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ABSTRACT: Despite advances in the treatment of colorectal cancer (CRC), it remains the second most common cause of cancer-related death in the
Western world. Angiogenesis is a complex process that involves the formation of new blood vessels from preexisting vessels. It is essential for promot-
ing cancer survival, growth, and dissemination. The inhibition of angiogenesis has been shown to prevent tumor progression experimentally, and several
chemotherapeutic targets of tumor angiogenesis have been identified. These include anti-vascular endothelial growth factor (VEGF) treatments, such as
bevacizumab (a VEGF-specific binding antibody) and anti-VEGF receptor tyrosine kinase inhibitors, although antiangiogenic therapy has been shown to
be effective in the treatment of several cancers, including CRC. However, it is also associated with its own side effects and financial costs. Therefore, the
identification of biomarkers that are able to identify patients who are more likely to benefit from antiangiogenic treatment is very important. This article
intends to be a concise summary of the potential biomarkers that can predict or prognosticate the benefit of antiangiogenic treatments in CRC, and also
what we can expect in the near future.
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Introduction

Colorectal cancer (CRC) is a major health concern worldwide
due to its high prevalence and mortality rate. In developed coun-
tries, it is the third most common malignancy and the second
most common cause of cancer-related death. Although advances
in the treatment of CRC have made a major impact on its man-
agement, many patients with advanced disease will eventually
die as a result of their cancer. Further research is, therefore,
essential to further improve the outcomes from CRC.!

Genetic analysis of tumor DNA has shown that many
cancers contain a large number of genetic mutations. The
mutations often encode important cellular proteins. Several
genetic alterations in CRC have been identified, and these
relate to specific cellular sgnaling pathways. This has led to
the development of several new therapeutic targets.!

One ofthese targeted agents, anti-epidermal growth factor
receptor (EGFR) monoclonal antibodies, has been shown to
produce improved outcomes in patients with metastatic CRC
(mCRC) when combined with chemotherapy.>® KRAS and
BRAF mutations have been shown to predict response to
anti-EGFR treatment. Mutations in the phosphatidylinositol

3-kinase (PI3K) pathway may also play a role in predicting the
response to this targeted treatment.*’

Tumor angiogenesis is a key factor in the growth,
metastatic spread, and recurrence of CRC.® Anti-vascular
endothelial growth factor (VEGF) therapy has also demon-
strated improved results in CRC when given in combination
with chemotherapy.

Angiogenesis is a complex process, which involves the
formation of new vessels from the preexisting blood vessels.
These new vessels supply nutrients to the tumor, promoting
cancer survival, growth, and dissemination. This process
involves numerous factors, but VEGF and its signaling are
considered as one of the most important.”

'The hypothesis that tumor progression can be prevented
by the inhibition of angiogenesis has been confirmed experi-
mentally. The addition of bevacizumab (a VEGF-specific
blocking antibody) or aflibercept to standard chemotherapy,
as well as the use of anti-VEGF receptor tyrosine kinase
inhibitors (TKIs), such as regorafenib, has shown efficacy in
the treatment of some cancers, including mCRC.51° How-
ever, a substantial number of tumors are thought to become
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insensitive to antiangiogenic inhibitors that target VEGFA
signaling, such as bevacizumab, through therapy-induced
injury, metabolic changes, inflammation, and expansion of
myeloid-derived suppressor cells (MDSCs).1® Aflibercept,
however, targets placenta growth factor (PIGF) and conse-
quently reduces the source of compensatory upregulation of
angiogenic factors by inhibiting the immune cell recruitment
and preventing the release of angiogenic factors by the tumor
and vascular endothelial (VE) cells. Regorafenib has also been
approved for the treatment of CRC. It is a multikinase inhibi-
tor that inhibits the selected tyrosine kinase-mediated signal
transduction through the VEGF receptor (VEGFR) 2-3/
RAF/MEK/ERK pathway and has been shown to prolong
the overall survival (OS).1°

Current antiangiogenic therapies act by one of the two
major mechanisms: they are either able to inhibit the action
of proangiogenic factors or its receptors or able to block the
tyrosine kinase receptor signaling intracellularly.

The process of angiogenesis. The process of angiogen-
esis is activated after malignant cells are exposed to certain
stimuli. Hypoxia is thought to be the most important, and
tumor cells respond by modulating the hypoxia-inducible fac-
tor (HIF) 1o, which dimerizes with HIF1[3.16-8

This complex is located within the nucleus and starts
the transcription of several growth factors, including VEGE,
platelet-derived growth factor (PDGF)-B, basic fibroblast
growth factor (bFGF), erythropoietin, angiopoietins, and
PIGF." These factors stimulate new vessel formation and
the release of several other growth factors, which continue to
promote angiogenesis.11’12

Regulators of angiogenesis. VEGF family and VEGF
receptors. The VEGF family of growth factors also includes
PIGF1 and -2. These growth factors exert their effect by bind-
ing to VEGFRs whose activity depends on their dimeriza-
tion potential. Dimerizations between VEGFR1 and -2 and
VEGFR2 and -3 are involved in some of the physiologi-
cal effects of the VEGF family members. The activation of
VEGFR1 leads to a decoy effect as a VEGF-trap. This per-
torms fine tuning of VEGF signaling to induce the formation
of new vessels. Deletion or blockage of VEGFR1 significantly
reduces endothelial cell proliferation and induces premature
senescence. The activation of VEGFR2 leads to prolifera-
tion, migration, survival, and angiogenesis, while its dele-
tion impairs endothelial cell survival. VEGFR3 has a similar
action to VEGFR2 but instead promotes the growth of lym-
phatic vessels rather than blood vessels.!!

VEGF-resistant tumors have been shown to respond
to treatments with monoclonal antibodies targeting
PIGF, even though this is a VEGF family member. Sev-
eral studies have shown that PIGF binds to VEGFR2 and
neuropilin-1 receptor.}2Y

PDGF. PDGEF is a dimeric polypeptide, composed of one
of the following four homodimers: A, B, C and D. Its activity
is mediated by binding to the dimeric PDGF receptors.

PDGF-B is significantly involved in resistance to
anti-VEGF therapy. It is able to recruit mural endothe-
lial cells and stabilize blood vessels, therefore increasing the
tumor survival. This has consequently led to the development
of new antiangiogenic treatments aimed to target both VEGF
and PDGEF. These include sorafenib, pazopanib, axitinib,

and sunitinib.18-23

FGF and FGF receptors. FGFs exert their effects through
one of the four FGF receptors 1-4, which have intracellular
tyrosine kinase domains. Their activation leads to angiogen-
esis and maturation of established blood vessels. These factors
are also potential targets in VEGF-resistant cancers.

Integrins. Integrins are transmembrane receptors that
are able to bind to extracellular matrix proteins and to other
adhesion receptors on neighboring cells. Integrins can interact
with growth factor receptors to regulate angiogenesis. Dur-
ing tumor angiogenesis, tumor-associated endothelial cells
have been shown to overexpress integrin owvP3 to facilitate the
growth and survival of newly forming vessels.?*

Inhibiting the action of integrins can produce an antian-
giogenic effect. The potential benefit of integrin antagonists
has already been shown in CRC.?

Biomarkers of response to antiangiogenic therapy.
Blood pressure. Hypertension has been observed in patients
treated with anti-VEGF antibodies and TKIs. Several ran-
domized studies have shown that bevacizumab (anti-VEGF
antibody) improves both progression-free survival (PFS) and
0S.2¢ In all these studies, hypertension was found to be a
common side effect associated with bevacizumab.

Not all patients, however, benefit from treatment with
anti-VEGF antibodies. Currently, there are no definitive
biomarkers that are able to predict which patients will ben-
efit from antiangiogenic therapies. However, hypertension is
thought to be a possible predictor of response.

Inhibition of the VEGF pathway prevents continued
endothelial cell survival signaling, which leads to apopto-
sis. It also reduces endothelial cell-derived nitric oxide pro-
duction. This leads to vascular muscle constriction, with
subsequent increased vascular resistance and elevation in
blood pressure.?”

Hypertension has been suggested to predict treatment
efficacy in patients with metastatic renal cancer treated with
bevacizumab or sunitinib.?$2° In mCRC, Osterlund et al
carried out a study to investigate whether treatment-related
hypertension was associated with outcome and safety follow-
ing treatment with bevacizumab-containing chemotherapy.
The study showed that early hypertension (within the first
three months of treatment) was predictive for an improved
0OS.3% Another study has shown that hypertension within one
month of commencing bevacizumab therapy for lung cancer
was also predictive for survival.3!

Schneider et al also showed an association between VEGF
genotype and the development of clinically significant hyper-
tension. Patients with VEGF-1498TT and VEGF-634CC
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genotypes were found to be less likely to develop grade 3/4
hypertension and had poorer survival outcomes.?!

It has also been observed that mean systolic and diastolic
blood pressures of patients treated with bevacizumab increase
while receiving treatment and returns to baseline following
the treatment completion; although to use this fact as a pre-
dictive biomarker, additional data will be needed.??

Circulating VEGF. VEGF has been the most widely stud-
ied biomarker in predicting response to antiangiogenic treat-
ment. Associations between the efficacy of antiangiogenic
treatments and circulating VEGEF levels have been reported
in several phase II studies. These have shown that the elevated
levels of VEGEF have been associated with a poor prognosis but
do not predict response to antiangiogenic treatments, such as
bevacizumab.3373¢ A phase II study of bevacizumab combined
with chemoradiation in rectal cancer showed no correlation
between VEGEF levels and the outcome of therapy.’

Low baseline plasma VEGEF levels have been directly
associated with PFS in patients with advanced non-small-cell
lung cancer.®® However, a retrospective analysis of patients
with renal cancer showed that high basal VEGF levels
(>131 pg/mL) were associated with a worse prognosis but with
an improved PFS when treated with sorafenib.® However,
another retrospective analysis from a phase II trial, involving
bevacizumab patients with refractory renal cell cancer, sug-
gested that patients responding to sunitinib actually had lower
basal circulating levels of VEGF and VEGFR3 than nonre-
sponding patients.*’ Similarly, in a phase II/I1I trial studying
bevacizumab and chemotherapy in patients with metastatic
NSCLC showed that high baseline circulating plasma VEGF
levels did not predict PFS or OS, despite a correlation with an
improved overall response rate.*’

In addition, circulating levels of VEGEF have been shown
to be significantly elevated after the introduction of antiangio-
genic treatment.* This was thought to be related to induced

42,43

tumor hypoxia and decreases after treatment is discontin-

ued. Circulating plasma VEGF levels have also been shown to
increase following the therapy with anti-VEGFR TKIs.3844

VEGEF levels have also been evaluated as a predictive bio-
marker for oral TKIs.* Baseline levels correlate inversely with
PFS and OS, and patients with renal cell carcinoma with high
baseline levels of VEGEF received greater benefit from treat-
ment with sorafenib.*6-#7

These inconsistencies emphasize the need for developing
biomarkers that can be used prior to and during antiangiogenic
treatment. The practical utility of monitoring drug-induced
changes in circulating factor levels as surrogate biomarkers is
still unclear. However, currently, VEGF levels have not been
shown to be a reliable predictive biomarker of clinical response
to bevacizumab.

Tumor expression of VEGF. In the pivotal phase III trial
of bevacizumab with chemotherapy in patients with mCRC,
VEGF expression in primary tumor tissue was not found to be

predictive of outcome.*®

Another phase I1I trial, which evaluated bevacizumab in
combination with capecitabine in breast cancer, showed that
response rates were not increased in patients with tumors
that overexpressed VEGEF. Overexpression of VEGF was
detected by in situ hybridization.*’ In a study of patients
with CRC who were randomly assigned to chemotherapy
with irinotecan, 5-FU, and leucovorin plus bevacizumab
or irinotecan, 5-FU, and leucovorin plus placebo, VEGF
expression and thrombospondin levels were measured by in
situ hybridization. The addition of bevacizumab improved
survival regardless of the level of expression of VEGF
or thrombospondin.*

Single-nucleotide polymorphisms (SNPs) in VEGF and
VEGFR2 have shown promise as the predictors of response
to treatment and toxicity. The VEGF-2578 AA genotype has
been associated with an improved median OS in patients who
received paclitaxel and bevacizumab treatments in compari-
son to other genotypes.s0

PIGF and soluble VEGF receptors. Circulating levels of
PIGF have been shown to increase in response to anti-VEGF
treatment. Consequently, plasma PIGF dynamics is now being
considered as a potential biomarker.3”! In addition, targeting
PIGF is being considered as a new approach to prevent tumor
resistance to anti-VEGF therapy.” Interestingly, the level of
increase in PIGF levels in plasma has been associated with
an improved outcome in patients with rectal cancer treated
with bevacizumab.3’

However, these studies have been unable to distin-
guish between predictive and prognostic biomarkers. There-
fore, the role of PIGF as a potential biomarker needs to be
further explored.

Other possible biomarkers of angiogenesis tend to be
treatment specific. For example, circulating levels of soluble
VEGFR2 and VEGFR3 have been shown to be decreased by
TKIs that directly target these receptors*®0->%; however, they
are unaffected by bevacizumab.%”

Unfortunately, the mechanisms by which these changes
occur, their biological significance, and predictive biomarker
value are currently not well understood.

Other proteins as biomarkers. Exploration of other poten-
tial biomarkers is very important, given their known involve-
ment in tumor angiogenesis and vessel maturation. However,
in patients with mCRC treated with bevacizumab and chemo-
therapy, pretreatment evaluation of biomarkers, such as micro-
vascular density, tumor tissue expression of 7SP2, P53, and
KRAS mutations, has not been predictive of efficacy.>**

In previously untreated mCRC, tumor response to
vatalanib plus chemotherapy was correlated directly with tis-
sue messenger RNA levels of VEGFR1, lactate dehydrogenase
(LDH) A and Glutl in tumor tissue and inversely correlated
with HIF1a.>

Patients with high baseline serum lactate dehydroge-
nase levels have been shown to have a longer PFS and OS
after treatment with vatalanib and chemotherapy.®® Certain
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inflammatory cytokines, such as IL-1B, IL-6, and IL-8, may
have proangiogenic properties, and a phase II study suggested
that the IL-8A-251T polymorphism might be a molecular
predictor of response to bevacizumab-based chemotherapy
in ovarian cancer.”’ Another phase II study showed that
increased inflammatory cytokines, such as IL-6, in plasma
during treatment was associated with an inferior result in rec-
tal and ovarian cancers after treatment with bevacizumab and
chemoradiation and in advanced hepatocellular carcinoma
(HCCQ) after treatment with sunitinib.3”%7

High serum levels of EGF and macrophage-derived
chemokine and low levels of 1L.-10, IL-6, and IL.-8 were asso-
ciated with a higher likelihood of response to treatment.*®%
IL-8 has also been reported to mediate angiogenesis by
stimulating the endothelial cell proliferation in response to
hypoxia,®® and resistance to antiangiogenic therapy has been
associated with an increased secretion of IL-8.%

The potential predictive role of the low baseline levels of
IL.-8 and a bevacizumab-induced decrease in IL-8 levels cor-
relate with recently reported clinical data.®? In a clinical trial
with mCRC, neither epithelial nor stromal VEGF expression
was found to predict the potential benefit of the addition of
bevacizumab to fluorouracil-based therapy.3

Circulating cells. Increased numbers of circulating endothe-
lial cells and bone marrow-derived circulating endothelial
cell progenitors have been seen in patients with cancer.3>6364
Circulating endothelial cell progenitors mobilized by VEGF
have been found to promote angiogenesis in mice. High lev-
els correlate with angiogenesis and return to normal following
antiangiogenic treatments.?>3%65

Blood-circulating cells have been studied as potential
biomarkers of antiangiogenic therapy. Willet et al found
that bevacizumab reduced the number of viable circulat-
ing endothelial cells and bone marrow-derived circulating
endothelial cell progenitors in patients with rectal cancer.
However, other studies found no difference in the levels of
these circulating cells.®!

However, the number of circulating endothelial pro-
genitor cells and monocytes was reduced in response to
sunitinib in HCC and gastrointestinal stromal tumors,
respectively.’%® In patients with metastatic gastrointestinal
stromal tumors, those demonstrating a clinical benefit had
the increased levels of circulating endothelial cells. Sunitinib
was also found to increase the circulating endothelial cells in
patients with gastrointestinal stromal tumors and has been
associated with clinical benefits in comparison to patients

with progressive disease.>

72D6474 (VEGFR2/EGFR TKI) has been shown to pro-
duce an increase in mature circulating endothelial cells but not
in circulating endothelial progenitor cells. This could reflect an
induced endothelial cell detachment from tumor vessels.3567

Microvessel density and endothelial signaling events.
Microvessel density (MVD) at the regions of intense angio-

genesis (ie, hoz spors) has prognostic but not predictive value

in many cancers.>® It does not provide information on the
functionality (perfusion) of the tumor vessels. MVD of pri-
mary tumors in patients with mCRC did not predict response
to bevacizumab®® either.

The ERK phosphorylation status and AKT phosphoryla-
tion status in tumor endothelial cells have been explored as the
biomarkers of antiangiogenic therapy. Their phosphorylation
has been found in angiogenic vessels, and it has been attenu-
ated by treatment with SU6668.%

Tissue-based biomarkers are highly valuable but imprac-
tical as biomarkers for routine clinical use. They offer informa-
tion at the microscopic level, but further studies are needed to
demonstrate their usefulness in the clinical setting.

MicroRNAs. MicroRNAs are small noncoding RNA
molecules involved in the regulation of gene expression. Many
microRNAs are abnormally expressed in cancer and influ-
ence tumor progression. Several studies suggest that they
may have an active role in CRC cell dissemination, inva-
sion, colonization, angiogenesis, and epithelial-mesenchymal
transition (EMT).70

Colorectal oral novel therapy for the inhibition of angio-
genesis and retarding of metastases (CONFIRM) 1 and 2
phase III trials showed that patients with mCRC with ele-
vated serum LDH had an improved prognosis when vata-
lanib (a VEGFR inhibitor) was added to FOLFOX4. Authors
researched the role of high intratumoral expression of genes
regulated by HIF1o., such as LDHA, glucose transporter-1
(GLUT-1), VEGFA, VEGFR1, and VEGFR2, in predicting
the outcome in CONFIRM1.7!

In univariate and multivariate analyses, elevated LDH
and VEGFR1 mRNA levels were associated with an improved
PFS in patients treated with FOLFOX4/vatalanib. Increased
HIF1o and VEGFR2 mRNA levels were also associated
with a reduced survival in patients treated with FOLFOX/
placebo when compared to FOLFOX4/vatalanib. This data
suggest that the intratumoral mRNA expression of genes
involved in angiogenesis/HIF pathway may predict outcome
to VEGEFR inhibitors.”

Another study assessed the predictive role of vascular
density (VD) in patients treated in the CONFIRM trials.”?
The authors used paraffin-embedded samples from 141 patients
and analyzed the expression of the CD31 with immuno-
histochemistry. Patients with tumors with high VD were
found to have an improved PFS when treated with vatalanib
(with chemotherapy). A similar effect was noted in patients
with high CD31* VD, and OS was also marginally improved
in these patients. Therefore, this suggested that a subgroup
of patients with tumors with an increased VD may have an
increased benefit from antiangiogenic treatment.”?

Epigenetic regulation through the action of microRNAs
has been considered to be one of the major regulatory mecha-
nisms for tumor neovascularization.”> MicroRNA-107 has
been shown to function as a suppresser of HIF1 and VEGF
expressions, and MicroRNA-145 is a regulator of HIF1 in
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CRC as it is able to posttranscriptionally target p70S6K1.7475

Thrombospondin (T'SP1) prevents neovascularization in
tumors; however, MicroRNA-17-92 and microRNA-194 are
able to repress TSP1 and, therefore, promote angiogenesis in
CRC.7 Overexpression of the microRNA-17-92 cluster has
been observed in several tumors, including CRC, and it has
been shown to be able to coordinate angiogenesis and prolif-
eration and inhibit cellular differentiation.””

Mismatch repair proteins. The National Surgical Adjuvant
Breast and Bowel Project protocol C-08 assessed the benefit
of the addition of bevacizumab (for one year) to oxaliplatin-
based standard adjuvant chemotherapy in patients with
stage IT and III colon cancers.”® Overall, there was no sig-
nificant difference in disease-free survival or OS between the
groups. However, a further study performed as a post hoc
analysis of data from the trial found that patients with tumors
with defective mismatch repair (MMR) were shown to bene-
fit from the addition of bevacizumab to FOLFOX chemo-
therapy. This suggests that a subgroup of patients with colon
cancer may benefit from antiangiogenic treatment.”®

The infiltration of tumor-associated macrophages
(TAMs) has been associated with extensive angiogenesis and
poor prognosis in breast cancer. However, antiangiogenic
therapy with VEGF-specific monotherapy has been unsuc-
cessful in the treatment of breast cancer.”” TAMs associated
with CRC have been shown to secrete VEGEF, thereby pro-
moting angiogenesis and metastasis.?® CCL18, a chemokine
produced by TAMs, has been shown to stimulate angiogen-
esis in breast cancer.”’ The study found that CCL18-postive
TAM infiltration was associated with an increased micro-
vascular density in breast tumors, which was associated with
an increased tumor metastasis and poor prognoses. It dem-
onstrated that CCL18 and VEGF synergistically promote
endothelial cell migration and angiogenesis, by inhibiting
either molecule prevented the migratory effect of TAMs.
The authors, therefore, concluded that CCL18 produced
by TAMs promotes angiogenesis and tumor progression in
breast cancer. Therefore, CCL18 may be a new target for
antiangiogenic therapy.79

Graver et al.®! have shown that CCL18 is a potential
marker for bevacizumab treatment in tumor cells deficient in
MMR. Bevacizumab treatment has also been shown to pro-
long OS in a subset of patients with MMR-deficient tumors
in adjuvant CRC.”® Gene expression changes in macrophages
induced by tumor-conditioned media have also showed that
CCL18 is a gene regulated by bevacizumab.?! An increase in
the phagocytic activity of macrophages, in the presence of bev-
acizumab, has been shown to be significantly more apparent in
MMR-deficient cells and may be attributed to CCL18.%! Also,
DNA damage in MMR-deficient cells treated with bevaci-
zumab have been shown to release a cytokine mix that reduces
monocyte migration in a bevacizumab-dependent manner,
therefore exhibiting a functional response to the combination
of MMR deficiency and bevacizumab.5!

Immunogenicity/cadherin. CRC has previously been
considered as a poorly immunogenic tumor. However, there
is some evidence that suggests that there is a significant host
response associated with an improved prognosis, suggesting
that it may alter the natural history of the disease.

The mobilization of immune cells, such as MIDSCs and
TAMs, has been thought to contribute to drug resistance.
Recent studies have shown that VEGFA signaling through
VEGFR?2 is involved in MDSCs’ recruitment to metastases,
and once within the tumor, these can mature into tumor-
promoting macrophages. Other angiogenic factors, such as
PIGF, directly or indirectly stimulate angiogenesis by affecting
a wide range of different cell types or by attracting MDSCs
and macrophages within the tumor microenvironment. PIGF
also promotes inflammation and angiogenesis by interacting
with alternative pathways via VEGFR1 signaling.!

MMR-deficient (vs MMR-proficient) CRC shows an
enhanced immunogenicity with an increased numbers of intra-
epithelial lymphocytes that may be associated with a favorable
clinical outcome.??

Microsatellites are short repetitive DNA nucleotide
sequences prone to frame shift mutations and base-pair sub-
stitutions during replication in the setting of a defective DNA
MMR system. Microsatellite instability (MSI) is seen in
approximately 15% of sporadic CRC. 'There is evidence that
high MSI cancers may follow a different pathway to angiogen-
esis. VEGF expression has been found lower among high MSI
cancers, and this could partially explain why these cancers are
less aggressive, with a better overall prognosis.®?

Cadherin 12 (CDH12) may play an important role in
the invasion and metastasis of salivary adenoid cystic carci-
noma, and its role in CRC has been studied by Zhao et al.%
They found that CDH12 promotes proliferation, migration,
invasion, adhesion, and angiogenesis in CRC. These results
suggested that CDH12 might actually be an oncogene. Con-
sequently, CDH12 is expected to become a new diagnostic
and prognostic marker, as well as a potential new target of
treatment for CRC.

The expression of CDH12 and its role in the prognosis of
patients with CRC have also been investigated in the study by
Ma et al.?* The authors concluded that CDH12 might act as a
predictor of prognosis in patients with CRC and an oncogene
promoting the CRC cell proliferation and migration. It may
also influence CRC cell progression by promoting the EMT.

It has also been demonstrated that the endothelial cells
express the following two dependent intercellular adhesion
molecules: VE-cadherin, which is specific for endothelial
cells, and N-cadherin, which is present in other cells. There
are several studies suggesting that both adhesion molecules
play a role in promoting the angiogenesis.

Leucine-rich-alpha-2-glycoprotein 1 (LRG1) has been
associated with several tumors and shown to be overex-
pressed in CRC and, in particular, in more aggressive can-
cers. It induces the process of EMT and promotes CRC cell
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migration and invasion. It also promotes VEGFA expression
in CRC cells and, therefore, contributes to tumor angiogen-
esis. HIF1a can also be induced by LRG1 and is thought to
be the mechanism by which LRG1 induces VEGFA expres-
sion and EMT.%¢ The authors of the study concluded that
LRG1 may play an important role in the progression of CRC
as it is able to regulate HIF1a expression, and therefore, it
may be a potential therapeutic target in treating CRC.%

Functional imaging. Monitoring the effects of anti-
angiogenic therapy is very important and is essential in the
implementation of new therapies and for assessing the thera-
peutic effects. The aim of noninvasive imaging is to visualize,
characterize, and quantify the tumor growth, angiogenesis,
and metastases at the micromorphological, functional, and
molecular levels.5”88

Normalization of the tumor vasculature increases drug
delivery to the tumor and may also reduce the shedding of
cancer cells into the circulation. The normalization of tumor
vasculature tends to be transient and occurs after approxi-
mately 6 days.

Tumor vasculature and blood flow (BF) are widely known
to be heterogeneous. The BF distribution within the tumor
determines the distribution of drugs or oxygen to cancer cells.
Improved imaging techniques are, therefore, needed to estab-
lish the effects of antiangiogenic therapies on the vascular
structure within tumors.

Functional imaging relies on the intravenous injection of
a contrast agent that enhances the vascular structures, com-
bined with sequential imaging of the tumor prior to, during
and following the injection of the contrast.

The time concentration curve of the tracer allows the
semiquantitative calculation of several parameters includ-
ing the relative blood volume (rBV) in the tissue studied,
the mean transit time (MTT) of the contrast passing from
the arterial to the venous circulation, and the relative BF
(tBF) within the tumor. When the contrast agent diffuses
from the intravascular into the extravascular space, a plateau
phase is observed, which can be used to estimate the vascular
permeability, Ktrans.

Magnetic resonance imaging. Magnetic resonance
imaging (MRI) is a very useful imaging technique that benef-
its from high spatial resolution; excellent soft tissue contrast
and the ability to functionally characterize tissues by using
noncontrast- and contrast-enhanced techniques. These tech-
niques include spectroscopy (to investigate the cell metabo-
lism), diffusion-weighted imaging (to measure the cellularity),
time-of-flight (TOF) angiography (to visualize the vessels),
arterial spin labeling (ASL) (to monitor the perfusion), and
also blood oxygenation level imaging (to assess the vessel oxy-
genation, responsiveness, and maturity).

Other functional MRI techniques include dynamic
contrast-enhanced (DCE) MRI to assess rBV, perfusion,
permeability, and vessel size imaging (to quantify the mean
vessel diameter).?? MR angiography in combination with

gadolinium-based blood pool contrast agents can also visualize
the vessels of 30-100 um in diameter.5%%°

DCE MRIin combination with quantitative pharmacoki-
netic analyses can provide information on BF, rBV, regional
distribution volume of the contrast agent, tissue perfusion,
and changes in vessel permeability. DCE MRI is useful for
estimating angiogenesis. Tumor enhancement is due to the
increased VD, vessel diameters and vascular wall permeabil-
ity. It uses gadolinium chelate agents that cause a decrease in
T1 (time of the realignment of hydrogen nuclei in the mag-
netic field) at low concentrations and a decrease in T2 (time of
loss of transverse magnetism) at high concentrations. As this
is noninvasive and relatively quick imaging technique, it can
be used to monitor the response to treatment in patients who
have not undergone surgical removal of their tumors.

Tumors with neovascularization show earlier enhance-
ment than tissues without neovascularization. DCE MRI
also shows an increased vascularity and a high permeability of
tumor capillaries. Cancers show a pattern of rapid wash-in and
washout, which is associated with a high vascular volume or a
high vascular permeability due to angiogenesis. Neovascular-
ization is an early process in the adenoma—carcinoma sequence
by the upregulation of VEGF1 and -2. Tissue VEGF expres-
sion has been correlated with immunohistochemical MVD
measurements. MV D is a surrogate marker of tumor angio-
genesis, and it has been proposed to be a potential predictive
marker for patients with the high risk of cancer recurrence.
MVD measurements are the most common technique in
quantifying the intratumoral angiogenesis. It correlates with
CRC tumor grade and stage. Tumors with the high levels of
MVD have been shown to have an increased incidence of
lymphatic and hematogenous metastases and also an increased
rate of local recurrence. However, as a method to assess angio-
genesis, it is a relatively limited test as it is a static measure of
tumor vascularity.

Consequently, DCE MRI has been used in several stud-
ies as it is able to detect changes in tumor vascularity over
time due to the effects of antiangiogenic drugs.’*™3 T2 imag-
ing is used early during the arterial input to calculate M'T'T,
tBV and rBF, while T1 imaging is used at later time points
to estimate Ktrans. The area under the curve and Ktrans are
used to monitor the treatment-induced changes in vascularity
and permeability.”*

Ktrans measurements detect the biological activity within
the tumor but have not been shown to predict the clinical
response to treatment. Ktrans is dependent on tissue perfusion
and decreases during treatment with antiangiogenic therapy,
which is thought to be due to tumor blood vessel regression.
rBV correlates with the quantity of functional blood vessels
within the tumor. MTT, rBE, rBV, and the area under the curve
(signal intensity as a function of time) decrease during treat-
ment with antiangiogenic therapy due to vessel regression.

Vascular permeability depends on the contrast agent,
the vessel surface area, the size of the interstitial distribution
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space, and vessel leakiness. High levels of vascular perme-
ability have been found in tumors with immature blood ves-
sels, and permeability levels have been shown to reduce in
antiangiogenic therapy.”

Kiessling et al carried out a study with DCE MRI to
investigate the early changes in tumor vascularization during
antiangiogenic therapy with the VEGFR2 antibody (DC101).
Heterotransplants of human skin squamous cell carcino-
mas in nude mice were treated with DC101. Animals were
examined prior to and during two weeks of this treatment.
Results achieved by MRI were validated by histological sec-
tions immunostained for blood vessels (CD31). A decrease
in tumor vascularization was observed two days after the
first DC101 application and prior to detecting a reduction in
tumor volume. The difference between treated tumors and
controls was noticeable after four days. By day 7, the mean
tumor volumes of treated and control animals were found to
be significantly different. After two weeks of treatment with
DC101, treated tumors showed further growth reduction,
whereas untreated tumors showed a continued growth. The
authors concluded that DCE MRI was a valuable tool for
early detection of the antiangiogenic treatment effects prior to
the detection of changes in tumor volume.?®%” This technique
has also been shown to work reliably for monitoring the ortho-
topic tumors and metastases.

Marzola et al carried out a study to compare two DCE
MRI techniques in assessing the early antiangiogenic effect
of SU11248, a multitargeted TKI. They used a subcutaneous
tumor model of HT29 human colonic carcinoma in athymic
mice. Early antiangiogenic activity of SU11248 was detected
in vivo by using macromolecular or low molecular weight con-
trast agents (Gd-DTPA). With the macromolecular agents,
the effect was detected as a 42% reduction in vascular perme-
ability measured in the tumor rim, and a 31% reduction was
detected using the low-molecular weight techniques. Patho-
logical slices showed a difference in mean vessel density in
treated tumors compared to controls. 'This study, therefore,
suggests that low molecular weight contrast agents may be
useful in clinical trials in the future.’®%

Lee et al tested PTK/ZK, a new oral angiogenesis inhib-
itor. In early clinical trials, it demonstrated a dose-dependent
reduction in tumor vascular parameters as measured by DCE
MRI and an acute increase in plasma VEGF levels. The reduc-
tion in tumor vascularity was significantly correlated with an
improved clinical outcome in patients with advanced CRC
and liver metastases.”

This drug has also been studied by Morgan et al to evalu-
ate its pharmacodynamic effects. This was done by assessing
changes in contrast-enhanced parameters of metastatic liver
lesions using DCE MRI in patients with advanced CRC
treated in two ongoing, dose-escalating phase I studies. Tumor
permeability and vascularity were evaluated by calculating the
bidirectional transfer constant (Ki). Patients with stable dis-
ease had a significantly greater reduction in Ki at both day 2

and the end of cycle 1 compared to patients with progressive
disease. These results suggest that DCE MRI may be a useful
biomarker for defining the pharmacological response and the
dose of angiogenesis inhibitors for future clinical trials.!%

Vessel size imaging MRI technique obtains anatomical
information of blood vessels. It is based on the measurement of
T2 and T2* relaxation times before and after the intravenous
injection of a superparamagnetic contrast agent. T2 relaxation
time is dependent on water diffusion and, therefore, on the
size and number of vessels per voxel. The changes in the T2*
relaxation time are dependent on the amount of contrast agent
per voxel. Using both T2 and T2% it is possible to calculate the
mean vessel diameter of tissues.'00:101

Tropres et al carried out a study of vessel size imag-
ing for brain tumor characterization. The vessel size index
for MRI was correlated with the one obtained from histol-
ogy. The quantitative analysis showed a good correlation
between vessel size found histologically and vessel size detect-
ing using MRI. 'The results support that imaging techniques
can, therefore, be used as a quantitative method for tumor
vasculature characterization.!"!

Zwick et al assessed vascular remodeling in tumors
treated with two antiangiogenic therapies, using DCE MRI
and vessel size imaging. They evaluated the vessel size index
as a biomarker of antiangiogenic therapy response. Nude mice
with human skin squamous cell carcinoma xenografts were
treated with bevacizumab or a multitargeted TKI (SU11248).
They showed that both methods were the reliable biomark-
ers of antiangiogenic therapy response, which was con-
firmed using histology. However, they also concluded that
as vascular remodeling is complex, a uniform response can-
not be expected in different cancers and as a consequence of
different treatments.!?

Blood oxygenation-level MRI analyzes the antiangio-
genic therapy effects on tumors that are dependent on vessel
maturation. This technique uses different relaxation charac-
teristics of oxygenated and deoxygenated hemoglobin in the
blood. The inhalation of oxygen can be used to induce a signal
change in the blood and to characterize tissue vasculariza-
tion. Using this technique, details on vascular maturity are
obtained as only mature vessels respond to the elevated levels
of CO,.1?

Another method to monitor the tumor angiogenesis
includes the use of several MRI probes. The most frequently
used are antibody- or peptide-coated ultrasmall superparamag-

netic iron oxide nanoparticles (USPIOs)!%1% and Gd-loaded
paramagnetic liposomes.1%®

Magnetic liposomes are phospholipid vesicles that
encapsulate magnetic and/or paramagnetic nanoparticles to
be applied as contrast agents for MRI. Although it has been
shown that using RGD-coated USPIO different levels of inte-
grin, expression on tumor blood vessels can be distinguished
in squamous cell carcinomas, antiangiogenic therapy effects

can also be monitored with paramagnetic liposomes; however,
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there is still debate on the reliability of this technique and its
usefulness for biological and medical research.

To assess the angiogenic profile of tumors, alpha(v)
beta(3) integrin-targeted USPIOs have been designed.
They are coated with 3-aminopropyltrimethoxysilane and
conjugated with Arg-Gly-Asp (RGD) peptides. They are
recruited by endothelial cells. Authors assessed the ability of
RGD-USPIO to distinguish the tumors with the high and
low fractions of alpha(v)beta(3) integrin-positive vessels and
concluded that this technique worked efficiently in distin-
guishing the alpha(v)beta(3) integrin expression and tumor
angiogenic profile.105107

ASL MRI is a technique that allows the quantitative
imaging of BF and tissue perfusion, which are the biomark-
ers of tissue function associated with tumor angiogenesis and
hypoxia. ASL is based on the radiofrequency pulses, which
excite the nuclear spin of inflowing arterial protons, and results
in magnetic labeling of the inflowing blood. A study carried
out by Rajendran et al.!1® in mouse xenograft tumors showed
that tumor perfusion may reflect certain aspects of angiogen-
esis; however, they concluded that further studies are required
as the test shows low sensitivity and high heterogeneity.

Another study evaluated antiangiogenic treatment
response in vivo by using ASL MRI to measure the tumor
perfusion quantitatively. The authors used DCE MRI, and
tumor vessels were also detected using the CD34 staining.
Responses to bevacizumab were assessed in an A498 xeno-
graft mouse model. The study showed that tumor perfusion,
vessel density, and size decreased with chronic treatment.!%

DCE MRI also detected a significant change between
treated and control groups in chronic and acute treatments,
although only vessel size was found to be reduced 24 hours
after the acute treatment.

These results indicate that tumor perfusion measured by
MRI can detect early vascular responses to antiangiogenic
treatment. However, some authors have concluded that ASL
MRI could be valuable for longitudinal assessment of tumor
perfusion and its application to human studies.’®”

TOF angiography visualizes vessels by the signal change
that occurs when magnetized protons in the blood leave the
image voxel during the measurement.'!® Although the visu-
alization of tumor vessels by TOF and ASL improves by
using MRI scanners with higher field strength, vessels with
very slow blood velocities cannot be reliably depicted.!!? Since
these vessels in particular respond to antiangiogenic therapies,
contrast-enhanced T1-weighted angiography and DCE MRI
are preferred for monitoring therapy.

In a study carried out by Radbruch et al, TOF angiog-
raphy at 7 T MRI showed the ability to characterize and
quantify the internal vascular morphology of glioblastoma.
The authors concluded that this may be a potential tech-
nique used to detect the therapy response in future studies, as
tumor vessels were clearly visible in all patients participating

in this study.!!!

DCE CT. DCE CT imaging obtains a baseline image
without contrast followed by a series of images over time after
an intravenous bolus of a contrast agent. Perfusion CT can
quantify the degree of angiogenesis of solid tumors iz vive.
Dighe et al.!!? carried out a study in patients with colon cancer
to assess the technical limitations and its usefulness. Perfusion
CT in tumors susceptible to motion during imaging acquisi-
tion makes accurate data more difficult to obtain, and that is
the reason why motion correction software is essential if per-
fusion CT is to be used routinely in CRC.

Previous studies in colon cancer have shown that this
technique could be applied to cancers either by quantifying
the angiogenesis or by differentiating between benign and
malignant lesions.!t3114

If perfusion CT is to be clinically effective in assessing
the angiogenesis in clinical setting, the technique needs to be
reproducible and standardized.!'®> However, this technique is
thought to have 1 potential due to the development of safe
neoadjuvant treatment strategies with antiangiogenesis drugs,
which act by constricting tumor growth and prevent propaga-
tion of metastases.!1®

There is also a possibility that perfusion CT could be
able to screen patients demonstrating high angiogenic activ-
ity and, consequently, would be susceptible to the effects of
antiangiogenic treatments.

Dighe et al.!'” carried out a prospective study to inves-
tigate the ability of perfusion CT to quantify the degree of
angiogenesis in CRC. The perfusion parameters calculated
were correlated with the measurement of MVD obtained from
immunohistochemical staining of resected surgical specimens.

Perfusion CT is also able to integrate anatomical detail
with the assessment of vascular physiology. Pharmacokinetic
modeling after tumor enhancement achieved by contrast
administration allows the physiologically based quantitative
vascular parameters, such as BF, blood volume, MTT, and
permeability surface area.?*!18

Perfusion C'T may reflect angiogenesis in CRC; however,
not all studies have been able to correlate BF with MV D.102.119
Perfusion measurements have also been shown to be robust
enough to be useful for therapeutic assessment in CRC.12°

Positron emission tomography. Fluorodeoxyglucose
(FDG) positron emission tomography (PET) studies have
also shown that the FDG delivery and uptake by rectal can-
cers do not reduce after bevacizumab monotherapy despite a
reduction in MVD and BF. This provides additional evidence
supporting the theory that vascular normalization is induced
by VEGF blockade.37#1:121

FDG PET gives data about tumor cell viability after treat-
ment. It shows metabolic changes in response to treatment even
prior to detectable change in the tumor size or structure.!??

FDG PET is thought to be an important marker in rectal
cancer, as sequential imaging after neoadjuvant chemoradia-
tion can predict response to treatment. It is also an indepen-
dent predictor of disease-free survival and OS.123.124
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Although FDG PET is a biomarker of response to
imatinib in gastrointestinal stromal tumors, early reductions in
standardized uptake value have not been seen in patients with
rectal cancer treated with bevacizumab monotherapy. How-
ever, it may provide the detection of early stages of response to
EGFR-targeted TKIs in colon cancer.!?

FDG is the most common radiotracer used. Tumor cells
that overexpress the cell surface GLUT-1 allow the entry of
this analog with the attached positron-emitting radionuclide
18F into the cell. Once inside the cells, it is phosphorylated
into glucose-6-phosphate and trapped within the tumor cell.
Intracellular trapping occurs preferentially in malignant cells
because they have higher glycolytic activity with an increased
expression of GLUT-1.

Semiquantitative analysis using a standardized uptake
value represents the metabolic activity of the tumor compared
to that of surrounding tissue, corrected for injected dose and
patient weight.12

H2 150 PET. Quantification of tumor perfusion using
the radioactive water (H2 150) and PET is a promising
method for monitoring the treatment with antiangiogenic
agents. H2 150 PET is considered as the reference technique
for the quantification of rBF and vascular permeability.®’

This technique offers the ability to monitor the direct
targeting of antiangiogenic treatment. It is increasingly being
studied in trials evaluating the effects of these drugs. Also
by monitoring the direct targets of anticancer therapy may be
superior to indirect tumor vessel size measurements.'?’

In locally advanced breast cancer, initial results with
dynamic 150-H20O PET have been promising. It showed
that tumor BF decreased in the responder group after chemo-
therapy, whereas it increased in the nonresponder group.}?®

Contrast-enhanced ultrasound. This technique is
increasingly being used in the clinic for the assessment of tis-
sue vascularity and perfusion. The contrast agent consists of
phospholipid-based microbubbles that encapsulate an inert
gas. When exposed to an ultrasound pulse, the microbubbles
generate nonlinear resonances that allow an enhanced repre-
sentation of the vasculature.!?’

This is a low cost, nonirradiant imaging technique with
good tolerance of contrast media. It is, therefore, a particularly
attractive method that can be used for serial monitoring of
antiangiogenic response.!3%131

Ultrasound Doppler technique is the most sensitive imaging
to assess blood vessels; however, it cannot provide the assessment
of vessels smaller than 200 pum in diameter.’®? Contrast-
enhanced ultrasound overcomes this limitation and enables the
functional evaluation of tumoral neovascularization.

Ultrasound contrast agents consist of microbubbles with
a mean diameter of 0.5-10 um. Unlike many contrast agents
used in CT and MRI, ultrasound contrast microbubbles
remain strictly following the intravascular injection. These
techniques that have been applied in a clinical setting to mon-
itor the antiangiogenic therapy are based on the assessment of

the percent area of contrast enhancement during the passage
of an injected bolus of contrast agent.!35132

This technique has also been used to predict response
in patients receiving bevacizumab-based chemotherapy for
mCRC. Thirty consecutive patients with mCRC underwent
a contrast-enhanced ultrasound before cycles 1, 2, and 4 of
bevacizumab-based chemotherapy. Three parameters (peak,
time to peak [TTP], and rise rate) were correlated with
radiological response.

There was a significant correlation in TTP between the
metastases of responders and nonresponders. In this setting,
TTP was also significantly different between responders and
nonresponders. In contrast, peak and rise rate did not show
any significant difference between responders and non-
responders. This technique may, therefore, serve as a surrogate
marker to predict treatment response in patients with mCRC
who receive antiangiogenic therapy.!®3

The study by Marybeth et al tried to test a real-time
motion compensation algorithm for contrast-enhanced ultra-
sound imaging of tumor angiogenesis. The authors concluded
that this technique was feasible for accurate and reliable quan-
tification of tumor angiogenesis in a human colon cancer
xenograft model exposed to motion.

In in vivo analysis, the percent contrast areas correlated
well with the extent of tumor angiogenesis compared to ex
vivo analysis during the antivascular therapy. This algo-
rithm may facilitate the establishment of contrast-enhanced
ultrasound imaging as an accurate tool for the real-time
quantification of tumor angiogenesis in preclinical and
clinical situations.!3*

Other authors have investigated the relationship between
contrast-enhanced ultrasound, bFGF, endothelin-1, and HCC
recurrence after ablation. Authors found that the levels of
tumor rise time, tumor T TP, tumor peak intensity, and tumor
parenchymal peak intensity in the recurrence group were sig-
nificantly lower than those in the nonrecurrence group. They
concluded that this technique is a noninvasive and effective
method for evaluating the angiogenesis of HCC and predict-
ing its recurrence and prognosis.'3

Contrast-enhanced ultrasound has several advan-
tages over DCE MRI and CT. These include the fact that
the patient is not exposed to ionizing radiation and that
the technique is accessible and less expensive than other
techniques. It is also able to measure diffusion through
the intravascular compartment and is not confounded by
extravascular diffusion.13

Pysz et al carried out a study to evaluate the effect of dif-
ferent contrast administration on the iz vivo ultrasound signal
in tumor-bearing mice using a maximum intensity persistence
algorithm. Authors concluded that a contrast-enhanced ultra-
sound maximum intensity persistence is reliable in evaluat-
ing the tumor vascularity and monitoring the antiangiogenic
therapy in vivo, provided that a constant microbubble dose
is administered.!3¢

CLINICAL MEDICINE INSIGHTS: ONCOLOGY 2016:10(S1) l 49


http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-oncology-j42

Cidon et al

Z,

The accuracy of contrast-enhanced ultrasound for
microvascular perfusion measurement and perfusion changes
tollowing therapy has been documented both in experimental
models and in patients with cancer.!37-1%

Single-nucleotide polymorphism. Different SNPs of
VEGF/VEGFR pathways have been investigated in several
retrospective studies to detect their potentialimpact on the clin-
ical outcome of patients with mCRC receiving bevacizumab.

Loupakis et al have reported an association between
VEGFA rs833061 C/T variants and PFS in mCRC treated
with the first-line FOLFIRI plus bevacizumab. However,
a prospective study failed to validate the hypothesized predic-
tive impact of VEGFA rs833061 variants. The authors found
that only VEGFR2 rs12505758 variants correlated with PFS.
They concluded that angiogenesis is a highly complex process
and it is unlikely that a single SNP might be a good predictor
of benefit from bevacizumab.!40

AVITA and AVOREN. Two randomized clinical tri-
als have been used to assess whether genetic variants in the
VEGEF pathway could be used as biomarkers for bevacizumab
treatment outcomes. The AViTA trial randomized patients
with metastatic pancreatic adenocarcinoma to receive gemcit-
abine and erlotinib plus either bevacizumab or placebo. The
AVOREN trial randomized patients with metastatic renal
cell carcinoma to receive interferon alfa-2a plus either beva-
cizumab or placebo.

The studies assessed the correlation between 138 SNPs
in the VEGF pathway with PFS and OS in a subpopulation
of patients from AViTA. Significant findings were confirmed
in a subpopulation of patients from AVOREN, and these
patients were studied functionally at the molecular level.

DNA of 154 patients from AViTA (77 received bevaci-
zumab) and 110 from AVOREN (59 received bevacizumab)
were studied. A SNP in VEGFR1, rs9582036, was signifi-
cantly associated with OS and PFS in the bevacizumab group
of AViTA.

The authors concluded that the VEGFR1 locus contain-
ing this SNP serves as a predictive marker for bevacizumab
treatment outcome in AViTA. Experiments of fine-mapping
of this locus identified rs7993418, which is an SNP affecting
the tyrosine 1213 in the VEGFR1 tyrosine kinase domain. It
has been identified as the functional variant underlying this
association. This SNP causes a shift in codon usage, lead-
ing to an increased VEGFR1 expression and downstream
VEGFRI1 signaling. This VEGFR1 locus correlated signifi-
cantly with PFS but not with OS in the bevacizumab group
in AVOREN.

The final conclusion of these two studies showed that
a locus in VEGFR1 correlated with an increased VEGFR1
expression and a poor outcome of bevacizumab treatment.
However, prospective assessment is needed to validate the
predictive value of this association.!#!

Two similar phase III studies (the Hellenic Cooperative
Oncology Group and E2100 studies) provided strong

evidence that SNPs in VEGFA have a predictive value as
biomarkers for response to bevacizumab. In the AVADO
trial, docetaxel alone or with bevacizumab was assessed as the

first-line treatment for metastatic breast cancer.*?

In the carriers of the VEGFA-2578A allele, PFS was
improved in those who received docetaxel plus 7.5 mg/kg
bevacizumab but not in those who received docetaxel alone or
with 15.0 mg/kg bevacizumab.

Improved PFS was also found in patients with the
VEGFA-634CC genotype who received docetaxel alone but
not in patients who received bevacizumab, which suggested a
prognostic effect. No correlation was seen between OS and
any of the SNPs tested.

The Hellenic Cooperative Oncology Group did a cor-
relative study on their phase III trial findings for bevacizumab
with either FOLFIRI (leucovorin, fluorouracil, and irinote-

can) or XELIRI (irinotecan and capecitabine).*3

The genotypes VEGFA-2578CC and -1154GG were
associated with a reduced OS.1** These findings are similar to
thatin the E2100 trial where the alternate genotypes (VEGFA-
2578 A A and -1154A A) were associated with an improved OS.
A marginal improvement in PEF'S was also associated with the
VEGFA-1154AA genotype. This greater effect on OS than
on PFS supports the findings of the E2100 trial 145146

A small cohort study evaluating FOLFIRI/bevacizumab
as first-line in mCRC investigated the associations between
median PF'S and VEGFA SNPs. VEGFA-1154A A genotype
showed an improvement in PFS.1#

A correlation was also shown between the VEGFA-
634GG genotype and an improved response rate. Despite all
these findings, the level of evidence for the use of VEGFA
SNPs in the clinical setting is inadequate, and thus, more
studies are warranted.!*8

Conclusions and Hopes for the Future

Inhibition of angiogenesis for the treatment of cancer has been
successfully translated into clinical use. The key issue with
this therapy is that patients who receive antiangiogenic drugs
experience relatively few clinical benefits and antiangiogenic
therapy is associated with adverse events and high financial
costs. Therefore, the identification of biomarkers that are able
to identify patients who are more likely to benefit from their
use is important (See Table 1).

Analyses of tumor samples or blood circulating cells
with the intent of finding biomarkers that can help with
future drug development have shown some promise. Imag-
ing, molecular, or cellular biomarkers are relevant in phase
IT and III studies to demonstrate antitumor activity or resis-
tance to the treatment. Specific gene expression signatures in
endothelial cells and blood lymphocytes have been reported
in response to antiangiogenic drugs.’>*’ These signatures
could be used to monitor tumor angiogenesis and antiangio-
genic treatment activity. Proteomics approaches have been
used to identify specific proteins that are expressed in tumor
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Table 1. Biomarkers in angiogenesis in colorectal cancer and their role as predictive or prognostic factors.

BIOMARKERS TYPES

Blood pressure Predictive

COMMENTS

— Hypertension has been observed in patients treated with anti-VEGF

antibodies and TKIls. However currently the data is very limited.

Circulating VEGF

Prognostic -

Elevated levels have been found to be indicative of a poor prognosis but
do not predict response to antiangiogenic drugs.

Tumour expression of VEGF

Predictive -

The VEGF-2578 AA genotype has been associated with improved
median overall survival in patients who received paclitaxel and bevaci-
zumab when compared to other genotypes.*°

PIGF and soluble VEGF receptors

Predictive and -
prognostic -

Circulating levels of PIGF increase in response to anti-VEGF treatment.
Circulating levels of soluble VEGFR2 and VEGFR3 are decreased

by TKIs that directly target these receptors, but are not affected by
bevacizumab.

Other proteins as biomarkers

Predictive -

In patients with mCRC treated with bevacizumab and chemotherapy,
pre-treatment evaluation of biomarkers such as microvascular density,
tumour tissue expression of TSP2, P53 and KRAS mutations have not
been predictive of response to treatment.3%54

Circulating cells

Prognostic -

Circulating endothelial cell progenitors mobilized by VEGF, have
been found to have pro-angiogenic activities in mice. High levels cor-
relate with angiogenesis and normalise following treatment with anti-
angiogenic therapies.

Microvessel Density and Endothelial
signalling Events

Prognostic -

Microvessel density (MVD) at regions of intense angiogenesis has a
prognostic but not predictive value in many cancers.

MicroRNAs

Predictive -

The role of increased intratumoral expression of genes regulated by
hypoxia-inducible factor-1 alpha (HIF1a), such as LDHA, glucose trans-
porter-1 (GLUT-1), VEGFA, VEGFR1, and VEGFR2, in predicting the
outcome in the treatment of CRC has been identified.

Mismatch repair proteins

Predictive -

Patients diagnosed with mismatch repair defective (dMMR) tumours had
a statistically significant benefit in survival from the addition of bevaci-
zumab in contrast with no benefit in patients diagnosed with mismatch
repair proficient tumours.

Immunogenicity/cadherin

Prognostic -

The mobilization of immune cells, such as MDSCs and TAMs has been
considered as a contributor to drug resistance. Recent studies have
shown that VEGF-A signalling through VEGFR-2 is involved in MDSCs
recruitment to metastases and, once within the tumour, these can
mature into tumour-promoting macrophages.

Functional imaging
— Magnetic Resonance Imaging
— Dynamic contrast enhanced (DCE) CT

— Contrast enhanced ultrasound

Prognostic -

— Positron emission tomography (PET) -

Magnetic resonance imaging (MRI) has high spatial resolution; excellent
soft tissue contrast and the ability of functionally characterise tissues by
using non-contrast and contrast-enhanced techniques.

Perfusion CT can quantify the degree of angiogenesis of solid tumours
in vivo.

FDG-PET is thought to be an important marker in rectal cancer as
sequential imaging after neoadjuvant chemoradiation can predict
response to the treatment and this is an independent predictor of dis-
ease free survival and overall survival.

Single nucleotide polymorphism (SNP)

Predictive -

Different SNPs of VEGF/VEGFR pathways have been investigated in
several retrospective studies, to identify the potential impact on clinical
outcome in mMCRC patients receiving bevacizumab.

150

vessels' and tumor interstitial fluid.’! These analyses are

considered as a promising technique to identify the biomark-
ers of angiogenesis.!*2153

Many potential biomarkers of angiogenesis have already
been tested in preclinical and clinical studies. However, cur-
rently there are no definitive methods that can be used in the
clinical setting to monitor or to predict the response to anti-
angiogenic medications (See Table 1). Validated surrogate
markers as a method for detecting drug activity, predicting
response, defining optimum biological dose, planning better
combination therapies, or identifying resistances to antian-
giogenic therapies would be of great value. Imaging biomark-

ers, such as changes in DCE MRI- and CT-based tissue

vascular measures, such as BF and permeability, have been
detected after treatment with bevacizumab or anti-VEGFR
TKIs in clinical studies. Water self-diffusion is also sensitive
to detect changes in tumors following the treatment!®* and
might be a predictive marker.!>

New drugs are currently being developed, and hopefully,
the size and effect of our anticancer arsenal will be increased
in the near future. A phase III study of nintedanib/placebo
plus best supportive care in patients with CRC refractory
to standard therapies is ongoing (though not recruiting).
It will evaluate the efficacy of nintedanib in patients with
mCRC after the failure of previous treatment with standard
chemotherapy and biological agents. Ramucirumab, a fully
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monoclonal antibody against the VEGFR2, is being tested
in mCRC progressive after treatment with bevacizumab-
containing chemotherapy.

Combination chemotherapy with or without regorafenib
in patients with mCRC is another ongoing randomized
phase II trial. Regorafenib is thought to inhibit the growth
of tumor cells by blocking several enzymes required for cell
growth. However, it is not yet known whether chemotherapy
will be more effective with or without regorafenib.

The results of these studies are currently awaited, and
further research is needed to draw definitive conclusions. Also
the need to tailor therapies to individual patients is becom-
ing more and more important. Unfortunately, currently there
is insufficient data supporting the use of any single biomarker
as a reliable parameter to guide patient selection for treatment
with anti-VEGF monoclonal antibodies. Identification of reli-
able and easily measurable biomarkers is, therefore, needed,
and further randomized trials are required to be able to iden-
tify patients who will benefit from antiangiogenic therapy
in CRC.
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