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Abstract
Metastatic renal cell carcinoma (RCC) remains
largely incurable. Up to 30% of patients show
metastasis at the time of the initial diagnosis.
Prognostic criteria developed by the IMDC
(International Metastatic Renal Cell Carci-
noma Database Consortium) and MSKCC
(Memorial Sloan Kettering Cancer Center)
are used to classify patients based on certain
pretreatment factors. The prognosis of patients
with metastatic disease varies depending on

these risk factors. Anti-angiogenic agents
targeting the vascular endothelial growth factor
(VEGF) and its receptors are standard treat-
ments based on improved clinical outcomes
in randomized phase III trials. Standard of
care therapies now include multitargeted tyro-
sine kinase inhibitors (TKIs) such as sunitinib,
axitinib, pazopanib, and cabozantinib, as well
as the mTOR inhibitors temsirolimus and
everolimus.

Tumor-associated PD-L1 expression has
been detected in RCC and is associated with a
worse prognosis. Immune checkpoint inhibi-
tors such as the PD-1 inhibitor nivolumab
have shown promising results in treatment of
the metastatic disease. Future developments
including novel combinations and attempts to
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find the optimal position of immunotherapy in
the disease pathway are subject of ongoing
clinical trials.
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Introduction

Renal cell cancer represents about 3% of all can-
cers and is largely incurable. In the European
Union, there were approximately 84,400 new
cases of RCC and 34,700 kidney cancer-related
deaths in 2012 (Ferlay et al. 2013). There is a
1.5:1 male predominance, with a peak incidence
between 60 and 70 years. Etiological factors
include smoking, obesity, and hypertension
(Bergström et al. 2001).

The number of incidentally diagnosed RCCs
has increased due to increased detection of tumors
by ultrasound as well as magnetic resonance
imaging (MRI) and computed tomography (CT).
These tumors are usually smaller and of lower
stage (Tsui et al. 2000).

Renal cell carcinomas comprise a broad spec-
trum of histopathological entities. There are three
main RCC types: clear cell (ccRCC), papillary
(pRCC – type I and II), and chromophobe
(chRCC). The RCC type classification has been
confirmed by cytogenetic and genetic analyses
(Moch et al. 2016). Other forms of kidney cancer
tumors constitute the remaining 10–15% of renal
cortical tumors, such as the very aggressive renal
medullary carcinoma (<0.5% of all RCCs),
acquired cystic disease-associated RCC (4%
of patients), papillary adenoma, angiomyoli-
poma, renal oncocytoma, cystic renal tumors,
sarcomatoid variants of RCC, and carcinoma of
the collecting ducts of Bellini.

Up to 30% of patients show metastasis at the
time of the initial diagnosis (Therasse et al. 2000).
Patients with metastatic disease have a poor prog-
nosis, with a 5-year survival rate of less than 20%

(Itsumi and Tatsugami 2010). Recurrence occurs
in approximately 40% of patients after treatment
of a localized tumor. High levels of serum lactate
dehydrogenase, low hemoglobin level, and high
corrected level of serum calcium are the prognos-
tic markers for metastatic RCC (Fig. 1). The aver-
age survival of patients with advanced RCC is
approximately 12 months.

Angiogenesis and Anti-angiogenics

Drugs targeting angiogenesis are the primary
treatment option for such patients. Angiogenesis
is the physiological process of the growth of new
blood vessels from preexisting blood vessels
(Greenblatt and Shubik 1968). Angiogenesis is
an important factor for tumor growth and metas-
tasis in humans. Inactivation of the von Hippel-
Lindau (VHL) gene is the most common genetic
change present in clear cell RCC. In the absence
of VHL, hypoxia-inducible factor (HIF) accumu-
lates, leading to the production of several growth
factors, including vascular endothelial growth
factor (VEGF) and platelet-derived growth factor
(PDGF). One of the most important roles of hyp-
oxia-inducible factor 1 α (HIF-1 α) in cancer is to
induce angiogenesis through the synthesis of
angiogenesis-related proteins (Kim and Kaelin
2004). HIF-1 α plays an important role in regulat-
ing cell cycle and apoptosis as well. The activity
of these factors is associated with oncogenesis,
growth, and the metastatic potential of RCC
cells. Angiogenesis is a process that involves the
formation of new blood vessels from the existing
vasculature. In addition to its role in tumor
growth, angiogenesis is an important step in
tumor proliferation and metastasis that offers a
route for tumor cells to spread to organs via the
bloodstream.

Hypoxia-inducible factor (HIF) is a transcrip-
tion factor that responds to reduced intracellular
oxygen concentration. In the hypoxic condition,
HIF accumulates in the cell and is transported to
the nucleus where it induces the expression of a
wide variety of target gene products such as
growth factors, e.g., VEGF, fibroblast growth fac-
tor (FGF), transforming growth factor (TGF), etc.
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These proteins in turn activate different signaling
pathways, including PLCγ, PI3K, Smad, Src, etc.,
so that endothelial cell proliferation, vascular per-
meability, and cell migration are increased. Extra-
cellular matrix proteases induce tissue matrix
remodeling, and new tube formation occurs with
the participation of the migrated endothelial cells.
Various cytokines play key roles in the process. In
addition to hypoxia, the PI3K and Ras pathways
can also increase HIF expression by increasing
HIF translation (Adams and Alitalo 2007). The
growth of any tumor and its metastasis depend on
the development of neovasculature in and around
the tumor. Angiogenesis facilitates tumor growth
progression by supplying adequate oxygen and
nutrition to the tumor cells through several inter-
related steps. The mechanism regulating angio-
genesis is tissue specific (Hanahan et al. 1996).
Angiogenic phenotype is regulated by the differ-
ential expression of growth factors and cytokines
within the microenvironment of the organ.

RCC is one of the most vascular of the solid
tumors, which suggests a prominent role for
angiogenesis in the pathogenesis of RCC (Bard
et al. 1986). VEGF is known as vascular perme-
ability factor and stimulates endothelial cell pro-
liferation in vitro and has got angiogenic activity
in vivo. The second secreted angiogenic factor
with a role in angiogenesis in RCC is PIGF
(Maglione et al. 1993). Elevated VEGF expres-
sion is involved in the hypervascularity of RCC
and plays an important role in determining the
size, stage, and grade of carcinoma. VEGF,
PIGF, and bFGF work together to increase

angiogenesis in RCC; therefore they can be used
as tumor markers, especially in the early stage of
the disease (Atsushi et al. 1994).

Like many solid neoplasms, renal tumors are
frequently characterized by hypoxic conditions
due to local imbalance between oxygen (O2) sup-
ply and consumption. Indeed, hypoxia and com-
pensatory hyperactivation of angiogenesis are
thought to be particularly important in RCC com-
pared to other tumor types, given the highly
vascularized nature of kidney tumors and the spe-
cific association of mutation in von Hippel-
Lindau (VHL) gene with onset of RCC. Hypoxic
signaling is mediated by the hypoxia-inducible
factors (HIFs), which regulate the expression of
over 200 genes involved in crucial pathways
related to tumorigenesis including angiogenesis,
invasion, and mitogenesis. In hypoxic RCC
tumors, in the absence of VHL, HIF-α proteins
remain constitutively expressed, thereby inducing
vascular endothelial growth factor (VEGF) and
other HIF targets. Increased expression of many
of the HIF target genes is implicated in promoting
cancer, inducing both changes within the tumor
(cell-intrinsic) and changes in the growth of adja-
cent endothelial cells to promote blood vessel
growth. The expression level of VEGF in RCC
is known to strongly correlate with microvessel
density, a measure of the degree of angiogenesis.
A key step in angiogenesis is the upregulation
of growth factor receptors on endothelial cells
such as vascular endothelial growth factor
receptors (VEGFR) and platelet-derived growth
factor receptors (Bianconi et al. 2012). As

Risk factors* Cut-off point used

Karnofsky performance status < 80%

Time from diagnosis to treatment < 12 months

Haemoglobin < Lower limit of laboratory reference range

Corrected serum calcium > 10.0 mg/dL (2.4 mmol/L)

Absolute neutrophil count (neutrophilia) > upper limit of normal

Platelets (thrombocytosis)

* low risk, no risk factors; intermediate risk, one or two risk factors; high risk, three to six risk factors

> upper limit of normal

Fig. 1 IMDC (International Metastastic RCC Database Consortium) Risk Score
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in many other tumors, targeting angiogenesis
improves patients’ outcome. Anti-angiogenic
drugs targeting the VEGF pathway with proven
benefit in RCC include inhibitors of VEGFRs
sunitinib, sorafenib, pazopanib, axitinib,
cabozantinib, and bevacizumab.

The family of VEGF and VEGFR is a very
complex one. The VEGF family members are
secreted, dimeric glycoproteins of 40 kDa,
consisting of five members, VEGF-A, VEGF-B,
VEGF-C, VEGF-D, and placental growth factor,
and binding to specific receptors. The VEGF gene
has several alternatively spliced isoforms, and
the regulation of expression might differ between
normal and tumor tissue. To find these differ-
ences, the attention focused on the expression of
single-nucleotide polymorphisms (SNP), as it was
the case in other carcinomas (Scartozzi et al.
2014). Interestingly, as all identified polymor-
phisms in VEGF are not in the coding region,
alternative mechanisms for their role in gene
expression have been proposed. Although many
transcription factors bind to the promoter regions
of VEGF, none occurs at the common polymor-
phic sites associated with VEGF expression. Nev-
ertheless, SNPs have been reported to cause
changes in VEGF expression levels (Pages and
Puyssegur 2005). The SNPs in the VEGF and
VEGFR genes have been also correlated with
tumor neoangiogenesis through different biologi-
cal mechanisms.

Sunitinib, pazopanib, and five other agents
have been approved by the Food and Drug
Administration for the treatment of clear cell,
metastatic renal cell carcinoma. Among the tyro-
sine kinase inhibitors, pazopanib and sunitinib are
first-line treatment options.

TKI (Tyrosine Kinase Inhibitors)

Sunitinib is an oral tyrosine kinase (TK) inhi-
bitor with antitumor and anti-angiogenic activity.
First-line monotherapy with sunitinib showed
significantly longer PFS compared with IFN-α.
Overall survival was greater in patients treated
with sunitinib (26.4) versus INF-α (21.8 months)
despite crossover (Motzer et al. 2009). Sunitinib

as second-line monotherapy after cytokines in
patients with metastatic renal cell carcinoma dem-
onstrated a partial response in 34–40% and stable
disease at >3 months in 27–29% of patients
(Motzer et al. 2006). Sunitinib 50 mg/day
(4 weeks on/2 weeks off) was compared in the
EFFECT trial with continuous uninterrupted
sunitinib 37.5 mg/day in patients with clear cell
advanced RCC. Median time to progression with
sunitinib 50 mg was numerically longer than the
37.5 mg arm (9.9 months vs. 7.1 months). There
were no significant differences in overall survival.
Toxicity was comparable in both arms. Because of
the nonsignificant, but numerically longer time to
progression with the standard 50 mg dosage, the
authors recommended using this regimen (Motzer
et al. 2012). Alternate scheduling of sunitinib
(2 weeks on/1 week off) can be used to manage
toxicity.

Pazopanib is an oral angiogenesis inhibitor
targeting vascular endothelial growth factor
receptor, platelet-derived growth factor receptor,
and c-Kit. The daily dose is 800 mg. In a tri-
al of pazopanib versus placebo in treatment-
naïve metastatic RCC patients and cytokine-
treated patients, a significant improvement in
progression-free survival and tumor response
was observed (Sternberg et al. 2010). Median
progression-free survival (PFS) with pazopanib
compared with placebo was 9.2 versus 4.2 months
in the overall study population, 11.1 versus
2.8 months for the treatment-naïve subpopulation,
7.4 versus 4.2 months for the cytokine-pretreated
subpopulation. The COMPARZ trial, which
compared pazopanib with sunitinib, established
pazopanib as another first-line option. It showed
that pazopanib was not associated with signifi-
cantly worse PFS or overall survival compared
to sunitinib. The two drugs had different toxicity
profiles, and quality of life was better with
pazopanib (Motzer et al. 2013a). The study was
limited due to the fact that intermittent therapy
(sunitinib) was compared with continuous therapy
(pazopanib).

Axitinib is an oral selective second-generation
inhibitor of VEGFR1, VEGFR2, and VEGFR3.
Axitinib was first evaluated as second-line treat-
ment. The daily dosage is 10 mg, to be taken as
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5 mg twice per day. The AXIS trial compared
axitinib to sorafenib in patients with previously
failed cytokine treatment or targeted agents. The
overall median PFS was greater for axitinib than
sorafenib. The difference in PFS was greatest in
patients in whom cytokine treatment had failed
(Rini et al. 2011). In a randomized phase III trial
of axitinib versus sorafenib in first-line treatment-
naïve clear cell metastatic RCC, a significant dif-
ference in median PFS between the treatment
groups was not demonstrated (Hutson et al.
2013). As a result of this study, axitinib is not
approved for first-line therapy.

Sorafenib is an oral multi-kinase inhibitor. The
recommended daily dose is 800 mg. Sorafenib
improved progression-free survival in a trial
which compared sorafenib and placebo after fail-
ure of prior systemic immunotherapy or in
patients unfit for immunotherapy (Escudier et al.
2007a). A number of studies have used sorafenib
as the control arm in sunitinib-refractory disease
versus axitinib, dovitinib, and temsirolimus. None
showed superior survival for the study drug com-
pared to sorafenib.

Cabozantinib is an oral inhibitor of TK, includ-
ing VEGF, and receptor tyrosine kinases MET
and AXL. The recommended daily dose is
60 mg. A randomized phase III trial (METEOR)
investigated cabozantinib versus everolimus in
658 patients with clear cell RCC failing one or
more VEGF-targeted therapies. Cabozantinib
delayed PFS compared to everolimus in VEGF-
targeted therapy refractory disease by 42%. The
median PFS for cabozantinib was 7.4 months ver-
sus 3.8 months for everolimus. The median OS
was 21.4 months with cabozantinib and
16.5 months with everolimus in VEGF-resistant
RCC. Grade 3 or 4 adverse events were reported
in 74% with cabozantinib and 65% with
everolimus and were managed with dose reduc-
tions. Discontinuation due to toxicity was not
significantly different for the two drugs (Choueiri
et al. 2015).

Lenvatinib is an oral multitarget TKI
of VEGFR1, VEGFR2, and VEGFR3, with
inhibitory activity against fibroblast growth factor
receptors (FGFR1, FGFR2, FGFR3, and FGFR4);
platelet growth factor receptor α (PDGFRα),

rearranged during transfection (RET); and recep-
tor for stem cell factor (KIT). The recommended
daily dose is 24 mg.

Tivozanib is a potent and selective TKI
of VEGFR1, VEGFR2, and VEGFR3 and was
compared in a phase III trial with sorafenib as
initial targeted therapy in patients with mRCC
(Motzer et al. 2013b). Tivozanib was approved
by the European Medicines Agency in frontline
mRCC. It can therefore be prescribed in the
European Union. The recommended daily dose
is 1.340 μg (3 weeks on/1 week off). The Panel
of the European Urological Association feels that
it remains an inferior option as compared to other
TKIs in this setting without further randomized
data; therefore other agents should be used in
preference.

Side Effects of Tyrosine Kinase
Inhibitors (TKI)

Treatment with anti-VEGFR tyrosine kinase
inhibitors is limited by its tolerability, including
skin toxicity, which has resulted in rates of dis-
continuation in some cases exceeding that of con-
ventional cytotoxic chemotherapy (Prasad et al.
2014).

Dermatologic side effects include rash, alope-
cia, depigmentation, pruritus, xerosis, acneiform
rashes, and mucositis (Kamba and McDonald
2007). For most patients the most troublesome
cutaneous side effect is a hand-foot skin reaction
(HFSR), which is characterized by painful, edem-
atous, erythematous, and keratotic lesions on acral
surfaces, particularly weight-bearing sites, usually
occurring 1–6 weeks after therapy is initiated
(Fischer et al. 2013). Acral dysesthesia and pares-
thesia commonly precede the lesions (Porta et al.
2007).

HFSR occurring with anti-VEGFR TKIs can
be distinguished clinically from hand-foot syn-
drome (HFS) associated with “cytotoxic” chemo-
therapeutic agents (Janusch et al. 2006). While
HFSR produces localized, hyperkeratotic plaques
on acral sites (Yang et al. 2008), HFS is marked by
symmetric, desquamative erythema and edema
not typically extending beyond volar and plantar
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surfaces (Lacouture et al. 2008). The mechanism
of the HFSR is still poorly understood (Lipworth
et al. 2009).

Besides dose reduction and drug discontinua-
tion of oral agents, there are limited treatment
options such as topical anti-inflammatory medica-
tions which include corticosteroid creams and
topical pain relievers, such as lidocaine. These
are used as a cream or a patch over painful areas
in the palms and soles. There are also useful
topical moisturizing exfoliant creams containing
urea, salicylic acid, or ammonium lactate. Pain
relievers such as ibuprofen, naproxen, and
celecoxib can also be helpful.

Bevacizumab plus Interferon (IFN)-a

Bevacizumab is a humanized monoclonal anti-
body. The double-blind AVOREN study com-
pared bevacizumab plus IFN-α with INF-α
monotherapy in mRCC (Escudier et al. 2007b).
Overall response was higher in the bevacizumab
plus IFN-α group. Median PFS increased from
5.4 months with IFN-α to 10.2 months with
bevacizumab plus IFN-α. An open-label trial of
bevacizumab plus IFN-α versus IFN-α showed
a higher median PFS for the combination
group with the objective response rate being
higher in the combination group. Overall
toxicity was greater for bevacizumab plus
IFN-α, with significantly more grade 3 hyper-
tension, anorexia, fatigue, and proteinuria (Rini
et al. 2010).

mTOR Inhibitors

Temsirolimus is a specific inhibitor of the mam-
malian target of rapamycin (mTor). Temsirolimus
is an intravenous drug which interferes with the
synthesis of proteins that regulate proliferation,
growth, and survival of tumor cells. In the
INTORSECT trial, temsirolimus versus sorafenib
was investigated in patients who had previously
failed sunitinib. Although no benefit in PFS was
observed, a significant OS benefit for sorafenib
was noted (Hutson et al. 2014). Based on these

results, temsirolimus is not recommended in
patients with VEFG TKI-refractory disease.

Everolimus is an oral mTOR inhibi-
tor, established in the treatment of VEGF-
refractory disease. The RECORD-1 study com-
pared everolimus plus best supportive care
(BSC) versus placebo plus BSC in patients with
previously failed anti-VEGFR treatment
(or previously intolerant of VEGF-targeted
therapy). It showed a median PFS of 4.9 versus
1.9 months for everolimus and placebo,
respectively, in the final analysis (Motzer et al.
2010). Subset analysis of PFS for patients
receiving only one previous VEFG TKI
was 5.4 months (Calvo et al. 2012). This
included some patients who were intolerant
rather than progressed on therapy (PFS was
also 5.4 months). RECORD-1 included patients
who failed multiple lines of VEGF-targeted ther-
apy and received everolimus in a third- and
fourth-line setting.

Immunotherapy

Interleukin-2 has been used to treat mRCC since
1985, with response rates ranging from 7%
to 27% (McDermott et al. 2005). Complete
and durable responses have been achieved
with high-dose bolus IL-2; however IL-2
remains the only drug to date that can cure a
small percentage of RCC patients (Yang et al.
2003). The toxicity of IL-2 is substantially
greater than that of IFN-α.

Several studies showed that interferon (IFN)-α
in metastatic RCC resulted in a response rate of
6–15%, a 25% decrease in tumor progression risk
and a modest survival benefit compared to pla-
cebo (Motzer et al. 2002). However, patients with
intermediate-risk disease failed to confirm this
benefit (Negrier et al. 2007). Interferon-α may
only be effective in some patient subgroups,
including patients with ccRCC, favorable-risk
criteria, as defined by the Memorial Sloan
Kettering Cancer Center (MSKCC), and lung
metastases only. Interferon-α has since been
superseded by targeted therapy in clear cell
metastatic RCC.
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Chemotherapy

Chemotherapy should not be offered as first-line
therapy in patients with clear cell metastatic
RCC since it is moderately effective only if
5-fluorouracil (5-FU) is combined with immuno-
therapeutic agents (Stadler et al. 2003). In meta-
static RCC, chemotherapy is otherwise not
effective with the exception of gemcitabine and
doxorubicin in sarcomatoid and rapidly progres-
sive disease (Haas et al. 2012).

Future Directions

The introduction of newer immunotherapy, with
the immune checkpoint inhibitors such as
nivolumab, is a very promising new therapeutical
option in kidney cancer treatment.

Immune checkpoint blockade with monoclo-
nal antibodies targets and blocks the inhibitory
T-cell receptor PD-1 or cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) signaling to
restore tumor-specific T-cell immunity (Ribas
2012). A phase III trial of nivolumab versus
everolimus after one or two lines of VEGF-
targeted therapy (CheckMate 025) reported a lon-
ger OS, better QoL, and fewer grade 3 or 4 adverse
events with nivolumab than with everolimus
(Motzer et al. 2015). Nivolumab has superior OS
to everolimus in VEGF-refractory RCC with a
median OS of 25 months for nivolumab and
19.6 months for everolimus. Patients who had
failed multiple lines of VEGF-targeted therapy
were included in this trial making the results
broadly applicable.

The phase III trial CheckMate 214 investigated
the combination of nivolumab and ipilimumab
versus sunitinib in first-line treatment of treat-
ment-naïve advanced or cc-mRCC. Results
showed that a combination of ipilimumab and
nivolumab was associated with a significant
advantage for both RR and OS. A higher propor-
tion of the patients treated with nivolumab
plus ipilimumab achieved durable remissions,
justifying their use in unselected patients (includ-
ing favorable-risk disease). Health-related QoL
assessment, based on the NCCN Functional

Assessment of Cancer Therapy-Kidney Symptom
Index (FKSI-19), was performed and favored
the immunotherapy combination (Escudier et al.
2017).

Tumors which overexpressed the PD-L1 bio-
marker at baseline were associated with a better
RR and PFS with nivolumab plus ipilimumab
than sunitinib. This was not the case in the
PD-L1-negative cohort, where PFS was almost
identical. Therefore, the PD-L1 biomarker
appears predictive for PFS. Nivolumab plus
ipilimumab was associated with 15% grade 3–5
toxicity and 1.5% treatment-related deaths. It
should therefore be administered in centers with
experience of immune combination therapy
and appropriate supportive care within the context
of a multidisciplinary team. Nivolumab plus
ipilimumab should not be offered outside of the
first-line setting.

Patients who stop nivolumab plus ipilimumab
because of toxicity should not be challenged
with the same drugs in the future without expert
guidance and support from a multidisciplinary
team. Further combinations of VEGF-targeted
therapy and immune therapy are being compared
in phase III trials against sunitinib and may
change treatment recommendations soon. These
include pembrolizumab plus axitinib and
lenvatinib plus everolimus or pembrolizumab.

The combination of nivolumab and
ipilimumab is the standard of care in IMDC
intermediate- and poor-risk patients (Fig. 2).
Alternative agents such as sunitinib, pazopanib,
and cabozantinib should be considered where
nivolumab plus ipilimumab is not safe or feasi-
ble (EAU Guidelines). Sunitinib or pazopanib
remains a preferable agent in favorable-risk
patients due to the non-inferiority of pazopanib
compared to sunitinib (COMPARZ). Key trials
have established bevacizumab plus IFN-α as
another first-line treatment option in treatment-
naïve patients with cc-mRCC and a favorable-to-
intermediate risk score. This has not been tested
against nivolumab plus ipilimumab, and the evi-
dence for subsequent therapies remains unclear.
The same arguments apply for temsirolimus in
poor-risk patients. It is therefore more appealing
to treat patients with sunitinib or pazopanib, both
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of which were tested in all three risk groups in
pivotal trials, where nivolumab plus ipilimumab is
not safe or feasible.

Phase II data which compared sunitinib and
cabozantinib for intermediate- and poor-risk
RCC favored cabozantinib for RR and PFS,
although not OS (Choueiri et al. 2017). It show-
cases the activity of cabozantinib, but due to miss-
ing of a randomized phase III study, it currently
cannot be supported above other VEGF-TKIs
such as pazopanib or sunitinib.

There is no evidence for sequencing of
immune therapies, which remains within the
realms of clinical trials. While data with the
combination of VEGF-targeted therapy and
immune checkpoint inhibition is promising, fur-
ther randomized data is required prior to any
recommendations.
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