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Abstract: Cabozantinib is an oral tyrosine kinase inhibitor (TKI) with activity against several receptors involved in the angiogenesis
pathway, including vascular endothelial growth factor receptor (VEGFR), c-MET and AXL. The antiangiogenic properties of cabozan-
tinib led to its use as a monotherapy for the treatment of metastatic renal cell cancer (RCC), and quickly resulted in this treatment
becoming part of the standard of care for these tumors. Since the advent of immune checkpoint inhibitors (ICIs), new standards of care
have emerged in first-line settings, involving dual ICI or ICI–VEGF-TKI (including ICI–cabozantinib) combination treatments, and
leading to a more complex algorithm of care. Cabozantinib remains an option in second-line settings and is still a first-line standard of
care treatment in cases where the use of ICIs is contraindicated. This review focuses on the selection of patients who may benefit most
from cabozantinib therapy, including those with bone and brain metastases and those with a non-clear cell RCC histology. The need to
consider disease-related symptoms, comorbidities, age, drug interactions and biomarker analyses in the choice of therapeutic strategy is
also highlighted. Finally, the perspectives for the use of cabozantinib in RCC treatment are discussed.
Keywords: renal cancer, cabozantinib, patient selection, prognosis, efficacy, safety

Introduction
Renal cell cancer (RCC) accounts for 3% of adult cancers and is the 12th most common cancer worldwide.1

The most frequent histologic subtype is clear cell RCC.2 One-third of the tumors are metastatic at diagnosis.
Furthermore, despite surgery, local disease will recur and become metastatic in around one-third of cases. Major
therapeutic advances have radically changed the therapeutic landscape and prognosis of the disease. The first of
these major advances was the development of antiangiogenic agents, such as tyrosine kinase inhibitors that target
the vascular endothelial growth factor receptor (VEGFR–TKIs) and, bevacizumab, a monoclonal antibody directed
against VEGF. More recently, further therapeutic advances have been made following the demonstration of
efficacy of immune checkpoint inhibitors (ICIs), including anti-programmed death (PD-1), anti-programmed
death ligand (PD-L1), and anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA4) immunotherapies. During
the antiangiogenic decade, several agents have been evaluated and integrated into the therapeutic armamentarium
for RCC: first-generation TKIs sunitinib, sorafenib and pazopanib; second-generation TKIs such as axitinib,
tivozanib; and, later, cabozantinib, a TKI that differs from the other agents both in terms of its activity against
a range of tyrosine kinases, in addition to VEGFR, and in terms of its toxicity profile, more recently lenvatinib.
This review describes the role that cabozantinib plays in the treatment of RCC.
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Mechanism of Action
Cabozantinib is an oral TKI targeting several receptors involved in angiogenesis pathways, such as VEGFR2, c-MET and
RET (glial cell line-derived neurotrophic factor rearranged during transfection receptor), as well as the c-Kit, AXL, TIE2
(tyrosine kinase with immunoglobulin and EGF homology domains), ROS1, TYRO3, MERTK (myeloid epithelial
reproductive tyrosine kinase), TRKB (tropomyosin receptor kinase B) and FLT3 (Fms like tyrosine kinase 3) receptors.
All of these targets and pathways are implicated in cancer development and progression.3,4 Inhibition of the VEGFR
blocks angiogenesis, cell tubule formation, cellular migration and invasion, and cell proliferation, and induces apoptosis.5

It is this blockade that underpins the clinical efficacy of all available VEGFR–TKIs.
However, most patients being treated with anti-VEGF/VEGFR agents will experience disease progression, due to the

development of definitive resistance to antiangiogenic therapies or at least transient insensitivity to VEGFR inhibition.6

This resistance to treatment led to the introduction of the notion of VEGFR-TKI rechallenge, as the need for continuous
antiangiogenic pressure with subsequent lines of VEGFR-TKI therapy.7 Although the molecular and cellular mechanisms
involved in resistance are still under investigation, it appears that the c-MET receptor plays a key role in this process. The
binding of the ligand, the hepatocyte growth factor (HGF) to the c-MET receptor leads to the activation of multiple
cellular pathways resulting in angiogenesis, cell proliferation and cell invasion. MET amplification, or more rarely
activating MET mutations, have been found to be involved in the pathogenesis of multiple solid cancers, such as gastric,
esophageal, and non-small cell bronchopulmonary cancer.8 Moreover, MET is a powerful angiogenesis activator and
interacts with the VEGFR to induce overexpression of VEGF-A. The activation of MET contributes to an increase in
angiogenic signaling, and, in addition, provides tumor cells with an alternative angiogenic pathway.9 Thus, the double
inhibition of VEGF and MET is an important therapeutic strategy for preventing or overcoming primary or acquired
resistance to anti-VEGFR drugs.

Of note, cMET also seems to be implicated in the development of bone metastasis. In this case the mechanism
involves the stimulation of the receptor activator of NFKB ligand (RANKL) and macrophage colony stimulating factor
(M-CSF) expression,10 two key factors in the physiopathology of secondary bone lesions. Cabozantinib therefore shows
significant tropism for bone metastasis, regardless of the site of the primary tumor.11–13

Cabozantinib is an inhibitor of the RET receptor, which has also been implicated in tumor development via
a mechanism involving the activation of the MAP kinase and PI3K-AKT pathways. In addition, the RET receptor is
implicated in the inflammation process, with its activation resulting in an increase of cytokines in the tumor
microenvironment, leading to the recruitment of suppressive immune cells and thus allowing tumor growth and
invasion.

Pharmacokinetics
Cabozantinib is an oral medication, which can be administered either in a tablet formulation (CABOMETYX®, 60 mg
free base equivalent dose, approved for RCC) or in a capsule formulation (COMETRIQ®, 140 mg free base equivalent
dose, approved for the treatment of metastatic medullary thyroid cancer). These two formulations are not bioequivalent.14

Distribution of the drug is fast, with a peak between 2 and 5 hours after oral intake, and it has a long plasma half-life,
estimated at around 120 hours. The steady-state concentration is reached after 15 days.15 It should be noted that
absorption is modified by high-fat meals, leading to a 40.5% increase in the maximum concentration (Cmax) and
a 57% increase in the area under the curve (AUC) for cabozantinib. Thus, patients receiving cabozantinib are instructed
not to eat for at least 2 hours before and 1 hour after drug administration.16 Metabolism is hepatic and mediated by
cytochrome P450 3A4, leading to potential drug–drug interactions, especially with CYP 3A4 inducers and inhibitors.17

Cabozantinib then undergoes elimination, mostly through the feces (54%) and urine (27%). Mild or moderate kidney
failure (filtration rate >30 mL/min) does not significantly modify the pharmacokinetics of cabozantinib, allowing the drug
to be used with caution in patients with renal impairment, without any dosage adjustments. In contrast, lowering of the
starting dose should be considered in case of mild or moderate hepatic impairment.18,19 The pharmacokinetics of
cabozantinib in case of severe kidney or hepatic impairment have not been studied. Finally, interpatient variability in
the overall pharmacokinetic profile of the drug has been reported among patients with various cancer types.20
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From a clinical perspective, the impact of drug exposure on clinical efficacy has been studied using exposure-
response models. Predictions based on these models were mainly in favor of a correlation between exposure and
response.21 Interestingly, in real-world studies, better clinical outcomes have been observed in patients who required
dose reductions. This need for dose reduction may be a potential indicator of a high individual exposure, especially in the
case of cabozantinib which has a narrower therapeutic index than most of the other TKIs.22,23

Clinical Efficacy
Cabozantinib Monotherapy as a First-Line Treatment for Patients with Metastatic RCC
Before Immune Checkpoint Inhibitors Became Available
The first trial evaluating cabozantinib in RCC was a Phase I study involving 25 patients with metastatic RCC (MRCC)
who had been heavily pretreated with a median of two prior systemic agents including, in the majority of cases (88%), at
least one type of anti-VEGF therapy. The patients in this study received 140 mg of cabozantinib daily, in the capsule
formulation (COMETRIQ®).24 Common adverse events were fatigue (80%), diarrhea (64%), anorexia (36%), and
vomiting (36%). The most frequent grade ≥3 toxicities included fatigue (20%), diarrhea (12%), and pulmonary embolism
(12%), but vomiting, anorexia and palmar-plantar erythrodysesthesia (4%) were also reported. These events led to dose
reductions in 20 of the 25 patients, with the median daily dose after dose adjustment being 75.5 mg. A partial response to
treatment was observed in 28% of patients, and the disease was reported as stable in 52% of the patients.

Cabozantinib was then evaluated in a Phase III trial, METEOR, in which 658 patients with MRCC who had
experienced disease progression after anti-VEGFR therapy were randomized with a 1:1 ratio into groups that received
either cabozantinib (60 mg daily dosage) or everolimus (10 mg daily dosage).25 The primary endpoint was progression-
free survival (PFS) and secondary endpoints were the objective response rate (ORR) and overall survival (OS). The
primary endpoint was reached with a significantly superior median PFS in the cabozantinib group (7.4 months; 95%
confidence interval [CI]: 5.6 to 9.1) versus the everolimus group (3.8 months; 95% CI: 3.7 to 5.4), indicating that
cabozantinib treatment led to a 42% reduction in the risk of progression or death (hazard ratio [HR]: 0.58; 95% CI 0.45 to
0.75; p<0.001). The ORR was also significantly higher for the cabozantinib arm than for the everolimus arm (21% versus
5%; p<0.001), and the median OS was 21.4 months for the cabozantinib group compared to 16.5 months for the
everolimus group (HR: 0.66; 95% CI 0.53–0.83; p=0.00026).13 These data contributed to the approval of cabozantinib
in second-line settings for patients with disease progression after previous exposure to at least one antiangiogenic agent,
and to its inclusion in the National Comprehensive Cancer Network (NCCN) and European Society for Medical
Oncology (ESMO) clinical practice guidelines.26 It is important to note that at this time, first-line treatments involving
combinations with ICIs had not yet been approved or made available.

The role of cabozantinib as a first-line therapy for MRCC was then evaluated in MRCC patients with an intermediate
or poor prognosis according to the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC)
classification.27 This Phase II study, the CABOSUN trial, included 157 patients naïve to systemic treatment.28 Patients
were randomly assigned in a 1:1 ratio to groups that received either standard treatment with sunitinib (50 mg daily: 4
weeks on, 2 weeks off) or cabozantinib (60 mg daily, continuous dosage). Patient characteristics were well balanced:
81% of the patients included had intermediate-risk MRCC, 19% had a poor-risk MRCC, and 36.7% had bone metastasis.
The primary outcome, PFS, was significantly better in the cabozantinib group than in the sunitinib group (8.2 versus 5.6
months, respectively), and the risk of disease progression or death in the cabozantinib group was reduced by 34%
(adjusted HR: 0.66; 95% CI 0.46–0.95; one-sided p=0.012). A planned subgroup analysis also showed the benefit of
cabozantinib over standard sunitinib treatment in both intermediate- and poor-risk MRCC patients. Among the secondary
outcomes, the ORR was also higher with cabozantinib: 20% (95% CI,12.0–30.8) versus 9% (95% CI, 3.7–17.6); whereas
the median between-group difference in OS did not reach statistical significance: 26.6 months (95% CI 14.6—not
estimable) with cabozantinib and 21.2 months (95% CI 16.3—27.4) with sunitinib (HR: 0.80 [95% CI 0.53—1.21]).29

Subgroup analysis of patients stratified according to the presence or absence of bone metastases revealed no differences
in the ORR or in PFS.30 Tolerance evaluations revealed that the incidence of grade ≥3 adverse events was similar
between the two groups (67% for cabozantinib versus 68% for sunitinib), with these events including diarrhea, fatigue,
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hypertension, and palmar-plantar erythrodysesthesia. Dose reductions were more frequent with cabozantinib than with
sunitinib (58% versus 49%), but treatment discontinuation rates due to toxicity were similar: 20% with cabozantinib and
21% with sunitinib. These data contributed to the approval of cabozantinib in a first-line setting in IMDC-classified
intermediate- or poor-risk MRCC patient populations, and to its inclusion as a first-line treatment for these patient
populations in the NCCN and ESMO clinical practice guidelines. As noted above, at this time first-line combination
treatments with ICIs had not yet been approved and made available.31

First-Line Combination Treatments in Patients with MRCC
Finally, systemic therapies for MRCC have changed considerably over the last few years, with the treatment standards
involving the use of ICIs. Both dual ICI combinations and VEGFR-TKI–ICI combinations have been found to have
clinical benefits in terms of PFS, the ORR and OS compared to sunitinib32–37 in studies involving patients with an
intermediate or poor prognosis, as well as in all-comer trials. These combination treatments are thus considered as the
new standard of care (Tables 1 and 2). Cabozantinib has recently been evaluated in combination with nivolumab in the
CHECKMATE 9ER trial. This multicentric phase III study included 651 patients with previously untreated advanced or
MRCC of any IMDC prognostic risk score. The patients were randomized with a 1:1 ratio into either a group receiving
treatment with cabozantinib (40 mg daily dosage) and nivolumab (240 mg every 2 weeks), or a group receiving sunitinib
alone (50 mg daily, 4 weeks out of 6).35 The primary endpoint, PFS, was significantly better for the combination therapy
arm than for the sunitinib arm, with a median PFS of 16.6 months for the combination group versus 8.3 months for the
sunitinib group (HR: 0.51; 95% CI 0.41 to 0.64; p<0.001). The cabozantinib–nivolumab combination also led to an
improvement in the ORR (55.7% versus 27.1%; p<0.001), and the complete response rate also increased over time with
a median follow-up of 32.9 months (12.4 versus.5.2%).36 In addition, the combination therapy led to a significant
improvement in OS, which was maintained over time (median of 37.7 months for the combination therapy arm versus
34.3 months for the sunitinib arm; HR: 0.70, 95% CI 0.55–0.90). Similar findings were observed among subgroups, most
notably those stratified by PDL1 status. Grade ≥3 adverse events occurred in 75.3% of the patients in the cabozantinib–
nivolumab treatment arm, compared to in 70.6% of the patients in the sunitinib treatment arm. Moreover, treatment-
related adverse events were reported in 60.6% and 50.9% of the patients in these groups, respectively. Global treatment
discontinuation rates were similar in both groups, occurring in 19.7% and 16.9% of cases, respectively. However, in the

Table 1 European Recommendation of Systemic First and Second Line Treatment of ccRCC26–38

Favorable IMDC Risk
Group

Intermediate and
Poor IMDC Risk

Groups

First line recommended
ICI based therapy

Axitinib Pembrolizumab

Lenvatinib Pembrolizumab

Cabozantinib Nivolumab

Nivolumab Ipilimumab

First line alternatives

When ICI based therapy is contraindicated or not available

Sunitinib

Pazopanib

Tivozanib Cabozantinib

Second line

VEGFR systemic therapy that has not been given previously

Axitinib

Cabozantinib
Pazopanib

Sunitinib

Tivozanib
Lenvatinib-Everolimus
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cabozantinib–nivolumab group, the 19.7% of patients who discontinued therapy included those who discontinued
nivolumab only (6.9%), those who discontinued cabozantinib only (7.5%), and those who discontinued both treatments
(5.6%). The toxicity profile of cabozantinib when used in combination with nivolumab did not differ from that observed
when it is used in monotherapy. Thus, diarrhea remained one of the most frequent adverse events (grade ≥ 3: 6.9%),
together with hypertension (grade ≥ 3: 12.5%). The combination appeared to have a manageable impact on liver function,
with 5.3% of patients having grade ≥3 increases in aminotransferase (ALT) levels. These toxicity data indicate that the
combination of cabozantinib and nivolumab has a toxicity profile that is similar to that of other combinations of TKIs and
immunotherapy, and that this combination provides a feasible therapeutic option as a first-line treatment (1Tables –3).

Finally, greater improvements in quality of life were reported by patients in the cabozantinib–nivolumab group,
compared to those in the sunitinib group. These data contributed to the approval of these combination treatments in first-
line settings in IMDC-classified MRCC patient populations and to their inclusion in NCCN and ESMO clinical practice
guidelines.38

Table 2 Summary of Efficacy of the Combination in 1st Line

KEYNOTE 42634 CLEAR37 CheckMate 9ER35,36 CheckMate 21432

Treatment option Axitinib + Pembrolizumab Lenvatinib + Pembrolizumab Cabozantinib + Nivolumab Nivolumab + Ipilimumab

Comparative arm Sunitinib Sunitinib Sunitinib Sunitinib

Primary endpoint OS and PFS PFS PFS OS and PFS

Median PFS (months) 15.4 vs 11.1

HR 0.71

p<0.0001*

23.9 vs 9.2

HR 0.39

p<0.001*

16.6 vs 8.3

HR 0.51

p<0.0001*

11.6 vs 8.4

HR 0. 82

p=0.03*

Median OS (months) Not reached

vs 35.7
HR 0.68

p<0.001*

Not reached

vs not reached
HR 0.66

p=0.005**

Not reached

vs not reached
HR 0.60

p=0.0010**

Not reached vs 26HR 0.63

p<0.001*

Notes: *Primary or coprimary endpoint. **Secondary endpoint.

Table 3 Summary of the Incidence of Drug Interruption in Patients Treated with Cabozantinib, Nivolumab, or with First-
Line Combination Therapies

Agents (Trial) Setting Incidence of Interruption (%) Reference

Cabozantinib (METEOR) L2+ 9 Choueiri NEJM 201513

Ipilimumab+Nivolumab (Checkmate 214) ITT L1 22.1 Motzer NEJM 202132

Axitinib+Pembrolizumab (Keynote 426) L1 25.9
-21%pembrolizumab only

Rini NEJM 201934

-20% axitinib only
-7% both

Cabozantinib + nivolumab (Checkmate 9ER) L1 19.7
-6.6% nivolumab only

-7.5% cabozantinib onlyseul

-5.6% both

Choueiri NEJM 202135

Lenvatinib + Pembrolizumab (CLEAR) L1 37.2

–28.7% pembrolizumab
-25.6% lenvatinib onlyseul

-13.4% both

Motzer NEJM 202137

Note: L, treatment line.
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Cabozantinib in the Context of First-Line Combination Therapies with ICIs and
VEGFR–TKIs in Patients with MRCC
The role played by cabozantinib in the treatment of MRCC has been challenged by the introduction of new standard first-
line treatments for MRCC patients. Indeed, evidence from clinical trials would seem to suggest that there is no place for
cabozantinib, or for other VEGFR–TKIs, in first-line settings except in cases where there is a contraindication to ICIs.32

However, it is important to consider that cabozantinib may also influence immunological responses. Cabozantinib has
been shown to impact the tumor microenvironment, causing tumor cells to become more sensitive to immune-mediated
cell death.39,40 This process appears to be induced through the inhibition of TK receptor signaling in the tumor
microenvironment.41–43

Comparisons of the major standard primary endpoints (OS, PFS or ORR) from the pivotal clinical studies published
so far do not provide clear guidance for therapeutic choices between the different combinations of ICIs and VEGFR–
TKIs, particularly as the study populations and/or tumor characteristics differed slightly between studies. In addition, no
comparative studies of these combinations have been conducted or initiated. So far, the only additional information
available on the most appropriate combination of therapies – mostly based on complete response rates, early progression,
rapid control of symptoms and the initial evolution of the PFS curve over the first 3 months of treatment – comes from
position papers from experts in the field.44

Cabozantinib Monotherapy After Treatment with ICI–VEGFR-TKI or ICI–ICI
Combinations
The importance of sequential treatment for patients with RCC was emphasized previously during the era when
antiangiogenic agents were the only treatment option.45 New data are now needed to confirm the best forms of second-
line treatment after combination therapy. The vast majority of studies conducted so far involved the use of retrospective
data, and thus prospective data are limited. However, all available data suggest that the therapeutic benefits of
cabozantinib are maintained when it is used in a second-line setting, even after first-line ICI–VEGFR-TKI therapy. In
one retrospective study, the response rate to cabozantinib was found to be 36%, and the mean time to failure was 6.5
months.46 Of note, none of the data reported have provided any indication of the superiority of one TKI over another in
terms of response rates or PFS, with the TKIs analyzed including sunitinib, axitinib, cabozantinib and pazopanib.47,48

Recently, the CABOSEQ trial has focused on assessing the efficacy of cabozantinib in second-line settings, using data
from the IMDC cohort database.49 Among the 346 patients identified, 78 had been previously treated with nivolumab-
ipilimumab, 46 with ICI-TKI, and 222 with another type of treatment. The IMDC risk scores were good for 12.6% of
these patients, intermediate for 62.6%, and poor for 24.8%. No between-group differences were observed in the time to
event endpoints and response rates, demonstrating the efficacy of cabozantinib, regardless of the treatment combination
used in the first line of therapy. After first-line nivolumab-ipilimumab therapy, the median time to failure for cabozantinib
was 6.90 months (range: 6.05-NR), and that after ICI-TKI therapy was 5.72 months (range: 4.41-NR). The median of OS
with second-line cabozantinib therapy reached 21.44 months (range: 12.07-NR) after nivolumab-ipilimumab therapy, and
15.68 months (range: 9.27-NR) after ICI-TKI therapy. The overall response rates to second-line cabozantinib therapy
after nivolumab-ipilimumab and after ICI-TKI therapy were 26.4% and 32.5%, respectively. Very few data are currently
available concerning the efficacy of cabozantinib after first-line treatment with lenvatinib-pembrolizumab. Further studies
are therefore essential for assessing the efficacy of second-line cabozantinib therapy in this context.

The CABOPOINT trial will, in the near future, provide much needed prospective data on the efficacy of second-line
cabozantinib treatment (NCT03945773).50

Patient Selection
In comparison to the other TKIs widely used for the treatment of RCC, cabozantinib has specific properties that justify its
use in particular subgroups of patients.
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Bone Metastasis
As stated above, cabozantinib shows tropism for bone metastasis and specific aspects of the mechanism of action of
cabozantinib may differentiate this agent from other VEGFR–TKIs. Cabozantinib has been shown to inhibit osteoclast
function, reducing the RANKL/osteoprotegerin ratio in osteoblasts.51 The impact of this on bone remodeling can be
rapid: 5 days in preclinical models.52 The results of the first clinical trials also seemed to show that cabozantinib
displayed specific tropism for bone metastasis. In the METEOR trial (the first phase III trial using cabozantinib in RCC),
cabozantinib resulted in particularly promising improvements in OS for patients with secondary bone lesions (HR: 0.54;
95% CI: 0.34–0.84), compared with patients without secondary bone lesions (HR: 0.71; 95% CI: 0.55–0.91). Similar
results were observed for PFS with a HR of 0.33 (95% CI: 0.21–0.51) for patients with bone metastasis versus a HR of
0.57 (95% CI: 0.45–0.71) for patients without bone metastasis.13 Encouraging data for patients with bone lesions were
also obtained in the CABOSUN trial, with a HR for median PFS of 0.54 (95% CI: 0.31–0.95) for patients with bone
lesions, compared with a HR of 0.78 (95% CI: 0.48–1.21) for those without bone lesions.28 In a systematic review
evaluating the impact of cabozantinib on OS – including three randomized phase III trials, METEOR, CABOSUN and
EXAM (medullary thyroid cancer) – cabozantinib was found to lead to improvements in OS compared with standard care
both for groups with bone metastases and for those without bone metastases, with the risk of death in these groups being
reduced by 53% (HR 0.47; 95% CI 0.26–0.87; p=0.02) and 44% (HR 0.56; 95% CI: 0.40–0.79; p=0.001), respectively.53

Brain Metastasis
Among the various subgroups of RCC patients, those with brain metastasis are a matter of particular concern. Due to
their poor prognosis, these patients are rarely included in clinical trials and data are lacking. In 2019, a small Italian
retrospective study evaluated the safety and efficacy of cabozantinib therapy in 12 patients with RCC and brain
metastasis prior to treatment and in those that had received at least one previous type of VEGFR–TKI therapy.54 The
results of this study were promising, both in terms of the safety profile of cabozantinib, with no major neurological side
effects being reported and grade 3/4 adverse events being rated at 36%, and in terms of clinical efficacy, with an ORR of
50%, a disease control rate of 75% and a median PFS of 5.8 months. Five of the patients included in this study received
concomitant brain-directed therapy and no further progression of brain disease was documented in these patients. More
recently, a larger international multicentric cohort study included 88 patients with brain metastasis from RCC.55 Of these
patients, 33 were treated exclusively with cabozantinib (cohort A), whereas the 55 other patients received a local
concomitant treatment (cohort B). It should be noted that almost all the patients in cohort A had received a previous
locoregional treatment: 15% had undergone surgery and 70% had received whole-brain or stereotactic radiotherapy.
Again, the results of this study were promising: 55% of the patients in cohort A showed an intracranial response and 48%
showed an extracranial response (median OS: 15 months). In addition, 47% of the patients in cohort B showed an
intracranial response and 38% showed an extracranial response (median OS: 16 months). The safety profile observed for
cabozantinib in this larger study was similarly favorable, with, most notably, no unexpected side effects being
documented. Although further prospective studies are needed, particularly comparative studies involving other systemic
therapies, the retrospective studies that have already been conducted provide evidence supporting the use of cabozantinib
in patients with RCC and brain metastasis. A prospective trial evaluating the efficacy of cabozantinib in patients with
brain metastasis is ongoing (NCT03967522).

Non-Clear Cell Renal Cell Carcinoma
Studies of the therapeutic effect of first-generation of VEGFR–TKIs in patients with non-clear cell RCC have provided
disappointing results. In a real-world study involving 66 papillary tumor patients identified among 112 non-clear cell
RCC patients treated with cabozantinib regardless of the line of treatment,56 18 patients (27%) were reported to have
achieved a partial response (95% CI: 17–40) to cabozantinib therapy. Median time to failure was 6.9 months (95% CI:
4.6–10.1) and 12-month OS was 46% (95% CI: 31–60). In addition, the results of a retrospective study, CABOREAL,
showed that cabozantinib led to an OS of 16.1 months after the beginning of treatment for patients with papillary type
I carcinoma and an OS 8.1 months for those with papillary type 2 carcinoma, with the study population including patients
regardless of their previous line of treatment.57
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More recently, in a randomized phase II trial, SWOG 1500, in which response rates of patients with papillary RCC to
savolitinib, cabozantinib, and crizotinib were compared with those to the existing standard of care with sunitinib,
cabozantinib was found to be superior in terms of the length of PFS in patients with papillary RCC who were naïve
to VEGFR–TKI treatment.58 Overall, the median for PFS was 9.0 months (95% CI: 6–12) in the cabozantinib arm
compared with 5.6 months (3–7) in the sunitinib arm (HR: 0.60; 95% CI: 0.37–0.97, one-sided p=0.019). The response
rate for cabozantinib was also significantly higher than that for sunitinib, 23% versus 4%, respectively (two-sided
p=0.010). These findings thus defined a new standard of care for these VEGFR–TKI naïve patients and provided a new
therapeutic option for other patients with this RCC subtype.56

The results of the CABOREAL retrospective study also showed that cabozantinib was associated with efficacy in
patients with primary tumors with a sarcomatoid component.58 Thirty patients had tumors with sarcomatoid features and
an objective response was achieved in 20% of these patients (95% CI: 8–39). Median time to failure was 5.1 months
(95% CI: 2.8–6.2) and 12-month OS was 25% (95% CI: 8–47).

Finally, a phase II trial has assessed the efficacy of combined nivolumab and cabozantinib treatment in 40 patients
with papillary, unclassified or translocation-associated RCC.59 Among the 26 patients included in this study who received
the combined treatment as a first-line therapy, the progression rate (PR) was 54% (14 patients), whereas in patients who
received the combined as a second-line treatment the PR was 36% (5/14 patients).

Symptoms
The tumor response rate to second-generation VEGFR–TKIs appears to be higher than that to first-generation agents,
which could translate for patients into a better chance of having less severe disease-related symptoms.26 The findings of
the recent CHECKMATE 9ER trial, in which the safety and efficacy of combined nivolumab and cabozantinib treatment
was compared to that of sunitinib and disease-related symptoms were assessed using the functional assessment of cancer
therapy kidney cancer symptom index – disease-related symptom (FKSI-DRS) subscale, appear to support this hypoth-
esis, with between-group differences significantly in favor of the combination treatment being observed at all time
points.35 The results of this study also found that the combined treatment led to an ORR of 55.7% (versus 27.1% with
sunitinib), and was associated with a shorter median time to response (2.8 months for the combined therapy versus 4.2
months for sunitinib), although these more favorable outcomes may also be related to the efficacy of nivolumab.

Pharmacokinetics – Drug–Drug Interactions
Like many other drugs, cabozantinib is metabolized by the liver through the activity of cytochrome P450 3A4, leading to
potential drug–drug interactions. More specifically, it has been demonstrated that rifampicin, a CYP 3A4 inducer,
increases the hepatic clearance of cabozantinib and results in a 77% decrease in the AUC for cabozantinib in healthy
volunteers.18 Following on from the METEOR trial, exposure-response models were developed to assess the relationship
between cabozantinib concentrations and efficacy. The results of this study showed that higher doses of cabozantinib
(60 mg versus 40 mg or 20 mg) led to greater antitumor activity, supporting the fact that the response is correlated to
exposure. However, it should be noted that this dose–response relationship may be limited by toxicity as the 60 mg dose
is often poorly tolerated.21,22 Thus, concomitant cabozantinib treatment with rifampicin – as well as with several other
known CYP 3A4 inducers, including antiepileptic drugs (carbamazepine, phenobarbital, and phenytoin), enzalutamide,
and St. John’s Wort – should be avoided. At the same time, CYP 3A4 inhibitors – such as ketoconazole, clarithromycin
and protease inhibitors – have been shown to increase the AUC of cabozantinib, with ketoconazole leading to an
estimated AUC increase of 38% in healthy volunteers. In addition, cabozantinib has been shown in vitro to be a substrate
of multidrug resistance-associated protein 2 (MRP2), and to be an inhibitor of P-glycoprotein (P-gp) transport
activities.18

Thus, caution is warranted when simultaneously prescribing cabozantinib with other medications. Of note, even
though the solubility, and thus absorption, of cabozantinib is dependent on pH, the concomitant use of proton pump
inhibitors (PPIs) is tolerated. Indeed, no difference in efficacy outcomes or toxicity profile has been found, although these
agents have been shown to reduce the AUC for cabozantinib by ≤20%.16,60,61
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Toxicity Profile
Cabozantinib, like other VEGFR–TKIs, is associated with a large array of side effects, including fatigue, gastrointestinal
toxicities (diarrhea, vomiting, and anorexia), hypertension, hand–foot syndrome, coagulation disorders and proteinuria.62

Although reporting criteria may differ between clinical trials, diarrhea often appears to be one of the most frequent and disabling
adverse events. It was reported in 75% and 72% of the patients treated with cabozantinib in theMETEOR and CABOSUN trials,
respectively, with 13% and 10% of patients classed having diarrhea of grade ≥3.13,28 General measures such as dietary
recommendations and symptomatic treatments (ie loperamide) may help to relieve symptoms, although the effectiveness of
these measures has never been studied in patients being treated with cabozantinib, and dose reductions are sometimes
necessary.63 Fatigue is another major side effect of cabozantinib, reported with a frequency of 59% in the METEOR trial and
86% in the CABOSUN trial (grade 3 in 11% and 6%of patients, respectively).13,28 As the origin of fatigue is oftenmultifactorial,
its management remains challenging and is dominated by nonpharmacological interventions, such as physical activity when
feasible, or by the identification and treatment of differential diagnoses (for instance depression, testosterone deficiency or
hypothyroidism). As with diarrhea, dose reduction may be required in patients with fatigue. Hypertension has been reported in
37% of patients treated with cabozantinib in the METEOR trial (grade 3 or 4 in 15% of patients) and in 81% of those in the
CABOSUN trial (grade 3 or 4 in 28% of patients).13,28 After appropriate monitoring and diagnosis, the management of this
adverse event should not differ from that recommended by standard hypertension guidelines, although the use of angiotensin
receptor blockers may be of interest as they have been shown to have the potential to inhibit cancer cell growth and migration.64

Thus, even with optimal nonpharmacological and pharmacological support, dose holds and dose reductions are
frequently needed: overall, they were reported in 62% of patients treated with 60mg cabozantinib in the METEOR trial
and in 58% of those in the CABOSUN trial.13,28 In addition, although the starting dose of cabozantinib is reduced to
40 mg per day when it is used in combination with nivolumab, at least one dose reduction was necessary in 56.3% of the
patients in the Checkmate-9ER trial.35

Due to the long half-life of cabozantinib, the median dose hold has been estimated to be between 7 and 9 days when
used in monotherapy.65 Dose reductions should carried out in steps of 20 mg/day, leading to a daily dosage of 40 mg after
the first reduction and 20 mg after the second reduction when cabozantinib is used in monotherapy, or to a daily dosage
of 20 mg after the first reduction when cabozantinib is used in combination with nivolumab.66 Cabozantinib may
sometimes be restarted at the same dosage, depending on factors, such as the nature of the adverse event, its severity, or
the presence of a potentially reversible trigger.

These findings justify the need for caution with the use of cabozantinib and other VEGFR–TKIs in some patients,
taking into consideration comorbidities or the disease localization. Evidence suggests that peculiar attention should be
paid to weight loss as the occurrence of this adverse event was probably underestimated in clinical trials: weight loss of
grade 3 or 4 was reported in 3% and 4% of patients in the METEOR and CABOSUN trials,13,27 respectively; compared
to in 11% of patients in real-life conditions.67 This adverse event also appears to occur more often after prolonged
exposure to cabozantinib, with the cumulative incidence of grade 2 and 3 weight loss being reported to increase to 44.1%
and 13.6%, respectively, in patients who responded to cabozantinib after more than 6 months. The median time to grade 2
weight loss was 11.9 months.

Comorbidities
Some of the side effects associated with cabozantinib and other VEGFR–TKIs, can, in rare cases, be potentially life
threatening. Thus, the presence of several comorbidities may necessitate extreme caution with or avoidance of the use of
antiangiogenic agents. This is most notably the case for cardiovascular disorders, such as severe hypertension and
coagulation disorders.

Age
Although there is no recommendation for dose adjustments in elderly patients, the tolerability of cabozantinib may differ
in this population. Adverse events were reported to occur faster and more often in elderly patients (n=27) than in younger
patients in the METEOR trial, with median times for grade 3 adverse events of 3.4 weeks versus 16.1 weeks,
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respectively.68 Moreover, dose reductions of cabozantinib were needed in 85% of elderly patients, but in only 61% of
younger patients. Regarding efficacy, no differences were observed between age groups: PFS was 7.4 months for patients
under 65 years of age versus 8.1 months for patients between the ages of 65 and 74, and 9.4 months for patients aged 75
years or above.67 In the CABOREAL retrospective study, the median OS reported was 16.2 months for patients between
65 and 75 years of age and 13.3 months for those over 75 years of age, with a median follow-up of 13.3 months.69

Other Comorbidities or Previous Treatments
The use of cabozantinib has to take into account the balance between the efficacy of the drug and clinical consider-
ationsin particular, the risk of digestive disorders such as perforation or fistula of the aerodigestive system. Thus, the use
of VEGFR–TKIs, and especially that of cabozantinib, may be problematic in case of serious digestive complications,
including metastasis of the digestive tract or peritoneal carcinomatosis, or a history of perforation or previous external
radiation.70

Biomarker Analyses
Despite many studies, there are currently no predictive biomarkers to guide the selection of ICI or TKI combination
therapies, or the type of TKI. However, the impact of tumor levels of PD-L1 expression on treatment efficacy was
evaluated in the Checkmate-9ER trial through a planned subanalysis of stratified data.35 All patients, regardless of the
level of expression of PD-L1, were found to benefit more from cabozantinib–nivolumab combination therapy than
from sunitinib treatment. However, the PD-L1 biomarker may help to guide the choice between prescribing an ICI–ICI
or an ICI–TKI combination: the results of a meta-analysis revealed that a lack of PD-L1 expression (levels below 1%),
may indicate that selecting a TKI-ICI combination, rather than an ICI–ICI combination (such as nivolumab-
ipilimumab) would provide optimal treatment, with no differences according to PD-L1 status being observed between
the potential ICI-TKI combinations.71 Molecular signatures, such as the angiogenic signature validated in the
IMmotion 150 trial, may be more useful for selecting TKIs.72 This genetic signature has already been shown to be
indicative of outcomes of bevacizumab combination therapies, and is of interest for the evaluation of predicted
outcomes with cabozantinib treatment. In addition, the results of the biomarker-driven BIONNIK trial indicated that
evaluating angiogenic or immune response-driven signatures to randomized treatments may be interesting for guiding
the selection between VEGFR–TKI combinations or VEGFR–TKI treatment alone, and ICI–ICI combinations.73 The
results of this study have been validated with the first-generation VEGFR–TKI, sunitinib. Further studies, involving
cabozantinib, are needed to confirm the potential usefulness of these signatures to guide the therapeutic selection of
this drug.

Studies of the predictive efficacy of the range of VEGFR–TKI family members through analysis of their predominant
impact of angiogenesis, has raised questions about the impact of cabozantinib on other targets. In a recent study,
METEOR study tumor samples were tested for a range of protein markers of angiogenesis, including an analysis of
microvascular density (MVD) by immunohistochemistry.74 As expected, a high MVD was associated with improved
outcomes in MRCC, but was not predictive of the efficacy of cabozantinib. Nevertheless, the high efficacy of
cabozantinib in low-grade angiogenic tumors allows speculation that antitumor activity is not exclusively mediated by
VEGFR inhibition.

In this context, although the expression of tyrosine kinase receptors has been associated with worse outcomes in
patients with MRCCs treated with sunitinib,75 the expression of these receptors was not confirmed to be predictive of the
potential efficacy of cabozantinib treatment for MRCC during the METEOR trial. Indeed, a low plasma AXL level was
only found to be predictive of a relative improvement in PFS for cabozantinib, and was not significantly predictive of the
benefit of treatment with cabozantinib.76

Perspectives
Over the past few years, the therapeutic landscape of MRCC has undergone major changes. After a decade dominated by
a monoantiangiogenic therapy (most notably with sunitinib), first-line systemic treatments are now being used in
combination with other treatments and always involve at least one ICI. As a result of this major shift in therapeutic
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strategy, cabozantinib may play a major in the treatment of MRCC, with the results of the pivotal CHECKMATE-9ER
trial assessing in the use of cabozantinib in combination with nivolumab supporting the need to consider cabozantinib
combination therapy as one of the new standards of care in the first-line treatment of advanced RCC or MRCC. Indeed,
this combination therapy has been approved by the Food and Drug Administration (FDA) and the European Medicines
Agency (EMA).

The range of combination treatments may be expanded even further, depending on the results of the ongoing
COSMIC-313 trial focusing on the potential benefits of a “triplet” association as a first-line therapy (NCT03937219).
In this study, cabozantinib was added in the experimental arm in combination with two checkpoint inhibitors: nivolumab
and ipilimumab. If the outcomes for primary endpoints are favorable, this new triplet association could become a new
standard of care. Nevertheless, the long-term strategy for MRCC is likely to become a matter of concern as, to date, few
data are available about the best treatment sequences to use in first- and second-line settings.

Although combination treatments are the new standard of care in first-line settings, the use of cabozantinib mono-
therapy should still be considered in second-line settings in well-defined subgroups of patients. Most notably, patients
with bone or brain metastasis of RCC may benefit from the tropism of cabozantinib in these localizations. Similarly,
patients experiencing highly symptomatic disease may also benefit from cabozantinib treatment. However, other second-
line treatments for MRCC are currently being investigated, including the association of belzutifan and lenvatinib, which
is currently being evaluated in comparison with cabozantinib in an ongoing two-arm phase III trial (NCT04586231).

In addition, the use of combinations of ICIs and VEGFR–TKIs in second-line settings has also been evaluated. The
combination of cabozantinib with atezolizumab has shown encouraging clinical activity in a phase Ib study,77 and is now
being evaluated as a second- or third-line treatment in an ongoing phase III trial.

Overall, irrespective the line of treatment, there is a need for additional data to confirm the benefits of cabozantinib in
the treatment of bone and brain metastases, particularly as patients are now living longer and these forms of disease
evolution over time are being encountered more frequently.

In non-clear cell RCC, additional data on the efficacy of cabozantinib are pending (NCT 03541902, NCT 03635892,
NCT 04413123, NCT 04644432, and NCT 03685448) and specific clinical randomized trials according tumor subtype
will be of great interest.

The landscape of adjuvant therapy in intermediate- or high-risk primary clear cell tumors is also evolving, with the
approval of ICI for these indications. Ongoing trials are exploring combinations of ICIs but none of the trials initiated so
far are exploring combinations including cabozantinib or other VEGFR–TKIs.

However, the use of the standard dose of cabozantinib over 12 weeks has been evaluated in a neo-adjuvant setting in
16 patients with locally advanced non-metastatic clear cell RCC. Although all patients had tumor shrinkage, only five
patients (29.4%) had a tumor response.78 This is in line with previous reports investigating other VEGFR–TKIs in neo-
adjuvant settings. However, it should be noted that neo-adjuvant treatment of RCC is not a standard of care, as it not
considered as an option. Indeed, the ability to perform a nephrectomy is based on the urologist’s experience, and neo-
adjuvant treatment is not usually considered in expert centers as treatment for decreasing tumor size.

As regards the safety concerns of cabozantinib treatment, efforts are needed to understand and minimize the risk of
significant weight loss after prolonged exposure. This information could be of great interest to avoid any interruptions in
administration of this effective treatment.

Conclusion
Cabozantinib is one of the leading second-generation VEGFR–TKIs for the treatment of MRCC. It targets a range of TK
receptors in addition to VEGFR, such as c-MET and AXL, but the contribution of this additional activity to treatment
efficacy has not been fully explored. More recently, combined cabozantinib–nivolumab therapy became one of the three
standard of care treatments for MRCC in first-line settings. Further studies are essential to assess the benefits of
cabozantinib compared to other treatments in patients with bone or brain metastases, and in those with non-clear cell
RCC histology and/or sarcomatoid features.
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