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ABSTRACT
Background: Treatment options are limited for patients with advanced
hepatocellular carcinoma (HCC) that progresses after treatment with
sorafenib. Cabozantinib, an oral small molecule inhibitor of multiple
tyrosine kinase receptors, recently showed improved overall survival
(OS) compared with placebo in sorafenib-pretreated patients with
advanced HCC in the CELESTIAL trial. This study assessed the costeffectiveness of cabozantinib for second-line treatment of patients with
advanced HCC from a US healthcare system perspective. Patients and
Methods: Cost and utility data were extracted from the CELESTIAL
trial and used to determine the cost-effectiveness of cabozantinib
compared with placebo plus best supportive care. The main outcome of this study was the incremental cost-effectiveness ratio (ICER),
expressed as cost per quality-adjusted life year (QALY) gained by
using cabozantinib compared with placebo plus best supportive care
in sorafenib-pretreated HCC. Results: In the base-case analysis using
data from the CELESTIAL trial, the incremental QALY and ICER were
0.067 and $1,040,675 for cabozantinib compared with placebo and
best supportive care. OS reported in the CELESTIAL trial (hazard ratio,
0.76; 95% CI, 0.63–0.92) had the strongest association with the
ICER. In one-way sensitivity analyses, there were no scenarios in
which cabozantinib was cost-effective. In a cost-threshold analysis,
cabozantinib would have to be priced at least $50 per pill to be costeffective considering a willingness to pay of $100,000 per QALY.
Although the CELESTIAL trial demonstrated that cabozantinib improves
OS compared with placebo in patients with HCC that progresses after
treatment with sorafenib, our analysis shows that cabozantinib is not a
cost-effective therapy in this scenario. Conclusions: At current costs,
cabozantinib is not cost-effective for second-line therapy of HCC in the
United States.
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Background
Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer, the sixth most common
neoplasm, and the third leading cause of cancer death
worldwide.1,2 HCC incidence is highest in Eastern Asia and
sub-Saharan Africa, where rates among men range from
11 to 20 per 100,000 person/years.1 In the United States,
HCC incidence and mortality rates have increased, particularly among women, and 42,200 new diagnoses of
primary liver and intrahepatic bile duct cancer were
forecast in 2018, causing 6% of cancer-related deaths in
men and 3% in women.3
HCC prognosis depends on tumor stage, degree of
underlying liver dysfunction, and physical performance
status.2 Curative therapies are available only for patients in
whom HCC is detected at an early stage, whereas those
with locally advanced or metastatic disease are eligible for
palliative treatment only and have a median survival of
,1 year.2,4 Therefore, the goal of treatment of advanced HCC
is to increase survival while maintaining quality of life (QoL).5
Until 2008, no systemic treatments were available
for the treatment of advanced HCC. However, improved
understanding of its molecular drivers led to the development of randomized clinical trials (RCTs) of multikinase
tyrosine kinase inhibitors (TKIs) for patients with HCC
and conserved liver function. Two TKIs, sorafenib and
regorafenib, have shown improvements in survival compared with placebo and have subsequently been approved
by the FDA for use as ﬁrst- and second-line therapy,
respectively.6–8 In addition, another TKI, lenvatinib, was
shown to be comparable to sorafenib as ﬁrst-line therapy
in a phase III RCT.9
The phase III CELESTIAL RCT demonstrated that the
multikinase TKI cabozantinib signiﬁcantly improved overall
survival (OS) among patients with sorafenib-pretreated HCC
and conserved liver function, with an OS of 10.2 months
compared with 8 months in patients receiving placebo.10
Based on the results of CELESTIAL, a supplemental New
Drug Application was ﬁled with the FDA to expand the
See page 760 for related commentary.
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indications of cabozantinib to previously treated HCC,
and its use was approved in January 2019.11
Previous studies have shown that TKIs used for the
treatment of advanced HCC may not be cost-eﬀective,
which, added to their modest clinical eﬀectiveness and
their adverse side-eﬀect proﬁle, may limit their applicability in everyday clinical practice.12,13 This study assessed
the cost-eﬀectiveness of cabozantinib as a second-line
agent in the treatment of patients with advanced HCC
progressing after treatment with sorafenib from a US
healthcare system perspective.

Patients and Methods
We built a decision-analytic model of patients meeting
the clinical eligibility criteria from the CELESTIAL trial
(incurable HCC, Child-Pugh class A liver function, progressive disease after treatment with sorafenib, and ECOG
performance status of 0 or 1).10 The model compared
2 treatment options for advanced HCC after sorafenib
failure: cabozantinib or placebo (Figure 1).
We analyzed data from a US healthcare system perspective, considering drug acquisition, adverse events
(AEs), and agents prescribed after progression. Other
direct costs, such as for administration, monitoring, and
end-of-life (EoL), were also evaluated. The utility of each
health state and the disutility of each relevant AE were
obtained from the literature.
The primary end point of this study was the incremental cost-eﬀectiveness ratio (ICER), expressed as
cost per quality-adjusted life year (QALY) gained by taking
cabozantinib compared with placebo. Deterministic
sensitivity analyses (DSAs) were performed to test the
robustness of the results and to ﬁnd factors inﬂuencing
cost-eﬀectiveness the most.

Model Structure
In the decision-analytic model (Figure 1), patients were
classiﬁed into 3 mutually exclusive health states according to
Hepatocellular carcinoma
second-line treatment

Cabozantinib

Placebo

Postprogression
therapy

Postprogression
therapy

Death

Figure 1. Decision-analytic model considering various health states.
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the results of the CELESTIAL trial—progression-free disease,
postprogression disease, and death—and postprogression
therapy was obtained from the supplemental information
included in the trial.10 All deceased patients were assumed
to have received EoL care.

Clinical Effectiveness and Progression Rates
We obtained eﬀectiveness data (mean values) from the
area under the curve of progression-free survival and OS
outcomes reported in the CELESTIAL RCT for both
cabozantinib and placebo.10 A lifetime model was not
performed considering the poor prognosis and limited
life expectancy of patients with HCC that progresses on
second-line therapy.
Health Utilities
Because CELESTIAL did not include a report of QoL data,
we were unable to assign health utility scores for each
treatment arm.10 To estimate the QoL of cabozantinibtreated patients without AEs, we extrapolated QoL data
from previously published studies of cabozantinib in
renal cell carcinoma (RCC).14 The QoL utilities of patients
taking placebo were obtained from the placebo arm of
the RESORCE trial, which studied the use of regorafenib
in a similar clinical scenario as CELESTIAL.8 Because
neither CELESTIAL nor RESORCE compared the QoL of
patients with and without progression, we assumed that
QoL was equal between patients with stable disease and
those with disease progression. However, health utilities
in patients with and without progression were included
in the sensitivity analyses.
Adverse Events
We included the impact of the following grade 3–4 AEs
(according to the CTCAE): diarrhea, palmar-plantar
erythrodysesthesia, fatigue, nausea/vomiting, mucositis/
stomatitis, and hypertension. The frequency of each event
was obtained from the CELESTIAL trial,10 whereas the QoL
disutility of each event (according to the EuroQol 5 dimensions questionnaire [EQ-5D]) was obtained from
previously published data from patients with metastatic RCC treated with targeted therapies.15 Because
data on the duration of the AEs were not available, these
items were included in the model as a one-oﬀ time event.
For other less common AEs, we used a ﬁxed disutility of
20.055 based on QoL data for cabozantinib in RCC.14
Costs
All costs are expressed in USD, and those that did not
correspond to 2018 prices were corrected for inﬂation to
2018. Costs in the cabozantinib arm included cabozantinib medication costs and surveillance using imaging, laboratory tests, and clinical visits. The cost of
each day of therapy with cabozantinib was determined
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from the 2018 Medicare Part D maximum allowed cost
obtained using the previously published Memorial
Sloan Kettering Cancer Center DrugAbacus methodology ($566.66 per 60-mg dose).16,17 The model assumed
that patients had an average time on cabozantinib of
3.8 months, according to information from CELESTIAL.10
Patients in both arms were assumed to have the
same number of clinic visits, CT scans, and laboratory
tests.18
Costs of AEs were calculated according to published data from patients receiving treatment of various
neoplasms.19–24 In all cases, and due to the low proportion
of grade 4 toxicities in the CELESTIAL trial,10 we assumed
that patients were treated in an outpatient setting.
All patients who died in both arms were assumed to
have received equivalent EoL care.24 The costs of postprogression therapy were calculated according to the
number of patients receiving each postprogression drug
and/or intervention listed in the CELESTIAL trial.10 The
duration of each postprogression therapy was obtained
from published phase II/III trials, and the cost was
obtained from the 2018 Medicare Part B or D maximum
allowed cost depending on each drug.8,9,16,17,25–28 The cost
of local therapy with embolization was obtained from the
2018 Medicare Physician Fee Schedule.29

Deterministic Sensitivity Analyses
We performed several one-way DSAs to evaluate the
inﬂuence of uncertainty in individual input parameters on the ICER. The 95% CI or plausible ranges (if
no conﬁdence intervals were available) of uncertainty were considered for the most important variables. Discount rates of 10%, 20%, and 30% on the
price of cabozantinib were included in the DSA. The
probability of reaching cost-eﬀectiveness based on a
willingness-to-pay threshold of $100,000 per QALY
gained was considered.

Results
Data regarding model inputs, including clinical eﬀectiveness, frequency of AEs, costs, and QoL utilities, are
shown in Table 1. Overall results of the base-case analysis
are shown in Table 2. Cabozantinib provided a gain of
0.067 QALYs compared with placebo plus best supportive care. The total cost incurred with cabozantinib
treatment was $109,596 versus $39,741 with placebo
plus best supportive care. Cabozantinib was not costeﬀective, with an ICER of $1,040,675 compared with
placebo and best supportive care.

Sensitivity Analysis
Parameters and ranges used for the one-way DSA are
included in Table 1, and all DSAs are summarized in the
tornado diagram in Figure 2. The factor that had the
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strongest inﬂuence on the ICER was OS. When the upper
limit of the 95% CI of the hazard ratio (HR) for OS was used,
placebo became more cost-eﬀective than cabozantinib,
which meant that cabozantinib was dominated in this
context. The strongest inﬂuence on incremental cost
was progression-free survival (95% CI). The next most
important factors inﬂuencing cost-eﬀectiveness were
hypothetical discounts of 10%, 20%, or 30% on the price
of cabozantinib. However, there were no scenarios in
which cabozantinib was cost-eﬀective, and the ICER
was always .$200,000.

Cost-Threshold Analysis
We conducted a cost-threshold analysis to determine the
cost of cabozantinib that would make it cost-eﬀective in
the studied scenario. Considering a willingness-topay of $100,000, the maximum cost of cabozantinib
that would make it cost-eﬀective was $1,500 per cycle
($50 per pill). This was related to the modest gain in
QALY (0.067).

Discussion
Although the CELESTIAL trial demonstrated that
cabozantinib leads to an improvement in OS compared
with placebo in patients with HCC that progresses after
treatment with sorafenib, our analysis shows it is not a
cost-eﬀective therapy in this scenario. Cabozantinib
had an ICER of .$1 million in the base-case analysis,
and its ICERs were .$200,000 in all one-way sensitivity
analyses.
HCC usually occurs in the setting of chronic liver
disease and cirrhosis, with approximately 20% of cases in
the United States presenting with metastatic disease.30,31
Systemic therapy for HCC has been recommended since
the publication of the SHARP RCT, which showed that
the multitargeted TKI sorafenib signiﬁcantly increased
OS compared with placebo (10.7 vs 7.9 months; P,.001)
in patients with inoperable HCC and Child-Pugh class
A cirrhosis.6 Subsequently, the phase III RESORCE RCT
showed that the TKI regorafenib improved OS in patients
with metastatic HCC with Child-Pugh class A cirrhosis
and good performance status who experienced disease progression after treatment with sorafenib (10.6
vs 7.8 months; P,.001), leading to FDA approval of
regorafenib as second-line therapy for HCC.8 The
CELESTIAL RCT studied the use of cabozantinib in
patients with HCC with similar characteristics as those
included in RESORCE, demonstrating an improvement
in OS among those who received cabozantinib compared with placebo (10.2 vs 8 months; HR, 0.76; 95% CI,
0.63–0.92; P5.005).10
Although these drugs prolong OS among patients
with no previous therapeutic options, several criticisms
have been expressed regarding their clinical use. A study
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Table 1. Base-Case Model Parameters
Parameter

Value

Reference

Clinical effectiveness
Cabozantinib
Mean OS, mo

13.95

Mean PFS, mo

6.09

10

Placebo
Mean OS, mo

11.19

Mean PFS, mo

2.32

HR for PFS (cabozantinib vs placebo) (95% CI)

0.44 (0.36–0.52)

HR for OS (cabozantinib vs placebo) (95% CI)

0.76 (0.63–0.92)

10

Proportion of patients with grade 3–4 AEs
Cabozantinib (n5467)
All grade 3–4 AEs

0.68

Diarrhea

0.098

Palmar-plantar erythrodysesthesia

0.169

Fatigue

0.1

Nausea/Vomiting

0.026

Hypertension

0.16

Mucositis/Stomatitis

0.034

Other grade 3–4 AEs

0.58

Treatment-related death (grade 5)

0.013

10

Placebo (n5232)
All grade 3–4 AEs

0.36

Diarrhea

0.016

Palmar-plantar erythrodysesthesia

0

Fatigue

0.042

Nausea/Vomiting

0.042

Hypertension

0.016

Mucositis/Stomatitis

0.004

Other grade 3–4 AEs

0.3

Treatment-related death (grade 5)

0.004

10

Costs, USD
Cabozantinib, per day on drug

$566.66

17

CT imaging

$1,539

29

Other care

$2,871

18

Diarrhea

$3,727

19

Palmar-plantar erythrodysesthesia

$968

20

Fatigue

$244

21

Nausea/Vomiting

$2,586

Mucositis/Stomatitis

$3,616

Hypertension

$1,668

23

Inpatient EoL care (95% CI)

$7,739 (6,191–9,287)

24

Total monitoring costs (95% CI)

$3,384 (2,707–4,061)

22

(continued on next page)
Abbreviations: AE, adverse events; EoL, end-of-life; EQ-5D, EuroQol 5 dimensions questionnaire; HR, hazard ratio; OS, overall survival; PFS, progression-free survival;
QoL, quality-of-life.
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Table 1. Base-Case Model Parameters (cont.)
Parameter

Value

Reference

0.817 (0.78–0.86)

14

0.77 (0.73–0.81)

8

QoL utilities (EQ-5D), assumed equal for patients with and without progression (95% CI)
Cabozantinib without AEs
Placebo without AEs
Disutilities from grade 3–4 AEs (with stable disease, EQ-5D)
Diarrhea

0.53 (0.48–0.59)

Palmar-plantar erythrodysesthesia

0.47 (0.41–0.52)

Fatigue

0.59 (0.54–0.64)

Hypertension

0.64 (0.59–0.69)

Nausea/Vomiting

0.54 (0.48–0.59)

Mucositis

0.53 (0.47–0.57)
20.055

Other grade 3–4 AEs (from baseline)

15

14

Abbreviations: AE, adverse events; EoL, end-of-life; EQ-5D, EuroQol 5 dimensions questionnaire; HR, hazard ratio; OS, overall survival; PFS, progression-free survival;
QoL, quality-of-life.

using data from the SEER-Medicare database showed
that fewer than one-third of patients with advanced HCC
were able to receive ﬁrst-line treatment with sorafenib
and that those who did, used the drug for an average of
60 days and had a median survival of 3 months,32 which
is less than the median survival of patients treated with
sorafenib before inclusion in CELESTIAL (6.7 months).10
In addition, another study showed that among patients
experiencing disease progression after treatment with
sorafenib, only 30% were eligible for second-line therapy.33 Based on these data, the proportion of patients
with HCC who would be candidates to receive secondline therapy with either regorafenib or cabozantinib has
been estimated to be ,10% in everyday clinical practice.34 This calls into question the representativeness of
patients included in clinical trials of second-line therapies for HCC, who are ﬁtter and younger and have
better physical performance and liver function than
those seen in “real-world” settings.5,34 Another fundamental issue is the eﬀect of these therapies on QoL
and the high rates of drug-related AEs. In CELESTIAL,
68% of patients had grade 3–4 AEs and there were
6 treatment-related deaths.10 Unfortunately, the impact of cabozantinib on QoL in CELESTIAL was not
reported at the same time as the clinical eﬀectiveness results, although the protocol speciﬁed that these
data were collected and analyzed using the EQ-5D
questionnaire.10
From a societal perspective, studying the costeﬀectiveness of expensive drugs oﬀering modest
clinical beneﬁts and having high rates of AEs is of
the utmost importance. Recently published studies
have shown that although both ﬁrst-line sorafenib
and second-line regorafenib are associated with an
increase in survival, neither is cost-eﬀective from a
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Medicare perspective.12,13 In both cases, the ICER
for these drugs was .$200,000. In our study, the ICER
for cabozantinib was .$1,000,000 and it was consistently not cost-eﬀective in all one-way sensitivity
analyses.
Cost-eﬀectiveness should not be the only factor inﬂuencing the choice of whether to recommend treatment
with cabozantinib for a particular patient, and it is up to
treating clinicians to use the best available evidence
when making shared treatment decisions. However,
oncologists should keep in mind that patients included
in the CELESTIAL trial are not necessarily representative of the patient population seen in everyday clinical
practice. Furthermore, although the lack of alternative
therapies for patients with metastatic HCC may lead
clinicians to recommend therapy with TKIs, the toxicity of these drugs must also be considered when
weighing the beneﬁts and harms of treatment. Finally,
although there may be a justiﬁcation for using drugs
with novel mechanisms of action despite high costs,
this does not seem to be the case with using pan-TKIs
to treat HCC, because these drugs share common
targets, and sequencing them (as done in RESORCE
and CELESTIAL) may not represent a particularly novel
approach.
This study has both weaknesses and strengths.
Survival data were obtained from the CELESTIAL phase
III clinical trial, which, as mentioned, included a population of very physically ﬁt patients, and therefore
may not reﬂect real-world patients. Hence, the ICER
of cabozantinib may be higher than assumed in the
current model. Because QoL data for patients treated
with cabozantinib were not published in CELESTIAL, we
extrapolated these data for patients with RCC who
were receiving cabozantinib and had no AEs.14 This is
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Table 2. Summary of Base-Case Analysis Results

Parameter
Treatment duration, mo

Discount 10%

Cabozantinib

Placebo 1 BSC

Discount 30%

3.8

2

$64,599

$0

AEs

$1,137

$207

Postprogression therapies

$35,290

$30,702

EoL care

$5,185

$5,448

Monitoring

$3,384

$3,384

Total cost

$109,596

$39,741

6.09

2.32

Clinical effectiveness, mo

Mean OS

7.86

8.87

13.95

11.19

Utilities (EQ-5D)
Utility
AEs
QALY

0.92

0.72

20.17

20.04

0.75

QALY gain

Incremental LYG
Cost per incremental LYG, USD

$1,040,675
1.16

0.93
0.23
$303,716

Abbreviations: AE, adverse event; BSC, best supportive care; EoL, endof-life; EQ-5D, EuroQol 5 dimensions questionnaire; HCC, hepatocellular
carcinoma; ICER, incremental cost-effectiveness ratio; LYG, life-years gained;
OS, overall survival; PFS, progression-free survival; QALY, quality-adjusted
life-year.

appropriate because we assumed that in both scenarios
patients had stable disease, and the utility data were very
similar to those reported for patients without AEs in the
RESORCE trial of regorafenib. In addition, because data
regarding the eﬀect of progressive disease on QoL were
not available, we assumed that disutilities were equal
in patients with stable disease and progressive disease,
which may not reﬂect the full range of QoL changes
associated with disease progression. We were also unable
to obtain the characteristics and duration of AE disutilities for patients with HCC receiving treatment with
TKIs, so the data were extrapolated from studies conducted in patients with RCC.15 As many of those patients
were undergoing treatment with TKIs, we consider this
a correct approach that might be more appropriate
than one extrapolating disutilities from patients with
breast cancer, as in previous studies exploring the costeﬀectiveness of second-line treatments of HCC.13 One
of the speciﬁc strengths of this analysis is that we
considered the cost of postprogression therapies, many
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Discount 20%

PFS utility

Mon cabozan
Mon placebo
EoL
0 WTP 200

400

600

800

1,000

1,200

1,400

ICER ($1,000 USD)

Figure 2. Tornado diagram showing one-way deterministic
sensitivity analyses. Modiﬁcations in the ICER occur as model
parameters are varied over prespeciﬁed ranges. Red bars
represent the upper values of the parameters, whereas blue
bars represent the lower values. White bars represent price
discounts. “Dominated” bars mean that considering the
upper parameter values made placebo more effective than
cabozantinib.
Abbreviations: Cabozan, cabozantinib; EoL, end-of-life; ICER, incremental
cost-effectiveness ratio; Mon, monitoring; OS, overall survival (with cabozantinib); PFS, progression-free survival (with cabozantinib); PPS, postprogression survival; WTP, willingness to pay.

0.68
0.067

ICER
LYG

Dominated

PPS utility

Drug

Mean postprogression survival

OS

Patients With HCC Progressing
After Treatment With Sorafenib

Costs, USD

Mean PFS

PFS

of which are currently being used in clinical practice in
the United States. Finally, it is important to mention
that this study only accounts for the perspective of the
Medicare program and that the results may diﬀer when
other perspectives are used.

Conclusions
Regardless of its modest clinical eﬀectiveness in the
context of an RCT, cabozantinib is not cost-eﬀective for
the treatment of patients with HCC that progresses
after ﬁrst-line therapy with sorafenib. The high cost of
cabozantinib, combined with its AE proﬁle, suggests
that it may represent a low-value therapeutic alternative in this setting. We strongly believe that novel
therapeutic strategies are needed to improve the
outcomes of patients with advanced HCC and that
future studies should strive to include a patient
population that is more representative of everyday
clinical practice.
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