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Summary

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer death worldwide and its prognosis is highly heterogeneous,
being related not only to tumour burden but also to the severity of underlying chronic liver disease. Moreover, advances in systemic
therapies for HCC have increased the complexity of patient management. Randomised-controlled trials represent the gold standard
for evidence generation across all areas of medicine and especially in the oncology field, as they allow for unbiased estimates of
treatment effect without confounders. Observational studies have many problems that could reduce their internal and external
validity. However, large prospective (well-conducted) observational real-world studies can detect rare adverse events or monitor the
occurrence of long-term adverse events. How best to harness real world data, which refers to data generated from the routine care of
patients, and real-world ‘evidence’, which is the evidence generated from real-world data, represents an open challenge. In this
review article, we aim to provide an overview of the benefits and limitations of different study designs, particularly focusing on
randomised-controlled trials and observational studies, to address important and not fully resolved questions in HCC research.
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Introduction

Randomised-controlled trials (RCTs) represent the most
powerful tool to change clinical practice and the gold standard
by which new cancer treatments are assessed and through
which therapeutic progress is made. Clearly, RCTs provide the
highest level of evidence because of their rigorous design, the
application of strict selection criteria and precise evaluation of
drug efficacy in a well-defined population.

The ability of an RCT to detect a difference between groups
requires strict specification of study conditions related to all
aspects of its conduct, such as participant selection, treatment
and control assignment arms, inclusion/exclusion criteria,
randomisation method, concealment, outcome measurement,
and many other considerations. These highly selective criteria
are linked to the need to have well-designed and clean RCTs to
generate robust efficacy information. So, in the hierarchy of
research designs, the results of RCTs are considered evidence
of the highest grade.

On the other side, observational studies have many limita-
tions that could reduce their internal and external validity. The
primary concern lies in the potential for an inappropriate se-
lection of patients, which can result in inaccurate find-
ings, spurious associations, and misleading correlations.
Specifically, confounding variables may account for the
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disparity in reproducibility between the outcomes of an RCT
and an observational study. So, when the results of RCTs are
not fully reproduced in a real-world setting, it does not
necessarily imply that RCTs are not valid. However, it is also
important to note that if prospective observational studies are
designed with rigorous methods, that mimic those of RCTs,
they can partially overcome their limitations and make impor-
tant potential contributions. For instance, carefully conducted
observational real-world studies (RWS) can detect rare adverse
events, monitor the occurrence of long-term adverse events
that did not appear during the short time intervals of an RCT, or
detect interactions with comorbidities. Nonetheless, when
interpreting the findings of observational studies, it is crucial to
acknowledge that, although inherently interconnected, real-
world data (RWD) and real-world evidence (RWE) delineate
discrete concepts. RWD represent raw unprocessed data
related to patient health status or the delivery of healthcare that
are routinely collected by different sources, including, but not
limited to, registries, electronic health records, and adminis-
trative and medical claims databases. On the other side, RWE
derives from the systematic analysis, evaluation, and interpre-
tation of RWD to generate evidence on the risk-benefit ratio of
medical interventions in real-world populations and to inform
healthcare decision-making. It should be noted that RWD do
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Keypoints

. Hepatocellular carcinoma (HCC) is characterised by biological and clinical heterogeneity and wide variations in prognosis.

e  Evidence from both well-designed and -conducted randomised-controlled trials and cohort studies can and should be used to inform

clinical decision-making in the setting of HCC.

e  The advent of innovative systemic treatments will radically change the therapeutic approach from the early to advanced stages of HCC.

e The presence of underlying cirrhosis makes the clinical and methodological interpretation of HCC trial results more challenging.

o In patients with HCC, hepatic decompensation, which does not always coincide with tumour progression, is part of this complex
dynamically evolving system and has a strong impact on prognosis.

not automatically translate into RWE, given possible limitations
related to data quality and completeness, confounding factors,
lack of suitable methodologies to demonstrate causation,
generalisability of results, and changes in temporal trends.

Lastly, it is crucial to emphasise that achieving statistical
significance for the primary efficacy outcome is a critical cri-
terion for deeming a trial “positive”. Nevertheless, it is the
assessment of its clinical applicability, in accordance with
physicians’ judgment, that should take precedence.’ Before
defining a new intervention or drug as a “therapeutic innova-
tion”, it is necessary to evaluate the internal and external val-
idity, effectiveness, and net-health benefit in real-world
patients. In fact, further safety studies (including RCTs or
observational registries) are sometimes requested by regula-
tors before approval to clarify the safety profile of a new drug.
Furthermore, it is important to note that negative evidence can
lead to important breakthroughs in patient management. For
example, retrospective analysis of the CRYSTAL trial revolu-
tionised the management of patients with RAS wild-type met-
astatic colorectal cancer, despite the results of the trial being
negative for overall survival (0S).?

Moreover, evidence from both well-designed and -conducted
RCTs and cohort studies can and should be used to inform
clinical decision-making. In the setting of advanced hepatocel-
lular carcinoma (HCC), similar RCTs have been conducted using
similar inclusion criteria, as was the case for the evaluation of
sorafenib in the SHARP® and Asia-Pacific trials® or pem-
brolizumab in KEYNOTE-240° and KEYNOTE-394.° Even if two
RCTs share similar inclusion criteria and are conducted in the
same setting, it does not necessarily imply identical study
populations. Variations in healthcare pathways and risk factors
can result in disparate outcomes or varying effects of an inter-
vention. While the trials may appear similar, they cannot be
mutually compared due to differences in populations, despite
the use of the same drugs and similar inclusion criteria/settings.

This review offers a comprehensive exploration of the ad-
vantages and constraints associated with various study de-
signs, with a specific emphasis on RCTs and observational
studies. lts primary objective is to address pivotal, yet still
unresolved, inquiries in HCC research.

Randomised-controlled trials vs. real-world
evidence

Randomised-controlled trials

In oncology, RCTs seek to determine whether a new drug has
superior (or non-inferior) efficacy, with improved OS being a
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frequent primary endpoint. In the context of intermediate-
advanced HCC, some examples are the IMbrave150 trial,”
which demonstrated the superiority of atezolizumab plus bev-
acizumab over sorafenib in terms of OS, progression-free
survival (PFS) and objective response rate (ORR), and the
HIMALAYA trial,® which showed the superiority in OS of dur-
valumab plus tremelimumab (according to the STRIDE regimen)
over sorafenib. Both IMbrave150 and HIMALAYA are positive
RCTs, since they met the pre-specified measure of success for
the primary outcome, that was OS and PFS as co-primary
endpoints in IMbrave150 and OS in HIMALAYA. When
addressing results and conclusions from RCTs, it should be
noted that their interpretation cannot merely rely on a simplistic
dichotomy between “positive” vs. “negative” trials according to
treatment effect on primary outcome, but it should provide a
careful assessment of the overall evidence, including second-
ary endpoints, safety issues, and the size and quality of RCTs."
Both IMbrave150 and HIMALAYA were large (N = 501 and
1,171, respectively), international RCTs, designed on a clini-
cally important primary outcome, providing a convincing
magnitude of treatment benefit in their experimental arms
compared to sorafenib, with hazard ratios (HRs) for death of
0.58 (95% CI 0.42-0.79, p <0.001) and 0.78 (96.02% CI 0.65 to
0.93, p = 0.0035), respectively. HRs for disease progression or
death vs. sorafenib were 0.59 (95% Cl, 0.47 to 0.76; p <0.001)
for atezolizumab + bevacizumab, and 0.90 (95% CI, 0.77 to
1.05) for STRIDE (single tremelimumab regular interval durva-
lumab); moreover, both trials showed a manageable safety
profile, with adverse events consistent with the known indi-
vidual drug profiles. Finally, both the IMbrave150 and HIMA-
LAYA trials were characterised by high-quality study designs
and rigorous execution.

Impact of RCTs on clinical practice

Differences in the inclusion criteria across RCTs should also be
considered and applied in clinical decision-making, when
choosing one therapeutic option over another. Findings of any
trial apply to the specific patients enrolled and the question of
whether the results can be generalised to other patients must
always be considered when facing patients in routine clinical
practice.” The IMbrave150 trial” included patients with
neoplastic invasion of the main portal trunk, who were instead
excluded by other RCTs conducted in the first-line setting,
such as REFLECT® and HIMALAYA,? likely leading to the in-
clusion of a positively selected population in the latter trials. It
should also be considered that patients with 50% or higher liver
occupation or obvious invasion of the bile duct were also
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excluded by REFLECT. Therefore, caution should be taken
when comparing indirectly the OS and associated results from
RCTs with different inclusion criteria’®'" or when applying
evidence from RCTs to patients who would have been
excluded. RCTs usually exclude some populations with special
characteristics, like significant cardiovascular or kidney
comorbidities,'? solid organ transplant recipients, patients with
Child-Pugh class B or C cirrhosis or, at least in past years, HIV
infection. This is a relevant point in the context of HCC
superimposed on cirrhosis and introduces the issue of
competing risks.”>'* A competing risk is an event whose
occurrence precludes, or modifies, the probability of the
occurrence of the primary event of interest. For instance, in a
study in which the primary outcome was time to death attrib-
utable to HCC progression, death attributable to reasons
different from HCC progression (i.e., impairment of liver func-
tion) represents a competing event. Because of the knowledge
gap deriving from the exclusion of these patients from RCTs,
only data arising from RWS are available in these spe-
cial settings.

A phase Il non-inferiority RCT seeks to determine whether a
new drug is not worse than the standard of care in terms of
efficacy. Non-inferiority trials should be used with drugs that
may offer other advantages - such as superiority in surrogate
outcomes, decreased toxicity, or reduced cost — but they are
statistically complex with inherent limitations.”® The choice of
the non-inferiority margin is a critical aspect, influencing the
trial’s interpretation and potential impact on clinical practice.
The REFLECT trial® and the HIMALAYA trial® aimed to
demonstrate non-inferiority in overall survival (OS) between
lenvatinib and sorafenib or between durvalumab and sorafenib,
respectively, both with a pre-specified margin of 1.08 for the
HR. This means that lenvatinib or durvalumab would be
considered non-inferior to sorafenib if the upper limit of the
95% CI for the HR did not exceed 1.08. A value of 1.08 in-
dicates that the new treatment can be up to 8% less effective
than the reference treatment without being considered clinically
worse. The choice of the margin is based on clinical judgment
and consensus within the scientific community and represents
a trade-off between statistical precision and clinical practicality.
Narrower margins necessitate larger studies to demonstrate
non-inferiority, while wider margins may allow for smaller
studies but could permit a clinically relevant difference."®

Moreover, in the REFLECT study,9 lenvatinib was non-
inferior to sorafenib for OS, but actually superior for PFS,
contributing to the debate on the concordance between OS
and radiology-based endpoints and on the choice of outcome
to power a trial. Hence, it is important to consider that, in recent
years, there has been a progressive increase in the use of in-
termediate endpoints in submissions to the FDA. However, the
FDA often requires companies to share OS data when they
become available following accelerated approval or traditional
approval.'”” Nonetheless, crossover trial designs and subse-
quent lines of therapy may make long-term monitoring of OS
difficult, requiring alternative analyses to adjust for the effect of
subsequent treatments, such as time-dependent covariates
Cox models, inverse probability of censoring weighting models,
RPSFT (rank-preserving structural failure time) models, or two-
stage methods.'®2° Although these techniques have never
been used to adjust for crossover in trials conducted in patients
with HCC, a RPSFT model has been used in the setting of
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advanced intrahepatic cholangiocarcinoma to adjust for the
effect of crossover from the placebo arm to active treatment on
OS results.’®

In the last five years, “negative” RCTs have also been
published in the setting of systemic treatment for HCC?'~2%;
Others have met only one of the primary co-endpoints and
could be considered partially positive (only for PFS) or negative
because the OS endpoint was not met.?>?* The key findings of
these RCTs are reported in Table S1. When the primary
outcome is not reached, one should ask whether the trial was
sufficiently powered; whether the population, treatment
regimen and primary outcome were appropriate; or whether
secondary outcomes showed positive results. Regarding the
appropriateness of primary outcome, most of the aforemen-
tioned RCTs”?"*® were designed to prove superiority on a co-
primary endpoint of PFS and OS, an approach associated with
increased risk of type | error, that requires multiple testing
corrections and that can be affected by the unsatisfactory
surrogacy between the two co-primary outcomes in this
setting.”>*® Other relevant issues when interpreting “negative”
RCTs are the differences in the administration of post-
progression therapies between trial arms, that could affect
OS estimates, and the role of the pattern of progression, that
could be different according to the treatment, potentially
translating into differences in OS.

When trying to apply evidence from RCTs to routine clinical
practice, some relevant differences between these two settings
need to be accounted for.?” RCTs are characterised by a well-
defined and regular radiological evaluation of tumour burden
established by protocols that usually use RECIST criteria.
Meanwhile, in clinical practice, follow-up may not be regular
and radiological response may not be assessed by RECIST.
Another relevant difference relates to the critical point of
treatment interruption because oncology RCT protocols tradi-
tionally mandated treatment discontinuation at the time of
radiological progression, while in clinical practice treatment
may be maintained beyond progression if there is clinical
benefit. However, in the HCC setting, the SHARP trial® already
allowed for continuation of treatment until symptomatic pro-
gression, incorporating both the concept of perceived clinical
benefit and the concept that radiological progression does not
necessarily mean treatment inefficacy. In this line, more recent
RCTs have allowed for treatment continuation beyond radio-
logical progression in the presence of clinical benefit. More-
over, in the HCC setting, the pattern of progression, a well-
validated predictor of survival in patients under tyrosine ki-
nase inhibitors®® and immune checkpoint inhibitors (ICls),?%*°
can guide clinical decision-making. Finally, safety reporting in
RCTs is usually graded according to CTCAE, while different
criteria are often used by clinicians and researchers in routine
clinical practice.®"

The advent of innovative treatments may also increase the
complexity of interpreting trial results, as in the case of ICls.
Oncological RCTs usually express treatment benefit through
traditional effect measures, including median survival times and
HRs. However, the unconventional pattern of response/pro-
gression associated with ICls (including pseudo-progression,
hyper-progression or dissociated responses), as well as the
long-term benefit achieved by a subgroup of patients, could
mean that traditional effect measures are not completely suit-
able to estimate treatment benefit and to evaluate comparative
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effectiveness.®® The reliability of these measures is related to
the presence of proportional HRs®*® and only HIMALAYA?® and
COSMIC-3122% RCTs formally provided an assessment of the
proportionality of hazard. This is relevant since it has been
demonstrated that non-proportionality of HRs is not rare in
RCTs of systemic treatment for HCC,'%** especially when
analysing PFS. For this reason, innovative methodologies such
as milestone analysis or restricted mean survival time®* could
be more suitable to assess the benefit associated with ICI-
based combinations. Particularly, the calculation of restricted
mean survival times using reconstructed curves from individual
patient survival data led to different results when evaluating
PFS in a recently published network meta-analysis,'
compared to previously published aggregate data network
meta-analyses.' !¢

In addition to methodological issues, the inherent limitations
of RECIST criteria should also be addressed, since they focus
solely on changes in the size of target lesion(s), using arbitrary
boundaries, without considering relevant features related to
tumour biology, heterogeneity and to non-measurable lesions.
At the same time, symptomatic progression and other clinically
relevant features, including the depth of response (i.e., the
maximum percentage change in tumour size compared with
baseline), the duration of response or the area under the curve
of response,37 are neglected by RECIST criteria, as is the
possibility of experiencing a response after initial progression
(as sometimes observed during ICI treatment). Alternative
radiological criteria based on changes in tumour vascularisa-
tion, such as EASL criteria or modified RECIST (mRECIST), can
be more suitable than traditional RECIST criteria to assess the
response to locoregional treatments, but they may be flawed in
case of tumour progression during follow-up. All in all, RECIST
criteria and other radiology-based criteria commonly used to
define response and progression in RCTs need to be critically
reviewed and replaced by more reliable and reproducible tools
that effectively capture the true benefit of an intervention.

[ Clinical trials ]
Primary
endpoint:
reached
Phase Il
randomized .
controlled trials o
(RCTs)

Highly selected patients according to
inclusion criteria (IC)/exclusion criteria (EC)

Real-world data

RWD, defined as information generated outside RCTs that
advances our understanding, can fill knowledge gaps between
RCT scenarios and real-world clinical practice. For example, in
some cases new treatments are over-indicated in real-world
patients with liver decompensation or deterioration of ECOG-
PS (Eastern Cooperative Oncology Group-Performance Sta-
tus). RWD has the potential to guide and refine research di-
rections and RCT designs (Fig. 1).

Special populations

An international academic multicentre RWS including patients
with HCC under haemodialysis treated with sorafenib has
demonstrated that treatment outcomes in these patients are
similar to those in the non-dialysis population.'? Similarly, pa-
tients who received liver (or other solid organ) transplants are
usually excluded from RCTs evaluating systemic treatment,
though RWSs have recently been performed in this setting.>®°

Liver decompensation

Another special setting is represented by patients with worse
liver function (i.e., Child-Pugh class B and C). They have been
historically excluded from RCTs of systemic therapies,*®™° in
order to minimise the possible impact of liver dysfunction on
treatment outcomes and they still represent a treatment-
deprived population. In this scenario, unlike special pop-
ulations, real-world analysis becomes more intricate due to
patients presenting with varying Barcelona Clinic Liver Cancer
(BCLC) stages.** Furthermore, this complexity can potentially
lead to over- or under-interpretations. It is not equivalent to
compare a decompensated patient with a low tumour burden
and ECOG-PS 0 to those experiencing HCC-related symp-
toms. Consequently, a multiparametric assessment, such as
tumour staging, should not be confined solely to liver function.
Furthermore, the reason behind decompensation and its timing
are crucial factors in decision-making. If the analysis is

(Real-world clinical practice]

~
. ) Treatment
My patient exactly fits indication:
IC/EC of RCT .
Certain
J
~
My patient does not Trgatment
exactly fit IC/EC of indication:
RCT Uncertain
_/
My patient belongs to jl're_atn'!ent
special population indication:
excluded by RCTJ 27?

Fig. 1. Translating evidence from randomised-controlled trials to real-world clinical practice.
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confined solely to Child-Pugh B or C classification, the real-
world interpretation loses its significance. It should also be
noted that decompensation events have a deeply different
clinical significance compared to the mere treatment-related
increase in aminotransferases during immunotherapy, since
the latter does not negatively affect outcomes in terms of
survival, response rates and treatment discontinuation.*®> A
recent retrospective RWS suggested that patients with Child-
Pugh class B cirrhosis and unresectable HCC treated with
atezolizumab plus bevacizumab could have similar tolerability
and objective response rates, but worse OS and PFS
compared to those with Child-Pugh class A cirrhosis.*®
Reduced survival outcomes in patients with worse liver func-
tion were also confirmed by a recent meta-analysis including
about 700 patients with Child-Pugh class B/C cirrhosis treated
with immunotherapy, showing a high heterogeneity across the
studies in terms of patient characterisation and line of treat-
ment.*” While we await RCTs or large meticulously designed
prospective RWSs with adjustment of confounding by pro-
pensity score techniques, available data suggest that recom-
mending immunotherapy for these patients should not be done
universally. Instead, the decision should be approached with
caution and on a case-by-case basis. In this setting, it should
be noted that clinical events of decompensation (ascites, en-
cephalopathy, variceal bleeding, jaundice) represent non-
preserved liver function irrespective of traditional composite
scores, such Child-Pugh score, that could be abandoned, as
suggested by the latest versions of BCLC.**® Alternative tools
to assess liver function (.e., ALBI [albumin-bilirubin] score) have
been shown to be more granular, especially in compensated
cirrhosis,*® and a refinement of prediction models for liver
function is needed, especially in the setting of unresectable
HCC in patients who are eligible for immunotherapy. In this line,
although data on the efficacy and safety of different systemic
agents have been reported in RWSs conducted in this
setting,*®°° evidence is not sufficient to support one treatment
over another. When there are no RCTs available, the choice of
using these drugs as “off-label” agents should be carefully
evaluated - balancing their safety, efficacy and costs — and
requires a careful discussion with the patient and his/her family,
who should be involved in the decision-making process. While
waiting for high-quality evidence from RCTs, the lower risk of
severe adverse events associated with ICI monotherapy'®
compared to combination therapies should be considered.
Finally, patients with significant non-liver-related comor-
bidities are usually excluded from RCTs, but they represent a
population commonly seen in real-world clinical practice. It is
expected that comorbidities could have a relevant impact on
HCC treatment outcomes, as demonstrated in a recent study
on 225 patients with BCLC 0/A stage HCC treated with
percutaneous ablation, showing that the risk of death was
significantly higher in patients who did not receive further
locoregional or systemic treatment for HCC recurrence due to
comorbidities, compared to those who received treatment.”’
Overall, data from RWSs are undoubtedly useful both for
understanding the real-world management of patients with
HCC, and to inform the design and outcome assumptions in
RCTs. However, when faced with patients with clinical char-
acteristics that do not fit with RCTs’ inclusion/exclusion criteria,
RWD should always be critically assessed according to the
quality and the strength of evidence provided, keeping in mind
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that RWD do not always translate into RWE. When data from
RCTs and high-quality RWE are lacking, the latest version of
the BCLC staging system,** a Policy Review from the HCC
Special Interest Group of the Italian Association for the Study of
the Liver"® and the recently published multisociety Italian
guidelines®*** highlight that the multidisciplinary team are ul-
timately responsible for evaluating several factors as part of

‘clinical decision-making’.>®

Adjuvant treatment to reduce the risk of HCC
recurrence after curative treatments: The quest
for the holy grail

The interpretation of studies evaluating adjuvant treatments to
reduce the risk of HCC recurrence after curative treatments
represents one of the hottest topics in the field, posing several
clinical and methodological challenges. HCC recurrence after
curative treatments is common, reaching a rate of about 50%
at 2 years, according to an aggregate data meta-analysis.*®
This finding underlines the urgent need for an effective adju-
vant treatment for these patients. The clinical and methodo-
logical approach to this topic is highly complex for different
reasons, starting from the lack of a universal consensus on the
definition of early and late recurrence.®”~5* Differences in timing
and schedule of radiological follow-up after curative treatments
across studies can affect the estimate of early (meaning
dissemination of first cancer) or late (meaning de novo cancer)
recurrences and make their distinction less certain.
Conventionally, it has been proposed that early recur-
rences are related to pre-treatment tumour cell dissemination
linked to microvascular invasion or cell dedifferentiation, or
to incomplete resection/ablation.”’*® Conversely, late re-
currences represent de novo tumours, probably related to in-
flammatory and proliferative milieu associated with underlying
cirrhosis.®®®® Although most previously published studies
adopted 2 years as a temporal cut-off to distinguish early from
late recurrence,’”°°®" there is no final consensus on this and
some of them excluded recurrences within the first 6 months or
1-year after diagnosis.®>%® Unsuccessful efforts have been
made in the past to identify an effective adjuvant treatment for
HCC recurrence after curative treatments. Particularly, in 2015,
the STORM RCT®® evaluated sorafenib in comparison with
placebo following resection or ablation, showing no significant
differences in either recurrence-free survival (RFS) or OS. More
recently, the debate on this topic has been reignited by the
results of the IMbrave050 RCT.%® IMbrave050 is a global, open-
label, phase Ill RCT that compared the combination of atezo-
lizumab plus bevacizumab with active follow-up in patients at
high risk of HCC recurrence after curative resection or ablation.
Criteria for high risk of HCC recurrence were defined according
to tumour burden (number and size of lesions), vascular inva-
sion or Edmondson grading. Adjuvant treatment with atezoli-
zumab plus bevacizumab led to a significant improvement in
RFS (the primary endpoint of the study), with a HR of 0.72 (95%
Cl 0.56-0.93, p = 0.012). Despite the striking impact that these
results could have on clinical practice, the findings from
IMbrave050 deserve several clinical and methodological con-
siderations. First, it should be considered that more than 80%
of patients in this RCT were of Asian ethnicity, most of them
with HBV as the aetiology of HCC, raising doubts about the
generalisability of these results to the Western population, in
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Fig. 2. Reconstructed pooled curves of recurrence-free survival and time-to-recurrence in control arms from STORM and IMbrave050 randomized-
controlled trials.5>%® (A) Recurrence-free survival; (B) Time-to-recurrence. “Recurrence-free survival and time-to-recurrence were calculated according to Kaplan-

Meier method”.

whom the prevalence of cirrhosis and HCV/metabolic aetiol-
ogies is higher. In fact, the geographic representation of RCTs
may affect the generalisability of their results. Most major RCTs
are multinational, but regional differences in healthcare prac-
tices, as well as genetic and environmental risk factors, may
limit worldwide applicability when patient recruitment is domi-
nated by one region.' Moreover, although patients with multi-
focal HCC were included in IMbrave050, about 90% of
included patients had single tumours.

Although adjuvant treatment with atezolizumab plus bev-
acizumab is already endorsed by the latest AASLD guidance,®’
caution should be taken when interpreting the conclusions of
the IMbrave050 trial,®® given the lack of mature OS data. So,
with the aim of better understanding the underlying risk of
recurrence, we extracted individual survival data from Kaplan-
Meier RFS and time-to-recurrence (TTR) curves of placebo
arms from the STORM and IMbrave050 RCTs in order to
reconstruct pooled survival curves and to provide a useful
benchmark. Pooled reconstructed curves of RFS and TTR
curves of placebo arms are shown in Fig. 2A,B, respectively
(individual reconstructed curves from the two RCTs are re-
ported in Figs S1-4). Median RFS was 41.1 months (95% CI
41.0-47.0) and RFS rates by Kaplan-Meier analysis were 79.6%
at 1 year, 67.4% at 2 years, 56.7% at 3 years and 35.4% at 4
years. Median TTR was 41.5 months (95% CI 38.5-43.5) and
TTR rates by Kaplan-Meier analysis were 20.3% at 1 year,
32.6% at 2 years, 45.6% at 3 years and 71.2% at 4 years.
Subsequently, we estimated the overall hazard function for
HCC recurrence by using extracted individual survival data to
visually depict chronological change in the recurrence rate after
curative treatments (Fig. 3). We found that the risk of HCC
recurrence is characterised by a peak within the first year of
follow-up, followed by a decrease in the risk and a subsequent
further increase in the risk, starting from about 2 years of
follow-up after curative treatment. Overall, this two-phase
shape is in line with previous reports,®”*°%:5879 substantiating
the suggestion to delay liver transplant until 6 months after
resection to prevent an early disseminated recurrence.”’
Despite the relatively short follow-up time for RFS in the
STORM and IMbrave050 trials (median follow-up times of 8.5
and 17.4 months, respectively), the forecast remains stable
beyond 2 years due to the estimated hazard, employed within
a generalised survival model. However, when interpreting
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these results, it should be considered that the indolent
behaviour of HCC in some patients could be a potential un-
measured confounder.”"

It could be speculated that the first peak in the risk of HCC
recurrence is mainly related to a pre-treatment cancer “under-
staging”, related to an underlying multifocal and more
aggressive tumour or to a partially complete curative treatment.
The early peak could potentially be reduced by an effective
adjuvant treatment, likely atezolizumab plus bevacizumab in
the near future. Conversely, the second peak in the risk of HCC
recurrence could be related to underlying cirrhosis, which
represents a persistent and hardly modifiable risk factor for de
novo HCC. The presence of underlying cirrhosis makes the
clinical and methodological interpretation of the effectiveness
of adjuvant agents in this setting more challenging than in other
oncological scenarios wherein cancer usually arises in the
absence of a co-existing organ disease.

Finally, it is important to consider that preliminary data
suggest that durvalumab in combination with TACE (trans-
arterial chemoembolisation) and bevacizumab was associated
with improved PFS vs. TACE alone in the EMERALD-1 phase llI
trial,”> with HR for disease progression or death of 0.77 (95%
Cl 0.61-0.98, p = 0.032). As we await a full report of the study
results, it is likely that new treatment options will become
available and the complexity of HCC management will further
increase in the near future.

0.03004
1° recurrence wave:
Potential main target of adjuvant therapies
0.0225+
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=
© -
S 0.0150
® T
T [2" recurrence wave:
Potential impact of underlying cirrhosis therapies
0.0075+
0.0000+

0 12 24 36 48 60
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Fig. 3. Estimated hazard function of pooled hepatocellular carcinoma
recurrence over time after curative treatments of control arms from STORM
and IMbrave050 randomized-controlled trials.®>
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The role of aetiology of liver disease on
response to systemic treatments

The role of aetiology as a potential effect modifier of systemic
treatments has been widely debated since sorafenib mono-
therapy represented the standard of care. In this setting, a
pooled exploratory analysis of the SHARP and Asia-Pacific
trials showed that the positive effect of sorafenib on OS was
consistent in both HBV- and HCV-positive patients, but with
higher magnitude of effect in HCV-positive patients.”® The
debate became even hotter after the publication of a study
conducted on both preclinical mouse models and human cells,
demonstrating that anti-PD1 treatment led to an increase in
hepatic CD8+PD1+ cells in MASH (metabolic dysfunction-
associated steatohepatitis)-HCC and that this may reduce
responsiveness to ICls through an impairment of immune sur-
veillance.”* The same study also presented an aggregate data
meta-analysis of three RCTs on ICI treatments, showing that,
when grouping patients by aetiology, ICls significantly improve
OS in patients with viral HCC but not in those with “non-viral”
HCC. Overall, caution should be taken when interpreting results
from subgroup analyses in which patients are not stratified by
aetiology or the definition of aetiology is not accurate. Sub-
group analyses usually lack the required sample size to provide
robust information and even if they come from RCTs they
remain a tool for hypothesis generation. Ideally, subgroup an-
alyses should be based on a clinical rationale, they should be
predefined and based on a power calculation accounting for
between-subgroup treatment effects, but above all, random-
isation should be stratified for subgroup covariates. In the
absence of proper stratification, different outcomes among
different subgroups could be affected by confounding related
to the loss of randomisation. Unfortunately, none of the three
RCTs included in the previously mentioned meta-analysis was
stratified for aetiology. Moreover, in clinical practice, different
aetiologies are frequently overlapping in the same patient and
“non-viral” HCC represents an umbrella term that covers a
highly heterogeneous group of patients with alcohol-related,
metabolic, or other less common causes of liver cancer,
alongside those with previously cured HCV infection. Lumping
these broad classes of different aetiologies into one big basket
is highly misleading and poorly informative for daily clinical
practice. Finally, subsequent exploratory analyses from
IMbrave150,” the most recent RCTs with stratified random-
isation for aetiology,®?® and an updated meta-analysis’®
confirmed a significant survival advantage provided by ICls
across both non-viral and viral aetiologies. In conclusion, there
is no reliable data to support that aetiology impacts outcomes
of patients treated with ICIs and thus the choice of treatment in
daily clinical practice should not be based on disease aetiology.
Nevertheless, in our opinion, large-scale international phase llI
RCTs should be designed with a pre-planned stratification
according to geographical regions and accurately registered
aetiologies of liver disease.

The issue of DAA therapies in HCV-infected
patients with prior history of HCC

The clinical impact of direct-acting antivirals (DAAs) on HCC
recurrence was a controversial topic because no RCT
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evaluated this population and the individual data meta-analysis
which summarised the available data was inconclusive.”® In
addition, DAA-induced HCV eradication can result in immune-
modulation that may contribute in some patients to HCC
recurrence, as well as rare cases of HBV or herpetic reac-
tivations, underlining that no therapy is free of risks.”’

Briefly, initial studies assessing risk of HCC recurrences
after DAA therapy may be affected by many weaknesses,”®
such as retrospective design, lack of control group, and
differences in inception point, baseline patient and
tumour characteristics, type of curative treatment, criteria to
assess complete radiological response, HCC recurrence
definition (early/late and local/distant), schedules of follow-up,
as well as misclassification and immortal-time biases.
Nevertheless, RCTs evaluating the efficacy of DAAs in pa-
tients successfully treated for HCC are no longer feasible,
ethical, or timely.

The impact of DAA treatment on OS in the adjuvant setting
was assessed for the first time in an Italian multicentre pro-
spective study that compared 163 patients with diagnosis of
early-stage HCC who obtained complete radiologic response
after resection or ablation and were subsequently treated with
DAAs vs. a historical control cohort who did not receive
treatment for HCV (n = 328).”° Both propensity score match-
ing (PSM) and inverse-probability-of-treatment-weighting an-
alyses showed that DAA treatment significantly improves OS,
compared to no DAA treatment (HR 0.39; 95% CI 0.17-0.91;
p = 0.03 in PSM analysis). HCC recurrence risk was not
significantly different between the two groups (HR 0.70; 95%
Cl 0.44-1.13; p = 0.15), while a significant benefit of DAA
treatment in reducing the risk of hepatic decompensation was
observed (HR 0.32; 95% CI 0.13-0.84; p = 0.02). Therefore, it
has been speculated that the positive impact of DAAs on OS
could be mediated by a reduction in the risk of decompen-
sation, even if it is not proven to support the indication for this
aim in the context of all patients with HCC. This result is
interesting in that, although DAAs did not affect the risk of
HCC recurrence, they improve survival through a longer
preservation of liver function. The design of this study repre-
sents an attempt to emulate an RCT using observational data
and for this purpose, the authors mitigated the impact of time-
related biases by performing time-dependent analyses and

establishing a comparable index time for DAA-un-
treated patients.
Similar results were obtained by Singal et al.?° in a large

retrospective study conducted in North America on 793 pa-
tients. They assessed cause-specific OS between DAA-treated
and untreated patients with prior HCC, showing that liver-
related deaths were significantly lower in DAA-treated than
untreated patients (16.3% vs. 34%, p = 0.03), whereas HCC-
related deaths were similar between the two groups (30.2%
vs. 29.1%, p = 0.89).

Regarding the controversial issue of the potential associa-
tion between DAA therapy and HCC, an individual participant
data meta-analysis’® did not demonstrate a clear association
between DAA therapy and higher HCC recurrence rates, but
confirmed that DAA-mediated eradication does not eliminate
HCC recurrence risk after effective therapy, which remains
significant in both DAA-treated and -untreated patients.
Sapena et al.,”® by pooling the data of 977 consecutive patients
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from 21 studies, found that the recurrence rate in DAA-treated
patients was 20 per 100-patient-years (95% Cl 13.9-29.8,
I> = 74.6%). Moreover, no significant difference was observed
in relative risk between DAA-exposed and DAA-unexposed
groups in PSM analysis (risk ratio = 0.64, 95% CI 0.37 to 1.1;
p =0.1).

Finally, the impact of DAA therapy in patients with active
HCC, particularly in the intermediate/advanced stage, should
also be addressed.'®'*"® Hepatic decompensation, which
does not always coincide with tumour progression, is part of
this complex dynamically evolving system, and must be
promptly recognised and adequately managed to allow pa-
tients to continue in the therapeutic course. It is well-known
that the risk of hepatic decompensation may affect HCC
treatment and reduce the possibility of receiving subsequent
systemic therapy after progression. Similarly, it is also known
that tumour progression and decompensation are competing
events that negatively impact OS both in intermediate/
advanced HCC'®'*8" and in early HCC,®* although they are
not yet adequately measured in RCTs.

Hence, considering the data on early improvements in liver
disease severity in most HCV-positive patients treated with
DAAs,??%* with long-term preservation of liver function, similar
to observations on nucleos(t)ide analogues for HBV infec-
tion,®%-8° the decision to use DAAs should be considered on a
case by case basis.'®

Conclusions

In the setting of HCC, characterised by high clinical complexity
and heterogeneity,”"®” the delivery of precision oncology to an
individual patient in clinical practice represents a challenge for
clinicians. In the future, possible solutions to fill this gap could
be to design innovative trials, based on translational and
causation research knowledge (including omics approaches),
on stratification for relevant potential treatment effect modifiers,
and on novel methodologies to quantify treatment benefit. In
this line, phase Il RCTs should represent the final step of a
route that begins from preclinical models, early phase trials and
hypothesis-generating observational studies. They should be
designed according to adaptive and biomarker-enriched ap-
proaches, and they should consider the non-proportionality of
HRs when assessing the magnitude of treatment effect.
Moreover, RCTs should also be able to quantify the true value
of an innovative treatment, in terms of risk and benefit, and the
management of patients with HCC should be guided by a risk-
benefit analysis balancing treatment effectiveness and the risk
of treatment-related adverse events, as assessed by the in-
cremental safety-effectiveness ratio.>* Finally, a stronger and
closer cooperation between physicians with scientific back-
ground and extensive clinical practice experience, the phar-
maceutical industry, and regulatory agencies, as well as greater
involvement of clinicians in designing and planning new RCTs,
is needed to provide solid evidence.
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