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Simple Summary: Vascular Endothelial Growth Factor inhibitors (VEGFi), commonly employed for
diverse medical conditions such as advanced neoplasms and ocular diseases, pose potential adverse
effects. This review delineates the principal VEGFi utilized in clinical practice and investigates the
causes, recognition, management, and prevention of VEGFi toxicities. Its aim is to assist oncologists
in both clinical practice and the design of clinical trials.

Abstract: The use of Vascular Endothelial Growth Factor inhibitors (VEGFi) has become prevalent in
the field of medicine, given the high incidence of various pathological conditions necessitating VEGF
inhibition within the general population. These conditions encompass a range of advanced neoplasms,
such as colorectal cancer, non-small cell lung cancer, renal cancer, ovarian cancer, and others, along
with ocular diseases. The utilization of VEGFi is not without potential risks and adverse effects,
requiring healthcare providers to be well-prepared for identification and management. VEGFi can be
broadly categorized into two groups: antibodies or chimeric proteins that specifically target VEGF
(bevacizumab, ramucirumab, aflibercept, ranibizumab, and brolucizumab) and non-selective and
selective small molecules (sunitinib, sorafenib, cabozantinib, lenvatinib, regorafenib, etc.) designed
to impede intracellular signaling of the VEGF receptor (RTKi, receptor tyrosine kinase inhibitors).
The presentation and mechanisms of adverse effects resulting from VEGFi depend primarily on this
distinction and the route of drug administration (systemic or intra-vitreal). This review provides a
thorough examination of the causes, recognition, management, and preventive strategies for VEGFi
toxicities with the goal of offering support to oncologists in both clinical practice and the design of
clinical trials.

Keywords: vascular endothelial growth factor; vascular endothelial growth factor inhibitor; toxicity;
monoclonal antibodies; receptor tyrosine kinase inhibitor
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1. Introduction

The Vascular Endothelial Growth Factor (VEGF) family comprises several secreted
glycoproteins, including VEGF-A (commonly referred to as “VEGF”), Placenta Growth
Factor (PIGF), VEGF-B, VEGF-C, and VEGF-D [1,2]. Additionally, VEGF-E genes are located
within viral genomes [3], and VEGF-F is a component of snake venom, although their
functions in humans remain poorly understood [1-3]. Endocrine gland-derived vascular
endothelial growth factor (EG-VEGF) is primarily expressed in adrenal glands, testes,
placenta, and ovaries, where the VEGF receptor level correlates both with macroscopic
residual diseases and the risk of disease progression [4,5]. VEGFs exert their effects based
on their varying affinities for VEGF receptors, namely, VEGFR-1, VEGFR-2, and VEGFR-
3. They belong to the receptor tyrosine kinase (RTK) superfamily, exhibiting intrinsic
intracellular tyrosine kinase activity upon ligand binding to transmit signals to cells [6,7].

VEGFs are constitutively produced by immune and stromal cells and can be induced
by hypoxia in various cell types. VEGFR-1 and VEGFR-2 are expressed on vascular endothe-
lial cells, while VEGFR-3 is particularly expressed on lymphatic endothelial cells [8]. Upon
the binding of VEGFs to their receptors, particularly on the surface of endothelial cells,
receptor dimerization occurs, bringing two receptor molecules together. This dimerization
initiates the auto-phosphorylation of specific tyrosine residues within the intracellular
domain of the receptor. Phosphorylated tyrosine residues then serve as docking sites for
various intracellular signaling proteins. Among the primary downstream pathways acti-
vated, Src kinase, focal adhesion kinase (FAK), the phosphoinositide 3-kinase (PI3K)/Akt
pathway, and the mitogen-activated protein kinase (MAPK) pathway are notable [6-8].
These pathways play a crucial role in endothelial cell proliferation and migration and the
synthesis of pro-angiogenic factors.

VEGFs play a pivotal role in regulating the growth of blood and lymphatic vessels, in-
fluencing various aspects of human physiology and pathology; notably, the pathologic and
excessive “neo-angiogenesis”, the process of forming new blood vessels from existing ones,
is implicated in conditions such as diabetic macular edema (DME), diabetic retinopathy
(PDR), macular edema secondary to retinal vein occlusion (RVO), neovascular (wet) age-
related macular degeneration (AMD), choroidal neovascularization (CNV), and cancer [3].
A new class of drugs, referred to as VEGF inhibitors (VEGFi), limits the formation of new
blood vessels where excessive angiogenesis is detrimental, and they have demonstrated
efficacy in these conditions.

2. Pharmacokinetics and Pharmacodynamic Aspects of VEGFi

Distinguishing between two classes of VEGFi, specifically antibodies/chimeric pro-
teins and small molecules, is imperative due to their distinct mechanisms of action and
consequential therapeutic implications. Antibodies and chimeric proteins operate by bind-
ing to VEGF ligands with high specificity, thereby impeding their interaction with receptors
and inhibiting downstream signaling cascades. Conversely, small molecules target intra-
cellular signaling pathways, modulating kinase activity or interfering with downstream
effectors. This mechanistic dichotomy underscores the need for meticulous categorization,
as it significantly shapes drug designs, therapeutic effectiveness, and the potential for
adverse effects.

2.1. VEGFi Belonging to the Antibodies/Chimeric Proteins Category

Anti-VEGF-based drugs play crucial roles in the treatment of ocular and oncological
pathologies by targeting VEGF and modulating angiogenesis. Their distinct molecular
characteristics, pharmacokinetics, and mechanisms of action enable them to address a
range of medical conditions with varying efficacies and safety profiles. The most used are
bevacizumab, ramucirumab, aflibercept, brolucizumab, and ranibizumab (Figure 1).
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Figure 1. The figure delineates four distinct types of VEGFi belonging to the antibodies/chimeric
proteins class, each characterized by substantial structural disparities that intricately shape their
pharmacological profiles. Bevacizumab (A), the first type, is a full-length humanized monoclonal
antibody that functions by binding to VEGEF, thereby impeding its interaction with VEGF receptors.
In contrast, the entity represented by (B) (i.e., aflibercept) adopts a fusion protein architecture, fusing
VEGEF receptor segments with a human IgG1 Fc fragment. This design transforms aflibercept into
a soluble decoy receptor, effectively antagonizing both VEGF and placental growth factor (PIGF).
Ranibizumab, denoted as (C), constitutes a monoclonal antibody fragment employing a specifically
designed Fab fragment to selectively inhibit VEGF-A. Conversely, brolucizumab, identified by (D),
features a single-chain antibody fragment, leveraging its diminutive size to enhance penetration
into retinal tissues, thereby facilitating targeted inhibition of VEGF-A. Abbreviations elucidating key
structural components are as follows: Fab (Fragment Antigen-Binding), Fc (Fragment Crystallizable),
C (Constant), H (Heavy Chain), L (Light Chain), and V (Variable). Additionally, the VEGFi structural
elements are underscored by VEGFR-1 domain (Vascular Endothelial Growth Factor Receptor-1
domain) and VEGFR-2 domain (Vascular Endothelial Growth Factor Receptor-2 domain).

Bevacizumab is a humanized immunoglobulin G1 (IgG1) monoclonal antibody with
a molecular weight (MW) of 149 kDa [9,10]. It is primarily employed in the treatment of
metastatic cancers, including colorectal, breast, cervical, non-squamous non-small cell lung
cancer (NSCLC), ovarian, fallopian tube, or glioblastoma, primary peritoneal cancer, renal
cell carcinoma, and hepatocellular carcinoma [11]. Bevacizumab also exhibits off-label
applications in ophthalmology. The catabolism occurs thorough proteolysis, involving
nonspecific elimination pathways and target-mediated elimination by VEGF-expressing
cells [12]. Hence, like all the other anti-VEGF drugs, it does not affect the activity of drug-
metabolizing enzymes in the liver. It binds to VEGF-A and has a half-life of approximately
20 days after systemic administration [13]. Notably, bevacizumab has been explored for
off-label indications, such as angiosarcoma, gliomas, malignant pleural mesothelioma,
medulloblastoma (pediatric), hemangiopericytoma, and malignant solitary fibrous tumor,
as well as hereditary hemorrhagic telangiectasia (HHT), DME, and AMD [14-16].

Ramucirumab is a humanized IgG1 monoclonal antibody that binds specifically to
VEGFR-2 and blocks VEGF-A, VEGF-C, and VEGF-D binding [17]. The MW is 146 kDa,
which is similar to bevacizumab. It is used mainly in oncological contexts, including
gatric, colorectal, non-small cell lung cancers, and hepatocarcinoma [18-20]. The safety
of intraocular injection of ramucirumab has not yet been extensively tested. However,
the direct inhibition of VEGFR-2 over the inhibition of its ligands may be a more suitable
therapeutic target. Its half-life after systemic administration is about 20 days [21].
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Aflibercept is a recombinant fusion protein between the Fc portion of IgG1 and binding
portions of VEGFR 1 and 2, with a MW of 115 kDa [22]. Its primary use is in the treatment
of metastatic colorectal cancer and various ocular conditions, including neovascular (wet)
AMD, RVO, DME, myopic choroidal neovascularization (mCNYV), and diabetic retinopathy
(DR) [23]. Aflibercept binds to VEGF-A, VEGF-B, and PIGF and has a half-life of approxi-
mately 6 days after systemic administration and 7.13 days after intra-vitreal injection. It
undergoes catabolism predominantly through proteolysis [24].

Brolucizumab, a single-chain antibody fragment Fv (scFv) with an MW of 26 kDa,
targets all isoforms of VEGF-A [25]. Its primary use is in treating AMD and DME [26]. While
it is still under investigation for oncological applications, brolucizumab has catabolism
similar to aflibercept, involving proteolysis. It has a relatively short serum half-life of
approximately 5.6 h after systemic administration and 4.5 days after intra-vitreal delivery,
suggesting fast systemic clearance and minimal systemic exposure [27]. Furthermore, it
has been shown to have a higher binding affinity to VEGF-A isoforms than bevacizumab
or ranibizumab [28].

Ranibizumab is a fragment of a recombinant, humanized IgG1 monoclonal antibody
Fab with a MW of 48 kDa [29]. It is indicated for the treatment of neovascular AMD and
macular edema following RVO, DME, DR, and CNV. Ranibizumab lacks the Fc region of an
antibody, potentially reducing the risk of intraocular inflammation following intra-vitreal
injection [30]. Its mechanism of action is similar to brolucizumab, binding to and inhibiting
all the biologically active forms of VEGF-A. Ranibizumab has a half-life of approximately
3.59 days in the serum and 9 days intra-vitreally [31].

2.2. VEGFi Belonging to the Small Molecules Category

These small molecules are administered orally and are highly bioavailable. They
primarily target neo-angiogenesis by acting on VEGFR-2 [32]. In fact, the binding of VEGFA
to VEGFR-2 triggers significant tyrosine phosphorylation and leads to a robust angiogenic
response. In contrast, VEGFR-1 exhibits only weak tyrosine kinase activity and appears
to modulate angiogenesis in the capacity of a decoy receptor [33]. These small molecules
are classified as multi-receptor tyrosine kinase inhibitors (RTKi), signifying their ability to
inhibit tyrosine kinases associated with various receptors, each with different affinities [34-37].
In contrast to antibodies and chimeric proteins, they undergo extensive metabolism in
the liver, primarily through a pathway involving hepatic cytochrome P450 enzymes. The
metabolites formed are generally less pharmacologically active than the parent compounds.
Importantly, the variations in the inhibition of various kinases (non-selectivity) may account
for diverse activity profiles in the pathologies for which they are employed, contributing
to distinct toxicity spectra, although a common type of toxicity appears to be prevalent.
Here is a non-exhaustive list and an exposition of the functional features and clinical
applications of the most commonly used drugs, primarily in oncological clinical settings
(Figure 2). Some of these drugs have already received FDA approval, while others are
currently under investigation.

Sunitinib, with a MW of approximately 398 daltons (Da), has received FDA approval
for its application in the field of oncology, specifically for the treatment of renal cell car-
cinoma, gastrointestinal stromal tumors (GISTs), and pancreatic neuroendocrine tumors
(PNET). Notably, Sunitinib has been found to inhibit multiple kinases, including VEGFR-1,
VEGFR-2, VEGFR-3, c-KIT, FLT3 kinase, colony-stimulating factor 1 receptor, and RET
kinase [38]. Sorafenib, with a MW of roughly 464 Da, is predominantly employed in the
treatment of advanced renal cell carcinoma and hepatocellular carcinoma. It is a tyrosine
kinase inhibitor that primarily targets Raf kinase and VEGFR-2. It also exhibits activity
against several other kinases, including VEGFR-1, VEGFR-3, PDGFR-beta, Flt-3, and c-
KIT [39]. Vandetanib, with a MW of approximately 474 Da, has received FDA approval for
the treatment of medullary thyroid cancer. It inhibits VEGFR-2, VEGFR-3, and EGFR [40].
Pazopanib (MW: 437 Da) is used in the treatment of advanced renal cell carcinoma and soft
tissue sarcoma. Pazopanib inhibits kinases such as VEGFR-1, VEGFR-2, VEGFR-3, ¢-KIT,
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and PDGFR [41,42]. Axitinib, with a MW of roughly 386 Da, is primarily indicated for
the treatment of advanced renal cell carcinoma. It primarily inhibits VEGFR-1, VEGFR-2,
and VEGFR-3 [43]. Cabozantinib, with a MW of approximately 501.63 Da, is applied in
the treatment of advanced renal cell carcinoma, hepatocellular carcinoma, and medullary
thyroid cancer. It inhibits VEGFR-2, c-MET, and AXL [44]. Regorafenib (MW of approxi-
mately 482 Da) is indicated for the treatment of colorectal cancer, gastrointestinal stromal
tumors (GISTs), and hepatocellular carcinoma. Regorafenib inhibits a range of kinases, in-
cluding VEGFR-1, VEGFR-2, VEGFR-3, ¢-KIT, RET, RAF-1, and BRAF [45-47]. Nintedanib,
classified as a triple angiokinase inhibitor, boasts a MW of around 539 Da. It primarily
inhibits kinases like VEGFR, FGFR, and PDGFR. While it primarily serves in the treatment
of idiopathic pulmonary fibrosis, the FDA has endorsed its use in non-small cell lung
cancer in oncological contexts [48,49]. Ponatinib, with a MW of approximately 569 Da, is
primarily used for the treatment of chronic myeloid leukemia (CML). It is a potent tyrosine
kinase inhibitor that targets a range of kinases, including BCR-ABL, which is associated
with CML, as well as kinases such as VEGFR-2, SRC, KIT, and PDGEFR [50]. Lenvatinib,
characterized by an MW of approximately 426.88 Da, is a tyrosine kinase inhibitor applied
in the treatment of differentiated thyroid cancer and hepatocellular carcinoma, with FDA
approval for these specific oncological indications. Lenvatinib inhibits VEGFR-1, VEGFR-2,
VEGFR-3, FGFR, RET, and KIT kinases [51,52]. Tivozanib, with an MW of roughly 454 Da,
recently received FDA approval for the treatment of advanced renal cell carcinoma. It
primarily inhibits VEGFR-1, VEGFR-2, and VEGFR-3 [53]. Famitinib is an innovative and
powerful multi-targeted TKI that primarily targets VEGFR-2. However, it also exhibits low
affinity for PDGFR and c-kit-associated kinases. Currently, it is the subject of clinical trials
for cancer treatment, including renal cell carcinoma. Its MW is approximately 419 Da [54].
Apatinib is undergoing investigation for the treatment of advanced gastric cancer and
various other malignancies. It is a highly selective inhibitor of VEGFR-2, with a MW of
about 494 Da [55,56].

Vandetanib e
) Axitinib
Sorafenib ‘ Pazopanib ! Cabozantinib f
|
I
J
[ Tivozanib
Famitinib Sunitinib
Nintedanib
. L tinib -
Regorafenib ¥ Ponatinib envatini Apatinib
\

Figure 2. Two-dimensional chemical structures of the VEGF inhibitors mentioned in the manuscript
are provided. For a comprehensive analysis of compound compositions, the “PubChem Compound”
free tool (www.ncbi.nlm.nih.gov/pccompound/, accessed on 2 November 2023), an integral compo-
nent of the online research resources provided by the National Center for Biotechnology Information
(NCBI), is publicly accessible.
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In conclusion, all these small molecule VEGFR-2 inhibitors belong to the class of
RTKi and are predominantly indicated for the treatment of specific oncological condi-
tions. Notably, Nintedanib is also used for a non-oncological indication in idiopathic
pulmonary fibrosis.

3. Etiology and Epidemiology of VEGFi Toxicity

The toxicities observed with VEGFi in clinical practice stem from the disruption of
the physiological functions of the VEGF/VEGEFR pathway, particularly involving VEGF-
A/VEGER-2 (Figure 3).

Endothelial
dysfunction \

Increase in
stiffness

Renal
R microangiopathy ——T-—
0 Q - C:

>

Figure 3. Synthesis of the etiology of toxicities attributable to VEGFi. Particularly relevant is the
impact of the alteration of the VEGFR-2/VEGE-A pathway on endothelial cell function at multiple
anatomical and functional levels.

The clinical manifestation of toxicities induced by various VEGFi drugs is linked
to their varying affinity for VEGFA and VEGFR2 [57], as well as the consequences of
inhibiting other receptors (e.g., in the case of VEGFi RTKj, the inhibition of hRERG channels
expressed in the heart) [58]. The primary form of toxicity associated with VEGFi is vascular
toxicity. However, vascular and microvascular damage is also associated with a reduction
in mucosal trophism and the physiological microenvironment of mucosae, primarily in the
intestinal mucosa. In summary, all VEGFi drugs can interfere with

e Regulation of blood vessel tone by affecting the production of nitric oxide, a molecule
that plays a crucial role in regulating blood vessel dilation [59-61].

e  Microvessel perfusion and microvascular density lead to a reduction in arterioles and
capillaries. This reduction can result in increased peripheral resistance [62,63].

e  Physiological survival and proliferation of endothelial cells make existing blood vessels
more fragile and susceptible to damage [64].

e  Renewal of endothelial cells in response to (micro)trauma, which exposes subendothe-
lial collagen and activates the coagulation cascade [65,66].
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e Permeability is controlled by the endothelial cells of glomerular capillaries in
the kidneys [67].
e  Tissue repair and wound healing [68,69].

VEGEFi toxicity assessment is primarily based on the Common Terminology Criteria
for Adverse Events (CTCAE) (accessible at https://ctep.cancer.gov/protocoldevelopment/
electronic_applications/ctc.htm, accessed on 5 December 2023), providing valuable insights
into this form of toxicity. The incidence is reported for all grades in Table 1 [70-81].

Table 1. The incidence of toxicities of all grades, as outlined by the Common Terminology Criteria
for Adverse Events (CTC-AE criteria), observed with VEGFi in relation to systemic or intra-vitreal
routes of administration.

1 o,
Type of Toxicity Incidence (%)

Intra-Venous Intra-Vitreal
Anaemia 8 NS
Anorexia 13-58 NS
Asthenia and fatigue 50 NS
Bowel and nasal septum perforation <0.5 NS
Brolucizumab-Associated Retinal Vasculitis NS 0.8
Cardiac toxicity <0.5 NS
Conjunctival hemorrhage NS 20-40
Diarrhea 13-74 NS
Hemorrhage <0.5 NS
Hypertension 25 NS
Hypothyroidism 10 NS
Infectious Endophthalmitis NS <0.001
Infusion-related hypersensitivity reactions <0.5 NS
Intraocular inflammation NS <0.37
Lymphopenia 18 NS
Mucositis 4-42 NS
Nausea/vomiting 10-39 NS
Neutropenia 18 NS
Ocular Hypertension NS 2.1-3.6
Proteinuria 8 NS
Retinal hemorrhage NS 1-10
Reversible Posterior Leukoencephalopathy Syndrome <0.05 NS
Rhegmatogenous retinal detachments NS 0.013
Skin toxicity 50 NS
Thrombocytopenia 9 NS
Thromboembolic events 0.6-5.6 NS
Vitreous floaters NS 5-15

NS: Not Significant.

4. Pathophysiology of VEGFi Toxicity

In this section, we delineate the underlying mechanisms of each clinically significant
toxicity. This detailed elucidation is crucial for a comprehensive understanding of the ad-
verse effects associated with the treatment. By delineating these mechanisms, our objective
is to offer insights into the biological processes and pathways involved, thereby facilitating
subsequent comprehension, recognition, and clinical management. Hypertension: Caused
by the disruption of the VEGF/VEGER pathway, particularly involving VEGF-A /VEGFR-2,
endothelial dysfunction plays a crucial role in vascular toxicity, specifically hypertension,
in the clinical context. Blood pressure homeostasis relies on the regulation of blood vessel
relaxation and constriction. VEGFi can disturb this equilibrium, leading to vasoconstric-
tion and elevated blood pressure [59-61]. Proteinuria: The inhibition of VEGF-A leads to
alterations in glomerular permeability, which can present as proteinuria and peripheral
edema [82]. Thromboembolic events: These events involve the development of blood
clots within a blood vessel due to endothelial damage or dysfunction. These clots have
the potential to dislodge and traverse the circulatory system, leading to embolism and
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the subsequent obstruction of blood flow. Most commonly, this phenomenon presents as
either deep vein thrombosis or pulmonary embolism [65,83]. Cardiac toxicity: VEGF is
involved in protecting cardiomyocytes (heart muscle cells) from injury and promoting their
survival [84,85]. Therefore, inhibiting this pathway can result in damage to cardiomyocytes
and a decline in cardiac function. However, the direct effects on the heart are more closely
associated with cumulative dosages, reflecting prolonged exposure to VEGFi. In most
cases, the heart is indirectly impacted, primarily due to complications related to alterations
in blood pressure, increased capillary permeability, and the formation of thromboemboli.
These events indirectly impair cardiac function by compromising blood flow and oxygen
delivery to the heart. In the case of VEGFi belonging to the class of RTKi, direct and variable
inhibition of hERG (human Ether-a-go-go-Related Gene) channels can lead to changes in
cardiac electrical conduction [86,87]. These membrane channels are responsible for the
movement of potassium ions, specifically the rapid delayed rectifier potassium current (Ikr),
crucial in the repolarization phase of the cardiac action potential. When hERG channels
are affected, it can lead to a prolongation of the cardiac action potential, particularly the
QT interval. This prolonged QT interval can predispose individuals to Torsades de Pointes
(TdP), a type of ventricular arrhythmia that can potentially escalate to life-threatening
ventricular fibrillation and sudden cardiac death [88,89]. Hemorrhage: The inhibition of
VEGF can compromise blood vessel integrity and induce abnormal vascular permeability
in the presence of micro- and macro-traumas, ultimately resulting in bleeding [77]. Bowel
and nasal septum perforation: These serious events can arise from VEGFi-induced tumor
necrosis, which weakens the mucosal wall, or from VEGFi-induced injury with impaired
wound healing, as well as arteriolar thrombosis leading to regional ischemia and subse-
quent perforation [90-92]. Skin toxicity: The precise mechanism underlying VEGFi-induced
skin toxicity remains incompletely understood, but it is hypothesized to stem from the
disruption of VEGEF signaling pathways, leading to alterations in blood flow and vascular
permeability in the skin [93]. Reversible Posterior Leukoencephalopathy Syndrome (RPLS):
The underlying mechanism of RPLS is not fully understood but is likely attributed to the
disruption of the VEGF pathway and an increase in vascular permeability at the blood-brain
barrier level [94]. Infusion-related hypersensitivity reactions: The exact mechanism causing
infusion-related reactions remains unclear, despite the use of humanized monoclonal anti-
bodies with a lower risk of immunogenicity compared to chimeric monoclonal antibodies,
as anti-VEGF agents [95]. Hypothyroidism: The mechanisms underlying VEGFi-induced
hypothyroidism may involve direct cytotoxic effects on thyroid follicular cells and vascular
alterations in the thyroid gland [92]. Asthenia and fatigue: As these adverse events pre-
dominantly manifest in cancer patients, establishing a definitive cause—whether solely
attributable to the medication, the cancer itself, or other associated treatments—poses a
challenge. Asthenia and fatigue associated with VEGFi may stem from various effects,
such as hypothyroidism, myocardial changes, VEGF-inhibitor-induced anorexia, and dehy-
dration resulting from diarrhea [96]. Gastrointestinal (GI) toxicity: VEGF inhibition can
diminish blood flow to mucosal tissues and enhance vascular permeability, resulting in the
leakage of fluid and proteins into surrounding tissues, thereby contributing to inflammation
and damage [71,97]. Anorexia: Even in the absence of gastrointestinal (GI) toxicity, it may
still occur. In these cases, it is hypothesized to involve intricate interactions within the
central nervous system, potentially associated with changes in neuroendocrine signaling
and appetite regulation [98]. Myelotoxicity: VEGF plays a pivotal role in sustaining the
microenvironment of the bone marrow, exerting influence over hematopoiesis. Myelotox-
icity associated with VEGFi can be attributed to at least two distinct effects. Firstly, the
inhibition of VEGF can disrupt the vascular network within the bone marrow, consequently
compromising the essential blood supply required for the proliferation and survival of
hematopoietic cells [99]. This effect is observed commonly with both antibodies and RTKi.
Secondly, there is evidence suggesting that VEGFi may directly impact hematopoietic
stem cells and progenitor cells by interfering with their normal differentiation, resulting in
diminished blood cell production [100,101]. It is noteworthy that many VEGFi RTKi may
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also inhibit KIT, FLT3, and PDGF receptors expressed on hematopoietic progenitor cells,
playing roles in their growth and differentiation.

Conjunctival hemorrhage, vitreous floaters, rhegmatogenous retinal detachments, and
retinal hemorrhage are primarily attributed to mechanical damage during the injection
process. Ocular Hypertension: Anti-VEGF agents are typically administered in volumes
ranging from 0.05 to 0.1 mL, leading to a physiologic increase in intraocular pressure (IOP)
to 30-50 mm Hg due to the sudden volume change. However, this acute elevation is tran-
sient, with IOP returning to baseline within 1 h. Notably, repetitive intra-vitreal anti-VEGF
injections have been linked to persistent ocular hypertension (IOP measurements >25 mm
Hg post-injection), necessitating continuous IOP-lowering therapy. Proposed mechanisms
for this chronic condition include microparticle obstruction of the trabecular meshwork
and direct effects on trabecular meshwork cells induced by intra-vitreal VEGFi [102,103].
Intraocular inflammation: The pathogenesis remains unclear. It has been postulated that
it may be linked to patient-specific immune responses, manufacturing impurities, and
errors in provider preparation [80]. Brolucizumab-Associated Retinal Vasculitis (BARV):
The most plausible hypotheses involve severely reduced vascular perfusion, particularly
in susceptible eyes, especially those with diminished baseline retinal blood flow. Another
hypothesis is the local production of anti-brolucizumab antibodies. Vasculitis may affect
arteries, veins, and capillaries, with large and small retinal arteries demonstrating various
combinations of narrowing, occlusion, and perivascular sheathing. Signs of retinal ischemia
encompass whitening, cotton wool spots, intraretinal hemorrhage, and pericentral acute
middle maculopathy [104]. Infectious endophthalmitis: It is an infection affecting the
internal structures of the eye, leading to inflammation and tissue destruction [105]. A
summary of the likely mechanisms responsible for toxic effects is provided in Table 2.

Table 2. Overview of mechanisms underlying adverse effects induced by VEGFi.

Toxicity Mechanism
. Disruption of VEGF/VEGER pathway leads to endothelial dysfunction and
Hypertension _—
vasoconstriction.
. . Inhibition of VEGF-A alters glomerular permeability, resulting in proteinuria and
Proteinuria

Thromboembolic events

Cardiac toxicity

peripheral edema.

Disruption of VEGF/VEGEFR pathway causes endothelial cell damage.

VEGE-A inhibition may produce cardiomyocytes damage. Direct effects on hERG
channels may cause arrhythmias.

VEGF/VEGER pathway alteration compromises blood vessel integrity, leading to

Hemorrhage abnormal permeability and bleeding.
Arise from VEGFi-induced tumor necrosis or mucosal injury associated with the
Bowel and nasal septum perforation disruption of micro-circulation. This disruption weakens the mucosal wall,
ultimately leading to arteriolar thrombosis.
Skin toxicity Exact mechanism is unclear, hypothesized to stem from VEGF signaling disruption,

Reversible Posterior Leukoencephalopathy

affecting blood flow and vascular permeability in the skin.
Mechanism likely related to VEGF pathway disruption, increasing vascular
permeability at the blood-brain barrier level.

Infusion-related hypersensitivity Exact mechanism unclear.

Hypothyroidism
Asthenia and fatigue

Gastrointestinal toxicity

Anorexia

Myelotoxicity

Ocular hypertension

Direct cytotoxic effects on thyroid follicular cells and vascular alterations in the
thyroid gland.

Potential causes include hypothyroidism, myocardial changes,
VEGF-inhibitor-induced anorexia, and dehydration.

VEGEF inhibition diminishes blood flow to mucosal tissues, causing inflammation
and damage.

Hypothesized to involve central nervous system interactions, potentially linked to
changes in neuroendocrine signaling and appetite regulation.

VEGFi impacts bone marrow by disrupting vascular networks and directly affecting
hematopoietic stem cells, leading to diminished blood cell production.

Anti-VEGF injections lead to transient intraocular pressure elevation, with repetitive
injections linked to persistent ocular hypertension.
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Table 2. Cont.

Toxicity

Mechanism

Intraocular inflammation

Brolucizumab-Associated Retinal Vasculitis

Infectious endophthalmitis

Pathogenesis unclear, may be linked to patient-specific immune responses,
manufacturing impurities, and errors in provider preparation.

Hypotheses include severely reduced vascular perfusion and local production of
anti-brolucizumab antibodies. Vasculitis affects retinal arteries.

Infection affects internal eye structures, causing inflammation and tissue destruction.

hERG: human Ether-a-go-go-Related Gene; VEGEF: Vascular Endothelial Growth Factor; VEGFR: Vascular En-
dothelial Growth Factor Receptor; VEGF-A: Vascular Endothelial Growth Factor isoform A.

5. Clinical Identification of VEGFi Toxicity

Hypertension: Hypertension stands out as the most prevalent adverse event associated
with VEGHi treatment. According to the American College of Cardiology (https://www.acc.
org/Guidelines, accessed on 18 November 2023), it represents a consistent rise in systemic
arterial pressure, characterized by a blood pressure reading exceeding 140/90 mm Hg, or
130/80 mm Hg in patients with underlying chronic kidney disease or diabetes. Specifically,
VEGFi-induced hypertension in individuals without pre-existing hypertension is defined as
a sustained increase (lasting >24 h) in systolic pressure (>140 mm Hg) or diastolic pressure
(>90 mm Hg) from the initiation of medical intervention [106]. In patients with pre-existing
hypertension, it is characterized by a symptomatic increase of more than 20 mm Hg (di-
astolic) or reaching levels greater than 140/90 mm Hg, necessitating an adjustment in the
baseline medical treatment. Acute clinical manifestations of hypertension may include
headaches, dizziness, visual disturbances, epistaxis, and conjunctival or retinal hemor-
rhages. Furthermore, individuals may experience fatigue, shortness of breath, and cognitive
impairment. The gradual and chronic elevation of blood pressure is typically asymptomatic
but contributes to vascular damage, thereby amplifying the risk of cardiovascular events
such as stroke, myocardial infarction, and heart failure [59-61]. Proteinuria: Proteinuria
may manifest as peripheral edema, foamy or frothy urine, and hypertension [82]. Throm-
boembolic events: Signs and symptoms of thromboembolic events are leg swelling and
pain, shortness of breath, chest discomfort, atypical lung sounds, and coughing up blood.
Cardiac toxicity: Early signs and symptoms may include asthenia and fatigue, shortness
of breath, and fluid retention, with manifestations such as peripheral edema and hep-
atomegaly. To determine the staging of heart failure, please refer to the guidelines provided
by the American College of Cardiology (https://www.acc.org/Guidelines, accessed on
18 November 2023). QT prolongation may present as asthenia and unexplained syncopal
episodes. Hemorrhage: Hemorrhage, or bleeding, is a recognized adverse event associ-
ated with the use of VEGFj, although life-threatening events are very rare. The clinical
presentation of hemorrhage is diverse, ranging from epistaxis to severe gastrointestinal
bleeding (melena). Hemoptysis and hematuria occur more frequently in oncology patients
with lung and renal cancers. Therefore, in these cases, it can be challenging to attribute
these signs solely to VEGFi or disease progression. Intracranial hemorrhage is a more
severe and potentially life-threatening effect described in both primary and secondary
tumor localizations [77]. Bowel and nasal septum perforation: The perforation of the
intestinal wall presents with acute abdominal pain, peritonitis, fever, nausea, vomiting,
constipation, or diarrhea, along with distension of the abdomen. Shock, characterized
by low blood pressure and a rapid heart rate, may occur later in the course of the con-
dition. Fever (>37.5 °C) and leukocytosis are frequently present but may be masked by
the anergizing effect of any chemotherapy that may be administered. The nasal septum
perforations manifest with various signs and symptoms, including epistaxis, difficulty
breathing through the nose, whistling or hissing noises during breathing, particularly when
inhaling or exhaling, nasal crusting, alteration in the external appearance of the nose, dry-
ness and irritation, and pain [90-92]. Skin toxicity: Skin toxicity is a prevalent occurrence
observed in patients undergoing treatment with VEGFi belonging to the RTKi class. The
primary skin toxicities include hand-foot syndrome (HFS) and rash. Additionally, a diverse
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array of dermatologic adverse events may be encountered, such as mucositis, pruritus,
alopecia, seborrheic dermatitis-like rash, xerosis, and subungual hemorrhage [107]. The
severity of these manifestations can vary and is commonly graded according to the CTCAE.
RPLS: The most common clinical symptoms include severe headache, nausea, confusion,
cortical blindness, and seizures [94]. Infusion-related hypersensitivity reactions: These
reactions encompass a spectrum from allergic symptoms to anaphylactoid reactions and
include manifestations such as flushing, itching, hypertension, wheezing, rigors, chest
pain, and diaphoresis. Hypothyroidism: Signs and symptoms of hypothyroidism are often
nonspecific and may encompass fatigue, unexplained weight gain, heightened sensitivity
to cold, dry skin and hair with potential hair loss, muscle aches and weakness, joint pain,
constipation, and depressive symptoms. Women may additionally encounter menstrual
irregularities, and hoarseness in the voice may be observed [92]. Asthenia and fatigue: As-
thenia and fatigue characterize a condition marked by reduced energy levels and physical
or mental weariness, primarily relying on subjective clinical reports. Asthenia entails a
widespread perception of diminished strength or weakness, affecting both physical and
mental dimensions. Conversely, fatigue is characterized by an intense sensation of tired-
ness and exhaustion [108]. Gastrointestinal (GI) toxicity: Nausea and vomiting manifest
discernible signs in a physical examination, including heightened salivation, pallor, and a
general appearance of unease. Subjective expressions of nausea by patients often precede
the occurrence of vomiting. In contrast, mucositis becomes evident through the inflam-
mation and ulceration of mucous membranes, particularly observable in the oral cavity,
where redness, swelling, and ulcerative lesions may occur. Patients report accompanying
symptoms such as pain, discomfort, and difficulty in swallowing. Notably, oral mucositis
can lead to the additional symptom of altered taste sensation, known as dysgeusia. In
the case of diarrhea, physical examination reveals heightened bowel sounds, abdominal
cramping, and urgency. Crucial indicators include the consistency and frequency of stools.
Patients frequently describe symptoms encompassing frequent, loose, or watery stools,
often coupled with abdominal pain, bloating, and fatigue. Anorexia: In cases of anorexia,
the physical examination may reveal unintentional weight loss, muscle wasting, and a
reduction in subcutaneous fat. Signs of malnutrition may also be present. Patients describe
a lack of appetite and reduced food intake, and the consequences of anorexia extend to
nutritional deficiencies, weakness, and an overall decline in functional status. Myelotoxic-
ity: Anemia, marked by a shortage of red blood cells or hemoglobin, frequently manifests
with symptoms such as fatigue, weakness, pale skin, and shortness of breath. Neutropenia
and lymphopenia, indicating a reduction in neutrophils and lymphocytes, respectively, can
impair the immune system, heightening susceptibility to infections. Thrombocytopenia,
characterized by a low platelet count, may result in easy bruising, prolonged bleeding, and
the development of petechiae. The severity of myelotoxicity can vary and is commonly
evaluated according to the CTCAE. Conjunctival hemorrhage: This toxicity is characterized
by a visible red discoloration in the conjunctiva. It manifests as subconjunctival bleed-
ing, which is observable on the eye’s surface. Patients may experience an irritation or
a sensation of a foreign body in the eye. Vitreous floaters: Vitreous floaters present as
perceived specks, dots, or cobweb-like shapes in the visual field. These floaters move
with eye movements and are generally asymptomatic. However, they can cause visual
disturbances, impacting the overall quality of vision. Rhegmatogenous retinal detachments:
The onset of rhegmatogenous retinal detachments is often sudden, marked by flashes of
light (photopsia) and the appearance of new or increased floaters. Patients may describe a
shadow or curtain descending across their visual field, accompanied by a decrease in visual
acuity. Retinal hemorrhage: Retinal hemorrhage is characterized by the presence of blood
within the retina. This can lead to sudden changes in vision, with the extent and location of
the hemorrhage determining the severity of visual impairment. Patients may report pain
or discomfort associated with this toxicity. Ocular hypertension: Ocular hypertension may
endure without producing discernible discomfort or alterations in vision. Consequently,
routine eye examinations are imperative for the identification and surveillance of ocular
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hypertension, particularly during VEGFi administration. This condition serves as a risk
factor for the onset of glaucoma, distinguished by optic nerve damage and the loss of the
visual field. Intraocular inflammation: Referred to as pseudoendophthalmitis, it manifests
as acute-onset intraocular inflammation devoid of infection. Typically, symptoms arise
between 24 h and seven days post-injection. Common manifestations include blurred
vision, floaters, pain, and photophobia. The primary symptoms are often blurred vision
and floaters, with pain occurring in only up to 46% of patients. Photophobia is infre-
quent. While visual acuity decreases from baseline at presentation, it frequently returns
to pre-injection levels following the resolution of inflammation. BARV: Establishing a
diagnosis is possible for patients who have received intra-vitreal brolucizumab in the last
8 weeks, showing clinical evidence of inflammation in the absence of infectious endoph-
thalmitis. Furthermore, visual acuity is consistently worse than the acuity at the time of the
BARV [109]. Infectious endophthalmitis: Symptoms typically manifest between one and
six days following the inciting injection. Every patient experiences decreased vision and
pain, with the latter being severe in endophthalmitis and mild-to-moderate in intraocular
inflammation and BARV. Conjunctival injection, anterior chamber cell with hypopyon, and
vitritis are commonly observed during examination. Table 3 presents the description of
primary clinical manifestations associated with VEGFi toxicities.

Table 3. Description of primary clinical manifestations associated with VEGFi toxicities.

Toxicity Clinical Manifestation
Hypertension Headaches, dizziness, visual disturbances, epistaxis, fatigue, shortness of breath.
Proteinuria Peripheral edema, foamy or frothy urine, hypertension.

Thromboembolic events

Cardiac toxicity
Hemorrhage

Bowel/Nasal perforation

Skin toxicity

Leg swelling and pain, shortness of breath, chest discomfort, coughing up blood.
Asthenia, fatigue, shortness of breath, fluid retention, peripheral edema,
hepatomegaly, QT prolongation.

Diverse clinical presentation ranging from epistaxis to severe gastrointestinal
bleeding. Intracranial hemorrhage is more severe.

Acute abdominal pain, peritonitis, fever, nausea, vomiting, constipation or diarrhea.
Nasal symptoms like epistaxis and difficulty breathing.

Hand-foot syndrome, rash, mucositis, pruritus, alopecia, subungual hemorrhage.

Reversible Posterior Leukoencephalo-pathy  Severe headache, nausea, confusion, cortical blindness, seizures.

Infusion-related reactions

Hypothyroidism

Asthenia and fatigue
Gastrointestinal toxicity
Myelotoxicity

Conjunctival hemorrhage

Vitreous floaters

Rhegmatogenous retinal detachments

Retinal hemorrhage
Ocular hypertension

Intraocular inflammation

Brolucizumab-Associated Retinal Vasculitis

Infectious endophthalmitis

Allergic symptoms to anaphylactoid reactions, flushing, itching, hypertension,
wheezing, chest pain.

Nonspecific symptoms like fatigue, unexplained weight gain, sensitivity to cold, dry
skin and hair, muscle aches, depression.

Reduced energy levels, physical or mental weariness.

Nausea, vomiting, heightened salivation, pallor, mucositis, diarrhea, anorexia.
Anemia, neutropenia, lymphopenia, thrombocytopenia with respective symptoms.
Visible red discoloration in the conjunctiva, irritation, sensation of a foreign body in
the eye.

Perceived specks, dots, or cobweb-like shapes in the visual field, can cause visual
disturbances.

Sudden onset marked by flashes of light, appearance of new or increased floaters,
visual impairment.

Blood within the retina, sudden changes in vision, pain or discomfort.

Endures without discernible discomfort, routine eye examinations are imperative.
Pseudoendophthalmitis, acute-onset inflammation without infection, blurred vision,
floaters, pain, photophobia.

Clinical evidence of inflammation without infectious endophthalmitis, worse visual
acuity than baseline.

Decreased vision, severe pain, conjunctival injection, anterior chamber cell with
hypopyon, vitritis.

6. Assessment of Toxicities Induced by VEGFi: Pragmatic Approaches for Intervention

Hypertension: It is imperative to promptly identify any increase in patients’” blood
pressure during VEGFi therapy using a sphygmomanometer. Regular blood pressure as-
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sessments both before and after VEGFi treatment are recommended [110]. Patients should
be educated on self-monitoring their blood pressure at home by conducting measurements
at least twice daily. Blood pressure monitoring through a Holter device is recommended
in cases where highly suspected signs and/or symptoms of elevated blood pressure per-
sist despite normal values in single assessments. Proteinuria: Pathologic proteinuria is
characterized by the excretion of more than 150 mg of protein per day in a comprehensive
urinalysis test (or >2+ at urinalysis dipstick). In such instances, additional evaluation
with a 24 h urine collection for protein is recommended. When administering VEGF,
it is essential to regularly assess urinary protein excretion to monitor potential protein-
uria [111]. Thromboembolic events: Patients should be educated to recognize signs and
symptoms of thromboembolic events, such as leg swelling and pain, shortness of breath,
chest discomfort, atypical lung sounds, and coughing up blood. Patients should be strongly
encouraged to promptly report any unusual symptoms. Healthcare providers should
consider employing imaging techniques such as doppler ultrasound for the evaluation
of deep vein thrombosis or computed tomography pulmonary angiography for the diag-
nosis of pulmonary embolism (PE) when clinical suspicion arises. Monitoring relevant
laboratory parameters, including D-dimer levels, which may be elevated in the presence
of thromboembolic events, is advisable. An increase in D-dimer levels should trigger
further investigation [112]. Cardiac toxicity: To mitigate the risk of cardiac arrhythmias, it is
crucial to periodically monitor the QT interval when administering VEGFi RTKi. Rigorous
cardiac monitoring during VEGFi administration is vital for early detection of potential
cardiac toxicity. This monitoring protocol should encompass regular assessments of cardiac
function through echocardiography, specifically for monitoring ejection fraction, along with
routine electrocardiograms (ECG) [72,113]. Hemorrhage: Monitoring for bleeding events
during VEGFi therapy is essential and should involve regular clinical assessments to detect
signs like nosebleeds, gastrointestinal symptoms, or neurological changes. Additionally,
hematological tests are necessary to monitor platelet counts, coagulation parameters, and
hemoglobin levels.

Bowel and nasal septum perforation: Patients, particularly those with identifiable
risk factors, should undergo vigilant clinical monitoring for the early detection of signs
and symptoms associated with bowel or nasal septum perforation. Skin toxicity: Periodic
clinical inspection is crucial for identifying early signs of cutaneous toxicity and monitor-
ing it. RPLS: After clinical suspicion (sudden headache and confusion) of RPLS, crucial
diagnostic tests include brain imaging, typically conducted through magnetic resonance
imaging (MRI). This imaging modality reveals edema in the white matter of the posterior
regions of the cerebral hemispheres. Additionally, blood pressure monitoring is essential,
as RPLS is frequently associated with hypertension. Infusion-related hypersensitivity
reactions: Close clinical observation is crucial during the initiation of drug infusion and
for at least one hour following its completion to detect infusion-related hypersensitivity
reactions. Hypothyroidism: It is imperative to regularly monitor blood biochemistry, in-
cluding thyroid function, at least on a monthly basis, during VEGFi treatment to promptly
detect and address hypothyroidism. Asthenia and fatigue: Asthenia and fatigue are diag-
nosed through systematic and periodic clinical examinations, complemented by in-depth
discussions with the patient and the administration of specific questionnaires to assess
fatigue. Special attention is dedicated to identifying potential underlying causes, including
chronic illnesses, medications, or psychological factors. Laboratory tests, such as blood tests
assessing factors like complete blood count and thyroid function, may be conducted to rule
out potential physiological causes. Additionally, the diagnostic process involves a thorough
review of the patient’s lifestyle, sleep patterns, and stress levels [114]. Gastrointestinal (GI)
toxicity: It is primarily diagnosed through clinical examination and anamnestic collection.
Assessment tests of electrolytes in clinical biochemistry can indicate the severity of vom-
iting and/or diarrhea (loss of potassium and/or sodium, increase in chloride, acid-base
balance disturbances) [97].
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Anorexia: The diagnosis of anorexia involves a clinical assessment, encompassing
an evaluation of body weight, measurement of body mass index (BMI), blood tests to as-
sess nutritional parameters including glycemia, lipids, albuminemia, hemoglobin, thyroid
function, and an assessment of eating habits. Additionally, psychological criteria, such
as pre-existing distorted eating behaviors and anxiety related to food and body weight,
are considered [115,116]. Myelotoxicity: Myelotoxicity is typically assessed through a
combination of clinical evaluation and laboratory tests. Conjunctival hemorrhage: The
clinical presentation, characterized by the presence of subconjunctival bleeding, is sufficient
for diagnosis. Vitreous floaters: Visualization techniques like fundus examination, optical
coherence tomography (OCT), or ultrasound may be used to assess the vitreous and confirm
the presence of floaters. Rhegmatogenous retinal detachments: Imaging modalities such as
ultrasound or optical coherence tomography (OCT) play a crucial role in diagnosing retinal
detachments. These tests help visualize the detached retina and identify the presence of
retinal breaks or tears [117]. Retinal Hemorrhage: Fundus examination, optical coherence
tomography (OCT), or fluorescein angiography may be employed to visualize retinal hem-
orrhages and assess their extent and impact on retinal structures. Ocular hypertension:
In the evaluation of IOP during VEGFi treatment, tonometry is a key component of eye
examinations. Goldmann Applanation Tonometry (GAT) is the preferred method, consid-
ered the gold standard for accuracy [118]. Additional methods include non-contact (or
air-puff) tonometry and rebound tonometry. The choice of tonometry method is influenced
by factors such as the patient’s age, cooperation level, and potential variations in corneal
thickness, which can impact accuracy. Visual field evaluation is most commonly conducted
using Goldmann or automated perimetry methods. Intraocular inflammation: Laboratory
tests such as a complete blood count provide insights into systemic inflammation, while
markers like erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) offer addi-
tional information about the inflammatory status. Elevations in these markers may prompt
further investigation into the presence of intraocular inflammation. Instrumental tests
play a crucial role in diagnosing intraocular inflammation. Slit-lamp examinations offer
a detailed view of the anterior segment, while fundus photography and OCT contribute
to the assessment of posterior segment inflammation. Fluorescein angiography aids in
visualizing vascular changes associated with inflammation, providing a comprehensive
diagnostic approach [119]. BARV: Conducting a fundus examination and obtaining serum
and vitreous cultures are essential steps to rule out infectious endophthalmitis. Infectious
endophthalmitis: Laboratory tests involve needle-based vitreous sampling for microbi-
ologic analysis, including antibiograms, to obtain ocular fluid for diagnostic purposes.
Measurement of inflammatory markers such as ESR or CRP can contribute to supporting
the diagnosis. Ocular imaging techniques, such as ultrasounds or OCT, may provide addi-
tional insights into the extent of inflammation and structural changes within the eye. An
elevated white blood cell count may be associated with the severity of the condition [104].

A concise depiction of methods for assessing and monitoring the adverse effects of
VEGFi is presented in Table 4.

Table 4. Methods for assessment and monitoring VEGFi toxicities.

Toxicity Assessment and Monitoring Methods
. Regular blood pressure assessments before and after VEGFi treatment. Patient
Hypertension . -
education on self-monitoring at home.
o Comprehensive urinalysis test with eventual 24 h urine collection for
Proteinuria

Thromboembolic events
Cardiac toxicity

Hemorrhage

protein evaluation.

Patient education on recognizing signs and symptoms. Imaging techniques
(ultrasound, CT) for diagnosis.

Periodic monitoring of QT interval. Echocardiography and routine ECG for
cardiac function assessment.

Regular clinical assessments for bleeding signs. Hematological tests for platelet
counts and coagulation parameters.
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Table 4. Cont.

Toxicity

Assessment and Monitoring Methods

Bowel/Nasal septum perforation

Skin toxicity

Reversible Posterior Leu-koencephalo-pathy
Infusion-related hypersensitivity reactions

Vigilant clinical monitoring for early detection of signs and symptoms.
Periodic clinical inspection for early signs of cutaneous toxicity.

Diagnostic tests include brain imaging (MRI) and blood pressure monitoring.
Close clinical observation during and after drug infusion.

Hypothyroidism

Asthenia and fatigue
Gastrointestinal toxicity

Anorexia

Myelotoxicity
Conjunctival hemorrhage
Vitreous floaters

Rhegmatogenous retinal detachments

Retinal hemorrhage

Ocular hypertension

Intraocular inflammation

Brolucizumab-Associated Retinal Vasculitis

Infectious endophthalmitis

Regular monitoring of blood biochemistry, including thyroid function.
Systematic clinical examinations and specific questionnaires. Blood tests to rule
out physiological causes.

Diagnosis through clinical examination and anamnestic collection. Electrolyte tests
for assessing vomiting and diarrhea.

Clinical assessment, BMI measurement, and blood tests for nutritional parameters.
Consideration of psychological criteria.

Combination of clinical evaluation and laboratory tests.

Diagnosis based on clinical presentation with subconjunctival bleeding.
Visualization techniques (fundus examination, OCT, ultrasound) for assessment.
Imaging modalities (ultrasound, OCT) for diagnosis of retinal detachments.
Fundus examination, OCT, or fluorescein angiography for visualization.
Tonometry (GAT, non-contact, rebound) for IOP evaluation. Visual field
evaluation with Goldmann or automated perimetry.

Laboratory tests (CBC, ESR, CRP) for systemic inflammation. Instrumental tests
(slit-lamp, fundus photography, OCT).

Fundus examination and obtaining serum and vitreous cultures. Rule out
infectious endophthalmitis.

Needle-based vitreous sampling for microbiologic analysis. Inflammatory markers
(ESR, CRP) and ocular imaging.

BMI: Body Mass Index; CBC: Cell Blood Count; CRP: C-reactive protein; CT: Computed tomography; ECG:
electrocardiogram; ESR: erythrocyte sedimentation rate; GAT: Goldmann Applanation Tonometry; MRI: magnetic
resonance imaging; OCT: optical coherence tomography.

7. Management of VEGFi Toxicities

Hypertension: Patients with pre-existing hypertension face an elevated risk of experi-
encing aggravated blood pressure elevation when undergoing VEGFi treatment. Other risk
factors include diabetes mellitus, underlying cardiovascular disease, tobacco use, chronic
kidney disease, hyperlipidemia, obesity, and advanced age [120]. To mitigate these risks,
individuals should consider quitting tobacco use, reducing body weight, and addressing
hyperlipidemia. In the event of hypertension arising as a result of VEGFi treatment, it can
be effectively managed with antihypertensive medications, such as angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers [121]. The majority of patients who
receive these medications successfully achieve blood pressure control and do not neces-
sitate additional treatments. If a patient experiences grade two or three hypertension,
VEGFi treatment should be temporarily halted until blood pressure levels return to their
baseline values or fall below 160/100 mm Hg. If blood pressure remains poorly controlled
one month after the onset of hypertension, discontinuation of the VEGFi drug should
be considered. Permanent discontinuation is also necessary in the case of hypertensive
emergencies, which are defined as a diastolic blood pressure exceeding 150 mm Hg, with
or without end-organ damage. Blood pressure levels must be monitored at least monthly
for four to six months after discontinuing VEGFi treatment until they return to baseline
values. Patients without a history of hypertension should discontinue antihypertensive
drugs once their blood pressure returns to normal levels. For patients with pre-existing
hypertension, ongoing therapy with antihypertensive drugs is recommended, and their
blood pressure should be monitored by their primary care physician [122]. Proteinuria:
Risk factors associated with proteinuria include pre-existing hypertension, underlying
renal disease, renal-cell cancers, diabetes mellitus, and immunosuppression [123,124]. To
prevent proteinuria, it is essential to focus on controlling blood pressure, quitting tobacco
use, reducing body weight, and managing hyperlipidemia. ACE inhibitors and angiotensin
II receptor blockers (ARBs) have demonstrated the potential to reduce the severity of
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proteinuria and the risk of renal disease progression. However, it is important to note
that there are no prospective studies confirming the efficacy of these drugs in treating this
adverse event, making evidence-based treatment recommendations challenging. Adjusting
the VEGFi dosage can help alleviate proteinuria while maintaining the therapeutic benefit
of the drug. If 24 h urine protein levels exceed 2 g, a temporary suspension of VEGF is rec-
ommended, with resumption when levels drop below 2 g. In cases of nephrotic syndrome
(24 h urine protein >3.5 g), discontinuation of treatment is advised [125,126]. Thromboem-
bolic events: The incidence of thromboembolic events is determined by a multitude of
factors, encompassing a history of thromboembolic conditions, certain types of cancers
(more prevalent in ovarian, pancreatic, bone, or brain tumors as opposed to other malig-
nancies), prior surgical interventions, increased age, cardiac or respiratory insufficiency,
prolonged periods of immobilization, endocrine therapy, cytotoxic chemotherapy, and
the utilization of vascular catheters. These factors are commonly encountered in patients
within the field of oncology [127,128]. To reduce the risk of thromboembolism in patients
undergoing treatment with VEGFj, it is recommended to explore the use of aspirin at daily
dosages below 325 mg, akin to the approach taken with the general population. It is worth
emphasizing that the use of aspirin does not appear to substantially elevate the risk of
bleeding in VEGFi-treated patients. Nonetheless, vigilant monitoring for bleeding events
remains crucial. For patients who are stable and asymptomatic, the commencement of
VEGFi treatment can be considered six months after experiencing an arterial thromboem-
bolic event. Furthermore, in cases involving patients with multiple risk factors, allergies, a
history of gastrointestinal bleeding, or bleeding disorders, the use of low-molecular-weight
heparin may be contemplated as an alternative to aspirin [129]. In cases of new deep
venous thrombosis or pulmonary embolism (grade 3 or 4 venous thromboembolism), it
is advisable to suspend VEGFi for a minimum of two weeks. Subsequently, reinitiating
VEGEFi therapy is a viable option once the patient is on a stable anticoagulant regimen
and lacks additional risk factors (as outlined below). However, when confronted with
a life-threatening venous thromboembolism (grade 4 thromboembolism), discontinuing
VEGEFi treatment permanently is the recommended course of action. Anticoagulation
therapy with low-molecular-weight heparin or warfarin should be initiated, especially
emphasizing the preference for low-molecular-weight heparin. This preference stems from
the fact that the majority of patients in this clinical context are affected by cancer. Such
patients tend to exhibit more significant fluctuations in their warfarin dosage, compounded
by reduced compliance with therapy and increased challenges in hematological and bio-
chemical monitoring [130]. In the event of an arterial thromboembolic occurrence while a
patient is under VEGFi treatment, discontinuing the anticancer agent on a permanent basis
is the recommended course of action [127-130]. Cardiac toxicity: Patients with a history
of cardiovascular diseases, such as coronary artery disease, congestive heart failure, or
arrhythmias, may be at greater risk of cardiac complications when using VEGFi [131]. A
thorough risk-benefit assessment, conducted by both an oncologist and a cardiologist, is
advisable prior to initiating therapy in high-risk patients. To mitigate risks, all individuals
should cease tobacco use, manage body weight, and address hyperlipidemia. In cases
exhibiting symptoms or when the left ventricular ejection fraction falls below 50%, even
in asymptomatic patients, it is recommended to suspend VEGFi therapy. Subsequently,
cardiac monitoring and prompt referral to a cardiologist should be undertaken [132]. In
instances of cardiac toxicity, the therapeutic approach involves the administration of med-
ications belonging to the same drug classes recommended for managing heart failure
unrelated to VEGFj, as outlined in the guidelines established by the American College
of Cardiology. These drug classes include beta-blockers, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin II receptor blockers (ARBs), and diuretics. The utilization
of these medications aims to mitigate the adverse effects on cardiac function, enhance
contractility, and alleviate symptoms associated with cardiac toxicity, aligning with the
established protocols for heart failure management. However, for individuals with uncon-
trolled cardiac disease or a reduced left ventricular ejection fraction (<50%), starting VEGFi
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therapy is not advisable. Hemorrhage: The management of bleeding events related to
VEGFi depends on the severity and location of the bleed. In milder cases, dose adjustments
or temporary discontinuation of the medication may be considered, along with the ad-
ministration of hemostatic agents to control bleeding. Supportive measures are necessary,
and in severe cases, interventional radiology or surgical procedures may be required to
address hemorrhage, depending on the site of bleeding [133,134]. Bowel and nasal septum
perforation: Numerous risk factors contribute to the development of these perforations.
These factors include the presence of an unresected primary tumor, chronic irritation of the
nasal mucosa, prior exposure to radiotherapy, a history of peptic ulcer disease, prolonged
usage of nonsteroidal anti-inflammatory drugs, diverticulosis, chemotherapy-induced
colitis, and previous surgical procedures. Patients, especially those with identifiable risk
factors, should undergo vigilant monitoring for early signs and symptoms of bowel or nasal
septum perforation. In the suspicion of intestinal perforation, it is necessary to perform
an urgent orthostasis abdominal X-ray to guide the patient toward a surgical approach
within 72 h from the onset of symptoms. In cases where mucosal perforations emerge,
discontinuation of VEGFi treatment is imperative [94]. Skin toxicity: Preventative measures
encompass diligent skincare and moisturization. Mild grades are typically addressed with
the application of topical corticosteroids, complemented by oral antihistamines to manage
associated pruritus. In instances where the toxicity exceeds grade two or attains a higher
severity, temporary suspension or permanent discontinuation of VEGFi may be warranted,
contingent on the severity and the patient’s response to treatment. Certain specific toxicities,
such as skin- and/or hair-depigmentation, generally do not require dose modifications
and are reversible, although they can negatively impact quality of life and patient self-
perception [135,136]. RPLS: The prompt recognition of such syndrome should immediately
prompt the suspension of VEGFi. Referral of the patient to a neurologist is mandatory
for accurate diagnosis and management of the syndrome, including supportive care for
headaches and seizures. Infusion-related hypersensitivity reactions: The management of
infusion-related reactions aligns with the approach for other hypersensitivity reactions. Im-
mediate discontinuation of the infusion is crucial, followed by the prompt administration of
antihistamines and corticosteroids. For more severe reactions, such as those with imminent
respiratory collapse and circulatory collapse, epinephrine, bronchodilators, oxygen, and
intra-venous fluids should be administered. If the decision is made to restart the anti-VEGF
infusion, a reduced infusion rate is advisable, and premedication with corticosteroids and
antihistamines should precede the initiation of the infusion. In cases of life-threatening
reactions, permanent discontinuation is recommended. The involvement of the Anesthetist
is mandatory both in the management of the acute phase of the reaction and in the planning
of the drug rechallenge. Hypothyroidism: In response to VEGFi-induced hypothyroidism,
the standard approach involves thyroid hormone replacement therapy (HRT). Levothy-
roxine is commonly administered to restore normal thyroid hormone levels and manage
associated symptoms. The management strategy may require adjustments to dosage or
even discontinuation of VEGFi treatment, depending on the severity of hypothyroidism
and the success of HRT. It is imperative to regularly monitor thyroid function, at least on a
monthly basis, during VEGFi treatment to promptly detect and address hypothyroidism.
Clinicians should be aware of the potential thyroid-related adverse effects associated with
VEGFi and consider vigilant monitoring. Timely referrals to an Endocrinologist may be nec-
essary to ensure the optimal management of patients manifesting this adverse effect [137].
Asthenia and fatigue: The medical intervention for these symptoms should be multi-faceted
and interdisciplinary. It should encompass a comprehensive approach that addresses the
condition from various perspectives, combining medical and behavioral interventions.
This approach typically involves prescribing medications to target specific medical issues
contributing to asthenia, psychological evaluation to assess and address any psychological
factors (such as depression, anxiety, or stress contributing to asthenia), nutritional support,
including consultation with a Dietitian to evaluate nutritional status and provide guidance
on potential supplementation, and physical rehabilitation to maintain muscle strength
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and overall physical well-being [138]. Gastrointestinal (GI) toxicity: From a therapeutic
perspective, the management of gastrointestinal toxicity requires a targeted approach.
Medications such as 5-HT3 receptor antagonists (e.g., ondansetron) can be utilized to
alleviate nausea and vomiting. Antidiarrheal agents like loperamide may help manage
diarrhea. Nutritional support, including dietary counseling and monitoring, is essential.
Anorexia: When anorexia is not accompanied by GI toxicity, Psychiatrists may become
involved to assess and manage any coexisting conditions, such as depression or anxiety.
Selective serotonin reuptake inhibitors (SSRIs) or other antidepressant medications may
be prescribed, particularly when there is comorbid depression or anxiety. Fluoxetine is
among the SSRIs commonly utilized in the context of anorexia. However, in severe cases
where anorexia significantly impacts the patient’s overall well-being and quality of life,
consideration for dose adjustments or discontinuation of VEGFi therapy should be taken
into account. Consultation with a Nutritionist and Psychologist for comprehensive support
may prove beneficial in optimizing the therapeutic strategy. This collaborative approach
ensures a holistic assessment of the patient’s needs and facilitates a well-rounded treatment
plan [139]. Myelotoxicity: Although the incidence of grade >2 myelotoxicity is low with
VEGFi compared to conventional chemotherapy, RTKi may induce grade 3/4 anemia (8%),
neutropenia (18%), thrombocytopenia (9%), and lymphopenia (18%) [140,141]. The severity
of myelotoxicity may be dose-dependent, with higher doses of VEGFi correlating with
an increased likelihood and intensity of hematologic adverse events. Therefore, careful
monitoring during treatment, including periodic complete blood count examinations and
dosage adjustments, including potential modifications or suspensions, is imperative. Con-
junctival hemorrhage, vitreous floaters, rhegmatogenous retinal detachments, and retinal
hemorrhage: Some toxicities are associated with the intraocular administration method and
are consistently reported with all available anti-VEGF agents, exhibiting frequencies that do
not significantly vary by drug (conjunctival hemorrhage 20-40%, vitreous floaters 5-15%,
rhegmatogenous retinal detachments 0.013%, retinal hemorrhage 1-10%) [142-145]. These
events are reversible and can be managed solely through observation in cases of conjunc-
tival hemorrhage and vitreous floaters or through more invasive interventions in severe
instances of rhegmatogenous retinal detachments (pneumatic retinopexy, scleral buckling,
and vitrectomy) and retinal hemorrhage (laser therapy and vitrectomy). The injection itself
invariably represents a form of mechanical trauma and must be conducted by highly skilled
personnel in an aseptic environment. The process of administering intra-vitreal VEGFi
entails introducing a needle through the conjunctiva and sclera into the vitreous cavity.
The penetration of the needle and the associated pressure from the injection can induce me-
chanical trauma to the blood vessels in the conjunctiva, potentially leading to hemorrhage.
Furthermore, the precise location of an intra-vitreal injection is crucial. If the injection is
too anterior, damage may occur to the crystalline lens or ciliary body. Conversely, if the
injection site is too posterior, the needle may breach the vitreous base, harm the ora serrata,
or even penetrate the retina. Ocular hypertension: Risk factors for chronic ocular hyperten-
sion include the absence of post-injection subconjunctival reflux, the use of smaller needles,
tunneled injection techniques, a small vitreous volume indicated by a short axial length,
frequent injections, and a prior diagnosis of glaucoma. Treatment options encompass the
use of topical medications such as prostaglandin analogs, beta-blockers, alpha agonists, and
carbonic anhydrase inhibitors. In cases where medication is inadequate or contraindicated,
surgical interventions like trabeculectomy, laser trabeculoplasty, and minimally invasive
glaucoma surgeries (MIGS) may be considered viable alternatives to reduce intraocular
pressure. Monitoring is crucial, involving regular assessment of intraocular pressure and
visual field evaluations to monitor the potential toxicity of VEGFi. Preventative measures
in high-risk patients may involve the use of topical drugs such as apraclonidine, timolol,
dorzolamide, brimonidine, brinzolamide, or anterior chamber paracentesis. However, the
latter introduces additional risks of infection and iatrogenic injury [146,147]. Intraocular
inflammation: The standard approach involves the use of topical corticosteroids. Addi-
tionally, topical antibiotics, cycloplegics, or systemic corticosteroids may be considered
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if there is uncertainty in the differential diagnosis with infectious endophthalmitis, as
symptoms can overlap. BARV: The management of intraocular inflammation involves the
use of topical corticosteroids, systemic corticosteroids, or a combination of both, guided
by regular monitoring. Close collaboration between the patient and healthcare provider is
integral to the management strategy, facilitating the assessment of treatment response and
allowing for informed adjustments as necessary [148]. Infectious endophthalmitis: Risk
factors include ectropion and the systemic use of post-injection topical antibiotics. Patient
self-monitoring is essential to detect early signs of infection, declining visual acuity, and
pain. Therapeutic interventions include intra-vitreal injection of antibiotics and primary
pars plana vitrectomy (PPV) [149].

Attention must be directed towards pragmatic considerations and contraindications
associated with the intra-vitreal administration of VEGFi. The decision to proceed with
intra-vitreal administration of VEGFi should be made judiciously, and treatment resump-
tion should be deferred until the next scheduled session under the following conditions:

e A decrease in best-corrected visual acuity (BCVA) by >30 letters compared to the last

visual acuity assessment.

Intraocular pressure (IOP) attaining or surpassing 30 mm Hg.

Presence of a retinal tear.

Incidence of rhegmatogenous retinal detachment.

Detection of macular holes.

Extension of retinal hemorrhage to the central fovea, or if the extent of hemorrhage is

>50% of the total lesion area.

e Performance or planned intraocular surgery within the preceding or subsequent
28 days.

Patients exhibiting ongoing or suspected ocular or periocular infections, as well as
those undergoing continuous intraocular inflammation, should be precluded from the
intra-vitreal administration of VEGFi.

8. Reducing VEGFi-Associated Toxicities through Patient Education and
Preventive Interventions

The implementation of effective deterrence and patient education strategies is
paramount in mitigating the potential toxicities associated with VEGFi in clinical practice.
Drawing insights from comprehensive literature reviews (referenced in this manuscript),
including the guidelines established by the Italian Association of Medical Oncology
(AIOM, https://www.aiom.it/linee-guida-aiom/, accessed on 29 November 2023) and
the American College of Cardiology (https://www.acc.org/Guidelines, accessed on
18 November 2023), our recommendations are grounded in a thorough examination of
the latest advancements and evidence-based practices in the field. Hypertension: Patients
with pre-existing hypertension and those with additional risk factors, including diabetes
mellitus, cardiovascular disease, and tobacco use, should be educated about lifestyle mod-
ifications. Strategies such as smoking cessation, weight reduction, and management of
hyperlipidemia can contribute to lowering the risk of aggravated blood pressure elevation
during VEGFi treatment. Patients should be educated on the importance of regular blood
pressure monitoring and the potential need for antihypertensive medications. Recognizing
the signs of hypertension and understanding the temporary suspension protocol in cases
of grade two or three hypertension is essential for effective management. Proteinuria:
Controlling blood pressure, quitting tobacco use, and managing body weight are crucial
preventive measures for reducing the risk of proteinuria. Patient education should em-
phasize the importance of adhering to these lifestyle modifications. Patients need to be
informed about the role of ACE inhibitors and angiotensin II receptor blockers in managing
proteinuria. Understanding the threshold levels for temporary suspension of VEGFi and
the considerations for discontinuation in cases of nephrotic syndrome is vital for patient
compliance. Thromboembolic events: Educating patients on the risk factors associated
with thromboembolic events is essential. Recommending aspirin at daily dosages below
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325 mg for certain patients can be part of a preventive strategy. Patients should be aware
of the signs of thromboembolism and the importance of timely reporting. Understanding
the use of low-molecular-weight heparin as an alternative in high-risk cases is crucial for
comprehensive patient education. Cardiac toxicity: A collaborative risk-benefit evaluation
involving oncologists and cardiologists is recommended before initiating therapy in high-
risk patients. Lifestyle modifications and addressing pre-existing cardiovascular conditions
are essential preventive measures. Patients should be educated on the potential for cardiac
toxicity and the role of medications like beta-blockers and ACE inhibitors in managing
these effects. Understanding the suspension criteria in cases of reduced left ventricular ejec-
tion fraction is vital for patient safety. Hemorrhage: Patient education should emphasize
the importance of immediate reporting of any signs of bleeding. Avoiding activities that
may increase the risk of bleeding, such as trauma, is crucial. Additionally, patients need
to understand the significance of regular monitoring for early detection. Patients should
be educated on the potential need for dose adjustments or temporary discontinuation in
milder cases of bleeding. Understanding the role of hemostatic agents and the possibility
of interventional radiology or surgical procedures in severe cases is essential for compre-
hensive patient awareness. Bowel and nasal septum perforation: Patients, especially those
with identifiable risk factors, should be educated on the importance of vigilant monitoring
for early signs and symptoms. Lifestyle modifications, such as avoiding prolonged usage of
nonsteroidal anti-inflammatory drugs, can be emphasized. Understanding the risk factors,
including prior exposure to radiotherapy and chronic irritation, is crucial. Patients should
be aware of the necessity for discontinuation of VEGFi treatment if mucosal breaches
or perforations become evident. Skin toxicity: Patients should be educated on diligent
skincare and moisturization as preventive measures. Emphasizing the importance of early
recognition and reporting of skin toxicity is crucial. Recognizing the severity of skin toxicity
and understanding the potential for temporary suspension or permanent discontinuation
based on severity is essential. Patients should be informed that certain specific toxicities
may not require dose modifications. RPLS: Educating patients on the symptoms of RPLS
and the importance of immediate reporting is crucial. Lifestyle factors contributing to
increased risk, if any, should be discussed. Patients need to understand that prompt sus-
pension of VEGFi is necessary if RPLS is suspected. Referral to a neurologist for accurate
diagnosis and supportive care should be emphasized. Infusion-related hypersensitivity
reactions: Patient education should focus on the importance of immediate reporting of any
infusion-related reactions. Pre-infusion medication strategies, including corticosteroids
and antihistamines, should be discussed. Understanding the management approach for
mild and severe reactions, including the involvement of an Anesthetist, is vital. Patients
should be aware of the potential for permanent discontinuation in life-threatening reactions.
Hypothyroidism: Educating patients on the potential for VEGFi-induced hypothyroidism
and the role of thyroid hormone replacement therapy is crucial. Patients should under-
stand the importance of regular thyroid function monitoring and adjustments to dosage
or potential discontinuation based on the severity of hypothyroidism. Timely referrals to
an Endocrinologist should be encouraged. Asthenia and fatigue: Lifestyle modifications,
including psychological evaluation, nutritional support, and physical rehabilitation, should
be discussed as preventive measures for asthenia and fatigue. Patients should be educated
on the multi-faceted approach to managing asthenia, involving medications, psychological
evaluation, nutritional support, and physical rehabilitation. Gastrointestinal (GI) toxicity:
Patients should be educated on the use of medications like 5-HT3 receptor antagonists for
alleviating nausea and antidiarrheal agents for managing diarrhea. Understanding the tar-
geted approach to managing GI toxicity and the importance of nutritional support is crucial.
Patients need to be aware of the potential need for dose adjustments. Anorexia: Psychiatric
evaluation and the potential use of SSRIs for coexisting conditions should be discussed as
preventive measures. Patients should understand the role of psychiatric intervention in
managing anorexia and the possibility of dose adjustments or discontinuation in severe
cases impacting overall well-being. Myelotoxicity: Regular monitoring, including complete
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blood count examinations, is crucial for early detection and management of myelotoxicity.
Understanding the potential for dose adjustments or suspensions based on the severity
of myelotoxicity is essential. Patients should be aware of the dose-dependent nature and
the need for careful monitoring during treatment. Ocular complications: For patients
undergoing intra-vitreal administration, preventive measures include meticulous injection
techniques by skilled personnel and monitoring for early signs of complications. Patients
should be educated on the risks associated with intra-vitreal injections, including potential
complications like conjunctival hemorrhage and retinal detachments. Recognizing signs of
ocular toxicities and the importance of regular eye examinations is essential.

9. Conclusions

The introduction of systemically administered VEGFi for cancer treatment has had a
profound impact on the prognosis of malignancies. The assessment of VEGFi toxicities is
crucial in managing patient outcomes. Adverse events such as uncontrolled hypertension,
proteinuria, thromboembolic events, cardiac dysfunction, and gastrointestinal perforation
can significantly affect the overall well-being of patients. Close monitoring and proac-
tive management of these toxicities are essential to optimize the risk-benefit profile and
ensure a favorable prognosis for individuals undergoing VEGFi therapy. In the field of
ophthalmology, the intra-vitreal administration of VEGFi therapies has revolutionized the
prognosis of retinal diseases. While these treatments contribute to improved visual acuity
and slowed disease progression, ocular adverse events, including endophthalmitis, retinal
detachment, and increased intraocular pressure, can negatively and irreversibly impact the
overall success of treatment. Early recognition and management of these toxicities are vital
to ensuring a positive prognosis and maintaining the therapeutic benefits of anti-VEGF
therapies for retinal conditions.

Complications arising from the systemic administration of VEGFi pose particular chal-
lenges, especially in cancer treatment. Hypertension, proteinuria, impaired wound healing,
and hematologic abnormalities, including neutropenia, represent potential complications
that require careful consideration. Balancing the therapeutic benefits with the risk of com-
plications is crucial, necessitating a personalized approach to treatment. Clinicians must
navigate these challenges to mitigate adverse events and optimize the effectiveness of anti-
VEGE therapies, ultimately improving the prognosis for cancer patients. Complications
associated with intra-vitreal administration of VEGFi, although generally localized, require
careful attention. Ocular complications, such as infections and retinal issues, demand
prompt intervention to preserve vision and prevent adverse outcomes. While systemic
complications predominate in intra-venously or orally administered VEGFi (Figure 4),
it is essential to monitor systemic complications, albeit less frequent, including the po-
tential for thromboembolic events. Continuous refinement of strategies for minimizing
complications while maximizing the therapeutic effects remains a focus in ophthalmologic
practice, contributing to an improved prognosis for patients undergoing VEGFi therapy for
retinal diseases.

Recognizing and managing toxicities associated with VEGFi requires expertise, expe-
rience, and a multidisciplinary approach. Multispecialty collaboration is crucial not only
during the management of toxic events but also in the planning and administration phases
of treatment, particularly for patients with risk factors. Moreover, the continuous refine-
ment of strategies to minimize complications while maximizing therapeutic effects remains
a consistent focus in both oncologic and ophthalmologic practices. This contributes to an
improved prognosis for patients undergoing VEGFi therapy for cancer and ocular diseases.
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Intra-venous administration

Figure 4. Intra-vitreal administration involves the direct injection of a substance into the vitreous
humor of the eye. This route is commonly employed for the targeted delivery of VEGFi to treat ocular
diseases, allowing for a concentrated and sustained release of the agent within the eye. Intra-venous
administration entails the injection of the drug directly into a vein, typically entering the bloodstream,
facilitating systemic drug delivery. The size of the red and blue arrows is directly and intuitively
proportional to the “systemic” side effects on other organs. Systemic effects are evidently more
frequent and intense when the VEGFi is administered systemically. The systemic diffusion of the
drug is negligible when administered intra-vitreally (see the manuscript text for further details).
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