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ABSTRACT

Background and Aims: Hepatitis C virus (HCV) is a key driver of hepatocellular carcinoma (HCC). However, the impact of
HCV eradication on systemic therapy remains unclear. We aimed to assess the safety and efficacy of direct-acting antivirals
(DAA) in patients treated with Atezolizumab plus Bevacizumab (AtezoBev).

Methods: This retrospective multicentre study included patients with HCV-related unresectable/advanced HCC treated with
AtezoBev between 2021 and 2024. Three groups of patients were compared: Group A (n=22), concurrent DAA with AtezoBev;
Group B (n=95), antiviral therapy before AtezoBev; and Group C (n=22), active infection.

Results: Group A showed the longest median overall survival (42.8 months) compared to Group B (26.8 months; p=0.03) and
Group C (19.7months; p=0.01). Time to progression and progression-free survival were significantly prolonged in Group A
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versus Groups B and C. Moreover, Group A exhibited a higher disease control rate than the other groups. Post-DAA decompen-
sation rates were significantly lower in Group A (4.5%) compared to Groups B (26.3%) and C (36.4%). Treatment-related adverse
events of grade >3 were similar across groups. In the multivariate competing risk analysis with adjustment for time-dependent

variables, achieving sustained virologic response during AtezoBev showed a protective effect against liver decompensation (SHR
0.02, p=0.003) or tumour progression (SHR 0.14, p=0.009), and was also associated with reduced mortality (HR 0.29, p=0.005).
Conclusions: Achieving a SVR during AtezoBev seems to improve oncologic outcomes and reduce liver decompensation in

patients with unresectable/advanced HCC. An integrated therapeutic approach can optimise systemic treatment efficacy, par-

ticularly in patients eligible for conversion strategies.
Trial Registration: Protocol ID: 5890

1 | Introduction

Hepatocellular carcinoma (HCC) remains one of the leading
causes of cancer-related mortality worldwide, with chronic
hepatitis C virus (HCV) infection playing a significant role
in both the incidence and progression of this malignancy [1].
Achieving a sustained virological response (SVR), defined as
undetectable serum HCV RNA 12 or 24 weeks after the com-
pletion of antiviral therapy, has been shown to reduce liver
inflammation, fibrosis, the risk of liver decompensation and
HCC occurrence [2]. However, the impact of HCV treatment
in patients who have already developed HCC remains less well
defined.

Following the introduction of direct-acting antivirals (DAAs),
initial reports suggested an increased incidence of HCC after
viral clearance [3, 4]. However, subsequent studies have largely
refuted this observation, and a comprehensive meta-analysis
confirmed that HCV eradication, whether achieved with DAAs
or interferon (IFN)-based therapy, does not increase the risk of
HCC [5]. More recent studies showed significant benefits in terms
of overall survival (OS), liver decompensation rates and HCC
recurrence reduction in patients with cirrhosis and Barcelona
Clinic Liver Cancer (BCLC) stage 0/A HCC with complete onco-
logic response who also achieve SVR [6-8]. Additionally, a recent
study demonstrated that achieving SVR through DA As is associ-
ated with a reduced risk of liver-related mortality and improved
liver function, even in patients with HCC and advanced fibrosis
or cirrhosis [9].

These findings underscore the critical role of HCV eradication
in improving both liver-related and overall clinical outcomes.
However, no data are currently available on the safety and
benefits of HCV eradication in patients with advanced HCC
receiving systemic therapy. Concerns have been raised regard-
ing the cost-effectiveness of antiviral treatment in this setting,
given the limited life expectancy of these patients [10]. The ad-
vent of immune checkpoint inhibitors (ICIs) has changed the
therapeutic landscape of advanced HCC [11-13], not only im-
proving survival but also increasing objective response rates
(ORR), thereby enabling conversion to potentially curative
treatments [14].

The aim of this study was to assess the safety of concurrent DAA
therapy in patients with unresectable or advanced HCC receiv-
ing Atezolizumab plus Bevacizumab (AtezoBev) and to evaluate
whether HCV eradication impacts patient survival, liver decom-
pensation and HCC treatment outcomes.

2 | Methods

This retrospective multicenter study included 139 patients with
previous or current HCV infection and unresectable or ad-
vanced HCC, treated with AtezoBev between 2021 and 2024 in
11 Ttalian tertiary centres (details in Supporting Information).

Eligible patients were adults (> 18years) with HCC not amena-
ble to surgery or locoregional therapies and treated with
AtezoBev (Atezolizumab 1200mg plus Bevacizumab 15mg/kg
every 3weeks) as first-line systemic therapy until progression or
unacceptable toxicity. Patients were divided into three groups:
A, concurrent DAA with AtezoBev; B, antiviral therapy before
AtezoBev; and C, active infection.

Data collection included comorbidities, liver function param-
eters (Child-Pugh score, Model for End-Stage Liver Disease
[MELD] score and albumin-bilirubin [ALBI] score), HCC history
and HCV virological characteristics. The primary outcome was
DAA safety, while secondary endpoints were OS, liver decom-
pensation, time to decompensation (TTD), decompensation-free
survival (DeFS), time to progression (TTP), progression-free
survival (PFS), ORR and disease control rate (DCR). These out-
comes were compared across three groups.

HCV eradication was defined as SVR (undetectable HCV-RNA
12weeks [DAA-based regimens| or 24weeks [IFN-based regi-
mens] after completion of therapy). Antiviral therapy included
DAAs or IFN in Groups B and C, and DAAs only in Group A. In
Group A, therapy was started within 3 months of immunotherapy;
DAA duration was 12weeks for sofosbuvir/velpatasvir (SOF/VEL)
and 8weeks for glecaprevir/pibrentasvir (GLE/PIB). Group C had
active infection due to lack of response to prior therapy.

Tumour progression was assessed every 12-16weeks using
contrast-enhanced CT or MRI according to the Response
Evaluation Criteria in Solid Tumours, version 1.1 (RECIST 1.1).
Liver decompensation was defined as the onset of jaundice (total
bilirubin higher than 3mg/dL), ascites, variceal haemorrhage or
hepatic encephalopathy. Data on the duration of systemic ther-
apy, reasons for discontinuation and adverse events (AEs) occur-
ring during treatment, graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE) v5.0 (ref), were also collected. A detailed description of
the study endpoints is provided in the Supporting Information.

The study was approved by the Ethics Committee 3 of the Lazio
Region (protocol ID 5890) and conducted in accordance with the
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Summary

» Concurrent treatment of HCV during systemic ther-
apy is not only safe and associated with a reduced risk
of liver decompensation, but also improves oncologic
outcomes, including delayed tumour progression and
prolonged overall survival.

« These findings support the integration of antiviral
therapy into the comprehensive hepato-oncological
management of patients with HCC, particularly when
downstaging or conversion strategies are considered.

principles outlined in the Declaration of Helsinki. Written con-
sent was obtained by all subjects.

2.1 | Statistical Analysis

Descriptive statistics were used to summarise patient character-
istics. Data distribution was assessed using the Shapiro-Wilk
test, with continuous variables reported as median and inter-
quartile range (IQR), and categorical variables expressed as fre-
quency and percentage.

Comparisons between study groups were performed using the
Wilcoxon test or Kruskal-Wallis test for continuous variables,
and the chi-square test or Fisher's exact test for categorical vari-
ables, as appropriate. Bonferroni correction was applied to ad-
just for multiple comparisons in pairwise analyses.

Kaplan-Meier survival analysis was used to estimate OS, TTP
and PFS, with intergroup differences assessed using log-rank
tests. The Cox regression model was employed for multivari-
ate analysis, incorporating time-dependent covariates to find
predictors of mortality, progression or liver decompensation
(Supporting Information). Fine and Gray [15] hazard model was
used to account for competing risks, allowing for the estimation
of cumulative incidence functions (CIFs) for each clinical event
of interest. Gray's test was applied to compare CIFs between
groups, providing a non-parametric assessment of differences
in the incidence of events while accounting for the presence of
competing outcomes. Missing data were minimal and handled
by complete-case analysis; no imputation methods were applied.

All statistical analyses were conducted using R version 4.4.1. A p
value <0.05 was considered statistically significant.

3 | Results

Of the 139 patients included in the study, 22 belonged to Group
A, 95 to Group B and 22 to Group C. The characteristics of the
study population are presented in Table 1.

Tumour characteristics were comparable among groups in
terms of BCLC stage, number and size of nodules, vascular in-
vasion and metastatic disease. BCLC stage C was the most fre-
quent across all groups (p =0.41). Alpha-fetoprotein (AFP) levels
did not significantly differ among groups (p =0.61), either when

considered as absolute values or as the prevalence of patients
with AFP>400ng/mL.

A significantly higher proportion of patients in Group B had
previously undergone locoregional treatment for HCC (67.4%),
compared to Group C (40.1%, p=0.02) and Group A (22.7%,
p=0.0002). Indeed, surgical resection, thermal ablation or tran-
sarterial chemoembolization (TACE) was performed more fre-
quently in Group B than in the other two groups (Table 1). No
significant differences were observed in the use of transarterial
radioembolization (TARE) or stereotactic body radiation ther-
apy (SBRT) across groups.

3.1 | Virological Characteristics, DAA Treatment
and Safety

Median HCV-RNA serum levels were comparable across Group
A and C while HCV genotype distribution varied, with genotype
3 being the most prevalent in Group A (Table 2).

All patients completed the planned DAA treatment course with-
out treatment interruptions. Regarding HCV treatment reg-
imens, SOF/VEL was the most frequently prescribed regimen
in Group A (81.8%), followed by sofosbuvir/velpatasvir/voxila-
previr (SOF/VEL/VOX) (13.6%) and GLE/PIB (4.5%). In Group
B, treatment regimens were more heterogeneous, with SOF/
VEL (18.9%) and sofosbuvir/ledipasvir (SOF/LED) (12.6%) being
the most common. In this group, the median time from SVR to
AtezoBev therapy start was 65.8 (47.1-85.2) months. In Group C,
only 27.2% of patients received antiviral therapy, primarily SOF/
VEL (13.6%) or IFN-based regimens (13.6%) without achieving
SVR, while 72.3% were treatment-naive.

In Group A, 21 patients received SOF/VEL for 12weeks, while
1 patient in Group A received GLE/PIB for 8 weeks. In Group C,
three patients were treated with SOF/VEL; all of them remained
viraemic after DA A treatment. The overall SVR rate was 76% (19
out of 25 patients, all from Group A). Subsequently, three addi-
tional patients from Group A were treated with SOF/VEL/VOX,
increasing the SVR rate to 88% (22 out of 25, all from Group A).

At baseline laboratory tests, aminotransferase and gamma glu-
tamyl transpeptidase (GGT) levels were significantly higher in
Group A than in Group B and Group C (even if not statistically
significant, Table 2). Following DAA therapy, ALT and AST lev-
els in Group A normalised, reaching values similar to those ob-
served in Group B, and GGT levels also declined.

No treatment-related adverse events (TRAEs) directly attrib-
utable to DAA therapy were observed. The incidence of AEs
related to AtezoBev was higher in Group A (86.4%) compared
to Group B (61.1%; p=0.02) and Group C (54.5%; p=0.02), al-
though the difference was not statistically significant (Table S1
and Figure S1). When adjusting for treatment duration, the
exposure-adjusted incidence rate (EAIR) of any grade TRAESs
was highest in Group C (78.0 events per 100 patient-years),
followed by Group A (73.9) and Group B (59.0). The crude pro-
portion of patients experiencing grade >3 TRAESs did not sig-
nificantly differ among the groups (31.8% in Group A, 34.7% in
Group B and 22.7% in Group C; p=0.55). However, the EAIR for
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TABLE 1 | Baseline characteristics of patients in the three study groups. Categorical variables are presented as frequency (%), and continuous
variables as median (IQR). Significant comparisons are highlighted in bold.

SVR during SVR before
treatment treatment Active infection
(Group A) (Group B) (Group C) P P P
N=22 N=95 N=22 4] Avs.B Avs.C Bvs.C

Age (years) 63 (55-69) 69 (62-76) 65 (59-79) 0.045 0.01 0.22 0.51
Male 22 (100) 67 (70.5) 17 (77.7) 0.01 0.002 0.05 0.60
BMI (kg/m>) 24.3(22.3-25.9)  24.1(22.0-26.4)  23.1(21.1-26.4) 0.59 0.33 0.83 0.59
ECOG PS>0 5(22.7) 24 (25.3) 9(40.1) 0.28 0.80 0.20 0.14
Cirrhosis 21 (95.4) 89 (93.6) 20 (90.9) 0.82 0.75 0.55 0.64
Co-aetiologies (%)

HBV coinfection 2(9.1) 8 (8.4) 2(9.1) 0.99 0.96 1.0 0.96

HIV coinfection 2(9.1) 2(2.0) 1(4.5) 0.28 0.10 0.55 0.51

MASLD 2(9.1) 19 (20.0) 1(4.5) 0.13 0.23 0.55 0.09

History of alcohol 11 (50.0) 20(21.1) 5(22.7) 0.04 0.02 0.11 0.96

consumption
ALBI

1 7(31.8) 50 (52.6) 7(31.8) 0.08 0.08 1.0 0.08

2 15 (68.2) 45 (47.4) 15 (68.2)
Child Pugh

A 19 (86.4) 83 (87.4) 20 (90.9) 0.88 0.90 0.63 0.65

B 3(13.6) 12 (12.6) 2(9.1)
MELD 8 (7-8) 8 (7-9) 8 (6-10) 0.82 0.60 0.71 0.69
Portal hypertension 15(68.2) 56 (59.0) 13 (59.1) 0.72 0.42 0.53 0.99
Varices 11 (50.0) 46 (48.4) 6 (27.3) 0.18 0.89 0.12 0.07
PVT 8 (36.4) 32(33.7) 8 (36.4) 0.95 0.81 1.0 0.81
Ascites 3(18.2) 13 (13.7) 1(4.5) 0.48 0.99 0.29 0.23
Hepatic 2(9.1) 4(4.2) 0(0) 0.33 0.31 — —
encephalopathy
BCLC

B 5(22.7) 13(13.7) 5(22.7) 0.41 0.33 1.0 0.33

C 17 (77.3) 82 (86.3) 17 (77.3)
Tumour nodules 5(3-7) 4 (2-5) 4(2-6) 0.13 0.05 0.32 0.46
(number)
Maximum tumour 6.0 (4.4-7.8) 5.0 (3.1-8.0) 5.8 (3.5-7.6) 0.57 0.47 0.98 0.36
size (cm)
Vascular invasion 11 (50.0) 47 (49.5) 10 (45.5) 0.94 0.96 0.76 0.73
Extrahepatic spread 7 (31.2) 36 (37.9) 7 (31.8) 0.79 0.59 1.0 0.59
AFP (ng/mL) 38 (14-195) 22 (5-654) 37 (12-320) 0.61 0.44 0.97 0.45
AFP>400ng/mL 4(18.2) 20 (21.1) 5(22.7) 0.93 0.76 0.86 0.98
Surgical resection® 1(4.5) 30 (31.6) 3(13.6) 0.01 0.01 0.12 0.61

(Continues)
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TABLE1 | (Continued)

SVR during SVR before
treatment treatment Active infection
(Group A) (Group B) (Group C) P P P
N=22 N=95 N=22 4] Avs.B Avs.C Bvs.C
RFA? 1(4.5) 38 (40.0) 3(13.6) 0.001 0.001 0.61 0.02
TACE? 3(13.6) 37 (38.9) 3(13.6) 0.01 0.03 1.0 0.03
TARE/SBRT* 2(9.1) 16 (16.8) 4(18.2) 0.63 0.52 0.66 0.98

Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BCLC, Barcelona clinic liver cancer; BMI, body mass index; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HIV, human immunodeficiency virus; MASLD,
metabolic associated steatotic liver disease; MELD, model for end-stage liver disease; NSBB, non-selective beta blockers; PPI, proton pump inhibitors; PVT, portal vein
thrombosis; RFA, radiofrequency ablation; TACE, transarterial chemoembolisation; TARE/SBRT, transarterial radioembolisation/stereotactic body radiation therapy.

4Previous HCC treatment.

grade >3 TRAEs was 33.5 events per 100 patient-years in Group
B, 32.5in Group C and 26.1 in Group A.

3.2 | HCC-Related Outcomes

The median follow-up was 22.4months (14.1-33.3) for Group A,
15.6months (8.0-23.3) for Group B and 18.0months (8.2-22.3) for
Group C, while the median duration of treatment was 10.1 months
(6.8-13.6) for Group A, 7.7months (2.9-20.7) for Group B and
5.2months (2.6-12.1) for Group C. Mortality rates were lower in
Group A (27.3%) compared to Group B (47.4%, p=0.09) and sig-
nificantly lower compared to Group C (59.1%, p=0.03). Patients in
Group A exhibited a significantly longer median OS of 42.8 months
[95% CI 33.3-NA] than that observed in Group B (26.8 months [95%
CI17.1-NA]; p=0.03) and Group C (19.7 months [95% CI 14.7-NA];
p=0.01) (Figure 1A).

Multivariate analysis for mortality (Table S2) identified SVR
achieved during AtezoBev as a protective factor (HR 0.29 [95%
CI 0.12-0.69], p=0.005), along with ORR (HR 0.34 [95% CI
0.18-0.66], p=0.001). Conversely, ALBI grade 2-3 (HR 1.81
[95% CI1.08-3.02], p=0.02) and ECOG-PS >0 (HR 1.90 [95% CI
1.12-3.20], p=0.002) were associated with worse survival.

The incidence of disease progression was significantly lower in
Group A (22.7%) compared to Group C (54.5%, p=0.03), while
no significant difference emerged in comparison with Group B
(40%, p=0.12). Patients in Group A demonstrated a longer me-
dian TTP (40.6 months [95% CI 17.7-NA]) compared to Group
C (14.6 months [95% CI 5.1-NA]; p=0.02), while the difference
with Group B (20months [95% CI 12.3-NA]; p=0.12) was not
statistically significant (Figure 1B). PFS was also significantly
longer in group A (40.6 months [95% CI 22.5-NA]) compared to
Group B (15months [95% CI 12.0-23.4]; p=0.009) and Group C
(13.3months [95% CI 5.1-NA]; p=0.002) (Figure 1C). In the Cox
time-dependent analysis, SVR achieved during AtezoBev was
independently associated with a lower risk of disease progres-
sion (HR 0.14 [95% CI 0.05-0.72], p=0.02), as well as achiev-
ing ORR at a 6 months landmark (HR 0.13 [95% CI 0.05-0.38],
p=0.0001; Table S2). Conversely, ECOG-PS >0 (HR 2.56 [95%
CI 1.26-5.17], p=0.01) and AFP>400ng/mL (HR 2.46 [95% CI
1.22-4.98], p=0.01) were independent predictors of disease pro-
gression. These findings were further supported by the compet-
ing risk analysis of CIFs (Figure 3). In the overall cohort, the

cumulative incidence of progression as the first event increased
from 0.23 at 12months to 0.42 at 36 months, while death without
progression rose from 0.12 to 0.16 over the same period. Stratified
by HCV treatment status, Group A showed the most favourable
profile, with progression stabilising at 0.39 by 36 months and a
moderate increase in death without prior progression (from 0.19
to 0.26). Group B showed similar progression (0.41) and compet-
ing mortality (0.16), whereas Group C exhibited the earliest and
steepest progression (0.26 at 12months to 0.49 at 36 months),
with lower but increasing death without progression (0.06 to
0.10) (Figure 3B-D).

When accounting for the presence of death and liver decom-
pensation as competing events, both SVR (subdistribution haz-
ard ratio, sHR 0.14 [95% CI 0.03-0.61], p=0.009) and ORR at
6months (sHR 0.13 [95% CI 0.04-0.44], p=0.0009) remained
significantly associated with a reduced cumulative incidence of
progression, further confirming their protective role (Table 3).
Finally, radiological outcome was compared across groups; DCR
was highest in Group A (90.1%), followed by Group B (75.8%) and
Group C (59.1%), with a significant advantage for Group A over
Group C (p=0.01) (Table S3). Progressive disease (PD) was sig-
nificantly more frequent in Group C (40.9%) compared to Group
B (24.2%, p=0.11) and Group A (9.1%, p=0.01). No significant
differences were observed in ORR among groups.

3.3 | Liver Decompensation

During AtezoBev treatment, 42 patients (30.2%) experienced
liver decompensation (25 ascites, 5 hepatic encephalopathy, 1
jaundice, 4 variceal bleeding, 7 unknown). The overall rate of de-
compensation from the start of AtezoBev was comparable across
the groups: 38.8% in Group A, 26.3% in Group B and 36.4% in
Group C (p=0.3). Among decompensated patients, those classi-
fied as Child-Pugh B (CP-B) accounted for 4.5% in Group A, 5.3%
in Group B (p=0.89) and 4.5% in Group C (p=1.0).

When stratifying by the timing of DAA administration and con-
sidering only decompensation events occurring after DAA treat-
ment in Group A, a total of 34 decompensations were recorded
(24.5%). In this analysis, decompensation occurred in 4.5% of
patients in Group A, which was significantly lower compared to
Group B (26.3% p=0.03) and Group C (36.4% p =0.004), with no
significant difference between Group B and Group C (p=0.6).
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FIGURE1 | Overall survival (panel A), time to progression (panel B) and progression-free survival (panel C) of the three study groups.

No patients in Group A developed Child Pugh B status post-
DAA, compared to 5.3% in Group B (p=0.58) and 0% in Group
C(p=1.0).

The median TTD was not reached in any of the three groups
(Figure 2A), with only one event observed in Group A, whereas
25% of patients in Group B experienced liver decompensation
at 31.8 months [95% CI 31.8-NA] (p=0.03) and 25% of those in
Group C at 12.1 months [95% CI 12.1-NA] (p =0.02; Figure 2A).
DeFS was not reached in Group A compared to Group B
(13.7months [95% CI 6.74-NA], p=0.04) and C (15.6 months
[95% CI10.7-30.3], p=0.02; Figure 2B).

In the multivariate, time-dependent, Cox regression weighted
for baseline liver function and tumour burden (Table S2), the
only independent predictor of post-DAA liver decompensa-
tion was the occurrence of grade >3 TRAEs (HR 2.02 [95% CI
1.03-4.0], p=0.04), while SVR during AtezoBev exerted a pro-
tective effect (HR 0.14 [95% CI 0.02-1.03], p=0.05).

Using the competing risk model (Figure 3), in the overall pop-
ulation, the cumulative incidence of decompensation increased
from 0.23 at 12months to 0.29 at 36 months. Group A showed
a consistently stable low incidence (0.03 at 12months and 0.05
at 36months), while decompensation rose more markedly in
Group B (0.25 at 12months and 0.32 at 36 months) and Group

C (0.34 at 12months and 0.38 at 36 months) (Figure 3B-D).
Notably, decompensation in Group C increased early, with a cu-
mulative incidence of 0.31 already at 6 months.

In the multivariate competing risk model, grade >3 TRAEs are
a significant risk factor for liver decompensation (sHR 7.44 [95%
CI 1.75-31.60], p=0.006), whereas SVR during treatment was
associated with a markedly protective effect (sHR 0.02 [95% CI
0.00-0.25], p=0.003; Table 3).

4 | Discussion

In this study, we evaluated the feasibility of DAA therapy in
patients undergoing AtezoBev for unresectable or advanced
HCC. Our findings indicate that DAA treatment can be safely
combined with systemic therapy, and that HCV eradication sig-
nificantly improves OS, TTP and PFS while reducing the risk of
liver decompensation.

Thisis particularly relevant in unresectable HCC, where delayed
tumour progression and prolonged disease control may allow
conversion strategies toward curative interventions, including
liver transplantation. While HCV clearance has been estab-
lished as a positive prognostic factor in patients with cirrhosis
[2, 16], its role in patients with HCC has been controversial.
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TABLE 3 | Multivariate time-dependent competitive risk analysis
of factors predictive of decompensation, progressive disease and death.
Significant comparisons are highlighted in bold.

Variable sHR CIlow CIhigh 4
Death

ALBI grade >1 0.86 0.15 493 0.87
Macrovascular 0.44 0.14 1.38 0.16
portal vein invasion

Extrahepatic disease ~ 0.63 0.18 2.21 0.47
Progression

ORR 0.13 0.04 0.44 0.0009
SVR during 0.14 0.03 0.61 0.009
treatment

Max nodule 2.54 0.97 6.64 0.06
diameter >5cm

Decompensation

AtezoBev trAEs >3 7.44 1.75 31.60 0.006
SVR during 0.02 0.00 0.25 0.003
treatment

Child Pugh B 4.10 0.82 20.45 0.085

Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin grade;
AtezoBev, Atezolizumab plus Bevacizumab; ECOG-PS, Eastern Cooperative
Oncology Group performance status; ORR, objective response rate; SVR,
sustained virological response; trAEs, treatment-related adverse events.

Early studies raised concerns that DAA therapy might increase
the risk of HCC recurrence [3, 4], reporting higher recurrence in
BCLC 0/A HCC and increased de novo HCC incidence during
or shortly after treatment [17], possibly due to immune surveil-
lance reduction [18]. However, later analyses showed the only
immunologic difference between DAA-treated and untreated
patients was downregulation of IFN genes in non-tumour tissue,
without direct evidence of increased recurrence risk [7, 19-21].
More recent studies refuted early concerns, showing that HCV
eradication improves OS, particularly in early-stage HCC (BCLC
0/A), and reduces recurrence and all-cause mortality in patients
undergoing curative resection or ablation [6].

Despite these potential benefits, many patients with advanced
HCC have been excluded from DAA treatment due to safety
concerns and restrictive treatment policies based on cost-
effectiveness considerations in patients with poor prognosis.
Consequently, the impact of HCV eradication in advanced/
unresectable HCC has remained largely unexplored. However,
the introduction of ICIs has reshaped the HCC therapeutic land-
scape, improving prognosis and ORR, and enabling conversion
strategies toward curative treatments. Given this evolving sce-
nario, maximising liver function preservation and extending
treatment duration to enhance eligibility for locoregional or sur-
gical interventions has become a compelling clinical goal.

Our findings suggest that HCV eradication in patients un-
dergoing AtezoBev is highly beneficial. In the competing risk
analysis, group A showed the most favourable outcomes, with
minimal liver decompensation and lower rates of progression;

accordingly, achieving SVR during AtezoBev therapy was con-
firmed as a strong protective factor for progression and decom-
pensation in the competitive risk models. However, the very low
subdistribution hazard ratio observed for SVR (0.02 for decom-
pensation) may overestimate the true magnitude of protection
and should be interpreted with caution, particularly in light of
the small sample size and the retrospective design of the study.
The benefit observed in patients achieving SVR during immu-
notherapy may clearly stem from the immediate removal of an
active hepatic insult, as already demonstrated [22, 23]. In con-
trast, those who cleared HCV prior to treatment and later devel-
oped HCC may be influenced by the residual, persistent effects
of cirrhosis and other oncogenic factors (e.g., alcohol consump-
tion, metabolic disease). This discrepancy may moreover reflect
the dynamic trajectory of liver disease following HCV clearance,
whereby a ‘fast improvement phase’, characterised by more pro-
nounced hemodynamic and immunologic recovery, occurs early
after viral eradication, followed by a slower, less marked phase
of stabilisation. Group A may reflect this early phase, benefiting
from rapid improvements in liver function and immune tone,
while Group B may represent a later phase in which the early
clinical benefits have stabilised. This hypothesis is supported by
solid studies, demonstrating biomarker improvement and sus-
tained, though incomplete, portal pressure decline following
SVR [22-24]. Notably, as observed in HBV-related HCC [25],
patients who never received antiviral treatment experienced the
poorest outcomes across all endpoints, further reinforcing the
imperative of treating HCV infection even in those undergoing
systemic therapy. These findings remark that the underlying
aetiology of liver disease should be treated as early as possible
(i.e., DAA therapy). This is especially important when systemic
therapies such as ICIs are planned, as the time required to coor-
dinate infusions or referral to oncology services should not delay
antiviral therapy.

Furthermore, the impact of SVR during AtezoBev on oncolog-
ical outcomes underscores the potential synergistic effect of
DAAs and ICIs in modulating the tumour microenvironment
(TME) and enhancing HCC treatment response [24]. Chronic
HCV infection sustains immune dysfunction through persistent
T-cell exhaustion, characterised by overexpression of inhibitory
molecules, such as PD-1, LAG-3 and TIM-3 on CD8+ and CD4+
T cells [26]. Recent studies have shown that viral clearance with
DAAs not only reduces the expression of these checkpoint mol-
ecules but also restores T-cell effector functions, including cy-
totoxicity and proliferation [27, 28]. Importantly, DA A-induced
SVR leads to a reduction in the frequency of myeloid-derived
suppressor cells (MDSCs), which are known to inhibit antitu-
mor T-cell responses within the TME [29]. In addition to revers-
ing immune exhaustion, SVR contributes to the normalisation
of the T-cell receptor (TCR) repertoire diversity, which may en-
hance the breadth and effectiveness of tumour-specific immune
surveillance. Restoration of antigen-presenting cell (APC) func-
tionality following HCV eradication further supports more effi-
cient priming and activation of naive and memory T cells, which
are critical for effective responses to ICIs [30]. Furthermore,
chronic HCV infection promotes a pro-tumoral cytokine en-
vironment, characterised by elevated levels of IL-6, TGF-f
and VEGF [31, 32]. SVR leads to a marked reduction in these
cytokines, mitigating the immunosuppressive signalling path-
ways that can limit the efficacy of ICIs. Recent analyses of HCC
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FIGURE2 | Time todecompensation (panel A) and decompensation-free survival (panel B) of the three study groups.

treated with AtezoBev have highlighted that patients with an
immune-activated TME—characterised by greater infiltration
of functional CD8+ T cells and reduced myeloid suppression—
exhibit superior responses and prolonged survival compared
to those with an immune-exhausted phenotype [33]. Thus, by
eradicating HCV during immunotherapy, it may be possible to
shift the immune landscape toward a more favourable, immune-
activated state [34], thereby enhancing responsiveness to ICIs
and improving long-term outcomes. Evidence from immunovi-
rological literature indicates that successful DAA therapy may
partially reverse T-cell exhaustion, as shown by reduced expres-
sion of PD-1, TIM-3 and TIGIT and improved proliferative ca-
pacity of HCV-specific T cells [35]. These observations support
the plausibility of our hypotheses but should be regarded as indi-
rect and hypothesis-generating. While limited by the small sam-
ple size, these findings nonetheless offer biological and clinical

support for the concomitant use of antiviral and immunothera-
peutic approaches in HCC management.

Notably, we did not observe TRAESs directly attributable to DAA
throughout the study. We observed a trend toward a higher in-
cidence of AtezoBev-related AEs in Group A; the underlying
mechanisms remain uncertain, and further studies are needed
to clarify whether factors such as immune reconstitution or
pharmacodynamic interactions may play a role. However,
the absence of immune-related hepatotoxicity and the similar
frequency of grade >3 AtezoBev-related AEs across groups
support the feasibility of integrating DAA therapy into HCC
management.

This study has several limitations. The retrospective design in-
troduces potential selection bias. Additionally, the small sample
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(Group A—concurrent DAA with AtezoBev), panel C (Group B—antiviral therapy before AtezoBev) and panel D (Group C—active infection).

size, particularly in Group A and Group C, may have limited the
statistical power of our findings. The follow-up duration may not
have been sufficient to fully assess long-term liver decompensa-
tion. Moreover, mechanistic data were not collected to directly
support the proposed immunological synergy between DAAs
and ICIs. The absence of immunologic or virologic biomark-
ers limits the interpretability of the observed clinical effects
and precludes definitive conclusions regarding the underlying
biological mechanisms, which warrant investigation in future
prospective studies. Such analyses could provide mechanistic
insights into the interplay between DA As and ICIs. In addition,
the prolonged median OS observed in group A may be influ-
enced not only by the protective effect of SVR, but also by fa-
vourable baseline characteristics or selection bias (e.g., younger
age, fewer prior treatments). The nearly complete survival at
36 months in this group should be interpreted with caution, as
follow-up duration and censoring may have biassed this esti-
mate. Potential lead-time bias further limits the interpretability
of these findings. Finally, differences in access to therapy and
reimbursement policies across healthcare systems may limit the
generalisability of these findings and the cost-effectiveness of
extending DA As therapy to patients with advanced HCC should
be considered when applying them to diverse clinical contexts.

In conclusion, achieving SVR during AtezoBev therapy is as-
sociated with a reduced risk of both liver decompensation and
tumour progression, likely through a dual mechanism involv-
ing attenuation of HCV-related liver injury and enhanced ICI
efficacy. This effect is particularly relevant for patients receiv-
ing systemic treatment with a conversion intent. If confirmed in
large prospective studies, these findings could provide a strong
rationale for universal HCV eradication, supporting the integra-
tion of DAA therapy into HCC management—even in patients
with unresectable or advanced disease—and highlighting the
need to reconsider current treatment paradigms to improve out-
comes in this high-risk population.
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