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Background: Hepatocellular carcinoma (HCC) treatment remains a big challenge in the field of oncology. The liver
disease (viral or not viral) underlying HCC turned out to be crucial in determining the biologic behavior of the
tumor, including its response to treatment. The aim of this analysis was to investigate the role of the etiology of
the underlying liver disease in survival outcomes.

Patients and methods: We conducted a multicenter retrospective study on a large cohort of patients treated with
lenvatinib as first-line therapy for advanced HCC from both Eastern and Western institutions. Univariate and
multivariate analyses were performed.

Results: Among the 1232 lenvatinib-treated HCC patients, 453 (36.8%) were hepatitis C virus positive, 268 hepatitis B
virus positive (21.8%), 236 nonalcoholic steatohepatitis (NASH) correlate (19.2%) and 275 had other etiologies (22.3%).
The median progression-free survival (mPFS) was 6.2 months [95% confidence interval (Cl) 5.9-6.7 months] and the
median overall survival (mOS) was 15.8 months (95% Cl 14.9-17.2 months). In the univariate analysis for OS NASH-
HCC was associated with longer mOS [22.2 versus 15.1 months; hazard ratio (HR) 0.69; 95% CI 0.56-0.85; P =
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0.0006]. In the univariate analysis for PFS NASH-HCC was associated with longer mPFS (7.5 versus 6.5 months; HR 0.84;
95% Cl 0.71-0.99; P = 0.0436). The multivariate analysis confirmed NASH-HCC (HR 0.64; 95% Cl 0.48-0.86; P = 0.0028)
as an independent prognostic factor for OS, along with albumin—nbilirubin (ALBI) grade, extrahepatic spread, neutrophil-
to-lymphocyte ratio, portal vein thrombosis, Eastern Cooperative Oncology Group (ECOG) performance status and
alpha-fetoprotein. An interaction test was performed between sorafenib and lenvatinib cohorts and the results
highlighted the positive predictive role of NASH in favor of the lenvatinib arm (P = 0.0047).

Conclusion: NASH has been identified as an independent prognostic factor in a large cohort of patients with advanced
HCC treated with lenvatinib, thereby suggesting the role of the etiology in the selection of patients for tyrosine kinase
treatment. If validated, this result could provide new insights useful to improve the management of these patients.
Key words: advanced hepatocarcinoma, nonalcoholic steatohepatitis, lenvatinib, sorafenib, immunotherapy, atezoli-

zumab, bevacizumab, hepatitis C, hepatocellular carcinoma

INTRODUCTION

Hepatocellular carcinoma (HCC) treatment constitutes a big
challenge in the field of oncology, due to the complexity of
its pathogenesis and the heterogeneity of etiology. Poten-
tially curative treatments, including liver transplantation and
tumor resection or ablation, are limited to early-stage tu-
mor,? whereas palliative treatments, including embolization
and medical drugs, are prerogative of the intermediate and
advanced stages. In the recent years the panorama of ther-
apeutic options for patients with advanced disease not
suitable for locoregional treatment has dramatically
increased, with the approval of new drugs in this setting.
First, the multikinase inhibitor sorafenib was approved for
the first-line treatment of patients with advanced Hcc 4
consequently, regorafenib,” cabozantinib® and ramucir-
umab’® were inserted as further treatments after sorafenib
failure in the armamentarium against advanced HCC.
Recently, the results of the REFLECT trial confirmed the
noninferiority in terms of overall survival (OS) of another
multikinase inhibitor lenvatinib compared with sorafenib’;
but demonstrated a superiority in terms of progression-free
survival (PFS).” Moreover, the REFLECT trial highlighted
similar baseline scores on the European Organisation for
Research and Treatment of Cancer Core Quality of Life
questionnaire (EORTC QLQ)-C30 and EORTC QLQ-HCC18
health questionnaires in the two arms, but analysis of time
to clinically meaningful deterioration showed that role
functioning, pain and diarrhea were experienced earlier in
the group of patients treated with sorafenib compared with
those receiving lenvatinib.® Besides multikinase inhibitors, in
the past years another class of drug has been introduced in
the advanced HCC setting armamentarium: immunotherapy.
The two programmed cell death protein 1 (PD-1)-directed
antibodies nivolumab and pembrolizumab failed to reach the
primary endpoint in the single-agent phase Il trials.**%***3
Subsequently, the phase Ill IMBRAVE-150 trial investigating
the combination of the anti-programmed death-ligand 1 (PD-
L1) atezolizumab with the anti-VEGF bevacizumab demon-
strated an advantage over sorafenib in terms of both OS and
PFS, thus leading to the approval of the combination as first-
line new standard of care for advanced HCC.** A recent press
release reported the results from the phase Ill randomized
trial KEYNOTE-394, which investigated pembrolizumab
versus placebo in advanced HCC patients pretreated with

2 https://doi.org/10.1016/j.esmoop.2021.100330

sorafenib or oxaliplatin-based chemotherapy. The preliminary
results found that pembrolizumab statistically improved OS
compared with placebo, thus meeting the primary endpoint
of the study. In addition, the study met its secondary end-
points of PFS and objective response rate, and no new
adverse events (AEs) were reported.’” Because of the
extreme complexity of the HCC setting, which includes
different situations depending on the underlying liver dis-
ease, the researchers have made their efforts toward
revealing the possible role of the HCC etiology in affecting
response rate and survival outcomes. More specifically, it has
been recently hypothesized that the viral and/or not viral
etiology of the underlying liver disease could determine
different hepatic microenvironments with a consequent
different responsiveness to determinate treatments.’® New
interesting insights have been recently provided about the
mechanisms of nonalcoholic steatohepatitis (NASH), mainly
because of a significant increase in its incidence in the
Western countries.™”*” NASH is defined as >5% liver stea-
tosis, including inflammation and injury to hepatocytes
frequently associated with fibrosis, and is considered an
evolution of nonalcoholic fatty liver disease (NAFLD).*®
NAFLD is a chronic liver disorder that encompasses a het-
erogeneous spectrum of disease. Accumulating evidence
supports an association between NAFLD and components of
metabolic syndrome, because the main causes of these two
conditions, including obesity, excessive intake of simple
sugars and physical inactivity, are the same. Because meta-
bolic syndrome can be defined in different ways, NAFLD
might be considered a direct predictor of this disease, thus
leading to a difficulty in separating the concepts, which are
frequently used as a part of the same condition.

For instance, sorafenib was demonstrated in several re-
ports to provide the best outcomes in HCC on a background
of hepatitis C virus-related cirrhosis. Innate and adaptative
immune-cell activation in combination with the endoplasmic
reticulum stress and increased release of metabolites in
patients with NASH are hypothesized to trigger the necro-
inflammation of hepatocytes with a consequent fibrotic
regeneration, and increased risk of HCC.**%° Starting from
these premises, we performed a subgroup analysis on a large
population of advanced HCC patients treated with lenvatinib
as first-line therapy, to investigate the role of the etiology of
the underlying liver disease on survival outcomes.
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METHODS

This is a multicenter retrospective study of prospectively
enrolled patients treated with lenvatinib as first line for
Barcelona Clinic Liver Centre (BCLC) stage B or C HCC, who
were deemed not eligible for first or retreatment with
surgical or locoregional therapies. The population included
Eastern and Western populations from Japan, Korea,
Germany and ltaly between July 2010 and May 2021.

Eligible patients had HCC diagnosis histologically and/or
clinically confirmed in accordance with international
guidelines and none of them received previous systemic
therapy.

Eligibility criteria were Eastern Cooperative Oncology
Group (ECOG) performance status score <2; Child—Pugh
liver function class <B7; adequate hematologic function
(platelet count >60 x 10°/1; hemoglobin >8.5 g/dl and
prothrombin time international normalized ratio <2.3 or
prothrombin time <6 s above control); adequate hepatic
function [albumin >2.8 g/dI; total bilirubin <3 mg/dl (51.3
pumol/l); alanine aminotransferase and aspartate amino-
transferase <5 times the upper limit of the normal range]
and adequate renal function (serum creatinine <1.5 times
the upper limit of the normal range).

We used European Association for the Study of the
Liver—European Association for the Study of Diabetes—
European Association for the Study of Obesity (EASL—
EASD—EASOQ) Clinical Practice Guidelines for defining cases
as ‘NASH-related HCC’.?* NASH-related HCC' was defined
based on the presence of these parameters:

e Presence of steatosis in >5% of hepatocytes according to
histological analysis.

e Patients without a history of alcohol abuse (30 g for men
and 20 g for women).

e Hepatitis B and C negativity.

Lenvatinib was administered as described in the REFLECT
trial,” thus patients received 12 mg if baseline bodyweight
was >60 kg or 8 mg if baseline bodyweight was <60 kg;
lenvatinib was given orally once a day.

Follow-up consisted of a computed tomography/mag-
netic resonance imaging scan every 8 weeks or as clinically
indicated. Tumor response was evaluated in accordance
with modified RECIST.

Patients continued lenvatinib if they had clinical benefit
as judged by the physician in charge, or until unacceptable
toxicity.

Treatment interruptions and dose
allowed to manage AEs.

All patients provided written informed consent before
their enrolment in the study. This study was approved by
ethics committee at each center, complied with the pro-
visions of the Good Clinical Practice guidelines and the
Declaration of Helsinki and local laws and fulfilled the
Regulation (EU) 2016/679 of the European Parliament and
of the Council of 27 April 2016 on the protection of nat-
ural persons with regard to the processing of personal
data.

reductions were
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RESULTS

Lenvatinib cohort

Among the 1232 lenvatinib-treated HCC patients of the
study cohort, 453 (36.8%) were hepatitis C virus positive,
268 hepatitis B virus positive (21.8%), 236 NASH related
(19.2%) and 275 with other etiologies (22.3%). Baseline
clinicopathologic and laboratory characteristics are sum-
marized in Table 1.

Patients with or without NASH differed for albumin—
bilirubin (ALBI) grade and alpha-fetoprotein.

The median PFS (mPFS) was 6.2 months [95% confidence
interval (Cl) 5.9-6.7 months] and the median OS (mOS) was
15.8 months (95% ClI 14.9-17.2 months).

In the univariate analysis for OS NASH-HCC was associ-
ated with longer mOS [22.2 versus 15.1 months; hazard
ratio (HR) 0.69; 95% Cl 0.56-0.85; P = 0.0006; Figure 1A]. In
the univariate analysis for PFS NASH-HCC was associated
with longer mPFS (7.5 versus 6.5 months; HR 0.84; 95% ClI
0.71-0.99; P = 0.0436; Figure 1B).

In addition, Child—Pugh B versus A (HR 2.22; 95% Cl 1.63-
3.02; P < 0.0001), ALBI grade 2 versus 1 (HR 3.33; 95% ClI
2.37-4.69; P < 0.0001), BCLC C versus B (HR 1.65; 95% ClI

Table 1. Patient’s characteristics at baseline
Parameters All NASH No NASH P value
Population correlate correlate
Age (years), 75 (25-91) 76 (45-91) 73 (25-89) 0.41
median (range)
Gender 0.13
Female 21.7 25.4 20.8
Male 78.3 74.6 79.2
ECOG PS 0.92
0 82.0 81.8 82.0
>0 18.0 18.2 18.0
Child—Turcotte—
Pugh score
A 88.2 88.1 88.2 1.00
B 11.8 11.9 11.8 1.00
BCLC stage 0.66
B 44.2 42.8 44.6
C 55.8 57.2 55.4
Portal vein 0.91
thrombosis
Yes 214 22.2 21.2
No 78.6 77.8 78.8
ALBI grade 0.04
1 89.3 91.4 88.8
2 10.7 8.6 11.2
Neutrophil-to- 0.13
lymphocyte ratio
<3 63.4 68.2 62.3
>3 36.6 31.8 37.7
AFP 0.0002
<400 68.8 78.8 66.6
>400 31.2 21.2 334
Subsequent therapy 0.13
TACE 22.6 18.1
Immunotherapy 31 6.8
Sorafenib 233 18.1
Other treatments 3.8 4.8
No treatment 47.2 52.2

AFP, alpha-fetoprotein; ALBI, albumin—nbilirubin; BCLC, Barcelona Clinic Liver Centre
(staging); ECOG PS, Eastern Cooperative Oncology Group performance status; NASH,
nonalcoholic steatohepatitis; TACE, transarterial chemoembolization.
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Figure 1. Kaplan—Meier curves for (A) overall survival to lenvatinib and (B) progression-free survival to lenvatinib in patients with nonalcoholic steatohepatitis

(NASH)-related hepatocellular carcinoma (HCC) and no NASH-related HCC.

1.39-1.97; P < 0.0001), extra hepatic spread yes versus no
(HR 1.68; 95% Cl, 1.38-2.03; P < 0.0001), neutrophil-to-
lymphocyte ratio >3 versus <3 (HR 1.78; 95% CI 1.45-
2.20; P < 0.0001), portal vein thrombosis yes versus no (HR
1.63; 95% Cl 1.19-2.22; P = 0.0019), ECOG >0 versus 0 (HR
1.55; 95% Cl 1.16-2.07; P = 0.0025), alpha-fetoprotein
>400 versus <400 ng/ml (HR 1.47; 95% Cl 1.14-1.90; P =
0.0024) and hepatitis B virus-positive status (HR 1.28; 95%
Cl 1.03-1.58; P = 0.0253) were correlated with poor

4 https://doi.org/10.1016/j.esmoop.2021.100330

prognosis. Other etiologies were not associated with posi-
tive clinical outcome (Table 2).

Following adjustment for clinical covariates positive in
univariate analysis, multivariate analysis confirmed NASH-
HCC (HR 0.64; 95% Cl 0.48-0.86; P = 0.0028) as indepen-
dent favorable prognostic factors for OS, with ALBI grade 1,
absence of extrahepatic spread, neutrophil-to-lymphocyte
ratio <3, absence of portal vein thrombosis, ECOG PS
0 and alpha-fetoprotein <400 (Table 2).
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Table 2. Univariate and multivariate analyses
Variable Univariate analysis Multivariate analysis
Gender

Male 1

Female 1.06 (0.85-1.32) 0.5776
Child—Turcotte—Pugh score

A 1 1

B 2.22 (1.63-3.02) <0.0001 1.07 (0.74-1.55) 0.6893
ALBI

1 1 1

2 3.33 (2.37-4.69) <0.0001 1.80 (1.25-2.58) 0.0013
BCLC

B 1 1

C 1.65 (1.39-1.97) <0.0001 0.99 (0.72-1.35) 0.9373
Extra hepatic spread

No 1 1

Yes 1.68 (1.38-2.03) <0.0001 1.65 (1.25-2.18) 0.0003
Neutrophil-to-lymphocyte ratio

<3 1 1

>3 1.78 (1.45-2.20) <0.0001 1.59 (1.30-1.94) <0.0001
Portal vein thrombosis

No 1 1

Yes 1.63 (1.19-2.22) 0.0019 1.32 (1.02-1.71) 0.0342
ECOG

0 1 1

>0 1.47 (1.14-1.90) 0.0024 1.33 (1.00-1.75) 0.0458
AFP

<400 1 1

>400 1.64 (1.34-2.01) <0.0001 1.27 (1.02-1.58) 0.0306
NASH

Not correlated 1 1

Correlated 0.69 (0.56-0.85) 0.0006 0.64 (0.48-0.86) 0.0028
HCV

Positive 1

Negative 0.99 (0.83-1.19) 0.9983
HBV

Negative 1 1

Positive 1.28 (1.03-1.58) 0.0253 1.22 (0.96-1.55) 0.0963
Other etiology

Yes 1

No 0.86 (0.69-1.07) 0.1919

AFP, alpha-fetoprotein; ALBI, albumin—bilirubin; BCLC, Barcelona Clinic Liver Centre (staging); ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B
virus; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; TACE, transarterial chemoembolization.

Bold indicates positive results.

Different from mOS and mPFS, NASH etiology was not
associated with a different rate of tumor response or occur-
rence of AEs. In fact, no differences were found in terms of
percentage of response rate (partial response plus complete
response) at the first computed tomography re-evaluation
(35.1% in patients with NASH and 34.3% in patients without
NASH, P = 0.81). By considering patients who experienced a
response rate, different outcomes in terms of mPFS and mOS
were observed between patients with NASH and patients
without NASH (mPFS 13.6 versus 10.8 months, P = 0.02; mOS
30.6 versus 21.6 months, P = 0.013, respectively).

AEs of any grade were reported in 1181 patients (95.9%);
15.4%, 12.6% and 9.1% of patients reported hand—foot skin
toxicity, hypertension and diarrhea of grade 3/4, respec-
tively. Grade 3/4 AEs were similar between patients with or
without NASH, with the only difference found in terms of
hypertension (18.9% versus 12.3%; P = 0.001).

Sorafenib cohort and predictive role of NASH

To test the predictive role of NASH we evaluated the
prognostic impact in terms of OS in a cohort treated with

Volume 6 m Issue 6 m 2021

sorafenib. A total of 483 sorafenib-treated HCC patients
were included, 116 (24.0%) were NASH related and 367
(76.0%) were not NASH related. mOS was 12.0 months (95%
Cl 10.8-36.3 months).

In the univariate analysis for OS NASH-HCC was not
associated with longer mOS (10.2 versus 12.3 months; HR
1.06; 95% Cl 0.83-1.34; P = 0.6305).

Interaction test highlighted the positive predictive role of
NASH in favor of the lenvatinib arm (P = 0.0047).

DISCUSSION

To the best of our knowledge, this is the first analysis
defining the prognostic role of NASH-HCC in advanced HCC
patients treated with lenvatinib. Both OS and PFS were
statistically improved in the group of patients with NASH
compared with those without NASH in our analysis. In
particular, an mOS of 22.2 months was achieved for len-
vatinib in patients with NASH, which is an impressive result
considering the advanced HCC setting. Even if the popula-
tion we considered included a significant proportion of HCC

https://doi.org/10.1016/j.esmoop.2021.100330 5
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patients with BCLC B (BCLB 44.2% versus BCLC C 55.8%),
which could have influenced our survival results, no statis-
tical differences in terms of BCLC stage have been revealed
between the group of patients with NASH-related HCC and
those with no NASH-related HCC (P = 0.66). Moreover,
even if considering a population with good prognosis a
clinical factor, the survival revealed in NASH patients re-
mains impressive. Despite the well-known limits of a
transversal comparison between trials with different de-
signs and samples, it is notable to focus on the mOS of 13.6
months reported in the lenvatinib noninferiority registration
study.” In our analysis, although no differences were re-
ported between the two groups of patients in terms of
response rate, the PFS analysis confirmed a statistically
significant advantage in patients with NASH compared with
those without NASH. This result is noteworthy, mainly if
compared with the data derived from the post hoc analysis
of the REFLECT trial.”® Results highlighted no difference in
subsequent therapies and response rate between patients
with and without NASH in our study; however, the re-
spondents had a different outcome in mPFS and mOS, and
this aspect could explain the discrepancy in the lack of
correlation between NASH response and improved mOS.

Interestingly, clinicopathologic and laboratory character-
istics at the baseline were similar in patients with NASH-
driven HCC and patients with no NASH-driven HCC, with
the exception of the ALBI grade and AFP. In the univariate
analysis, both ALBI grade and AFP had a prognostic impact
on our cohort of patients, as also reported in several other
papers.zs'28 Differences in terms of AFP and ALBI scores
could not be ignored, because the prognostic value of both
these parameters could potentially constitute a kind of se-
lection bias when comparing the survival outcomes of the
two groups of patients we considered (NASH-related HCC
versus no NASH-related HCC). For this reason, and because
both ALBI score and AFP were prognostic predictors in
univariate analysis, we included both the parameters in the
multivariate analysis. Interestingly, even this way, multi-
variate analysis also confirmed NASH-HCC to be a positive
prognostic factor for OS in HCC patients treated with
lenvatinib.

Our special interest in NASH-driven HCC derived from
three starting concepts: first, the lack of biomarkers to
stratify patients likely to respond to treatment in an
advanced HCC setting; second, the emerging role of NASH
in the HCC epidemiology and third the recent evidence of a
lack of efficacy of immunotherapy in patients with NASH.

NASH is characterized by severe hepatocellular injury and
constitutes the inflammatory consequence of NAFLD. This
condition is strongly associated with metabolic syndrome,
which includes obesity, type Il diabetes mellitus, dyslipide-
mia and hypertension.”>*° The progressive rise of obesity
prevalence worldwide in recent years has therefore lead to
a dramatic increase in NAFLD incidence, with a consequent
growth of NASH-driven HCC and cancer-related death.?’
Moreover, modelling studies report that the prevalence of
NASH and NASH-related HCC will continue to rise interna-
tionally in the immediate future.>*> The underlying
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pathways leading to the transformation of NASH in HCC are
not completely understood, but inflammatory status of
microenvironment, oxidative stress and aberrant liver
regeneration process are surely involved.*® Because of its
peculiar interplay with the immunological system,
NASH-related HCC has become a focus of interest in the
oncologic field in the immunotherapy era.>*>° Pfister and
collaborators reported evidence from both preclinical and
clinical models, with all pointing toward the hypothesis that
NASH-HCC might be less responsive to immunotherapy,
probably due to a peculiar phenotype of T cells.'® By
contrast, administration of anti-PD-1 drugs increased the
number and size of HCC nodules in preclinical models,
thereby suggesting a detrimental effect of CD8+ T cells
rather than an invigorating effect on immune surveillance in
this pathological setting.’® Furthermore, they performed a
meta-analysis of three large and heterogeneous (first and
second line, single-agent and combination immunotherapy)
randomized controlled phase Il clinical trials with
immunotherapy. Their analysis highlighted the positive
impact in terms of OS in patients with hepatis B or C; by
contrast, no impact was noted in patients with HCC of
nonviral etiology.'® Finally, the authors investigated a cohort
of 130 patients with HCC, including 13 patients with NAFLD
and 117 patients with HCC related to other etiologies.
Patients with NAFLD experienced a shorter mOS with
immunotherapy. These results were validated on a further
cohort of 118 HCC patients treated with anti-PD-1/PD-L1
therapy.

These results constitute a rationale for stratifying patients
with advanced HCC according to the underlying liver
disease. Our results parallel those of the aforementioned
study: NASH-related HCC patients, who seem to poorly
respond to immunotherapy, might benefit from
treatment with lenvatinib, thus suggesting a prognostic role
of etiology in advanced HCC patients treated with
lenvatinib.

Another important aspect revealed by our analysis
concern the predictive role of NASH in patients treated with
lenvatinib compared with patients treated with sorafenib.
To the best of our knowledge, for the first time NASH-
related etiology of HCC predicted response to lenvatinib
treatment. This result is of special interest because it adds
an important piece to the puzzle by delineating a funda-
mental role of the etiology not only in the carcinogenesis
process and in cancer prognosis, but also in the response to
specific therapeutic strategies. In the future, once validated
with prospective cohorts of HCC patients, our results could
lead to the definition of etiology as a stratification factor. In
the evolving scenario of advanced HCC treatments, the
definition of solid stratification factors may constitute a
crucial tool to identify patients likely to benefit from one
treatment rather than another (for example, TKI or immu-
notherapy), thus improving the management of these pa-
tients in clinical practice. Another insight concerns the
safety profile: the present analysis showed that patients
with and without NASH experienced almost the same inci-
dence of AEs, apart from hypertension, which occurred
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more frequently in NASH-related HCC patients. In a previ-
ous work, patients who developed hypertension were
shown to be associated with a significantly longer survival
compared with those who did not experience it.*” Starting
from this finding, we could be hypothesized as association
between the better survival outcome revealed and the
occurrence of hypertension in NASH patients.

Nevertheless, hypertension is included in the spectrum of
symptoms of metabolic syndrome, thus making it difficult to
elucidate the origin of hypertension in our patients,
whether iatrogenic or not.

Our work presents some limitations. First, we performed
a retrospective observational study on a large population,
and we could not exclude a selection bias. Second, the
multinational nature of the analysis did not allow for
centralization of imaging, and the criteria for treatment and
re-evaluation were consistent with the clinical practice of
each center, and in accordance with national guidelines.

Nevertheless, this analysis was conducted on a sample of
patients from different countries, including patients from
both Asian and Western countries, thus constituting one of
the largest real-life collection of data from patients with
advanced HCC treated with lenvatinib.

In conclusion, our results provide new insights into the
advanced HCC setting, suggesting a crucial role of the eti-
ology of liver disease in identifying patients more likely to
respond to a first-line treatment with lenvatinib. Collection
of new evidence to validate our findings remains mandatory
to confirm the role of etiology in stratifying patients to
optimize treatment strategies in such a difficult setting.
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