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Abstract
Introduction: Atezolizumab (ATEZO) plus bevacizumab 
(BEVA) represents the new standard of care for the treatment 
of advanced hepatocellular carcinoma (HCC). However, the 
choice of the second-line treatment after the failure of im-
munotherapy-based first-line remains elusive. Taking into 
account the weaknesses of the available evidence, we devel-
oped a simulation model based on available phase III ran-
domized clinical trials (RCTs) to identify optimal risk/benefit 
sequential strategies. Methods: A Markov model was built to 
estimate the overall survival (OS) of sequential first- and sec-

ond-line systemic treatments. Sequences starting with first-
line ATEZO plus BEVA followed by 5 second-line treatments 
(sorafenib [SORA], lenvatinib [LENVA], regorafenib, cabozan-
tinib, and ramucirumab) were compared. The probability of 
transition between states (initial treatment, cancer progres-
sion, and death) was derived from RCTs. Life-year gained 
(LYG) was the main outcome. Rates of severe adverse events 
(SAEs) (≥ grade 3) were calculated. The incremental safety-
effectiveness ratio (ISER) was calculated as the difference in 
probability of SAEs divided by LYG between the 2 most ef-
fective sequences. Results: ATEZO plus BEVA followed by 
LENVA (median OS, 24 months) or SORA (median OS, 23 
months) was the most effective sequence, producing a LYG 
of 0.50 and 0.42 year, respectively. ATEZO plus BEVA fol-
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lowed by SORA was the safest sequence (SAEs 63%). At a 
willingness-to-risk threshold of 10%  of SAEs for LYG, ATEZO 
plus BEVA followed by second-line SORA was favored in 72% 
of cases, while at a threshold of 30% of SAEs for LYG, ATEZO 
plus BEVA followed by second-line LENVA was favored in 
69% of cases. Conclusion: Our simulation model provides a 
strong rationale to support ongoing trials evaluating sec-
ond-line tyrosine-kinase inhibitors after first-line ATEZO plus 
BEVA. Future evidence from ongoing RCTs and prospective 
real-world studies are needed to prove the net health ben-
efit of sequential treatment options for advanced HCC.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the fourth-leading 
cause of cancer deaths worldwide [1]. Curative treatment 
options, such as liver transplantation, resection or abla-
tion, exist for Barcelona Clinic Liver Cancer (BCLC) stage 
0/A (early-stage) HCC, while patients with locally ad-
vanced disease may be candidates for liver-directed thera-
pies, including transarterial chemoembolization and 
transarterial radioembolization [2]. Unfortunately, more 
than half of all HCC cases are diagnosed at a stage with no 
potentially curative treatment options. Since 2008, the 
oral tyrosine-kinase inhibitor (TKI) Sorafenib (SORA), 
has been recommended as the standard first-line systemic 
therapy for patients with BCLC stage C (advanced) HCC 
and those with BCLC stage B (intermediate) HCC who are 
unfit for, or fail to respond to, loco-regional therapies [3].

Recently, several newer systemic therapy options have 
shown efficacy in the first- and second-line settings. In 
the first-line setting, combination therapy with atezoli-
zumab (ATEZO) plus bevacizumab (BEVA) has exhib-
ited an impressive improvement in overall survival (OS) 
and progression-free survival (PFS) compared with 
SORA and it now represents the standard of care [4]. In 
the second-line setting, multiple TKIs have shown sur-
vival benefit when compared with placebo [5–7], al-
though a definitive standard of care has not yet been de-
fined [8].

Taken individually, these randomized controlled trials 
(RCTs) offer a number of effective choices for first- and 
second-line systemic treatments. Ideally, they should be 
combined in a rational sequence to offer the best net 
health benefit for patients with advanced HCC. However, 
RCTs were designed to maximize the effectiveness of each 
new drug under evaluation, and the best sequential sys-

temic treatment remains debated [8–10]. Unfortunately, 
sequential trials in oncology are difficult to perform and 
real-world data of sequential therapies for advanced HCC 
are lacking to date. Moreover, all approved second-line 
therapies in HCC have been assessed in patients who re-
ceived SORA as first-line treatment, and data on second-
line treatment after first-line ATEZO + BEVA are lack-
ing. Nevertheless, the American Society of Clinical On-
cology (ASCO) and the European Society for Medical 
Oncology (ESMO) guideline recommendations recently 
suggested the use of SORA or lenvatinib (LENVA) as sec-
ond-line treatment options after ATEZO + BEVA failure 
[9, 10]. Given the lack of direct comparative effectiveness 
data for sequential therapy options, we developed a simu-
lation model based on published phase 3 RCTs to iden-
tify the optimal strategy for sequencing systemic agents 
after first-line immune checkpoint inhibitor (ICI)-based 
combination treatments.

Methods

Trial Selection
Data from phase 3 RCTs of systemic agents with proven sur-

vival benefit were extracted. For ATEZO + BEVA, data were ex-
tracted from the IMbrave 150 trial [4]. Data were extracted from 8 
phase III RCTs [3, 4, 11–16] for SORA and pooled by a random-
effects model. Data were extracted from REFLECT [16], RESORCE 
[5], and CELESTIAL [6] trials for LENVA, Regorafenib (REGO), 
and Cabozantinib (CABO), respectively. For Ramucirumab 
(RAMU), data were extracted from a pooled meta-analysis of in-
dependent patient data [17] from REACH [18] and REACH-2 [7] 
trials. Characteristics of the included RCTs are showed in online 
supplementary Tables 1 and 2 (for all online suppl. material, see 
www.karger.com/doi/10.1159/000520278).

Meta-Regression Analysis
To examine the extent to which differences in OS with second-

line TKI therapy (including SORA and LENVA) could be ex-
plained by differences in study- and patient-level covariates, the 
following explanatory variables were included in a meta-regres-
sion model: year of study publication (only for SORA trials), type 
of drug, sex, ethnicity, Eastern Cooperative Oncology Group 
(ECOG) Performance Status, etiology of liver disease, Child-Pugh 
class, Albumin-Bilirubin (ALBI) grade, BCLC stage, alpha-feto-
protein (AFP), macrovascular invasion and extrahepatic spread. 
Data on ALBI grade were extracted from post hoc exploratory 
analyses when available [19–21]. Other variables of interest, in-
cluding degree of liver involvement and degree of portal vein inva-
sion were not uniformly reported across trials, so could not be 
included in meta-regression analysis. Median OS times were used 
as the effect size, weighted by standard errors. In order to reduce 
the risk of ecological bias, only univariate meta-regression was per-
formed. Restricted maximum likelihood was used for the model 
estimation (R package nlme). Data used in the meta-regression 
model are reported in online supplementary Table 2.
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Simulation Model
A semi-Markov model was developed to analyze the effective-

ness of different sequential systemic treatments for advanced HCC 
over a lifetime horizon (Fig. 1). The model allowed the transition 
hazard to increase over time and it was performed by estimating 
the scale and shape parameter of a Weibull distribution. Natural 
mortality rate at age of population was included in the model for a 
65-year-old hypothetical male patient. Given the very short life 
expectancy, we did not discount risks and benefits. The sequential 
semi-Markov model was built by using an ad hoc routine written 
with R statistical software. We simulated the clinical course of a 
hypothetical patient cohort with advanced HCC and similar char-
acteristics as those enrolled in included phase 3 RCTs (online sup-
plementary Table 1).

Data describing OS and PFS treatment benefits were derived 
from Kaplan-Meier curves from the above-mentioned trials. Spe-
cifically, we extracted data from the PFS curve of the IMbrave 150 
trial [4] for first-line ATEZO + BEVA. PFS was assumed as the 
main endpoint for first-line ATEZO + BEVA, because progression 
is the event leading to treatment discontinuation and transition to 
second-line therapy [22]. OS curves of patients treated with sec-
ond-line therapies were extracted from all 8 phase III RCTs [3, 4, 
11–16] for SORA and from REFLECT [16], RESORCE [5], and 
CELESTIAL [6], for LENVA, REGO, and CABO, respectively. For 
RAMU, data were extracted from a pooled meta-analysis of inde-
pendent patient data [17] including patients with AFP higher than 
400 ng/mL from REACH and REACH-2 trials [7, 18].

Individual patient survival data were reconstructed by using an 
algorithm proposed by Guyot et al. [23]. This algorithm provides 
a list of patients with predicted survival times and a predicted event 
of interest (i.e., alive or dead; progression or no progression) by 
using digitalized data on survival probabilities, time, and total 
number of patients and events. Engauge Digitizer software Ver-
sion 12 was used to extract data from the curves. Each reconstruct-
ed survival curve was inspected for accuracy and was compared 
with originally published curves. For safety measures, we extracted 

the number of grade ≥3 adverse events (severe adverse events, 
SAEs) from each included trial.

Model Transitions and Survival Estimates
The model simulated transitions among the following 3 health 

states, with a cycle length of 1 month: (1) advanced HCC eligible 
for first-line systemic therapy; (2) first progression; and (3) death 
(Fig. 1). The health states were mutually exclusive (i.e., a patient 
could only experience a single health state at any given time). After 
first-line therapy, patients could experience a response and con-
tinue first-line ICI-based therapy, experience progression, and 
switch to second-line treatment, or death. Patients on second-line 
therapy could experience treatment response or death. Therefore, 
patients remained on second-line therapy if they experienced sec-
ond progression.

Survival estimates for sequential settings considered the pro-
portion of patients who did not receive second-line therapy due to 
death. Transitions between health states were based on calculated 
transition probabilities from PFS and OS data extracted from pub-
lished studies. Simulation of 2000 pseudo-random patients was 
performed to obtain overall simulated survival times and median 
times throughout the 3 states of the disease.

Outcomes
Life-year gained (LYG) of the sequential therapies was the main 

health outcome. We calculated median OS of sequential therapies 
from the Markov model. To provide long-term survival informa-
tion, a milestone survival analysis at 24 months was performed. 
Accordingly, the number needed to treat (NNT) was calculated for 
each sequential strategy.

The rate of SAEs was calculated for each sequential treatment, 
taking into account transition probabilities from first- to second-
line treatments, by using a weighted mean of the number of pa-
tients transited in each disease state (initial treatment and cancer 
progression). To obtain a net health benefit measure [24], clinical 
benefit and safety were combined to calculate an innovative mea-

Fig. 1. General structure of the Markov 
model. TKI, tyrosine-kinase inhibitor; ICI, 
immune checkpoint inhibitor; PFS, pro-
gression-free survival; OS, overall survival.
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Table 1. Clinical features and outcomes reported in the clinical trials examined and model parameters

Variables Base-case References

First-line atezolizumab plus bevacizumab
Characteristics of patients 4
Median age, yr 64
Male sex, % 82.4
Asian ethnicity, % 39.6
HBV, % 48.8
HCV, % 21.4
Vascular invasion and/or extrahepatic disease, % 76.8
ECOG performance status 1, % 37.7
BCLC C, % 82.1
Median PFS* (months) reported in trial 6.8 mo 4
Weibull distribution parameters (scale; shape) 9.78; 1.2 –
Median PFS (IQR) (months) obtained with Weibull distribution 7.2 mo (9.6) –
Mean PFS (SD) (months) obtained with Weibull distribution 9.25 mo (0.18) –
SAEs, %

Atezolizumab plus bevacizumab 61 4
Second-line systemic treatments

Median OS (months) reported in RCTs, mo
Sorafenib before 2018 9.65 3, 11–15
Sorafenib after 2018 12.5 4, 16
Lenvatinib 13.6 16
Regorafenib 10.6 5
Cabozantinib 10.2 6
Ramucirumab 8.1 17

Weibull distribution parameters (scale; shape)
Sorafenib before 2018 14.21; 1.23
Sorafenib after 2018 20.98; 1.07
Lenvatinib 20.86; 1.26
Regorafenib 15.36; 1.23
Cabozantinib 15.24; 1.27
Ramucirumab 11.6; 1.27

Median OS (IQR) (months) obtained with Weibull distribution, mo
Sorafenib before 2018 11 (13)
Sorafenib after 2018 15 (22)
Lenvatinib 15.5 (19.4)
Regorafenib 11.4 (14.4)
Cabozantinib 11.4 (14)
Ramucirumab 8.9 (10.9)

Mean OS (SD) (months) obtained with Weibull distribution, mo
Sorafenib before 2018 13.92 (0.35)
Sorafenib after 2018 20.77 (0.48)
Lenvatinib 19.94 (0.3)
Regorafenib 14.8 (0.62)
Cabozantinib 14.7 (0.54)
Ramucirumab 11.3 (0.1)

SAEs, %
Sorafenib before 2018 77.1 3, 11–15
Sorafenib after 2018 65.1 4, 16
Lenvatinib 75 16
Regorafenib 79.7 5
Cabozantinib 79.4 6
Ramucirumab 70.4 18

For sorafenib, OS data were pooled stratifying according the publication year before [3, 11–15] and after 2018 
[4, 16]. OS, overall survival; PFS, progression-free survival; Mo, months; IQR, interquartile range; SD, standard 
deviation; SAEs, severe adverse events; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona clinic liver 
cancer; RCTs, randomized controlled trials. * Assessed by RECIST 1.1.
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sure, that is the incremental safety-effectiveness ratio (ISER). The 
latter was defined as the difference in the rate of SAEs between 2 
sequential treatments, divided by their difference in effectiveness, 
measured in LYG. This unit of measure expresses the incremental 
percentage of SAEs for each LYG.

Delta SAEs%
ISER .

LYG
=   

Sensitivity Analysis
Two-way sensitivity analysis for ISER was performed by vary-

ing the numerator (percentage difference in SAEs) and the de-
nominator (LYG). The variation range for the denominator was 
chosen to be as large as the maximal value observed, while a ±5% 
variation was chosen for the numerator. Analogous to the willing-
ness-to-pay threshold of a cost-effectiveness analysis, a willing-
ness-to-risk threshold value must be established for ISER. Differ-
ent willingness-to-risk thresholds for ISER, and their visual effect 
in terms of estimated areas, across the potential range of SAEs and 
LYG, have been calculated. All the analyses were performed using 
R (R core team, 2020).

Results

Meta-regression analysis showed that SORA OS in-
creased in RCTs published after 2018, so pooled OS of 
SORA was stratified before and after 2018 (see online 
suppl. Table 3). SORA after 2018 and LENVA were the 
only drugs significantly associated with OS improvement 
compared to SORA before 2018. Pooled OS from the 2 
SORA control arms of IMBrave 150 [4] and REFLECT 
[16] RCTs were included in the Markov model as post-
2018 trials. Among patient-level covariates, ALBI grade 
2, BCLC C, and AFP >400 ng/mL were significantly as-
sociated with worse OS.

Relevant outcomes and model parameters from the 
RCTs are described in Table 1. The base-case efficacy and 

safety of the treatment sequences after ATEZO + BEVA, 
ordered according to 24-month OS, are reported in Ta-
ble 2. First-line ATEZO + BEVA followed by second-line 
LENVA was the most effective treatment with median OS 
of 24 months, LYG of 0.50 year, 24-month OS of 49.3% 
and NNT of 5. First-line ATEZO + BEVA followed by 
second-line SORA was the second most effective treat-
ment with median OS of 23 months, LYG of 0.42 year, 
24-month OS of 46.6%, and NNT of 6. Figure 2 shows the 
simulated survival curves of ATEZO + BEVA followed by 
LENVA or SORA.

The safety profile of treatment sequences is reported 
in Table 2. First-line ATEZO + BEVA followed by sec-
ond-line LENVA was associated with 67.8% SAEs, while 
first-line ATEZO + BEVA followed by SORA was associ-
ated with 63.0% SAEs, resulting the safest sequence. First-
line ATEZO + BEVA followed by second-line LENVA-
dominated sequential strategies, including REGO or 
CABO for both effectiveness and safety.

A two-way sensitivity analysis, varying SAE and LYG 
values, was performed to evaluate which therapy would 
be preferred at different willingness-to-risk thresholds. In 
Figure 3, at a willingness-to-risk threshold of 10% of SAEs 
for LYG, first-line ATEZO + BEVA followed by second-
line SORA was favored in 72% of cases, while at a thresh-
old of 30% of SAEs for LYG, first-line ATEZO + BEVA 
followed by second-line LENVA was favored in 69% of 
cases.

Discussion

The best sequential systemic treatment for patients 
with advanced HCC after first-line ATEZO + BEVA fail-
ure still remains debated. Recently, ASCO, ESMO, and 

Table 2. Base-case efficacy and safety of treatment sequences with atezolizumab plus bevacizumab as first-line according to the simulated 
24-month OS

Treatment sequence 24-month 
OS, %

NNT 
(patients, n)

Median OS, 
mo (95% CI)

LYG, 
yr

SAEs, % 
(95% CI)

Atezolizumab plus bevacizumab – Lenvatinib 49.3 5.5 24 (23–25) 0.50 67.8 (66.3–69.3)
Atezolizumab plus bevacizumab – Sorafenib after 2018 46.6 6.4 23 (22–24) 0.42 63.0 (61.5–64.6)
Atezolizumab plus bevacizumab – cabozantinib 37.0 16.7 20 (19–21) 0.17 69.9 (68.5–71.4)
Atezolizumab plus bevacizumab – regorafenib 37.0 17 20 (19–21) 0.17 70.0 (68.6–71.5)
Atezolizumab plus bevacizumab – Sorafenib before 2018 35.0 24.7 20 (19–21) 0.17 68.8 (67.3–70.3)
Atezolizumab plus bevacizumab – Ramucirumab 31.0 – 18 (17–19) – 65.6 (64.1-67.1)

All the sequences were compared to the worst sequence (atezolizumab plus bevacizumab – ramucirumab) in terms of NNT and LYG. NNT was calculated 
by using 24-month OS rate. OS, overall survival; LYG, life-year gained; NNT, number needed to treat; SAEs, severe adverse events; Yr, years; Mo, months; 95% 
CI, 95% confidence intervals.
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the European Association for the Study of Liver societies 
suggested the use of any TKI (including SORA and LEN-
VA) as second-line therapies after ATEZO + BEVA [9, 
10, 25]. Our analysis provided evidence that SORA and 
LENVA were the 2 TKIs significantly associated with OS 
improvement. In this line, our sequential model suggests 
that first-line ATEZO-BEVA followed by second-line 
LENVA or SORA could be optimal sequential systemic 
strategies in terms of efficacy, with a median OS of about 
2 years, as well as safety. To the best of our knowledge, 
this is the first model providing comparisons among dif-
ferent second-line TKIs after first-line ICI-based treat-
ment. Waiting for the validation of the key assumptions 
of our model by RCTs and large prospective real-world 
data, our simulation model provides further evidence 
supporting ASCO, ESMO, and the European Association 
for the Study of Liver recommendations, suggesting that 
the sequences with first-line ATEZO + BEVA followed by 
second-line TKIs (LENVA or SORA) may represent the 
optimal sequences. In this line, we are awaiting for the 
upcoming results from the phase III trial of the ICI-TKI-
based combination LENVA plus Pembrolizumab [26]. 
Regarding the safety profile, our study showed that the 
use of second-line SORA after ICI-based first-line was the 
best sequence in terms of tolerability. It is important to 
note that the results of our meta-regression, showing that 
the benefit of SORA significantly increased over time, are 
plausible and supported by available real-world and clin-
ical trial data [27–29]. The improvement in the manage-

ment of SORA side effects, tailoring SORA dosage to op-
timize risk/benefit ratio, and finally the availability of sec-
ond-line treatment options could explain these results.

Sequential trials in oncology are difficult to perform 
and they are practically unfeasible in most settings, such 
as advanced HCC. Furthermore, large prospective real-
world data of sequential therapies in advanced HCC are 
time-consuming and lacking to date. Our results address 
an area of urgent clinical need, in which direct compara-
tive effectiveness data are lacking. Our simulation model 
could be a useful tool to predict the outcome of different 
systemic treatment sequences. In this line, simulation 
models starting from locoregional treatments are needed 
to provide a more accurate assessment of treatment ben-
efit across the patient-journey.

Simulation models are subject to several limitations, 
mainly due to lack of individual data and absence of vali-
dation on key assumptions. For example, we did not have 
data regarding degree of liver involvement or portal vein 
invasion for meta-regression models. Therefore, our se-
quential model should be considered as a hypothesis gen-
erating tool, and real-world data should be constantly 
generated to confirm all assumptions. In this line, Yoo et 
al. [30] demonstrated the second-line treatment with 
LENVA or SORA had comparable efficacy and manage-
able toxicities in patients with advanced HCC after AT-
EZO + BEVA failure. We believe that simulation models 
could provide an anticipated evaluation useful to design 
and power future trials. For instance, our forecasts on the 
2 optimal sequences ATEZO + BEVA followed by LEN-
VA or SORA represent the control group of the ongoing 
trial (IMBrave251, NCT04770896), comparing ATEZO + 
LENVA versus LENVA alone or ATEZO + SORA versus 
SORA alone in ATEZO + BEVA failure patients [31]. 
Moreover, it is important to consider that previously 
published estimates of sequential strategies are biased by 
“per-protocol analyses,” and they did not consider pa-
tients who died before second-line treatment [32, 33], 
with a bias of potential overestimate of the efficacy of the 
proposed sequences. Finally, a strength of our model was 
the use of PFS as the main endpoint for first-line treat-
ment, since it is likely that, in real-life, treatment sequenc-
ing will be considered upon tumor progression [22, 34, 
35].

Assessment of the benefit of ICIs raises several issues 
considering the unconventional pattern of radiological 
response. Novel tools assessing radiological response 
(i.e., immuneRECIST or radiomic tools) or innovative 
measures of net health benefit assessment may be able 
to capture the long-term benefit observed with ICIs 
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[36]. According to ASCO statements [24], net health 
benefit is defined as the balance between clinical benefit 
and SAEs, and it is used to assess the difference between 
2 different therapeutic strategies [37]. In our model, we 
used an innovative measure combining efficacy and 
safety, called ISER (incremental safety-effectiveness ra-
tio). Given the range of uncertainty on the net health 
benefit assessed by ISER between ATEZO-BEVA fol-
lowed by LENVA or SORA, the best treatment strategy 
should be carefully shared with the patients and agreed 
with the policy makers, taking also into account cost-
effectiveness ratio. In this line, the limited survival ben-
efit observed in RCTs, particularly in the second-line 
setting, underlines the importance of including both 
quality of life and the patient-reported outcomes. When 
we evaluated the net health benefit according to ISER, 
we observed that ATEZO + BEVA followed by LENVA 
was clearly favored only in patients with high willing-
ness-to-risk threshold (e.g., fit patients with fighter at-
titude who dismiss the impact of SAEs), while ATEZO 
+ BEVA followed by SORA was favored in patients with 
low willingness-to-risk threshold (e.g., frail patients 

with fatalist attitude in whom a higher risk of SAEs is 
relevant). It is to note that TKIs can have continuous 
low grade (grade 2) toxicity that could not be entirely 
captured by ISER.

Like all the simulation models, in the present study 
there are several limitations. First, there is a lack of pub-
lished data concerning second-line treatments after AT-
EZO + BEVA. All available second-line therapies were 
approved in trials including SORA-experienced patients, 
while no second-line therapies were evaluated after AT-
EZO + BEVA. As a proxy measure of treatment failure, 
about 20% of patients in the IMBrave 150 trial [4] re-
ceived subsequent TKI treatment after ATEZO + BEVA, 
although the reasons for the transition to second-line 
therapy were unknown. Second, we were unable to ac-
count for some differences in patient inclusion and ex-
clusion criteria across trials. Notably, the REFLECT trial 
excluded patients with >50% liver involvement or main 
portal vein invasion. The inclusion of a more favorable 
population may bias results to favor LENVA [16]. Fur-
thermore, some patients with progression after ATEZO 
+ BEVA may not be candidates for second-line LENVA 
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Fig. 3. Two-way sensitivity analysis of incremental safety-effec-
tiveness ratio (ISER, i.e., delta severe adverse events %/life-year 
gained) to indicate which sequence is favored according to differ-
ent “willingness-to-risk” thresholds. Gray area favored atezoli-
zumab plus bevacizumab followed by lenvatinib, while white area 
favored atezolizumab plus bevacizumab followed by sorafenib. 

Three different scenarios were reported: willingness-to-risk 
threshold of 10% of SAEs for LYG (a); willingness-to-risk thresh-
old of 20% of SAEs for LYG (b); willingness-to-risk threshold of 
30% of SAEs for LYG (c). SAEs, severe adverse events; LYG, life-
year gained.
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if they present the previously mentioned exclusion crite-
ria. Moreover, REFLECT trial also selected a population 
with a lower risk of developing cardiovascular events 
during TKI treatments [16]. Third, we incorporated data 
from RCTs of both first- and second-line TKIs to simu-
late the benefit of sequences after first-line ATEZO + 
BEVA. Therefore, the estimate of SORA and LENVA OS 
in RCTs may be overestimated compared to REGO, 
CABO, and RAMU OS, given the use of different subse-
quent therapies in some patients after SORA or LENVA 
discontinuation. Fourth, the sequences including REGO 
as second-line therapy could have overestimated safety 
because RESORCE trial included only SORA-tolerant 
patients and SAEs may be higher in an unselected popu-
lation [5]. Fifth, we were unable to calculate quality-ad-
justed life-years, since utilities were not available in the 
majority of the RCTs examined. Accordingly, we as-
sessed LYG, and not quality-adjusted life-years, as the 
primary measure of efficacy. Sixth, we lacked data on po-
tentially relevant effect modifiers such as microscopic 
vascular invasion, histological grading, gene profiling 
[38]. However, our meta-regression showed that BCLC 
stage C, ALBI grade 2, and AFP higher than 400 ng/mL 
were significantly associated with worse OS, confirming 
their prognostic usefulness. Seventh, the number of 
grade 3 and 4 SAEs was not separately reported in RCTs, 
hampering the evaluation of the degree and severity of 
SAEs in the calculation of ISER. Finally, due to the lack 
of individual data, our model cannot consider dropouts 
from first to second-line because of AEs or liver decom-
pensation, which are well-demonstrated drivers of death 
in patients with HCC [39–42]. Therefore, time to liver 
decompensation [42] and time to treatment discontinu-
ation due to AEs should be collected and reported in fu-
ture trials. In conclusion, waiting for the results from 
RCTs and prospective real-world data evaluating first-
line ICI-based combination followed by second-line 
mono- or combination TKI-based regimens [31], AT-
EZO + BEVA followed by LENVA or SORA could be 
considered optimal sequential options for advanced 
HCC.
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