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Abstract

Angiogenesis, the formation of new blood vessels, plays a crucial role in the progression and metastasis of various
cancers, including head and neck squamous cell carcinoma (HNSCC). HNSCCs are characterized by altered levels
of angiogenesis-related factors, including the overexpression of pro-angiogenic factors such as vascular endothelial
growth factor (VEGF) and platelet-derived growth factor (PDGF), as well as the dysregulation of angiogenesis
inhibitors. Together, these factors drive the formation of new blood vessels within the tumor microenvironment
and are considered therapeutic targets in HNSCC. Although preclinical studies are promising, challenges have
emerged in the clinical use of anti-angiogenic agents in the clinic, including treatment-related toxicities and the
development of resistance to therapy. There is an unmet need for further research to elucidate the molecular
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pathways involved in HNSCC angiogenesis, identify novel therapeutic targets, and discover predictive biomarkers
to improve patient selection.

Keywords: Head and neck squamous cell carcinoma, HNSCC, oral squamous cell carcinoma, OSCC, anti-
angiogenic therapy, tumor angiogenesis

INTRODUCTION

Originating from the epithelial cells lining the upper aerodigestive tract, head and neck squamous cell
carcinoma (HNSCC) is the sixth most common cancer worldwide"*. HNSCC is a complex and
multifactorial disease that accounts for approximately 890,000 new cases and 450,000 deaths annually!
The clinical appearance of the disease is often a painless lump or ulcer, which can be accompanied by

3,5]

difficulties in swallowing, hoarseness, or persistent cough'®. Various sites can be affected in the head and
neck region, including the oral cavity, pharynx, larynx, nasal cavity, and paranasal sinuses'"*. Therefore, the
associated symptoms are heterogeneous and depend on the anatomical site as well as the etiology of the
tumor"). The main risk factors for HNSCC include tobacco and alcohol abuse, betel nut chewing, and
exposure to environmental pollutants”. Especially the combination of alcohol and tobacco consumption
potentiates the risk of malignant development 35-fold in a synergistic manner". Additionally, as a
biologically distinct subgroup, infections with human papillomavirus (HPV) or Epstein-Barr virus (EBV)

are significant risk factors'”.

Diagnosis of HNSCC requires clinical examination, including a detailed history and physical examination of
the head and neck"*"". Further, to confirm the suspected clinical diagnosis, a histopathological work-up of a
tumor biopsy is necessary, either obtained by surgical resection or by fine needle aspiration cytology™*'**.

Imaging studies such as computed tomography (CT), magnetic resonance imaging (MRI), and positron
emission tomography (PET) are part of the staging process, determining the extent and invasiveness of the

[5.6]

tumor as well as detecting metastasis and aiding in the estimation of the prognosis"°.

Treatment options for HNSCC depend on the stage and location of the tumor, as well as the patient's
overall health. The primary treatment options include surgery, radiation therapy, chemotherapy, and
targeted therapy. Single-modality therapy is the preferred treatment for early-stage HNSCC with an overall
better prognosis, while a multimodal treatment is typically used in advanced-stage disease!”. A promising
new approach to the treatment of HNSCC is targeted therapy, inter alia involving immunotherapy to target
immune checkpoints or the tumor microenvironment, including the tumor vasculature. These targeted
therapies were particularly effective in patients with a positive HPV status (HPV") or in patients with
recurrent or metastatic HNSCCs with defined molecular characteristics, including upregulation of immune
checkpoint inhibitors and tumor-associated antigens or the presence of cancer driver mutations™*".

Despite those treatment advances, the prognosis for HNSCCs remains poor, with a five-year survival rate of
approximately 60%, and has decreased only slightly over the last decades"”. Patients with early-stage disease
have a better prognosis than those with advanced-stage disease, and patients with HPV" tumors have a
better prognosis than those with HPV-negative (HPV") tumors"*. Prevention and early detection are crucial
for improving the prognosis of HNSCC, as the survival rate declines rapidly with the increased tumor stage.
Strategies for prevention include avoiding tobacco and alcohol use, practicing good oral hygiene, getting
vaccinated against HPV, and avoiding exposure to environmental carcinogens'. Still, new treatment
modalities are continuously being investigated and promising results from targeted therapy emphasize the
potential of reducing current limitations in HNSCC therapy. Here, we will consider the potential of targeted
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therapies to improve the current survival rates of HNSCC with special emphasis on approaches targeting
the tumor vasculature.

TUMOR ANGIOGENESIS IN HNSCC

Progressing tumors, analogous to normal tissues, require sustenance in the form of nutrients and oxygen, as
well as the ability to evacuate metabolic wastes and carbon dioxide for sufficient growth. Therefore, an
increased contribution and drainage of blood are necessary, which are met by the initiation and extension of
tumor-associated neovasculature"”. This induction of angiogenesis is one of the “Hallmarks of Cancer”,
defined by Hanahan and Weinberg, probably a rate-limiting step in the development of solid tumors and is
initiated within the hypoxic tumor microenvironment">'. Hereby, tumor-associated hypoxia
(O, < 14 mmHg or 2%) orchestrates the broad pro-angiogenic reprogramming and is closely linked to
decreased immune surveillance during tumor progression'”. Therefore, one approach to attenuating the
progression of HNSCC and other solid tumors is targeting tumor angiogenesis. Under physiological
conditions, the process of angiogenesis is mainly guided by complex hemodynamic parameters, such as
pressure, vorticity, and shear stress, while mainly neoplastic growth and pro-angiogenic factors drive
angiogenesis under pathological conditions"®. It is important to distinguish angiogenesis from
vasculogenesis, the de novo formation of blood vessels during embryogenic development, where angioblasts
differentiate into flattened endothelial cells (ECs) in blood islands and through sprouting and anastomoses,
ultimately forming primordial vascular plexus"”. Various mechanisms of angiogenesis have been identified,
including sprouting angiogenesis, intussusceptive angiogenesis, coalescent angiogenesis, vessel co-option,
and vasculogenic mimicry, which are particularly relevant in tumor angiogenesis [Figure 1]"".

Sprouting angiogenesis refers to the mechanism of capillary vessel growth out of pre-existing ones through
degradation of the extracellular matrix and the basement membrane surrounding the ECs. This
subsequently allows ECs to invade and disintegrate the surrounding matrix, proliferate, form new immature
blood vessels, and, therefore, develop a more extensive network for the nourishment of the growing
tumor™. Vascular endothelial growth factor (VEGF) is a widely expressed angiogenic growth factor and
plays a crucial role in sprouting angiogenesis, as well as angiogenesis in general, by inducing EC
proliferation and migration, mainly through filopodia tip cell formation". Hypoxia also represents a potent
inducer of sprouting angiogenesis and reveals its potential for tumor promotion as the unbridled growth of
cancer causes ubiquitous hypoxic conditions””. Besides sprouting angiogenesis, intussusceptive
angiogenesis is also considered a VEGF-dependent mechanism, where angiogenesis is achieved by splitting
a capillary into two independent microvessels”’. Observed during growth and vascular remodeling of
predominantly venous or capillary vascular networks, intussusceptive angiogenesis is a well-defined process
of reshaping pre-existing networks by bisecting the lumen through an intussusceptive pillar. It has been
reported that circulating progenitor cells are then integrated into the forming gaps in the vessel walls,
consequently resulting in the formation of trans-vascular pillars without endothelial proliferation®*.

Interestingly, intussusceptive angiogenesis has been identified as a potential mechanism for resistance to
anti-angiogenic drugs. It is considered compensatory angiogenesis in this regard, as the energy
requirements are minor, and the process is fairly quick. Additionally, intussusceptive angiogenesis can build
a vascular network specifically tailored to the local geometric and hemodynamic prerequisites, aggravating
cancer growth and aggressiveness”*.

Further, described as the reverse of intussusception, coalescent angiogenesis describes remodeling an initial,
hemodynamically ineffective vascular mesh structure into a hierarchical tree structure, providing efficient
convective flow. Herein, preferential flow pathways evolve within initially isotropic capillary meshes,
progressively enlarging through the coalescence of capillaries and elimination of internal tissue pillars,
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Figure 1. Molecular mechanisms of angiogenesis: (A) sprouting angiogenesis, (B) intussusceptive angiogenesis, (C) coalescent
angiogenesis, (D) vessel co-option, and (E) vasculogenic mimicry.

resulting in the regression of less perfused and the strengthening of preferred capillaries™. However,
coalescent angiogenesis has only been identified in embryonic development. Therefore, it remains to be
investigated in future studies whether those mechanisms have any impact on tumor angiogenesis'®.

Regarding the connection between angiogenesis and cancer, vessel co-option and vasculogenic mimicry are
particularly important. Although the precise molecular mechanism involved in vessel co-option in cancer
remains unclear, it refers to a non-angiogenic process where tumor cells hijack the abluminal surface of
blood vessels as lead structures. Through those vascular courses, cancer cells obtain oxygen and nutrients by
infiltrating the ambient microenvironment”. Vasculogenic mimicry is another type of non-angiogenic
growth. Instead of attaching to blood vessels, tumor cells differentiate into EC-like cells and create matrix
structures resembling vessels, which are perfused and provide nourishment to hypoxic tumor areas””.

Despite those mechanisms of angiogenesis used by cancer to generate an abundant number of vessels,
tumors are usually hypoxic and nutrient-deprived, leading to the production of even more pro-angiogenic
factors and, therefore, creating a self-reinforcing vicious cycle of further tumor angiogenesis™. An
explanation for this idiosyncrasy has been found in the abnormal structure and subsequent malfunction of
tumor vasculature, presenting as leaky, tortuous, dilated, saccular, and having a haphazard pattern of
interconnection”. Another contributing factor to this hostile milieu of hypoxia and malnutrition is the
compression of these already weakened vessels via physical forces exerted by overabundant cells and
escaping fluids due to the leakiness of tumor vessels, consequentially raising interstitial pressure®'. This
can cause fluctuations in the blood flow, resulting in an erratic distribution of oxygen, nutrients, immune
cells, and drugs”'. Further, high values of microvessel density (MVD), a product of the aforementioned
continuous and self-reinforcing tumor angiogenesis, are considered to be an adverse prognostic factor in
HNSCC, associated with shorter overall survival (OS) and progression-free survival (PES), as well as higher
rates of metastasis”>”!. The latter can be explained by the poor architectural integrity of the vasculature,
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facilitating the invasion of tumor cells into nearby blood or lymphatic vessels. The increased permeability of
these vessels and the presence of pro-angiogenic and chemotactic signals are additional mechanisms linking
increased tumor angiogenesis to metastasis in HNSCC"*. The hypoxic tumor microenvironment sustains

[35-37]

this process via HIF-1a-dependent activation of immune suppressor cells®*”, enabling escape from

immune surveillance", as well as via expression of angiogenic factors by these immunosuppressive cells™.
Additionally, hypoxia-induced and hypoxia-inducible factor 1 subunit a (HIF-1a)-mediated VEGF release
from tumor cells is a strong contributor to immune suppression by preventing cytotoxic T-cell migration*’
and maturation of dendritic cells", thus linking angiogenesis to deprivation of immune response and

ultimately leading to tumor progression.

Tumor angiogenesis involves a complicated interaction between ECs, cancer cells, immune cells, and the
surrounding micro- and macro-environments. Many vascular and endothelial factors are at play,
contributing to a complex chain of signaling mechanisms and cascades. All of these factors could serve as
potential targets for therapy, complicating the search for the right starting point for anti-angiogenic
therapies in HNSCC.

ANTI-ANGIOGENIC THERAPIES IN HNSCC

Targeting the VEGF pathway

In an effort to tackle tumor growth at its many routes, several therapeutic options are available specifically
for targeting tumor angiogenesis. Four general categories with 14 different US Food and Drug
Administration (FDA)-approved anti-angiogenic therapies have been established: ligand-directed
antibodies, receptor-directed antibodies, small molecule inhibitors, and immunomodulatory agents". The
efficacy of these approaches in HNSCC is presented in Table 1 based on the available data from clinical
trials. Similar findings in other malignant entities are summarized in Supplementary Table 1. VEGF was of
particular interest in the ligand-directed and receptor-directed categories, as overexpression of VEGF is
observed in HNSCC and is linked to worse OS"***\. Additionally, preclinical studies exploiting the anti-
angiogenic effects of Bevacizumab, a monoclonal antibody targeting VEGF-A, showed enhanced tumor
response in combination with radiation, resulting in reduced tumor blood vessel formation and inhibition
of tumor growth™*!. Bevacizumab was initially approved by the FDA in 2004 as part of a combinational
therapy for metastatic colorectal cancer™. Since then, five additional types of solid tumors have been
approved for treatment with bevacizumab. However, the FDA has not yet approved anti-angiogenic agents
for the treatment of HNSCC, despite the highly vascularized nature of the tissues in which HNSCC
arises*. Argiris et al. evaluated the addition of bevacizumab to platinum-based chemotherapy in recurrent/
metastatic HNSCC in their phase III randomized trial (NCT00588770)"*". Although the median OS was
improved from 11.0 months with chemotherapy alone to 12.6 months with chemotherapy and
bevacizumab, those results were not significant (HR: 0.87; 95%CI: 0.70-1.09; P = 0.22). However, a
significant increase in response rate, from 24.5% to 35.5% (P = 0.013), and PFS, from 4.3 months to 6.0
months (P = 0.0012), was observed. Those results were encouraging, even though bevacizumab treatment
was associated with a significant increase in treatment-related toxicities. Consequently, further trials
targeting VEGF were set up. Among others, Yoo et al. combined bevacizumab, erlotinib, a tyrosine kinase
inhibitor (TKI) of the epithelial growth factor receptor (EGFR), and concurrent chemoradiation in locally
advanced HNSCC (NCTo00140556)"“". Even though an increased risk of osteoradionecrosis was detected,
complete response rates were achieved in 96% of patients (95%CI: 82%-100%) and 3-year OS and PFS
reached 86% and 82%, respectively (95%Cl: 66%-94% and 62%-92%)"". Cohen et al. conducted another
phase I/II study (NCT00055913) where bevacizumab was combined with erlotinib in patients with
recurrent/metastatic HNSCC™. Overall, the combination was well-tolerated with a median OS of 7.1
months (95%CI: 5.7-9.0 months) and PFS of 4.1 months (95%CI: 2.8-4.4 months), but the authors also
conceded that the objective response of cetuximab/platinum/fluorouracil or other cytotoxic chemotherapy
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Table 1. Categories of US Food and Drug Administration (FDA)-approved anti-angiogenic therapies: ligand-directed antibodies,
receptor-directed antibodies, small molecule inhibitors, and immunomodulatory agents

Target of
anti-
angiogenic
therapy

Treatment
modality

Clinical
results in
HNSCCs

Target of
anti-
angiogenic
therapy

Treatment
modality

Clinical
results in
HNSCCs

Target of
anti-
angiogenic
therapy

Treatment
modality

Clinical
results in
HNSCCs

Target of
anti-
angiogenic
therapy

Treatment
modality

Clinical
results in
HNSCCs

Target of
anti-
angiogenic
therapy

Treatment
modality

Clinical
results in
HNSCCs

Ligand-directed antibodies

Bevacizumab, and chemotherapy or radiotherapy

Not approved by FDA in HNSCC

Clinical trial: phase Il in recurrent/metastatic HNSCC (NCT0O0588770)

Results: significant increase in response rate/PF

7
5[4 ]

Ligand-directed antibodies combined with receptor-directed antibodies

Bevacizumab and erlotinib, with or without chemotherapy

Clinical trial: locally advanced HNSCC (NCT00140556)""
Results: corp&ete response rates were achieved in 96% of patients, and 3-year OS and PFS reached 86% and 82%,

respectively

Clinical trial: phase /1l in recurrent/metastatic HNSCC (NCT00055913)

Results: combinations predispose to higher response

[49,50]

Receptor-directed antibodies combined with immune checkpoint inhibitors

Ramucirumab, a monoclonal antibody
targeting VEGFR2 and pembrolizumab, a
monoclonal antibody, FDA-approved for
treatment of HNSCC, against
programmed cell death protein 1 (PD-1)

Clinical trial: one ongoing phase I/Il in
patients with recurrent/metastatic
HNSCC (NCT03650764)

Results: pending

Tyrosine kinase inhibitors

Sorafenib and/or sunitinib, targeting multiple receptors involved in angiogenesis, including VEGFR

Apatinib, VEGFR2 inhibitor, and camrelizumab, anti-
PD-1 monoclonal antibody

Clinical trial: phase Il in locally advanced resectable
oral squamous cell carcinoma (OSCC)
(NCT04393506)

Results: major pathological response (MPR), defined
as <10% residual viable tumor cells, in 40% of
patients and 18-month locoregional recurrence and
survival rates of 10.5% and 95%, respectively
Treatment was well-tolerated, and the safety profile
was manageable, superior to prior neoadjuvant
chemotherapy

Clinical trials: phase | and Il in patients with recurrent or metastatic HNSCC

Results: anticancer activity remained modest in combinatorial trials, single-agent use of those TKls was not recommende

Histone deacetylase inhibitors (HDACi)

Romidepsin - Zn-dependent histone
deacetylase inhibitor

Clinical trial: phase Il in patients with
HNSCC patients (NCTO0084682)
Results: limited activity for the treatment
of HNSCC. Objective responses were not
observed, although 2 heavily pretreated
patients had brief clinical disease
stabilization

Vorinostat combined with chemotherapy and/or
radiation therapy

Clinical trial: phase | trial in patients with stage Ill or
stage |Va squamous cell cancer of the oropharynx
which is either unresectable or borderline resectable
(NCTO01064921)

Results: non-posted

Clinical trial: phase Il in patients with unresectable
locally advanced (LA) oropharygeal (OP) squamous

Bevacizumab and
atezolizumab, anti-PD-1
monoclonal antibody

Clinical trial: ongoing phase
Il'in patients with recurrent or
metastatic previously treated
HNSCC (NCT03818061)

Results: pending

49
d[ 1

Vorinostat combined with
pembrolizumab

Clinical trial: phase Il in
resistant refractory solid
tumors (NCTO0404508)
Results: a clinical benefit was
observed in 12 (80%)
patients: four PR, and eight
5pieY
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cell carcinoma (NCT01695122)

Results: valproic acid promotes radiosensitization.
VPA and CRT offered high RR; however, with
prohibitive toxicities, which led to early trial
termination

combinations in patients with recurrent or metastatic disease is likely to be higher than that noted in their

study">.

Synergistic effects of immunotherapy and anti-angiogenic therapy

Activation of pro-angiogenic pathways, especially mediated via the VEGF-VEGF receptor 2 (VEGFR2)
interaction, strongly interferes with immune cell functions, leading to multi-target deprivation of immune
response. This includes inhibition of immune cell differentiation, impaired antigen presentation, T cell
exhaustion, and blockade of their infiltration. Concurrently, increasing expansion of regulatory T cells
(Tregs), myeloid-derived suppressor cells (MDSCs), and tumor-associated macrophages (TAMs) at the
tumor site was reported”. Thus, new combinatorial approaches targeting tumor angiogenesis and the
tumor-associated immune response were developed and implemented in clinical trials.

Regarding VEGFR-directed therapy, the synergistic effects of immunotherapy and anti-angiogenic therapy,
previously reported in non-small-cell lung cancer (NSCLC), are the aim of several ongoing trials involving
ramucirumab, a monoclonal antibody targeting VEGFR2">*". Ramucirumab gained regulatory approval in
NSCLC, gastric cancer, colorectal cancer, and hepatocellular carcinoma. There is one ongoing phase I/11
clinical trial (NCT03650764) investigating ramucirumab plus pembrolizumab, a monoclonal antibody,
FDA-approved for the treatment of HNSCC, against programmed cell death protein 1 (PD-1), in patients
with recurrent/metastatic HNSCC. While results are still pending, the investigators hypothesize that
simultaneous inhibition of angiogenesis and PD-1 will be more effective than inhibition of PD-1 alone, as a
similar trial in patients with previously treated advanced NSCLC, gastro-oesophageal cancer, or urothelial
carcinomas showed favorable antitumor activity under a manageable safety profile®. Additionally,
targeting VEGFR2, Ju et al. investigated the VEGFR2 inhibitor, apatinib, in combination with anti-PD-1
camrelizumab in a neoadjuvant setting for locally advanced resectable oral squamous cell carcinoma
(OSCC)™. In their pilot study (NCT04393506), 20 patients received three cycles of apatinib plus
camrelizumab before surgery, which yielded a major pathological response (MPR), defined as < 10%
residual viable tumor cells, in 40% of their patients and 18-month locoregional recurrence and survival rates
of 10.5% (95%CI: 0%-24.3%) and 95% (95%Cl: 85.4%-100.0%), respectively. In addition to pathological
efficacy, the treatment was well tolerated and the safety profile was manageable, even superior, to prior
neoadjuvant chemotherapy regimens, showing no neoadjuvant therapy-related adverse effects of grade 3 or
above. The same promising concept of combining anti-angiogenic agents with immune checkpoint
inhibitors is currently followed in the ongoing phase II study ATHENA (NCT03818061), combining
atezolizumab, another monoclonal PD-1-antibody, and bevacizumab in patients with recurrent or
metastatic previously treated HNSCC.

Anti-angiogenic tyrosine kinase inhibitors

Other key anti-angiogenic agents studied in HNSCC are sorafenib and sunitinib, the TKIs targeting
multiple receptors involved in angiogenesis, including VEGFR. In phase I and II clinical trials, sorafenib and
sunitinib were generally well-tolerated and demonstrated activity in patients with recurrent or metastatic
HNSCC. However, this anticancer activity remained modest in combinatorial trials, and further studies with
single-agent use of those TKIs were not recommended"*”.
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Histone deacetylase inhibitors

Histone deacetylases (HDACs) are involved in mediating multiple biological processes, including
angiogenesis via the upregulation of HIF-1a, VEGF, and CXCR4"". Inhibitors of HDACs were approved by
the FDA regarding hematological malignancies. However, the clinical efficacy in solid tumors is still being
investigated”®. Recent proteomic studies of HDAC inhibitor-resistant and sensitive cells suggested several
potential drug combinations to overcome drug resistance in solid tumors"”. Moreover, the treatment of
cisplatin-resistant HNSCC cells with the class Ila HDAC inhibitor CHDI0039 resulted in promising
preclinical results, unlike treatment with a class I/pan-HDAC inhibitor or combinations with
bortezomib"*. It was demonstrated in HNSCC that HDAC inhibitors inactivate ADP-ribosylation factor 1
(Arf1), which coordinates vesicle-mediated intracellular trafficking through degradation of epidermal
growth factor receptor (EGFR), and thus inhibit invasion of tumor cells"”. Clinical trials involving the use
of HDAC inhibitors in HNSCC are presented in Table 1.

Resistance to anti-angiogenic therapies

One contributing factor to the limited efficacy of anti-angiogenic therapy seems to be drug resistance over
time®.. In this regard, extracellular vesicles (EVs) and the aforementioned vessel co-option have been
observed to play an essential part in resistance to anti-angiogenic therapy, presumably due to their non-
angiogenic nature!*". EV's are naturally occurring nano-sized membrane-bound vesicles released by nearly
all cell types and represent critical mediators of intercellular communication, especially between tumor and
stromal cells"**!. A growing body of evidence suggests that tumor cell-derived EVs promote tumor
angiogenesis in two ways: directly transferring bioactive cargos to ECs and exerting pro-angiogenic effects
through other cells like fibroblasts and immune cells, doubling the potential for resistance!®****"", While the
exact pathophysiological mechanisms of vessel co-option are still unclear, as indicated above, studies in
colorectal cancer have shown that treatment with bevacizumab can be less effective in cases where vessel co-
option is present, suggesting that vessel co-option may play a role in resistance to anti-angiogenic
therapy'**>!,

A potential method to overcome resistance to anti-angiogenic therapies is the usage of vascular disrupting
agents (VDAs), such as OXi4503, combretastatin A4 phosphate (CA4P), or ombrabulin. Immature tumor
vessels were shown to be more sensitive to VDAs". However, the heterogeneity within the tumor
microenvironment with regard to molecular and morphological differences was suspected as a major
contributor to VDA treatment resistance”. The combination of VDAs and anti-angiogenic agents was
investigated and promised to enhance the response to anti-angiogenic therapies; however, cumulative
toxicities were identified as a major challenge””*..

Histological biomarkers for anti-angiogenic therapies

A connection between angiogenesis and HNSCC tumorigenesis, as well as metastasis, was already presented
decades ago, predominantly by assessing expression levels of VEGF in tumor tissues”*”". However, the
successful clinical implementation of anti-angiogenic therapies in HNSCC will rely on further identification
of adequate diagnostic and prognostic biomarkers. Hereby, markers of the angiogenic switch in HNSCC,
related to both endothelial cell and hypoxic signaling, were suggested as angiogenic biomarkers. These
markers were further divided into diagnostic and prognostic biomarkers. Galectin-1, Galectin-3; p21, Cyclin
D1; FGFR1, and FGFR3 were described as the most promising diagnostic biomarkers, while CD31 and
CD34 are accurate indicators of MVD and D240 of lymphatic vessel density in HNSCC. LOXL-2 is a
participant in ECM remodeling; VEGFR-3, CCR7, NRP1, and SEMASE are associated with lymph node
metastasis; carbonic anhydrase-9 (CA-9), HIF-1q, or HSP70 are related to hypoxia””. Furthermore, vascular
cell adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) are noteworthy
biomarkers, as they are both contributors to tumor angiogenesis and possess predictive value in cancer but
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have not been sufficiently studied in HNSCC, yet”*). On the one hand, upregulation of VCAM-1
expression in the tumor periphery can generally initiate angiogenesis via very late antigen-4 (VLA-4)
expressed on vascular stem cells and progenitor cells, leading to a cell-homing process to VCAM-1 in the
tumor environment®'. On the other hand, regarding VCAM-1 and ICAM-1 expression on endothelial cells
of the tumor vasculature, a downregulation has been shown to play a crucial role in protecting the tumor by
inhibiting leukocyte infiltration and, therefore, reducing the local immune response, which has been
observed in HNSCC™. Interestingly, the aforementioned downregulation of VCAM-1 is directly associated
with VEGF expression levels”. This inconsistency in expression levels of adhesion molecules, in regard to
the effect it has on the tumor depending on location, highlights a site-specific interaction between the
vasculature and its immediate surroundings and requires further investigation into these crosstalks in
HNSCC and cancer in general™. Subsequently, establishing biological markers for angiogenesis in HNSCC
promises to help implement tailored anti-angiogenic therapies analogous to currently widely used markers
such as EGFR.

CONCLUSION

Anti-angiogenic therapies used in preclinical studies have shown to be effective in treating HNSCC,
whereas, in clinical trials, challenges and limitations are frequently observed. One challenge is selecting
patients who are most likely to benefit from anti-angiogenic treatments, as in certain therapy combinations,
only some patients seem to derive sustained benefit and complete responses. In contrast, other patients do
not benefit from anti-angiogenic therapies, but experience increased treatment-associated toxicities.
Another challenge is the emergence of resistance to the selected anti-angiogenic therapies, as tumors may
pursue alternative angiogenic pathways, rendering the anti-angiogenic treatments ineffective. Clearly,
further studies of angiogenic mechanisms in cancer and of resistance to anti-angiogenic therapies are
required to establish which, when, and in what combinations anti-angiogenic agents should be used in
HNSCC. The one unmet and urgent need that could make a difference and lead to improved outcomes is
the development of predictive biomarkers of response to therapy. Such biomarkers could guide selections of
drugs and treatments and serve as disease-specific monitors of cancer progression. Currently, intensive
efforts are invested in examining circulating tumor cells (CTC), circulating tumor DNA (ctDNA), and
tumor-derived small EVs for their potential to serve as liquid tumor biopsies.
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