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Abstract: Hepatocellular carcinoma (HCC) is one of the most common leading causes of cancer death worldwide. As most patients 
are diagnosed with advanced disease, systemic therapy remains the backbone of treatment. In recent years, we have witnessed the 
transformation of advanced HCC treatment landscapes from single-agent targeted therapies to immunotherapy combinations, with 
atezolizumab plus bevacizumab becoming the new first-line standard of care with an increase in overall survival, progression-free 
survival, and objective response rate compared to sorafenib, and a positive impact on quality of life. Although the efficacy and safety 
of this combination have been confirmed regardless of ethnicity, age, and etiology, only a subgroup of patients seems to benefit the 
most from this treatment. Currently, predictive serum and tissue biomarkers to select patients who are most likely to respond to 
atezolizumab plus bevacizumab are lacking. Moreover, the optimal subsequent therapy for patients who progress on first-line 
atezolizumab plus bevacizumab remains unknown, clinical trials are ongoing, and real-world data are needed to determine the most 
effective treatment sequence. Importantly, careful evaluation of bleeding risk and preservation of adequate liver function are 
fundamental to improve patients’ prognosis, especially when subsequent treatments are administered. 
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Introduction
Hepatocellular carcinoma (HCC) is a global health issue with increasing incidence and mortality worldwide. It generally 
emerges within a chronic liver disease condition, which includes chronic viral hepatitis (hepatitis C virus [HCV] and 
hepatitis B virus [HBV]), alcoholic cirrhosis, metabolic conditions (metabolic dysfunction-associated fatty liver disease 
[MAFLD], previously known as non-alcoholic fatty liver disease [NAFLD], metabolic dysfunction-associated steatohe-
patitis [MASH], previously known as non-alcoholic steatohepatitis [NASH], diabetes), and aflatoxin exposure.1,2 

Unfortunately, most patients are diagnosed with advanced disease or progress after locoregional approaches and there-
fore, systemic therapies represent the backbone of treatment. Systemic treatment is indicated for patients with advanced 
or intermediate HCC that are unsuitable for locoregional treatment and with preserved liver function.1,3 After more than 
a decade of multi-kinase inhibitors (MKIs) monopoly, in 2020, the combination of atezolizumab plus bevacizumab 
became the new first-line standard of care, introducing immunotherapy in advanced HCC and contributing to the 
reshaping of HCC treatment algorithm, with an increase in survival. In this review, we will shed light on atezolizumab 
plus bevacizumab, starting from clinical studies that led to the approval of this combination, focusing on safety and 
efficacy data, and then moving to more recent exploratory analyses and real-life studies, evaluating future perspectives of 
HCC treatment strategies and sequential therapies. Moreover, we want to highlight the urgent need to identify predictive 
biomarkers to properly select patients and obtain durable clinical benefits in those who are more likely to respond, 
sparing adverse events in non-responders.
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Overview of Current Systemic Treatment Landscape
Sorafenib, a MKI, has been the mainstay of advanced or metastatic HCC treatment since 2007.4,5 A decade later, new 
targeted agents have been approved in either the first or subsequent lines. In detail, lenvatinib was found to be non- 
inferior to sorafenib in the first-line setting.6 Regorafenib, cabozantinib, and ramucirumab were approved in the 
refractory context, with cabozantinib showing efficacy even in the third line.7–9 Furthermore, regorafenib demonstrated 
efficacy in a sorafenib-tolerant population, whereas ramucirumab showed improved survival in patients with alpha- 
fetoprotein (AFP) levels ≥400 ng/mL at baseline.7,9

Recently, the advent of immunotherapy has dramatically changed the first-line therapeutic scenario, resulting in 
a widening of treatment opportunities. In 2020, the combination of the anti-programmed death ligand-1 (PD-L1) 
atezolizumab plus the anti-vascular endothelial growth factor (VEGF) bevacizumab became the new first-line standard 
of care, outperforming sorafenib.10–12 Similarly, sintilimab (anti-programmed cell death protein-1 [PD-1]) combined with 
a bevacizumab biosimilar (IBI305) showed significant overall survival (OS) and progression-free survival (PFS) benefit 
compared to sorafenib in a phase 3 trial only enrolling patients from China.13 More recently, the combination of a single 
priming dose of the anti-cytotoxic T-lymphocyte antigen-4 (CTLA-4) monoclonal antibody (mAb) tremelimumab plus 
the anti-PD-L1 mAb durvalumab (STRIDE regimen) obtained the United States Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) approval as first-line treatment option based on the positive results of the phase 
III HIMALAYA trial.14 Moreover, single-agent tislelizumab demonstrated non-inferior OS compared to sorafenib, and 
the combination of camrelizumab plus rivoceranib significantly prolonged survival compared to sorafenib.15,16 

Conversely, first-line nivolumab did not significantly improve OS compared with sorafenib, even though clinical activity 
and a favorable safety profile were observed.17 In the phase III COSMIC-312 trial cabozantinib plus atezolizumab 
significantly improved only one of the dual primary endpoints (PFS, but not OS) versus sorafenib,18 whereas the 
combination of pembrolizumab plus lenvatinib was not shown to improve survival versus lenvatinib in the phase III 
LEAP-002 trial.19

The results of phase III trials with immune-checkpoint inhibitor (ICI)-based treatment in the first-line setting are 
summarized in Table 1. Table 2 summarizes the efficacy data of the currently approved first-line treatment options.

ICIs have also been tested in subsequent studies and have yielded inconsistent results. The combination of nivolumab 
plus ipilimumab and pembrolizumab monotherapy received FDA approval in the second-line setting after sorafenib 
failure, based on phase II results.20–22 However, the subsequent phase III trials testing first-line nivolumab and second- 
line pembrolizumab did not meet their primary endpoints, with the exception of the phase III KEYNOTE-394 trial, which 
reported positive results for pembrolizumab in an Asian population.17,23,24

Clinical Efficacy and Safety of Atezolizumab Plus Bevacizumab
The Phase Ib GO30140 Trial
GO30140 is an open-label, multi-arm, phase Ib study exploring the combination of atezolizumab plus bevacizumab in 
multiple solid tumor cohorts, including two cohorts (groups A and F) composed of patients with unresectable HCC, not 
previously treated with systemic therapy.25 Bevacizumab is an anti-angiogenic agent that normalizes the tumoral 
vasculature and has additional immunomodulatory effects. In particular, it increases T cell infiltration and decreases 
the activity of immunosuppressive cells, such as myeloid-derived suppressor cells (MDSCs) and regulatory T cells 
(Tregs). Moreover, it also promotes dendritic cells (DCs) maturation. In contrast, atezolizumab promotes T-cell activation 
and restores anticancer immunity by enhancing anti-VEGF-mediated immunomodulatory effects.26 Figure 1 illustrates 
the mechanism of action of bevacizumab and atezolizumab.

In group A, all patients received 1200 mg of atezolizumab plus bevacizumab 15 mg/kg intravenously every 3 weeks. 
The primary endpoint was objective response rate (ORR) according to independent review facility assessment by 
response evaluation criteria in solid tumors version 1.1 (RECIST 1.1).27 Secondary endpoints included investigator- 
assessed ORR according to RECIST 1.1, independent review facility assessment by hepatocellular carcinoma-specific 
modified RECIST (mRECIST),28 PFS, duration of response (DOR), time to radiographic disease progression, OS, and 
safety.
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Table 1 Phase III Trials of Immune-Checkpoint Inhibitor-Based Treatment in the First-Line Setting

Trial Name Investigated Regimen Primary Endpoint Efficacy Results

IMbrave15010,11 1200 mg of atezolizumab + 15 mg/kg 
bevacizumab iv q3w 

vs 

Sorafenib 400 mg bid po

Co-primary endpoints: 
OS, PFS

mOS 19.2 months 
(95% CI, 17.0–23.7) 

vs 

13.4 months 
(95% CI, 11.0–16.9) 

HR 0.66 

(95% CI, 0.52–0.85; p<0.001) 
mPFS 6.9 months 

(95% CI, 5.7–8.6) 

vs 
4.3 months 

(95% CI, 4.0–5.6) 

HR 0.65 
(95% CI, 0.53–0.81; p<0.001)

ORIENT-3213 Sintilimab 200 mg + IBI305 15 mg/kg q3w 
vs 

Sorafenib 800 mg po

Co-primary endpoints: 
OS, PFS

mOS not reached 
vs 

10.4 months 
(95% CI, 8.5–not reached) 

HR 0.57 

(95% CI, 0.43–0.75; p<0.0001) 
mPFS 4.6 months 

(95% CI, 4.1–5.7) vs 2.8 months 

(95% CI, 2.7–3.2) 
HR 0.56 

(95% CI, 0.46–0.70; p<0.0001)

HIMALAYA14 Tremelimumab 300 mg iv + durvalumab 

1500 mg iv q4w (STRIDE) 
vs 

Durvalumab 1500 mg iv q4w 

vs 

Sorafenib 400 mg bid po

OS for STRIDE vs sorafenib mOS 16.43 months 
(95% CI, 14.1–19.5) 

vs 
13.77 months 

(95% CI, 12.2–16.1) 

HR for STRIDE vs sorafenib 
0.78 

(96.02% CI, 0.65–0.93; p=0.0035)

COSMIC-31218 Cabozantinib 40 mg po + atezolizumab 

1200 mg iv q3w 

vs 
Sorafenib 400 mg bid po 

vs 

Cabozantinib 60 mg po

Dual primary endpoints: 

OS, PFS of combination 

therapy vs sorafenib

mOS 15.4 months 
(96% CI, 13.7–17.7) 

vs 
15.5 months 

(96% CI, 12.1-NE) 

HR 0.90 
(96% CI, 0.69–1.18; p=0.44) 

mPFS 6.8 months 
(99% CI, 5.6–8.3) 

vs 

4.2 months 

(99% CI, 2.8–7.0) 
HR 0.63 

(99% CI, 0.44–0.91; p=0.0012)

(Continued)
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In group F, the patients were randomized to receive atezolizumab plus bevacizumab or atezolizumab monotherapy, 
and the primary endpoint was PFS according to RECIST 1.1, whereas PFS according to mRECIST, ORR, DOR, time to 
radiographic disease progression, OS, and safety were all secondary endpoints.

Table 1 (Continued). 

Trial Name Investigated Regimen Primary Endpoint Efficacy Results

LEAP-00219 Lenvatinib 

(8 mg/day or 12 mg/day according to body 
weight) 

+ pembrolizumab 200 mg iv q3w 

vs 
Lenvatinib + placebo

Co-primary endpoints: 

OS, PFS

mOS 21.2 months 
(95% CI, 19.0–23.6) 

vs 

19.0 months 

(95% CI, 17.2–21.7) 
HR 0.840 

(95% CI, 0.708–0.997; p=0.0227) 

mPFS 8.2 months 
(95% CI, 6.4–8.4) 

vs 

8.0 months 
(95% CI, 6.3–8.2) 

HR 0.867 

(95% CI, 0.734–1.024; p=0.0466)

CARES-31016 Camrelizumab 200 mg iv q2w + rivoceranib 

250 mg po 
vs 

Sorafenib 400 mg bid po

Co-primary endpoints: 

OS, PFS

mOS 22.1 months 
(95% CI, 19.1–27.2) 

vs 

15.2 months 

(95% CI, 13.0–18.5) 
HR 0.62 

(95% CI, 0.49–0.80; p<0.0001) 

mPFS 5.6 months 
(95% CI, 5.5–6.3) 

vs 

3.7 months 
(95% CI, 2.8–3.7) 

HR 0.52 

(95% CI, 0.41–0.65; p<0.0001)

CheckMate 

45917

Nivolumab 240 mg iv q2w 

vs 
Sorafenib 400 mg bid po

OS mOS 16.4 months 
(95% CI, 13.9–18.4) 

vs. 

14.7 months 

(11.9–17.2) 
HR 0.85 

(95% CI, 0.72–1.02; p=0.075)

RATIONALE- 

30115

Tislelizumab 200 mg iv q3w 

vs 

Sorafenib 400 mg bid po

OS (non inferiority) mOS 15.9 months 
(5% CI, 13.2–19.7) 

vs 
14.1 months 

(95% CI, 12.6–17.4) 

HR 0.85 
(95.003% CI, 0.712–1.019; p=0.039)

Abbreviations: HCC, hepatocellular carcinoma; iv, intravenously; q3w, every 3 weeks; vs, versus; bid, twice a day; po, per os; OS, overall survival; PFS, progression-free 
survival; mOS, median overall survival; mPFS, median progression-free survival; q4w, every 4 weeks; HR, hazard ratio; NE, not estimable.
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Patients were stratified according to geographical region (Asia versus the rest of the world, including Japan), 
macrovascular invasion (MVI) and/or extrahepatic spread (EHS) (presence versus absence), and baseline AFP levels 
(<400 versus ≥400 ng/mL). In both groups, most patients were from Asia, had EHS, and baseline AFP levels <400 ng/ 
mL. MVI was most common in group A (53%). Considering baseline liver function, >70% of patients were Child-Pugh 
A5. Regarding etiology, HBV was the most common underlying cause of HCC. The results demonstrated a benefit for 
patients receiving a combination of atezolizumab and bevacizumab in both groups A and F. After a median follow-up of 
12.4 months (InterQuartile Range [IQR] 8.0–16.2)], among 104 patients enrolled in group A, the ORR was 36% (95% 
CI, 26–46), comprising 12% of complete response (CR), and 76% of the responders had an ongoing response at the data 
cutoff. The median DOR was not reached, and responses of 6 months or longer were reported in 24 patients; the median 
time to radiographic progression was 8.9 months (95% CI, 5.6–13.6). The median OS was 17.1 months (95% CI, 
13.8-Not Estimable [NE]), with 55% of the patients alive at the data cut-off.

Similar results were reported in group F, which enrolled 119 patients: 60 in the atezolizumab plus bevacizumab arm 
and 59 in the monotherapy arm. After a median follow-up of 6.6 months (IQR 5.5–8.5) in the combination arm and 6.7 
months (IQR 4.2–8.2) in the monotherapy arm, a longer PFS was observed with atezolizumab plus bevacizumab (median 
PFS 5.6 months versus 3.4 months [HR 0.55; 80% CI, 0.40–0.74; p=0.011]). Among the secondary endpoints, the median 
OS was not reached in either group (atezolizumab plus bevacizumab: 95% CI, 8.3-NE; atezolizumab monotherapy: 95% 
CI, 8.2-NE). ORRs were 20% and 17%, with 2% and 5% of CR, respectively.

Notably, 26 patients crossed over and received combination treatment after the failure of atezolizumab monotherapy. 
In a post hoc analysis, the addition of bevacizumab showed possible benefits in terms of disease control and PFS.29

The potential correlation between PD-L1 expression and treatment efficacy was investigated in an exploratory 
analysis, which confirmed the efficacy irrespective of PD-L1 status in groups A and F.

In group A, grade 3–4 adverse events (AEs) were reported in 53% of patients, mainly represented by hypertension 
(13%) and proteinuria (7%). Serious AEs were reported in 44% of the patients, while treatment-related serious AEs were 
observed in 24% of the patients, and the most common were esophageal varices, upper gastrointestinal hemorrhage, 
colitis, and pneumonitis. 48% of patients experienced treatment-related adverse events (TRAEs) leading to dose 
modification or treatment interruption, whereas AEs leading to treatment discontinuation occurred in 17% of patients.

In group F, 37% of the patients receiving combination therapy had grade 3–4 AEs (most common hypertension in 5% 
of the patients), while grade 3–4 AEs were observed in 14% of the patients receiving atezolizumab alone (proteinuria in 
3%). Serious AEs were reported in 25% of the patients in the atezolizumab plus bevacizumab arm and in 10% of the 
patients in the monotherapy arm. Moreover, 12% and 3% of the patients in the combination and monotherapy arms, 
respectively, had serious treatment-related AEs. TRAEs leading to treatment reduction or interruption occurred in 15% of 
the patients in the combination group and in 9% of the patients in the monotherapy group.

Table 2 Efficacy of Currently Approved First-Line Treatment Options for Advanced HCC

Drugs Sorafenib4 Lenvatinib6 Atezolizumab Plus 
Bevacizumab11

Durvalumab Plus 
Tremelimumab (STRIDE)14

Median OS, months (95% CI) 10.7 (9.4–13.3) 13.6 (12.1–14.9) 19.2 (17.0–23.7) 16.4 (14.2–19.6)

HR (95% CI) 0.69 (0.55–0.87) 0.92 (0.79–1.06) 0.66 (0.52–0.85) 0.78 (0.65–0.93)

P value <0.001 – <0.001 0.0035

Median PFS, months 5.5 (4.1–6.9) 7.4 (6.9–8.8) 6.9 (5.7–8.6) 3.8 (3.7–5.3)

HR (95% CI) 0.58 (0.45–0.74) 0.66 (0.57–0.77) 0.65 (0.53–0.81) 0.90 (0.77–1.05)
P value <0.001 <0.0001 <0.001 –

ORR, % 2.0 24.1 30.0 20.1

DCR, % 43.0 75.5 74.0 60.1

Abbreviations: Abbreviations: OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; PFS, progression free survival; ORR, objective response DCR, 
disease control rate.
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The Phase III IMbrave150 Trial
The efficacy demonstrated in the GO30140 trial led to further evaluation of atezolizumab plus bevacizumab compared 
with sorafenib in the open-label phase III IMbrave150 study.10,11

The included patients had unresectable, cytologically or histologically confirmed HCC, except for those whose 
clinical features were suggestive of HCC, according to the American Association for the Study of Liver Diseases 
(AASLD) criteria. Moreover, they had to be treatment-naïve, with a good performance status (Eastern Cooperative 
Oncology Group [ECOG] score of 0 or 1) and Child-Pugh class A liver function. Autoimmune diseases, HBV and HCV 
coinfection, untreated esophageal and gastric varices with bleeding were excluded, and all patients underwent esopha-
goduodenoscopy (EGD) at baseline before receiving treatment. Stratification factors included geographical region (Asia 
versus the rest of the world, including Japan), MVI and/or EHS (presence versus absence), and baseline AFP levels 
(<400 versus ≥400 ng/mL). Differently from the phase Ib trial, most patients were non-Asiatic (60%). MVI was most 
common in the sorafenib group (43%), whereas EHS was most common in patients receiving atezolizumab plus 
bevacizumab (63%). As seen in the GO30140 trial, HBV was the most frequent cause of HCC.

The study enrolled 501 patients randomized in a 2:1 ratio to receive atezolizumab 1200 mg plus bevacizumab 15 mg/ 
kg intravenously every 3 weeks or sorafenib 400 mg twice daily until unacceptable toxicity or loss of clinical benefit was 
observed. In the experimental arm, patients could discontinue atezolizumab or bevacizumab owing to toxicity by 
investigator choice and continue with single-agent treatment.

The two co-primary endpoints were OS and PFS according to RECIST 1.1. The ORR, DOR per RECIST 1.1 and per 
mRECIST,27,28 time to deterioration of quality of life, physical functioning, and role functioning according to the EORTC 
QLQ-C30 were the secondary endpoints.

After a median follow-up of 8.6 months, the combination of atezolizumab and bevacizumab showed a significant 
benefit in terms of both co-primary endpoints. Median PFS was longer in the combination arm (6.8 months; 95% CI, 5.7– 

Figure 1 Mechanism of action of atezolizumab and bevacizumab. Atezolizumab and bevacizumab act on a positive feedback loop made of VEGF released by tumor cells and 
inhibitory cytokines produced by MDSCs and T-reg cells. The inhibitory cytokines in turn increase the expression of PD-L1 on tumor cells inducing immune system 
inhibition. 
Note: Created with BioRender.com. 
Abbreviations: HCC, hepatocellular carcinoma; IL-10, interleukin 10; MHC-I, major histocompatibility complex I; MDCSs, medullary dendritic stem cells; PD1, 
programmed cell death protein 1; PD-L1, programmed death-ligand 1; PD-L2, programmed cell death protein ligand 2; TCR, T-cell receptor; TGF-beta, transforming 
growth factor β; VEGF, vascular endothelial growth factor.
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8.3) than sorafenib (4.3 months; 95% CI, 4.0–5.6).10 The updated study results confirmed the advantage of atezolizumab 
plus bevacizumab versus sorafenib. After a median follow-up of 15.6 months, median OS was 19.2 months (95% CI, 
17.0–23.7) versus 13.4 months (95% CI, 11.0–16.9) (HR 0.66; 95% CI, 0.52–0.85; p<0.001), and median PFS was 6.9 
months (95% CI, 5.7–8.6) versus 4.3 months (95% CI, 4.0–5.6) (HR 0.65; 95% CI, 0.53–0.81; p<0.001).11 The survival 
benefit was maintained across most of the prespecified subgroups.

Positive results for atezolizumab plus bevacizumab were also observed at the secondary endpoints. The updated 
results confirmed the higher ORR of the combination treatment according to RECIST 1.1 (29.8% [95% CI, 24.8–35.0] 
versus 11.3 [95% CI, 6.9–17.3]) and mRECIST (35.4 [95% CI, 30.2–40.9] versus 13.9 [95% CI, 8.9–20.3]).11

The updated median DOR was 18.1 months (95% CI, 14.6-NE) and 14.9 months (95% CI, 4.9–17.0) in the 
experimental and control arm, respectively.11 Efficacy data are summarized in Table 3.

Regarding safety and tolerability, AEs of any grade were reported in 98.2% and 98.7% of patients receiving 
atezolizumab plus bevacizumab and sorafenib, respectively.

Serious AEs occurred more frequently in the combination treatment arm (49%) than in the sorafenib arm (33%) and 
were mainly gastrointestinal hemorrhage (2.4% versus 1.9%), esophageal variceal hemorrhage (2.4% versus 0.6%), and 
pyrexia (2.1% vs 1.3%).11

Grade 3–4 TRAEs occurred in 43% of the patients in the atezolizumab plus bevacizumab arm and 46% of the patients 
in the sorafenib arm. The most frequently reported grade 3–4 TRAEs in the combination arm were hypertension (12%), 
aspartate aminotransferase (AST) increase (5%), and proteinuria (4%), whereas hypertension (9%), palmar-plantar 
erythrodysesthesia (8%), and diarrhea (4%) were the most frequently reported grade 3–4 sorafenib-related AEs.

Considering upper gastrointestinal bleeding, there were 5 grade 5 events in the combination arm, but only 1 event that 
occurred within 3 months of the first dose administration was related to the study treatment. The other four bleeding 
events occurred four or more months after the first dose and were more likely to be related to disease progression. All 
patients who experienced grade 5 bleeding had macrovascular invasion, 3 had baseline varices, and 1 had hypertensive 
gastropathy.

Table 3 Efficacy Outcomes of the Phase III IMbrave150 Trial (Updated Analysis)11

Outcome Atezolizumab + Bevacizumab 
(n=336)

Sorafenib (n=156) Hazard Ratio P value

Overall survival (months)
Median (95% CI) 19.2 (17.0–23.7) 13.4 (11.4–16.9) 0.66 (0.42–0.85) p<0.001

Progression-free survival (months)
Median (95% CI) 6.9 (5.7–8.6) 4.3 (4.0–5.6) 0.65 (0.53–0.81) p<0.001

Confirmed ORR per RECIST 1.1, % (95% CI) 29.8 (24.8–35.0) 11.3 (6.9–17.3) - -
Complete response, n (%) 25 (7.7) 1 (0.6)

Partial response, n (%) 72 (22.1) 17 (10.7)

Stable disease, n (%) 144 (44.2) 69 (43.4)

Confirmed ORR per mRECIST, % (95% CI) 35.4 (30.2–40.9) 13.9 (8.9–20.3) - -

Complete response, n (%) 39 (12) 4 (2.5)
Partial response, n (%) 76 (23.4) 18 (11.4)

Stable disease, n (%) 121 (37.2) 65 (41.1)

Disease control rate per RECIST 1.1, n (%) 241 (74) 87 (50.7) - -

per mRECIST, n (%) 236 (72.6) 87 (55) - -

Median duration of response (months)
per RECIST 1.1 (95% CI) 18.1 (14.6–NE) 14.9 (4.9–17.0) - -

per mRECIST (95% CI) 16.3 (13.1–21.4) 12.6 (6.1–17.7) - -

Abbreviations: ORR, Objective response rate; 95% CI, 95% confidence interval; -, not available; NE, not estimable.
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AEs leading to dose interruptions or modifications occurred in 44% and 37% of the patients in the sorafenib group, 
respectively. AEs led to the discontinuation of any treatment component in 15.5% of the patients who received 
atezolizumab plus bevacizumab and 10.3% of those who received sorafenib. Gastrointestinal AEs were the main cause 
of the discontinuation of atezolizumab plus bevacizumab. In the sorafenib group, worsening of liver function and skin 
toxicity were the main causes of treatment discontinuation. The safety data are summarized in Table 4.

A preplanned analysis was conducted among the Chinese population, including 137 patients from the IMbrave150 
intention-to-treat (ITT) population and 57 patients from an extension cohort.30 In this group, median OS was 24.0 months 
(95% CI, 17.1-NE) with atezolizumab plus bevacizumab versus 11.4 months (95% CI, 6.7–16.1) with sorafenib. The 
ORR were 30% in the combination arm (8% CR) and 8% in the control arm (no CR). Moreover, the combination delayed 
the median time to deterioration (TTD) in quality of life (QoL) compared with sorafenib.

Quality of Life Assessment
QoL is an essential issue for patients with HCC, mainly due to the impact of the disease on liver function, with 
remarkable consequences on daily habits. Regarding patient-reported outcomes (PROs) in the IMbrave150 trial, 
atezolizumab plus bevacizumab showed a statistically significant and clinically meaningful difference in median TTD 
for QoL (11.2 vs 3.6 months; HR 0.63; 95% CI, 0.46–0.85).11 Similar results in median TTD were recorded for physical 
functioning (13.1 vs 4.9 months; HR 0.53; 95% CI, 0.39–0.73) and role functioning (9.1 vs 3.6 months; HR 0.62; 95% 
CI, 0.46, 0.84). As far as the onset of key symptoms and functioning domains is concerned, the combination doubled the 
median time to fatigue onset (5.7 vs 2.1 months; HR 0.60; 95% CI, 0.45–0.80) assessed by both QLQ-HCC18 and QLQ- 
C30 questionnaires. Lastly, a striking improvement in median time to pain onset (9.7 vs 2.8 months; HR 0.46; 95% CI, 
0.34–0.62) was reported.31,32 These data further support the use of atezolizumab plus bevacizumab, confirming the 
positive impact of the combination on patients QoL.

Table 4 Safety Profile of the Combination of Atezolizumab Plus Bevacizumab 
Reported in the Phase III IMbrave150 Trial (Updated Analysis)11

Atezolizumab + Bevacizumab 
(n=329)

Sorafenib 
(n=156)

Any grade AEs, n (%) 322 (98) 154 (99)

Grade 3–4 AEs, n (%) 207 (63) 89 (57)

Serious AEs, n (%) 160 (49) 51 (33)

Grade 5 AEs, n (%) 23 (7) 9 (6)

Any grade TRAEs, n (%) 284 (86) 148 (95)

Grade 3–4 TRAEs, n (%) 143 (43) 72 (46)

Serious TRAEs, n (%) 76 (23) 25 (16)

Grade 5 TRAEs, n (%) 6 (2) 1 (<1)

Most common TRAEs of any grade Proteinuria PPE
Hypertension Diarrhea

AST increase Hypertension

Most common G≥3 TRAEs Hypertension Hypertension

AST increase PPE
Proteinuria Diarrhea

Notes: Adapted from Cheng AL, Qin S, Ikeda et al Updated efficacy and safety data from IMbrave150: 
Atezolizumab plus bevacizumab vs sorafenib for unresectable hepatocellular carcinoma. J Hepatol. 2022;76-
(4):862–873. Creative Commons.11 

Abbreviations: AEs, adverse events; TRAEs, treatment-related adverse events; G≥3, grade ≥3; AST, aspar-
tate aminotransferase; PPE, palmar-plantar erythrodysesthesia.
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IMbrave150 Post-Hoc Exploratory Analyses
Given the clinically meaningful benefits of atezolizumab plus bevacizumab versus sorafenib, these results were also 
investigated in the specific subgroups of patients included in the trial.

In a post-hoc analysis, the combination of atezolizumab plus bevacizumab showed consistent survival and ORR 
benefit in older patients (≥ 65 years).33 In the elderly population, median OS was 19.4 months in the combination arm 
versus 14.9 months in the sorafenib arm (HR 0.80; 95% CI, 0.52–1.23), and median PFS was 7.7 versus 5.3 months (HR 
0.67; 95% CI, 0.46–0.98). The ORR was 27.5% with atezolizumab plus bevacizumab versus 13.1% with sorafenib, and 
4.9% of patients who received the combination achieved CR. Importantly, despite the higher rate of baseline comorbid-
ities, no significant added toxicities were observed in older patients, and the combination treatment delayed TTD in 
multiple PROs.

Regarding safety, AEs of special interest (AESI) were analyzed. AESI for atezolizumab included dermatological, 
gastrointestinal, and endocrinological AEs, whereas AESI for bevacizumab included hypertension and bleeding, mainly 
from the upper gastrointestinal tract. 76% of patients in the experimental arm reported AESI, and the most common was 
immune-mediated hepatitis, including diagnostic and laboratory abnormalities. 12% of patients who developed AESI 
received systemic corticosteroids within 30 days of onset.34

The use of atezolizumab plus bevacizumab is supported also in the subgroup of patients with high risk-factors, 
defined as tumor invasion of the main trunk of the portal vein and/or the portal vein branch contralateral to the primarily 
involved lobe (Vp4), and/or bile duct invasion, and/or tumor occupancy ≥50% of the liver.35 Even though the baseline 
characteristics were poorer, the treatment benefit was maintained and the increased risk in variceal bleeding and 
gastrointestinal hemorrhage was consistent with the underlying disease condition. Specifically looking at Vp4 patients, 
median OS and median PFS were 7.6 and 5.4 months respectively (versus 5.5 and 2.8 months with sorafenib).36 

Similarly, the survival benefit was consistent in patients with varices at baseline (median OS 17.7 months with 
atezolizumab plus bevacizumab versus 8.6 months with sorafenib; median PFS 7.0 months versus 4.2 months), as 
well as the higher ORR (26% versus 7%).37 Considering the higher risk of hemorrhage in this subgroup of patients, grade 
3 or higher gastrointestinal bleeding occurred in 20 out of 87 patients (23%), leading to bevacizumab discontinuation in 
9% of patients and both drugs discontinuation in 3%.

The benefit of atezolizumab plus bevacizumab was also maintained in patients without MVI or EHS.38 Of the 111 
patients without MVI or EHS, 72 received atezolizumab plus bevacizumab and 39 received sorafenib alone. More than 
half of the patients (51% in the combination arm and 62% in the sorafenib group) had prior locoregional treatment 
(LRT). The median OS was 24.6 months for atezolizumab plus bevacizumab and 18.1 months for sorafenib alone (HR, 
0.58; 95% CI, 0.34–1.01). CR was observed in 10% of the patients receiving combination therapy and in none of the 
patients in the control group. Grade 3–4 TRAEs occurred in 61 patients (49%) treated with atezolizumab plus 
bevacizumab and 38 patients (47%) treated with sorafenib. Hence, the safety outcomes were consistent with those 
reported in the ITT population.

Efficacy results have been confirmed in 74 Barcelona Clinical Liver Cancer (BCLC) stage B patients, supporting the 
use of atezolizumab plus bevacizumab in patients not suitable for or progressing on LRT.39 In detail, there was a trend 
towards improved OS and PFS with atezolizumab plus bevacizumab versus sorafenib (HR for OS 0.63; 95%, CI 0.29– 
1.34; HR for PFS 0.64; 95% CI, 0.36–1.12). The ORRs per RECIST 1.1 and mRECIST were 43% and 50% with the 
combination treatment and 26% and 30% with sorafenib, respectively.

In addition, the survival benefit seems to be maintained regardless of prior LRT.40 Median OS was 19.4 months in 
patients without prior LRT, 22.8 months in patients who underwent 1–2 prior LRTs, and 17.4 months in patients receiving 
at least 3 prior LRTs. Grade ≥3 AEs in patients with none, 1–2, and at least three LRTs were 46%, 39%, and 31%, 
respectively.

In another exploratory analysis, patients with albumin-bilirubin (ALBI) grade 1 had a greater survival benefit with 
atezolizumab plus bevacizumab than with sorafenib, with a longer time to liver function deterioration. The safety profile 
of atezolizumab plus bevacizumab was maintained regardless of the ALBI grade and was consistent with the drug safety 
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profile as well as the underlying liver condition.41 Interestingly, neither hepatic impairment nor geographical origin had 
a clinically relevant impact on the pharmacokinetics of the combination, as well as its safety.42

In a further analysis of survival by type of response, patients treated with atezolizumab plus bevacizumab experienced 
a confirmed response (CR or partial response [PR]) and improved OS (HR 0.13, p<0.01). Similarly, improved OS was 
observed in patients with SD (HR 0.36, p<0.01).43

According to the trial design, patients could continue treatment beyond progression if clinical benefits were 
maintained, and in the absence of signs and symptoms unequivocally attributed to progressive disease (PD). Patients 
treated with atezolizumab beyond radiological progression had a median OS from baseline and from PD of 24.1 months 
(95% CI, 20.2-NE) and 14.5 months (95% CI, 11.5–16.7), respectively.44 Patients who received other treatment than 
atezolizumab or did not receive any treatment after PD had a median OS of 6.8 months (95% CI, 4.9–11.5) and 2.0 
months (95% CI, 1.6–3.0) from PD. Grade 3–4 TRAEs occurred in 21 patients (16%) who continued atezolizumab 
beyond progression.

The effects of anti-drug antibodies (ADAs) on clinical outcomes were also evaluated. Although almost 30% of 
patients developed ADAs, the efficacy of the combination was confirmed, and ADA development during treatment did 
not significantly affect the AE rate.45

Regarding etiology, in the non-viral population, a relative benefit in PFS and ORR of atezolizumab plus bevacizumab 
versus sorafenib has been suggested, whereas OS was similar between the two treatment arms.46 In a recently published 
post-hoc analysis, there was no significant difference in the proportion of patients with an objective response across 
different etiologies. Moreover, there was no significant difference in terms of median PFS and median OS.47

Further analyses were performed to evaluate the potential effects of the concomitant medications. 21.5% of the 
patients treated with atezolizumab plus bevacizumab and 21.8% of those receiving sorafenib were exposed to early 
antibiotic use. Interestingly, early antibiotic exposure was associated with a negative impact on survival, suggesting 
a potential effect of gut dysbiosis on treatment response, which requires further investigation.48

Finally, in a recent analysis, skipping bevacizumab did not have a consistent effect on the efficacy of atezolizumab 
plus bevacizumab.49

The Phase IIIb AMETHISTA Study and Real-World Evidence
The ongoing Italian phase IIIb AMETHISTA study enrolled 152 patients treated with atezolizumab plus bevacizumab to 
further explore the safety and efficacy of the combination, and the preliminary results were consistent with those of the 
IMbrave150 trial.50,51

The AB-real study collected data from 433 patients treated with atezolizumab plus bevacizumab for advanced HCC 
across Europe, Asia, and USA.52 They were Child-Pugh A patients, mainly with BCLC-C stage (68%), cirrhosis (75%), 
and history of viral hepatitis (65.9%). Portal vein tumor thrombosis (PVTT) and EHS were observed in 35.0% and 51.7% 
of the patients, respectively. The median PFS was 6.9 months (95% CI, 6.1–8.3), whereas the median OS was 15.7 
months (95% CI, 14.5-NE). The ORR was 30.8% (2.9% of CR and 27.8% of PR), with a median time to best response of 
1.6 months (IQR 1.3–2.8). Grade 3 or 4 TRAEs were reported by 23.6% of patients, and the most common were 
hepatotoxicity and proteinuria. Overall, these results are comparable to those reported in the IMbrave150 trial, demon-
strating the external validity of the outcomes of atezolizumab plus bevacizumab in advanced HCC. In addition, the study 
evaluated the role of possible prognostic factors. In the multivariate analysis, the presence of PVTT and higher ALBI 
grade were independent prognostic factors for OS. Furthermore, the presence of PVTT and a higher ALBI grade and 
Child-Pugh score were associated with a higher incidence of bleeding events. Considering the ALBI grade, median OS 
was NE (95% CI, 16.9-NE) in patients with ALBI grade 1 and 10.0 months (95% CI, 8.6–12.3) in patients with ALBI 
grade 2, whereas median OS was 10.0 months (95% CI, 8.88-NE) and 17.0 months (95% CI, 15.0-NE) in patients with 
and without PVTT, respectively. Moreover, the presence of EHS was an independent prognostic factor for PFS, and 
patients with radiological response had a significantly longer OS.

Likewise, the results of the multicenter European Field of Practice Study of Atezolizumab And Bevacizumab in 
Hepatocellular Carcinoma (EURAB-HCC) study support the survival outcomes of the IMbrave150 trial and highlight the 
importance of liver function as a fundamental determinant of outcome.53 This study included data from 471 patients 
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receiving atezolizumab plus bevacizumab between 1st July 2020 and 31st March 2022 at 15 European centers. The 
median OS was 16.6 months in patients with Child-Pugh A liver function versus 6.0 months in Child-Pugh B patients. 
Regarding AEs, 23 episodes of gastrointestinal bleeding were reported, of which four resulted in patient death.

Considering the bevacizumab-related risk of acute variceal bleeding (AVB), we still lack useful predictive factors in 
clinical practice. In a prospective study including 43 cirrhotic patients treated with atezolizumab plus bevacizumab, no 
significant difference in hepatic venous pressure gradient (HVPG) was observed between baseline, and after 3 and 6 
months from treatment start. Moreover, there was no significant variation in the size of esophageal varices between 
baseline and after 6 months of treatment. Interestingly, a previous history of AVB was associated with a higher risk of 
relapse during treatment (HR 10.58, p=0.03).54 Due to the increased risk of bleeding, primary prophylaxis with non- 
selective beta-blockers or band ligation is recommended in all patients with esophageal varices, as beta-blockers are 
helpful also to treat portal hypertension. In addition, the combination of non-selective beta-blockers and band ligation 
should be the first treatment choice to prevent re-bleeding.55,56

In a retrospective real-world study, the efficacy and safety of atezolizumab plus bevacizumab were evaluated in 202 
patients with advanced HCC.57 The median OS was 14.9 months (95% CI, 13.6–16.3). Median OS in Child-Pugh 
A patients was 16.8 months (95% CI, 14.1–23.9) and 6.7 months in Child-Pugh B patients (95% CI, 4.5–15.6) 
(p=0.0003). Median PFS was 7.6 months (95% CI, 6.2–8.9) and 3.4 months (95% CI, 2.6–4.2) in patients with Child- 
Pugh A and Child-Pugh B class, respectively (p=0.03). The ORR was similar across Child-Pugh classes (26% versus 
21%) and was not influenced by BCLC stage, ECOG performance status (PS), or etiology. Moreover, there were no 
differences in toxicity. Bevacizumab-related AEs were reported in 48% and 46% of Child-Pugh A and B patients, 
respectively, whereas bevacizumab-related grade 3–4 AEs were reported in 16% and 15% of patients, respectively. 
Gastrointestinal bleeding events were also comparable (14% versus 15% for any grade and 4% versus 10% for grade 3 or 
higher). Moreover, bleeding events were not associated with BCLC stage, presence of varices at pre-treatment EGD, 
administration of prophylactic treatment for varices, or baseline PVTT. Overall, these data support the use of atezoli-
zumab plus bevacizumab in clinical practice and suggest further evaluation of its application in Child-Pugh class 
B patients.

In another retrospective real-world study of 216 patients treated with first-line atezolizumab plus bevacizumab, the 
combination confirmed its safety profile and ALBI grade and ECOG PS were reported as independently associated with 
survival.58 In a further recent study, the ALBI grade was independently associated with OS and PFS in multivariate 
models (p<0.001).59 Furthermore, pre-treatment ALBI was associated with higher risk of bleeding (3.1% in ALBI 1 
versus 10.2% in ALBI 2/3).

Considering the Asiatic population, in a Japanese retrospective, real-world clinical practice study including 61 
patients with unresectable HCC, median PFS was 5.4 months, and the overall ORR was 35.3%.60 The incidence of 
grade 3 or higher AEs was 29.4%, mainly represented by AST and alanine aminotransferase (ALT) increase and 
hypertension. Additionally, there was no significant difference in efficacy or AEs according to ALBI grade. ORR was 
similar in patients previously treated with targeted agents, suggesting the potential efficacy of atezolizumab plus 
bevacizumab, even in pretreated patients. In a more recent retrospective study, the rate of bevacizumab interruption 
due to TRAEs was significantly higher in patients with hypertension and/or diabetes.61 Since metabolic syndrome 
prevalence is increasing worldwide, this evidence is worth of further evaluation. Similar safety and efficacy profiles have 
been observed in Thailand and Korea.62,63

The efficacy and safety of atezolizumab plus bevacizumab in older patients was confirmed in clinical practice.64 191 
consecutive patients from 8 centers were stratified according to their age: 116 elderly (age ≥65 years) and 75 younger 
(age <65 years) patients. Median OS was similar between younger and older patients (15.1 months vs 14.9 months; HR 
1.15; 95% CI, 0.65–2.02; p=0.63), as well as median PFS (7.1 months versus 15.1 months; HR 1.11; 95% CI, 0.54–1.02; 
p=0.72) and ORR (27.6% versus 20.0%; p=0.27). TRAEs of grade 3 or higher were comparable between the two groups 
(20.7% vs 20.0%; p=0.9).

Finally, contrary to what was reported in the IMbrave150 trial, high ADA levels were shown to be associated with 
reduced exposure to atezolizumab, thus limiting its antitumor activity. In a cohort study, serum ADA levels were 
analyzed at baseline and at 3 weeks, and highly elevated ADAs at 3 weeks (≥1000 ng/mL) were associated with poor 
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clinical outcomes.65 However, this analysis was conducted in a limited number of Korean patients in an endemic HBV 
region, requiring further evaluation in a larger number of patients with other ethnicities and etiologies. Moreover, the 
study was conducted focusing on an early time point and did not evaluate the prevalence of neutralizing antibodies that 
occurred later.

Biomarkers
The combination of atezolizumab and bevacizumab has become the new first-line standard of care for patients with 
advanced HCC; however, the potential predictive biomarkers and mechanisms of response and resistance remain unclear.

The most informative data were obtained from an extensive biomarker analysis of 358 baseline tumor tissues, 
including 181 samples from the GO30140 trial and 177 samples from the IMbrave150 trial.10,25 The analysis consisted 
in collection of transcriptomic and genomic data. Transcriptomic tests evaluated genome wide-differential gene expres-
sion analysis (GSEA) as well as pathway/immune subset signatures and their association with RECIST response and 
survival. Genomic data included tumor mutation burden (TMB), neoantigen load, somatic mutations assessment and their 
association with efficacy outcomes.66 At the final analysis, high expression of CD274, T-effector signature and intra- 
tumoral CD8+ T cell density were associated with positive outcomes of efficacy, whereas worse outcomes were reported 
with high Treg to effector T cell (Teff) ratio and expression of oncofetal genes (GPC3, AFP).

Data from the GO30140 trial allowed the identification of molecular and cell patterns as predictors of response 
matching with either the combination of atezolizumab plus bevacizumab or atezolizumab alone. Interestingly, this 
combination was more effective in patients with higher vascular endothelial growth factor receptor 2 (VEGFR-2) 
expression, Tregs, and myeloid inflammation signatures.66

A still debated question is using AFP as a surrogate endpoint for OS and PFS. An exploratory analysis of both 
GO30140 and IMbrave150 trials elicited remarkable results. The goal was to identify AFP cutoffs to divide patients into 
responders and non-responders, and to assess the correlation between OS and PFS. AFP cutoff values of ≥75% decrease 
and ≤10% increase from baseline at 6 weeks were derived to distinguish responders from non-responders and patients 
with disease control from those with progressive disease.

Both AFP cutoff values were associated with statistically significant improvements in OS and PFS, especially in HBV 
positive patients (HR <0.50; p <0.05).67 Results from this analysis may be clinically useful for predicting the efficacy of 
the combination during treatment, helping with patient management. Furthermore, interesting results were obtained from 
a retrospective analysis of 371 patients from the IMbrave150 trial, which evaluated the combination of baseline insulin- 
like growth factor 1 (IGF-1) and Child-Pugh score as independent prognostic factors. Circulating IGF-1 levels were 
categorized as high (>50 ng/mL; point 1), normal (26–50 ng/mL; point 2), or low (<26 ng/mL; point 3). For the 
combination score (IGF-Child-Pugh score), the subjective variables in the original Child-Pugh score (encephalopathy and 
ascites) were replaced with IGF-1 levels. The results showed that the baseline IGF-Child-Pugh score was a prognostic 
factor for OS in both the atezolizumab-bevacizumab (HR, 0.33; 95% CI, 0.20–0.56; p<0.001) and sorafenib (HR 0.32; 
95% CI, 0.16–0.65; p=0.002) arms. Consequently, the novel combination of IGF-1 levels and Child-Pugh scores may 
help improve patient stratification in clinical practice.68

HCC progression is influenced by chronic inflammation and the activity of ICIs might be influenced by cytokines and 
immune cell populations.69 Based on this hypothesis, easy accessible and measurable parameters related to the 
inflammatory response such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and interleu-
kin-6 (IL-6), have been studied as potential useful prognostic markers.70 In a retrospective analysis of patients treated 
with atezolizumab plus bevacizumab in clinical practice, high NLR (≥5) and high PLR (≥300) were associated with 
worse OS, but only high NLR was an independent prognostic factor of worse OS in multivariate analysis. In addition, 
univariate analysis showed that both high NLR and PLR were correlated with worse PFS, but neither variable was 
independently prognostic of PFS. Finally, more solid evidence exists regarding the association between high IL-6 levels 
and poor clinical outcome. In a prospective study enrolling 165 patients with unresectable HCC treated with atezolizu-
mab and bevacizumab, baseline IL-6 serum levels correlated with poor ORR and low peripheral T cell proliferation and 
tumor-infiltrating T cells, as assessed using flow cytometry bead array and ribonucleic acid (RNA) sequencing.71
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Discussion
Currently, atezolizumab plus bevacizumab is used in clinical practice. Nonetheless, there are still some grey areas that 
need to be addressed.

This combination has only been tested against sorafenib. Since no other direct first-line comparisons have been 
evaluated, several network meta-analysis (NMA) have been conducted, suggesting improved survival benefit of atezo-
lizumab plus bevacizumab against other front-line treatment options, including MKIs, immunotherapy, and locoregional 
therapies.72,73 A recent NMA demonstrated a reduced risk of death with atezolizumab plus bevacizumab compared to 
placebo (HR 0.40; 95% CI, 0.28–0.57), sorafenib (HR 0.58; 95% CI, 0.42–0.80), lenvatinib (HR 0.63; 95% CI, 0.44– 
0.89), atezolizumab plus cabozantinib (HR 0.64; 95% CI, 0.43–0.97), and nivolumab (HR 0.69; 95% CI, 0.48–0.98).74 

However, atezolizumab plus bevacizumab was not statistically significantly superior to durvalumab plus tremelimumab 
(HR 0.74; 95% CI, 0.52–1.06) and sintilimab plus IBI035 (HR 1.02; 95% CI, 0.67–1.55). The association of durvalumab 
and tremelimumab demonstrated a lower rate of TRAEs and discontinuation than anti-PD-1 plus anti-VEGF and anti-PD 
-1 plus MKI. Another NMA confirmed this evidence, supporting the combination of anti-PD-(L)-1 plus anti-VEGF as 
first-line treatment option, showing an OS benefit over all other therapies except durvalumab plus tremelimumab.75 

Similarly, ICIs plus anti-VEGF and dual ICIs combination led to the greatest OS benefit compared with sorafenib, 
whereas ICIs plus MKIs were associated with greater PFS but higher toxicities rates.76 Furthermore, according to another 
indirect analysis, the highest ORR was reached with sintilimab plus IBI305, whereas atezolizumab plus bevacizumab 
reached the highest DCR.77

Some matched-adjusted indirect comparisons (MAICs) also confirmed better survival outcomes of atezolizumab plus 
bevacizumab versus both sorafenib (HR 0.58, 95% CI, 0.42–0.79) and lenvatinib (HR 0.59; 95% CI, 0.46–0.75).78,79 

Some analysis conducted on non-viral HCC patients suggested a survival benefit with lenvatinib compared to atezoli-
zumab plus bevacizumab in patients with MAFLD/MASH.80 This was suggested also in a large real-life worldwide 
population, although similar survival was seen between atezolizumab plus bevacizumab and lenvatinib.81

In the absence of direct comparisons between new first-line therapeutic options, evaluation of clinical features and 
their association with potential treatment benefits is becoming crucial. Although some evidence has indicated a lower 
benefit of immunotherapy for non-viral etiology, particularly MASH-related HCC, it has recently been shown that 
baseline liver disease etiology is not associated with significant differences in ORR, PFS, or OS.47 Moreover, reporting 
etiology as non-viral may be misleading, as it includes heterogeneous subgroups of patients with different risk factors 
(alcohol-related liver disease, MAFLD/MASH, metabolic syndrome) that frequently overlap in the process of HCC 
development. This poorly informative classification and the lack of stratification in randomized controlled trials is still 
a main issue to address. Another major challenge is related to Child-Pugh B patients. Although atezolizumab plus 
bevacizumab has been tested in this setting, showing a safety and efficacy profile similar to that observed in Child-Pugh 
class A patients, further evaluation of immunotherapy in this population is strongly encouraged. To better explore first- 
line treatment options in patients with impaired liver function, several treatments including atezolizumab plus bevaci-
zumab, nivolumab, and sorafenib have been evaluated in Child-Pugh B patients, showing better survival than best 
supportive care.82

The occurrence of immune-related AEs (irAEs) seems to predict treatment benefits, as it has been previously shown 
for dermatological AEs and hypertension in patients with MKIs. The development of grade 2 or higher irAEs has been 
shown to be associated with better survival from ICIs.83 Moreover, patients with grade ≥3 irAEs reported better ORR and 
survival than those with grade 1–2 or no irAEs.84 Of note, the use of systemic steroids to treat irAEs was associated with 
a trend towards longer PFS and OS. This could be explained by the fact that systemic steroids were administered to 
patients with grade ≥3 irAEs, which were associated with longer survival. Therefore, the management of toxicities is 
a priority for clinicians, since any strategies to avoid treatment discontinuation or delay should be proposed, especially 
for patients who derive benefits from ICIs to ensure the best long-term outcomes. Furthermore, it is crucial to better 
define the prognostic stratification of the patients. The prognostic role of AFP as an early response marker and its 
combination with ALBI grade were tested in a prospective clinical trial that enrolled 75 patients with AFP levels >20 ng/ 
mL treated with atezolizumab and bevacizumab. An early AFP response was defined as a ≥20% decline in AFP level at 3 
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weeks. The combination of ALBI grade at the start of treatment and AFP early response was significantly associated with 
OS (p=0.046) and PFS (p=0.012), with a poorer prognosis in patients belonging to the ALBI2-AFP non-responder’s 
class.85 Recently, the C-reactive protein (CRP) and AFP in Immunotherapy (CRAFITY) prognostic score was evaluated 
in patients treated with atezolizumab plus bevacizumab. Before atezolizumab plus bevacizumab initiation, the score was 
derived from CRP and AFP serum levels by adding one point each for CRP level ≥1 mg/dL and AFP ≥100 ng/mL. 
Median PFS and OS were significantly worse in patients with higher CRAFITY scores.86 Moreover, CRAFITY was 
independently associated with PFS and OS and significantly associated with radiological response. The atezolizumab 
plus bevacizumab (ABE) index has recently been proposed as a prognostic indicator, identifying three groups of patients 
based on the Child-Pugh score, ALBI grade, MVI, AFP levels, and NLR. OS was better in low-risk patients compared to 
both intermediate-risk and high-risk ones (22.5 months versus 14.2 months versus 7.0 months) [high-risk HR 3.99 (95% 
CI, 2.76, 5.77); intermediate-risk HR 1.76 (95% CI, 1.26, 2.46); low-risk HR 1 (reference group), p<0.01].87

With the introduction of atezolizumab plus bevacizumab in the treatment algorithm, the optimal treatment sequence 
for the second- and further-lines remains unclear. Currently, phase III trials evaluating treatment strategies after ICIs 
progression are ongoing, and the choice of the most adequate sequential treatment after atezolizumab plus bevacizumab 
remains empirical with patients’ clinical features, prior tolerability, and regulatory approval driving the decision-making 
process.88,89 As seen in the front-line setting, only indirect comparisons may provide some guidance on treatment choice, 
even though methodological concerns may limit the interpretation of the results. MKIs are a valid treatment option after 
immunotherapy. In a multicenter retrospective study, both sorafenib and lenvatinib showed efficacy and tolerability 
profiles similar to those reported in phase III trials.90 Moreover, the efforts to assess the net health benefit of sequential 
treatment options brought to the introduction of the incremental safety-effectiveness ratio (ISER), resulting from 
a Markov model analysis of outcomes from available trials. The ISER index embodies Life-year gained (LYG) and 
rates of severe AEs related to a specific sequence of systemic treatments. It is calculated as the difference in probability 
of developing severe AEs divided by LYG between two or more sequences. Based on the ISER index, the comparison of 
sequences including first-line atezolizumab plus bevacizumab followed by five second-line treatments (sorafenib, 
lenvatinib, regorafenib, cabozantinib, and ramucirumab) showed that lenvatinib (median OS 24 months) and sorafenib 
(median OS 23 months) were the most effective sequential treatment options, producing a LYG of 0.50 and 0.42 year, 
respectively.91 Ramucirumab, regorafenib, and cabozantinib have demonstrated efficacy and safety after immunotherapy 
when administered beyond second-line therapy. Ramucirumab was evaluated in patients with baseline AFP ≥400 ng/mL 
after non-sorafenib-based prior systemic therapy.92 Prior systemic regimens included ICIs monotherapy, ICIs plus 
antiangiogenic agents, and dual ICIs. In the REFINE real-world study, 9% of patients receiving regorafenib had been 
treated with at least one previous line of immunotherapy (most commonly nivolumab and pembrolizumab 
monotherapy).93 The safety and efficacy of cabozantinib was confirmed in 14 patients who progressed on prior 
immunotherapy in the phase III CELESTIAL trial.94 In a phase II trial of cabozantinib post-ICIs, median PFS and 
median OS were 4.1 months and 9.9 months, respectively.95 Among the 19 patients with prior atezolizumab plus 
bevacizumab treatment, median OS was 14.3 months (95% CI, 5.5–14.4), whereas median OS was 8.9 months (95% CI, 
6.1-NR) for prior non-atezolizumab plus bevacizumab regimen, thus suggesting a more favorable outcome for the 
atezolizumab plus bevacizumab-cabozantinib sequence. Moreover, preliminary real-world evidence has shown that 
nivolumab plus ipilimumab may be efficacious after other ICIs regimens.96 The purpose of ICI rechallenge has been 
investigated in an international, retrospective, multicenter study enrolling patients receiving at least two lines of ICI- 
based therapy (first-line, ICI-1, and second-line, ICI-2) either as monotherapy or a dual ICI regimen or combined with 
MKI/anti-VEGF. The ORR was 22% for ICI-1 and 26% for ICI-2, underpinning the rationale for further investigation of 
the use of ICI-based therapy beyond disease progression in patients receiving first-line immunotherapy.97

Another sequential approach is the replacement of the anti-VEGF agent with MKI to restore immunotherapy 
sensitivity, bypassing VEGF resistance. Ongoing clinical trials are evaluating the administration of the same ICI after 
PD, replacing the anti-VEGF agent with MKI (IMbrave251, NCT04770896; NCT05168163).

The correct timing of switching to a subsequent treatment line is an emerging issue. The use of combination treatment 
beyond disease progression in cases of sustained clinical benefit should be carefully evaluated. In fact, delayed response 
and pseudoprogression are observed with the administration of immunotherapy, even if they are rare events in HCC.98,99 
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In the IMbrave150 study, >50% of patients received atezolizumab with or without bevacizumab beyond progression, with 
reported sustained benefit and prolonged survival.11,44 Importantly, the selection of patients who could benefit from 
treatment beyond progression appears to be crucial, and the pattern of progression could be an instructive parameter. In 
addition, preservation of liver function is crucial in HCC and a complex issue is prompt recognition of hepatic 
decompensation signs (ie, ascites, hepatic encephalopathy, variceal bleeding) in patients with liver cirrhosis to allow 
continuation of therapeutic course and avoid misdiagnosing of disease progression which does not always coincide with 
liver function declining.100 The risk of hepatic decompensation has never been properly assessed in clinical trials and 
there are no data on the difference between the impact of MKIs and ICIs on hepatic decompensation. Therefore, 
endpoints related to liver function deterioration (time-to-decompensation and decompensation-free survival), should be 
evaluated and reported in clinical trials and could be helpful as measures of effectiveness and safety of advanced HCC 
treatment. Recently, several studies have focused on the administration of ICI combinations at earlier stages. In the 
adjuvant setting, the IMbrave050 phase III trial showed improved recurrence-free survival (RFS) with atezolizumab plus 
bevacizumab versus active surveillance in 662 patients with HCC who were at a high risk of recurrence after curative 
surgery or ablation (radiofrequency ablation [RFA] or microwave ablation [MVA] only), with a 12-month RFS rate of 
78% versus 65% after a median follow-up of 17.4 months. This benefit was maintained across subgroups, but more 
mature results, including OS benefits, are needed to better understand the potential impact on the therapeutic scenario.101 

Similarly, other phase III trials are evaluating the role of adjuvant immunotherapy (CheckMate 9DX, NCT03383458; 
KEYNOTE-937, NCT03867084).

Regarding the pre/peri-operative setting, in a phase Ib study, neoadjuvant cabozantinib and nivolumab were 
administered in HCC patients for which upfront surgery was not recommended because of high-risk tumor features. 
12 out of 15 patients underwent R0 resection, whereas 5 patients had major pathologic responses (MPRs).102 Moreover, 
in a phase II trial, 27 patients with resectable HCC received nivolumab alone or nivolumab plus ipilimumab up to 4 doses 
before and after surgery. More than one third of patients reached a MPR and, after a median follow up of 24.6 months, no 
recurrences were observed in these patients.103 The phase I PRIME-HCC study showed promising response rates (ORR 
29%, DCR 95%, MPR 56%) and a good safety profile (24% of grade 3 AEs) in 25 HCC patients receiving nivolumab 
plus ipilimumab prior liver resection.104 In another single-arm, phase II trial, patients with resectable HCC received two 
cycles of neoadjuvant cemiplimab every 3 weeks, followed by surgical resection. Twenty out of 21 patients underwent 
successful surgical resection: 4 patients had significant tumor necrosis, 3 had a PR, and 13 maintained an SD.105 These 
studies provided preliminary data that support further investigation of neoadjuvant immunotherapy in HCC and raise 
questions such as the most appropriate combinations of agents, the optimal therapy duration, and potential predictors of 
efficacy that deserve to be explored.106

In the intermediate stage, clinical trials are evaluating atezolizumab plus bevacizumab versus trans-arterial chemoem-
bolization (TACE) (ABC-HCC trial, NCT04803994), in combination with either synchronous or on-demand selective 
intra-arterial therapies, to be performed in cases of radiological progression (DEMAND study, NCT04224636).

Finally, the economic sustainability of the combination must be considered. In fact, even though regulatory agencies 
positively recommend atezolizumab plus bevacizumab in an advanced setting, including a cost-effectiveness analysis in 
their evaluation, its use may have different impacts on different health systems.107–109

Conclusion and Future Perspectives
The positive results of the IMbrave150 trial introduced atezolizumab plus bevacizumab into clinical practice, making this 
combination a new first-line standard of care for patients with advanced HCC. Although these agents have demonstrated 
clinical activity in HCC and have been supported by post-hoc analyses and real-world data, identifying patients who are 
most likely to derive major clinical benefits from the combination therapy is crucial for improving treatment results. 
Further studies are required to properly address the patient stratification and biomarker selection. In particular, future 
research efforts should focus on the implementation of palliative care in order to treat the underlying liver disease, 
increase the survival rate, and possibly allow patients with worse liver function to benefit from systemic treatment. 
Currently, the available serum and tissue biomarkers are not adequate in terms of prognostic and predictive stratification. 
Therefore, the association of these biomarkers with genomic and epigenetic data, as well as the characterization of tumor 
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microenvironment should be deeply studied to identify those features that can influence patients’ response to treatment. 
Finally, prospective trials on subsequent strategies are urgently required to define proper treatment algorithms for HCC. 
In detail, a deeper understanding of drugs resistance and the development of new active drugs are research areas to carry 
on in the near future.
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