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Cabozantinib for the treatment of renal 
cell carcinoma patients

ABSTRACT
Anti-angiogenesis is a key target of the first-line systemic therapy in renal cell carcinoma. Resistance to this therapy 

ultimately occurs in almost every patient who requires subsequent treatment to manage disease progression. 

Cabozantinib is a tyrosine kinase inhibitor targeting vascular endothelial growth factor receptor and additionally 

blocking MET and AXL kinases, which are associated with tumour growth, proliferation, invasion, and resistance. 

Cabozantinib has been shown to improve overall survival, progression-free survival, and objective response rate in 

comparison to everolimus in patients with advanced renal cell carcinoma in the phase 3 METEOR study. It resulted 

in the approval for use in the treatment of advanced renal cell carcinoma following prior vascular endothelial growth 

factor (VEGF)-targeted therapy and contributed to a change of treatment guidelines, placing cabozantinib among 

second-line therapy options. Herein we discuss the biological and clinical rationale behind cabozantinib use in 

renal cell carcinoma therapy and its position in the rapidly developing renal cell carcinoma treatment landscape. 

We outline current research and future directions for renal cell carcinoma therapy. 
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Introduction

Clear-cell renal cell carcinoma (RCC) is one of the 
most challenging malignancies to treat and remains 
largely incurable. This most common form of kidney 
cancer is a cause of more than 2700 deaths every year 
in Poland and over 35,000 in the European Union [1]. 
The earliest forms of systemic therapy were based 
on immunotherapy. Understanding of angiogenesis 
mechanisms led to the development of today’s first-line 
therapies, which inhibit the vascular endothelial growth 
factor (VEGF) or the mammalian target of rapamycin 
(mTOR) pathways. Patients frequently develop resist-
ance to these therapies, as shown by disease progression. 
The median progression-free survival (PFS) was less 
than one year with first-line VEGFR tyrosine kinase in-
hibitors (TKIs) [2–4] or mTOR inhibitor [5]. Subsequent 
therapies with different drugs are the current standard 

for tumour resistance management [6–8]. Understand-
ing of resistance mechanisms led to the development of 
novel therapies, which redefine the landscape of RCC 
treatment. In recent years, drugs with new targets have 
been approved. 

The METEOR study of cabozantinib, an oral TKI 
targeting multiple distinct pathways associated with 
tumour angiogenesis, invasiveness, metastasis, and drug 
resistance, showed significant benefit in overall survival 
(OS), PFS, and objective response rate (ORR) over 
everolimus in patients with advanced RCC [9, 10]. These 
findings contributed to recent substantial modification 
of the second-line RCC treatment guidelines, [6–8] mov-
ing everolimus to the subsequent lines of treatment [11]. 
Most recently, in CABOSUN, involving patients with 
previously untreated intermediate- or poor-risk RCC, 
cabozantinib compared to standard-of-care sunitinib 
significantly increased median PFS [12]. 
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In this review, we summarise the biology of RCC, 
contributing to recent developments and accumulated 
data about cabozantinib in the treatment of RCC pa-
tients impacting current treatment guidelines. 

Renal cell carcinoma: pathophysiology, 
resistance, and therapeutic 
implications

Thanks to advances in molecular biology today, we 
understand, at least in part, the mechanisms responsible 
for the formation of cancer cells, and their proliferation 
and expansion in RCC. In most RCC cases we observe 
dysregulation of the von Hippel-Lindau (VHL) pathway 
[13]. The VHL protein is a tumour suppressor acting as 
the substrate recognition component of an E3 ubiquitin 
ligase, which in normoxic state targets the hydroxylated, 
oxygen-sensitive a-subunits of hypoxia-inducing factor 
(HIF) for ubiquitination and degradation [14–16]. VHL 
gene mutations and loss of its function lead to translo-
cation and accumulation of HIF in the nucleus, where 
it acts as a transcription factor [17]. Transcriptional 
targets of HIF include a variety of pro-tumourogenic 
genes, leading to overproduction of growth factors 
such as vascular endothelial growth factor (VEGF) and 
platelet-derived growth factor [17].

Increased VEGF gene expression [18] and VEGF 
protein levels [19] have been found in RCC and correlate 
with microvessel density [18], as a measure of the extent 
of angiogenesis. Inhibition of VEGF has been pursued 
as a therapeutic target in RCC, and subsequently 
therapies directed specifically against the VEGF protein 
(bevacizumab) and VEGF receptor kinases (sunitinib, 
pazopanib, axitinib, and sorafenib) have been developed 
in the past decade [2, 3, 20–22] and have since remained 
a standard-of-care. Other treatments include mTOR 
inhibitors (temsirolimus and everolimus) [5, 23] and the 
programmed cell death 1 (PD-1) checkpoint inhibitor 
nivolumab [24]. 

However, the majority of patients become resistant 
and require further systemic therapy. Chronic treatment 
with anti-angiogenic agents may affect tumour cells lead-
ing to upregulation of alternative tumour-survival and 
invasion pathways. Activation of the prometastatic MET 
and AXL tyrosine kinase receptors seems to be one of 
the tumour escape pathways contributing to treatment 
resistance [25]. AXL expression is directly activated 
by HIF [16] and is clinically correlated with aggressive 
tumour behaviour, poor prognosis, and increased risk 
of patient mortality [16, 26]. Direct activation of MET 
through mutations in its gene has been identified in 
hereditary, and sporadic papillary RCC [27] and its 
expression was shown in vitro to be upregulated in the 
loss of VHL function and hypoxia in clear-cell RCC [28]. 

Dysregulation of MET is involved in tumour develop-
ment, invasion, and angiogenesis [28]. Simultaneous 
inhibition of MET and VEGF signalling did not only 
decrease tumour growth but also reduced invasion and 
metastasis [29]. In vitro studies of sunitinib-induced 
resistance [25, 30–32] provide support for targeting of 
VEGFR, MET, and AXL for RCC treatment. 

Cabozantinib has a novel, multi-kinase inhibition 
mechanism of action. By blocking VEGFR 1–3 and, 
unlike other VEGRF inhibitors, additionally inhibit-
ing MET and AXL, cabozantinib targets key pathways 
important to tumour growth, metastasis, and angiogen-
esis [33] (Fig. 1). Indeed, outcomes of RCC therapy 
in clinical trials [9, 10, 12] suggest that the observed 
in vitro effects on MET and AXL may have practical 
relevance and are a step towards overcoming resistance 
to VEGFR inhibition. 

Renal cell carcinoma treatment 
landscape

The treatment landscape for RCC is dynamic and 
has changed considerably in the past year. Current 
guidelines recommend the use of several systemic 
therapies to treat patients with unresectable RCC. The 
choice of drug always depends on the context of the 
clinical course of the disease, physician experience, 
drug availability, and patient preference [34], and in 
Poland it is determined by a specific procedure called 
the therapeutic or drug program. In such programs, the 
health service provider permits treatment in selected 
diseases to well-defined groups of patients, according to 
specific inclusion/exclusion criteria and the definition of 
the dosage regimens, mode of administration, and list of 
diagnostic tests needed for qualification for the program. 
Figure 2 summarises recently updated guidelines from 
the European Society of Medical Oncology (ESMO) [6], 
the European Association of Urology (EAU) [7], and 
the National Comprehensive Cancer Network (NCCN) 
[8]. All these guidelines refer mainly to the clear cell 
histology of the RCC because most of the pivotal trials 
have been conducted in patients with this, the most com-
mon histological subtype of RCC. Guidelines differ in 
how recommendations are provided, e.g. in patient’s risk 
differentiation, reaching survival advantage outcome, 
categorisation of level of evidence and expert consensus, 
and number of lines of therapy. 

Inhibitors of VEGFR-TKI/VEGF and mTOR 
dominate in the treatment of RCC (Fig. 2). Oral 
VEGFR-TKI inhibitors such as sunitinib and pazopanib 
are established in the first-line treatment algorithm 
based on the pivotal phase 3 clinical trials [2–4] (Fig. 2).  
Temsirolimus, the mTOR inhibitor, is reserved for 
patients with poor-prognosis [5] (Fig. 2).
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Figure 1. Cabozantinib mechanism of action. VHL dysregulation promotes accumulation of HIF, resulting in expression of 
hypoxia-response genes, including VEGF, MET, and AXL. MET and AXL signalling supports tumour growth, survival, invasion, 
and metastasis also in response to VEGFR inhibition. Cabozantinib, as well as VEGFR inhibition, also blocks MET and AXL tyrosine 
kinase receptors affecting tumour escape and survival signalling pathways [24, 30]. AXL — AXL receptor; GAS6 — growth 
arrest-specific 6; HGF — hepatocyte growth factor; HIF — hypoxia-inducing factor; MET — hepatocyte growth factor receptor; 
VEGF — vascular endothelial growth factor; VEGFR — vascular endothelial growth factor receptor

The availability of drugs with different mechanisms 
of action provides multiple options for second-line 
and subsequent therapies (Fig. 2). Recently, the 
PD-1 immune checkpoint inhibitor nivolumab and the 
multi-kinase inhibitor cabozantinib showed significant 
improvement in the OS over everolimus when used 
after one or two lines of VEGF-targeted therapy(-ies) 
[9, 10, 35]. PFS was significantly improved only in the 
cabozantinib study [9, 10]. These studies significantly im-
pacted the current therapeutic landscape and increased 
the number of options for patients with advanced RCC. 

In consequence, ESMO has recently provided modi-
fied recommendations for the second-line treatment 
of RCC after initial therapy with TKIs [6]. The EAU 
recommended both cabozantinib and nivolumab after 
initial VEGFR-targeted therapy [7]. Also, based on the 
results of the CheckMate 025 [35] and the METEOR [9, 
10] studies, the NCCN panel has included cabozantinib 
and nivolumab as category 1 (high-level evidence where 
there is uniform NCCN consensus that the intervention 
is appropriate) subsequent therapy options in patients 
who previously have been treated with a TKI [8] (Fig. 2). 
As shown in phase III clinical trials, patients should pref-
erentially receive one of these agents over everolimus. 

Cabozantinib in the second-line therapy 
of renal cell carcinoma 

Cabozantinib has been approved by the European 
Commission in September 2016 for the treatment of 

advanced RCC in adults following prior vascular en-
dothelial growth factor (VEGF)-targeted therapy [36], 
based on results of the phase III METEOR randomised, 
open-label, multicentre study [9, 10].

Study design 

The study enrolled 658 adult patients with advanced 
or metastatic clear cell RCC, who had received at least 
one previous VEGFR-TKI and had documented disease 
progression on the most recent drug within six months 
before randomisation. Patients were randomly assigned 
to receive either cabozantinib (n = 330) or everolimus 
(n = 328). Everolimus was chosen as the comparator 
for cabozantinib because it was an accepted standard of 
care for the second-line treatment of advanced RCC. 
There was no limit to the number and type of previous 
therapies but patients previously treated with an mTOR 
inhibitor were not eligible for participation. Randomisa-
tion was stratified by number of prior VEGFR-TKIs and 
Memorial Sloan Kettering Cancer Centre (MSKCC) 
risk groups, commonly used in clinical trials design and 
interpretation [37]. 

Cabozantinib was given orally once a day at 60 mg, 
and everolimus was given once a day at 10 mg. Treat-
ment modification was allowed, including interruptions 
and dose reductions to manage adverse events (AEs). 
Dose reductions were permitted to 40 and then to 
20 mg for cabozantinib and to 5 and then to 2.5 mg for 
everolimus. Patients could continue treatment beyond 
progression at the investigator’s discretion, but crosso-
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Figure 2. Summary of the renal cell carcinoma systemic therapy practice guidelines

ESMO, adopted from the European Society of Medicinal Oncology Guidelines for the systemic therapy for metastatic RCC with 
clear cell histology [6]. Only standard therapy choices with highest available levels of evidence and grades of recommendation 
are presented. Levels of evidence (I–V) and grades of recommendation provided in brackets. Recommendations for therapy 
post-cytokines are not included. mTOR — mammalian target of rapamycin; TKI — tyrosine kinase inhibitor
EAU, adopted from the European Association of Urology Guidelines for clear cell renal cancers that are resistant to vascular 
endothelial growth factor receptor targeted therapy [7]. In each VEGF-resistant disease therapy line switches should be to 
options not given previously. Recommended switches are indicated by arrows between options providing or not providing 
survival advantage. a — sunitinib and pazopanib can be recommended in all Memorial Sloan Kettering Cancer Centre risk 
groups. Bevacizumab/interferon (favourable and intermediate-risk) and temsirolimus (poor-risk) have not been widely used 
as first-line therapy in the pivotal VEGF-resistant trials, and therefore recommendations are not possible; b — nivolumab and 
cabozantinib have not been given after everolimus and thus cannot be recommended above other agents; c — sorafenib has an 
inferior progression-free survival to axitinib; d — these drugs have shown a survival advantage in VEGF-resistant disease but not 
in this specific setting; e — these drugs were given after progression in the pivotal cabozantinib or nivolumab trials
NCCN, adopted from the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology: Kidney Cancer version 
1.2017 [8]. Systemic therapy guidelines for patients with relapse and surgically unresectable cancer with predominant clear cell 
histology. NCCN believes that the best management of any patient with cancer is in a clinical trial. All recommendations include 
best supportive care. Recommendations of category 1 (high-level evidence, uniform NCCN consensus that the intervention is 
appropriate) and 2A (lower-level evidence, uniform NCCN consensus that the intervention is appropriate) are presented and listed 
alphabetically by category and preference. f — for poor-prognosis patients; g — for patients with excellent performance status 
and normal organ function; h — for selected patients; i — eligible patients should preferentially receive this agent over everolimus

ver between treatment groups was not allowed in the 
study [9, 10].

The primary endpoint of the study was PFS meas-
ured as the time from randomisation to radiographic 
progression according to the Response Evaluation 
Criteria in Solid Tumours (RECIST) or death from any 
cause. PFS and ORR were assessed by an independent 
radiology review committee. The secondary endpoints 

were OS — the time from randomisation to death from 
any cause, and objective response rate defined as the 
percentage of patients with complete or partial response 
per RECIST criteria evaluated by an independent 
radiology review. The total sample size of 650 patients 
required to evaluate OS was much larger than needed to 
assess the primary endpoint of PSF. To provide adequate 
power for all endpoint analyses and limit overrepresen-
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tation of patients with early/rapid onset of progression, 
the primary endpoint analysis (PFS) was pre-specified 
to occur when 259 PFS events had occurred in the first 
375 randomised patients (PFS population). The OS, 
ORR and also PFS were to be tested in all randomised 
patients, comprising the intention-to-treat (ITT) popula-
tion (OS population). 

Clinical efficacy of cabozantinib

Patient baseline characteristics were well balanced 
in the two treatment groups in terms of demographic 
and clinical variables. Around 70% of patients had only 
one prior therapy with VEGFR-TKI inhibitor. The 
most frequently used treatments before randomisa-
tion were sunitinib (64%) and pazopanib (44%). Most 
patients were categorised as having favourable (46%) 
or intermediate risk (42%) by MSKCC criteria. The 
median duration of follow-up for survival and safety was 
18.7 months in the cabozantinib group and 18.8 months 
in the everolimus group [9].

The PFS population analysis among the first 375 ran-
domised patients revealed PFS benefit (HR = 0.58, 95% 
CI: 0.45–0.75, p < 0.001) of cabozantinib (median PFS 
7.4 months, 95% CI: 5.6–9.1) over everolimus (median 
PFS 3.8 months, 95% CI: 3.7–5.4). In the planned in-
terim analysis for OS, the boundary of significance was 
not reached [10]. However, follow-up for OS was contin-
ued to the planned final analysis [9]. In the PFS analysis 
including all 658 patients, cabozantinib significantly 

improved PFS in comparison to everolimus with median 
PFS 7.4 vs. 3.9 months, respectively (HR = 0.51, 95% 
CI: 0.41–0.62, p < 0.0001, ITT population) [9] (Tab. 1). 
PFS reported for everolimus was similar to that reported 
in earlier trials [38]. The benefit of cabozantinib over 
everolimus was maintained regardless of the number 
of prior therapies (Tab. 1). The PFS improvements 
were demonstrated over everolimus across multiple 
subgroups, e.g. in patients with favourable and inter-
mediate MSKCC risk, patients with bone metastases, 
and patients treated with the sunitinib or pazopanib 
as the only VEGFR TKI, and by prior treatment with 
a PD-1/PD-L1 checkpoint inhibitor (Tab. 1).

In a subsequent analysis with longer follow-up, 
treatment with cabozantinib increased OS in com-
parison to treatment with everolimus, demonstrating 
a 34% reduction in the rate of death vs. comparator. 
The median OS was 21.4 months in the cabozantinib 
and 16.5 months in the everolimus group (HR = 0.66, 
95% CI: 0.53–0.83, p = 0.00026) (Tab. 1). At each time 
point of the Kaplan-Meier landmark estimates at 6, 12, 
18, and 24 months, the proportion of patients estimated 
to be alive was greater in the cabozantinib than in the 
everolimus group [9]. It is worth noting that none of 
the previously approved VEFGR-TKI inhibitors [2, 
3, 15, 39] or everolimus [23] showed OS benefit over 
comparators or placebo in second-line RCC treatment.

Assessment of the ORR showed partial responses 
in 17% of patients in the cabozantinib and 3% in the 
everolimus group (p < 0.0001). Progression as best 

Table 1. Overall survival and progression-free survival results of the METEOR study comparing cabozantinib vs. everolimus  
in the treatment of patients with advanced or metastatic RCC [9]

Outcome Cabozantinib Everolimus HR (95% CI)

no. of 
patients/events

Overall survival 330/140 328/180 0.66 (0.53–0.83)

Progression-free survival 330/180 328/214 0.51 (0.41–0.62)

Progression-free survival depending on no. prior VEGFR-TKIs

    1 235/131 229/155 0.52 (0.41–0.66)

    ≥ 2 95/49 99/59 0.51 (0.35–0.74)

Progression-free survival depending on type of previous VEGFR-TKI

    Only sunitinib 135/74 132/97 0.43 (0.32–0.59)

    Only pazopanib 88/51 83/49 0.67 (0.45–0.99)

    PD-1 or PD-1L 18/6 14/11 0.22 (0.07–0.65)

Progression-free survival depending on MSKCC risk group

    Favourable 66/34 62/37 0.47 (0.30–0.76)

    Intermediate 210/107 214/137 0.48 (0.37–0.62)

    Poor 54/39 52/40 0.67 (0.48–1.04)

MSKCC — Memorial Sloan Kettering Cancer Centre; HR — hazard ratio (value below 1 favours cabozantinib; value above 1 favours everolimus); VEGFR-TKI 
— vascular endothelial growth factor tyrosine kinase inhibitor
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response was observed in 12% of patients treated with 
cabozantinib and 27% treated with everolimus, which in-
dicates lower incidence of refractory disease in patients 
treated with cabozantinib [9]. In the case of PFS and 
ORR, the results of assessments performed by masked 
independent review committee and by investigators 
were similar [9].

The METEOR study results support the hypothesis 
that inhibition of MET and AXL targets by cabozantinib 
might overcome tumour progression and resistance to 
VEGFR-directed therapies. The question whether high 
MET expression was associated with favourable out-
comes was addressed in the study [9]. Archival or recent 
biopsied tumour tissue was obtained from around 2/3 of 
patients treated with cabozantinib or everolimus for im-
munochemistry analysis of MET protein levels. Every 
third patient had high MET expression status. The 
results suggest that the MET expression level might not 
affect outcomes with cabozantinib. One limitation of 
this analysis is that archival tissue samples were mainly 
used rather than obtaining biopsies during treatment 
[9]. Further investigation of biomarkers may help to 
define the roles of all the individual molecular targets in 
the clinical activity of cabozantinib. Finding biomarkers 
predictive of response to therapy is an unmet need in 
the RCC treatment landscape. 

Quality of life and safety profile 

Cabozantinib improved PFS, OS, and ORR [9] and 
resulted in quality of life (QoL) similar to everolimus 
in patients with advanced or metastatic RCC [40]. The 
QoL data were collected from ≥ 75% of patients using 
Functional Assessment of Cancer Therapy-Kidney 
Symptom Index (FKSI-19) and EuroQol EQ-5D-5L 
instruments. No treatment arm differences in the FKSI-
19 total score over time were observed and scores at 
the end of treatment were around seven points lower 
than at baseline in both arms. This was mainly due to 
disease progression. 

In the METEOR study, reflecting the differing 
safety profile of each drug, there were differences in the 
adverse events reported for each treatment: diarrhoea 
and nausea were more frequent for those treated with 
cabozantinib, whereas shortness of breath was worse for 
everolimus. No differences between treatments were 
observed for the other three FKSI subscales (disease-re-
lated symptom index physical, emotional, function/well-
being) or for the EQ-5D-5L questionnaire. The median 
time to deterioration defined as earlier death, progres-
sion, or ≥ 4-point decrease in FKSI disease-related 
symptom index, was longer in the cabozantinib arm than 
in everolimus group (5.5 vs. 3.7 months, p < 0.0001) [40].

Cabozantinib demonstrated a safety profile similar 
to other VEGFR-TKIs used in advanced RCC patients 

[41]. In the METEOR study, all patients in both groups 
reported adverse events (AEs). Grade 3 or 4 AEs oc-
curred in 71% of patients treated with cabozantinib 
and 60% of patients using everolimus. The most com-
mon grade 3 or 4 AEs (as per Common Terminology 
Criteria for Adverse Events) reported in the METEOR 
study were hypertension (15%), diarrhoea (13%), and 
fatigue (11%) in the cabozantinib group and anaemia 
(17%), fatigue (7%), and hyperglycaemia (5%) in the 
everolimus group. Grade ≥ 3 serious adverse events 
occurred in 39% and 40% patients in the cabozantinib 
and everolimus groups, respectively [9].

AEs were managed with dose modifications and 
supportive care. The open-label study design allowed 
for the appropriate management of AEs in both study 
groups. In the cabozantinib arm 62% of the patients 
had at least one dose reduction (median daily dose 
43 mg) and in the everolimus arm 25% of patients had 
dose reductions (median daily dose 9 mg). Treatment 
discontinuation because of AEs not related to disease 
progression occurred in 12% of cabozantinib patients 
and 11% of everolimus patients, suggesting that dose 
modifications in both treatment groups, however fre-
quent, adequately addressed the management of AEs, 
allowing a substantial number of patients to remain on 
study treatment for an extended period and preventing 
treatment-associated discontinuations. Deaths during 
the study, irrespective of causality, occurred in 8% of 
patients in the cabozantinib group and 8% of patients 
in the everolimus group. Most of these were related to 
disease progression [9]. 

Based on favourable OS, PFS, and ORR of cabo-
zantinib in comparison to everolimus, it was authorised 
as treatment for advanced RCC in Europe [36] and 
the United States [41] for the treatment of advanced 
RCC in adults following prior VEGF-targeted therapy. 
Oncology and urology associations recommended cabo-
zantinib for the treatment of RCC in the second-line 
setting [6–8]. Future research on the optimal use of 
cabozantinib and other available treatments aims to 
provide optimal care to patients with RCC.

Changes in the renal cell carcinoma 
treatment landscape: future 
implications

As described earlier, recent guidelines of RCC 
treatment will need continuous revision over the 
coming years because a range of targeted agents are 
in development. However, guidelines do not provide 
universal sequencing of treatments, since the presence 
of prognostic factors affecting OS always need careful 
sequencing of all treatments to ensure that individual 
patients receive optimum care. Further studies will 



153

Piotr Potemski et al., Cabozantinib in renal cell carcinoma therapy

reveal new data on the optimal sequencing of current 
treatment options and also will allow introduction of new 
therapies. Precision treatment may become a reality in 
future therapy of RCC. 

In April 2016, nivolumab, a programmed death re-
ceptor-1 (PD-1) blocking antibody, received European 
approval for the second-line treatment of advanced 
RCC. In the CheckMate 025 study, the median OS 
was significantly longer with nivolumab vs. everolimus 
(25.0 months vs. 19.6 months, respectively), while the 
median PFS was similar in both treatment groups; 
4.6 months (95% CI 3.7–5.4) in the nivolumab group 
and 4.4 months (95% CI 3.7–5.5) in the everolimus 
group (HR 0.88; 95% CI 0.75–1.03; p = 0.11) [35]. In 
May 2016, lenvatinib, a VEGFR and FGF TKI inhibi-
tor, in combination with everolimus was approved by 
the Food and Drug Administration for the treatment 
of advanced RCC following one prior VEGF-targeted 
therapy [42]. The EMA gave its approval with the 
same indication in August 2016 [43]. The combi-
nation of lenvatinib with everolimus significantly 
prolonged investigator-assessed PFS vs. everolimus 
alone (HR 0.40, 95% CI 0.24–0.68; p = 0.0005). Pa-
tients treated with single-agent lenvatinib had a sig-
nificantly longer median PFS vs. those treated with 
single-agent everolimus (HR 0.61, 95% CI 0.38–0.98; 
p = 0.048), but PFS was not significantly different 
from the lenvatinib + everolimus combination arm 
(HR 0.66, 0.39–1.10; p = 0.12) [44]. The combination 
of targeted therapy and immunotherapy is an area of 
many ongoing trials in RCC. Another investigational 
combination therapy is ipilimumab, an anti-cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) an-
tibody, + nivolumab, which will be compared with 
sunitinib monotherapy in patients with previously 
untreated metastatic RCC in a large phase III clinical 
study [45]. Two other phase III studies are investigat-
ing anti-PD-1/PD-L1 antibodies in combination with 
axitinib [46] and bevacizumab [47] in advanced RCC. 
The hypothesis of blocking multiple pathways needed 
for tumour growth with agents having different modes 
of action inspired researchers also to combine ipili-
mumab with cabozantinib and nivolumab in different 
types of cancers, including RCC [48]. It highlights that 
novel therapeutic approaches are required to improve 
outcomes with RCC therapy. 

In parallel to the development of new treatments, 
there is also progress in investigating the optimal 
sequence of therapies. Cabozantinib and nivolumab 
effectiveness confirmed in trials [9, 10, 24] changed 
treatment guidelines in the second-line therapy of RCC 
[6–8]. Most recently, in the phase II CABOSUN study, 
cabozantinib demonstrated superiority over sunitinib 
in terms of PFS in patients with RCC previously not 
treated with systemic agents [12]. 

Conclusions

In the past decade, a number of agents have been 
approved for the first-line treatment of metastatic RCC. 
Drugs with anti-angiogenic activity are in the main-
stream of initial treatment [6–8]. Resistance may occur 
when cancer cells escape from the hypoxia induced by 
VEGF/VEGFR-targeting drugs. They adopt alterna-
tive signalling pathways to compensate for lack of this 
major angiogenic factor signalling. The development 
of new therapies aims to act on novel mechanisms of 
action, and also to target multiple pathways in parallel. 
Cabozantinib, recently approved in the treatment of 
the advanced RCC, inhibits VEGFR and targets MET 
and AXL kinases [33]. The latter are both considered as 
a possible tumour escape pathways and are involved in 
metastatic RCC pathobiology and development of resist-
ance [26, 27]. Cabozantinib treatment showed benefit 
over everolimus in patients with advanced or metastatic 
RCC, who had progressed after initial systemic therapy. 
The study met its primary endpoint — PFS improvement 
over the comparator, and also prolonged OS [9, 10], 
which is a gold standard for demonstrating clinical ben-
efit for cancer drugs [49]. Cabozantinib and nivolumab, 
a PD-1 checkpoint inhibitor, became recommended 
second-line treatments advocated by the ESMO [6], 
the EUA [7], and the NCCN [8]. However, guidelines 
[6, 7] or indirect comparisons [48] do not provide the 
answer to the crucial question regarding which agent 
should be used over the other. Additional data, such as 
real-world observational data, are needed to compare 
survival of patients under treatment with cabozantinib 
vs. nivolumab [50]. 

Most recently, cabozantinib showed improvement in 
PFS over sunitinib in a population of treatment-naïve 
patients with metastatic RCC and intermediate- or 
poor-risk disease [12]. The CABOSUN study is the first 
one that showed benefit over sunitinib in the first-line 
setting. Ongoing trials are comparing novel strategies 
used in combination with PD-1 checkpoint inhibitors or 
VEGFR-TKIs vs. sunitinib [45–47]. 

Manuscript preparation and author contributions

This manuscript was prepared on the basis of discus-
sions held at the “Cabozantinib in advanced RCC advisory 
board” meeting held in Warsaw, 29.11.2016. All authors 
participated in the meeting, presented and discussed the 
accumulated data and information on cabozantinib use in 
advanced RCC in the context of the treatment landscape. 
Maria Jessa-Jabłonska and Iwona Król-Starzomska 
— employees of Ipsen Poland — participated in the meet-
ing. The meeting discussion was recorded, and based on 
the recording and meeting materials this manuscript has 
been developed. Medical writing support was provided by 



154

OncOlOgy in clinical practice 2017, Vol. 13, No. 4

Ewelina Drelich and Marcin Balcerzak of Farenta. All 
authors have read, commented, and approved the final 
version of the manuscript to be published.

Funding: This article was drafted on the basis of discus-
sions held at the ”Cabozantinib in advanced RCC advisory 
board” meeting held in Warsaw, 29.11.2016. The meeting 
was funded by Ipsen Poland. Medical writing support was 
provided by Ewelina Drelich and Marcin Balcerzak of 
Farenta with funding from Ipsen Poland.

References 

1. GLOBOCAN 2012. Estimated Cancer Incidence Mortality and Preva-
lence Worldwide in 2012. www. globocan.iarc.fr. (March 6th).

2. Motzer R, Hutson T, Tomczak P, et al. Sunitinib versus Interferon Alfa 
in Metastatic Renal-Cell Carcinoma. N Engl J Med. 2007; 356(2): 
115–124, doi: 10.1056/nejmoa065044, indexed in Pubmed: 17215529.

3. Sternberg C, Davis I, Mardiak J, et al. Pazopanib in Locally Ad-
vanced or Metastatic Renal Cell Carcinoma: Results of a Ran-
domized Phase III Trial. J Clin Oncol. 2010; 28(6): 1061–1068, doi: 
10.1200/jco.2009.23.9764, indexed in Pubmed: 20100962.

4. Motzer R, Hutson T, Cella D, et al. Pazopanib versus Sunitinib in Met-
astatic Renal-Cell Carcinoma. N Engl J Med. 2013; 369(8): 722–731, 
doi: 10.1056/nejmoa1303989, indexed in Pubmed: 23964934.

5. Hudes G, Carducci M, Tomczak P, et al. Temsirolimus, Interferon 
Alfa, or Both for Advanced Renal-Cell Carcinoma. N Engl J Med. 
2007; 356(22): 2271–2281, doi: 10.1056/nejmoa066838, indexed in 
Pubmed: 17538086.

6. Escudier B, Porta C, Schmidinger M, et al. Renal cell carcinoma: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann 
Oncol. 2016; 27(suppl_5): v58–v68, doi: 10.1093/annonc/mdw328, 
indexed in Pubmed: 27664262.

7. Powles T, Staehler M, Ljungberg B, et al. European Association of 
Urology Guidelines for Clear Cell Renal Cancers That Are Resistant 
to Vascular Endothelial Growth Factor Receptor–Targeted Therapy. 
Eur Urol. 2016; 70(5): 705–706, doi: 10.1016/j.eururo.2016.06.009, 
indexed in Pubmed: 27349614.

8. National Comprehensive Cancer Network. NCCN Clinical Practice 
Guidelines in Oncology: Kidney Cancer version 1.2017. www.nccn.
org. (February 6,2017).

9. Choueiri T, Escudier B, Powles T, et al. Cabozantinib versus everoli-
mus in advanced renal cell carcinoma (METEOR): final results from 
a randomised, open-label, phase 3 trial. Lancet Oncol. 2016; 17(7): 
917–927, doi: 10.1016/s1470-2045(16)30107-3, indexed in Pubmed: 
27279544.

10. Choueiri T, Escudier B, Powles T, et al. Cabozantinib versus Everolimus 
in Advanced Renal-Cell Carcinoma. N Engl J Med. 2015; 373(19): 
1814–1823, doi: 10.1056/nejmoa1510016, indexed in Pubmed: 
26406150.

11. Buti S, Leonetti A, Dallatomasina A, et al. Everolimus in the man-
agement of metastatic renal cell carcinoma: an evidence-based 
review of its place in therapy. Core Evid. 2016; 11: 23–36, doi: 
10.2147/CE.S98687, indexed in Pubmed: 27621699.

12. Choueiri T, Halabi S, Sanford B, et al. Cabozantinib Versus Sunitinib As 
Initial Targeted Therapy for Patients With Metastatic Renal Cell Carcino-
ma of Poor or Intermediate Risk: The Alliance A031203 CABOSUN Trial. 
J Clin Oncol. 2017; 35(6): 591–597, doi: 10.1200/jco.2016.70.7398, 
indexed in Pubmed: 28199818.

13. Brauch H, Weirich G, Brieger J, et al. VHL alterations in human clear 
cell renal cell carcinoma: association with advanced tumor stage 
and a novel hot spot mutation. Cancer Res. 2000; 60(7): 1942–1948, 
indexed in Pubmed: 10766184.

14. Linehan W, Bratslavsky G, Pinto P, et al. Molecular Diagnosis and 
Therapy of Kidney Cancer. Annu Rev Med. 2010; 61(1): 329–343, 
doi: 10.1146/annurev.med.042808.171650, indexed in Pubmed: 
20059341.

15. Rini B, Campbell S, Escudier B. Renal cell carcinoma. Lancet. 2009; 
373(9669): 1119–1132, doi: 10.1016/s0140-6736(09)60229-4, indexed 
in Pubmed: 19269025.

16. Rankin E, Fuh K, Castellini L, et al. Direct regulation of GAS6/AXL 
signaling by HIF promotes renal metastasis through SRC and MET. 

PNAS. 2014; 111(37): 13373–13378, doi: 10.1073/pnas.1404848111, 
indexed in Pubmed: 25187556.

17. Rini B, Small E. Biology and Clinical Development of Vascular Endo-
thelial Growth Factor–Targeted Therapy in Renal Cell Carcinoma. J 
Clin Oncol. 2005; 23(5): 1028–1043, doi: 10.1200/jco.2005.01.186, 
indexed in Pubmed: 15534359.

18. Lee J, Kim H, Jung J, et al. Expression of vascular endothelial growth 
factor in renal cell carcinoma and the relation to angiogenesis and 
p53 protein expression. J Surg Oncol. 2001; 77(1): 55–60, doi: 
10.1002/jso.1066, indexed in Pubmed: 11344484.

19. Na Xi, Wu G, Ryan CK, et al. Overproduction of vascular endothelial 
growth factor related to von Hippel-Lindau tumor suppressor gene 
mutations and hypoxia-inducible factor-1 alpha expression in renal 
cell carcinomas. J Urol. 2003; 170(2 Pt 1): 588–592, doi: 10.1097/01.
ju.0000074870.54671.98, indexed in Pubmed: 12853836.

20. Escudier B, Eisen T, Stadler W, et al. Sorafenib in Advanced Clear-Cell 
Renal-Cell Carcinoma. N Engl J Med. 2007; 356(2): 125–134, doi: 
10.1056/nejmoa060655, indexed in Pubmed: 17215530.

21. Escudier B, Pluzanska A, Koralewski P, et al. Bevacizumab plus 
interferon alfa-2a for treatment of metastatic renal cell carcinoma: 
a randomised, double-blind phase III trial. Lancet. 2007; 370(9605): 
2103–2111, doi: 10.1016/s0140-6736(07)61904-7, indexed in Pubmed: 
18156031.

22. Rini B, Escudier B, Tomczak P, et al. Comparative effectiveness of 
axitinib versus sorafenib in advanced renal cell carcinoma (AXIS): 
a randomised phase 3 trial. Lancet. 2011; 378(9807): 1931–1939, 
doi: 10.1016/s0140-6736(11)61613-9, indexed in Pubmed: 22056247.

23. Motzer R, Escudier B, Oudard S, et al. Efficacy of everolimus in 
advanced renal cell carcinoma: a double-blind, randomised, place-
bo-controlled phase III trial. Lancet. 2008; 372(9637): 449–456, doi: 
10.1016/s0140-6736(08)61039-9, indexed in Pubmed: 18653228.

24. Motzer R, Rini B, McDermott D, et al. Nivolumab for Metastatic Renal 
Cell Carcinoma: Results of a Randomized Phase II Trial. J Clin Oncol. 
2015; 33(13): 1430–1437, doi: 10.1200/jco.2014.59.0703, indexed in 
Pubmed: 25452452.

25. Zhou L, Liu XD, Sun M, et al. Targeting MET and AXL overcomes 
resistance to sunitinib therapy in renal cell carcinoma. Oncogene. 
2016; 35(21): 2687–2697, doi: 10.1038/onc.2015.343, indexed in 
Pubmed: 26364599.

26. Gustafsson A, Matuszewska D, Johansson M, et al. Differential 
expression of Axl and Gas6 in renal cell carcinoma reflecting tumor 
advancement and survival. Clin Cancer Res. 2009; 15(14): 4742–4749, 
doi: 10.1158/1078-0432.CCR-08-2514, indexed in Pubmed: 19567592.

27. Giubellino A, Linehan WM, Bottaro DP. Targeting the Met signaling path-
way in renal cancer. Expert Rev Anticancer Ther. 2009; 9(6): 785–793, 
doi: 10.1586/era.09.43, indexed in Pubmed: 19496715.

28. Gibney GT, Aziz SA, Camp RL, et al. c-Met is a prognostic marker 
and potential therapeutic target in clear cell renal cell carcinoma. Ann 
Oncol. 2013; 24(2): 343–349, doi: 10.1093/annonc/mds463, indexed 
in Pubmed: 23022995.

29. Sennino B, Ishiguro-Oonuma T, Wei Y, et al. Suppression of Tumor 
Invasion and Metastasis by Concurrent Inhibition of c-Met and VEGF 
Signaling in Pancreatic Neuroendocrine Tumors. Cancer Discov. 
2012; 2(3): 270–287, doi: 10.1158/2159-8290.cd-11-0240, indexed 
in Pubmed: 22585997.

30. Shojaei F, Lee JH, Simmons BH, et al. HGF/c-Met acts as an alternative 
angiogenic pathway in sunitinib-resistant tumors. Cancer Res. 2010; 
70(24): 10090–10100, doi: 10.1158/0008-5472.CAN-10-0489, indexed 
in Pubmed: 20952508.

31. van der Mijn Jv, Broxterman H, Knol J, et al. Sunitinib activates Axl 
signaling in renal cell cancer. Int J Cancer. 2016; 138(12): 3002–3010, 
doi: 10.1002/ijc.30022, indexed in Pubmed: 26815723.

32. Qu L, Ding J, Chen C, et al. Exosome-Transmitted lncARSR Promotes 
Sunitinib Resistance in Renal Cancer by Acting as a Competing En-
dogenous RNA. Cancer Cell. 2016; 29(5): 653–668, doi: 10.1016/j.
ccell.2016.03.004, indexed in Pubmed: 27117758.

33. Yakes FM, Chen J, Tan J, et al. Cabozantinib (XL184), a Novel MET and 
VEGFR2 Inhibitor, Simultaneously Suppresses Metastasis, Angiogen-
esis, and Tumor Growth. Mol Cancer Ther. 2011; 10(12): 2298–2308, 
doi: 10.1158/1535-7163.mct-11-0264, indexed in Pubmed: 21926191.

34. Fishman MN. Targeted therapy of kidney cancer: keeping the art 
around the algorithms. Cancer Control. 2013; 20(3): 222–232, indexed 
in Pubmed: 23811706.

35. Motzer R, Escudier B, McDermott D, et al. Nivolumab versus Everolimus 
in Advanced Renal-Cell Carcinoma. N Engl J Med. 2015; 373(19): 
1803–1813, doi: 10.1056/nejmoa1510665, indexed in Pubmed: 
26406148.

36. European Medicines Agency. Cabometyx. Summary of product char-
acteristics. www.ema.europa. (March 7th, 2017).

https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www. globocan.iarc.fr.
http://dx.doi.org/10.1056/nejmoa065044
https://www.ncbi.nlm.nih.gov/pubmed/17215529
http://dx.doi.org/10.1200/jco.2009.23.9764
https://www.ncbi.nlm.nih.gov/pubmed/20100962
http://dx.doi.org/10.1056/nejmoa1303989
https://www.ncbi.nlm.nih.gov/pubmed/23964934
http://dx.doi.org/10.1056/nejmoa066838
https://www.ncbi.nlm.nih.gov/pubmed/17538086
http://dx.doi.org/10.1093/annonc/mdw328
https://www.ncbi.nlm.nih.gov/pubmed/27664262
http://dx.doi.org/10.1016/j.eururo.2016.06.009
https://www.ncbi.nlm.nih.gov/pubmed/27349614
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.nccn.org.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.nccn.org.
http://dx.doi.org/10.1016/s1470-2045%2816%2930107-3
https://www.ncbi.nlm.nih.gov/pubmed/27279544
http://dx.doi.org/10.1056/nejmoa1510016
https://www.ncbi.nlm.nih.gov/pubmed/26406150
http://dx.doi.org/10.2147/CE.S98687
https://www.ncbi.nlm.nih.gov/pubmed/27621699
http://dx.doi.org/10.1200/jco.2016.70.7398
https://www.ncbi.nlm.nih.gov/pubmed/28199818
https://www.ncbi.nlm.nih.gov/pubmed/10766184
http://dx.doi.org/10.1146/annurev.med.042808.171650
https://www.ncbi.nlm.nih.gov/pubmed/20059341
http://dx.doi.org/10.1016/s0140-6736%2809%2960229-4
https://www.ncbi.nlm.nih.gov/pubmed/19269025
http://dx.doi.org/10.1073/pnas.1404848111
https://www.ncbi.nlm.nih.gov/pubmed/25187556
http://dx.doi.org/10.1200/jco.2005.01.186
https://www.ncbi.nlm.nih.gov/pubmed/15534359
http://dx.doi.org/10.1002/jso.1066
https://www.ncbi.nlm.nih.gov/pubmed/11344484
http://dx.doi.org/10.1097/01.ju.0000074870.54671.98
http://dx.doi.org/10.1097/01.ju.0000074870.54671.98
https://www.ncbi.nlm.nih.gov/pubmed/12853836
http://dx.doi.org/10.1056/nejmoa060655
https://www.ncbi.nlm.nih.gov/pubmed/17215530
http://dx.doi.org/10.1016/s0140-6736%2807%2961904-7
https://www.ncbi.nlm.nih.gov/pubmed/18156031
http://dx.doi.org/10.1016/s0140-6736%2811%2961613-9
https://www.ncbi.nlm.nih.gov/pubmed/22056247
http://dx.doi.org/10.1016/s0140-6736%2808%2961039-9
https://www.ncbi.nlm.nih.gov/pubmed/18653228
http://dx.doi.org/10.1200/jco.2014.59.0703
https://www.ncbi.nlm.nih.gov/pubmed/25452452
http://dx.doi.org/10.1038/onc.2015.343
https://www.ncbi.nlm.nih.gov/pubmed/26364599
http://dx.doi.org/10.1158/1078-0432.CCR-08-2514
https://www.ncbi.nlm.nih.gov/pubmed/19567592
http://dx.doi.org/10.1586/era.09.43
https://www.ncbi.nlm.nih.gov/pubmed/19496715
http://dx.doi.org/10.1093/annonc/mds463
https://www.ncbi.nlm.nih.gov/pubmed/23022995
http://dx.doi.org/10.1158/2159-8290.cd-11-0240
https://www.ncbi.nlm.nih.gov/pubmed/22585997
http://dx.doi.org/10.1158/0008-5472.CAN-10-0489
https://www.ncbi.nlm.nih.gov/pubmed/20952508
http://dx.doi.org/10.1002/ijc.30022
https://www.ncbi.nlm.nih.gov/pubmed/26815723
http://dx.doi.org/10.1016/j.ccell.2016.03.004
http://dx.doi.org/10.1016/j.ccell.2016.03.004
https://www.ncbi.nlm.nih.gov/pubmed/27117758
http://dx.doi.org/10.1158/1535-7163.mct-11-0264
https://www.ncbi.nlm.nih.gov/pubmed/21926191
https://www.ncbi.nlm.nih.gov/pubmed/23811706
http://dx.doi.org/10.1056/nejmoa1510665
https://www.ncbi.nlm.nih.gov/pubmed/26406148
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.ema.europa.


155

Piotr Potemski et al., Cabozantinib in renal cell carcinoma therapy

37. Motzer R, Bacik J, Schwartz L, et al. Prognostic Factors for Survival 
in Previously Treated Patients With Metastatic Renal Cell Carcinoma. 
J Clin Oncol. 2004; 22(3): 454–463, doi: 10.1200/jco.2004.06.132, 
indexed in Pubmed: 14752067.

38. Motzer R, Escudier B, Oudard S, et al. Phase 3 trial of everolimus for 
metastatic renal cell carcinoma: final results and analysis of prognostic 
factors. Cancer. 2010; 116(18): 4256–4265, doi: 10.1002/cncr.25219, 
indexed in Pubmed: 20549832.

39. Escudier B, Eisen T, Stadler W, et al. Sorafenib for Treatment of Renal 
Cell Carcinoma: Final Efficacy and Safety Results of the Phase III 
Treatment Approaches in Renal Cancer Global Evaluation Trial. J Clin 
Oncol. 2009; 27(20): 3312–3318, doi: 10.1200/jco.2008.19.5511, 
indexed in Pubmed: 19451442.

40. Cella D, Escudier B, Tannir N, et al. Quality of life (QoL) in the phase 
3 METEOR trial of cabozantinib vs everolimus for advanced renal 
cell carcinoma (RCC). Ann Oncol. 2016; 27(suppl_6): 816P, doi: 
10.1093/annonc/mdw373.43.

41. Food and Drug Administration. Cabometyx. Prescribing Information. 
www.fda.com. (May 23rd, 2017).

42. Food and Drug Administration. Lenvima. Prescribing Information. www.
fda.com. (May 23rd, 2017).

43. European Medicines Agency. Kisplyx. Summary of product character-
istics. www.ema.europa. (March 7th, 2017).

44. Motzer R, Hutson T, Glen H, et al. Lenvatinib, everolimus, and the combina-
tion in patients with metastatic renal cell carcinoma: a randomised, phase 
2, open-label, multicentre trial. Lancet Oncol. 2015; 16(15): 1473–1482, 
doi: 10.1016/s1470-2045(15)00290-9, indexed in Pubmed: 26482279.

45. U.S. National Institutes of Health. NCT02231749 Nivolumab Combined 
With Ipilimumab Versus Sunitinib in Previously Untreated Advanced or 
Metastatic Renal Cell Carcinoma (CheckMate 214). www.clinicaltrial.
gov. (March 8th, 2017).

46. U.S. National Institutes of Health. NCT02853331 Study to Evaluate 
the Efficacy and Safety of Pembrolizumab (MK-3475) in Combination 
With Axitinib Versus Sunitinib Monotherapy in Participants With Renal 
Cell Carcinoma (MK-3475-426/KEYNOTE-426). www.clinicaltrial.gov. 
(March 8th, 2017).

47. U.S. National Institutes of Health. NCT02420821 — A Study of 
Atezolizumab in Combination with Bevacizumab versus Sunitinib in 
Participants with Untreated Advanced Renal Cell Carcinoma. www.
clinicaltrial.gov. (March 8th, 2017).

48. U.S. National Institutes of Health. NCT02496208. Cabozantinib-s-ma-
late and Nivolumab With or Without Ipilimumab in Treating Patients 
With Metastatic Genitourinary Tumors. U.S. National Institutes of 
Health. NCT02496208. Cabozantinib-s-malate and Nivolumab With or 
Without Ipilimumab in Treating Patients With Metastatic Genitourinary 
Tumors. www.clinicaltrial.gov..

49. Driscoll J, Rixe O. Overall Survival: Still the Gold Standard: why overall 
survival remains the definitive end point in cancer clinical trials. Can-
cer J. 2009; 15(5): 401–405, doi: 10.1097/ppo.0b013e3181bdc2e0, 
indexed in Pubmed: 19826360.

50. Wiecek W, Karcher H. Nivolumab versus Cabozantinib: Comparing 
Overall Survival in Metastatic Renal Cell Carcinoma. PLoS One. 
2016; 11(6): e0155389, doi: 10.1371/journal.pone.0155389, indexed 
in Pubmed: 27271250.

http://dx.doi.org/10.1200/jco.2004.06.132
https://www.ncbi.nlm.nih.gov/pubmed/14752067
http://dx.doi.org/10.1002/cncr.25219
https://www.ncbi.nlm.nih.gov/pubmed/20549832
http://dx.doi.org/10.1200/jco.2008.19.5511
https://www.ncbi.nlm.nih.gov/pubmed/19451442
http://dx.doi.org/10.1093/annonc/mdw373.43
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.fda.com.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.fda.com.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.fda.com.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.ema.europa.
http://dx.doi.org/10.1016/s1470-2045%2815%2900290-9
https://www.ncbi.nlm.nih.gov/pubmed/26482279
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/U.S. National Institutes of Health. NCT02496208. Cabozantinib-s-malate and Nivolumab With or Without Ipilimumab in Treating Patients With Metastatic Genitourinary Tumors. www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/U.S. National Institutes of Health. NCT02496208. Cabozantinib-s-malate and Nivolumab With or Without Ipilimumab in Treating Patients With Metastatic Genitourinary Tumors. www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/U.S. National Institutes of Health. NCT02496208. Cabozantinib-s-malate and Nivolumab With or Without Ipilimumab in Treating Patients With Metastatic Genitourinary Tumors. www.clinicaltrial.gov.
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/U.S. National Institutes of Health. NCT02496208. Cabozantinib-s-malate and Nivolumab With or Without Ipilimumab in Treating Patients With Metastatic Genitourinary Tumors. www.clinicaltrial.gov.
http://dx.doi.org/10.1097/ppo.0b013e3181bdc2e0
https://www.ncbi.nlm.nih.gov/pubmed/19826360
http://dx.doi.org/10.1371/journal.pone.0155389
https://www.ncbi.nlm.nih.gov/pubmed/27271250

