mL. Presence of amplified
VEGFR-2 gene and AFP levels>100 ng/mL were both
associated with higher rate of recurrence. Given the
association of high AFP levels also with poor prognostic
characteristics such as tumor invasiveness and poor survival
in the current study, our findings seems to emphasize the
potential role of VEGFR{-2 inhibition in improving prognosis
among HCC patients via decreasing the expression of AFP.

Notably, data from REACH trial in HCC patients regarding
the use of ramucirumab, an anti-VEGFR-2 monoclonal antibody
that specifically binds to VEGFR-2, revealed no significant
survival benefit in the overall study population, whereas further
subgroup analysis (REACH-2 trial) indicated the efficacy of the
treatment in terms of improved OS and progression free survival
(PFS) in a subgroup of patients with AFP >400 ng/mL, resulting
in approval of the drug as second-line agent for advanced HCC
(after sorafenib) in patients with AFP >400 ng/mL.?8-3 In this
regard, our findings seem to provide additional data that would
contribute to a better understanding of the mechanism
underlying ramucirumab efficacy.

Our findings indicate significantly higher levels of AFP
secretion by tumors with vs without amplified VEGFR-2
gene (median 266.6 vs 40.6 ng/mL), and thus indicate high
AFP levels as potential predictive factor of efficacy of
VEGFR-2 inhibitors in HCC patients. Likewise, a consistent
correlation of an early decrease of > 20% in AFP levels
following sorafenib with objective response and better
outcome (both OS and PFS) has been reported in several
studies conducted with advanced HCC patients.3!-3* Moreover,
VEGF-A gene amplification with FISH was reported to be
11% and associated with response to sorafenib in a mouse
model study, and authors considered the VEGF-A
amplification as a potential biomarker of response to VEGF-
A-blocking drugs in HCC.%

To the best of our knowledge, this is the first study to show
an association between elevated AFP and VEGFR-2
amplification in HCC, indicating genetic information
involving the VEGFR-2 signal pathway in HCC and
highlighting VEGFR-2 amplification among the factors that
increase AFP in this signal pathway. In this regard, FISH
seems to be an appropriate method to examine VEGF and
VEGFR signal pathways for guidance on pretreatment
identification of responsiveness to therapy. Notably, although
the soluble VEGF-A inhibitor antibody bevacizumab with
atezolizumab was for the first time associated with a survival
difference versus sorafenib, the gene amplification of
VEGF-A in HCC was shown to be 11%.33:36

Although no survival impact of amplified VEGFR-2 in
HCC was noted in the current study, it should be noted that

AFP levels were >400 ng/mL only in 7(13.0%) patients in our
study population. Hence, given the suggested role of AFP
levels >400 ng/mL in prediction of higher treatment efficacy
with VEGFR-2 inhibitors, there is a need for larger scale
studies in subpopulations of HCC patients with AFP levels of
>400 ng/mL.

VEGFR-2 is a conserved marker for hepatic progenitors
and a functional receptor instructing early liver development.3’
After the first description of VEGFR-2 amplification in
glioblastoma multiforme in 2005, the association of FISH
positivity for VEGFR-2 amplification with poor oncological
outcome has been reported in several other cancer types
including non-small lung cancer,®® triple-negative breast
cancer,? childhood brain tumors.*! In the study of
glioblastoma multiforme, if tumors have more than 7 copy
numbers per one centromere, these were defined as high-level
amplification and if copies were 3 to 7, these were considered
as low-level amplification.’® Johansson and et al, defined
amplification as the ratio between gene copies and centromere
probe >2 in >10% of cancer cells.** Blom and et al defined
amplification when 6 or more signals per nuclei were present
in at least 20% of tumor cells.*! In our study, >2.5 signal per
nuclei in >15% of tumor nuclei within 100 tumor cells was
considered as amplification. Nonetheless, several studies
reported no association between VEGFR-2 amplification
positivity and VEGFR-2 protein expression detected by
immunohistochemistry.?340.41

In patients with HCC, VEGFR-2 overexpression has been
related to progressive pathological features (ie large tumor
diameter, poor differentiation, elevated AFP, and multi-focal
disease) and poor prognosis.?! In the current study, amongst
the clinicopathological characteristics studied, only serum
ALP levels differed with respect to presence of VEGFR-2
overamplification, while tumor invasion and VEGFR-2
amplification were more likely in case of high AFP levels and
VEGFR-2 overamplification emerged as an independent
predictor for elevated AFP.

An EpCAM positivity rate of 2% in HCC and normal liver
cells suggests that HCC may not be of epithelial origin and
may therefore be a chemo-resistant tumor for the epithelial
tumor chemotherapies. In our study, half of the tumors were
VEGFR-2 amplification positive. Previous embryological
studies suggesting a mesodermal origin for VEGFR-2 may
partially account for the clinical behavior of HCC including
chemo-resistance.*>* If this assumption proves valid, this
would probably change the current paradigm of HCC
treatment.

Certain limitations to this study should be considered. First,
potential lack of generalizability seems to be the most important
limitation due to small sample size. Second, in accordance with
the candidacy criteria for liver transplantation that considers
AFP level >1000 ng/as an exclusion criterion for liver
transplantation,?’ the number of patients with an AFP > 400 ng/
ml in our study population comprising liver-transplanted
patients was too small to conduct a subgroup analysis.
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In conclusion, our findings revealed the presence of
amplified VEGFR-2 gene and its association with serum AFP
elevation for the first time in HCC. VEGFR-2 amplification
was directly associated with RFS and it also emerged as a
significant predictor of elevated AFP. Accordingly, our findings
seems to indicate the role of AFP elevation in VEGFR-2-
mediated tumorigenesis as well as the likelihood of amplified
VEGFR-2 gene and high AFP levels to determine the efficacy
of VEGFR-2-inhibitors in HCC patients. Further investigation
of clinicopathological characteristics and oncological
outcomes related to amplified VEGFR-2 gene in a larger
subpopulation of HCC patients with higher AFP levels as well
as the examination of other VEGF and VEGFR signal pathways
using the FISH methodology may contribute to the development
of the most effective combination in HCC patients.

Author Contributions

Conceptualization, SS; data curation, SS, UIK, MD, GBD, MA,
MB, and EQ; methodology, SS, UIK, MD; writing—original draft,
SS; writing—review and editing, SS, UIK, MD, GBD, MA, MB,
and EQ.

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

The study was conducted in accordance with the ethical principles
stated in the “Declaration of Helsinki” and approved by the Human
Research Ethics Committee of Demiroglu Bilim University (No:
2016-59).

Funding

The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article. This study
was funded by Turkish Society of Medical Oncology
(P-TTOD-2018-35).

References

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statis-
tics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

2. Ko KL, Mak LY, Cheung KS, Yuen MF. Hepatocellular
carcinoma: recent advances and emerging medical thera-
pies. F1000Res. 2020 Jun 17;9:F1000 Faculty Rev-620. doi:
10.12688/f1000research.24543.1.

3. Bruix J, Qin S, Merle P, et al. Regorafenib for patients with
hepatocellular carcinoma who progressed on sorafenib treatment
(RESORCE): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet. 2017;389(10064):56—66. doi:10.1016/
s0140-6736(16)32453-9.

4. Cheng AL, Kang YK, Chen Z, et al. Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with advanced

11.

13.

15.

16.

18.

19.

20.

hepatocellular carcinoma: a phase III randomised, double-blind,
placebo-controlled trial. Lancet Oncol. 2009;10(1):25-34.
doi:10.1016/s1470-2045(08)70285-7.

Kudo M, Finn RS, Qin S, et al. Lenvatinib versus sorafenib
in first-line treatment of patients with unresectable hepatocel-
lular carcinoma: a randomised phase 3 non-inferiority trial.
Lancet.  2018;391(10126):1163-1173.  doi:10.1016/s0140-
6736(18)30207-1.

Llovet JM, Bruix J. Systematic review of randomized trials
for unresectable hepatocellular carcinoma: chemoemboliza-
tion improves survival. Hepatology. 2003;37(2):429-442.
doi:10.1053/jhep.2003.50047.

Llovet JM, Real MI, Montana X, et al. Arterial embolisation
or chemoembolisation versus symptomatic treatment in patients
with unresectable hepatocellular carcinoma: a randomised con-
trolled trial. Lancet. 2002;359(9319):1734-1739. doi:10.1016/
s0140-6736(02)08649-x.

Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-390.
doi:10.1056/NEJMoa0708857.

Lo CM, Ngan H, Tso WK, et al. Randomized controlled trial
of transarterial lipiodol chemoembolization for unresectable
hepatocellular carcinoma. Hepatology. 2002;35(5):1164-1171.
doi:10.1053/jhep.2002.33156.

. Forner A, Reig M, Bruix J. Hepatocellular carcinoma.

Lancet.  2018;391(10127):1301-1314.
6736(18)30010-2.

Ferrara N, Davis-Smyth T. The biology of vascular endothe-
lial growth factor. Endocr Rev. 1997;18(1):4-25. doi:10.1210/
edrv.18.1.0287.

doi:10.1016/50140-

. Fidler 1J, Ellis LM. The implications of angiogenesis for the

biology and therapy of cancer metastasis. Cell. 1994;79(2):185—
188. doi:10.1016/0092-8674(94)90187-2.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation.  Cell.  2011;144(5):646—674.  doi:10.1016/j.
cell.2011.02.013.

. Kou P, Zhang Y, Shao W, et al. Significant efficacy and

well safety of apatinib in an advanced liver cancer patient:
a case report and literature review. Oncotarget. 2017 Mar
21;8(12):20510-20515. doi: 10.18632/oncotarget.14724
Zhang Y, Gao X, Zhu Y, et al. The dual blockade of MET and
VEGFR2 signaling demonstrates pronounced inhibition on
tumor growth and metastasis of hepatocellular carcinoma. J Exp
Clin Cancer Res. 2018 Apr 30;37(1):93. doi: 10.1186/s13046-
018-0750-2

Breedis C, Young G. The blood supply of neoplasms in the
liver. Am J Pathol. 1954;30(5):969-977.

. Zhang L, Wang JN, Tang JM, et al. VEGF is essential for the growth

and migration of human hepatocellular carcinoma cells. Mol Biol
Rep. 2012;39(5):5085-5093. doi:10.1007/s11033-011-1304-2.
Zirlik K, Duyster J. Anti-angiogenics: current situation and
future perspectives. Oncol Res Treat. 2018;41(4):166—171.
Ebos JM, Lee CR, Cruz-Munoz W, Bjarnason GA, Christensen
JG, Kerbel RS. Accelerated metastasis after short-term treat-
ment with a potent inhibitor of tumor angiogenesis. Cancer
Cell. 2009;15:232-239.

Paez-Ribes M, Allen E, Hudock J, et al. Antiangiogenic therapy
elicits malignant progression of tumors to increased local inva-
sion and distant metastasis. Cancer Cell. 2009;/5:220-231.



Koksal et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Huang J, Zhang X, Tang Q, et al. Prognostic significance
and potential therapeutic target of VEGFR2 in hepatocellular
carcinoma. J Clin Pathol. 2011;64(4):343-348. doi:10.1136/
jcp.2010.085142.

Campillo A, Solanas E, Morandeira MJ, et al. Angiogenesis
and proliferation markers in adjacent cirrhotic tissue could
predict hepatocellular carcinoma outcome after liver trans-
plantation. Eur J Gastroenterol Hepatol. 2014;26(8):871-879.
doi:10.1097/MEG.0000000000000131.

Llovet JM, Zucman-Rossi J, Pikarsky E, et al. Hepatocellular
carcinoma. Nat Rev Dis Primers. 2016;2:16018. doi:10.1038/
nrdp.2016.18.

Shan YF, Huang YL, Xie YK, et al. Angiogenesis and clinico-
pathologic characteristics in different hepatocellular carcinoma
subtypes defined by EpCAM and alpha-fetoprotein expres-
sion status. Med Oncol. 2011;28(4):1012-1016. doi:10.1007/
$12032-010-9600-6.

Puputti M, Tynninen O, Sihto H, et al. Amplification of KIT,
PDGFRA, VEGFR2, and EGFR in gliomas. Mol Cancer Res.
2006 Dec;4(12):927-934. doi: 10.1158/1541-7786.MCR-06-
0085.

Bruix J, Cheng AL, Meinhardt G, Nakajima K, De Sanctis
Y, Llovet J. Prognostic factors and predictors of sorafenib
benefit in patients with hepatocellular carcinoma: analysis of
two phase III studies. J Hepatol. 2017 Nov;67(5):999-1008.
doi: 10.1016/j.jhep.2017.06.026

Hameed B, Mehta N, Sapisochin G, Roberts JP, Yao FY. Alpha-
fetoprotein level > 1000 ng/mL as an exclusion criterion for
liver transplantation in patients with hepatocellular carcinoma
meeting the Milan criteria. Liver Transpl. 2014;20(8):945-951.
doi:10.1002/1t.23904.

De Luca E, Marino D, Di Maio M. Ramucirumab: a second-line
option for patients with hepatocellular carcinoma: a review of
the evidence. Cancer Manag Res. 2020 May 20;12:3721-3729.
doi: 10.2147/CMAR.S216220.

Chau I, Peck-Radosavljevic M, Borg C, et al. Ramucirumab
as second-line treatment in patients with advanced hepatocel-
lular carcinoma following first-line therapy with sorafenib:
patient-focused outcome results from the randomised phase 111
REACH study. Eur J Cancer. 2017;81:17-25. doi:10.1016/j.
¢jca.2017.05.00.

Zhu AX,Kang YK, Yen CJ, etal. Ramucirumab after sorafenib in
patients with advanced hepatocellular carcinoma and increased
alpha-fetoprotein concentrations (REACH-2): a randomised,
double-blind, placebo-controlled, phase 3 trial. Lancet Oncol.
2019;20(2):282-296. doi:10.1016/s1470-2045(18)30937-9.
Shao YY, Lin ZZ, Hsu C, Shen YC, Hsu CH, Cheng AL. Early
alpha-fetoprotein response predicts treatment efficacy of anti-
angiogenic systemic therapy in patients with advanced hepa-
tocellular carcinoma. Cancer. 2010 Oct 1;116(19):4590-4596.
doi: 10.1002/cner.25257

Yau T, Yao TJ, Chan P, et al. The significance of early alpha-
fetoprotein level changes in predicting clinical and survival ben-

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

efits in advanced hepatocellular carcinoma patients receiving
sorafenib. Oncologist. 2011;16(9):1270-1279. doi: 10.1634/
theoncologist.2011-0105

Personeni N, Bozzarelli S, Pressiani T, et al. Usefulness of
alpha-fetoprotein response in patients treated with sorafenib
for advanced hepatocellular carcinoma. J Hepatol. 2012
Jul;57(1):101-107. doi: 10.1016/j.jhep.2012.02.016.

Marisi G, Cucchetti A, Ulivi P, et al. Ten years of sorafenib
in hepatocellular carcinoma: are there any predictive and/
or prognostic markers. World J Gastroenterol. 2018 Sep
28;24(36):4152-4163. doi: 10.3748/wjg.v24.i136.4152

Horwitz E, Stein I, Andreozzi M, et al. E. Human and mouse
VEGFA-amplified hepatocellular carcinomas are highly sensi-
tive to sorafenib treatment. Cancer Discov. 2014 Jun;4(6):730—
743. doi: 10.1158/2159-8290.CD-13-0782

Cheng AL, Qin S, Ikeda M, et al. IMbravel50: efficacy and
safety results from a ph III study evaluating atezolizumab
(atezo) 1 bevacizumab (bev) vs sorafenib (Sor) as first treat-
ment (tx) for patients (pts) with unresectable hepatocellu-
lar carcinoma (HCC) (LBA3). Ann Oncol. 2019;30(Suppl.
9):1x186-ix7.

Goldman O, Han S, Sourisseau M, et al. KDR identifies a
conserved human and murine hepatic progenitor and instructs
carly liver development. Cell Stem Cell. 2013;12(6):748-760.
doi:10.1016/j.stem.2013.04.026.

Joensuu H, Puputti M, Sihto H, Tynninen O, Nupponen NN.
Amplification of genes encoding KIT, PDGFRalpha and
VEGFR?2 receptor tyrosine kinases is frequent in glioblastoma
multiforme. J Pathol. 2005;207(2):224-231. doi:10.1002/
path.1823.

Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth
A, Roberts LR. A global view of hepatocellular carci-
noma: trends, risk, prevention and management. Nat Rev
Gastroenterol Hepatol. 2019;16(10):589-604. doi:10.1038/
s41575-019-0186-y.

Johansson I, Aaltonen KE, Ebbesson A, et al. Increased gene
copy number of KIT and VEGFR2 at 4q12 in primary breast
cancer is related to an aggressive phenotype and impaired
prognosis. Genes Chromosomes Cancer. 2012;51(4):375-383.
doi:10.1002/gcc.21922.

Blom T, Roselli A, Hayry V, et al. Amplification and over-
expression of KIT, PDGFRA, and VEGFR2 in medulloblas-
tomas and primitive neuroectodermal tumors. J Neurooncol.
2010;97(2):217-224. doi:10.1007/s11060-009-0014-2.

Cortes F, Debacker C, Peault B, Labastie MC. Differential
expression of KDR/VEGFR-2 and CD34 during mesoderm
development of the early human embryo. Mech Dev. 1999;83(1-
2):161-164. doi:10.1016/50925-4773(99)00030-1.

de Boer CJ, van Krieken JH, Janssen-van Rhijn
CM, Litvinov SV. Expression of Ep-CAM in nor-
mal, regenerating, metaplastic, and neoplastic liver. J
Pathol.  1999;188(2):201-206.  doi:10.1002/(sici)1096-
9896(199906)188:2<201::Aid-path339>3.0.Co;2-8.



