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Introduction: Cabozantinib is an oral 
inhibitor of MET, AXL, and vascular 
endothelial growth factor receptors.  
It has an immunomodulatory effect 
and may influence the  tumor’s mi-
croenvironment and make mutated 
cells more sensitive to immune-me-
diated killing. These properties have 
made cabozantinib an effective drug 
for first-line or subsequent-line treat-
ment after progression of metastat-
ic renal cell carcinoma (mRCC), even  
after immunotherapy.
Material and methods: Seventy-one 
patients with mRCC were treated with 
second or further lines of cabozantinib 
at the Department of Genitourinary 
Oncology, Maria Sklodowska-Curie 
National Research Institute of Oncol-
ogy. This study retrospectively eval-
uated the effectiveness of cabozan-
tinib in subsequent lines of treatment. 
Progression-free survival (PFS) and 
overall survival (OS) were the primary 
endpoints. The best overall response 
(BOR) to cabozantinib was the second-
ary endpoint. For this purpose, Cox’s 
proportional hazard model was used.
Resul ts :  The  median PFS was  
11 months (5; 23) and the median OS 
was 16 months (10; 42) and differed 
significantly in the second and fur-
ther lines of  treatment. Progression 
in the second and further lines was 
observed in 28 (93%) and 27 (66%) 
patients, respectively (p = 0.006). Par-
tial response as the BOR was observed 
in one patient (3%) in the second line 
and 13 patients (32%) in the further 
lines (p = 0.012).
Conclusions: Cabozantinib has antitu-
mor effects in the second and further 
lines of treatment. In this study we ob-
served high efficiency of cabozantinib 
in further lines of treatment.
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Introduction

Renal cell carcinoma (RCC) is the most commonly diagnosed kidney can-
cer and accounts for 90% of all kidney malignancies [1]. It represents around 
2% of all cancer cases and cancer-related deaths worldwide [2]. Clear cell 
carcinoma represents around 70% of all histological subtypes of RCC and 
usually develops on a  background of  different sporadic mutations includ-
ing VHL mutation [1]. VHL gene expression plays a crucial role in the physi-
ological response to hypoxia at the cellular level; hence abnormalities of its 
function can lead to cancer development [1]. Under those circumstances, HIF 
proteins (HIF-1α, HIF-2α, and HIF-3α) accumulate and via numerous molec-
ular pathways lead to the promotion of angiogenesis and cell proliferation, 
important elements of carcinogenesis [3, 4]. Moreover, HIF-1α is known to 
induce expression of vascular endothelial growth factor (VEGF) [1] and may 
cause upregulation of MET and AXL [5–8]. Increased expression of MET or 
AXL is related to poor prognosis [9, 10] and decreased response to VEGF re-
ceptor inhibitors in the preclinical model of RCC [10, 11]. Therefore, it is con-
sidered essential in RCC development [3].

Understanding these pathways has allowed the  implementation of  
tyrosine-kinase inhibitors (TKI) in the systemic treatment of RCC [1]. Tyro-
sine-kinase inhibitors such as pazopanib, cabozantinib, sunitinib, and axitinib 
cause an antiangiogenic effect by targeting the VEGF receptor [12] and in 
sequence interfering with the growth of the tumor [1]. Unfortunately, with 
time the majority of patients will inevitably acquire resistance to these treat-
ments [3, 12].

Cabozantinib is an oral inhibitor of MET, AXL, and VEGF receptors that also 
inhibits other receptors and kinases such as RET, KIT, and ROS1. It affects 
the physiology of the tumor and leads to apoptosis of tumor cells, disruption 
of  tumor vascularization, and increased hypoxia within the  tumor. Vascu-
lar endothelial growth factor inhibition is responsible for some of  the  im-
munomodulatory effects, as VEGF has immunosuppressive properties, such 
as increasing the number of myeloid-derived suppressor cells (MDSC) and 
regulatory T-cells [13–15]. Cabozantinib affects not only the tumor microenvi-
ronment but also directly acts on the tumor cells, making them more suscep-
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tible to immune-mediated killing [16]. These features are 
the reason for the occurrence of a synergistic effect with 
immune-oncology (IO), which has already been described 
in various studies [17].

Sequencing therapy, in which cabozantinib plays a cru-
cial role, is especially important in patients with metastatic 
renal cell carcinoma (mRCC). Nowadays it is used as a sec-
ond or further line of treatment after the failure of the pre-
ceding line. It is also effective after progression in patients 
pretreated with other VEGF inhibitors (VEGFi) as it breaks 
resistance to previous therapy [18]. Recent ESMO [19] and 
ASCO [20] guidelines recommend using IO combinations 
(IOIO) or IO-VEGFi combinations (IOVE) [21–23] as first-
line treatment in advanced RCC. Despite the lack of good- 
quality evidence, some authors suggest that using cabo
zantinib after the  failure of  IO, IOIO, or IOVE is possible 
[24–27]. In the CABOSUN study cabozantinib demonstrated 
effectiveness as a first-line treatment in intermediate- and 
poor-risk patients according to International Metastatic 
RCC Database Consortium (IMDC) criteria [28, 29].  It is also 
the  preferred first-line agent for advanced papillary RCC 
without additional molecular testing [19].

The aim of our study was to assess the effectiveness 
of  cabozantinib in the  real-world setting in pre-treated 
patients. We were especially interested in whether a sub-
group of  patients previously treated with multiple lines, 
including TKIs, would benefit from cabozantinib. Moreover, 
we wanted to check what factors can potentially influence 
the efficacy of the treatment.

Material and methods

Patients 

This retrospective analysis included seventy-one pa-
tients with biopsy-proven mRCC undergoing cabozantinib 
treatment as a second or further line at the Department 
of  Genitourinary Oncology of  the  Maria Skłodowska Cu-
rie National Research Institute of  Oncology in Warsaw. 
The database contained the data of patients with mRCC 
treated at the  department between 30th January 2017 
and 23rd June 2021. This study was performed in line with 
the principles of the Declaration of Helsinki. Permission to 
conduct this study was granted by the  Maria Sklodows-
ka-Curie National Research Institute of Oncology Bioethics 
Committee (permission number 38/2018).

Data collection 

The  database contained detailed information on age, 
gender, clinicopathological factors, laboratory results, co-
morbidities, adverse events, sites of metastases, Eastern 
Cooperative Oncology Group performance score, IMDC 
and Memorial Sloan-Kettering Cancer Center (MSKCC) risk 
scores [28] and outcome data associated with individual 
patients. Clinical data were extracted from medical records 
and mortality data were obtained from the Polish national 
database. Detailed characteristics of the studied group at 
the time of the start of the study are shown in Table 1.

 The  study included patients aged between 42 and  
80 years with biopsy-proven metastatic renal cancer. Other 
than clear cell morphology did not exclude patients from 

the study, who were treated with cabozantinib as second 
or further-line treatment. The  initial dosing of  cabozan-
tinib was 60 mg per day for all patients. Dose modifica-
tions were based on the Summary of Product Characteris-
tics [30]. Each patient should have had the complete blood 
counts evaluated before starting the course of treatment 
with cabozantinib. Hematological parameters were mea-
sured using the  Sysmex XN-1000. Laboratory tests were 
carried out by the Diagnostic Department of  the Nation-
al Research Institute of Oncology. The patients were classi-
fied into three groups – favorable, intermediate, and poor 
risk – both for MSKCC and IMDC, according to the score 
they got, but none of  this group was excluded from this 
study. Adverse events were assessed in accordance with 
the  Common Terminology Criteria for Adverse Events  
(CTCAE) v5.0 [31]. Tables 2–4 show the  previous lines 
of treatment, and Figure 1 illustrates the applied treatment 
regimen.

Inclusion criteria

•	 Biopsy-proven metastatic clear cell renal cell carcinoma.
•	 Biopsy-proven metastatic non-clear cell RCC if other 

treatments failed – emergency access to drug technol-
ogies.

•	 Cabozantinib treatment in the  second or further line 
with the initial dose of cabozantinib 60 mg per day.

•	 Consent to treatment and participation in the study.
•	 General condition and laboratory parameters allowing 

for systemic treatment.
This study included patients eligible for systemic treat-

ment with biopsy-proven metastatic clear cell renal cell 
carcinoma. Patients with non-clear cell RCC were also in-
cluded if they received cabozantinib through emergency 
access to drug technologies due to failure of other treat-
ment options. Moreover, cabozantinib had to be adminis-
tered as a second or further-line treatment with an initial 
dose of 60 mg per day. Consent to treatment and partici-
pation in the study was also required.

Endpoints

The primary endpoints of the study were progression- 
free survival (PFS) and overall survival (OS) for patients 
treated with second or further-line cabozantinib. Second-
ary endpoints assessed the best overall imaging response 
(BOR) to cabozantinib, as per RECIST v.1.1 [32]. Patients 
evaluable for response were defined as those who had 
baseline imaging and at least one set of imaging studies 
after initiation of cabozantinib treatment.

Statistical analysis

Categorical variables were summarized with the num-
ber and percentage of the respective group. Quantitative 
variables were summarized with mean and standard de-
viation (normally distributed) or median, first and third 
quartile (Q1; Q3; non-normally distributed) as specified in 
Results. The subgroups were compared with the Pearson 
χ2 test, Fisher exact test (2 × 2 tables, expected frequen-
cy < 5), Student t-test, or Mann-Whitney U test. Progres-
sion-free survival times were calculated from the  date 
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Table 1. Characteristics of studied group at start of study (at initiation of cabozantinib treatment)

Characteristic All patients 
(n = 71)

Cabozantinib 
in 2nd line (n = 30)

Cabozantinib in further
line (n = 41)

p-value

Male sex, n (%) 46 (65) 20 (67) 26 (63) 0.8

Mean age (standard deviation), years 63 (9) 63 (10) 63 (8) 0.7

Median time from RCC diagnosis (Q1; Q3), years 4.3 (2.0; 8.2) 3.6 (1.5; 7.0) 5.4 (3.5; 9.7) 0.040

Morphology

Clear cell, n (%) 69 (97) 30 (100) 39 (95) 0.5

Non-clear cell, n (%) 6 (8) 1 (3) 5 (12) 0.4

Sarcomatoid differentiation, n (%) 11 (14) 4 (13) 7 (17) 0.7

Nephrectomy, n (%) 69 (97) 29 (97) 40 (98) 1.0

WHO/ISUP grade 

1, n (%) 6 (8) 2 (7) 4 (10) 0.2

2, n (%) 33 (46) 18 (60) 15 (37)

3, n (%) 21 (30) 5 (17) 16 (39)

4, n (%) 11 (15) 5 (17) 6 (15)

MSKCC score

0, n (%) 19 (27) 7 (23) 12 (29) 0.6

1, n (%) 36 (51) 15 (50) 21 (51)

2, n (%) 15 (21) 8 (27) 7 (17)

3, n (%) 1 (1) 0 (0) 1 (2)

IMDC score 

0, n (%) 16 (23) 4 (13) 12 (29) 0.6

1, n (%) 30 (42) 14 (47) 16 (39)

2, n (%) 15 (21) 7 (23) 8 (20)

3, n (%) 7 (10) 4 (13) 3 (7)

4, n (%) 3 (4) 1 (3) 2 (5)

Metastases

Lungs, n (%) 53 (75) 22 (73) 31 (76) 0.8

Bone, n (%) 24 (34) 7 (23) 17 (42) 0.1

Liver, n (%) 12 (17) 6 (20) 6 (15) 0.6

Pancreas, n (%) 6 (8) 0 (0) 6 (15) 0.036

Other sites, n (%) 31 (44) 10 (33) 21 (51) 0.1

Median number of sites (Q1; Q3) 2 (2; 3) 2 (1; 3) 2 (2; 3) 0.1

ECOG performance score

0, n (%) 19 (27) 8 (27) 11 (27) 0.8

1, n (%) 42 (59) 19 (63) 23 (56)

2, n (%) 9 (13) 3 (10) 6 (15)

3, n (%) 1 (1) 0 (0) 1 (2)

Karnofsky performance scale 

100, n (%) 10 (14) 2 (7) 8 (20) 0.047

90, n (%) 21 (30) 14 (47) 7 (17)

80, n (%) 37 (52) 14 (47) 23 (56)

< 80, n (%) 3 (4) 0 (0) 3 (7)

ECOG – Eastern Cooperative Oncology Group, IMDC – International Metastatic Renal Cell Carcinoma Database Consortium, MSKCC – Memorial Sloan-Kettering 
Cancer Center, RCC – renal cell carcinoma
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of initiation of cabozantinib (i.e. the start of the study) until 
the date of diagnosis of progressive disease (PD), death, or 
were censored on the date of loss to follow-up or the end 
of the study (5th February 2022). Overall survival times were 
calculated from the date of initiation of cabozantinib (i.e. 
the start of the study) until the date of death, or censored 
on the  date of  the  end of  the  study (5th February 2022). 
Survival times were estimated with the  Kaplan-Meier 
method and compared between the  groups using log-
rank tests. Cox proportional hazard regression was used 
to verify the  associations between the  treatment mo-
dalities preceding initiation of  cabozantinib and survival  
(PFS and OS); the analyses including all studied patients 
were adjusted for the line of treatment with cabozantinib 
(2nd vs. further-line). All the statistical tests were two-tailed 
and the results were interpreted as significant at p < 0.05. 
Statistica software (version 13; Tibco, Tulsa, OK, USA) was 
used for computations.

Statements and declarations 
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Honoraria: Angelini, Astellas, Astra Zeneca, Bayer, 
Bristol Myers Squibb, IPSEN, Janssen, Merck MSD, Novar-

tis, Pfizer, Research Funding: Novartis. All unrelated to 
the present paper.

Consent to participate

Informed consent was obtained from all individual par-
ticipants included in the study.

Results

The study included seventy-one patients aged between 
42 and 80 years, between 4 months to 19 years (237 months) 
from RCC diagnosis (median 52 months), who have been 
treated between 30th January 2017 and 23rd June 2021. Thirty 

Table 2. Line of cabozantinib use

Cabozantinib as 2nd line treatment, n (%) 30 (42)

Cabozantinib as 3rd line treatment, n (%) 36 (51)

Cabozantinib as 4th line treatment, n (%) 4 (6)

Cabozantinib as 5th line treatment, n (%) 1 (1)

Table 3. Detailed previous treatment

Parameters n (%)

1st Line treatment

Sunitinib 48 (68)

Pazopanib 15 (21)

Sorafenib 2 (3)

Pembrolizumab 2 (3)

Nivolumab plus ipilimumab 2 (3)

Bevacizumab plus interferon 1 (1)

Interferon 1 (1)

2nd Line treatment

Axitinib 17 (24)

Everolimus 17 (24)

Nivolumab 3 (4)

Temsirolimus 1 (1)

Sunitinib 1 (1)

Pazopanib 1 (1)

Sorafenib 1 (1)

3rd Line treatment

Sorafenib 3 (4)

Pazopanib 1 (1)

Nivolumab 1 (1)

4th Line treatment (nivolumab) 1 (1)

Table 4. Immunotherapy before initiation of cabozantinib

Parameters n (%)

Any immunotherapy 11 (15)

Nivolumab (+/– ipilimumab) 7 (10)

Pembrolizumab 2 (3)

Bevacizumab plus interferon 1 (1)

Interferon 1 (1)

1st line 2nd line 3rd line 4th line 5th line

Sunitinib [48]

Cabozantinib [20]

Everolimus [13]
Sorafenib [2] Cabozantinib [2]

Cabozantinib [11]

Axitinib [13] Sorafenib [1] Cabozantinib [1]

Nivolumab [2] Cabozantinib [14]

Pazopanib [15]

Cabozantinib [8]

Axitinib [3] Nivolumab [1] Cabozantinib [1]

Sunitinib [1], everolimus [2], nivolumab [1] Cabozantinib [6]

Sorafenib [2] Everolimus [2] Pazopanib [1] Nivolumab [1] Cabozantinib [1]

Cabozantinib [1]

Other:
Pembrolizumab [2]

Nivolumab + ipilimumab [2]
Bevacizumab + IFN [1], IFN [1]

Cabozantinib [2]

Axitinib [1], pazopanib [1], sorafenib [1], 
temsirolimus [1]

Cabozantinib [4]

Fig. 1. Summary of treatment. Number of patients receiving the respective drugs is shown in brackets
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of them (42%) were receiving cabozantinib as a second-line 
treatment (2L), thirty-six (50%) as a third-line treatment, and 
only five (7%) as a fourth- or fifth-line treatment. The details 
of the treatment are shown in Figure 1 and Tables 2–4.

Observation time (from the  start of  the  initiation 
of  treatment with cabozantinib until death or the  end 
of  the  study at 5th February 2022) was between 1 and  
61 months; median (Q1; Q3): 15 months (95% CI: 9–31). 
Progression was observed in 55 (77%) patients. Progres-
sion in the  second line and further line treatment was 
observed in 28 (93%) and 27 (66%) patients, respectively 
(p = 0.006). Forty-seven (66%) died before the  end 
of the study. Sixteen (23%) patients who did not progress 
continued cabozantinib at the  end of  the  study. Median 
PFS was 11 months (95% CI: 5–23) and median OS was 
16 months (95% CI: 10–42). Median PFS in 2L and further 
line treatment was 5 months (95% CI: 3–9) and 18 months 

(95% CI: 8–39), respectively (p < 0.001). Median OS in 2L 
and further line treatment was 12 months (95% CI: 4–25) 
and 26 months (95% CI: 13–NR), respectively (p = 0.025). 
Partial response as the  BOR was observed in 1 (3%) pa-
tient in 2L and 13 (32%) patients in further line treatment  
(p = 0.012) (Figs. 2, 3, Tables 5–7). 

Adverse events and dose reduction were also assessed 
in multivariate analysis but there were no statistically sig-
nificant differences in second and further line treatments. 
Adverse events occurred in almost every patient, with  
65 (92%) of  them experiencing at least one. The  most 
common AE was hypothyroidism (n = 35; 49%), followed 
by hand-foot syndrome (n = 33; 46%). Dose reduction was 
necessary in 35 (49%) cases due to toxicity. Cabozantinib 
was generally well tolerated, with no new safety concerns 
or treatment-related fatalities identified. Detailed infor-
mation is available in Table 8. There were no statistically 

Number of risk 

Observation time (months) 0 12 24 36 48

Cabozantinib in further line 41 22 11 9 6

Cabozantinib in 2nd line 30 7 2 1 1

Number of risk 

Observation time (months) 0 12 24 36 48

Cabozantinib in further line 41 29 16 13 8

Cabozantinib in 2nd line 30 13 6 1 1

Fig. 2. Progression-free survival in the second and further lines

PFS – progression-free survival

Fig. 3. Overall survival in the second and further lines

OS – overall survival

PF
S 

(%
)

O
S 

(%
)

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0
0	 6	 12	 18	 24	 30	 36	 42	 48	 54	 60 0	 6	 12	 18	 24	 30	 36	 42	 48	 54	 60

Observation time (months) Observation time (months)

Cabozantinib in 2nd line Cabozantinib in 2nd line
Cabozantinib in further line p < 0.001 Cabozantinib in further line p < 0.025

Table 5. Results of treatment with cabozantinib

Characteristics All patients (n = 71) Cabozantinib in 2nd 
line (n = 30)

Cabozantinib  
in further line (n = 41)

p-value

Median observation time (Q1; Q3), months 15 (9; 31) 11 (4; 23) 16 (12; 41) 0.006

Best response to cabozantinib

PR, n (%) 14 (20) 1 (3) 13 (32) 0.012

SD, n (%) 44 (62) 22 (73) 22 (54)

PD, n (%) 11 (15) 5 (17) 6 (15)

Not known, n (%) 2 (3) 2 (7) 0 (0)

Progression, n (%) 55 (77) 28 (93) 27 (66) 0.006

All-cause mortality, n (%) 47 (66) 22 (73) 25 (61) 0.3

Median PFS (Q1; Q3), months 11 (5; 23) 5 (3; 9) 18 (8; 39) < 0.001

Median OS (Q1; Q3), months 16 (10; 42) 12 (4; 25) 26 (13; NR) 0.025

Adverse events, n (%) 65 (92) 26 (87) 39 (95) 0.2

Dose reduction, n (%) 35 (49) 15 (50) 20 (49) 0.9

OS – overall survival, PD – progressive disease, PFS – progression-free survival, PR – partial response, SD – standard deviation
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significant differences in the  number of  metastases be-
tween the second and subsequent lines of treatment, ex-
cept for pancreatic metastases – 0/30 (0%) in the second 
line and 6/41 (15%) in the subsequent lines (p = 0.036).

Discussion 

This study describes the  efficacy and treatment out-
comes of cabozantinib in a real-world mRCC patient pop-
ulation. The  obtained results indicate that cabozantinib, 
regardless of the line of systemic therapy in which it was 
used, had antitumor activity and this efficacy increased 
with the number of previous treatment lines. It is import-
ant to consider that these findings could be attributed to 
a  less aggressive phenotype of  disease in patients who 
have undergone the third and subsequent lines of treat-
ment and survived. Notably, a higher proportion of patients 
with bone metastases was observed in the group receiving 
cabozantinib as subsequent lines of treatment in compari-
son to the group receiving it as a second line (42% vs. 23%). 
This could contribute to the  greater activity of  cabozan-
tinib, as it has been proven as an effective drug in such 
a subgroup of patients [33]. Moreover, pancreatic metas-
tases, which are associated with a more indolent course 
of the disease, were also more common in patients receiv-
ing cabozantinib as subsequent lines of  treatment [34]. 
However, these factors are also influenced by the fact that 
metastases inevitably occur during the course of the dis-
ease, and the  longer the  survival of  treated patients, 
the more metastases will develop.

 The  objective response rate (ORR) in 2L and further 
lines (3% and 32%, respectively) in our study appeared to 
be more scattered than in other studies [18, 35–38]. How-
ever, considering the ORRs of all the patients (20%), it is 
consistent with the  ORR (17%) reported in the  METEOR 
study by an independent radiology committee [18]. The ex-

ceptionally low ORR in 2L might have been related to 
the small sample size or was a matter of chance. It should 
be noted that the percentage of PD remained at a similar 
level in both groups (15% in 2L and 17% in further lines). 

There are many real-world experience studies in 
the  literature with cabozantinib that confirm its effec-
tiveness, and the results of this study are consistent with 
them. In the  Polish managed access program (MAP), in 
the group of 115 patients treated with cabozantinib in 2L 
or further lines the ORR was 19%, and the median PFS was  
12.5 months (95% CI: 9.2–14.2 months) [37]. Furthermore, 
the expanded access program for cabozantinib in the UK 
showed an ORR of 26%, median PFS of 7.7 months (95% CI: 
5.3–10.1), and mOS of 9.1 months (95% CI: 6.6–11.6) [36]. 
Procopio et al. in the Italian MAP study observed a short-
er PFS of 8.0 months (95% CI: 0.5–10.8 months). However, 
ORR was 36% [38].

There was some heterogeneity in our study population, 
given that 49 patients (69%) were exposed to TKI, whereas 
15 patients (21%) were exposed to mTOR inhibitors, and  
7 patients (10%) received immunotherapy as the treatment 
directly preceding cabozantinib. Throughout the  study,  
11 patients (15%) received immunotherapy in previous 
lines of treatment (Tables 2–4), but only two patients (3%) 

Table 6. Earlier treatment (i.e. before cabozantinib) as a predictor of progression-free survival and overall survival. The analysis was per-
formed in the whole studied group and the results were adjusted for the line of cabozantinib treatment: 2nd vs. further line

Parameters PFS OS

HR (95% CI) p-value HR (95% CI) p-value

1st line TKI vs. other 1st line treatment 0.28 (0.10–0.74) 0.011 0.25 (0.09–0.68) 0.006

1st line sunitinib vs. other 1st line treatment 0.71 (0.41–1.25) 0.2 0.72 (0.39–1.32) 0.3

1st line pazopanib vs. other 1st line treatment 0.99 (0.52–1.90) 1.0 0.90 (0.43–1.87) 0.8

Immunotherapy in any line vs. no immunotherapy 1.51 (0.76–3.02) 0.2 1.90 (0.75–4.82) 0.2

Nivolumab in any line vs. no nivolumab 0.84 (0.25–2.81) 0.8 0.79 (0.19–3.39) 0.8

Other than TKI vs. TKI directly preceding cabozantinib 1.50 (0.71–3.17) 0.3 1.42 (0.65–3.08) 0.4

OS – overall survival, PFS – progression-free survival, TKI – tyrosine-kinase inhibitors

Table 7. Earlier treatment (i.e. before cabozantinib) as a predictor of progression-free survival and overall survival in 41 patients receiving 
cabozantinib in 3rd or further line

Parameters PFS OS

HR (95% CI) p-value HR (95% CI) p-value

Everolimus in 2nd line vs. other 2nd line treatment 0.84 (0.39–1.81) 0.7 0.84 (0.38–1.86) 0.7

Axitinib in 2nd line vs. other 2nd line treatment 1.19 (0.55–2.55) 0.7 1.07 (0.48–2.36) 0.9

Everolimus or temsirolimus in 2nd line vs. TKI in 2nd line 0.72 (0.34–1.54) 0.4 0.75 (0.34–1.67) 0.5

OS – overall survival, PFS – progression-free survival, TKI – tyrosine-kinase inhibitors

Table 8. Adverse events observed in patients and the need for dose 
reduction

Parameters Values observed in mRCC patients 
(n = 71)

Any adverse event, n (%) 65 (92)

Hypothyroidism, n (%) 35 (49)

Hand-foot syndrome, n (%) 33 (46)

Dose reduction, n (%) 35 (49)

mRCC – metastatic renal cell carcinoma
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received IOIO and none received IOVE, which are consid-
ered a current first-line treatment [19, 20]. There is more 
and more evidence of cabozantinib efficacy after IOIO and 
IOVE [24–27]. The efficacy of cabozantinib after IOIO and 
IOVE is currently being researched [24–27]. The non-ran-
domized BREAKPOINT trial included forty-eight patients 
receiving IO in 1L. The  median PFS was 9.3 months and 
the ORR was 43% [39]. The CANTATA trial, which compared 
the  glutaminase inhibitor telaglenastat + cabozantinib 
vs. placebo + cabozantinib, confirmed the  effectiveness 
of  cabozantinib in the  population that was treated with 
IPI-NIVO. Pre-specified analysis of  the  post‑IPI-NIVO sub-
group showed a median PFS of 9.2 months, with an ORR 
of 37%. There was no improvement in the antitumor ac-
tivity of cabozantinib in the telaglenastat + cabozantinib 
group [40].

The  immunomodulatory effect of  cabozantinib may 
play an important role in the peri- and post-immunother-
apy setting. Due to VEGF inhibition, it causes a decreased 
number of MDSC and regulatory T-cells [13–15]. Cabozan-
tinib alters the tumor microenvironment and also acts di-
rectly on the tumor cells, making them more susceptible 
to immune-mediated killing [16]. It should be noted that 
the  ideal sequence of  therapy and optimal further lines 
of treatment are still being investigated [41].

Despite the small group of patients treated with drugs 
different than TKI in the first line, we obtained statistically 
significant results demonstrating higher effectiveness 
of cabozantinib when TKI was the first line of  treatment 
(Table 6). These favorable results support the hypothesis 
that the clinical activity of cabozantinib in RCC may result 
from targeting the  angiogenesis of  the  tumor (by block-
ing the VEGFR pathway), the mesenchymal transition (by 
blocking the MET pathway) and the AXL pathway. It should 
also be mentioned that the  longer the  tumor develops, 
the more the expression of HIF-1α decreases. This, subse-
quently, may reduce the importance of VEGF and lead to 
an increased role of MET and AXL.

Results of the CaboPoint study indicate better ORR in 
the TKI naïve group than the IOVE group (31.7% vs. 25%) 
[42]. In contrast, but consistent with our findings, the  
CABOSEQ study showed different results [26]. The  best 
ORR occurred after IOVE treatment (32.5%). Objective 
response rates after IOIO and pazopanib/sunitinib were 
comparable (26.4%; 25.2%) [26]. Moreover, the  longest 
time to treatment failure (TTF) occurred after sunitinib/
pazopanib in the first line. However, statistical significance 
was not observed and Navani et al. concluded that there 
was comparable activity of  2L cabozantinib regardless 
of prior 1L therapy [26]. There might have been a bias due 
to the different characteristics of  these groups. Contrary 
to Shah et al., we did not observe an increase in PFS in 
the IMDC intermediate-risk group [27].

The  phenomenon of  greater activity of  cabozantinib 
in further lines of  treatment is unclear and difficult to 
explain. However, AXL expression may increase with 
the clinical stage of the disease [43]. AXL is also positively 
correlated with PD-L1 expression in aRCC, so inhibition 
of AXL may potentially be responsible for reducing PD-L1 
expression and stimulating the  immune system [44].  

However, it should be noted that we do not know whether 
AXL expression directly influences PD-L1 expression. This 
is our proposed hypothesis, but studies confirm that AXL 
correlates with resistance to IO and has an immunosup-
pressive effect, for example by promoting macrophage 
polarization towards an immunosuppressive pro-tumor  
M2-like phenotype [45–47] Notably, the prevalence of bone 
metastases among patients in further lines of treatment 
also may have benefited from the activity of cabozantinib, 
as mentioned above.

Limitations of this study include the small size of the sub-
groups, the use of descriptive statistics, the heterogene-
ity of patients, and the retrospective nature of the study. 
Moreover, the single-centered nature of the study further 
limits the  conclusions that can be derived from it. More 
research should be conducted to assess the effectiveness 
of  cabozantinib after disease progression, especially af-
ter treatment with the current first-line treatment – IOIO, 
IOVE, and in a  multi-center setting. The  results provide 
a benchmark for future real-world studies in mRCC.

Conclusions 

Cabozantinib shows antitumor efficacy in the  second 
and subsequent lines of  treatment. The  further the  line 
of treatment, the better the effectiveness of cabozantinib 
was observed in this study. Nonetheless, these results 
should be interpreted carefully because it may be a bias 
associated with a  less aggressive form of cancer in peo-
ple receiving further lines of  treatment and the  preva-
lence of bone metastases among patients in further lines 
of treatment. Cabozantinib was more effective in patients 
treated previously with TKIs as a 1L treatment compared 
to other types of 1L treatment. These findings still require 
further research, as there are studies showing opposite 
findings with no such correlation. There were no other sig-
nificant correlations between the  choice of  treatment in 
the previous lines and the efficacy of cabozantinib.

The authors declare no conflict of interest.

References

1.	 Libertino J, Gee J. Renal cancer. Contemporary management. 
Springer 2020.

2.	Padala SA, Barsouk A, Thandra KC, et al. Epidemiology of renal cell 
carcinoma. World J Oncol 2020; 11: 79-87. 

3.	Sharma R, Kadife E, Myers M, Kannourakis G, Prithviraj P, Ahmed N. 
Determinants of resistance to VEGF-TKI and immune checkpoint 
inhibitors in metastatic renal cell carcinoma. J Exp Clin Cancer Res 
2021; 40: 186.  

4.	Swiatek M, Jancewicz I, Kluebsoongnoen J, et al. Various forms 
of HIF-1α protein characterize the clear cell renal cell carcinoma 
cell lines. IUBMB Life 2020; 72: 1220-1232.

5.	Bommi-Reddy A, Almeciga I, Sawyer J, et al. Kinase requirements 
in human cells: III. Altered kinase requirements in VHL –/– cancer 
cells detected in a pilot synthetic lethal screen. Proc Nat Acad Sci 
2008; 105: 16484-16489.

6.	Pennacchietti S, Michieli P, Galluzzo M, Mazzone M, Giordano S, 
Comoglio PM. Hypoxia promotes invasive growth by transcrip-
tional activation of the met protooncogene. Cancer Cell 2003; 3: 
347-361.



197Activity of cabozantinib in further line treatment of metastatic clear cell renal cell carcinoma. Real-world experience in a single-center 
retrospective study 

7.	Rankin EB, Fuh KC, Castellini L, et al. Direct regulation of GAS6/AXL 
signaling by HIF promotes renal metastasis through SRC and MET. 
Proc Nat Acad Sci U S A 2014; 111: 13373-13378.

8.	Yu H, Liu R, Ma B, et al. Axl receptor tyrosine kinase is a potential 
therapeutic target in renal cell carcinoma. Br J Cancer 2015; 113: 
616-625.

9.	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: 343-349.

10.	Gustafsson A, Martuszewska D, Johansson M, et al. Differential ex-
pression of Axl and Gas6 in renal cell carcinoma reflecting tumor 
advancement and survival. Clin Cancer Res 2009; 15: 4742-4749.

11.	 Ciamporcero E, Miles KM, Adelaiye R, et al. Combination strategy 
targeting VEGF and HGF/c-met in human renal cell carcinoma 
models. Mol Cancer Ther 2015; 14: 101-110.

12.	Choueiri TK, Escudier B, Powles T, et al. Cabozantinib versus ever-
olimus in advanced renal-cell carcinoma. N Engl J Med 2015; 373: 
1814-1823.

13.	Ott PA, Hodi FS, Buchbinder EI. Inhibition of immune checkpoints 
and vascular endothelial growth factor as combination therapy 
for metastatic melanoma: an overview of rationale, preclinical ev-
idence, and initial clinical data. Front Oncol 2015; 5:  202.

14.	Voron T, Marcheteau E, Pernot S, et al. Control of the immune re-
sponse by pro-angiogenic factors. Front Oncol 2014; 4: 70.

15.	Apolo AB, Nadal R, Tomita Y, et al. Cabozantinib in patients with plat-
inum-refractory metastatic urothelial carcinoma: an open-label, 
single-centre, phase 2 trial. Lancet Oncol 2020; 21: 1099-1109.

16.	Kwilas AR, Ardiani A, Donahue RN, Aftab DT, Hodge JW. Dual ef-
fects of a targeted small-molecule inhibitor (cabozantinib) on im-
mune-mediated killing of tumor cells and immune tumor microen-
vironment permissiveness when combined with a cancer vaccine. 
J Transl Med 2014; 12: 294.

17.	Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus cabozan-
tinib versus sunitinib for advanced renal-cell carcinoma. N En  
J Med 2021; 384: 829-841.

18.	Choueiri TK, Escudier B, Powles T, et al. Cabozantinib versus ever-
olimus in advanced renal cell carcinoma (METEOR): final results 
from a randomised, open-label, phase 3 trial. Lancet Oncol  2016; 
17: 917-927.

19.	Bedke J, Albiges L, Capitanio U, et al. Updated European Associ-
ation of Urology Guidelines on Renal Cell Carcinoma: nivolumab 
plus cabozantinib joins immune checkpoint inhibition combina-
tion therapies for treatment-naïve metastatic clear-cell renal cell 
carcinoma. Eur Urol 2021; 79: 339-342.

20.	Rathmell WK, Rumble RB, Van Veldhuizen PJ, et al. Management 
of metastatic clear cell renal cell carcinoma: ASCO Guideline. J Clin 
Oncol 2022; 40: 2957-2995.

21.	Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus axitinib versus 
sunitinib for advanced renal-cell carcinoma. N Engl J Med 2019; 
380: 1103-1115.

22.	Motzer RJ, Tannir NM, McDermott DF, et al. Nivolumab plus ipili-
mumab versus sunitinib in advanced renal-cell carcinoma. N Engl  
J Med. 2018; 378: 1277-1290.

23.	Rini BI, Plimack ER, Stus V, et al. Pembrolizumab plus axitinib 
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med 
2019; 380: 1116-1127.

24.	Powles T, Motzer RJ, Escudier B, et al. Outcomes based on prior ther-
apy in the phase 3 METEOR trial of cabozantinib versus everolimus 
in advanced renal cell carcinoma. Br J Cancer 2018; 119: 663-669.

25.	McGregor BA, Lalani AA, Xie W, et al. Activity of cabozantinib after 
immune checkpoint blockade in metastatic clear-cell renal cell car-
cinoma. Eur J Cancer 2020; 135: 203-210. 

26.	Navani V, Wells JC, Boyne DJ, et al. CABOSEQ: The effectiveness 
of  cabozantinib in patients with treatment refractory advanced 
renal cell carcinoma: results from the International Metastatic Re-
nal Cell Carcinoma Database Consortium (IMDC). Clin Genitourin 
Cancer 2023; 21: 106.e1-106.e8. 

27.	Shah AY, Kotecha RR, Lemke EA, et al. Outcomes of patients with 
metastatic clear-cell renal cell carcinoma treated with second-line 
VEGFR-TKI after first-line immune checkpoint inhibitors. Eur J Can-
cer 2019; 114: 67-75.

28.	Heng DY, Xie W, Regan MM, et al. Prognostic factors for overall 
survival in patients with metastatic renal cell carcinoma treated 
with vascular endothelial growth factor-targeted agents: results 
from a large, multicenter study. J Clin Oncol 2009; 27: 5794-5799.

29.	Choueiri TK, Halabi S, Sanford BL, et al. Cabozantinib versus suni-
tinib as initial targeted therapy for patients with metastatic renal 

cell carcinoma of poor or intermediate risk: the alliance A031203 
CABOSUN trial. J Clin Oncol 2017; 35: 591-597.

30.	Available from: https://www.ema.europa.eu/en/documents/prod-
uct-information/ cabometyx- epar- product- information _ en.pdf . 

31.	SERVICES USDOHAH. Common Terminology Criteria for Adverse 
Events (CTCAE) Version 5.0. 2017   

32.	Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer 2009; 45: 228-247.

33.	Escudier B, Powles T, Motzer RJ, et al. Cabozantinib, a new stan-
dard of care for patients with advanced renal cell carcinoma and 
bone metastases? subgroup analysis of  the METEOR trial. J Clin 
Oncol 2018; 36: 765-772.

34.	Chrom P, Stec R, Bodnar L, Szczylik C. Prognostic significance 
of  pancreatic metastases from renal cell carcinoma in patients 
treated with tyrosine kinase inhibitors. Anticancer Res 2018; 38: 
359-365.

35.	Gan CL, Dudani S, Wells JC, et al. Cabozantinib real-world effec-
tiveness in the first-through fourth-line settings for the treatment 
of metastatic renal cell carcinoma: results from the International 
Metastatic Renal Cell Carcinoma Database Consortium. Cancer 
Med 2021; 10: 1212-1221.

36.	Gomez de Liaño Lista A, Venugopal B, et al. 893PCabozantinib in 
metastatic renal cell carcinoma (mRCC): data from UK expanded 
access program (EAP). Ann Oncol 2018; 29.

37.	Bodnar L, Kopczyńska A, Żołnierek J, Wieczorek-Rutkowska M, 
Chrom P, Tomczak P. Real-world experience of  cabozantinib as 
second- or subsequent line treatment in patients with metastatic 
renal cell carcinoma: data from the Polish managed access pro-
gram. Clin Genitourin Cancer 2019; 17: e556-e564.

38.	Procopio G, Prisciandaro M, Iacovelli R, et al. Safety and efficacy 
of  cabozantinib in metastatic renal-cell carcinoma: real-world 
data from an Italian managed access program. Clin Genitourin 
Cancer 2018; 16: e945-e951.

39.	Procopio G, Claps M, Pircher C, et al. A multicenter phase 2 single 
arm study of cabozantinib in patients with advanced or unresect-
able renal cell carcinoma pre-treated with one immune-check-
point inhibitor: the BREAKPOINT trial (Meet-Uro trial 03). Tumori 
2023; 109: 129-137.

40.	Tannir NM, Agarwal N, Porta C, et al. Efficacy and safety of telagle-
nastat plus cabozantinib vs placebo plus cabozantinib in patients 
with advanced renal cell carcinoma: the  CANTATA randomized 
clinical trial. JAMA Oncol 2022; 8: 1411-1418.

41.	Pal S, Albiges L, Rodriguez C, et al. CONTACT-03: randomized, 
open-label phase III study of  atezolizumab plus cabozantinib 
versus cabozantinib monotherapy following progression on/af-
ter immune checkpoint inhibitor (ICI) treatment in patients with 
advanced/metastatic renal cell carcinoma. J Clin Oncol 2021; 39. 

42.	Albiges L, Powles T, Sharma A, et al. CaboPoint: interim results 
from a  phase 2 study of  cabozantinib after checkpoint inhibi-
tor (CPI) therapy in patients with advanced renal cell carcinoma 
(RCC). J Clin Oncol 2023; 41. 

43.	Qu X, Liu J, Zhong X, Li X, Zhang Q. Role of AXL expression in non-
small cell lung cancer. Oncol Lett 2016; 12: 5085-5091. 

44.	Terry S, Dalban C, Rioux-Leclercq N, et al. Association of AXL and 
PD-L1 expression with clinical outcomes in patients with advanced 
renal cell carcinoma treated with PD-1 blockade. Clin Cancer Res 
2021; 27: 6749-6760. 

45.	Engelsen AST, Lotsberg ML, Abou Khouzam R, et al. Dissecting 
the  role of  AXL in cancer immune escape and resistance to im-
mune checkpoint inhibition. Front Immunol 2022; 13: 869676. 

46.	Aehnlich P, Powell RM, Peeters MJW, Rahbech A, Thor Straten P. 
TAM receptor inhibition-implications for cancer and the immune 
system. Cancers (Basel) 2021; 13: 1195.

47.	Myers KV, Amend SR, Pienta KJ. Targeting Tyro3, Axl and MerTK 
(TAM receptors): implications for macrophages in the tumor mi-
croenvironment. Mol Cancer 2019; 18: 94.

Address for correspondence

Jakub Kucharz
Department of Uro-Oncology
Maria Sklodowska-Curie National Research Institute of Oncology
Łódź, Poland
e-mail: jakub.kucharz@pib-nio.pl

Submitted: 	24.09.2023
Accepted: 	 07.11.2023


