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Abstract Background: The CELESTIAL trial (NCT01908426) demonstrated overall survival benefit for cabozantinib versus placebo in patients with advanced hepatocellular carcinoma (aHCC) who had received prior sorafenib treatment. This analysis of CELESTIAL
compared the impact of cabozantinib versus placebo on health-related quality of life
(HRQoL).
Materials and methods: Health status was assessed using the EuroQol five-dimension five-level
(EQ-5D-5L) questionnaire over the 800-day follow-up period. EQ-5D-5L health states were
mapped to health utility scores using reference values for the UK population. Qualityadjusted life years (QALYs) were calculated for each treatment group as the area under the
curve for the plot of health utility score over time. The between-treatment group difference
in restricted mean QALYs was calculated by generalized linear models and adjusted for baseline differences. A difference of 0.08 in health utility score (or in QALY) was deemed a minimally important difference and to be clinically significant.
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Results: At week 5, the difference in mean health utility score between cabozantinib and placebo was 0.097 (95% confidence interval [95% CI]: 0.126, 0.067; p  0.001). Betweengroup differences in health utility scores diminished over time and were generally nonsignificant. The cabozantinib group accrued more QALYs than the placebo group over
follow-up. Differences in mean QALYs (cabozantinib minus placebo) were statistically and
clinically significant, ranging from þ0.092 (95% CI: 0.016, 0.169) to þ0.185 (95% CI: 0.126,
0.243) in favour of cabozantinib, depending on the reference value set used.
Conclusions: These HRQoL findings support a positive benefiterisk profile for cabozantinib
in previously treated patients with aHCC.
ª 2022 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
Most patients with hepatocellular carcinoma (HCC) are
diagnosed with advanced disease (aHCC) by which time
curative interventions are no longer available [1]. The
introduction of targeted therapies in recent years, however, is changing the treatment paradigm for patients
with aHCC [2,3]. The goal of these therapies is to prolong life rather than to achieve cure, thus their ability to
maintain patients’ health-related quality of life
(HRQoL) and avoid treatment-related side effects that
may be deleterious to HRQoL is highly valued [4,5].
One measure used to evaluate HRQoL is the qualityadjusted life year (QALY), which is a person’s length of
life weighted by their HRQoL. One QALY is equivalent
to 1 year in perfect health [6]. Health technology appraisals often use the EuroQol five-dimension five-level
(EQ-5D-5L) questionnaire to evaluate the impact of
treatment on QALYs. The EQ-5D-5L assesses five
functional symptom dimensions (mobility, self-care,
usual activities, pain/discomfort, anxiety/depression),
and patients respond using a 5-point Likert scale (1, no
problems, to 5, unable to perform/extreme problems),
resulting in 3125 (i.e. 55) possible final health states [7].
The EQ-5D-5L also includes a visual analogue scale
(VAS) that provides a single global rating of selfperceived health and is scored on a 0e100 scale, with
0 representing the ‘worst’, and 100 the ‘best’, health state
imaginable [7]. Utilities are single index values that
reflect how ‘good’ or ‘bad’ a given health state is, as
perceived by a particular reference population (1, best
possible health state; 0, death or health states considered
interchangeable with death; negative values states,
considered worse than death). Utility values are applied
to an EQ-5D-5L health status recorded for a population
receiving a particular treatment to provide an overall
measure of the ‘health utility’ of that treatment [8e10].
Cabozantinib inhibits multiple receptor tyrosine kinases, including vascular endothelial growth factor receptors, the GAS6 receptor (AXL), and the hepatocyte
growth factor receptor protein (MET) [11,12]. Based on
findings from the pivotal phase 3 CELESTIAL trial
(NCT01908426) [3], cabozantinib is approved in
Europe and the USA for the treatment of patients with

HCC who have been previously treated with sorafenib
[11,12].
This analysis of the CELESTIAL trial evaluated the
impact of cabozantinib compared with placebo on
HRQoL in terms of health utility and QALY assessment.
2. Methods
2.1. Study
Full details of the CELESTIAL study have been published previously [3]. Briefly, patients with HCC
(N Z 707) were randomized 2:1 to receive cabozantinib
60 mg once daily (n Z 470) or placebo plus best supportive care (n Z 237). Eligible patients had disease
progression despite prior treatment with up to two
previous systemic treatments for aHCC, one of which
had to be sorafenib. Most CELESTIAL patients
received cabozantinib as second-line therapy (71%); 29%
received it as third-line therapy.
Study therapy was administered until disease progression, or until the development of unacceptable
treatment-related toxicity. The trial was stopped at the
time of the second interim analysis because of the clear
survival benefit demonstrated by cabozantinib
compared with placebo. As a result, 31% of patients
were censored from the analysis.
2.2. HRQoL assessments
2.2.1. EuroQol five-dimension (EQ-5D) health status
assessment
Patients completed hardcopy EQ-5D-5L questionnaires
in their native language at baseline, every 4 weeks until
week 25, and then every 8 weeks until radiographic
progression or discontinuation of study treatment. Patients were asked to complete the questionnaire
regardless of whether their study treatment was given,
reduced, interrupted or discontinued.
2.2.2. Health utility assessment
Health utility scores were calculated for each patient by
applying the EuroQol crosswalk set of utility index
(UK-based) values [13] to their EQ-5D-5L health states.
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The National Institute for Health and Care Excellence
(NICE) recommends use of these values to enable data
interpretation from a UK perspective [9]. Crosswalk
values are based on the EQ-5D three-level (EQ-5D-3L)
valuation that preceded the EQ-5D-5L and are, therefore, consistent with historical analyses. In cancer populations, the minimally important difference (MID) for
the EQ-5D utility index has been established as 0.06
using US population preference values and 0.08 using
UK population preference values [14].
Two methods were used to analyse patients’ health
utility scores. The first method e ‘analyses including
mortality’ e carried over the utility score for each patient from their last recorded study status (i.e., last visit,
censorship or death) to the end of the follow-up period
(i.e., until death or censorship, up to a maximum of 41
months post randomisation). Where the last recorded
status was death, a value of zero was applied and carried
over. Where the patient’s last status was censorship,
their last recorded utility value was carried over until the
end of follow-up. The second analysis method e ‘analyses excluding mortality’ e only used direct measures of
utility (obtained while patients were alive); no follow-up
data were inferred and carried over.
2.2.3. QALY assessment
Health utility scores were plotted over (follow-up) time
and QALYs calculated as the area under the curve [15].
The plot of utility score over time was calculated using
linear interpolation of all adjacent scores for each patient, conditional on the number of days for that period.
The restricted mean QALYs for each treatment group
were calculated by summing the QALYs for each patient in the group over the entire follow-up period and
dividing the resultant total QALY by the number of
patients in the group. As for the EQ-5D utility index, a
MID of 0.08 was used for the QALY analysis.
2.3. Sensitivity analysis
A sensitivity analysis was carried out using an alternative health utility value set developed by Devlin and
colleagues for EQ-5D-5L health states using a data
sample representative of the general population of England [16].
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cabozantinib group was, on average, twice that of the
placebo group.
Health utility differences at each visit were compared
using generalized mixed models with identity link and
Gaussian error, parameterized to indicate baseline and
randomized periods, and including a random intercept
term for each patient to allow grouping of their baseline
and follow-up observations.
A generalized linear model with identity link and
Gaussian error was used to analyse the restricted mean
QALYs accrued; the summed health utility score was
used as the response variable, and the randomization
group was used as the explanatory factor. When the
model was adjusted for baseline differences, baseline
health utility score was included as an additional
patient-level explanatory variable. All analyses were
undertaken using SAS software, version 9.4 (SAS
Institute Inc., Cary, NC, USA).
3. Results
3.1. HRQoL assessments
3.1.1. EQ-5D health status assessment
Questionnaire data were available for 82e100% of patients at each assessment point. Median (interquartile
range [IQR]) duration of EQ-5D-5L follow-up was 85
(29e169) days for patients receiving cabozantinib and
56 (27e106) days for those receiving placebo (Table 1).
At baseline, mean EQ-5D-5L scores were higher
(with corresponding lower utility scores) for cabozantinib compared to placebo across all five health domains
(mobility, self-care, usual activity, pain/discomfort,
anxiety/depression, and utility) (Supplementary Table
1). As patients were randomly allocated to cabozantinib and placebo groups, such differences were the result
of chance; no statistical tests were conducted. Baseline
differences between the treatment groups were accounted for by statistical adjustments in all subsequent
analyses.
At the end of follow-up, the mean EQ-5D-5L score
was significantly higher (indicating greater disease
impact) for the cabozantinib group than for the placebo
group for four of the five health dimensions: mobility,
self-care, usual activities and pain/discomfort (Table 2).

2.4. Statistical analysis
Table 1

The mean EQ-5D-5L score in each of the five dimensions was derived using a Poisson mixed-model that
included baseline value, randomization group and days
from randomization as covariates. The analysis included
a random intercept term for patient, and the denominator degrees of freedom were derived from the number
of patients. The results were expressed as the exponent
of the estimate and were analogous to a relative risk. A
score of 2, therefore, implied that the value for the

Duration of follow-up for EQ-5D-5L measurements.
Treatment

Cabozantinib
Placebo

N

469a
237

Follow-up time, days
Median

25th
percentile

75th
percentile

Maximum

85
56

29
27

169
106

1086
786

EQ-5D-5L, EuroQol five-dimension five-level.
a
Baseline data were missing for 1 patient randomly assigned to
cabozantinib treatment.
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Table 2
EQ-5D-5L dimensions of health at the end of follow-up.
Dimension

Cabozantinib,
mean (SD)

Placebo,
mean (SD)

Difference
(cabozantinib
minus placebo)

Lower 95% CI

Upper 95% CI

p

Mobility
Self-care
Usual activities
Pain/discomfort
Anxiety/depression

1.89
1.45
1.93
2.18
1.62

1.54
1.25
1.63
1.93
1.53

1.24
1.14
1.20
1.13
1.07

1.14
1.04
1.10
1.06
0.99

1.34
1.24
1.30
1.21
1.16

<0.0001
0.0033
<0.0001
0.0005
0.1104

(0.95)
(0.79)
(0.95)
(0.94)
(0.81)

(0.81)
(0.62)
(0.87)
(0.91)
(0.72)

CI, confidence interval; EQ-5D-5L, EuroQol five-dimension five-level; SD, standard deviation.

The difference in EQ-5D-5L VAS scores for cabozantinib and placebo at each visit is summarized in
Supplementary Table 2. Initially, there was a statistically
significant decrement for the cabozantinib group
compared to the placebo group, but between-group
differences ceased to be statistically or clinically significant from week 33 onwards [14].
3.1.2. Health utility assessment
At baseline, the median (IQR) health utility score was
0.80 (0.70e0.91) for cabozantinib and 0.84 (0.74e1.00)
for placebo.
At week 5, there was a statistically significant
reduction in mean health utility scores for cabozantinib
compared with placebo (difference of 0.097) that
exceeded the MID of 0.08 [14]. This decrement in the
cabozantinib (versus placebo) group remained statistically significant, but below the MID, at each visit from
week 5 to week 21 (Fig. 1). During weeks 25e81, the
difference ceased to be statistically significant and
switched to favouring cabozantinib at weeks 33, 49 and
65. The confidence intervals around the scores were
wide, however, making the true clinical significance of
the difference difficult to discern. The number of patients reporting outcome data and the statistical

significance at each time
Supplementary Table 3.

point

are

shown

in

3.1.3. QALY assessment
The initial decline in health utility score in the cabozantinib group was reflected in the lower QALY accrual
of this group (versus placebo group) up to day 75 on
treatment (Fig. 2; Table 3). By day 150, however, patients receiving cabozantinib had begun to accrue more
QALYs than patients in the placebo group and
continued to do so until treatment discontinuation.
Restricted mean QALYs accrued during follow-up,
after adjustment for between-treatment group differences in baseline health utility scores, are shown in Table
4 [16,17]. The analyses including mortality demonstrated
a numerically smaller QALY difference (95% confidence
interval) favouring cabozantinib over placebo compared
with the analysis excluding mortality: 0.092
(0.016e0.169; p Z 0.018) compared with 0.164
(0.111e0.217; p < 0.0001), respectively Table 4 [16,17].
3.2. Sensitivity analysis
Restricted mean QALY accrual for the cabozantinib
group was greater (versus placebo) using the Devlin

Fig. 1. Differences between cabozantinib and placebo in utilities at each follow-up visit. Utilities were assigned using the crosswalk value
set and adjusted for baseline differences. (NB: scores <0 favour placebo). Data are presented as mean and 95% confidence interval.
Dashed lines indicate MID threshold of 0.08. CI, confidence interval; MID, minimally important difference.
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Table 4
Overall differences between cabozantinib and placebo in restricted
mean QALYs accrued over the follow-up period calculated using the
(primary) crosswalk and (sensitivity) Devlin value sets, adjusted for
baseline differences [16,18].
Mean QALY
difference
(cabozantinib
 placebo)a
Crosswalk value set
Analysis including
0.092
mortality
Analysis excluding
0.164
mortality
Devlin value set (sensitivity analysis)
Analysis including
0.115
mortality
0.185
Anaaysis excluding
mortality

Lower
95% CI

Upper
95% CI

p

0.016

0.169

0.018

0.111

0.217

<0.0001

0.032

0.198

0.007

0.126

0.243

<0.0001

CI, confidence interval; QALY, quality-adjusted life year.
a
Adjusted for between-treatment group differences in baseline
health utility scores. Not adjusted for dose reductions and interruptions during follow-up.

4. Discussion
Fig. 2. Mean (95% CI) QALYsa accrued at different assessment
points with cabozantinib or placebo (analysis excluding mortality). CI, confidence interval; QALY, quality-adjusted life year;
Max., maximum follow-up dateb a QALYs were calculated using
the area under the curve of the plot of utility over time, and analyses were adjusted for between-treatment group differences in
baseline differences in health utility score. Health utility scores
were calculated using the crosswalk value set. b The follow-up
period continued until death or censorship, up to a maximum of
41 months.

health utility value set than with the crosswalk value set.
Overall, QALY accrual in the cabozantinib group was
statistically significantly higher than in the placebo
group, with a magnitude of difference that exceeded the
MID. This finding was consistent for the analyses
including and excluding mortality (Table 4) [16,17].

This analysis compared measures of HRQoL for patients with aHCC randomized to receive cabozantinib or
placebo after prior sorafenib treatment in the phase 3
CELESTIAL trial [3]. Initial reductions in mean health
utility scores for cabozantinib compared with placebo
diminished over time and were generally non-significant;
overall QALY accrual was greater for the cabozantinib
(versus placebo) group.
In the initial weeks of treatment, patients receiving
cabozantinib had lower mean health utility scores than
those receiving placebo, a decrement that was greater
than the MID up to week 5. Thereafter, the difference
was less than the MID, and from week 33 onwards, the
difference in mean health utility score (cabozantinib
minus placebo) diminished, and favoured cabozantinib
at later time points (weeks 49 and 65). The transient
reduction in health utility score among patients

Table 3
Difference in mean total QALYs accrued at different follow-up times (crosswalk weightings; analysis not including mortality).
Day

Number of patients
Cabozantinib

50
75
100
150
250
400
600
800
Max.

389
405
410
412
414
414
414
414
414

Placebo
212
217
217
217
217
217
217
217
217

Difference (cabozantinib
minus placebo)

Lower 95% CI

Upper 95% CI

p

0.003
0.006
0.007
0.032
0.074
0.121
0.150
0.160
0.164

0.005
0.010
0.001
0.017
0.049
0.082
0.103
0.108
0.111

0.002
0.001
0.015
0.047
0.099
0.161
0.197
0.212
0.217

0.001
0.021
0.103
0.001
0.001
0.001
0.001
0.001
0.001

AUC, area under the curve; CI, confidence interval; max., maximum; QALY, quality-adjusted life year.
Mean total QALYs are based on AUCs. Analysis corrected for baseline utility differences.
Max. corresponds to the entire follow-up period observed.
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receiving cabozantinib may have been driven by a higher
rate of treatment-emergent adverse events (TEAEs,
versus placebo), particularly the grade 3 and 4 TEAEs,
during the initial period when tolerability-related dosing
adjustments are often made [18]. In CELESTIAL, 62%
of patients receiving cabozantinib had at least one dose
reduction, with a median time to first dose reduction of
38 days [12]. The most common (any grade) TEAEs
reported in CELESTIAL, which may have negatively
affected health utility score were: palmareplantar
erythrodysesthesia (22%), diarrhoea (10%), fatigue
(7%) [3]. Similar rates of TEAEs have been reported in
other trials of cabozantinib (e.g. METEOR) and for
other tyrosine kinase inhibitors, such as sorafenib or
regorafenib [19e21]. In the phase 3 RESORCE trial of
2L regorafenib versus placebo in patients with HCC
who had received prior sorafenib treatment, no significant differences in EQ-5D or Functional Assessment of
Cancer TherapyeHepatobiliary questionnaire scores
were reported. The least-squares mean time-adjusted
area under the curve analyses for both HRQoL measures, however, were statistically (but not clinically
significantly) lower for the regorafenib (versus placebo)
group [21]. When interpreting these results, it is relevant
to note that sorafenib intolerant patients were excluded
from RESORCE, but not from CELESTIAL, resulting
in a possible bias towards higher rates of tyrosine kinase
inhibitor intolerance in the CELESTIAL population.
Although cabozantinib was associated with an initial
reduction in the health utility score compared with
placebo, patients receiving cabozantinib benefited from
longer overall survival and greater QALY accrual over
time. The difference in restricted mean QALY accrual
was statistically significant and similar or greater than
the MID, supporting a positive benefiterisk profile for
cabozantinib. Further analyses by line of therapy were
not possible due to insufficient sample sizes.
The sensitivity analysis using the Devlin reference
utility value set showed a greater HRQoL benefit (in
terms of health utility score and accrued QALYs) with
cabozantinib than was shown in the primary (crosswalk)
analysis. This may be because the Devlin value
set allows full use of the EQ-5D-5L health-status data
while the crosswalk values have been adapted from an
EQ-5D-3L value set. However, NICE have raised concerns over the validity of the source data used to
generate the Devlin value set [9].
Two approaches were used to estimate accrued
QALYs for patients who died during the trial; both
showed a benefit of cabozantinib over placebo, but both
may be subject to potential bias. The method that
excluded mortality has the potential to overestimate the
treatment effect of cabozantinib on QALYs, while the
analysis that included mortality has the potential to
underestimate the full QALY accrual (versus placebo) of
treatments with proven survival benefit. The latter (more
conservative) approach is recommended by NICE and

goes some way to mitigating the potential overestimates
in the analyses excluding mortality [6].
The results of this HRQoL analysis are limited by
the early cessation of CELESTIAL for clinical benefit,
which resulted in a truncated follow-up period and the
need to ‘project’ health state values for the remainder
of the outcome period for a substantial number of
patients. Overall, 9% of patients were censored within
100 days of randomization and 25% of patients in the
cabozantinib and placebo groups had less than 5.3
months and 4.3 months of follow-up data, respectively
[3]. Towards the end of follow-up, the number of
patients with available HRQoL data was also lower in
the placebo group than in the cabozantinib group
owing to the shorter overall survival among placebo
patients; this introduced a potential source of bias and
may have compromised the precision of the HRQoL
estimates. Another limitation is that utility values were
derived using the EQ-5D, a generic measure that may
potentially lack sensitivity in patients with cancer [16].
In addition, health-status data were converted to
health utility scores using index value sets for the UK,
irrespective of their actual country of origin.
Furthermore, the primary analysis used the EuroQol
crosswalk value set, which was originally developed
for use with the EQ-5D-3L questionnaire [10,13]. The
consistency of the Devlin analysis and the crosswalk
analysis, however, contributes to confidence in the
results.
5. Conclusion
This analysis of the HRQoL data from the CELESTIAL trial found that second- or third-line treatment
with cabozantinib after sorafenib in patients with aHCC
was associated with a small initial reduction in health
utility compared with placebo, but that the initial difference quickly ceased to be clinically significant. This
finding is consistent with clinical experience where there
can be early onset of cabozantinib-related adverse events
that are subsequently managed with dose adjustments
and/or supportive care.
With prolonged follow up, cabozantinib was associated with a statistically significant and clinically meaningful increase in mean QALYs compared with placebo.
Together with the data demonstrating overall survival benefit with cabozantinib compared with placebo,
the present analysis supports a positive benefiterisk
profile for cabozantinib in previously treated patients
with aHCC.
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