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ABSTRACT

Background: No trials have compared
cabozantinib and regorafenib for the second-
line treatment of advanced hepatocellular car-
cinoma (HCC).
Objectives: Conduct a matching-adjusted indi-
rect comparison (MAIC) of the efficacy and
safety of second-line cabozantinib and rego-
rafenib in patients with advanced HCC and
disease progression after prior sorafenib.

Methods: The CELESTIAL and RESORCE trials
were used for indirect comparison of second-
line cabozantinib and regorafenib in advanced
HCC. Population-level data were available for
RESORCE, individual patient data (IPD) for
CELESTIAL. To align with RESORCE, the
CELESTIAL population was limited to patients
who received first-line sorafenib only. To mini-
mize potential effect-modifying population
differences, the CELESTIAL IPD were weighted
to balance the distribution of clinically relevant
baseline characteristics with those of RESORCE.
Overall survival (OS) and progression-free sur-
vival (PFS) were evaluated for the matching-
adjusted second-line CELESTIAL population
and compared with those for RESORCE using
weighted Kaplan-Meier curves and parametric
modeling. Rates of grade 3/4 treatment-
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emergent adverse events (TEAEs) affecting [ 5%
of patients in any study arm were compared.
Results: In the matching-adjusted second-line
populations (CELESTIAL, effective sample
size = 266; RESORCE, n = 573), median (95%
confidence interval) OS was similar for
cabozantinib and regorafenib (11.4 [8.9–17.0]
versus 10.6 [9.1–12.1] months; p = 0.3474, log-
rank test). Median PFS was longer for cabozan-
tinib than regorafenib (5.6 [4.9–7.3] versus 3.1
[2.8–4.2] months; p = 0.0005, log-rank test).
There was a trend for lower rates of some grade
3/4 TEAEs with regorafenib than with
cabozantinib, which may reflect the exclusion
of sorafenib-intolerant patients from RESORCE
but not from CELESTIAL, a difference that the
MAIC methods could not remove. Only diar-
rhea rates were statistically significantly lower
for regorafenib (p B 0.001).
Conclusions: Cabozantinib may achieve simi-
lar OS and prolonged PFS compared with rego-
rafenib in patients with progressive advanced
HCC after prior sorafenib.

PLAIN LANGUAGE SUMMARY

Cabozantinib and regorafenib are treatments
approved for some patients with advanced
hepatocellular carcinoma (HCC), a type of liver
cancer, after disease progression despite prior
sorafenib treatment. Cabozantinib, regorafenib
and sorafenib are tyrosine kinase inhibitors
(TKIs), meaning that they slow cancer progres-
sion by targeting specific ways that tumors
grow. Cabozantinib and regorafenib offer ben-
efits to patients compared with placebo (i.e., no
treatment) for those who have progressed

despite sorafenib treatment. No clinical studies
have compared cabozantinib and regorafenib
directly. This study compared the efficacy and
safety of cabozantinib and regorafenib using
data from trials of each drug versus placebo:
CELESTIAL for cabozantinib and RESORCE for
regorafenib. These two trials were similar—both
involved patients with progressive advanced
HCC who had received previous cancer treat-
ment. There were some important differences,
but these were minimized using statistical
methods (matching and adjustments/‘‘weight-
ing’’) allowing outcomes to be meaningfully
compared. One difference that could not be
removed by the statistical methods was that
patients who were intolerant to prior sorafenib
were excluded from RESORCE but were eligible
for the CELESTIAL trial. In the otherwise mat-
ched populations, treatment with cabozantinib
was associated with similar overall survival and
significantly longer progression-free survival
than regorafenib. Rates of diarrhea were signif-
icantly lower for regorafenib than cabozantinib,
suggesting that regorafenib may be better tol-
erated, but this may reflect the exclusion of
sorafenib-intolerant patients from RESORCE.
These findings cannot replace a head-to-head
study, but may help in guiding decision-making
between cabozantinib and regorafenib in
patients with progressive advanced HCC after
soraftenib treatment.

Keywords: Cabozantinib; CELESTIAL; Hepato-
cellular carcinoma (HCC); Indirect treatment
comparison; Matching-adjusted indirect
comparison (MAIC); Regorafenib; RESORCE;
Second-line; Systemic therapy; Targeted therapy
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Key Summary Points

Why carry out this study?

The tyrosine kinase inhibitors
cabozantinib and regorafenib are
approved for the treatment of patients
with advanced hepatocellular carcinoma
(HCC) who have progressed despite prior
treatment with sorafenib.

No clinical trials have directly compared
cabozantinib and regorafenib for the
second-line treatment of advanced HCC.

This matching-adjusted indirect
comparison (MAIC) used data from the
phase 3 CELESTIAL (NCT01908426) and
RESORCE (NCT01774344) trials to
generate comparative efficacy and safety
estimates for cabozantinib versus
regorafenib in patients with progressive
advanced HCC after prior sorafenib
therapy.

What was learned from this study?

In patients with progressive advanced
HCC who have received prior sorafenib
treatment, cabozantinib may achieve
similar overall survival and prolong
progression-free survival compared with
regorafenib; regorafenib may be associated
with lower rates of grade 3 or 4 diarrhea.

A MAIC cannot replace a head-to-head
randomized controlled trial, but these
findings may help in guiding clinical
decision-making between cabozantinib
and regorafenib when treating patients
with progressive advanced HCC in the
absence of direct trial evidence.

INTRODUCTION

The era of targeted therapy for liver cancer
began in 2007 with the approval of sorafenib for
the first-line management of patients with

advanced hepatocellular carcinoma (HCC)
[1–4]. More than a decade later, the range of
therapeutic options for HCC has broadened to
include a number of new targeted therapies
with proven survival benefit in phase 3 trials. In
the first-line setting, the tyrosine kinase inhi-
bitor (TKI) lenvatinib has now been approved
for patients with unresectable disease [5, 6].
Approved second-line treatment options (after
prior treatment with sorafenib) now include the
TKIs regorafenib [7, 8] and cabozantinib [9, 10]
in patients with advanced HCC, the anti-
vascular endothelial growth factor receptor 2
(VEGFR2) monoclonal antibody ramucirumab
in patients with alpha-fetoprotein levels
[ 400 ng/ml [11, 12] and the checkpoint inhi-
bitors nivolumab and pembrolizumab (pro-
grammed cell death receptor-1 antibodies) as
monotherapy or, in the case of nivolumab, in
combination with ipilimumab (a cytotoxic
T-lymphocyte-associated protein 4 antibody)
[13–16].

The arrival of second-line agents for
advanced HCC extends the previous therapeu-
tic offering for patients, many of whom present
with advanced disease at the time of diagnosis
and have had few therapeutic options available
to them [17]. Accordingly, 5-year survival rates
for localized, regional and distant HCC are
typically poor (31%, 11% and 2%, respectively)
[18], highlighting the importance of new
second-line therapies and the clinical imperative
to optimize their use.

The TKIs regorafenib and cabozantinib are
both approved as second-line agents for
patients with HCC after prior treatment with
sorafenib [7–10]. They share a drug class and
oral mode of administration, but they differ in
their molecular targeting profiles. Regorafenib
targets multiple receptor tyrosine kinases,
including those involved in tumor angiogenesis
(VEGFR-1, -2, -3, TIE2), oncogenesis (KIT, RET,
RAF-1, BRAF, BRAFV600E), metastasis (VEGFR3,
PDGFR, FGFR) and tumor immunity (CSF1R)
[19]. Cabozantinib also has inhibitory activity
against tumor angiogenesis and oncogenesis,
but it additionally targets the hepatocyte
growth factor receptor protein (MET), involved
in tumor growth and invasion, and other
tyrosine kinases, including those involved in
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modulation of tumor immunity (e.g., AXL,
MER) [20, 21]. Current HCC management
guidelines recommend either agent in advanced
disease following progression after sorafenib
on the basis of evidence from the pivotal
RESORCE (NCT01774344) and CELESTIAL
(NCT01908426) phase 3 trials [1, 8, 10, 22, 23].

RESORCE compared once-daily regorafenib
160 mg to placebo for weeks 1–3 of every 4-week
cycle (in patients with HCC who were tolerant
to sorafenib, but who had progressed during
sorafenib treatment; n = 573) [8]. CELESTIAL
compared once-daily cabozantinib 60 mg to
placebo (continuous dosing) in patients with
advanced HCC who had progressed after at least
one systemic treatment for HCC and may have
received up to two previous systemic regimens
for advanced HCC (n = 707), one of which was
required to be sorafenib [10].

In the second-line (sorafenib-tolerant) pop-
ulation included in RESORCE, regorafenib
improved median overall survival (OS) and
progression-free survival (PFS) compared with
placebo (hazard ratio [HR] [95% confidence
interval, CI], 0.63 [0.50–0.79] and 0.46
[0.37–0.56], respectively; one-sided p \ 0.0001
for both) [8]. The most common clinically
relevant grade 3 or 4 treatment-emergent adverse
events (TEAEs) were hypertension, hand-foot
skin reaction, fatigue and diarrhea [8]. In the
mixed second- and third-line population
included in CELESTIAL, cabozantinib also
significantly improved OS and PFS compared
with placebo (HR [95% CI], 0.76 [0.63–0.92],
two-sided p = 0.005 and 0.44 [0.36–0.52], two-
sided p \ 0.001, respectively). Cabozantinib
also prolonged median OS and PFS in the
subgroup of patients who had only received
previous systemic treatment with sorafenib
(stratified HR [95% CI], 0.70 [0.55–0.88] and
0.40 [0.32–0.50], respectively). Similar to
RESORCE, hand-foot reaction (assessed as
palmar-plantar erythrodysesthesia), fatigue and
diarrhea were among the most common grade 3
or 4 events; higher rates of hypertension and
increased aspartate aminotransferase (AST) level
were also recorded with cabozantinib compared
with placebo [10].

While the CELESTIAL and RESORCE trials
provide robust evidence for the second-line use

of either cabozantinib or regorafenib in pro-
gressive advanced HCC, at the time of writing,
there have been no randomized controlled trials
to compare the two agents directly. In the
absence of head-to-head trial data, indirect
treatment comparisons offer a means of
estimating probable treatment outcomes if
comparator drugs were used in the same way in
similar patients [24, 25]. Standard indirect
treatment comparisons estimate the effect sizes
of individual treatments relative to a common
reference arm (e.g., placebo); these relative
estimates are then compared. This approach is
used in network meta-analyses, but it relies on
the studies involved being sufficiently similar in
all respects other than the treatments being
compared [26]. When this is not the case and a
standard indirect treatment comparison is not
valid, population-adjustment methods are used
to minimize between-trial population differ-
ences. These approaches weight individual
patient data (IPD) to reduce differences in the
distribution of clinically relevant covariates,
thereby reducing the potential for bias in
comparative outcome estimates. Propensity
score matching is one method of population
matching, but it requires IPD to be available for
all studies being compared [25]. When IPD are
available for only one of two studies being
compared, a matching-adjusted indirect
comparison (MAIC) method can be used. A MAIC
weights the IPD for the available study so that
its baseline characteristics match those of a
reference comparator study for which only
published aggregate-level data are available [25].
MAIC analyses are routinely used for health
technology assessment [24, 25], and their
potential to inform clinical decision-making in
the absence of direct comparative data has been
utilized across a range of cancer types (e.g.,
breast cancer, prostate cancer, basal cell carci-
noma) [27–29], including HCC [30–32].

We report here the first MAIC of second-line
TKI options for HCC, providing an assessment
of the comparative efficacy and safety of
cabozantinib and regorafenib for patients with
advanced HCC who have received sorafenib as
the only prior systemic therapy (see Fig. 1 for a
graphical summary of the study).
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METHODS

Data Source Identification And Eligibility

The CELESTIAL trial of cabozantinib (n = 707)
[10] and RESORCE trial of regorafenib (n = 573)
[8] were identified in the published literature
and assessed for their feasibility for a standard
indirect treatment comparison (ITC) of TKIs
recently approved for the second-line manage-
ment of advanced progressive HCC following
prior sorafenib treatment.

RESORCE included a second-line population
of patients with advanced HCC who tolerated
sorafenib, but who had progressed following
sorafenib treatment only [8, 12]. In contrast,
CELESTIAL included a mixed second- and third-
line population [10]. While CELESTIAL patients
must have received previous treatment with
sorafenib (by default), they may also have
received a second systemic treatment for
advanced HCC prior to recruitment to the trial.
Furthermore, CELESTIAL did not exclude
patients who were intolerant to sorafenib.

Despite these notable population differences,
the availability of IPD for CELESTIAL (obtained
from Exelixis with a data cutoff date of 1 June
2017) enabled isolation of a pure second-line
CELESTIAL subpopulation for comparison with
RESORCE. The similarity of the efficacy and
safety outcomes reported for the two trials
confirmed their potential for use in an indirect
treatment comparison of second-line cabozan-
tinib versus regorafenib in patients with pro-
gressive advanced HCC.

To evaluate whether a standard ITC was
feasible for RESORCE (regorafenib) and the
second-line CELESTIAL (cabozantinib) subpop-
ulation, a panel of expert oncologists convened
in June 2018 to review the design similarities
and baseline population characteristics of the
two trials (Supplemental Tables S1 and S2). The
panel identified differences in several effect-
modifying covariates with the potential to bias
a standard ITC. Therefore, a MAIC analysis
approach was selected to compare the safety
and efficacy of regorafenib, using the aggregate
population data published for RESORCE and

Fig. 1 Overview of the study
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IPD for the second-line subpopulation from
CELESTIAL.

Matching-Adjusted Indirect Comparison:
Cabozantinib and Regorafenib

The MAIC analysis was conducted in accor-
dance with the established methodology out-
lined in the guidance from the National
Institute for Health and Care Excellence [25, 33]
as summarized in Supplemental Fig. S1 (see the
electronic supplementary material).

Population Matching
The IPD from CELESTIAL were used to identify a
pure second-line population of patients who
received cabozantinib after sorafenib only. The
IPD also allowed the clinically meaningful differ-
ences in potential effect-modifying covariates to
be minimized by weighting the baseline charac-
teristics of the second-line CELESTIAL subpopu-
lation so as to match them to those of the
published RESORCE population-level statistics
(e.g., means, medians, percentages). The baseline
differences between the trials that had been
identified as being potential effect modifiers by
the expert panel were assessed for colinearity, and
the following covariates were selected as the
matching criteria: age, race, geographical region,
Eastern Cooperative Oncology Group Perfor-
mance Status, Child-Pugh class, duration of prior
sorafenib treatment, extrahepatic disease,
macrovascular invasion, etiology of HCC (hep-
atitis B, alcohol use and hepatitis C) and serum
alpha-fetoprotein level. Patients in CELESTIAL
with missing IPD for any of the selected matching
criteria were excluded from the analysis.

Outcome Evaluation: Survival Analysis
Survival outcomes for the matching-adjusted
second-line CELESTIAL population were then
evaluated and compared with those published for
RESORCE. For cabozantinib, median OS and PFS
estimates were derived from weighted Kaplan-
Meier (KM) curves fitted to the survival data [34].
For cabozantinib, confidence intervals (CIs) for
the KM weighted curves were generated from
simulations [35] and for median survival using
Woodruff’s method [36]. For regorafenib, KM

curves and median survival estimates were
sourced from the RESORCE publication [8].

MAIC analyses can be ‘anchored’ or
‘unanchored,’ with methodologic guidelines
generally favoring an anchored analysis approach,
when feasible [25]. An anchored MAIC gener-
ates estimates relative to a common comparator
arm, such as placebo. An unanchored analysis
involves no common comparator arm and bases
estimates on absolute outcomes. An unan-
chored analysis involves more assumptions
than an anchored approach, but is necessary
when there is no common comparator arm
(e.g., single-arm studies) or when assumptions
underpinning an anchored approach are not
satisfied. For anchored hazard ratios to be valid,
the proportional hazards assumption must be
satisfied (i.e., the treatment effect must be pro-
portional over time and the survival curves fit-
ted to each treatment group must have a similar
shape) [25, 33].

In the present analysis, the feasibility of
conducting an anchored analysis (with placebo
as the common comparator arm) was assessed.
The proportional hazards assumption was tes-
ted for OS and PFS by visual inspection of the
log-cumulative hazard plots to ensure that there
was no pattern of non-parallelism. The test was
conducted for the matching-adjusted and
unmatched second-line cabozantinib popula-
tions versus placebo from CELESTIAL, for the
regorafenib versus placebo populations from
RESORCE and for the matching-adjusted
and unmatched second-line cabozantinib
CELESTIAL population versus the regorafenib
RESORCE population. The findings of the visual
inspection of the log-cumulative hazard plots
were then validated by visual inspection of the
scaled Schoenfeld residuals and using the
Grambsch-Therneau test (a statistical test based
on the scaled Schoenfeld residuals) [33, 37].

Where the proportional hazards assumption
was not satisfied and an anchored analysis not
supported, an unanchored analysis was con-
ducted by fitting individual parametric survival
curves to each treatment arm, in line with best
practice guidelines. Parametric model selection
was based on an analysis of Akaike’s informa-
tion criterion and Shwarz’s Bayesian
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information criterion (AIC/BIC), with superior
model fit indicated by lower AIC and BIC [33].

Outcome Evaluation: Safety
Incidence of grade 3 or 4 TEAEs affecting [ 5%
of patients in any of the second-line CELESTIAL
or RESORCE treatment arms was compared for
cabozantinib versus regorafenib. In an anchored
analysis, the estimated relative effects (log odds
ratios [ORs]) of cabozantinib versus placebo in
the weighted population were generated and
compared with log-ORs for regorafenib versus
placebo, computed from the published data.
Safety outcome estimates of cabozantinib versus
regorafenib were constructed in the log-OR
scale.

If a TEAE of interest did not occur in either of
the placebo arms of the trials (preventing an
anchored log-OR analysis), an unanchored
analysis of the active treatment arms was con-
ducted. The number of TEAEs occurring in
CELESTIAL was used to compute a weighted,
unanchored estimate.

Analyses

The analyses were performed using R version
3.5.2 (R Core Team, 2014). The package ‘survey’
version 3.36 was used to fit weighted survival
models with weights computed from the MAIC
used as sampling weights.

Compliance with Ethics Guidelines

The results presented in this manuscript are
based on previously published studies. All pro-
cedures performed in those studies involving
human participants were in accordance with
the ethical standards of the local Institutional
Review Boards for each site and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the CELESTIAL (Clini-
calTrials.gov identifier NCT01908426) and
RESORCE (ClinicalTrials.gov identifier
NCT01774344) trials.

RESULTS

Patient Characteristics

RESORCE involved a total of 573 second-line
patients with advanced HCC who were ran-
domized to regorafenib (n = 379) or placebo
(n = 194) following progression on sorafenib. In
total, 495 second-line patients were enrolled in
CELESTIAL and randomized to cabozantinib
(n = 331) or placebo (n = 164). When limited to
the CELESTIAL patients for whom data were
available for all effect-modifying characteristics,
the pre-matched population size reduced fur-
ther to 484 patients (cabozantinib, n = 326;
placebo, n = 158) and, following matching, to
an effective sample size of 266 patients (non-
additive with respect to each treatment arm:
cabozantinib, n = 187; placebo, n = 81)
(Table 1).

Application of MAIC weighting to the base-
line IPD from CELESTIAL was effective in bal-
ancing the effect-modifying baseline
characteristics of the second-line CELESTIAL
and RESORCE populations, most notably
patient ethnicity and geographical region of
origin, HCC etiology, proportion of patients
with Eastern Cooperative Oncology Group
(ECOG) performance status 0 and HCC etiology
(Table 2). As a result, there were no discernable
clinically relevant differences between the
baseline characteristics of the matching-ad-
justed second-line CELESTIAL population and
the RESORCE populations (Table 2).

Survival Outcomes

KM-Derived Estimates
Estimated median (95% CI) OS derived from
the weighted KM curves were similar:
11.4 (8.9–17.0) months for the matching-adjusted
cabozantinib population and 10.6 (9.1–12.1)
months for the regorafenib population
(p = 0.3474, log-rank test). In comparison,
equivalent OS estimates for the placebo arms
were 7.2 (6.1–10.8) for the matching-adjusted
second-line CELESTIAL population and
7.8 (6.3–8.8) months for RESORCE (Fig. 2 and
Table 3).
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Estimated median (95% CI) PFS was
5.6 (4.9–7.3) months for the matching-adjusted
cabozantinib population compared with
3.1 (2.8–4.2) months for regorafenib, a statistically
significant difference (p = 0.0005, log-rank test).
For the placebo arms, equivalent estimates were
1.9 (1.9–2.1) for the matching-adjusted second-
line CELESTIAL population and 1.5 (1.4–1.6)
months for RESORCE (Fig. 3 and Table 3).

Parametric Modeling Estimates
Visual inspection of the log of cumulative haz-
ard versus time plots displayed a distinct pattern
of non-parallelism for both OS and PFS, indi-
cating that the proportional hazards assump-
tion was not valid, and an anchored analysis
was not supported (Supplemental Fig. S2). The
plots of scaled Schoenfeld residuals versus time
showed a systematic departure from the hori-
zontal for both outcomes, confirming the
assessment that the proportional hazards
assumption was not supported, as did the non-
zero slopes (at the 5% significance level) given
by the Grambsch-Therneau test (Supplemental
Fig. S3). In line with recommended practice, an
unanchored analysis was therefore conducted

by fitting individual parametric survival curves
to each treatment arm [33].

Analysis of AIC and BIC for different
candidate models identified the log-logistic
distribution as the best-fit model for OS and the
generalized gamma model as the best-fit model
for PFS (Supplemental Tables S3 and S4). The
direction of the survival trends generated by the
parametric modeling mirrored those of the
weighted KM analyses for both the active
treatment and the placebo arms (Supplemental
Table S5). As for the KM-derived estimates,
median (95% CI) OS estimates were similar and
the 95% CIs overlapped: 11.40 (10.01–12.96)
months for the matching-adjusted second-
line cabozantinib population versus
10.29 (9.15–11.56) months for the regorafenib
population. For the placebo arms equivalent
estimates were 8.27 (7.00–9.76) months for the
matching-adjusted second-line CELESTIAL
population and 7.30 (6.30–8.47) months for
RESORCE (Table S5).

For PFS, the median (95% CI) estimate was
longer for the matching-adjusted second-line
cabozantinib population (5.49 [4.92–6.13]
months) compared with the regorafenib popu-
lation (3.39 [3.05–3.78] months). There was no

Table 1 MAIC population sizes

CELESTIAL population RESORCE
populationUnmatched Matching-adjusted

n
(overall)

n
(second line)

n
(second line with

non-missing data)

Effective sample size n (published)

Active

treatment

470 331 326 187 379

Placebo 237 164 158 81 194

Total 707 495 484 266a 573

a Non-additive with respect to each treatment arm. The ESS is computed separately for each patient group as
ð
Pi

ŵiÞ2Piðŵ2
i Þ

(the

squared sum of weights [numerator] and sum of squared weights [denominator]). The ESS computed for the full population
will not equate to the sum of the ESS for each patient group individually, unless all the weights are the same for each
treatment arm
n number of patients enrolled and randomized
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overlap in the CIs for the cabozantinib and
regorafenib PFS estimates, suggesting the dif-
ference in favor of cabozantinib was statistically
significant. For the placebo arms, equivalent
estimates were 2.35 (2.11–2.61) months for the
matching-adjusted second-line CELESTIAL
population and 1.87 (1.68–2.09) months for
RESORCE (Table S3).

Safety Outcomes

TEAEs of interest (grade 3 or 4 occurring in more
than 5% of patients in any trial arm) were AST
increase (‘‘increased AST’’ in RESORCE),
diarrhea, elevated bilirubin, fatigue, hyperten-
sion and palmar-plantar erythrodysesthesia
syndrome (hand-foot skin reaction in RESORCE).

An anchored log-OR analysis found no
significant difference between the matching-
adjusted cabozantinib and regorafenib
populations in terms of frequency of grade 3 or
4 TEAEs: fatigue (p = 0.9313); elevated bilirubin
(p = 0.8558) or increased AST (p = 0.2201). This
result was consistent for both the matching-
adjusted and unmatched cabozantinib popula-
tions (Supplemental Table S6). Although there
was a possible trend toward a higher rate of
grade 3 or 4 hypertension in the matching-
adjusted cabozantinib population compared
with the regorafenib population, the confidence
intervals for the estimate crossed zero (indicat-
ing no difference), and a test of the null
hypothesis confirmed that the difference was
not statistically significant (p = 0.0611) (Fig. 4
and Supplemental Table S6).

Table 2 Baseline characteristics of the MAIC populations

CELESTIAL second-line population RESORCE population

Unmatched
(n = 495)a

Matching-adjusted
(n = 266)b

Published
(n = 573)

Age \ 65 years, % 53.33 54.97 54.97

Female, % 17.58 18.63 12.04

Asian geographical region, % 22.83 37.70 37.70

White, % 58.18 35.95 35.95

ECOG performance status 0, % 56.97 65.79 65.79

Child–Pugh class A, % 98.79 97.91 97.91

Duration of prior sorafenib treatment,

mean (months)

7.65 11.63 11.63

Extrahepatic disease, % 76.16 71.90 71.90

Macrovascular invasion, % 29.41 28.62 28.62

Etiology, %

Hepatitis B 37.37 37.70 37.70

Alcohol use 21.52 25.31 25.31

Hepatitis C 25.10 20.77 20.77

Alpha-fetoprotein [ 400 ng/ml, % 40.81 43.46 43.46

a Includes patients with missing data for effect-modifying baseline characteristics
b Effective sample size; excludes patients with missing data for effect-modifying baseline characteristics
ECOG Eastern Cooperative Oncology Group
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Owing to the low frequency of grade 3 or 4
palmar-plantar erythrodysesthesia in the
placebo-treated patients (one case in RESORCE;
no cases in CELESTIAL) and no cases of grade 3
or 4 diarrhea in the RESORCE placebo arm, a
meaningful anchored log-OR estimate could
not be constructed for these TEAEs.
Unanchored estimates were therefore
computed. The unanchored analysis found no
significant difference in rates of palmar-
plantar erythrodysesthesia between the matching-
adjusted cabozantinib and regorafenib popula-
tions (p = 0.848), but significantly lower rates of
diarrhea in the regorafenib population com-
pared with both the unmatched and matching-
adjusted cabozantinib populations (p = 0.001
and p \ 0.001 respectively) (Fig. 4 and Supple-
mental Table S6).

DISCUSSION

Outcome Interpretation

From the present analysis, we report compara-
tive efficacy and safety estimates for cabozan-
tinib and regorafenib for the second-line
treatment of patients with advanced HCC after

prior sorafenib, using data from the phase 3
CELESTIAL and RESORCE trials. The treatment
landscape for HCC is expanding rapidly, and
there is a resultant need for head-to-head clini-
cal trial data to guide second-line HCC treat-
ment decisions. In this setting, indirect
treatment comparisons offer standardized
methods for generating comparative estimates
that are widely accepted for health technology
assessment [24, 25] and are increasingly recog-
nized in the clinical sphere for their potential to
guide clinicians in their decision-making
[27–32].

A standard indirect treatment comparison of
cabozantinib and regorafenib is not feasible
owing to clinically relevant differences in the
baseline characteristics of the RESORCE popu-
lation and the second-line subpopulation from
CELESTIAL. Therefore, a MAIC was selected as a
more robust method of comparison, with an
unanchored approach selected for the survival
analysis on the basis of the results of three tests
of the proportional hazards (PH) assumption,
which indicated that the PH assumption was
not satisfied. For OS, this conclusion was further
validated by the identification of the log-logistic
model as the best-fit parametric model; log-
logistic models are accelerated failure time models
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Fig. 2 Kaplan-Meier curves for overall survival in the matching-adjusted second-line CELESTIAL population (a) and the
RESORCE population (b). CI confidence interval
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and do not produce a single hazard ratio, mak-
ing them incompatible with the PH
assumption.

The matching and statistical adjustment
steps of a MAIC analysis help to reduce the
potential for bias by minimizing population
differences that might modify or obscure the
ability to discern true treatment effects. In the
present analysis, weighting the baseline IPD for
second-line CELESTIAL patients to align them
with the baseline RESORCE characteristics was
effective in reducing discernible population
differences. In the unanchored survival analy-
sis, cabozantinib was associated with similar OS
and prolonged PFS compared with regorafenib.
These findings were consistent across analyses
for both the KM-derived and parametric mod-
eling survival estimates. There is, however, a
need for caution when interpreting the PFS
result owing to differences in the tumor assess-
ment schedules used in the CELESTIAL and
RESORCE trials. RESORCE assessed tumor
growth every 6 weeks for the first eight cycles
and every 12 weeks thereafter during treatment.

In CELESTIAL, tumors were assessed every
8 weeks after randomization and performed
until 8 weeks after radiographic progression or
treatment/placebo discontinuation, whichever
occurred later. Assessment of PFS was, therefore,
initially more frequent for patients in RESORCE
than in CELESTIAL and, thereafter, more fre-
quent in CELESTIAL than in RESORCE. This
difference may have introduced bias into the
PFS result in the current analysis. At the indi-
vidual patient level, the direction of any such
bias would depend on the timing of tumor
growth. It would, for example, favor cabozan-
tinib if tumor growth occurred at week 10
(assessed at week 12 in RESORCE, but not until
week 16 in CELESTIAL), yet favor regorafenib if
tumor growth occurred at week 13 (assessed at
week 16 in CELESTIAL, but not until week 18 in
RESORCE). Thus, the overall direction of bias, if
any, remains unclear.

The grade 3 or 4 TEAE profiles for regorafenib
and cabozantinib were generally similar for
both matching-adjusted and unmatched
cabozantinib populations (Fig. 4). The

Table 3 Median survival estimates for the matching-adjusted second-line CELESTIAL population and the RESORCE
population: weighted Kaplan-Meier estimates

KM-derived estimate, months
(median [95% CI])

p value

Overall survival

Active treatment Cabozantinib (ESS = 187) 11.4 (8.9–17.0) 0.3474a

Regorafenib (n = 379) 10.6 (9.1–12.1)

Placebo CELESTIAL (ESS = 81) 7.2 (6.1–10.8) NE

RESORCE (n = 194) 7.8 (6.3–8.8)

Progression-free survival

Active treatment Cabozantinib (ESS = 187) 5.6 (4.9–7.3) 0.0005a

Regorafenib (n = 379) 3.1 (2.8–4.2)

Placebo CELESTIAL (ESS = 81) 1.9 (1.9–2.1) NE

RESORCE (n = 194) 1.5 (1.4–1.6)

CI confidence interval, ESS effective sample size, KM Kaplan-Meier, NE not evaluated
a Log-rank test
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exception was rates of grade 3 or 4 diarrhea,
which were statistically significantly lower in
the regorafenib population than in either the
unmatched or matching-adjusted cabozantinib
populations. There was also a trend toward
higher rates of hypertension in the cabozan-
tinib compared with regorafenib populations;
however, the difference was not statistically
significant. When interpreting the safety
results, it is also noteworthy that sorafenib-
intolerant patients were excluded from RESORCE,
but not from CELESTIAL. The MAIC procedures
were not able to adjust for this between-trial
difference, resulting in the possibility of a bias
toward higher rates of TKI treatment intoler-
ance (and possibly later-stage disease) in the
CELESTIAL population. Overall, the wide con-
fidence intervals depicted in the forest plot of
log-OR estimates for TEAEs with cabozantinib
(versus regorafenib) indicate a high degree of
imprecision in the estimates, likely arising from
the very low frequency of grade 3 or 4 events in
the placebo arms, particularly in CELESTIAL.

Limitations

Specific limitations associated with the PFS and
TEAE estimates have been discussed. While

MAIC procedures can reduce the impact of
potentially effect-modifying baseline character-
istics for reported covariates, they were not able
to adjust for between-trial differences in assess-
ment schedules or for the presence of sorafenib-
intolerant patients in the CELESTIAL popula-
tion (versus their exclusion from RESORCE).
Such differences are unavoidable features of
some indirect treatment comparisons [27, 28]
and network meta-analyses [38, 39], but are
relevant factors to consider when interpreting
their results.

There are additional limitations to MAIC
analyses that are also worth of consideration.
Matching cannot account for all differences
between trial populations, and it is possible that
the results of this MAIC are affected by some
residual between-trial differences, as evidenced
by the difference in survival outcomes for the
placebo arms despite matching and adjustment
(Tables 3 and S5). Additional effect modifiers
can exist between comparator trials, despite
baseline weighting and matching. For example,
treatment adherence following randomization
can differ in comparator trials, affecting resul-
tant drug exposure and influencing treatment-
related outcomes. There may also be differences
in unknown prognostic variables (i.e., covari-
ates that affect outcome but do not alter
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treatment effect). In an anchored analysis,
purely prognostic variables do not affect inter-
pretation of the results because they do not
affect the relative treatment effects for each
drug versus placebo because of within-study
randomization. However, in the present unan-
chored analysis, where the comparison of
cabozantinib and regorafenib is based on abso-
lute rather than relative treatment outcomes,
the results may be influenced by potential
imbalances in unknown prognostic variables at
study entry or (particularly relevant to OS) by
heterogeneity in post-progression treatments.
Heterogeneity in use of downstream therapies is
another possible cofounding variable. In
CELESTIAL, more than one-quarter of patients
(26% cabozantinib; 33% placebo) received sub-
sequent systemic or local liver-directed anti-
cancer therapy [10]. The equivalent proportion

is not reported for RESORCE and is not known
for the matching-adjusted second-line CELES-
TIAL population, but some degree of between-
trial heterogeneity in use of post-progression
treatments is likely.

Finally, the reduced effective sample size
resulting from MAIC matching and adjustments
decreases the statistical power of subsequent
analyses. A lack of power in this analysis was
reflected in the low rates of TEAE, and the
resultant imprecision was evident in the high
anchored log-ORs and large CIs for some TEAEs.
Furthermore, the necessary use of an unan-
chored survival analysis and related discarding
of placebo data can result in artificially narrow
interval estimates, with arbitrary implications
on statistical significance. For these reasons, the
results of a MAIC cannot replace evidence from
a randomized controlled trial.

Increased aspartate aminotransferase
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Fig. 4 Forest plot of grade 3 or 4 TEAE log-OR (95% CI)
estimates for the unmatched and matching-adjusted
second-line CELESTIAL populations compared with the

RESORCE population. aUnanchored analysis. CI confi-
dence interval, OR odds ratio, TEAE treatment-emergent
adverse event

2690 Adv Ther (2020) 37:2678–2695



Clinical Interpretation

Despite these limitations, when evidence from
head-to-head trials is not available, a MAIC
offers insight into the plausible comparative
results for different therapies in a common
clinical context, which can be valuable for
healthcare professionals and health technology
decision-makers. Such insights are particularly
important when selecting the optimum treat-
ment approach for patients with advanced HCC
for whom the prognosis has traditionally been
poor, with few therapeutic options available.
First-line treatment in advanced HCC fre-
quently fails after a period of time owing to
adaptive or intrinsic resistance, disease
progression or significant toxicity [17]: thus,
there is a growing need for second- and later-
line treatment options and for insights that will
help to guide clinicians when selecting the
optimum treatment sequence for their patients.

From a clinical perspective, the results of this
analysis reinforce and further those of a recent
network meta-analysis of randomized
controlled trials of second-line agents for use in
HCC after prior sorafenib [38]. The network
meta-analysis included 13 trials and 11 different
second-line therapies for advanced HCC and
generated anchored efficacy and safety
estimates using everolimus as the common
comparator with OS as the primary endpoint.
Of the 11 treatments included in the analysis,
only cabozantinib and regorafenib significantly
prolonged OS [38]. Overall, the authors con-
cluded that second-line cabozantinib and rego-
rafenib offered the best combination of efficacy
and safety for patients with advanced HCC fol-
lowing prior sorafenib therapy. They further
noted that the role of cabozantinib may be of
particular importance in patients who were
intolerant to sorafenib, because sorafenib-in-
tolerant patients were excluded from the
RESORCE trial of regorafenib [38]. In clinical
practice, a range of factors must inform deci-
sion-making in optimum treatment sequenc-
ing. As well as the anticipated effectiveness and
tolerability, treatment selection is influenced by
patient characteristics (e.g., comorbidities) and
their preferences, route of administration, dos-
ing regimen and implications for patient

quality of life. Also worthy of consideration are
a patient’s response to and tolerance of prior
treatment as well as the molecular targets of
available therapeutic options and whether they
complement those of prior treatment and
address possible mechanisms of resistance (e.g.,
AXL, MER) [20, 21].

CONCLUSION

MAIC analyses permit indirect comparisons
between clinical trials with heterogeneous
populations but with common treatment out-
comes. In this MAIC analysis, which used data
from the CELESTIAL and RESORCE trials,
unanchored survival estimates suggest
cabozantinib may be associated with similar OS
and prolonged PFS compared with regorafenib
in patients with advanced progressive HCC who
were receiving second-line treatment following
progression after prior sorafenib; regorafenib
was associated with lower rates of diarrhea.
Although this MAIC provides a useful indica-
tion of the comparative efficacy and safety of
these two second-line agents, it is not a
replacement for a head-to-head comparative
trial.
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