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Abstract Background: Cabozantinib improved progression-free survival (PFS), overall sur-

vival (OS) and objective response rate (ORR) compared with everolimus in patients with

advanced renal cell carcinoma (RCC) after prior antiangiogenic therapy in the phase III

METEOR trial (NCT01865747). Limited data are available on the use of targeted therapies

in older patients with advanced RCC.

Methods: Efficacy and safety in METEOR were retrospectively analysed for three age sub-

groups: <65 (n Z 394), 65e74 (n Z 201) and �75 years (n Z 63).

Results: PFS, OS and ORR were improved with cabozantinib compared with everolimus in all

age subgroups. The PFS hazard ratios (HRs) were 0.53 (95% confidence interval [CI]: 0.41

e0.68), 0.53 (95% CI: 0.37e0.77) and 0.38 (95% CI: 0.18e0.79) for <65, 65e74 and �75 years,

respectively, and the OS HRs were 0.72 (95% CI: 0.54e0.95), 0.66 (95% CI: 0.44e0.99) and
0.57 (95% CI: 0.28e1.14). The ORR for cabozantinib versus everolimus was 15% vs 5%,

21% vs 2% and 19% vs 0%, respectively. No significant differences were observed in PFS or

OS with age as a categorical or continuous variable. Grade III/IV adverse events (AEs) were

generally consistent across subgroups, although fatigue, hypertension and hyponatraemia

occurred more frequently in older patients treated with cabozantinib. Dose reductions to

manage AEs were more frequent in patients receiving cabozantinib than in those receiving

everolimus. Dose reductions and treatment discontinuation due to AEs were more frequent

in older patients in both treatment groups.

Conclusions: Cabozantinib improved PFS, OS and ORR compared with everolimus in previ-

ously treated patients with advanced RCC, irrespective of age group, supporting use in all age

categories. Proactive dose modification and supportive care may help to mitigate AEs in older

patients while maintaining efficacy.

ª 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The incidence of renal cell carcinoma (RCC) increases

with age, peaking in the seventies [1]. Older patients

have more comorbidities and may have other age-
related changes including reduced physiological re-

serves and changes in drug metabolism that can affect

treatment course and outcomes [2,3]. Although the data

are inconclusive on whether advanced age is a poor

prognostic factor in RCC [4,5], treatment outcomes may

vary depending on age [6]. Approximately half of the

newly diagnosed kidney cancer cases occur in people

aged �65 years, but this group represents only about a
third of the study populations in pivotal phase III trials

in advanced RCC [3]. Therefore, additional data on

outcomes with available therapies based on age are

needed to help guide treatment decisions.

Cabozantinib, an oral inhibitor of tyrosine kinases

including MET, vascular endothelial growth factor

receptors (VEGFRs) and AXL [7], significantly pro-

longed progression-free survival (PFS) and overall
survival (OS) and improved objective response rate

(ORR) compared with everolimus in patients with

advanced RCC after prior antiangiogenic therapy in

the phase III METEOR trial [8,9]. In the present study,

a retrospective analysis of efficacy and safety outcomes

was conducted in the METEOR trial by three age

categories.
2. Materials and methods

2.1. Patients and treatment

METEOR is an international, randomised, open-label,

phase III study that has been described in detail previ-

ously [8,9]. Eligible patients were aged �18 years with
advanced or metastatic clear cell RCC and measurable

disease as per Response Evaluation Criteria in Solid

Tumours (RECIST) version 1.1 [10]. Patients must have

had previous treatment with at least one prior VEGFR

tyrosine kinase inhibitor (TKI) andmust have progressed

within 6 months of their most recent treatment with

VEGFR TKI and within 6 months of randomisation. A

Karnofsky performance status of at least 70% and
adequate organ function were required. Patients with

clinically significant cardiovascular, gastrointestinal or

infectious comorbidities were not eligible.

Patients were randomised 1:1 to cabozantinib (60 mg

once daily) or everolimus (10 mg once daily). Ran-

domisation was stratified by the Memorial Sloan Ket-

tering Cancer Center (MSKCC) risk group [11] and the

number of prior VEGFR TKIs (1 vs � 2). Dose re-
ductions were implemented to manage adverse events

(AEs), with reductions to 40 mg and 20 mg for cabo-

zantinib and 5 mg and 2.5 mg for everolimus. The study

was conducted as per the Good Clinical Practice

guidelines and the Declaration of Helsinki. The protocol

http://creativecommons.org/licenses/by-nc-nd/4.0/
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was approved by the institutional review board or ethics

committee at each centre, and written informed consent

was obtained for all patients.

2.2. Assessments

Computed tomography or magnetic resonance imaging

scans were collected at screening, every 8 weeks for the

first 12 months and every 12 weeks thereafter. Safety

was evaluated every 2 weeks for the first 8 weeks and
every 4 weeks thereafter until treatment discontinuation.

A follow-up visit occurred 30 days after the date of the

decision to discontinue treatment. Patients were fol-

lowed for OS every 8 weeks. Quality of Life (QoL) was

measured using the validated patient self-reported

questionnaire Functional Assessment of Cancer

Therapy-Kidney Symptom Index-19 item (FKSI-19) as

described [12].

2.3. Data analysis

The primary end-point of PFS and secondary end-

points of OS, ORR and safety have been reported pre-

viously [8,9]. Demographics, efficacy and safety were

retrospectively evaluated in age subgroups of <65,

65e74 and �75 years. Cut-offs of 65 and 75 years were

selected to define the subgroups because 65 years is a

commonly used age cut-off, and some studies have
suggested that 75 years may be a more appropriate age

for defining older populations [13,14]. Subgroup ana-

lyses of PFS, ORR and OS included all randomised

patients; hazard ratios (HRs) are unstratified; confi-

dence intervals (CIs) and p-values are considered

descriptive with no adjustment for multiplicity. PFS

analyses presented herein were assessed as per the in-

dependent radiology committee. Descriptive statistics
were used to summarise QoL scores over time for each

treatment arm. Safety was assessed in patients who

received at least one dose of study treatment, and AEs

were graded according to Common Terminology

Criteria for Adverse Events version 4.0. PFS, ORR and

QoL were analysed with a data cut-off date of 22nd May

2015, and OS and safety were analysed with a data cut-

off date of 31st December 2015.
PFS was defined as the time from randomisation to

the earlier of radiographic progression as per RECIST

version 1.1 [10] or death due to any cause. OS was

defined as the time from randomisation to death from

any cause. For each of the subgroups, the

KaplaneMeier method was used to estimate median

duration of PFS and OS, and HRs were estimated using

a Cox regression model with the treatment group as the
only independent variable. For ORR, p-values were

calculated using the chi-square test. Objective response

was defined as the proportion of patients with a

confirmed complete or partial response as per RECIST

version 1.1.
3. Results

3.1. Patients

A total of 658 patients were randomised from August

2013 to November 2014; 394 patients (60%) were aged

<65, 201 (31%) were aged 65e74, and 63 (10%) were

aged �75 years. Baseline characteristics in the three age

subgroups were generally similar, including the per-
centage of patients with prior nephrectomy and tumour

burden based on the location of metastatic sites and

median target lesion sum of diameters (Table 1). For

the prognostic MSKCC risk groups, a difference of

>10% between the arms was observed for patients aged

�75 years, with more patients with less favourable

status in the everolimus arm. Importantly, risk groups

based on International Metastatic Renal Cell Carci-
noma Database Consortium (IMDC) guidelines were

relatively balanced between age subgroups and treat-

ment arms. Across the age groups, the percentage of

patients with less favourable Eastern Cooperative

Oncology Group performance status (ECOG PS)

increased with age.

As of the data cut-off date for OS, the percentage of

patients remaining on treatment was 21% (42/196) for
cabozantinib versus 7.6% (15/198) for everolimus in

patients aged <65 years, 28% (30/107) versus 7.4% (7/94)

for patients aged 65e74 years and 7.4% (2/27) versus

8.3% (3/36) for patients aged �75 years. The median

duration of follow-up for OS for surviving patients was

19.2 months (interquartile range [IQR]: 16.1e21.0) vs

18.9 months (IQR: 16.0e21.3), 18.6 months (IQR:

16.1e21.5) vs 18.6 months (IQR: 16.0e21.4) and 17.8
months (IQR: 15.9e20.1) vs 18.3 months (IQR:

15.1e20.8), respectively.
3.2. Efficacy

PFS was improved with cabozantinib compared with

everolimus for all age subgroups (Fig. 1). The median

PFS was 7.4 months with cabozantinib versus 3.8

months with everolimus for patients aged <65 (HR:

0.53, 95% CI: 0.41e0.68), 8.1 versus 3.9 months for

patients aged 65e74 (HR: 0.53, 95% CI: 0.37e0.77) and
9.4 versus 4.4 months (HR: 0.38, 95% CI: 0.18e0.79) for

patients aged �75 years.

A higher ORR was observed with cabozantinib than

with everolimus for the three age subgroups (Table 2).

The ORR was 15% (95% CI: 11e21) with cabozantinib

versus 5% (95% CI: 2e8) with everolimus for patients

aged <65 years, 21% (95% CI: 13e29) versus 2% (95%

CI: 0e7) for patients aged 65e74 years and 19% (95%
CI: 6e38) versus 0 for patients aged �75 years. The

results for objective responses as per investigator

assessment also showed a higher ORR with cabozanti-

nib than with everolimus (Supplementary Table 1).



Table 1
Baseline characteristics by age group.

Age, <65 years Age, 65�74 years Age, �75 years

Cabozantinib

(N Z 196)

Everolimus

(N Z 198)

Cabozantinib

(N Z 107)

Everolimus

(N Z 94)

Cabozantinib

(N Z 27)

Everolimus

(N Z 36)

Age, years, median (IQR) 57 (52e61) 57 (50e60) 68 (66e71) 68 (66e71) 78 (76e80) 78 (76e79)

Sex, n (%)

Male 150 (77) 146 (74) 82 (77) 69 (73) 21 (78) 26 (72)

Female 46 (23) 51 (26) 25 (23) 25 (27) 6 (22) 10 (28)

Enrolment region, n (%)

Europe 91 (46) 87 (44) 59 (55) 52 (55) 17 (63) 14 (39)

North America 74 (38) 78 (39) 36 (34) 29 (31) 8 (30) 15 (42)

Asia Pacific 26 (13) 29 (15) 11 (10) 12 (13) 2 (7.4) 6 (17)

Latin America 5 (3) 4 (2) 1 (1) 1 (1) 0 1 (3)

Time since diagnosis to randomisation,

years, median (IQR)

2.4 (1.1e4.4) 2.1 (1.0e4.8) 3.6 (1.5e8.0) 3.1 (1.7e7.0) 3.8 (1.8e6.5) 3.1 (1.7e7.6)

ECOG performance status, n (%)

0 136 (69) 144 (73) 75 (70) 54 (57) 15 (56) 18 (50)

1 60 (31) 54 (27) 32 (30) 40 (43) 12 (44) 18 (50)

MSKCC risk group, n (%)

Favourable 97 (49) 99 (50) 45 (42) 38 (40) 8 (30) 13 (36)

Intermediate 69 (35) 73 (37) 51 (48) 44 (47) 19 (70) 18 (50)

Poor 30 (15) 26 (13) 11 (10) 12 (13) 0 5 (14)

Smoking status

Never 74 (38) 87 (44) 46 (43) 44 (47) 16 (59) 18 (50)

Former 94 (48) 84 (42) 50 (47) 43 (46) 11 (41) 16 (44)

Current 28 (14) 24 (12) 9 (8) 7 (7) 0 2 (6)

IMDC risk group, n (%)

Favourable 39 (20) 39 (20) 23 (21) 15 (16) 4 (15) 8 (22)

Intermediate 119 (61) 121 (61) 70 (65) 68 (72) 21 (78) 25 (69)

Poor 38 (19) 38 (19) 14 (13) 11 (12) 2 (7) 3 (8)

Median target lesion SoD as per IRC,

mm (IQR)

66 (36e104) 66 (42e111) 66 (39e118) 65 (43e102) 62 (32e83) 66 (33e117)

Metastatic sites as per IRC, n (%)

Lung 118 (60) 125 (63) 68 (64) 62 (66) 18 (67) 25 (69)

Liver 45 (23) 66 (33) 36 (34) 30 (32) 7 (26) 7 (19)

Lymph node 133 (68) 123 (62) 59 (55) 55 (59) 14 (52) 21 (58)

Bone 47 (24) 37 (19) 23 (21) 19 (20) 7 (26) 9 (25)

Prior therapy, n (%)

Nephrectomy 171 (87) 172 (87) 90 (84) 77 (82) 22 (81) 30 (83)

Number of VEGFR TKIs

1 139 (71) 140 (71) 74 (69) 65 (69) 22 (81) 24 (67)

�2 57 (29) 58 (29) 33 (31) 29 (31) 5 (19) 12 (33)

Sunitinib 127 (65) 125 (63) 70 (65) 58 (62) 13 (48) 22 (61)

Pazopanib 85 (43) 83 (42) 45 (42) 35 (37) 14 (52) 18 (50)

Axitinib 34 (17) 35 (18) 14 (13) 15 (16) 4 (15) 5 (14)

Sorafenib 10 (5) 16 (8) 8 (7) 10 (11) 3 (11) 5 (14)

Nivolumab 8 (4) 8 (4) 8 (7) 4 (4) 1 (4) 2 (6)

ECOG Z Eastern Cooperative Oncology Group; IMDC Z International Metastatic Renal Cell Carcinoma Database Consortium; IQR Z
interquartile range; IRC Z independent radiology committee; MSKCC Z Memorial Sloan Kettering Cancer Center; SoD Z sum of diameters;

TKI Z tyrosine kinase inhibitor; VEGFR Z vascular endothelial growth factor receptor.
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Longer OS was observed with cabozantinib than with

everolimus for the three age subgroups (Fig. 2). The

median OS was 21.4 months with cabozantinib versus
17.1 months with everolimus (HR: 0.72, 95% CI:

0.54e0.95) for patients aged <65 years, not reached

versus 18.0 months for patients aged 65e74 years (HR:

0.66, 95% CI: 0.44e0.99) and 18.4 versus 14.0 months

(HR: 0.57, 95% CI: 0.28e1.14) for patients aged �75

years. Systemic anticancer therapy was received by 57%

of patients in the cabozantinib group versus 61% in the

everolimus group among those aged <65 years, 36%
versus 48% among those aged 65e74 years, and 52%

versus 44% among those aged �75 years

(Supplementary Table 2).
PFS and OS were analysed by Cox proportional

hazard models using treatment group and age either as

a continuous or categorical variable (<65, 65 to 74 and

�75 years) (Supplementary Tables 3 and 4). Age was

not a significant prognostic factor for PFS or OS in the

analyses (p-values >0.05). Furthermore, interaction

between the age groups and treatment was not

significant.



Fig. 1. Progression-free survival by age group: (a) <65 years, (b) 65e74 years, and (c) ‡75 years. All randomised patients were included in

the analyses. All hazard ratios are unstratified. CI Z confidence interval; mo Z months; NE Z not estimable; PFS Z progression-free

survival; yr Z year.

Table 2
Tumour response as per the independent radiology committee.

Age, <65 years Age, 65�74 years Age, �75 years

Cabozantinib

(N Z 196)

Everolimus

(N Z 198)

Cabozantinib

(N Z 107)

Everolimus

(N Z 94)

Cabozantinib

(N Z 27)

Everolimus

(N Z 36)

Objective response rate, %

(95% CI)a
15 (11e21) 5 (2e8) 21 (13e29) 2 (0e7) 19 (6e38) 0

P-value <0.001 <0.001 0.007

Best overall response,

n (%)

Confirmed partial

response

30 (15) 9 (5) 22 (21) 2 (2) 5 (19) 0

Stable disease 128 (65) 113 (57) 69 (64) 66 (70) 19 (70) 24 (67)

Progressive disease 30 (15) 60 (30) 11 (10) 17 (18) 0 11 (31)

Not evaluable or missing 8 (4) 16 (8) 5 (5) 9 (10) 3 (11) 1 (3)

CI Z confidence interval.
a All responses were partial responses.
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3.3. Quality of life

TheFKSI-19 questionnaire, which assesses disease-related
symptoms, treatment side effects and function/well-being

associated with advanced kidney cancer, was used to eval-

uate QoL in each of the subgroups [12]. Descriptive sum-

maries of the FKSI-19 scores in each age subgroup are

shown in Supplementary Fig. 1. A clinically relevant dif-

ference could not be shown between treatment groups in

each age subgroup based on an effect size �0.30 from

repeated measures analyses [12] (Supplementary Table 5).

3.4. Safety

The median duration of exposure was 7.5 months with

cabozantinib versus 5.4monthswith everolimus for patients
aged <65, 11.1 versus 3.9 months for patients aged 65e74,

and5.6versus3.7months forpatients aged�75years (Table

3). Dose reductions were more common and implemented

sooner in older patients, particularly for patients aged �75
years. Dose reductions were implemented in 118 (60%)
cabozantinib-treated patients versus 42 (22%) everolimus-

treated patients among those aged <65, in 65 (61%) versus

25 (27%) patients among those aged 65e74 and in 23 (85%)

versus 13 (36%)patients among those aged�75years (Table

3). Discontinuation due to AEs was more common in older

patients; 16 (8.1%) patients discontinued due to AEs in the

cabozantinibarmversus16 (8.3%)patients in theeverolimus

arm among those aged <65, 15 (14%) versus 13 (14%)
among those aged 65e74 and 10 (37%) versus 5 (14%)

among those aged �75 years. AEs leading to discontinua-

tion in �2 patients in any treatment group are shown in

Supplementary Table 6. A higher proportion of patients

aged �75 years discontinued cabozantinib due to either

fatigue or asthenia compared with younger patients (2 [7%]

versus2 [1%] for fatigueand3 [11%]versusnone forasthenia

for patients aged�75 vs<65 years, respectively).
The overall safety profiles of cabozantinib and ever-

olimus were similar in all three age subgroups (Table 4),

although toxicities generally increased with age. Older



Fig. 2. Overall survival by age group: (a) <65 years, (b) 65e74 years, and (c) ‡75 years. All randomised patients were included in the

analyses. All hazard ratios are unstratified. CI Z confidence interval; mo Z months; NE Z not estimable; yr Z year.
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patients experienced a numerically higher incidence of
some grade III/IV AEs than younger patients with

cabozantinib. Grade III/IV AEs that differed by �10%

between at least two age subgroups for cabozantinib-

treated patients were hypertension (26 [13%] for those

aged <65, 16 [15%] for those aged 65e75 and 7 [26%]

for those aged �75 years), fatigue (16 [8%] for those

aged <65, 12 [11%] for those aged 65e75 and 8 [30%]

for those aged �75 years), asthenia (6 [3%] for those
aged <65, 5 [5%] for those aged 65e75 and 4 [15%] for

those aged �75 years) and hyponatraemia (4 [2%] for

those aged <65, 6 [6%] for those aged 65e75, and 5

[19%] for those aged �75 years). The median time to

first event is summarised for grade III/IV AEs that

occurred at �8.0% in any treatment arm of the three age

subgroups in Supplementary Table 7. The median time

to first event was shorter in both treatment arms for
diarrhoea, fatigue, hyponatraemia and asthenia in older

patients (aged �75 years) than in younger patients (aged

<65 years).

4. Discussion

The pivotal phase III METEOR trial showed that

cabozantinib improved PFS, OS and ORR in patients

with advanced RCC after prior antiangiogenic therapy
[8,9]. This post hoc analysis reports outcomes for

METEOR based on three age subgroups: <65,

65e74 and �75 years old.

Cabozantinib was associated with improved PFS,

OS and ORR compared with everolimus in all three age

subgroups. HRs for both PFS and OS were similar

across the age subgroups, suggesting that the relative

improvement with cabozantinib was maintained. Ana-
lyses of PFS and OS did not show a significant differ-

ence in outcomes based on age either as a continuous or

categorical variable. Overall, the incidence of baseline

characteristics associated with prognosis, such as prior
nephrectomy [15], IMDC risk group [16] and presence of
bone metastases [17], was similar across the age sub-

groups in this study, although a higher proportion of

patients with more favourable ECOG PS was observed

in the younger age subgroups. The consistency of these

results across subgroups supports efficacy for cabo-

zantinib in each age group.

Other targeted therapies have shown efficacy in both

younger and older patients with advanced RCC,
although the majority of the age analyses reported for

pivotal trials are based on age groups of <65 and �65

years and report PFS and not OS [18e21]. In the

Checkmate-025 trial comparing nivolumab and ever-

olimus in previously treated patients, subgroup analyses

of OS showed similar HRs for age groups of <65

and �65 years, suggesting improvement with nivolumab

versus everolimus in both age groups [22], whereas the
HR favoured everolimus over nivolumab for the sub-

group of patients aged �75 years [23].

The overall safety profiles for cabozantinib and

everolimus were similar in all three age subgroups.

However, the incidence of all-causality grade III/IV

events was higher with cabozantinib for patients aged

�75 years than for younger patients. Events that

occurred more frequently with cabozantinib in patients
aged �75 years included fatigue, hypertension and

hyponatraemia. Hypertension is a common on-target

AE with VEGFR TKIs, associated with efficacy [24].

Median time to first grade III/IV AE in older patients

was also shorter for some events in both treatment arms.

Patients receiving cabozantinib more frequently had

dose reductions to manage AEs than those receiving

everolimus, with older patients receiving more dose re-
ductions in both treatment groups. Discontinuation due

to AEs was also more frequent for patients aged �75

years and was more frequent with cabozantinib than

with everolimus in that age group. A higher incidence of

grade III/IV AEs, dose reductions and discontinuations



Table 3
Study treatment exposure and dose reductions.

Age, <65 years Age, 65�74 years Age, �75 years

Cabozantinib

(N Z 197)

Everolimus

(N Z 193)

Cabozantinib

(N Z 107)

Everolimus

(N Z 93)

Cabozantinib

(N Z 27)

Everolimus

(N Z 36)

Duration of exposure, months,

median (IQR)

7.5 (4.2e14.6) 5.4 (1.9e9.2) 11.1 (6.5e14.8) 3.9 (2.1e8.3) 5.6 (3.5e13.7) 3.7 (1.9e7.5)

Patients receiving dose reductions,

n (%)

118 (60) 42 (22) 65 (61) 25 (27) 23 (85) 13 (36)

Average daily dose, mg, median 44.6 9.4 41.6 8.9 33.6 8.1

Time to first dose reduction, weeks,

median (IQR)

9.1 (5.3e18) 9.6 (4.9e16) 7.1 (5.1e14) 9.1 (5.7e13) 6.3 (5.1e9.7) 8.3 (7.0e9.3)

IQR Z interquartile range.

Table 4
All-causality grade III/IV adverse events.

Age, <65 years Age, 65�74 years Age, �75 years

Cabozantinib

(N Z 197)

Everolimus

(N Z 193)

Cabozantinib

(N Z 107)

Everolimus

(N Z 93)

Cabozantinib

(N Z 27)

Everolimus

(N Z 36)

Any adverse event,

n (%)

134 (68) 116 (60) 80 (75) 56 (60) 21 (78) 21 (58)

Diarrhoea 27 (14) 4 (2) 13 (12) 2 (2) 3 (11) 1 (3)

Hypertension 26 (13) 3 (2) 16 (15) 6 (6) 7 (26) 3 (8)

Fatigue 16 (8) 13 (7) 12 (11) 9 (10) 8 (30) 2 (6)

PPE 16 (8) 0 11 (10) 3 (3) 0 0

Anaemia 10 (5) 28 (15) 7 (7) 17 (18) 2 (7) 8 (22)

Asthenia 6 (3) 4 (2) 5 (5) 3 (3) 4 (15) 1 (3)

Hyponatraemia 4 (2) 2 (1) 6 (6) 3 (3) 5 (19) 3 (8)

Hyperglycaemia 0 9 (5) 3 (3) 5 (5) 0 2 (6)

Hypomagnesaemia 8 (4) 0 8 (7) 0 0 0

Hypokalaemia 8 (4) 5 (3) 7 (7) 1 (1) 1 (4) 0

Dyspnoea 7 (4) 8 (4) 3 (3) 5 (5) 0 1 (3)

Pneumonia 5 (3) 3 (2) 1 (1) 7 (8) 0 2 (6)

Dehydration 1 (1) 1 (1) 0 5 (5) 1 (4) 1 (3)

Nausea 8 (4) 1 (1) 5 (5) 0 2 (7) 0

Mucosal

inflammation

2 (1) 7 (4) 1 (1) 2 (2) 2 (7) 2 (6)

Proteinuria 2 (1) 2 (1) 4 (4) 0 2 (7) 0

Syncope 3 (2) 1 (1) 1 (1) 1 (1) 2 (7) 0

Lymphopenia 1 (1) 3 (2) 0 1 (1) 0 2 (6)

Peripheral oedema 0 2 (1) 0 2 (2) 0 2 (6)

Femoral neck

fracture

0 0 0 0 0 2 (6)

Pneumonitis 0 1 (1) 0 3 (3) 0 2 (6)

Urinary tract

infection

0 0 1 (1) 1 (1) 0 2 (6)

Events that occurred at �5.0% frequency in either treatment arm for any age subgroup are summarised. Patients are counted once at the highest

grade for each preferred term. The severity of adverse events was graded according to National Cancer Institute Common Terminology Criteria for

Adverse Events (version 4.0).

PPE Z palmar-plantar erythrodysaesthesia.
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due to AEs in older patients than in younger patients

has also been reported for other targeted therapies for

RCC [25,26], which may be due to age-related physio-

logical changes including differences in physiological

reserves and pharmacokinetics [27]. In a population

pharmacokinetics analysis, age was not considered to be

a clinically significant covariate for cabozantinib clear-
ance, although the possible effect of extreme age was not

specifically explored [28]. Importantly, no new or un-

expected toxicity occurred during treatment with cabo-

zantinib. The recommended starting dose of
cabozantinib for adults is 60 mg daily, irrespective of

age [29]. With proactive dose modification, patient

education and supportive care [30], AEs may be miti-

gated while retaining efficacy in elderly patients.

The study was not designed to determine outcomes

for each age subgroup, and the small size of the sub-

groups increases the possibility of chance results. Many
other studies have used two age subgroups with a cut-off

of 65 years [18e22], corresponding to the median age of

patients with advanced RCC. In this analysis, three age

subgroups were used to better determine outcomes
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within different age categories and because some studies

have suggested that 75 years may be a more appropriate

cut-off than 65 years to define older populations [13,14].

Eligibility criteria for this study, similar to the majority

of clinical trials, restricted enrolment to those without

significant comorbidities, and the study population in

this trial may be healthier on average than those

encountered in the clinic. Nonetheless, the results sug-
gest that cabozantinib improves efficacy outcomes

compared with everolimus in each age category. The

analyses presented here are exploratory, and a larger

prospective trial would be needed to better define out-

comes with cabozantinib based on age.

5. Conclusions

Treatment with cabozantinib improved PFS, OS and

ORR in patients with advanced RCC compared with

everolimus in all age subgroups in this retrospective

analysis, supporting the use of cabozantinib in all age

categories. However, older patients more frequently

discontinued or required dose reductions due to AEs.
Older patients may benefit from proactive dose modifi-

cation and supportive care to mitigate AEs while

retaining efficacy. Additional studies are needed to

better define outcomes with cabozantinib based on age.
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