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Simple Summary: Hepatocellular carcinoma is the fifth most common cancer worldwide. For
patients with advanced hepatocellular carcinoma, therapeutic options are limited. Lenvatinib has
proven to be an effective option for treating advanced diseases. For patients treated with lenvatinib,
our study showed that the etiology of liver disease plays a significant role in overall survival. Patients
whose liver disease was driven by nonviral etiologies showed longer survival than viral etiologies.
These results are important for clinical decision-making between patients and clinicians.

Abstract: Background: Whether the etiology of underlying liver disease represents a prognostic
factor in patients with hepatocellular carcinoma (HCC) treated with lenvatinib is still a matter of
debate. This study investigates whether the viral etiology of HCC plays a prognostic role in overall
survival (OS). Methods: Data derived from a multicenter series of 313 HCC patients treated with
lenvatinib between 2019 and 2022 were analyzed. Actuarial survival estimates were computed using
the Kaplan–Meier method and compared with the log-rank test. We performed an event-based
counterfactual mediation analysis to estimate direct (chronic inflammation and immunosuppression),
indirect (tobacco smoking, alcohol use, illicit drug abuse with injections), and the total effect of viral
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etiology on OS. Results were expressed as hazard ratio (HR) and 95% CI. Results: Median OS was
21 months (95% CI: 20–23) in the group with other etiologies and 15 months (14–16) in the group
with viral etiology (p < 0.0001). The total effect of viral etiology was associated with OS (HR 2.76,
1.32–5.21), and it was mainly explained by the pure direct effect of viral etiology (HR 2.74, 1.15–4.45).
By contrast, its total indirect effect was not associated with poorer survival (HR 1.05, 0.82–2.13). These
results were confirmed when considering tobacco, alcohol consumption, or injection drug abuse as
potential mediators. Median progression-free survival was 9 months (8–10) in patients with other
etiologies and 6 months (5–7) in patients with viral etiology (p < 0.0001). No difference in terms of
adverse event rate was observed between the two groups. Conclusions: Patients affected by HCC
with nonviral etiology treated with lenvatinib exhibit longer survival than those with viral etiology.
This finding may have relevance in the treatment decision-making process.

Keywords: HCC; survival; progression; liver cancer; mediation analysis; viral etiology; HCV; HBV;
nonviral liver disease

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common type of cancer and the
leading cause of mortality in patients with cirrhosis around the world [1].

In developed countries, the proportion of patients diagnosed with early HCC suitable
for curative treatments is growing. However, a high number of cases are detected in
the presence of portal vein thrombosis and/or extrahepatic spread, which are common
indications for systemic therapies [2].

For subjects with unresectable advanced HCC who would not benefit from surgical
and locoregional treatments, the oral multikinase inhibitor sorafenib (Nexavar®, Bayer, Lev-
erkusen, Germany) was the first and only systemic treatment for more than a decade [2–4].
However, the narrow therapeutic window and the high rate of progression constitute major
pitfalls of sorafenib therapy. More recently, other tyrosine kinase inhibitors (TKIs) have
been approved as first-line (lenvatinib) or second-line (regorafenib and cabozantinib) treat-
ments. Additional treatments have been approved, including combination immunotherapy
(Atezolizumab) and monoclonal antibody (bevacizumab) as first-line therapy or mono-
clonal antibody ramucirumab as second-line therapy for patients with alpha-fetoprotein
(AFP) ≥ 400 ng/mL [5–7]. Given the poor prognosis and evolving therapeutic landscape,
research on treatment selection for HCC is a major unmet need [5,8].

Lenvatinib (Lenvima®, Eisai GmbH, Germany) is a multi-TKI endowed with one
of the most potent anti-tumoral activities among other TKIs [9]. A phase III multicenter
randomized-controlled trial (RCT) demonstrated the non-inferiority of lenvatinib when
compared with sorafenib in terms of overall survival (OS) and a similar safety profile in
untreated advanced HCC patients [10]. Since then, several real-life series and a recent meta-
analysis have confirmed a similar OS and more favorable progression-free survival (PFS)
and objective response rate (ORR) with lenvatinib compared with sorafenib as first-line
therapy [11–20].

Due to the complex pathophysiology involved in HCC development, several efforts
have been made to elucidate the role of HCC etiology and its effect on response rate and
survival outcomes. To this end, nonalcoholic steatohepatitis (NASH) etiology has been
associated with a worse prognosis in patients treated with immune checkpoint inhibitors,
likely due to a different hepatic microenvironment that consequently affects treatment
response [21,22].

On the other hand, a recent multicenter series showed that both OS and PFS were
prolonged in patients with NASH treated with lenvatinib [12].

To better define the prognostic role of liver disease etiology, we performed a counter-
factual event-based mediation analysis through a large Italian multicenter series of patients
diagnosed with HCC and treated with first-line therapy lenvatinib. We determined the ef-
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fect of direct (reflecting chronic inflammation and immunosuppression), indirect (reflecting
increased alcohol and tobacco consumption and illicit drug abuse), and total liver disease
etiology on patient survival.

2. Patients and Methods
2.1. Patients

From a retrospective analysis of a prospectively collected Italian multicenter database,
data were retrieved from HCC patients treated between May 2019 and Jan 2022 with
lenvatinib as first-line therapy for stage B or C at the Barcelona Clinic Liver Centre (BCLC).
Patients treated with lenvatinib were not deemed eligible for surgical or locoregional
therapies. HCC was diagnosed histologically and/or confirmed using international clinical
guidelines [2,23]. Patients did not receive previous systemic therapy.

Inclusion criteria for enrollment in this study included Eastern Cooperative Oncology
Group (ECOG) performance score ≤ 2; Child-Pugh class ≤ B7; platelet levels ≥ 50 × 109/L;
hemoglobin ≥ 8.5 g/dL and prothrombin time/international normalized ratio ≤ 2; ade-
quate renal function (serum creatinine ≤ 1.5 times the upper limit of the normal range).
Sporadic and minor deviations of patients’ inclusion criteria were permitted based on
clinical judgment and clinical practice of each center. All patients provided written in-
formed consent before their enrollment in this study. The ethics committee of the leading
center (Ospedali Riuniti Azienda Ospedaliero-Universitaria, Foggia, Italy; protocol num-
ber: 137/CE/2021 of 19-10-2021) approved this study. HCC was considered to have viral
etiology if the patient tested positive for hepatitis C virus (HCV) or hepatitis B virus (HBV),
according to the practice of the treating center. All HCC patients with negative viral tests
were considered to have a nonviral etiology.

2.2. Treatment

Oral lenvatinib was administered once daily as described in the REFLECT trial [9];
patients received 12 mg if baseline body weight was ≥60 kg or 8 mg if baseline body weight
was <60 kg.

Tumor response was assessed through computed tomography (CT) scan/magnetic
resonance imaging (MRI) every eight weeks or as clinically indicated. Tumor response was
assessed according to the modified RECIST criteria [24].

Treatment with lenvatinib was interrupted in the presence of tumor progression or
unacceptable toxicity. Treatment interruptions and dose reductions were considered in
managing adverse events (AEs).

2.3. Outcomes

The primary outcome was OS, computed from the start of treatment until death of
any cause or censoring. Secondary outcomes were PFS (defined as the time elapsed from
treatment to radiological evidence of progression), tumor response expressed in terms
of objective response (defined as complete response + partial response), mean treatment
duration and AE rate. The severity of AEs was graded following the common terminology
criteria for adverse events (CTCAE) v4.013.

2.4. Statistical Analysis

Categorical variables were described as frequencies and percentages, while continuous
variables as the median and interquartile range (IQR). Time-to-event data were estimated
from the start of treatment with lenvatinib by Kaplan–Meier plots and compared using
log-rank tests.

The inferential analysis for time-to-event data was conducted using Cox univariate
and multivariate regression models to estimate HRs and 95% CI. The multivariate models
consistently included statistically significant variables from the univariate analysis.

Even though HCV or HBV viral infection does not induce alcohol or tobacco con-
sumption or illicit drug abuse, the higher rates of these abuses in HCV or HBV-infected
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patients [25] could reflect higher rates of risky behavior in this population. This suggests
the need to consider these consumptions as confounding factors and potential mediators of
the impact of viral etiology on survival outcomes, as depicted in the directed acyclic graph
(Figure 1).
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Figure 1. Directed acyclic graph reporting the assumed causal relationship between viral etiology
and survival in patients with hepatocellular carcinoma treated with lenvatinib. The continuous
line represents the direct effect of chronic inflammation and immunosuppression; the dotted line
represents the indirect effect mediated by tobacco, alcohol consumption, and injection drug abuse.

The pure direct effect (PDE), total indirect effect (TIE), and total effect (TE) of viral
etiology on survival outcomes were estimated using mediation analysis [26]. In this
analysis, exposure was HBV or HCV infection, and mediators were alcohol or tobacco
consumption and drug abuse. TIE reflected the effect of the above-reported mediators on
the primary outcome. In contrast, PDE reflected the effect of chronic inflammation and
immunosuppression directly related to viral replication in the absence of other unmeasured
mediators [26]. Therefore, the PDE of viral infection reflects how much the HR would
change if all participants presented with viral etiology vs. if none of the participants
presented with viral etiology. Nevertheless, the values of mediators were kept at their
reported levels.

On the other hand, the TIE reflects how much the HR would change if the exposure
was kept at the observed level; however, mediator values were changed from the level they
would have if participants had a viral etiology compared with the value they would have
if none of the participants had a viral etiology. Finally, TE reflects how much the HR would
change if all participants had a viral etiology vs. none of them; mediator values were also
changed from the values they would have if no participants had a viral etiology to the
values they would have if all participants did. The TE was calculated by multiplying PDE
and TIE.

The analysis was performed using R Statistical Software (Foundation for Statistical
Computing, Vienna, Austria), and significance was established at the 0.05 level (two-sided).

3. Results
3.1. Baseline Characteristics of the Patients

The clinical and demographic characteristics of enrolled patients are summarized in
Table 1. Out of 313 patients treated with lenvatinib as first-line systemic therapy, 98 (31.3%)
did not have a viral etiology underlying their liver disease, whereas 215 (68.7%) were HBV+
(ve) or HCV+ (ve). Baseline characteristics were well balanced between the two groups.
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Table 1. Patients’ baseline characteristics.

Variable Nonviral Etiology (98 Patients) Viral Etiology (215 Patients) p-Value

Age (years) 74 (56–82) 72 (58–84) 0.39

Gender (male) 77 (78.5%) 172 (80%) 0.77

ECOG PS 0 79 (80.6%) 174 (80.9%) 0.94

Child-Pugh A 86 (87.7%) 182 (84.6%) 0.46

BCLC:
• Stage B
• Stage C

29 (39.8%)
59 (60.2%)

82 (38.1%)
133 (61.9%)

0.39

AFP (UI/mL) 255.9 (142.1–570) 250.5 (139.2–615) 0.71

Sustained virological response * – 184 (85.5%) –

Previous radical or locoregional therapy 58 (59.1%) 136 (63.2%) 0.67

Values are expressed as median (interquartile range) or absolute numbers (percentages), as appropriate. * Only in
the group with viral etiology. AFP, alpha-fetoprotein; BCLC, Barcelona Cancer of the Liver Clinic; ECOG, Eastern
Cooperative Oncology Group; PS, Performance Status.

The median age was 74 years (IQR 56–82) in patients with other etiologies and 72 (IQR
58–84) years in patients with viral etiology (p = 0.39). Most patients were male in both
groups (p = 0.77), and 80.6% and 80.9% of subjects presented with ECOG PS 0 in the two
groups, respectively (p = 0.94). The vast majority of patients were in Child-Pugh stage A in
both groups (87.7% versus 84.6%, p = 0.46). Fifty-nine patients (60.2%) with other etiologies
and 133 patients (61.9%) with viral etiology presented with BCLC stage C HCC (p = 0.39).
Median AFP was 255.9 IU/mL (IQR 142.1–570) and 250.5 IU/mL (139.2–615) in the two
groups, respectively (p = 0.71). More than half of patients (59.1% and 63.2% in the two
groups, respectively; p = 0.67) had previously received radical or locoregional therapies.

Among the patients with viral etiology-related liver disease, 184 (85.5%) received
antiviral treatment with a sustained virological response. Among patients in the nonviral
group, 57 had an alcohol etiology, 30 had a NASH etiology, and 11 with other etiologies.

3.2. Overall Survival

Overall, the median OS was 18 months (95% CI: 17–20). Median OS was 21 months
(95% CI: 20–23) in the group with other etiologies and 15 months (95% CI: 14–16) in the
group with viral etiology (p < 0.0001; Figure 2).
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As reported in Table 2, viral etiology of the underlying liver disease (p < 0.0001),
Child-Pugh score (p < 0.0001), AFP > 400 UI/mL (p = 0.01), BCLC stage (p = 0.001), and
ECOG PS (p = 0.02) resulted as significant predictors of OS in univariate analysis. Viral
etiology (HR 2.76, 95% CI 1.32–5.21; p = 0.002), Child-Pugh stage (HR 2.64, 95% CI 1.61–4.44;
p < 0.001), AFP > 400 UI/mL (HR 1.71, 95% CI 1.15–3.2; p = 0.01), and BCLC stage (HR 2.15,
95% CI 1.35–3.88; p = 0.02) were confirmed as significant predictors in multivariate analysis
(Table 2).

Table 2. Cox univariate/multivariate regression for overall survival.

Variables
Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value

Age (reference ≤ 65 years) 0.86 (0.56–1.45) 0.26

Gender (reference Female) 1.06 (0.78–2.3) 0.54

Etiology (reference nonviral) 2.34 (1.26–4.31) <0.001 2.76 (1.32–5.21) 0.002

Child-Pugh (reference A) 2.39 (1.88–4.11) <0.001 2.64 (1.61–4.44) <0.001

AFP (reference ≤ 400 UI/mL) 2.08 (1.09–3.1) 0.01 1.71 (1.15–3.2) 0.01

BCLC (reference B) 2.2 (1.28–4.3) 0.001 2.15 (1.35–3.88) 0.02

Hepatitis virus (reference HBV) * 1.11 (0.8–2.3) 0.32

ECOG PS (reference 0) 1.75 (1.07–2.8) 0.02 1.23 (0.65–4.81) 0.14

* Analysis restricted to patients with viral etiology. AFP, alpha-fetoprotein; BCLC, Barcelona Cancer of the Liver
Clinic; CI 95%, confidence interval 95%; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus;
PS, Performance Status.

No difference was observed in the viral etiology group between patients with HBV or
HCV-related liver disease (p = 0.32). No difference was observed within the viral etiology
group between patients with sustained virological response versus those who were not
treated with antiviral therapy (HR 0.78, 95% CI 0.61–1.34; p = 0.14). Additionally, no
difference was observed between patients with alcohol-related and NASH-related HCC
(HR 1.21, 95% CI 0.78–1.54; p = 0.43).

The TE of viral etiology was significantly associated with an almost three-fold in-
creased mortality risk (HR 2.76, 95% CI 1.32–5.21). As reported in Figure 1, this increased
risk was mainly explained by the PDE of viral etiology (HR 2.74, 95% CI: 1.15–4.45). By
contrast, the TIE of viral etiology (signifying the effect of alcohol consumption, tobacco
consumption, and injection drug abuse) did not show a statistically significant association
with worse survival outcomes (HR 1.05, 95% CI: 0.82–2.13) (Figure 1).

As reported in Table 3, when tobacco consumption was considered as a potential
mediator of the association between viral etiology and OS, similar results were found
with PDE, TIE, and TE of 1.86 (95% CI 1.16–2.45), 1.02 (95% CI 0.78–1.34), and 2.62 (95%
CI 1.15–3.45), respectively. Similar results were found when alcohol consumption was
considered as the only potential mediator, with PDE, TIE, and TE estimates of 1.67 (95% CI
1.13–2.5), 1.05 (95% CI 0.82–2.13), and 2.61 (95% CI 1.15–3.45), respectively (Table 3). When
drug injection abuse was considered as the only potential mediator, PDE, TIE, and TE were
1.59 (95% CI 1.14–2.34), 1.13 (95% CI 0.88–2.43), and 2.60 (95% CI 1.15–3.34).
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Table 3. Direct, indirect, and total effects of viral etiology on overall survival.

Effects Hazard Ratio (95% CI)

Current tobacco consumption as the only mediator:
• Pure direct effect
• Total indirect effect

• Total effect

1.86 (1.16–2.45)
1.02 (0.78–1.34)
2.62 (1.15–3.45)

Current alcohol consumption as the only mediator:
• Pure direct effect
• Total indirect effect

• Total effect

1.67 (1.13–2.5)
1.05 (0.82–2.13)
2.61 (1.15–3.45)

Current injection drug abuse as the only mediator:
• Pure direct effect
• Total indirect effect

• Total effect

1.59 (1.14–2.34)
1.13 (0.88–2.43)
2.60 (1.15–3.34)

3.3. Progression-Free Survival

Overall, the median PFS was 7 months (95% CI: 6-9). As reported in Figure 3, the
median PFS was 9 months (95% CI: 8–10) in patients with other etiologies and 6 months
(95% CI: 5–7) in patients with viral etiology (p < 0.0001).
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Figure 3. Kaplan–Meyer curves comparing progression-free survival.

Following univariate analysis, viral etiology (p < 0.0001), Child-Pugh score (p = 0.04),
and AFP > 400 IU/mL (p = 0.003) were found to be significant predictors of PFS (Table 4).
Viral etiology (HR 2.54, 95% CI 1.54–4.89; p = 0.004) and AFP > 400 IU/mL (HR 1.72, 95% CI
1.05–2.6; p = 0.05) were confirmed as significant prognostic factors following multivariate
analysis. Again, no difference was observed between HBV+ and HCV+ patients (HR
1.01, 95% CI 0.6–1.8; p = 0.76) and between patients with sustained virological response
versus patients who did not undergo the antiviral treatment (HR 0.65, 95% CI 0.54–1.18;
p = 0.11). Additionally, no difference was observed between patients with alcohol-related
and NASH-related HCC (HR 1.43, 95% CI 0.65–1.92; p = 0.49).
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Table 4. Cox univariate/multivariate regression for progression-free survival.

Variables
Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value

Age (reference ≤ 65 years) 0.89 (0.64–1.75) 0.31

Gender (reference Female) 1.16 (0.65–2.1) 0.58

Etiology (reference nonviral) 2.49 (1.51–4.56) <0.001 2.54 (1.54–4.89) 0.004

Child-Pugh (reference A) 1.54 (1.08–2.11) 0.04 1.61 (0.89–3.42) 0.11

AFP (reference ≤ 400 UI/mL) 2.18 (1.21–4.23) 0.003 1.72 (1.05–2.6) 0.05

BCLC (reference B) 1.8 (0.88–2.3) 0.09

Hepatitis virus (reference HBV) * 1.01 (0.6–1.8) 0.76

ECOG PS (reference 0) 1.45 (0.87–2.9) 0.42

* Analysis restricted only to patients with viral etiology. AFP, alpha-fetoprotein; BCLC, Barcelona Cancer of the
Liver Clinic; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; PS, Performance Status.

3.4. Other Secondary Outcomes

HCC etiology was associated with differences in the rate of tumor response. The
objective response rate was 42.1% in patients with other etiologies and 30.3% in patients
with viral disease (p = 0.05).

The mean treatment duration was 13 months (range: 10–18 months). AEs of any grade
were reported in 292 patients (93.3%), of which 89 (91.0%) were patients of nonviral etiology,
and 203 (94.4%) were patients with viral etiology (p = 0.23). The most frequent AEs were
hand–foot skin toxicity (16.4%), hypertension (13.2%), and diarrhea (10.2%). Grade 3/4
AEs were similar between both groups (14.9% vs. 15.1%; p = 0.65).

4. Discussion

Given the unfavorable results with sorafenib therapy, other first-line treatment options
such as lenvatinib, as well as immune checkpoint inhibitors, or second lines therapies
such as regorafenib and cabozantinib, have been introduced in clinical practice to treat
unresectable advanced HCC [7,11,27,28]. In particular, lenvatinib showed promising results
in the pivotal multicenter RCT and in several real-life clinical series [10–20,29,30]. However,
evidence is still limited on the prognostic factors that might impact patient survival. A
recent multicenter retrospective series found longer OS and PFS in patients with NASH
treated with lenvatinib compared with sorafenib [12]. In a study on 67 HCC patients treated
with lenvatinib, nonviral etiology was associated with improved objective response, PFS,
and OS compared with nonviral etiology [31]. However, these findings were challenged
by those reported in other studies, which demonstrated no difference in the efficacy of
lenvatinib between viral and nonviral etiologies [15,32]. Due to inconclusive results in the
reported literature, we evaluated the role of viral versus nonviral etiology in HCC patients
treated with lenvatinib.

The main result of our analysis showed that first-line lenvatinib was associated with
favorable clinical outcomes and an overall manageable toxicity profile, in line with the
findings of the REFLECT clinical trial and of the real-life study by Rimini et al. [10,20].

Furthermore, in our study, lenvatinib was associated with improved effectiveness
in HCC of nonviral etiology, compared with HCC with viral etiology, without any wors-
ening in toxicity. Overall, our results were similar to those reported in another study by
Rimini et al., who analyzed a large international cohort of patients (n = 1232) treated with
lenvatinib [12]. In this analysis, NASH-HCC was associated with longer mOS than viral
etiology [22.2 versus 15.1 months; HR 0.69; 95% CI: 0.56–0.85; p = 0.0006] and with longer
mPFS (7.5 versus 6.5 months; HR 0.84; 95% CI: 0.71–0.99; p = 0.0436). These findings
provide potentially relevant evidence for decision-making among patients and healthcare
providers, particularly in selecting systemic treatment for unresectable advanced HCC.
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Indeed, data from preclinical and clinical models suggest potentially lower responsiveness
of NASH-HCC to immunotherapy, perhaps due to distinctive phenotypic characteristics
of T cells [22]. The inflammatory pathways induced in the milieu of NASH could also
represent a potential issue for other treatments [33,34]. Therefore, the high effectiveness of
lenvatinib in HCC of nonviral etiology can be considered when selecting treatment options
in this setting.

We also performed a counterfactual event-based mediation analysis to understand
the potential underlying mechanisms of the improved effectiveness of lenvatinib in HCC
of nonviral etiology compared with HCC with viral etiology. Counterfactual event-based
mediation analysis represents an approach that reveals how much effect viral etiology
has on survival outcomes directly (attributable to the viral etiology itself) and indirectly
(how much is mediated by other factors, such as tobacco or alcohol consumption or drug
abuse). The indirect effect of viral etiology, reflecting the effects of higher alcohol/tobacco
consumption or drug abuse demonstrated in HCC patients with viral etiology [35,36], was
not significantly associated with mortality; therefore, our findings are based on a PDE
probably related to chronic inflammation and immunosuppression induced by replication
of HBV or HCV viruses. To our knowledge, no other study has assessed the prognostic role
of viral etiology in these patients and the impact of potential confounders through a robust
methodology. On the other hand, previous reports have pointed out the role of alcohol or
tobacco consumption on patient survival [37,38].

No difference was observed in terms of OS and PFS within the viral etiology group
between patients with sustained virological response and patients not treated with antiviral
therapy (p = 0.14). This is probably due to the limited number of patients in the latter
subgroup (patients who never underwent any antiviral treatments, n = 31). Therefore,
based on our study, no assumption on the prognostic impact of antiviral treatment in HCC
patients can be drawn.

The worse survival observed in viral-related HCC could be due to several poten-
tial carcinogenetic mechanisms of hepatitis viruses, such as direct oncogenesis from the
integration of the viral genome in the hepatocyte or induced chronic inflammation [39].

Nevertheless, our study has limitations. First, we performed a larger retrospective
observational study which is subject to selection bias. Second, the multicenter nature
of the study did not allow the centralization of imaging. Furthermore, treatment and
re-evaluation criteria were used according to the clinical practice of each center in accor-
dance with national guidelines. Third, a classification bias due to under-reported use of
alcohol, tobacco, or drug abuse could represent a limitation, as well as the lack of subgroup
analysis in HCC patients with nonviral etiology (e.g., NASH) to assess the possible effect of
mediators in this group.

5. Conclusions

In conclusion, our results suggest that first-line lenvatinib is effective in patients with
advanced HCC of either nonviral or viral etiologies. Lenvatinib showed higher treatment
efficacy in cases of nonviral etiology compared to viral etiology.

Viral etiology may be considered an independent prognostic factor in HCC patients
treated with lenvatinib, mainly due to its direct effect on chronic inflammation and im-
munosuppression. The etiology of HCC could help better tailor treatment strategies, such
as patients with advanced HCC.
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