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Abstract
Objective  In the phase 3 CELESTIAL trial, cabozantinib 
improved overall survival (OS) and progression-free 
survival (PFS) compared with placebo in patients with 
previously treated advanced hepatocellular carcinoma 
(HCC). This subgroup analysis evaluated cabozantinib 
in patients who had received sorafenib as the only prior 
systemic therapy.
Methods  CELESTIAL randomised (2:1) patients with 
advanced HCC and Child–Pugh class A liver function to 
treatment with cabozantinib (60 mg daily) or placebo. 
Eligibility required prior treatment with sorafenib, and 
patients could have received ≤2 prior systemic regimens. 
The primary endpoint was OS. Outcomes in patients who 
had received sorafenib as the only prior therapy were 
analysed by duration of prior sorafenib (<3 months, 3 to 
<6 months and ≥6 months).
Results  Of patients who had received only prior sorafenib, 
331 were randomised to cabozantinib and 164 to placebo; 
136 patients had received sorafenib for <3 months, 141 
for 3 to <6 months and 217 for ≥6 months. Cabozantinib 
improved OS relative to placebo in the overall second-
line population who had received only prior sorafenib 
(median 11.3 vs 7.2 months; HR=0.70, 95% CI 0.55 to 
0.88). This improvement was maintained in analyses by 
prior sorafenib duration with longer duration generally 
corresponding to longer median OS—median OS 8.9 
vs 6.9 months (HR=0.72, 95% CI 0.47 to 1.10) for prior 
sorafenib <3 months, 11.5 vs 6.5 months (HR=0.65, 
95% CI 0.43 to 1.00) for 3 to <6 months and 12.3 vs 9.2 
months (HR=0.82, 95% CI 0.58 to 1.16) for ≥6 months. 
Cabozantinib also improved PFS in all duration subgroups. 
Safety data were consistent with the overall study 
population.
Conclusion  Cabozantinib improved efficacy outcomes 
versus placebo in the second-line population who had 
received only prior sorafenib irrespective of duration of 
prior sorafenib treatment, further supporting the utility 
of cabozantinib in the evolving treatment landscape of 
HCC.
Clinical trial number  NCT01908426.

Key questions

What is already known about this subject?
►► Cabozantinib is a tyrosine kinase inhibitor with mul-
tiple targets, including VEGF receptors, MET and AXL.

►► Cabozantinib was recently approved for patients 
with advanced hepatocellular carcinoma (HCC) pre-
viously treated with sorafenib based on results of the 
phase 3 CELESTIAL trial.

►► Patients enrolled in CELESTIAL had received pri-
or sorafenib treatment and could have received 
up to two previous lines of systemic therapy and 
were randomised to treatment with cabozantinib or 
placebo.

►► Cabozantinib significantly improved overall survival 
(OS), progression-free survival (PFS) and the objec-
tive response rate compared with placebo, with a 
manageable safety profile.

What does this study add?
►► The current subgroup analysis assesses outcomes 
in patients who received sorafenib as their only prior 
systemic therapy for HCC.

►► In patients who received sorafenib as their only 
prior therapy, cabozantinib improved OS and PFS 
compared with placebo, and improvement was 
more pronounced than in the broader overall study 
population.

►► Cabozantinib improved OS and PFS compared with 
placebo regardless of duration of prior sorafenib 
treatment.

►► The improvement in efficacy outcomes includes 
the subgroup who received prior sorafenib for <3 
months, which likely included patients who were 
intolerant to sorafenib or had rapidly progressing 
disease.

How might this impact on clinical practice?
►► The results of this subgroup analysis further support 
the broad use of cabozantinib in patients who re-
ceived prior sorafenib regardless of the duration of 
treatment with sorafenib or tolerance.
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Introduction
Cabozantinib inhibits multiple tyrosine kinases 
including VEGF receptors, MET and AXL.1 2 MET and 
AXL have diverse roles in tumour biology, including 
promotion of invasion, metastasis and immunosup-
pression.3 4 They are also implicated in resistance to 
sorafenib,2 5 6 a standard of care for first-line advanced 
hepatocellular carcinoma (HCC), which targets VEGFR 
and other kinases.7 In particular, MET expression was 
shown to increase in HCC tumours after sorafenib expo-
sure, supporting its role in resistance to VEGF pathway 
inhibition.6

Cabozantinib was recently approved for patients with 
advanced HCC previously treated with sorafenib, based on 
improvements in overall survival (OS) and progression-
free survival (PFS) versus placebo in the randomised 
phase 3 CELESTIAL trial.8 Median OS was 10.2 months 
with cabozantinib and 8.0 months with placebo (HR 0.76; 
95% CI, 0.63 to 0.92), with corresponding median PFS 
of 5.2 and 1.9 months (HR 0.44; 95% CI, 0.36 to 0.52). 
Eligible patients had received prior treatment with 
sorafenib and could have received up to two previous 
lines of systemic therapy. In contrast, other recent phase 
3 studies with systemic agents restricted the study popula-
tions to patients who had received sorafenib as the only 
prior therapy.9–11 With subsequent lines of therapy, prog-
nostic heterogeneity increases, owing to more advanced 
disease and comorbidities.12 13

Given the recent approval of second-line treatments 
and the inclusion of third-line patients in CELESTIAL, 
we provide further analyses of cabozantinib efficacy and 
safety in the subset of patients who received sorafenib as 
the only prior therapy, including outcomes based on the 
duration of prior sorafenib treatment.

Methods
Trial design
The randomised, double-blind, phase 3 CELESTIAL 
trial evaluated cabozantinib in patients previously 
treated for advanced HCC. Details of the study design 
have been reported.8 Briefly, patients ≥18 years of age 
with advanced HCC were eligible provided that they had 
Child–Pugh class A liver function, had received previous 
treatment with sorafenib and no more than two prior 
systemic therapies. The current analysis focused on 
patients who had received sorafenib as the only prior 
systemic treatment.

Patients were randomly assigned 2:1 to receive cabozan-
tinib (60 mg daily) or matching placebo. Randomisation 
was stratified according to disease aetiology, geographic 
region and presence of extrahepatic spread or macrovas-
cular invasion. Patients continued study treatment as long 
as they had clinical benefit, as judged by the investigator, 
or until unacceptable toxicity. Treatment interruptions 
and dose reductions (to 40 mg and then to 20 mg) were 
permitted to manage adverse events (AEs).

Endpoints and assessments
The primary endpoint was OS, defined as time from 
randomisation to death from any cause. Secondary 
endpoints were PFS and objective response rate (ORR). 
PFS was defined as time from randomisation to the earlier 
of disease progression or death from any cause. ORR was 
defined as the proportion of patients experiencing a 
confirmed complete or partial response.

Tumour assessments included CT or MRI at screening 
and every 8 weeks after randomisation continuing until 
8 weeks after radiographic progression or discontinua-
tion of study treatment. Response was determined by the 
investigator according to Response Evaluation Criteria in 
Solid Tumors (RECIST), V.1.1.14

AE severity was graded by investigators according to the 
National Cancer Institute Common Terminology Criteria 
for AEs, V.4.0. Safety was assessed every 2 weeks for the 
first 2 months and every 4 weeks thereafter until 30 days 
after discontinuation.

Statistical analysis
The primary and secondary endpoints for the overall 
study population have been reported previously.8 In 
the current analysis, efficacy and safety were assessed 
in the subset of patients who had received sorafenib as 
the only prior systemic therapy and included subgroups 
defined by the duration of prior sorafenib (<3 months, 
3 to <6 months and ≥6 months). Efficacy was assessed in 
all randomly assigned patients, and safety was assessed 
in all patients who received ≥1 dose of study treatment. 
All subgroup analyses presented here are post hoc, and 
results are considered descriptive.

Time-to-event endpoints were assessed by the Kaplan–
Meier method with no adjustments for multiplicity. HRs 
were unstratified and estimated using a Cox proportional 
hazards model. ORR was assessed by the Cochran–Man-
tel–Haenszel method. All analyses were performed with 
SAS software, V.9.1 or higher (SAS Institute). Data cut-off 
was 1 June 2017.

Results
Baseline characteristics
Of 707 patients randomised, 495 (70%) received sorafenib 
as the only prior systemic therapy, 331/470 (70%) in the 
cabozantinib arm and 164/237 (69%) in the placebo 
arm. For this subset of patients, median duration of prior 
sorafenib treatment was 5.0 months for cabozantinib and 
4.8 months for placebo. Subgroups based on duration of 
prior sorafenib included 136 (27%) patients who received 
sorafenib for <3 months, 141 (28%) for 3 to <6 months 
and 217 (44%) for ≥6 months for the combined treatment 
arms; median duration of prior sorafenib in the cabozan-
tinib-arm subgroups was 2.1, 3.9 and 11.0 months, respec-
tively, with similar values in the placebo-arm subgroups. 
Median time from the end of sorafenib to study randomi-
sation was 1.2 to 1.6 months across subgroups.
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Baseline characteristics were generally balanced 
between arms, but some differences were noted by dura-
tion of prior sorafenib (table 1). Patients with <3 months 
of prior sorafenib were more likely to be hepatitis B 
virus-positive (49%) than patients with 3 to <6 months 
(32%) or ≥6 months of prior sorafenib (34%) and less 
likely to be hepatitis C virus-positive (17%, 29% and 27%, 
respectively).

Efficacy outcomes for patients receiving only prior sorafenib
Cabozantinib improved OS relative to placebo in patients 
who received sorafenib as the only prior systemic therapy 
(figure 1), with a median OS from randomisation of 11.3 
vs 7.2 months (HR 0.70, 95% CI 0.55 to 0.88). Median OS 
from the start of prior sorafenib was 24.5 (95% CI, 21.2 to 
26.9) vs 18.8 months (95% CI 16.1 to 22.3).

Cabozantinib improved PFS relative to placebo in 
patients who received only prior sorafenib (5.5 vs 1.9 
months; HR 0.40, 95% CI 0.32 to 0.50). ORR was 5% 
(95% CI 2.8 to 7.7) with cabozantinib and 0.6% (95% CI 
0 to 3.4) with placebo (online supplementary table S1). 
All were partial responses. The rate of stable disease was 
also higher with cabozantinib (62%) than with placebo 
(30%).

Efficacy outcomes based on duration of prior sorafenib
Cabozantinib prolonged OS and PFS relative to placebo 
across subgroups defined by duration of prior sorafenib 
(figure 2). Longer durations of prior sorafenib generally 
corresponded to longer median OS. Median OS was 8.9 
months with cabozantinib and 6.9 months with placebo 
(HR 0.72, 95% CI 0.47 to 1.10) for patients who received 
sorafenib for <3 months, 11.5 and 6.5 months (HR 
0.65, 95% CI 0.43 to 1.00) for those who received prior 
sorafenib for 3 to <6 months, and 12.3 and 9.2 months 
(HR 0.82, 95% CI 0.58 to 1.16) for those with ≥6 months 
of prior sorafenib. Longer durations of prior sorafenib 
also corresponded to longer median OS from the start of 
prior sorafenib (online supplementary table S2).

Patients in the cabozantinib arm received subsequent 
anticancer therapy with similar frequency to those in the 
placebo arm (25% vs 29%) regardless of duration of prior 
sorafenib (online supplementary table S3). The most 
common type of subsequent therapy was chemotherapy.

Cabozantinib improved PFS compared with placebo 
irrespective of duration of prior sorafenib (figure  2B). 
Median PFS was 3.8 for cabozantinib versus 1.8 months 
for placebo (HR 0.35, 95% CI 0.23 to 0.52) for patients 
who received sorafenib for <3 months, 5.4 vs 1.9 months 
(HR 0.37, 95% CI 0.25 to 0.56) for patients who received 
sorafenib for 3 to <6 months, and 5.7 vs 1.9 months (HR 
0.48, 95% CI 0.35 to 0.67) for patients who received prior 
sorafenib for ≥6 months. In the cabozantinib arm, PFS 
was shorter for patients who received prior sorafenib 
for <3 months compared with longer durations. In the 
placebo arm, median PFS was similar across subgroups, 
with median PFS corresponding to approximately the 
time to the first tumour assessment.
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Figure 1  OS and PFS in patients who received only prior sorafenib. OS, overall survival; PFS, progression-free survival.

In the cabozantinib arm, ORR was 4% (95% CI 1.2% 
to 11.1%), 2% (95% CI 0.2% to 7.2%) and 7% (95% 
CI 3.4% to 12.5%) for those who received sorafenib for 
<3 months, 3 to <6 months and ≥6 months, respectively 
(table  2). The rate of stable disease was higher with 
cabozantinib than with placebo, regardless of duration of 
prior sorafenib.

Safety and tolerability
The median average daily dose of cabozantinib was similar 
regardless of the duration of prior sorafenib (online 
supplementary table S4). Median duration of exposure 
for all patients who received only prior sorafenib was 4.0 
months with cabozantinib versus 2.0 months with placebo. 
The duration of cabozantinib exposure increased with 
longer duration of prior sorafenib, with medians of 3.4, 
3.9 and 5.1 months in patients with <3 months, 3 to <6 
months and ≥6 months of prior sorafenib, respectively. 
For patients who received only prior sorafenib, the rate 
of dose reduction was 64% for cabozantinib and 10% for 
placebo. The rate of discontinuation due to treatment-
related AEs was 17% and 2%, respectively; rates were 
similar across the duration of prior sorafenib subgroups.

For patients who received only prior sorafenib, grade 
3/4 all-causality AEs were experienced by 68% (224/329) 
of patients receiving cabozantinib and 31% (51/164) of 
patients receiving placebo. The most common grade 3/4 
AEs in the cabozantinib arm were palmar-plantar erythro-
dysesthesia (16%), hypertension (16%) and increased 
aspartate aminotransferase (12%). Duration of prior 
sorafenib treatment did not appear to impact AE rates 
(table 3).

Discussion
In the phase 3 CELESTIAL trial, cabozantinib signifi-
cantly prolonged OS and PFS in patients with advanced 
HCC previously treated with sorafenib who had received 
up to two prior lines of systemic therapy.8 In the current 
subgroup analysis of patients who had received only 
prior sorafenib (~70%), cabozantinib improved OS and 

PFS compared with placebo, demonstrating numerically 
lower HRs than for the more heterogeneous overall study 
population.8 These improvements were observed across 
subgroups defined by the duration of prior sorafenib 
treatment. Safety in patients who received only prior 
sorafenib was consistent with that previously reported for 
the overall study population.8

After over a decade with sorafenib as the only approved 
therapy for advanced HCC, the treatment landscape has 
expanded with the recent approvals of cabozantinib, 
ramucirumab, nivolumab and pembrolizumab after 
sorafenib failure or intolerance and regorafenib after 
sorafenib failure.9–11 15–17 No comparative data are avail-
able to guide choice of therapy in the second-line setting, 
requiring clinicians to carefully examine the study popu-
lations and outcomes from these trials for individualised 
treatment decisions.

Although prior sorafenib treatment was required for 
eligibility in all of the pivotal trials, the phase 3 trials for 
regorafenib, ramucirumab and pembrolizumab limited 
prior systemic therapy to sorafenib, unlike CELES-
TIAL, which allowed up to two prior systemic regimens. 
Prognostic heterogeneity arises from inclusion of both 
second-line and third-line patients, warranting the 
subgroup analysis reported; HRs favouring cabozantinib 
over placebo were generally lower in the strict second-
line population of CELESTIAL compared with the 
overall study population.9 The duration of prior sorafenib 
differed across the pivotal studies with median duration 
ranging from 4.1 months in the REACH2 study11 to 
7.8 months in the RESORCE study.10 The longer dura-
tion of prior sorafenib in the RESORCE trial is related 
to eligibility criteria, which required patients to tolerate 
sorafenib at a dose of ≥400 mg per day for at least 20 of the 
28 days preceding discontinuation.10 In the second-line 
CELESTIAL subgroup analysed here, median duration of 
prior sorafenib was 5.0 months for the cabozantinib arm 
and 4.8 months for the placebo arm.

To address the impact of prior sorafenib tolerability 
on outcomes in this CELESTIAL second-line subgroup 
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Table 2  Best overall tumour response

Duration of prior sorafenib*

<3 months 3 to <6 months ≥6 months

Cabozantinib
(N=89)

Placebo
(N=47)

Cabozantinib
(N=98)

Placebo
(N=43)

Cabozantinib
(N=143)

Placebo
(N=74)

ORR† (95% CI), n (%) 4 (4)
(1.2 to 11.1)

0 2 (2)
(0.2 to 7.2)

0 10 (7)
(3.4 to 12.5)

1 (1)
(0.0 to 7.3)

Best overall response,
n (%)

 � Partial response 4 (4) 0 2 (2) 0 10 (7) 1 (1)

 � Stable disease 53 (60) 8 (17) 61 (62) 14 (33) 91 (64) 28 (38)

 � Progressive disease 17 (19) 34 (72) 24 (24) 22 (51) 21 (15) 35 (47)

 � Not evaluable/missing 15 (17) 5 (11) 11 (11) 7 (16) 21 (15) 10 (14)

*Patients who received prior sorafenib as the only prior systemic therapy for hepatocellular carcinoma.
†All responses were partial responses.
ORR, overall response rate.

Table 3  All-causality grade 3/4 adverse events

Overall

Duration of prior sorafenib*

<3 months 3 to <6 months ≥6 months

Cabozantinib
(N=329)

Placebo
(N=164)

Cabozantinib
(N=88)

Placebo
(N=47)

Cabozantinib
(N=97)

Placebo
(N=43)

Cabozantinib
(N=143)

Placebo
(N=74)

Any grade 3/4 adverse event, n (%)† 224 (68) 51 (31) 56 (64) 16 (34) 73 (75) 13 (30) 94 (66) 22 (30)

 � PPE 53 (16) 0 17 (19) 0 17 (18) 0 18 (13) 0

 � Hypertension 52 (16) 3 (2) 13 (15) 0 20 (21) 3 (7) 18 (13) 0

 � AST increased 39 (12) 9 (6) 15 (17) 3 (6) 10 (10) 2 (5) 14 (10) 4 (5)

 � Diarrhoea 37 (11) 4 (2) 5 (6) 1 (2) 11 (11) 1 (2) 21 (15) 2 (3)

 � Fatigue 34 (10) 6 (4) 6 (7) 3 (6) 10 (10) 0 17 (12) 3 (4)

 � Asthenia 22 (7) 3 (2) 5 (6) 0 7 (7) 0 10 (7) 3 (4)

 � Decreased appetite 22 (7) 1 (1) 6 (7) 0 8 (8) 0 8 (6) 1 (1)

 � Anaemia 11 (3) 8 (5) 1 (1) 1 (2) 6 (6) 2 (5) 4 (3) 5 (7)

*Safety was assessed in all patients who received at least one dose of study treatment.
†Events that occurred at ≥5.0% frequency in either treatment arm in the overall safety population are summarised.
AST, aspartate aminotransferase; PPE, palmar-plantar erythrodysesthesia.

analysis, outcomes were analysed according to duration 
of prior sorafenib (<3 months, 3 to <6 months and ≥6 
months). Cut points were selected based on clinical rele-
vance and sample size considerations. The <3 month 
subgroup likely included patients who were sorafenib 
intolerant or had rapidly progressing disease,18 whereas 
the ≥6 month subgroup likely included patients who toler-
ated and derived clinical benefit from VEGFR tyrosine 
kinase inhibitor therapy or had less aggressive disease. 
Cabozantinib improved OS and PFS compared with 
placebo in all three subgroups. Median OS in both treat-
ment arms was generally longer in patients with longer 
durations of prior sorafenib, consistent with the premise 
that these patients may have tumours with greater respon-
siveness to VEGF-targeted therapies or other favourable 
prognostic characteristics. Importantly, the improve-
ments observed in the <3 month subgroup suggest that 
cabozantinib has activity in patients who are intolerant or 
refractory to first-line sorafenib, a subgroup who would 

have been ineligible for RESORCE. Cabozantinib inhibits 
multiple receptor tyrosine kinases implicated in HCC 
pathogenesis and treatment resistance (MET, AXL and 
VEGF receptors),1–6 which may help to overcome both 
primary and secondary sorafenib resistance and could 
contribute to the observed efficacy across varying dura-
tions of prior sorafenib.

The analysis presented here has limitations. This was 
a post hoc subgroup analysis with relatively small sample 
sizes for the subgroups. CELESTIAL was not stratified 
by the number of lines of treatment nor the duration of 
prior sorafenib. Additionally, prior sorafenib dosage and 
reasons for sorafenib discontinuation were not collected 
during the study. Subgroups based on shorter durations 
of prior sorafenib treatment than 3 months, which may 
be more representative of sorafenib intolerance, were not 
explored owing to small sample sizes. Nonetheless, the 
current analysis supports that cabozantinib improves OS 
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and PFS across all subgroups of patients based on dura-
tion of prior sorafenib.

In summary, this subgroup analysis of CELESTIAL 
examined patients who received sorafenib as the only 
prior systemic therapy. Cabozantinib improved efficacy 
outcomes versus placebo irrespective of duration of prior 
sorafenib treatment, further supporting the broad utility 
of cabozantinib in the complex and evolving treatment 
landscape of HCC.
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