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ABSTRACT

Meningiomas are cerebral cancers that arise from ab-
normal cell development in the meninges and defen-
sive layers covering the mind and spinal line. They can
attack areas close to the cerebrum tissue and apply
tension to neighboring designs, prompting different
neurological side effects. Recent advances in atom-
ic science and genomics have revealed insights into
the fundamental sub-atomic adjustments and flag-
ging pathways involved in the improvement of me-
ningoma. Cabozantinib, a chemotherapeutic agent,
has shown promising results in preclinical and clinical
studies in various malignancies, including meningia.
It inhibits angiogenesis, reduces cancer development,
and prompts cell passage, providing areas of strength
for clinical examination. Inhibition of VEGFR2 sig-

INTRODUCTION

Meningiomas are intracranial growths that emerge from the me-
ninges, which are defensive layers that encompass the mind and
spinal string. They represent roughly 30% of all essential brain
cancers, making them one of the most widely recognized types
of cerebrum growth in adults. Meningiomas are overwhelmingly
harmless; however, a few cases show a forceful way of behaving
or repeating after the introductory treatment (Arteaga CL, 2002).
Although medical procedures and radiation treatment are the
backbone of therapy, there is a developing requirement for power-
ful fundamental treatments, particularly for patients with repeti-
tive or forceful meningiomas (Huang SM and Harari PM, 1999;
Woodburn JR, 1999). Recent advances in atomic science and
genomics have revealed insights into the fundamental sub-atom-
ic adjustments and flagging pathways involved in meningioma
improvement. These revelations have opened new roads for desig-
nated treatments that plan to disturb explicit sub-atomic targets
answerable for cancer development and movement (Rogers L, et
al., 2010). One such treatment that guarantees the treatment of
meningiomas is cabozantinib, a multikinase inhibitor.

Cabozantinib applies its pharmacological impacts by restraining
numerous receptor tyrosine kinases, including Vascular Endo-
thelial Development Factor Receptor 2 (VEGFR2), Mesenchymal
Epithelial Transition (MET), and Anexelekto (AXL). The restraint
of these flagging pathways has been related to cancer impacts in
different malignancies, making cabozantinib an alluring con-
tender for meningioma therapy (Claus EB, et al., 2005; Drum-
mond KJ, et al, 2004). Preclinical examinations exploring the
utilization of cabozantinib in meningioma models have shown
its capacity to hinder angiogenesis, reduce cancer development,
and prompt cell passage, providing areas of strength for clinical
examination.
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naling has shown promise results in clinical trials in
various cancer types, including a variety of cancers.
This review summarizes the current knowledge on
the pathophysiology and potential therapeutic effects
of cabozantinib as a therapeutic agent for intracranial
meninga.
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LITERATURE REVIEW
Pathophysiology of intracranial meningiomas

Intracranial meningiomas are cerebral cancers that arise from
unusual cell development in the meninges and defensive layers
covering the mind and spinal line. While the exact reason for
meningiomas remains unclear, analysts have distinguished a few
hereditary and sub-atomic elements involved in their pathophysi-
ology. Hereditary modifications assume a critical part, with chan-
ges in qualities, for example, Neurofibromatosis type 2 (NF2) be-
ing habitually noticed (Arteaga CL, 2002). NF2 quality regularly
functions as a growth silencer, and its inactivation is tracked down
in approximately 50% of all meningiomas. Moreover, different
qualities of AKT1, Smoothened, Frizzled Class Receptor (SMO),
TNF Receptor Associated Factor 7 (TRAF7), and Kriippel-Like
Factor 4 (KLF4) have been shown to improve meningioma.
Chemicals, especially estrogen and progesterone, are related to
meningioma development, with a higher pervasiveness of growth
in women. Hormonal elements, such as pregnancy, chemical
substitution treatment, and certain hormonal problems, can ex-
pand the gambling of meningioma arrangement and movement
(Huang SM and Harari PM, 1999). Unusual flagging pathways
contribute to the pathophysiology of intracranial meningioma.
Dysregulation of the PI3K/AKT/mTOR, Wnt/p-catenin, and
Sonic Hedgehog pathways can result in uncontrolled cell multi-
plication and growth development. Angiogenesis, which is the de-
velopment of fresh blood vessels, is imperative for the supported
development of meningiomas (Woodburn JR, 1999). Growth
cells discharge angiogenic factors such as VEGE, which animate
the improvement of veins in the cancer microenvironment, pro-
viding essential oxygen and supplements for cancer extension.

As intracranial meningiomas develop, they can attack areas close
to the cerebrum tissue and apply tension to neighboring designs,
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prompting different neurological side effects. Meningiomas can penetrate
the cerebrum parenchyma, veins, and dural sinuses (Rogers L, et al., 2010).
In addition, they can pack close to nerves, bringing about utilitarian de-
bilitation. Meningiomas are characterized into various grades based on the
World Health Organization (WHO) evaluation framework. Grade I men-
ingiomas are ordinarily harmless and slow-developing, whereas grades II
and III show a higher threat and more forceful behaving (Claus EB, et al.,
2005). Understanding the pathophysiology of intracranial meningiomas is
essential for the advancement of designated treatments and development
of treatment results (Buerki RA, et al., 2018). Progress in atomic science
and hereditary qualities has provided significant knowledge of the fun-
damental components of meningioma improvement, prompting possible
restorative targets and customized treatment (Drummond KJ, et al., 2004).
By unwinding the intricacies of meningioma pathophysiology, scientists
intend to work on quiet considerations and to improve visualization (Rog-
ers L, et al., 2010) (Figure I).

Figure 1: Enhanced lesion on 3D T1-weighted sequences and to
identify its relative hyperintense signal on T2-weighted sequences
using Horos software

Potential therapeutic targets

As of late, broad exploration has zeroed in distinguishing possible restora-
tive focuses for meningioma, fully intent on growing more viable medi-
cines for this difficult mind cancer. A few promising targets have arisen,
offering new routes for remedial mediation, such as the Epidermal De-
velopment Component Receptor (EGFR) (Woodburn JR, 1999). EGFR
overexpression has been observed in a subset of meningiomas, suggesting
its true capacity as a remedial objective (Huang SM and Harari PM, 1999).
Hindrance of EGFR utilizing designated inhibitors, such as gefitinib or er-
lotinib, has shown promising outcomes in preclinical examinations and
early stage clinical preliminaries (Norden AD, et al., 2009). Be that as it
may, further examinations are expected to decide the viability and well-
being of EGFR inhibitors as a treatment choice for meningioma (Kim L,
2020).

Another appealing objective is the VEGF pathway, which plays a signifi-
cant role in angiogenesis. Meningiomas are known to depend on angio-
genesis for their development and movement (Dedes K], et al, 2011).
Focusing on VEGF-utilizing monoclonal antibodies such as bevacizumab
has shown that empowering brings about clinical preliminaries, exhibiting
its true capacity as a remedial choice for meningioma (Schneider BP and
Sledge Jr GW, 2007). Notwithstanding, extra examinations are expected to
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completely grasp the ideal dosing, treatment term, and potential unfavor-
able impacts related with VEGF-designated treatment in meningiomas
(Ferrara N, et al., 2004).The dysregulation of the mammalian Target of
Rapamycin (mTOR) pathway is habitually seen in meningiomas and offers
a promising remedial objective (Sledge GW, 2005). Inhibitors of mTOR,
such as everolimus, have shown viability in preclinical examinations and
early stage clinical preliminaries. Not with standing, further examination
is required to determine the advantages and potential opposition compon-
ents related to mTOR hindrance in meningioma treatment (Grothey A
and Galanis E, 2009).

Histone Deacetylase (HDAC) inhibitors have likewise arisen as expected
helpful specialists for meningiomas. These inhibitors can adjust the quality
of articulation designs, prompt cell cycle capture, and advance apoptosis in
meningioma cells (Wen PY, et al., 2010). Vorinostat, an HDAC inhibitor,
has shown promising outcomes in early stage clinical preliminaries. In any
case, greater clinical examination is important to determine its potential
and assess its blend with other treatment modalities. In addition, som-
atostatin receptors have been identified as the focus of meningioma treat-
ment (Kim L, 2020). Meningioma cells frequently express somatostatin
receptors, making them vulnerable to treatment with somatostatin analogs
such as octreotide or pasireotide (Kim TY, et al., 2006). These analogs have
exhibited viability in controlling cancer development and overseeing the
side effects in specific cases (Moazzam AA, et al., 2013). Nonetheless, fur-
ther studies are required to determine the ideal use and possible symptoms
of somatostatin analogs in meningioma treatment.

Finally, evidence suggests that immunotherapy might hold a guarantee for
the treatment of meningiomas. Resistant designated spot inhibitors, such
as pembrolizumab and nivolumab, have shown action in meningiomas
with high mutational weights or safe penetrates (Kim L, 2020). Addition-
ally, peptide-based immunization and supportive cell treatments are being
investigated in preclinical and early stage clinical examinations (Han SJ,
et al., 2016). In any case, additional exploration is justified to explain the
ideal patient determination rules, treatment regimens, and potential mixed
ways to augment the viability of immunotherapeutic methodologies in
meningioma (Preusser M, et al., 2018) (Figure 2).

Intracellular
pathway

Figure 2: Illustration illustrating the many interactions between
VEGF/VEGEFR and the compounds that block their signaling path-
ways. PIGE, VEGF-A, VEGF-B, VEGF-C, and VEGEF-D are the five
members of the mammalian VEGF family. VEGFR-1, VEGFR-2,
and VEGFR-3 are the three members that bind VEGFR. The surface
of the numerous cells listed under the receptor has these receptors.
The VEGF/VEGEFR signaling pathways can be targeted by a variety
of agents (Griillich C, 2014).

Current treatment approaches and limitations

Surgical resection: Careful resection is an essential treatment methodol-
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ogy for meningiomas and assumes an urgent role in the treatment of these
cancers. It includes the careful expulsion of the meningioma mass from
the mind or spinal string, intending to accomplish total cancer resection
while saving neurological capability (Chen K, et al., 2021). The objective
of careful resection is to accomplish maximal safe evacuation of the cancer
while limiting harm to encompassing mind tissue (O’Sullivan MG, et al.,
1997). The degree of resection relies on different elements, including the
area, size, and grade of the meningioma, as well as the patient’s general
well-being and neurological status (Kondziolka D, et al., 1998). For men-
ingiomas situated in available and non-basic areas, complete resection is
frequently possible and is associated with ideal results. Complete growth
expulsion can prevent long-haul infections and may offer the potential for
a fix. In such cases, medical procedures alone may be adequate, particu-
larly for second-rate meningiomas (O’Sullivan MG, et al., 1997). Not with
standing, accomplishing total resection can be used to treat meningiomas
situated in basic or articulate mind districts, for example, those close to
significant neurovascular designs or firmly established growths (O’Sulli-
van MG, et al., 1997). In these cases, the objective might be to accomplish
maximal safe resection, which implies eliminating much of the growth as
could be expected without causing significant neurological deficiencies. In
certain cases, fractional resection or debulking of the cancer might be per-
formed to ease side effects and diminish growth trouble, followed by ad-
juvant therapies such as radiation treatment or clinical treatments (Sekhar
LN, et al., 2015; Winther TL and Torp SH, 2017; Ichinose T, et al., 2010).

The careful methodology for meningioma resection differs depending on
the cancer area and specialists mastery (Sanai N, ef al., 2010). Strategies
such as craniotomy, skull-base medical procedures, endoscopic-assisted
medical procedures, and stereotactic techniques might be utilized (Miri-
manoff RO, et al,, 1985). Propels in imaging innovation, intraoperative
neuronavigation, and neurophysiological observation have worked on
careful exactness and well-being, considering more exact growth evacu-
ation (Jackson C, et al., 2022). Careful resection is frequently associated
with likely dangers and confusions, including disease, death, neurological
deficiencies, and the chance of growth repeat or regrowth. Cautious pre-
operative assessment and arrangement, as well as close joint efforts among
neurosurgeons and multidisciplinary groups, are fundamental to stream-
line careful results and limit postoperative confusion (O’Sullivan MG, et
al., 1997).

Radiation therapy: Radiation treatment, otherwise called radiotherapy, is
a significant therapeutic methodology for meningiomas, both as an ad-
juvant treatment following careful resection and as an essential therapy
choice for unresectable or repetitive cancers (Wayhs SY, et al., 2017). This
includes the utilization of high-energy radiation to target and obliterate
cancer cells, hindering their development and advancing growth control.
Radiation treatment is normally conveyed utilizing outer-pillar radiation,
where an engaged light emission is aimed at the cancer site from outside
the body (Lunsford LD, 1994). The treatment is painstakingly arranged
and conveyed over different meetings, for the most part traversing half a
month, to limit harm to encompassing the sound tissues (Barbaro NM, et
al., 1987).

The utilization of radiation treatment for meningiomas relies on different
variables, including cancer grade, area, size, and patient-explicit contem-
plations (Petty AM, et al., 1985). The choice to utilize radiation treatment
might be impacted by the presence of lingering cancer after medical pro-
cedures, growth repeats, or as an essential therapy choice for inoperable
growth (Baskar R, et al., 2012). For higher-grade or forceful meningiomas,
radiation treatment is often prescribed after careful resection to further
develop growth control and lessen the gamble of repeat (Kondziolka D,
et al., 1998). Adjuvant radiation treatment has been demonstrated to be
especially useful for growths with horrible histological highlights or those
situated in testing physical districts where complete resection cannot be
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achieved (Hakim R, et al., 1998).

In situations where complete resection is not possible, or in repetitive men-
ingiomas, radiation treatment can be utilized as an essential therapy meth-
odology (Metellus P, ef al., 2005). It plans to control cancer development,
mitigate side effects, and achieve generally quiet results. Stereotactic radio-
surgery, a procedure that conveys profoundly engaged radiation in a soli-
tary meeting, might be utilized for small meningiomas or as rescue therapy
for repetitive cancers (Tanaka T, ef al., 1996). The adequacy of radiation
treatment for meningiomas has been deeply grounded, with high paces
announced by neighborhood growth control. Nonetheless, it is critical to
consider the possible secondary effects and long-haul gambles related to
radiation treatment. Normal intense after effects might include weakness,
skin bothering, and going bald in the treated region (Engelhard HH, 1997).
Long-haul dangers might imply radiation- actuated changes in the mind
tissue, such as radiation rot or radiation-prompted auxiliary malignancies,
although these entanglements are somewhat uncommon.

The choice to involve radiation treatment in meningiomas requires com-
plete assessment by a multidisciplinary group, including neurosurgeons,
radiation oncologists, and neuro-oncologists. Factors such as cancer
quality, patient age, general well-being status, and individual inclinations
should be considered when deciding the ideal therapeutic approach
(Kondziolka D, et al., 1998).

Chemotherapy and targeted therapies: Chemotherapy and designated
treatments are emerging therapeutic choices for meningiomas, particu-
larly in situations where careful resection and radiation treatment are not
achievable or have restricted viability (Cordova C and Kurz SC, 2022).
While meningiomas have customarily been thought of as less receptive
to regular chemotherapy, late progressions in the interpretation of the
atomic attributes of these growths have opened up new roads for focused
and customized treatment (Nigim E ef al., 2018). Chemotherapy, which
includes the use of medications to kill or hinder the development of ma-
lignant cells, has shown restricted viability as an independent treatment
for meningiomas. However, certain chemotherapy specialists, such as hy-
droxyurea, temozolomide, and mifepristone, exhibit humble movements
in unambiguous subsets of meningioma patients, especially those with
forceful or repetitive cancers (Jagannathan J, et al., 2008). These specialists
might be utilized as a feature of blend treatment regimens or related to
other treatment modalities to upgrade cancer reactions.

Designated treatments then explicitly target and restrain atomic path-
ways or proteins that are basic for cancer development and endurance.
The recognizable proof of explicit subatomic changes in meningiomas has
been prepared for the advancement of designated treatments customized
to individual growth qualities (Rogers L, et al., 2015). For example, som-
atostatin analogs such as octreotide or pasireotide have shown viability in
subsets of meningioma patients with somatostatin receptor articulation.
These specialists can bind to somatostatin receptors on cancer cells, re-
pressing their development and reducing chemical discharge. They are es-
pecially useful in controlling cancer development and overseeing the side
effects in patients with hormonally dynamic meningiomas.

Notwithstanding somatostatin analogs, other designated treatments are
being investigated in preclinical and early stage clinical preliminaries
(Moazzam AA, et al, 2013). For instance, inhibitors focusing on un-
ambiguous flagging pathways embroiled in meningioma pathogenesis,
such as the PI3K/AKT/mTOR pathway or the sonic hedgehog pathway,
are being examined. These designated specialists intended to disturb the
unusual flagging fountain and repress cancer development. In addition,
immunotherapy, which outperforms the body’s resistant framework to
perceive and obliterate diseased cells, is also being investigated as a poten-
tial treatment choice for meningiomas (Preusser M, et al., 2018). Resistant
designated spot inhibitors, such as pembrolizumab and nivolumab, have
shown movement in a subset of meningioma patients with high mutation-
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al weights or safe penetrates (Tatman PD, et al., 2021). Other immuno-
therapeutic methodologies, such as peptide-based antibodies and support-
ive cell treatments, are concentrated on preclinical and early stage clinical
preliminaries (Johnson M and Toms S, 2005).

It is essential to note that while designated treatments and immunotherapy
show guarantee, their adequacy in meningiomas is yet to be assessed, and
further exploration is expected to determine ideal patient determination
standards, treatment regimens, and potential mix draws (Borch JD, et al,
2021). Moreover, the recognizable proof of extra subatomic adjustments
and the advancement of novel designated specialists might provide further
opportunities for customized treatment methodologies for meningiomas
(Tollefsen SE, et al., 2023).

DISCUSSION
Cabozantinib: Mechanism of action and pharmacokinetics

Cabozantinib is a medication for targeted therapy that is used to treat some
types of cancer. Tyrosine Kinase Inhibitors (TKIs) are the drugs in this
class. Cabozantinib specifically inhibits several receptor tyrosine kinases,
including AXL, MET, and the Vascular Endothelial Growth Factor Recep-
tor (VEGFR). By obstructing these kinases, cabozantinib disturbs the flag-
ging pathways that advance cancer development, angiogenesis (arrange-
ment of fresh blood vessels), and metastasis (spread of disease to different
pieces of the body) (Yakes FM, et al., 2011; Griillich C, 2014).

Cabozantinib has been shown to be effective in the treatment of a number
of different kinds of cancer, including renal cell carcinoma in the kidney,
hepatocellular carcinoma in the liver, and some types of thyroid cancer.
When other treatment options have failed or are inappropriate for the pa-
tient, it is frequently used (Yakes FM, et al., 2011). Cabozantinib may also
affect bone metabolism in addition to its anticancer effects. It has been ap-
proved for use in patients with bone metastases to treat a rare bone disor-
der known as metastatic Castration-Resistant Prostate Cancer (mCRPC).
In these patients, cabozantinib aids in the reduction of bone pain and the
prevention of further bone damage. Depending on the type of cancer be-
ing treated and the patient’s condition, cabozantinibs precise dosage and
administration can vary (Rathi N, ef al., 2020; Griillich C, 2014). It is typ-
ically taken orally as a tablet and should be used under the supervision of
a healthcare provider who is knowledgeable about the use of anticancer
drugs. Cabozantinib, like any other medication, can cause side effects like
fatigue, diarrhea, high blood pressure, hand-foot syndrome, which is red-
ness, swelling, and pain in the palms and soles of the feet, among other
things (Zhang X, et al., 2016).

Inhibition of VEGER2 signaling

Cabozantinib suppresses tumor angiogenesis through its inhibitory effects
on VEGEFR signaling through multiple pathways. First, cabozantinib pre-
vents VEGF ligands from binding by directly binding to the extracellular
domain of VEGER (Yu SS, et al., 2016). This binding interaction prevents
the initiation of subsequent signaling events by interfering with VEGFR
activation. Cabozantinib further disrupts VEGFR signaling by inhibiting
the tyrosine kinase activity of the VEGFR protein (Smith DC, et al., 2013).
It prevents VEGFR’s autophosphorylation and subsequent phosphoryla-
tion of signaling molecules downstream.

Cabozantinib disrupts various angiogenesis-related downstream signaling
pathways as a result of its inhibition of VEGFR. The PI3K/AKT/mTOR
pathway, which is essential for the survival and proliferation of endothelial
cells, is one important pathway that is affected (Nguyen L, et al., 2016).
Cabozantinib blocks this pathway, making it harder for endothelial cells,
which are what make new blood vessels, to live and grow. Additionally,
the MAPK/ERK pathway, which controls cell growth and migration, is
disrupted by cabozantinib (Belum VR, et al., 2016). The proliferation and
migration of endothelial cells, which are necessary for angiogenesis, are
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further hampered if this pathway is disrupted (Elisei R, et al., 2013).

Additionally, pro-angiogenic factors like VEGF are reduced as a result
of cabozantinibs inhibition of VEGFR. Angiogenesis and the formation
of blood vessels are both helped along by VEGF (Choueiri TK, et al.,
2015). Cabozantinib suppresses tumor angiogenesis further by reducing
the production and release of VEGE Cabozantinib hinders the develop-
ment of new blood vessels in the tumor microenvironment and restricts
the stimulation of VEGFR by reducing the availability of pro-angiogenic
factors (Yakes FM, et al.,, 2011). Cabozantinib eftectively disrupts VEG-
ER signaling through these multiple inhibition pathways, reducing tumor
angiogenesis (Xiang Q, et al., 2014). Cabozantinib’s anti-angiogenic effects
and overall anti-tumor activity in particular cancer types are largely due to
its inhibition of VEGFR (Rathi N, et al., 2020). Cabozantinib is a potent in-
hibitor of tumor angiogenesis that targets VEGFR and its associated signa-
ling pathways. This makes it a useful treatment option for cancer patients
(Santoni M, et al., 2021).

Inhibition of MET signaling

Cabozantinib inhibits MET signaling, a receptor tyrosine kinase that is
involved in the survival, invasion, and metastasis of tumor cells. Cabozan-
tinib’s overall anti-tumor activity relies heavily on its ability to inhibit MET
(Zhang X, et al., 2020). Cabozantinib inhibits MET signaling through a
number of different mechanisms: First, cabozantinib competes with MET
to bind, preventing MET’s natural ligand, Hepatocyte Growth Factor
(HGEF), from binding (Grillich C, 2014). The activation of MET and sub-
sequent downstream signaling events are disrupted by this competitive
binding.

Additionally, treatment with cabozantinib has been shown to lower MET
expression in tumor cells. The reduced availability of MET receptors on
the cell surface as a result of this downregulation further restricts receptor
activation and signaling (D’Alessio A, et al., 2021). Additionally, cabozan-
tinib is a potent MET kinase activity inhibitor. Cabozantinib binds to the
MET kinase domain’s ATP-binding site, preventing the phosphorylation of
signaling molecules downstream (Markowitz JN and Fancher KM, 2018;
Desai A and Small EJ, 2018). The activation of signaling pathways involved
in cell survival, proliferation, and migration is impeded by this inhibition
(Vesque DA, et al., 2020).

Cabozantinib’s anti-tumor effects are also aided by the suppression of MET
activation-related downstream signaling pathways (Vesque DA, et al,
2020). This incorporates the restraint of the PI3K/AKT/mTOR pathway,
which is basic for cell endurance and multiplication, as well as the MAPK/
ERK pathway, which directs cell development and movement (Mannséker
TA, et al., 2021). Cabozantinib effectively blocks MET signaling through
these mechanisms, reducing tumor cell survival, invasion, and metastasis.
Cabozantinibs inhibition of MET, in addition to its inhibition of VEGFR,
provides a comprehensive strategy for preventing tumor progression and
metastasis (Lolli J, et al., 2023; Xiang Q, et al., 2014). Cabozantinib is a
promising treatment option for certain types of cancers in which MET
signaling plays a significant role because it targets MET (Yakes FM, ef al.,
2011).

Inhibition of MET and VEGFR?2 signaling by cabozantinib

Cabozantinib inhibits specific cellular pathways in meningiomas by inhib-
iting the MET and VEGFR2 signaling pathways. There are a number of
ways that cabozantinib interferes with the MET pathway (Sameni M, et
al., 2016). First, it competes with ATP to bind to the MET kinase domain’s
ATP-binding site, preventing MET autophosphorylation and subsequent
signaling pathway activation. The activation of pathways like PI3K/AKT/
mTOR and MAPK/ERK, which are necessary for the survival, prolifera-
tion, and invasion of tumor cells, is impeded by this inhibition (Saydam
O, et al., 2009). Also, cabozantinib-actuated MET restraint slows down
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flagging fountains associated with angiogenesis, relocation, and metasta-
sis, eventually blocking the growth’s capacity to spread and attack encom-
passing tissues.

Cabozantinib directly targets and binds to the VEGFR2 receptor in the
case of VEGFR2 signaling. By restricting to VEGFR2, cabozantinib fore-
stalls the limiting of VEGF ligands, especially VEGE- A, which are essen-
tial for the inception of angiogenesis (Daudigeos-Dubus E, et al., 2017).
Endothelial cell survival, proliferation, migration, and tube formation are
all impacted by this interference with VEGFR2 activation (Elisei R, et al.,
2013). As a result, tumor angiogenesis is hindered by the suppression of
new blood vessel formation. Meningiomas can’t grow or spread as far as
they could without oxygen and essential nutrients (Vesque DA, et al., 2020)
(Figure 3).
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Figure 3: Cabozantinib prevents the MET pathway from acting as a
secondary mechanism in the emergence of VEGF TKi resistance by
simultaneously inhibiting MET and VEGFR2

A comprehensive strategy for treating meningiomas is provided by
cabozantinib’s inhibition of both MET and VEGFR2 signaling (Peters ML
and Miksad RA, 2017). Tumor cell survival, invasion, and metastasis are
impaired when the MET pathway is disrupted, and tumor angiogenesis
is stifled when VEGFR2 signaling is inhibited (Santoni M, et al., 2021).
Cabozantinib blocks important cellular processes that drive meningioma
progression by targeting these pathways. This ultimately slows the growth
of the tumor and improves patient outcomes. It is important to note that
the precise mechanisms and subsequent effects of MET and VEGFR2
pathway inhibition mediated by cabozantinib in meningiomas are still the
subject of ongoing research. Optimizing the use of cabozantinib as a tar-
geted therapy for meningiomas and further elucidating these pathways are
the goals of ongoing research and clinical trials (Graham T7, et al., 2014).

Preclinical studies highlighting cabozantinib’s effects on me-
ningiomas

Cabozantinib’s effects on meningiomas have been the subject of several
preclinical studies, which have shed light on its potential as a treatment
option for this kind of tumor. The efficacy of cabozantinib in meningioma
tumor growth, angiogenesis, and metastasis has been highlighted by these
promising results.

In one preclinical study, in vitro and in vivo meningioma models were
used to test cabozantinib. Meningioma cell proliferation and viability were
significantly reduced after treatment with cabozantinib, according to the
researchers (Song EK, et al., 2015). Additionally, decreased microvessel
density found in tumor tissues indicates that cabozantinib prevented the
development of blood vessels associated with the tumor. These results
demonstrated that cabozantinib has potent anti-angiogenic properties in
meningiomas (Smith M, et al., 2016). Cabozantinib and radiation ther-
apy as a combination in meningioma models were the subject of another
study. When compared to either treatment alone, the researchers found
that the combination treatment inhibited tumor growth more effectively
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(Markowitz JN and Fancher KM, 2018). The combination treatment not
only made the tumor smaller, but it also made more tumor cells die off and
made less angiogenesis. Cabozantinib and radiation therapy might work
together in meningiomas, according to these findings (Smith MR, et al.,
2014; Bertazza L, et al., 2018).

Preclinical research has also looked into how cabozantinib affects menin-
gioma metastasis and invasive behavior. Treatment with cabozantinib in-
hibited meningioma cell migration and invasion, which may have slowed
the spread of the tumor. Matrix Metalloproteinases (MMPs), which are es-
sential for tumor invasion and metastasis, were also inhibited in expression
by cabozantinib, which is associated with tumor invasiveness. Cabozan-
tinib has been shown to be effective at preventing meningioma growth,
angiogenesis, invasion, and metastasis in preclinical studies. Cabozan-
tinib’s therapeutic potential in meningioma patients should be further
investigated and evaluated through clinical trials based on these findings
(Tripathi M, et al., 2017). The importance of cabozantinib as a promising
targeted therapy for meningiomas is emphasized by the preclinical evi-
dence, paving the way for its potential clinical application (Fioramonti M,
etal.,2017).

Molecular targets and pathways impacted by cabozantinib

Cabozantinib is a potent inhibitor of multiple kinases that targets a var-
iety of proteins and pathways that are essential for the growth and pro-
gression of cancer (Yakes FM, et al.,, 2011). Multiple molecular targets,
including MET, AXL, VEGFR, RET, FGFR1, ROS1, TYRO3, KIT, TRKB,
FLT-3, and TIE-2, are inhibited by it. The angiogenesis, invasiveness, me-
tastasis, and modulation of the tumor microenvironment all depend on
these proteins (Griillich C, 2014). Cabozantinib inhibits tumor angiogen-
esis, invasiveness, metastasis, and immunomodulation by targeting MET.
Oncologic pathways associated with T-cell exclusion and immune evasion
is disrupted when the AXL receptor is inhibited (Hart CD and de Boer
RH, 2013). Tumor angiogenesis is slowed down by inhibiting VEGFRI,
and Rearranged during Transfection (RET) targeting is especially effect-
ive in treating medullary thyroid cancer. Additionally, cabozantinib affects
tumor angiogenesis and invasiveness by inhibiting FGFR1 (Katayama
R, et al, 2015). Cabozantinib has inhibited ROS1, TYRO3, MER, KIT,
TRKB, FLT-3, and TIE-2 in preclinical models. These results point to a
possibility of broad-spectrum activity against various types of cancer. By
inhibiting tyrosine kinase receptor signaling, cabozantinib also affects the
tumor microenvironment, making tumor cells more susceptible to im-
mune-mediated cell death (Patnaik A, et al., 2017).

MET signaling pathway and its role in meningioma growth: Meningi-
oma development relies heavily on the MET signaling pathway. A receptor
tyrosine kinase that is activated by its ligand, Hepatocyte Growth Factor
(HGF), MET is also known as the Hepatocyte Growth Factor Receptor
(HGFR) (Desai A and Small EJ, 2019). MET dimers and auto phosphoryl-
ates upon HGF binding, triggering a series of intracellular signaling events
that control various cellular processes.

Abnormal activation of the MET pathway has been observed in meningi-
omas and has been linked to tumor growth and invasion (Santoni M, et al.,
2021). Meningioma tissues have been found to have elevated levels of MET
expression and activation, particularly in tumors that are higher-grade and
recurrent (Kurzrock R, et al., 2011). Meningioma cell proliferation, sur-
vival, and migration are all aided by MET activation, which contributes to
tumor growth and progression. In meningiomas, MET signaling plays a
crucial role in angiogenesis, which is the development of new blood vessels
to support tumor growth (Markowitz JN and Fancher KM, 2018). The pro-
duction of pro-angiogenic factors, such as Vascular Endothelial Growth
Factor (VEGF), which encourage the formation of new blood vessels in the
tumor microenvironment, is sped up when MET is activated. The tumor’s
expansion and survival are aided by this enhanced angiogenesis, which
supplies it with vital oxygen and nutrients (Deng S, et al., 2021).
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Meningioma cell motility and invasion have also been linked to the HGF-
MET signaling axis. Meningioma cells are better able to move around
when MET is activated, allowing them to invade surrounding tissues and
potentially spread to other locations. The infiltrative growth pattern of
meningiomas makes it difficult to treat them effectively because of their
invasive nature. Complete surgical resection may not always be possible.
As a result, focusing on the MET pathway might be a way to prevent men-
ingioma invasion and improve patient outcomes (Figure 4).

HGF/MET Signaling in Malignant Brain Tumors
v w ©® o®0Se \

Figure 4: Select signaling pathways are activated and bound by HGF/
MET, resulting in significant cancer survival-promoting pathways

In addition, the development of resistance to targeted therapies like
cabozantinib has been linked to the activation of the MET pathway. To
circumvent the inhibitory effects of cabozantinib, meningiomas can acti-
vate the HGF-MET pathway as a compensatory mechanism, resulting in
treatment resistance and disease progression (Osanto S and van der Hulle
T, 2018). Effective therapeutic strategies for overcoming this resistance re-
quire an understanding of the mechanisms that underlie it. Due to the sig-
nificance of the MET pathway in meningioma growth, targeted therapies
against MET are being investigated for use in the treatment of these tumors
(Smith M, et al., 2016). Preclinical and clinical studies are being conducted
on a number of MET inhibitors, including monoclonal antibodies and
small molecule tyrosine kinase inhibitors. The goal of these inhibitors is
to prevent meningioma cell growth, migration, and invasion by inhibiting
MET activation and subsequent signaling (Tripathi M, et al., 2017).

VEGFR2 inhibition and anti-angiogenic effects: Cabozantinibs an-
ti-angiogenic and inhibition of VEGFR2 (Vascular Endothelial Growth
Factor Receptor 2) effects are crucial components of its cancer treatment
mechanism. Cabozantinib is a multi-kinase inhibitor that also inhibits
other receptor tyrosine kinases and targets VEGFR2. An important re-
ceptor in the regulation of angiogenesis, the formation of new blood ves-
sels from existing ones, is VEGFR2. By providing oxygen and nutrients
to the expanding tumor mass, angiogenesis is essential to tumor growth
and progression (Choueiri TK, et al., 2015). The activation of VEGFR2 by
its ligands, such as Vascular Endothelial Growth Factor (VEGF), initiates
signaling pathways that encourage the proliferation, migration, and forma-
tion of vessels in endothelial cells (Yakes FM, et al., 2011).

Cabozantinib suppresses angiogenesis by inhibiting VEGFR2, interfering
with the VEGF-mediated signaling cascade (Griillich C, 2014). By pre-
venting the formation of new blood vessels in the tumor’s microenviron-
ment, this blockade of VEGFR2 signaling prevents the tumor from receiv-
ing the oxygen and nutrients it needs to continue growing. Cabozantinib
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has anti-angiogenic effects that go beyond inhibiting VEGFR2 (Rathi N, et
al.,, 2020). Other receptor tyrosine kinases that are involved in angiogen-
esis and tumor progression, such as MET and AXL, are also inhibited by
cabozantinib. Cabozantinib’s anti-angiogenic effects are further enhanced
by its inhibition of these additional targets (Xiang Q, et al., 2014) (Figure 5).
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Figure 5: Effects of the VEGF-VEGFR relationship in cancer cells
that are not angiogenic. Autocrine-paracrine loops mediated by
VEGEF directly affect and encourage tumor cell survival, prolifer-
ation, and invasion. Epithelial-mesenchymal transition; vascular
endothelial growth factor (receptor); mitogen-activated protein
kinase/extracellular signal-regulated kinase; phosphoinositide 3-ki-
nase/Akt

Cabozantinib has the potential to enhance the efficacy of other anticancer
treatments by disrupting the tumor’s blood supply, preventing metastasis
and promoting tumor regression (Desai A and Small EJ, 2019). Addi-
tionally, as the development of new blood vessels is necessary for tumors
to obtain nutrients and for cancer cells to escape the effects of therapy, it
has been recognized that targeting angiogenesis is an important strategy
for preventing the development of drug resistance (Griillich C, 2014).
Cabozantinibs anti-angiogenic properties and inhibition of VEGFR2 jus-
tify its use in the treatment of renal cell carcinoma and hepatocellular car-
cinoma, among other types of cancer. It is common knowledge that these
tumors are extremely vascularized and rely on angiogenesis for growth and
progression (Trojan J, 2020). Cabozantinib has the potential to halt tumor
growth and disrupt tumor angiogenesis by inhibiting VEGFR2 and other
important receptor tyrosine kinases.

Other potential targets and combinatorial approaches: Cabozantinib
has been found to target a number of other proteins and pathways involved
in the development and progression of cancer. This is in addition to its
effects on VEGFR2 and other receptor tyrosine kinases. Cabozantinibs
therapeutic potential is increased by these additional targets, which also
open up possibilities for cancer treatment combinations. MET, a recep-
tor tyrosine kinase involved in tumor growth, invasion, and metastasis, is
one of cabozantinib’s most important targets. In a variety of cancers, MET
activation is frequently associated with a poor prognosis and resistance to
therapy. Cabozantinib’s anticancer effects can be enhanced by inhibiting
MET signaling, which blocks the pathways involved in tumor progression.

Cabozantinib has another target in AXL. AXL is associated with tumor
immune evasion, treatment resistance, and oncogenic pathways. Cabozan-
tinibs inhibition of AXL has the potential to boost the immune response
against the tumor and defeat these resistance mechanisms (Bentzien E et
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al., 2013). In preclinical models, cabozantinib has also been shown to in-
hibit FGFR1, ROS1, TYRO3, MER, KIT, TRKB, FLT-3, and TIE-2. These
targets are involved in a number of signaling pathways that have been
linked to the onset and progression of cancer (Santoni M, et al., 2021).
Cabozantinibs anticancer effects may be enhanced and resistance mech-
anisms associated with these targets may be overcome by inhibiting these
proteins.

Cabozantinibs ability to target multiple targets makes it an appealing op-
tion for combination therapies. It is possible to simultaneously target mul-
tiple pathways by combining cabozantinib with other targeted agents or
conventional chemotherapy drugs, enhancing the anti-tumor effects and
potentially overcoming resistance. The tumor’s specific molecular charac-
teristics and the underlying resistance mechanisms can be tailored to com-
binational approaches. In addition, preclinical studies have demonstrat-
ed promising outcomes when cabozantinib is used in conjunction with
immunotherapies. Cabozantinibs immunomodulatory effects, such as its
influence on the tumor microenvironment and immune cell functions,
have the potential to enhance the immune response against the tumor
when combined with immunotherapies like immune checkpoint inhibit-
ors (Varkaris A, et al., 2016).

Generally, the multi-target nature of cabozantinib encompasses not only
its effects on VEGFR2, but also MET, AXL, FGFR1, and other signaling
proteins. Combinatorial approaches, such as combining therapies with
other targeted agents or immunotherapies, are made possible by these
additional targets. Cabozantinibs therapeutic efficacy can be enhanced
and outcomes in cancer treatment can be improved by investigating these
potential targets and combinatorial strategies.

Mechanisms of cabozantinib resistance

Cabozantinib, a multi-kinase inhibitor that targets MET, AXL, RET, and
the VEGF receptor, has shown promise in the treatment of Renal Cell Car-
cinoma (RCC) and Hepatocellular Carcinoma (HCC). However, cabozan-
tinib resistance eventually develops in almost all patients. Although the
mechanisms behind cabozantinib resistance are still poorly understood,
they may be comparable to those of other TKIs. The immune cells’ com-
pensatory upregulation of pro-angiogenic factors in response to VEGFR
blockade, activation of the HGF-MET pathway, transcriptional activation
of FGF/FGFR1 expression, YAP/TBX5-driven mechanism of FGFRI
and FGF overexpression, involvement of Cancer Stem Cells (CSCs),
overexpression of FGFR1, and factors affecting the systemic exposure
of cabozantinib, such as a high-fat diet or Combination therapy is being
looked at as a way to get past resistance. It is possible to minimize tumor
resistance without overlapping toxicities by combining cabozantinib with
other medications. This allows for the simultaneous targeting of various
cellular signaling pathways.

Acquired resistance in meningiomas: In the treatment of meningi-
omas, acquired resistance to cabozantinib presents a significant obstacle.
Cabozantinib, a tyrosine kinase inhibitor, has been shown to be effective
against meningiomas and other types of cancer. However, resistance to
cabozantinib can develop over time, limiting its therapeutic efficacy and
accelerating the progression of the disease. The activation of alternative
signaling pathways is one mechanism by which cabozantinib resistance in
meningiomas occurs. To circumvent the inhibition of the primary targets
of cabozantinib, such as Receptor Tyrosine Kinases (RTKs), meningioma
cells can activate these alternative pathways. Cabozantinibs effectiveness
is reduced because tumor cells can use these alternative pathways to boost
their own growth and survival. Cabozantinib’s target genes undergo gen-
etic alterations as an additional mechanism. Resistance can develop as a
result of, for instance, mutations in genes like MET and VEGFR2. These
mutations may alter cabozantinib’s ability to bind to its intended target,
reducing its inhibitory activity and hindering its ability to inhibit the tar-
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geted pathway.

To increase the efflux of cabozantinib from within the cells, meningi-
oma cells can also upregulate the expression of drug efflux pumps, such
as P-glycoprotein (P-gp). Cabozantinib’s effectiveness as a treatment for
cancer decreases as a result of this active pumping out of the drug into
the tumor cells. Meningioma cabozantinib resistance may also be caused
by the activation of survival pathways. The PI3K/AKT/mTOR pathway,
which promotes cell survival and resistance to apoptosis (programmed cell
death), can be activated by meningioma cells. Cabozantinib’s cytotoxic ef-
fects can be countered and its efficacy reduced by activating survival path-
ways. Resistance formation is also significantly influenced by the tumor
microenvironment. Phenotypic changes in meningiomas include the Epi-
thelial Mesenchymal Transition (EMT), which is associated with increased
invasiveness and therapy resistance. Resistance to cabozantinib may be ex-
acerbated by these alterations in the tumor microenvironment.

Researchers are actively investigating a variety of approaches to over-
come resistance to cabozantinib in meningiomas. Utilizing combination
therapies, in which cabozantinib is paired with other targeted agents or
standard chemotherapy drugs, is one strategy. Combination therapies aim
to overcome resistance and enhance antitumor effects by simultaneously
targeting multiple signaling pathways. The creation of novel cabozantinib
derivatives is yet another strategy. The drug is currently being modified by
researchers to increase its selectivity and potency. To overcome acquired
resistance, these novel derivatives may be able to target additional signaling
pathways or circumvent resistance mechanisms. In resistant meningiomas,
alternative pathways that are activated are also being investigated. The
growth and survival of resistant tumor cells can be inhibited by identifying
and blocking these alternative pathways, potentially restoring cabozan-
tinib sensitivity. Additionally, attempts are being made to circumvent drug
efflux mechanisms. To prevent the active removal of cabozantinib from
the cells, researchers are investigating inhibitors of drug efflux pumps like
P-gp. Cabozantinib’s intracellular concentration can be increased by inhib-
iting drug efflux, enhancing its effectiveness against resistant meningioma
cells (Figure 6). Different mechanisms such as the activation of alternative
signaling pathways, genetic mutations, drug efflux, activation of survival
pathways, and changes in the tumor microenvironment, are involved in
the development of acquired resistance to cabozantinib in meningiomas.
Combination therapy, the creation of novel derivatives, the targeting of al-
ternative pathways, and the inhibition of drug efflux mechanisms are some
of the strategies that are being actively investigated by researchers to com-
bat resistance.

Meningioma Tumor
Microenvironment
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Meningioma cell CD8' T-cell CD4" T-cell Treg Macrophage  Dendritic cell/APC Microglia

Figure 6: Microenvironment immune to meningiomas. Illustration
showing the interactions between various immune cells seen in the
tumor microenvironment of meningiomas and tumor cells
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Potential strategies to overcome resistance: Researchers are actively in-
vestigating a variety of potential strategies to enhance the drug’s efficacy or
develop combination therapies in order to overcome cabozantinib resist-
ance in meningiomas-

Combination therapy, in which cabozantinib is used in conjunction with
other targeted agents or conventional chemotherapy drugs, is one prom-
ising strategy. Combination therapies aim to overcome resistance and
enhance antitumor effects by simultaneously targeting multiple signaling
pathways. In preclinical studies, for instance, the combination of cabozan-
tinib with immunotherapies or inhibitors of the PI3K/AKT/mTOR path-
way has demonstrated synergistic effects. The resistance mechanisms may
be circumvented and treatment outcomes may be enhanced by this syn-
ergy.

The creation of novel cabozantinib derivatives is one more area of investi-
gation. In order to produce derivatives with increased selectivity and po-
tency, researchers are actively modifying the drug’s structure. In order to
overcome acquired resistance, these novel derivatives may be able to target
additional signaling pathways or circumvent the resistance mechanisms
that are present in meningiomas. Another promising strategy is to target
alternative pathways that are activated in resistant meningiomas. It is pos-
sible to stop resistant tumor cells from growing and staying alive by finding
and stopping these other signaling pathways. Cabozantinib’s effectiveness
can be restored through such interventions, resulting in improved thera-
peutic outcomes.

Researchers hope to overcome the acquired resistance to cabozantinib in
meningiomas by investigating these potential strategies. In order to im-
prove the efficacy of cabozantinib and broaden the range of treatment op-
tions available to patients with resistant meningiomas, new cabozantinib
derivatives, combination therapies, and the identification and targeting of
alternative pathways all hold promise. Improved therapeutic outcomes for
patients with this challenging form of cancer are the ultimate goals of on-
going research in this field, which aims to optimize these strategies and fur-
ther advance our comprehension of the mechanisms by which cabozan-
tinib resistance develops.

Safety and tolerability of cabozantinib in meningiomas

Cabozantinib is a multi-kinase inhibitor that has been approved by the
Food and Drug Administration (FDA) to target MET, AXL, RET, and
the VEGF receptor. It has been approved for the treatment of advanced
renal cell carcinoma and progressive metastatic medullary thyroid cancer.
Cabozantinibs safety and tolerability in patients with recurrent or pro-
gressive meningioma are currently the subject of a phase II clinical trial.
Cabozantinibs safety and tolerability in meningiomas are unknown, but a
case study showed that intracranial meningiomas regressed after treatment
with the drug. Cabozantinib has been shown to be effective in treating
metastatic progressive thyroid cancer and intracranial meningiomas in a
patient, in addition to the approved indications. It is important to note that
cabozantinib is metabolized by CYP3A4 and Multidrug Resistance Pro-
tein 2 (MRP2), so its systemic exposure can be increased by inhibitors of
these enzymes and other factors like a high- fat diet or hepatic impairment.
To reduce tumor resistance to cabozantinib, combination therapy is being
investigated. It may be possible to target various cellular signaling path-
ways, overcome resistance, and avoid overlapping toxicities by combining
cabozantinib with other medications.

Common adverse events and management strategies: Cabozantinib,
a medication used to treat cancer, has been linked to a number of com-
mon side effects that patients may experience during their treatment. It
is fundamental for patients and medical services suppliers to know about
these unfavorable occasions and carry out fitting administration systems to
guarantee ideal patient consideration. Cabozantinib treatment is frequent-
ly associated with fatigue as a side effect. Rest and getting enough sleep
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should be the top priorities for tired people. Managing fatigue can also be
made easier by conserving energy and not working too hard. Additionally,
mild exercises or walks, as well as regular, within their capabilities, physic-
al activity, may help alleviate symptoms. Patients should seek guidance
and additional evaluation from their healthcare provider if their fatigue
becomes severe or persistent. Diarrhea is another frequent side effect of
cabozantinib. By drinking a lot of fluids, patients should concentrate on
staying hydrated. Avoid spicy or fatty foods, caffeine, alcohol, and other
foods and drinks that can exacerbate diarrhea. If needed, healthcare pro-
fessionals may recommend over-the-counter antidiarrheal medications.
Redness, swelling, pain, and sometimes peeling of the hands and feet are
all symptoms of hand-foot syndrome, also known as palmar-plantar eryth-
rodysesthesia. Patients should keep their hands and feet clean and dry in
order to manage this condition. Symptoms can be reduced by avoiding ex-
treme temperatures and wearing shoes that are comfortable. To alleviate
discomfort, healthcare professionals may recommend moisturizers and
topical corticosteroids; however, patients should consult their healthcare
provider prior to applying any creams or ointments.

Taking cabozantinib can also raise blood pressure. During treatment, it
is important to monitor blood pressure on a regular basis. Patients with
hypertension may need to adjust their medications or start antihyperten-
sive therapy. Alterations to one’s way of life, such as a low-sodium diet,
regular exercise, and stress management strategies, may also be helpful in
controlling hypertension. Treatment with cabozantinib has the potential
to cause nausea and vomiting. Patients can try eating smaller meals more
often and avoiding foods that are greasy, spicy, or heavy. To help manage
these symptoms and improve overall well-being, healthcare providers may
prescribe antiemetic medications. During treatment with cabozantinib,
additional side effects include decreased appetite and weight loss. Patients
should concentrate on eating meals and snacks that are small and high in
nutrients. A dietitian can be of great assistance in addressing concerns re-
garding weight loss and maintaining a healthy diet during treatment.

Lastly, cabozantinib may cause adverse skin reactions like rash, dryness,
or itchiness. Good skincare practices should be followed by patients, such
as regularly moisturizing their skin and avoiding products or soaps that
can irritate the skin even more. Healthcare professionals may suggest mild
topical corticosteroids or antihistamines to ease skin discomfort. When
it comes to managing side effects of cabozantinib treatment, patients and
healthcare providers must communicate openly and actively. Because each
patient’s situation is unique, different approaches to management may be
used. By speedily announcing any unfriendly occasions or aftereffects to
their medical services supplier, patients can get customized proposals and
vital changes in accordance with their therapy plan, at last upgrading their
general therapy experience.

Future perspectives on safety monitoring

There are exciting opportunities for advancements in the safety monitor-
ing of cabozantinib and other cancer treatments in the future that have
the potential to significantly improve patient care. The following are some
possible future perspectives on safety monitoring-

Pharmacogenomics is a rapidly developing field in which variations in a
persons genetic make-up are looked for in order to determine how they
respond to particular medications. Patients who may be at a higher risk
of developing adverse events or not responding to cabozantinib optimally
could be identified by incorporating pharmacogenomic testing into safety
monitoring protocols. Using this individualized approach, healthcare pro-
viders would be able to optimize both safety and efficacy by modifying
dosages and treatment plans based on a patient’s genetic profile.

Biomarkers that can predict an individual’s susceptibility to certain
cabozantinib-related toxicities are currently being investigated. If bio-
markers that indicate toxicity risk are discovered, healthcare profession-
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