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BACKGROUND: Cabozantinib Versus Sunitinib as Initial Targeted Therapy for Patients With Metastatic Renal Cell Carcinoma of Poor or 

Intermediate Risk: The Alliance A031203 CABOSUN Trial (CABOSUN) was a randomized, open-label, phase 2 trial evaluating first-line 

cabozantinib versus sunitinib in patients with advanced renal cell carcinoma (aRCC). This post hoc analysis evaluated quality-adjusted 

survival using Quality-adjusted Time Without Symptoms of disease or Toxicity of treatment (Q-TWiST). METHODS: Survival plots for 

cabozantinib and sunitinib (650-day follow-up) were partitioned into 3 health states: time spent before disease progression without 

toxicity (TWiST; toxicity based on National Cancer Institute Common Terminology Criteria for Adverse Events [version 4.0] grade 3/4 

adverse events), time spent before disease progression with toxicity (TOX; durations of adverse events based on published literature), 

and time after disease recurrence (relapse) or progression to death (REL). Q-TWiST was the sum of the mean time spent in each state, 

with each state weighted to reflect patient preferences (from 0 [worst] to 1 [best]) using utility scores. TWiST was always weighted as 1. 

Overall survival and time to disease progression were based on all randomized patients (157 patients); TOX was based on all randomized 

and treated patients (150 patients). RESULTS: Across all utility combinations tested, Q-TWiST was found to be longer with cabozantinib 

versus sunitinib (range of differences, +24 days to +137 days). Q-TWiST differences that were found to be statistically significant (+92 

days [95% confidence interval, 5-178 days] to +137 days [95% confidence interval, 60-214 days]) were of a clinically meaningful effect 

size (≥80 days), and were based on utility values that included those considered relevant for patients with aRCC (REL utility weight of 

0.355, TOX utility weight of 0-1, and TWiST utility weight of 1). CONCLUSIONS: In patients with aRCC, first-line cabozantinib was found 

to provide longer quality-adjusted survival compared with sunitinib. These findings may help to inform clinical decision making. Cancer 

2020;126:5311-5318. © 2020 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an 

open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and 

reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. 

LAY SUMMARY: 

• Cabozantinib and sunitinib are drugs that are used to treat patients with advanced kidney cancer. Clinical trials have shown that cabo-

zantinib offers benefits over sunitinib, giving patients more time before their cancer progresses.

• It is important that this additional time before disease progression does not come at the expense of patients’ quality of life, which can 

be affected by treatment side effects and/or ongoing cancer symptoms. Both quantity and quality of life are central to optimal treatment. 

• In the current analysis of patients with advanced kidney cancer who were initiating treatment for the first time, cabozantinib provided 

more quality time before cancer progression compared with sunitinib. 
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INTRODUCTION
Advanced renal cell carcinoma (aRCC) imposes a substantial burden on patients in terms of mortality, morbidity, and im-
paired health-related quality of life (HRQOL). HRQOL is adversely affected in patients with aRCC by disease-related symp-
toms such as fatigue, weakness, pain, constipation, diarrhea, or shortness of breath, and treatment-related adverse events 
(AEs) frequently contribute to impaired HRQOL.1-3 In the management of patients with aRCC, HRQOL therefore is an 
important factor to consider in addition to survival outcomes and should be included in the clinical decision-making process.
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Tyrosine kinase inhibitors (TKIs) are targeted 
agents that are widely used for the treatment of aRCC.4,5 
Cabozantinib is a TKI directed against receptors for vascular 
endothelial growth factor (VEGF), MET, and AXL, and ini-
tially was approved in the United States in April 2016 for the 
treatment of patients with aRCC who have received prior 
antiangiogenic therapy.6 On the strength of the results of the 
Cabozantinib Versus Sunitinib as Initial Targeted Therapy 
for Patients With Metastatic Renal Cell Carcinoma of Poor 
or Intermediate Risk: The Alliance A031203 CABOSUN 
Trial (CABOSUN),7,8 the US licence for cabozantinib was 
extended in December 2017 to include the first-line treat-
ment of patients with aRCC. In Europe, cabozantinib is ap-
proved for the treatment of adults with aRCC after receipt of 
prior VEGF-targeted therapy or for the first-line treatment 
of adults with intermediate-risk or poor-risk disease.10

The efficacy and safety of cabozantinib as first-line 
therapy for aRCC were established in the randomized, 
phase 2 CABOSUN trial of treatment-naive patients with 
aRCC of intermediate or poor risk.7,8 The CABOSUN 
trial demonstrated significantly improved progression-free 
survival (PFS; by independent review committee) with 
cabozantinib compared with sunitinib (8.6 months vs 
5.3 months; hazard ratio, 0.48 [P = .0008]).8 After a me-
dian follow-up of 34.5 months, the median overall sur-
vival (OS) was 26.6 months with cabozantinib and 21.2 
months with sunitinib (hazard ratio, 0.80; 95% confi-
dence interval [95% CI], 0.53-1.21).8 Grade 3/4 AEs 
occurred in approximately 68% of patients who were 
treated with cabozantinib compared with 65% of those 
treated with sunitinib. The most common grade 3/4 
AEs with cabozantinib and sunitinib, respectively, were  
hypertension (28% vs 21%), diarrhea (10% vs 11%),  
fatigue (6% vs 17%), and a decreased platelet count (1% 
vs 11%).8 Another trial, A Study of Cabozantinib (XL184) 
vs Everolimus in Subjects With Metastatic Renal Cell 
Carcinoma (METEOR), which evaluated the efficacy and 
tolerability of cabozantinib compared with everolimus after 
disease progression while receiving VEGF-targeted therapy, 
demonstrated similar safety results with cabozantinib, with 
68% of patients having grade 3/4 AEs, most commonly hy-
pertension (15%), diarrhea (11%), and fatigue (9%).11,12

The significant symptom burden of patients with 
aRCC who are receiving TKI therapy underscores the im-
portance of clinical trial reporting to inform patients and 
physicians about both the quantity of life and QOL as-
sociated with treatment. Quality-adjusted Time Without 
Symptoms of disease or Toxicity of treatment (Q-TWiST) 
is a measure that integrates both the length and quality of 
survival into a single index by considering OS time, time 

to disease progression without toxicity, and time to disease 
progression with toxicity, together with patient preferences 
for each of these 3 states.13-15 All of these aspects are directly 
relevant to patients with aRCC; indeed, the Q-TWiST 
composite endpoint uniquely allows individual patients to 
factor in their preferences for the different health states to 
determine the magnitude of benefit of specific treatments 
in a clinical trial. Q-TWiST is related to quality-adjusted 
life-years, but is based on discrete health states specific for 
oncology and is commonly used to evaluate the benefits 
and risks of treatment in oncology, including aRCC.15-18

Because the CABOSUN trial did not include a pro-
spective HRQOL analysis,7 the primary goal of this post 
hoc analysis was to evaluate Q-TWiST as a means of as-
sessing the respective impact of cabozantinib and suni-
tinib on HRQOL in treatment-naive patients with aRCC 
of intermediate or poor risk.

MATERIALS AND METHODS

CABOSUN Study Design
Detailed methods of the CABOSUN study (Alliance for 
Clinical Trials in Oncology A031203; ClinicalTrials.gov 
identifier NCT01835158) have been published previ-
ously.7,8 Briefly, CABOSUN was a randomized, open-la-
bel, phase 2 trial in adults with aRCC of intermediate or 
poor risk who had received no previous systemic treatment. 
At baseline, the Eastern Cooperative Oncology Group per-
formance status score was required to be 0 to 2. Patients 
were randomized 1:1 to cabozantinib at a dose of 60 mg/
day (daily) or to sunitinib at a dose of 50 mg/day (4 weeks 
on/2 weeks off ). Study treatment was continued until 
disease progression, intolerance to therapy, withdrawal of 
consent, or death (if earlier). The primary endpoint was 
PFS, with disease progression defined as first radiographic 
progression noted by computed tomography or mag-
netic resonance imaging scans using Response Evaluation 
Criteria in Solid Tumors (RECIST) (version 1.1) based on 
retrospective analysis by an independent review commit-
tee (using censoring rules as per the US Food and Drug 
Administration guidance on oncology endpoints [see 
Supporting Materials]).8 Routine safety evaluations were 
performed, and AE severity grades were assessed by the in-
vestigator using the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 4.0).7,8

Q-TWiST Analysis
The Q-TWiST analysis integrates time before disease 
progression with and without toxicity, time after disease 
progression, OS time, and patient preferences for each 
health state to generate a single index for quality-adjusted 
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life-years. To generate Q-TWiST, the duration of survival 
is partitioned into 3 mutually exclusive health states (see 
Supporting Fig. 1): 1) time without disease progression 
and without any toxicity (Time without Symptoms of 
disease or Toxicity [TWiST]); 2) time before disease pro-
gression but with grade 3/4 toxicity (Toxicity [TOX]); 
and 3) time after disease progression until death (recur-
rence [Relapse; REL]). The mean time spent in each of 
these health states is calculated for each treatment arm. To 
calculate Q-TWiST (ie, the quality-adjusted time spent 
in each health state), the TWiST, TOX, and REL health 
states are weighted by a utility score reflective of the value 
of the health state (see below), and the mean times spent 
in each of the weighted health states are added.

Definition of Toxicity
Toxicity was defined as the presence of grade 3/4 AEs with 
treatment with cabozantinib and sunitinib, as reported in 
the CABOSUN trial.7,8 In the case of multiple grade 3/4 
AEs occurring on the same day, only the AE with the long-
est duration was counted; in the case of death (from any 
cause) occurring before disease progression, the day of death 
was counted as 1 day spent in TOX. Because the duration 
of AEs was not reported in the CABOSUN trial, data from 
other studies were used to estimate the median durations 
of AEs. For the cabozantinib group, the median durations 
of the grade 3/4 AEs of diarrhea (7 days), fatigue (14 days), 
and hypertension (15 days) were based on data from the 
METEOR trial12; for all other grade 3/4 AEs, a mean value 
of 11 days was used based on the weighted durations of 
diarrhea, fatigue, and hypertension and considering the 
number of events in the METEOR trial. For the sunitinib 
group, a systematic literature review was performed to iden-
tify relevant data in patients with aRCC. Only 1 report was 
identified from a phase 3 trial comparing sunitinib with 
interferon-α,19which reported median durations for the 
most common grade 3/4 treatment-related AEs with suni-
tinib (17 days for fatigue, 22 days for hypertension, and 12 
days for diarrhea); for all other grade 3/4 AEs, a mean value 
of 16 days was used based on the weighted durations of diar-
rhea, fatigue, and hypertension and considering the number 
of events reported in the study by Patil et al.19 A sensitivity 
analysis was performed using the same AE durations for su-
nitinib as those described above for cabozantinib to account 
for potential between-group differences in AE duration that 
may have occurred for reasons unrelated to the study drugs.

Utility Scores
Utility scores, representing the patient preference associ-
ated with TWiST, TOX, and REL, were used to weight the 

3 health states, and ranged from 0 (equivalent to death) to 
1 (perfect health). The TWiST period (ie, the time before 
disease progression and without any toxicity) is the optimal 
health state and always was weighted as 1. For TOX and 
REL, different utility weightings (in increments of 0.25) 
were assessed, reflecting the different possible patient pref-
erences associated with these health states. We also tested 
utility weightings that were identified in a study assessing 
UK societal preferences for health states in patients with 
aRCC who were receiving first-line therapies.19

Statistical Analyses
Time-to-event analyses, defined as the time from rand-
omization to the event of interest, were performed for 
each treatment arm using Kaplan-Meier analysis. Event 
and censoring times for OS and PFS followed definitions 
described previously.8 Analyses of efficacy endpoints (OS 
and PFS) were based on all randomized patients in the 
CABOSUN trial (intent-to-treat population). Safety out-
comes (presence of AEs) were based on all randomized 
patients who received at least 1 dose of the study treat-
ment in the CABOSUN trial (safety population). The 
data cutoff date for PFS and safety outcomes (presence 
of AEs) was September 2016, and the data cutoff date for 
OS was July 2017. The follow-up period in the Q-TWiST 
analyses involved the first 650 days in the CABOSUN 
trial (21.4 months, corresponding to the median OS in 
the CABOSUN trial7). The mean time spent in TWiST, 
TOX, and REL was calculated by the area under the 
curve of the partitioned survival plots. Q-TWiST was 
calculated by multiplying the mean time spent in each 
health state by the corresponding utility value (u), and 
summing the weighted time spent in each health state 
(Q-TWiST  =  [uTOX × TOX] + [uTWiST × TWiST] + 
[uREL × REL]); a longer Q-TWiST time represents an 
improvement in HRQOL. The difference in the mean 
Q-TWiST between treatments was calculated and pre-
sented with 95% CIs.

RESULTS
In the CABOSUN trial, a total of 157 patients were ran-
domized (79 to cabozantinib and 78 to sunitinib) and 
150 patients were treated (78 with cabozantinib and 72 
with sunitinib).7,8 The treatment groups were balanced 
with respect to baseline demographic and disease charac-
teristics. The mean age of the patients was 63 years and 
approximately 78% of patients were male; the majority 
of patients had an Eastern Cooperative Oncology Group 
performance status score of 0 (45.9%) or 1 (41.4%); 
approximately 81% of patients had intermediate-risk 
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disease and 19% had poor-risk disease, and 36% had 
bone metastases.7,8

The survival plots for cabozantinib and sunitinib 
(with up to 650 days of follow-up), partitioned into the 
3 health states of TWiST, TOX, and REL (prior to util-
ity weighting), are shown in Figure 1.11,19 The mean du-
rations spent in each of the 3 health states, represented 
by the areas under the curves, are shown in Table 1.11,19 
Using patient preference (utility) weightings of 1 for the 
TWiST health state and 0 for the TOX and REL health 
states, patients receiving cabozantinib spent significantly 
more time in TWiST (ie, before disease progression and 
without toxicities) than those being treated with suni-
tinib (317 days vs 180 days; difference: 137 days [95% 
CI, 60-214 days]). The mean time spent in TOX was 
not significantly different between patients treated with 
cabozantinib versus sunitinib (31 days vs 39 days; differ-
ence: −8 days [95% CI, −25 to 9 days]). The mean time 
spent in REL was shorter with cabozantinib than with 
sunitinib (154 days vs 259 days; difference: −105 days 
[95% CI, −206 to −5 days]) (Table 2).11,19,20

The difference in Q-TWiST (the difference in the 
sum of the time spent in the TWiST, TOX, and REL 
health states for cabozantinib minus the sum of the time 
spent in these health states for sunitinib) is shown in 
Table 211,19,20 for a range of utility weighting (ie, patient 
preference) scenarios for each health state (TWiST, TOX, 
and REL). The difference in Q-TWiST represents an 
overall composite difference for cabozantinib compared 
with sunitinib from the CABOSUN trial that included 
OS, disease control, and toxicity and was specific to a 
patient’s preference for each health state. Different com-
binations of utility weightings were used for TOX and 
REL, representing different possible patient preferences 
for these states, with TWiST always set at 1. Across all 
TOX and REL utility weighting combinations, cabozan-
tinib was associated with a longer mean time spent in 
Q-TWiST compared with sunitinib; the difference in 
Q-TWiST with cabozantinib versus sunitinib ranged 
from +137 days (assuming TOX and REL were both 
utility weighted as 0) to +24 days (assuming TOX and 
REL were both utility weighted as 1). The prolongation 
in Q-TWiST with cabozantinib versus sunitinib was sta-
tistically significant (95% CI did not include zero) when 
assuming a utility weighting of 0 or 0.25 for REL, and 
any utility weighting for TOX (difference ranging from 
+103 days to +137 days). Q-TWiST also was found 
to be statistically significantly longer with cabozantinib 
compared with sunitinib when using utility weightings 
for REL and TOX that were established to be relevant for 

patients with aRCC who were receiving first-line therapy 
(0.355 for progressive disease; utility weighting range, 
0.47 [hand-foot syndrome]-0.75 [grade 1/2 fatigue] for 
treatment-related toxicities20). Thus, assuming a utility 
weighting of 0.355 for REL and a utility weighting of 1 
for TWiST, the benefit in Q-TWiST with cabozantinib 
versus sunitinib in the CABOSUN trial was statistically 
significant across all possible utility weightings for TOX, 

FIGURE 1. Partitioned Kaplan-Meier survival curves 
representing the time spent in TWiST, TOX, and REL with (A) 
cabozantinib and (B) sunitinib. The areas between the curves 
correspond to the mean time spent in each health state (prior 
to utility weighting). Durations of adverse events are based on 
the A Study of Cabozantinib (XL184) vs Everolimus in Subjects 
With Metastatic Renal Cell Carcinoma (METEOR) trial11 for 
patients treated with cabozantinib or the study by Patil et 
al19 for the sunitinib group. REL indicates time after disease 
recurrence (relapse) or progression to death; TOX, time with 
toxicity before disease progression; TWiST, time without 
symptoms of disease and without toxicity.

B

A
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ranging from +92 days (TOX utility weighting of 1) to 
+99 days (TOX utility weighting of 0) (Table 2).11,18,20,21

Given that the duration of AEs was not recorded in 
the CABOSUN trial, we performed a sensitivity analy-
sis in which the AE duration was considered equal for 

cabozantinib and sunitinib (see Supporting Table 1). 
Similar results were observed in this sensitivity analysis 
as in the base case. Patients receiving cabozantinib spent 
more time in TWiST compared with those receiving 
sunitinib (difference: 125 days; 95% CI, 49-202 days) 

TABLE 2. Difference in Q-TWiST Between Cabozantinib and Sunitinib Using Different Combinations of 
Utilities for TOX and REL and a Utility of 1 for TWiST

TOX Weighting REL Weighting TWIST Weighting

Q-TWiST Difference: Cabozantinib Versus 
Sunitinib

Mean (SE), Days 95% CI

0.00 0.00 1.00 137 (39)a 60 to 214
0.25 0.00 1.00 135 (39)a 57 to 212
0.50 0.00 1.00 133 (40)a 55 to 211
0.75 0.00 1.00 131 (40)a 53 to 209
1.00 0.00 1.00 129 (40)a 50 to 208
0.00 0.25 1.00 110 (41)a 29 to 192
0.25 0.25 1.00 109 (41)a 27 to 190
0.50 0.25 1.00 107 (42)a 25 to 188
0.75 0.25 1.00 105 (42)a 22 to 187
1.00 0.25 1.00 103 (42)a 20 to 185
0.00b 0.355b 1.00 99 (43)a 14 to 184
1.00b 0.355b 1.00 92 (44)a 5 to 178
0.00 0.50 1.00 84 (47) −8 to 176
0.25 0.50 1.00 82 (47) −10 to 174
0.50 0.50 1.00 80 (47) −12 to 173
0.75 0.50 1.00 78 (47) −15 to 171
1.00 0.50 1.00 76 (48) −17 to 170
0.00 0.75 1.00 58 (55) −50 to 166
0.25 0.75 1.00 56 (55) −52 to 164
0.50 0.75 1.00 54 (55) −54 to 162
0.75 0.75 1.00 52 (55) −57 to 160
1.00 0.75 1.00 50 (56) −59 to 159
0.00 1.00 1.00 32 (65) −95 to 158
0.25 1.00 1.00 30 (65) −97 to 156
0.50 1.00 1.00 28 (65) −99 to 154
0.75 1.00 1.00 26 (65) −102 to 153
1.00 1.00 1.00 24 (65) −104 to 151

Abbreviations: 95% CI, 95% confidence interval; Q-TWiST, quality-adjusted time without symptoms of disease or toxicity of treatment; REL, time after disease 
recurrence (relapse) or progression to death; TOX, time with toxicity before disease progression; TWiST, time without symptoms of disease and without toxicity.
Durations of adverse events were based on the A Study of Cabozantinib (XL184) vs Everolimus in Subjects With Metastatic Renal Cell Carcinoma (METEOR) trial11 
for cabozantinib or the study by Patil et al19 for the sunitinib group.
aThe difference in Q-TWiST (cabozantinib minus sunitinib) was statistically significant (95% CI did not include zero).
bUtility values were reported to be relevant to patients with advanced renal cell carcinoma who were receiving first-line therapy.20

TABLE 1. Mean Times Spent in TWiST, TOX, and REL With Cabozantinib and Sunitinib

Treatment No. Mean (SE), Days

Difference Between Cabozantinib Versus 
Sunitinib

Mean (SE), Days 95% CI

TWiST Cabozantinib 79 317 (29) 137 (39) 60 to 214
Sunitinib 78 180 (26)

TOX Cabozantinib 79 31 (4) −8 (9) −25 to 9
Sunitinib 78 39 (8)

REL Cabozantinib 79 154 (36) −105 (51) −206 to −5
Sunitinib 78 259 (36)

Abbreviations: 95% CI, 95% confidence interval; REL, time after disease recurrence (relapse) or progression to death; SE, standard error; TOX, time with toxicity 
before disease progression; TWiST, time without symptoms of disease and without toxicity.
Mean times spent in TWiST, TOX, and REL states (prior to utility weighting) were estimated using partitioned Kaplan-Meier survival curves. Durations of adverse 
events were based on the A Study of Cabozantinib (XL184) vs Everolimus in Subjects With Metastatic Renal Cell Carcinoma (METEOR) trial11 for cabozantinib or 
the study by Patil et al19 for the sunitinib group.
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and less time in REL (difference: −105 days; 95% CI, 
−206 to −5 days), whereas time spent in TOX was sim-
ilar with both treatments (difference: 4 days; 95% CI, 
−9 to 17 days). Furthermore, as in the base case analy-
sis, the mean time spent in Q-TWiST was found to be 
longer with cabozantinib compared with sunitinib across 
all TOX and REL utility weighting combinations, with 
statistically significant differences noted when REL was 
weighted at 0 or 0.25 and TOX had any weighting (see 
Supporting Table 2).

DISCUSSION
The results of the current Q-TWiST analysis supplement 
and complement the original safety and efficacy results 
from the CABOSUN trial, providing novel insights 
into the comparative effect of first-line cabozantinib 
and sunitinib on the QOL of patients with aRCC. The 
CABOSUN trial demonstrated significantly improved 
PFS with cabozantinib compared with sunitinib and sim-
ilar rates of grade 3/4 AEs were reported to occur (68% 
vs 65%, respectively).8 The current HRQOL analysis of 
the CABOSUN trial further demonstrated that patients 
receiving cabozantinib had longer quality-adjusted time 
without disease progression and treatment toxicity, as 
measured by Q-TWiST, compared with those receiving 
sunitinib. The longer duration of Q-TWiST with cabo-
zantinib compared with sunitinib primarily was due to a 
longer mean time spent without disease progression and 
without grade 3/4 toxicities with cabozantinib compared 
with sunitinib (TWiST, +137 days).

The results of the current analysis offer patients and 
their physicians a more comprehensive and personalized 
understanding of the impact of treatment with cabozan-
tinib compared with sunitinib among patients with aRCC 
because it integrated OS, disease control, and toxicity to-
gether with an individual patient’s preference for each of 
these health states. These findings also may offer addi-
tional insights to payers seeking to estimate the overall 
cost impact and management implications of treatment 
regimens when implemented in routine care.

In the Q-TWiST model, TWiST, the state prior to 
disease progression and without significant toxicity, was 
considered to be the preferred health state for all patients 
in a particular population receiving treatment, thus re-
sulting in a constant utility weighting of 1 (although it 
may be slightly lower than this absolute value of 1 in pa-
tients with aRCC). Health states in which the patient is 
experiencing grade 3/4 toxicity (TOX) or disease progres-
sion (REL) are expected to have utility weighting scores 
<1, but the exact value attributed to these states may vary 

according to the importance an individual patient places 
on avoiding TOX or REL. For example, a patient who 
wishes to pursue aggressive treatment to minimize the 
risk of disease progression would be represented by a high 
utility weighting score for TOX (eg, 0.75); in contrast, 
for a patient who wishes to minimize treatment-related 
toxicity even at the risk of earlier disease progression, a 
lower utility weighting for TOX (eg, 0.25) may be more 
representative.

The current analysis assessed a wide range of possi-
ble utility weighting combinations for each of the health 
states. Q-TWiST was found to be longer with cabozan-
tinib compared with sunitinib across all utility weighting 
combinations tested, ranging from +24 days (assuming a 
TOX utility weighting of 1 and a REL utility weighting 
of 1) to +137 days (assuming a TOX utility weighting of 
0 and a REL utility weighting of 0). The difference in the 
Q-TWiST benefit with cabozantinib over sunitinib was 
statistically significant when assuming any utility weight-
ing for TOX and a utility weighting of 0 or 0.25 for REL 
(Q-TWiST difference ranging from +103 days to +137 
days), and borderline statistically significant with a utility 
weighting of 0.50 for REL (Q-TWiST difference ranging 
from +76 days to +84 days). It is important to note that 
a clinically meaningful effect size in Q-TWiST previously 
has been defined as a threshold of ≥10% of a trial’s median 
OS time.21 Given that the median OS with cabozantinib 
in the CABOSUN trial was 800 days (26.6 months),8 a 
difference in Q-TWiST of ≥80 days between the 2 arms is 
considered a clinically meaningful benefit. In the current 
study, all Q-TWiST differences between cabozantinib 
and sunitinib that were found to be statistically significant 
(+103 days to +137 days; assuming a utility weighting for 
REL of up to 0.25 and any utility weighting for TOX) also 
exceeded the clinically meaningful threshold. This finding 
can be interpreted to indicate that a patient who places 
maximal importance on avoiding disease recurrence (ie, 
REL utility weighting of 0) without regard for toxicity (ie, 
TOX utility weighting of 0-1) can expect to spend a mean 
of up to 137 additional quality-adjusted days (Q-TWiST) 
with first-line cabozantinib compared with sunitinib. In 
patients with aRCC who are receiving first-line therapies, 
utility weightings have been reported to be 0.355 for pro-
gressive disease and 0.47 to 0.75 for treatment-related tox-
icities.20 Using these weightings (REL utility weighting of 
0.355, TOX utility weighting of 0-1, and TWiST utility 
weighting of 1), the Q-TWiST benefit with cabozantinib 
over sunitinib also was statistically significant and clini-
cally meaningful, with Q-TWiST differences ranging 
from +92 days to +99 days.
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The impact on Q-TWiST of first-line TKI treatment 
of aRCC also has been assessed in a study comparing pa-
zopanib with sunitinib. Differences in Q-TWiST between 
pazopanib and sunitinib ranged from −11 days (TOX util-
ity weighting of 1 and REL utility weighting of 0) to +43 
days (TOX utility weighting of 0 and REL utility weight-
ing of 1) in favor of pazopanib.18 However, the differences 
in Q-TWiST between pazopanib and sunitinib always 
were smaller than the clinically important difference in 
Q-TWiST for this study (ie, <10% of 28 months of OS).18

To our knowledge to date, there has been limited 
evaluation of recent immunotherapy options for the first-
line treatment of patients with aRCC with respect to 
Q-TWiST. However, the Nivolumab Combined With 
Ipilimumab Versus Sunitinib in Previously Untreated 
Advanced or Metastatic Renal Cell Carcinoma (CheckMate 
214) trial found a clinically important and significant 
mean Q-TWiST improvement of 3.5 months (95% CI, 
2.0-4.9 months) with nivolumab plus ipilimumab com-
pared with sunitinib at 36 months in previously untreated 
patients with aRCC with intermediate-risk or poor-risk 
disease.22 In light of the growing recognition of Q-TWiST 
as a means of HRQOL assessment in oncology popula-
tions, integration of Q-TWiST into the design of future 
randomized clinical trials (either as a composite endpoint 
or as disaggregated components) should be considered to 
enable the standardized assessment of the HRQOL impact 
of emerging aRCC options. In this way, clinical trial case 
report forms also could be developed to incorporate rele-
vant data fields, including (for example) the start and end 
dates of toxicity-related treatment interruptions for use as 
a proxy for AE duration for the TOX definition.

A few limitations should be considered when inter-
preting the results of the analyses in the current study. 
The AE durations for the TOX health state were esti-
mates based on the published literature for cabozantinib 
and sunitinib; AE durations were not assessed in the 
CABOSUN trial. Because the literature-based estimates 
suggested a longer duration of AEs with sunitinib com-
pared with cabozantinib, a sensitivity analysis was per-
formed assuming equivalence of AE duration for both 
treatments. The results of the sensitivity analysis were 
consistent and confirmatory with those of the primary 
analysis. Another limitation is that, consistent with ex-
isting methodology,15-18 only the more severe toxicities 
were considered for TOX because these are likely to have 
the greatest effect on patients’ lives. However, lower grade 
(1-2) toxicities could have had an impact on HRQOL. 
Finally, some clinically meaningful findings did not reach 
statistical significance, potentially due to the small sample 

size of the trial. For example, although any Q-TWiST dif-
ference of ≥65 days would be considered clinically mean-
ingful, some of these differences were only of borderline 
statistical significance under certain utility weighting 
combinations (eg, with a REL utility weighting of 0.50 
and a TOX utility weighting ranging from 0-1).

Conclusions
In this post hoc analysis of the CABOSUN trial, patients 
with aRCC who were receiving first-line treatment with 
cabozantinib were found to have longer Q-TWiST than 
those receiving sunitinib. Differences in Q-TWiST be-
tween cabozantinib and sunitinib that were statistically 
significant were of a clinically important magnitude when 
using utility weightings that were relevant for patients 
with aRCC. The longer duration of Q-TWiST with 
cabozantinib compared with sunitinib is related primarily 
to a longer time spent without disease progression and 
without grade 3/4 toxicities (TWiST). Taken together, 
the findings of the current study, which integrated treat-
ment efficacy, toxicity, and patient preference, have indi-
cated that the overall benefit of quality-adjusted survival 
is longer with cabozantinib than with sunitinib and may 
help to inform clinical decision making in the manage-
ment of patients with aRCC.
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