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Abstract

Introduction: The tyrosine kinase inhibitors regorafenib and
cabozantinib remain the mainstay in second-line treatment
of advanced hepatocellular carcinoma (HCC). There is cur-
rently no clear evidence of superiority in efficacy or safety to
guide choice between the two treatments. Methods: We
conducted an anchored matching-adjusted indirect com-
parison using individual patient data from the RESORCE trial
of regorafenib and published aggregate data from the CE-
LESTIAL trial of cabozantinib. Second-line HCC patients with
prior sorafenib exposure of >3 months were included in the
analyses. Hazard ratios (HRs) and restricted mean survival
time (RMST) were estimated to quantify differences in over-
all survival (OS) and progression-free survival (PFS). Safety
outcomes compared were rates of grade 3 or 4 adverse
events (AEs), occurring in >10% of patients, and discontinu-
ation or dose reduction due to treatment-related AEs. Re-
sults: After matching adjustment for differences in baseline

patient characteristics, regorafenib showed a favorable OS
(HR, 0.80; 95% Cl: 0.54, 1.20) and ~3-month-longer RMST
over cabozantinib (RMST difference, 2.76 months; 95% Cl:
—1.03, 6.54), although not statistically significant. For PFS,
there was no numerical difference in HR (HR, 1.00; 95% Cl:
0.68, 1.49) and no clinically meaningful difference based on
RMST analyses (RMST difference, —0.59 months; 95% CI:
—1.83, 0.65). Regorafenib showed a significantly lower inci-
dence of discontinuation (risk difference, —9.2%; 95% Cl:
-17.7%, —-0.6%) and dose reductions (—15.2%; 95% Cl:
—29.0%, —1.5%) due to treatment-related AEs (any grade).
Regorafenib was also associated with a lower incidence (not
statistically significant) of grade 3 or 4 diarrhea (risk differ-
ence, —7.1%; 95% Cl: —14.7%, 0.4%) and fatigue (—6.3%; 95%
Cl: =14.6%, 2.0%). Conclusion: This indirect treatment com-
parison suggests, relative to cabozantinib, that regorafenib
could be associated with favorable OS (not statistically sig-
nificant), lower rates of dose reductions and discontinuation
due to treatment-related AEs, and lower rates of severe diar-

rhea and fatigue. ©2022 The Author(s).
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Introduction

The tyrosine kinase inhibitors (TKIs) regorafenib and
cabozantinib remain the mainstay in second-line treat-
ment of advanced hepatocellular carcinoma (HCC) after
failure of immuno-oncology-based combinations and
first-line sorafenib or lenvatinib TKI monotherapy [1-3].
Regorafenib and cabozantinib are approved for treating
advanced HCC previously treated with sorafenib, having
each demonstrated overall survival (OS) benefit com-
pared to placebo in phase 3 trials [4, 5]. Ramucirumab, an
antibody against VEGF receptor 2, is also approved in this
setting but as second-line treatment only for patients with
serum alpha-fetoprotein (AFP) levels 2400 ng/mL [6].
Regorafenib and cabozantinib are both indicated and
more commonly used in broader second-line popula-
tions, including those with AFP 2400 ng/mL [4, 5]. Pem-
brolizumab monotherapy and nivolumab in combina-
tion with ipilimumab are also approved by the FDA un-
der accelerated approvals for HCC previously treated
with sorafenib, based on overall response rate and dura-
tion of response [7, 8]. Nivolumab monotherapy was pre-
viously approved for this indication but was voluntarily
withdrawn after not meeting post-marketing require-
ments demonstrating confirmatory benefit [9].

Regorafenib was approved following the phase 3
RESORCE trial [5], which showed significantly longer
survival than placebo (median OS, 10.6 months vs. 7.8
months; hazard ratio [HR], 0.63; 95% CI: 0.50, 0.79) for
patients who were tolerant to sorafenib but had pro-
gressed on sorafenib treatment (N = 573). Cabozantinib
was approved based on the phase 3 CELESTIAL trial [4],
which showed a survival advantage over placebo (median
0OS, 10.2 months vs. 8.0 months; HR, 0.76; 95% CI: 0.63,
0.92) in patients who had progressed on or were intoler-
ant to sorafenib, and who may have received up to two
previous systemic regimens for advanced HCC, one of
which had to be sorafenib (N = 707). The most common
grade 3 or 4 treatment-emergent adverse events (TEAEs)
for regorafenib and cabozantinib were diarrhea, fatigue,
hypertension, and hand-foot skin reaction (HFSR) (as-
sessed as palmar-plantar erythrodysesthesia [PPE] in
CELESTIAL) [4, 5]. An increased aspartate aminotrans-
ferase (AST) level was also reported in CELESTIAL [4].
In the absence of head-to-head studies, an indirect com-
parison of these treatments’ efficacy and safety is required
to help guide treatment choices.

Standard methods for indirect treatment comparisons
such as network meta-analysis or Bucher analysis use ag-
gregate data from published randomized controlled trials
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that share common comparators to compare relative ef-
fects between treatments [10, 11]. Such methods assume
similarity and homogeneity between trials. However, in
the RESORCE and CELESTIAL trials, there is strong evi-
dence of heterogeneity. For example, sorafenib-intoler-
ant patients were excluded in RESORCE; these patients
were likely earlier in their overall treatment journey and
might have been less advanced. Furthermore, standard
indirect treatment comparisons assume that relative
treatment effects are the same across trials and that there
is no difference between trials in the distribution of base-
line characteristics that might impact treatment effects.
Potential treatment effect-modifying characteristics are,
however, imbalanced between the RESORCE and CE-
LESTIAL trial populations, including the Eastern Coop-
erative Oncology Group (ECOG) score, the geographic
region from which they were recruited, and the duration
of prior sorafenib treatment.

When an imbalance in treatment effect modifiers is
evident and individual patient data are available from
at least one trial, population-adjusted indirect compar-
ison (PAIC) methods such as matching-adjusted indi-
rect comparison (MAIC) [12] and simulated treatment
comparison (STC) [13] can be used to adjust for imbal-
ances and estimate a less biased relative treatment effect
than standard indirect treatment comparisons. These
approaches can be applied with a common comparator
(anchored) or without (unanchored). Anchored ap-
proaches are considered less biased whenever a com-
mon arm (e.g., a placebo arm in each trial) is available
[14] since unanchored comparisons require much
stronger assumptions in this situation, which is regard-
ed as impossible [15].

Here, we conducted an anchored MAIC to compare
the relative efficacy and safety of regorafenib versus cabo-
zantinib in patients with HCC previously treated with
sorafenib. An anchored STC, as well as standard indirect
treatment comparison using unadjusted Bucher analysis,
were also conducted to assess the sensitivity of the MAIC
results versus alternative statistical methodologies.

Materials and Methods

Data Sources

The indirect treatment comparison was conducted with indi-
vidual patient data from the RESORCE trial (cutoff date for pro-
gression-free survival [PFS], February 29, 2016; cutoff date for OS
and safety, September 10, 2019) [5] and published aggregate pa-
tient characteristics and outcome data from the CELESTIAL trial
4, 16, 17].
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Table 1. Baseline characteristics before and after matching RESORCE population to CELESTIAL population with >3 months of prior sorafenib

duration

RESORCE CELESTIAL

regorafenib  regorafenib matched placebo placebo matched cabozantinib placebo

(N=320) (ESS =214) (N=167) (ESS =82) (N=241) (N=117)
ECOG status=1,% 334 44.4 30.5 42,7 44.4 42.7
Geographic region = Asia, % 34.7 20.3 37.7 17.9 20.3 17.9
Prior sorafenib duration =6 months, % 72.2 59.3 73.7 63.2 59.3 63.2
Age, years

Median [range] 64.0[19-85] 65.0[19-85] 62.0[23-83] 65.0[23-83] 65.0 [28-86]° 67.5 [36-86]°

Male, % 90.0 79.7 89.2 89.7 79.7 89.7
Extrahepatic spread, % 69.7 75.9 76.0 75.2 75.9 75.2
Macrovascular invasion, % 27.2 21.6 26.9 34.2 21.6 34.2
Hepatitis B, % 36.9 32.8 36.5 34.2 32.8 34.2
Hepatitis C, % 216 27.0 22.2 299 27.0 29.9
Alcohol use, % 253 245 299 13.7 24,5 13.7
AFP =400 ng/mL, % 41.6 38.2 43.7 38.5 38.2 38.5
Child-Pugh class A, % 98.1 97.5 97.0 95.8 98.8° 98.8°

Bold numbers indicate matched characteristics. AFP, alpha-fetoprotein; ECOG, Eastern Cooperative Oncology Group; ESS, effective sample size. ? Reported
in ref. [17] only for population who received sorafenib =6 months prior to screening. ® Reported in ref. [16] only for the overall CELESTIAL population.

Compatibility Assessment

A compatibility assessment was performed through a compar-
ative review of the trial designs, inclusion and exclusion criteria,
outcome definitions, and baseline characteristics of the trial popu-
lations to assess the similarities and differences between the trials.
Differences that could potentially impact the results were adjusted
in the analyses where possible.

There were key differences in inclusion and exclusion criteria
between the studies: CELESTIAL allowed up to two prior lines of
therapy, of which one had to be sorafenib, whereas RESORCE al-
lowed only one prior therapy with sorafenib. This difference was
adjusted for by including only patients in the second-line setting
post-sorafenib from CELESTIAL. In addition, unlike the CELES-
TIAL trial, RESORCE required patients to be sorafenib tolerant
(=400 mg daily for atleast 20 of the 28 days before discontinuation)
and to have had documented radiological progression during
sorafenib treatment. Due to lack of prior sorafenib-dosing infor-
mation in the CELESTIAL trial, the differences were addressed by
excluding patients with prior sorafenib exposure of <3 months
from both trials since, as reasoned by Kelley et al. [17], this popula-
tion in RESORCE represents fast progressors, whereas in CELES-
TIAL, it likely represents fast progressors but also some slow pro-
gressors intolerant to sorafenib. Thus, for PAIC, the population
selected for analyses included only patients with >3 months of pri-
or sorafenib treatment.

Important differences were also observed in baseline character-
istics that are potential treatment effect modifiers between the
studies among the patients with >3 months of prior sorafenib
treatment (Table 1). Although the trials had similar designs, the
geographic regions in which they were conducted differed;
RESORCE had a higher proportion of patients from Asia (35%
regorafenib, 38% placebo) than CELESTIAL (20% cabozantinib,
18% placebo). RESORCE had a smaller proportion of patients with
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the ECOG performance status score of 1 (versus 0) (33% rego-
rafenib, 31% placebo) compared to CELESTIAL (44% cabozan-
tinib, 43% placebo). Also, the proportion of patients with >6
months of prior sorafenib exposure was higher in RESORCE com-
pared to CELESTIAL. Some small imbalances in distribution of
gender, extrahepatic disease, macrovascular invasion, HBV, HCV,
alcohol use, and AFP 2400 ng/mL were also observed between tri-
als. Differences in listed baseline characteristics were adjusted for
in the PAIC.

Both RESORCE and CELESTIAL used the Response Evalua-
tion Criteria in Solid Tumors (RECIST) 1.1 criteria to assess PFS,
but PES assessments were more frequent in RESORCE than in CE-
LESTIAL (every 6 weeks vs. every 8 weeks). Moreover, in
RESORCE, clinical progression (defined as worsening of the
ECOG performance status to 23 or symptomatic deterioration in-
cluding increase in liver function tests) as well as radiological pro-
gression were considered events, whereas in CELESTIAL, only ra-
diological progression was considered an event. Although differ-
ences in assessment schedule and definition of clinical progression
can substantially bias results in the unanchored PAIC setting, the
impact of these differences is minimal in the anchored PAIC since
it compares only relative treatment effects (TKI vs. placebo) of
each trial.

Statistical Analysis

OS, PFS, proportion of patients with at least one dose reduc-
tion, rates of discontinuations due to treatment-related adverse
events (AEs), and grade 3 or 4 TEAEs occurring in >10% of pa-
tients were compared. Efficacy and safety analyses were based on
the intention-to-treat and safety population, respectively, of the
subgroup of patients with prior sorafenib treatment duration of >3
months.
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Baseline characteristics and safety outcomes for the CELES-
TIAL patients with >3 months of prior sorafenib exposure were
derived by pooling published baseline characteristics and safety
outcomes for the 3-6-month and >6-month subgroups [17]. Re-
constructed individual patient data for OS and PFS from CELES-
TIAL were derived from Kaplan-Meier plots using the Guyot et al.
[18] method. Statistical analysis was conducted using SAS Base 9.4
and R version 3.6.1.

Standard Indirect Treatment Comparison

A standard indirect treatment comparison was performed fol-
lowing the standard pairwise Bucher method [10] using unadjust-
ed relative effects for regorafenib versus placebo from RESORCE
and relative effects for cabozantinib versus placebo in the sub-
group of the intention-to-treat population with prior sorafenib
treatment duration of >3 months. An implicit assumption in stan-
dard indirect treatment comparison is that the populations of the
two studies are comparable in regard to the distribution of baseline
characteristics that are potential treatment effect modifiers, which
is not the case for the RESORCE and CELESTIAL studies. Thus,
PAICs were also conducted.

Population-Adjusted Indirect Comparisons

Baseline characteristics that are potential modifiers of efficacy
outcomes were identified based on subgroup analyses, literature [4,
5], and evidence of imbalance between the studies. Ten such base-
line characteristics were selected for adjustment in PAIC: ECOG
status, geographic region, prior sorafenib treatment duration, gen-
der, extrahepatic disease, macrovascular invasion, HBV, HCV, al-
cohol use, and AFP 2400 ng/mL. The anchored MAIC analysis
compared the relative effect of each treatment in their respective
RCT, adjusting for these baseline characteristics following best
practices [12, 14]. Briefly, the anchored MAIC balanced differences
in baseline characteristics that are potential treatment effect modi-
fiers through propensity score re-weighting of patients from
RESORCE to produce a patient profile matching that of CELES-
TIAL. The relative treatment effect of regorafenib versus placebo
for OS and PFS in the CELESTIAL-like population was quantified
as an unstratified HR with a 95% CI derived from a weighted Cox
regression analysis. Non-parametrical restricted mean survival
time (RMST) difference and ratio with 95% CIs were also derived
for OS and PES to address violations of the proportional hazard as-
sumption [19], indicated by crossing or lack of parallel log(-
log(S[t]) versus log(#) lines where S is survival and ¢ is time (see
online suppl. Fig. S1-S4; for all online suppl. material, see www.
karger.com/doi/10.1159/000527403). The RMST analyses were
performed over the same follow-up period in both trials, defined as
the minimum of the longest observed time among all four arms.
The RMST analyses were also performed over the entire available
follow-up period for each individual trial, defined as the minimum
of the longest observed time between the two arms within each
trial. For safety outcomes, the relative effects were expressed as ab-
solute risk differences with a 95% CI. Due to the rarity of grade 3/4
TEAEs (with no grade 3/4 TEAEs in some treatment arms), the
odds ratio was not considered an appropriate measure [20].

The anchored STC analysis was conducted following the meth-
od described by Ishak et al. [13]. For OS and PFS, HRs were esti-
mated by fittinga Cox proportional hazards model to the RESORCE
trial data, and RMST difference and ratio were estimated by fitting
an ANCOVA-type model. These models included the same base-
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line characteristics as the MAIC analysis. Adjusting for baseline
characteristics across trials was achieved by including interaction
terms of treatment with the baseline characteristics in the models.
STC analyses were not conducted for the safety comparisons due
to small numbers (i.e., low incidence rates) of some events and,
particularly grade 3/4 AEs in each arm, which would not allow for
adjustment of all selected baseline characteristics using regression
equations. After population adjustment with MAIC or STC, the
relative treatment effect of regorafenib versus cabozantinib was
calculated following the Bucher method [10] as for the standard
indirect treatment comparison but using the adjusted relative ef-
fect instead of the unadjusted one from RESORCE.

Results

Matching Patient Baseline Characteristics

Prespecified target patient baseline characteristics for
both studies are presented in Table 1. Before matching,
there were considerable differences between populations
in the proportions of patients with ECOG status of 1, pa-
tients from Asia, and patients with prior sorafenib treat-
ment of 26 months. After re-weighting, all prespecified
target patient characteristics were matched between the
two study populations (Table 1; online suppl. Fig. S5).
The original sample size of the regorafenib arm (N = 320)
was reduced by 33% after matching (effective sample size
= 214), and the placebo (N = 167) arm was reduced by
51% (effective sample size = 82).

Efficacy Outcomes

Kaplan-Meier curves for OS and PFS in the matching-
adjusted RESORCE trial population and the CELESTIAL
trial population are given in Figures 1 and 2. Results of
the MAIC analyses suggested regorafenib was associated
with a numerically lower risk of death than cabozantinib
(HR, 0.80; 95% CI: 0.54, 1.20). There was no difference in
PES between the two drugs (HR, 1.00; 95% CI: 0.68, 1.49;
Table 2). Because of potential violations of the propor-
tional hazard assumption for OS and PFS in the trials (on-
line suppl. Fig. S1-S4), non-parametrical RMST differ-
ence and ratio with 95% ClIs were derived. For OS, at a
37.3-month cutoff (representing the minimum of the lon-
gest observed time among all four arms; Fig. 1), the dif-
ference in RMST suggested a survival gain of nearly 3
months with regorafenib over cabozantinib (RMST dif-
ference, 2.76 months; 95% CI: —1.03, 6.54; Table 2). The
difference was not statistically significant. Results were
similar when RMST analyses were performed over the
entire available follow-up time for each individual trial,
defined as the minimum of the longest observed time be-
tween arms within each trial (Table 2). No meaningful
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Table 2. MAIC results for efficacy outcomes

RESORCE

Rego (ESS = 214) versus
placebo (ESS = 82)

CELESTIAL
Cabo (N = 241) versus
placebo (N=117)2

Rego versus
cabo

OS (months)
Overall HR (95% Cl)
RMST difference (95% Cl) at 37.3 months
RMST ratio (95% Cl) at 37.3 months
RMST difference (95% Cl)°
RMST ratio (95% Cl)P

PFS (months)
Overall HR (95% Cl)
RMST difference (95% Cl) at 15.2 months
RMST ratio (95% Cl) at 15.2 months
RMST difference (95% Cl)©
RMST ratio (95% Cl)©

0.59 (0.44, 0.79)
5.42(2.91,7.94)
1.58(1.25,1.99)
6.01(3.01,9.01)
1.61(1.24,2.10)

0.43(0.32,0.57)
2.51(1.63,3.39)

2.51(1.63,3.39)

0.74 (0.56, 0.97)
2.67 (-0.16, 5.50)
1.21(0.98, 1.50)
2.67 (-0.16, 5.50)
1.21(0.98, 1.50)

0.43(0.33,0.55
3.10(2.22,3.97

3.38(2.28,4.47

0.80 (0.54, 1.20)
2.76 (-1.03, 6.54)
1.30(0.95, 1.79)
3.34(-0.78,7.46)
1.33(0.95,1.87)

1.00 (0.68, 1.49)
—0.59 (-1.83, 0.65)
1.06 (0.76, 1.48)
—-0.87 (-2.27,0.54)

( )
( )
1.98 (1.51, 2.59) 1.87(1.54,2.28)
( )
( )

1.98(1.51,2.59) 1.91(1.51,2.41 1.04(0.72, 1.48)

Cabo, cabozantinib; Cl, confidence interval; ESS, effective sample size; HR, hazard ratio; MAIC, matching-adjusted indirect
comparison; rego, regorafenib; RMST, restricted mean survival time. 2 Derived from recreated individual patient data from ref. [17].
bTruncation time for RMST analyses was 50.6 months for RESORCE and 37.3 months for CELESTIAL, representing the minimum of the
longest observed time between arms within each trial. “ Truncation time for RMST analyses was 15.2 months for RESORCE and 22.2
months for CELESTIAL, representing the minimum of the longest observed time between arms within each trial.

Table 3. MAIC results for safety outcomes

Risk difference (regorafenib vs. cabozantinib)

% 95% Cl

Dose reductions -15.2 -29.0,-1.5
Treatment-related AE, leading to discontinuation -9.2 -17.7,-0.6
Grade 3 or 4 TEAEs occurring in >10% of patients

AST increased -23 -10.7,6.1

Diarrhea -7.1 -14.7,0.4

Fatigue -6.3 -14.6,2.0

HFSR/PPE -0.9 -7.8,5.9

Hypertension -1.9 -11.4,7.7

Data are from the safety population of each trial. AE, adverse event; AST, aspartate aminotransferase; HFSR,
hand-foot skin reaction; MAIC, matching-adjusted indirect comparison; Cl, confidence interval; PPE, palmar-
plantar erythrodysesthesia; TEAE, treatment-emergent adverse event.

numerical differences in PFS were observed between
regorafenib and cabozantinib (RMST difference, —0.59
months; 95% CI: —1.83, 0.65; at 15.2-month cutoff). Con-
sistent results for OS and PFS were obtained from STC
and standard ITC (online suppl. Table S1).

Safety
The proportion of patients requiring dose reductions
was significantly lower with regorafenib than with cabo-

Efficacy and Safety of Regorafenib versus
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zantinib (MAIC risk difference, —15.2%; 95% CI: —29.0%,
—1.5%). Similarly, regorafenib was associated with a sta-
tistically significant lower incidence of treatment-related
AEs leading to permanent treatment discontinuation
(MAIC risk difference, =9.2%; 95% CI: —17.7%, —0.6%;
Table 3). Rates of grade 3 or 4 diarrhea and fatigue were
also lower (not statistically significant) with regorafenib
(MAIC risk difference for diarrhea, —7.1%; 95% CI:
—-14.7%, 0.4%; MAIC risk difference for fatigue, —6.3%;
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95% CI: —14.6%, 2.0%). Differences in incidence of other
TEAEs including AST increase, hypertension, and HFSR/
PPE were small but all numerically in favor of regorafenib
(Table 3). Standard ITC analysis yielded similar results
(online suppl. Table S2).

Discussion

This anchored MAIC suggests regorafenib was associ-
ated with favorable OS over cabozantinib in the second-
line post-sorafenib setting, although this difference did
not reach statistical significance. The risk reduction in
survival hazards was ~20% and the increase in RMST was
almost 3 months, or 30%. No difference in PFS was seen
between the regorafenib- and cabozantinib-treated pa-
tients. Results from the MAIC also showed regorafenib to
have a favorable safety and tolerability profile over cabo-
zantinib, with a statistically significant lower incidence of
treatment-related AEs (any grade) leading to permanent
treatment discontinuation, a significantly lower propor-
tion of patients requiring dose reductions, and a lower
incidence of grade 3 or 4 diarrhea and fatigue.

The main strength of the study is its use of anchored
indirect treatment comparison, thus maintaining the in-
ternal validity of the two randomized controlled trials and
the relative treatment effects under comparison. The
MAIC is further supported by alternative approaches and
sensitivity analyses using standard Bucher indirect treat-
ment comparison and STC. Its use of RMST as an alter-
native survival metric also corrects for the non-propor-
tionality observed in both the RESORCE and CELES-
TIAL trials. This provides a more robust and valid
measurement of the differences in survival benefit from
the two treatments. Moreover, differences in rates of
treatment discontinuation and dose reduction due to AEs
provide a clearer and more general indication of the rela-
tive tolerability of the two treatments.

These strengths contrast with recent analyses by Kelley
etal. [16] and Casadei-Gardini et al. [21], which used un-
anchored MAIC. Unanchored or single-arm compari-
sons assume that all prognostic factors and treatment ef-
fect modifiers were known, measured, and adjusted for,
and that absolute treatment effects can be reliably pre-
dicted. These assumptions are impossible to meet [14,
15]. One example was the lack of matching and adjust-
ment of definitions and assessment schedules of PFS,
while a significant PFS difference was the main finding of
both studies. PFS assessments were more frequent in
RESORCE versus CELESTIAL (every 6 weeks vs. every 8
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weeks), and the RESORCE trial included more qualifying
events of progression (both clinical and radiological pro-
gression) than the CELESTIAL trial (radiological pro-
gression only). Since many patients progress within the
first few cycles of treatment, the difference in PFS assess-
ment schedules could potentially bias the results in favor
of cabozantinib in an unanchored MAIC or STC com-
parison [22]. In the unanchored MAIC by Casadei-Gar-
dini et al. [21], neither the definition nor the assessment
schedule of progression was specified for the real-world
regorafenib population used, which were likely to be het-
erogenous and poorly defined, making them even more
difficult to compare with well-defined, uniformly as-
sessed progression in a clinical trial. Additionally, neither
study adjusted for the differences in proportions of pa-
tients with prior sorafenib duration of 3-6 months and
>6 months to match the trial being compared.

A further limitation to the study by Kelley et al. [16] was
that no attempt was made to adjust for the CELESTIAL
trial’s inclusion of patients intolerant to sorafenib, who
were earlier in their disease course than patients having
progressed after longer sorafenib treatment. This would
also bias the comparison of OS and PES in favor of cabo-
zantinib. Additionally, contrary to claims by the authors,
violation of proportional hazards is not a valid reason for
conducting unanchored single-arm indirect comparisons
since non-proportionality can be addressed as in the cur-
rent study with the use of RMST. The procedure for esti-
mating the difference in RMST (or t-mean survival) be-
tween two treatments is always valid without any propor-
tional model assumptions, and thus can be used to quantify
differences in PFS and OS between treatments when the
proportional hazards assumption is not met [23].

The unanchored MAIC by Casadei-Gardini et al. [21]
used real-world individual patient data from an unclear
source for the regorafenib population to compare with ag-
gregate data of the cabozantinib arm from the CELESTTIAL
trial. This may have introduced selection bias since clinical
trial patients, per protocol, are highly selected, homoge-
neous, and generally healthier patients compared to real-
world patients, who are more heterogenous (e.g., more co-
morbidities ineligible for trial enrollment), have worse per-
formance status, and are expected to have poorer outcomes.

Both of the earlier MAIC studies found no difference
in OS but a significant gain in PFS for cabozantinib com-
pared to regorafenib. Such contradictions appeared to
support the notion that PES is not correlated with OS,
thus further casting doubt on the clinical meaningfulness
and patient relevance of PFS as an efficacy endpoint in
advanced HCC [24].
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In line with the current study, two previously conduct-
ed network meta-analyses [25, 26] ranked regorafenib the
highest in OS benefit, comparing to cabozantinib, pem-
brolizumab, ramucirumab, brivanib, and placebo [26] or
comparing to cabozantinib, pembrolizumab, and ramu-
cirumab [25]. While these analyses support the findings
of this study, these analyses were performed with aggre-
gate data rather than individual patient data, which would
limit their power to identify true differences, as they were
not able to adjust for differences in inclusion criteria and
treatment effect modifiers.

Also consistent with the current study, Kelley et al. [16]
reported statistically significantly lower grade 3 or 4 diar-
rhea in the regorafenib population than in the cabozan-
tinib population. Other grade 3 or 4 AEs including AST
increase, hypertension, fatigue, and HFSR/PPE were to
various degrees numerically in favor of regorafenib, al-
though not statistically significant. A recent network me-
ta-analysis also found regorafenib to be associated with
significantly lower rates of grade 3 or 4 diarrhea (2 vs.
10%) and fatigue (6 vs. 10%) than cabozantinib [25]. Inci-
dence differences between regorafenib and cabozantinib
in other high-grade AEs were small but all numerically in
favor of regorafenib. Overall, this supports better tolera-
bility and safety of regorafenib, as further confirmed by
the rates of discontinuation analyses in the current study.

Differences in strength of efficacy and tolerability be-
tween regorafenib and cabozantinib may be underpinned
by the differences in their mechanisms of action. Both
drugs are multi-kinase inhibitors with broad activities
against VEGFR 1-3, RET, and KIT. Cabozantinib is
unique in targeting MET and AXL, whereas regorafenib
is unique in targeting FGFR1 and RAF [27, 28]. Rego-
rafenib also inhibits the colony-stimulating factor 1 re-
ceptor, which may stimulate antitumor immunity by
modulating tumor-associated macrophages [27, 29, 30].

While the current study has significant strengths over
earlier analyses, some differences in trial design could not
befullyadjusted forintheanalyses. Specifically, RESORCE
required patients to be sorafenib tolerant, whereas CE-
LESTIAL did not. Full adjustment for this difference was
not possible; however, partial alignment was achieved by
excluding the population with <3 months of prior
sorafenib exposure who, as argued by Kelley et al. [17],
presumably represent sorafenib-intolerant or fast-pro-
gressing patients in CELESTIAL but only fast-progress-
ing patients in RESORCE. The current results, therefore,
are limited to sorafenib-tolerant patients who are not fast
progressors (<3 months) on first-line sorafenib treat-
ment. In addition, race (white vs. other) could not be ad-
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justed for because race data were missing for 20% of the
RESORCE patients due to reporting restrictions in some
European countries. This was mitigated by adjusting for
geographical region (Asia vs. rest of world). The differ-
ence in the definitions and assessment schedules of pro-
gression between RESORCE and CELESTIAL could not
be fully adjusted for in the analyses; however, it is unlike-
ly to have biased PFS comparison in an anchored setting.
Finally, as with all anchored indirect treatment compari-
sons, the current study is limited by unobserved or un-
known effect modifiers that could not be adjusted for. In
addition, while of clinical interest to identify subgroup
populations that might benefit particularly from one
agent or the other, there are currently no published data
for subgroups of the second-line CELESTIAL population
(beyond subgroups of prior sorafenib duration) to com-
pare with the second-line RESORCE population.

In conclusion, this anchored indirect treatment com-
parison supports regorafenib as the preferred treatment
option in patients tolerant to and previously treated with
sorafenib. This study addressed several methodological
limitations of earlier MAICs to provide a less biased com-
parison of the efficacy and safety of second-line rego-
rafenib versus cabozantinib treatment for advanced HCC.
In the absence of a head-to-head comparative trial, these
findings can help inform decisions for patients with HCC
after previous treatment with sorafenib. While immuno-
therapy is becoming widely used in the frontline setting,
sorafenib continues to be an appropriate option for pa-
tients not able to benefit from check-point inhibitors.
And for patients who progress from sorafenib, rego-
rafenib may offer longer survival and better tolerability
and safety than cabozantinib. Furthermore, a recent anal-
ysis showed patients’” quality of life is significantly better
maintained with regorafenib than with placebo [31]. Fur-
ther investigations are needed to determine the optimal
treatment option for patients progressing from immuno-
therapy or lenvatinib frontline treatment.
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