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Hepatectomy and radiofrequency ablation (RFA) are
established curative methods for hepatocellular carcinoma
(HCC). However, the recurrence rate of HCC is high even
in patients who undergo these curative therapies, with HCC
recurrence observed in approximately 80% of patients
five years after curative therapy with RFA or resection (1).
Pathological studies have identified microscopic
intrahepatic metastases of a single lesion measuring <2 cm
after resection of HCC in approximately 10% of patients
and microvascular invasion in approximately 27% of
cases (2), highlighting the risk of intrahepatic metastatic
recurrence even for single small HCCs measuring
<2 em. For HCCs >2 cm, the risk of intrahepatic metastasis
and microvascular invasion increases with tumor size and
number, concurrently increasing the risk of intrahepatic
metastatic recurrence (3).

Suppression of HCC recurrence after curative therapy
could dramatically improve the prognosis of this disease.
However, although numerous clinical trials have evaluated
adjuvant therapies to suppress recurrence, all have
concluded with negative results (4-6).

The results of the IMbrave050 trial presented at the
American Association for Cancer Research (AACR) on
April 16, 2023 are the first positive results from an adjuvant
trial and represent a groundbreaking achievement (7).

Figure 1 shows the IMbrave050 trial design. The
patients in the IMbrave050 trial had undergone curative
resection or ablation of primary HCC. Complete resection
or ablation was documented by imaging, and the patients
had ECOG performance status (PS) 0 or 1, Child-Pugh
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class A hepatic functional reserve, and a high risk of
recurrence. Patients with extrahepatic metastasis or major
macrovascular invasion (MVI) (Vp3 or Vp4) were excluded.
The participants were randomized 1:1 to undergo active
surveillance or to receive atezolizumab (1,200 mg once
every 3 weeks) plus bevacizumab (15 mg/mL once every
3 weeks) starting 4 to 12 weeks after curative therapy and
continuing for 12 months. The atezo/bev therapy was
continued until recurrence or serious toxicity occurred,
and the subsequent outcome was tracked. Patients in the
control arm were permitted to cross over to atezo/bev
therapy after recurrence. The primary endpoint of this
RCT in this population was recurrence-free survival (RES),
which was determined by an independent review facility
(IRF), and the secondary endpoints were RFS determined
by an investigator (INV) (RESICT version 1.1), time to
recurrence (T'TR) determined by an IRF, overall survival
(OS), and safety.

A total of 668 patients were enrolled, including 334 each
in the atezo/bev and control arms. In the atezo/bev arm, the
median patient age was approximately 60 years; 83% of the
patients were men, 83% were Asians, and 71% were from
the Asia-Pacific region excluding Japan. PS was 0 in 77% of
the patients and 1 in 23%; 63% of the patients were positive
for hepatitis B, 10% were positive for hepatitis C, and 14%
were non-viral; and 86% showed Barcelona Clinic Liver
Cancer (BCLC) stage A disease. In this patient population,
88% underwent resection and 12% ablation. In the resection
group, the longest tumor diameter was 5.3 cm; 91% had
a single tumor and 7% had two tumors; 52% had a tumor
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Figure 1 IMbrave050 study design. HCC, hepatocellular carcinoma; ECOG, Eastern Cooperative Oncology Group; TACE, transarterial

chemoembolization.

Table 1 IMbrave050 efficacy outcome

Iltem

Atezo + bev (m=334)

Active surveillance (n=334)

Primary endpoint: IRF-assessed RFS
Patients with events, n (%)
Median RFS, months (95% CI)
HR (95% CI)
P value
Secondary endpoint: INV-assessed RFS results
HR (95% CI)
P value
Secondary endpoint: IRF-assessed time to recurrence
HR (95% Cl)

P value

NE (22.1, NE)

110 (32.9) 133 (39.8)
NE (21.4, NE)
0.72 (0.56, 0.93)

0.012

0.70 (0.54, 0.91)
0.007

0.67 (0.52, 0.88)
0.003

IRF, independent review facility; RFS, recurrence-free survival; Cl, confidence interval; HR, hazard ratio; INV, investigator; NE, not estimable.

measuring >5 cm; 61% showed microvascular invasion
and 8% showed minor MVI (Vp1/Vp2); and 42% showed
poorly differentiated HCC (grade 3 or 4). In the ablation
group, the median longest tumor diameter was 2.5 cm, and
all the patients had <3 tumors (71% had single tumors). In
this patient population, the HR for IRF-assessed RFS, the
primary endpoint, was 0.72 [95% confidence interval (CI):
0.56-0.93, P=0.012], an extremely good result (7able I).
This is a groundbreaking result from the first-ever study
to demonstrate the efficacy of adjuvant therapy for HCC.
The HR of 0.70 for INV-assessed RFS (95% CI: 0.54-0.91,
P=0.007) was very similar to the HR for IRF-assessed RFS
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(Table 1). The IRF-assessed T'TR in the atezo/bev arm was
also superior to that in the control arm, with an HR of 0.67
(95% CI: 0.52-0.88, P=0.003; 7able 1). Subgroup analyses
results almost favored the atezo/bev arm. The HRs for the
resection group (n=585) and the ablation group (n=83) were
particularly notable, since the HR for RFS in the ablation
arm was 0.61 (95% CI: 0.26-1.41), which was better than
the HR for RFS of 0.75 (95% CI: 0.58-0.98) among high-
risk patients who underwent resection; almost all patients in
the ablation arm were actually at a high risk of recurrence
despite the somewhat looser recurrence risk criteria in this
arm (including patients at intermediate risk of recurrence)
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Table 2 IMbrave050 safety summary
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Events

Atezo + bev (n=332) Active surveillance (n=330)

Treatment duration, median, months

Treatment AE (%)

Grade 3/4 AE (%)

Serious AE (%)

Grade 5 AE (%)

AE leading to dose interruption of any study treatment (%)

AE leading to withdrawal from any study treatment (%)

Atezo: 11.1, Bev: 11.0 NA
88.3 NA
41.0 13.3
241 10.3
1.8 0.3
46.7 NA
19.0 NA

AE, adverse event, NA, not applicable.

than those for resection. Patients with tumor size >5 cm and
more than one tumor had a better HR for RFS than those
with smaller and fewer tumors, and the HR remained good
even in patients with MVI or poorly differentiated tumors,
which was a somewhat unexpected result. In conclusion, the
results showed that in terms of RFS, recurrence was well
suppressed by atezo/bev in patients showing a high or a
relatively low risk of recurrence. An analysis of the HR for
RFS by BCLC stage showed that atezo/bev was effective at
all stages, but that this was particularly true at stage B (HR
=0.44, 95% CI: 0.18-1.48). In the resection group, patients
with one high-risk feature and those with two or more
high-risk features had similar HRs (HR, 0.74 vs. 0.77).

In the safety summary, treatment-related adverse events
occurred in 88% of the patients in the atezo/bev arm
(Grade 3/4 events in 35%), and only 9% of the adverse
events necessitated treatment discontinuation, a relatively
low rate (Table 2). Thus, the efficacy and safety results of
the IMbrav050 trial are extremely good and provide the
first-ever demonstration of the efficacy of atezo/bev as
recurrence-suppressing therapy following curative therapy
by resection or ablation (7).

A tumor antigen-specific immune reaction is known to be
induced by local therapy with radiofrequency or microwaves
or by other therapies such as resection (8). Ablation, in
particular, causes the release of tumor-related antigens
presented on antigen-presenting cells and the activation of
tumor antigen-recognizing CD8-positive cells, which reach
microsatellite lesions and other cancer locations and attack
the cancer. The administration of PD-1/PD-L1 antibodies
to cut off antigenic escape via the PD-1/PD-L1 axis at this
time can induce necrosis of residual microsatellite lesions in
the liver, forming the basis for suppression of recurrence by
immune checkpoint inhibitors (ICIs). This is a reasonable
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rationale for a previous finding showing that treatment of
advanced liver cancer by ICI administration after ablation
or TACE of only some HCC nodules induces CD8" T
cell infiltration in other nodules that did not undergo
locoregional treatment, resulting in tumor regression (8).

Currently, there are many ongoing adjuvant trials of ICI
monotherapy or combination therapy. Two phase III trials of
ICI monotherapy are currently underway: the CheckMate
9DX trial using nivolumab and the KEYNOTE-937 trial
using pembrolizumab. At the ASCO-GI 2022, the results
of a single-arm Phase II trial using nivolumab, have been
presented (9). In that study, an assessment of biomarkers
restricted to patients who underwent resection found that
copy number gains of the Wnt/B-catenin-related genes and
immunohistostaining findings showing abnormal B-catenin
activation, low PD-L1 expression, few tumor-infiltrating
CDS8-positive cells, and FOXP3 staining positivity [increased
intratumoral regulatory T cells (Tregs)] were significantly
associated with the risk of recurrence (9,10). Even in patients
who have undergone resection for small HCCs, if the main
HCC nodule has a suppressive tumor microenvironment
or carries genetic mutations that confer resistance to
immune monotherapy (CTINNBI mutations) (11), then tiny
intrahepatic metastases (microsatellites) will have a similar
tumor microenvironment and genetic mutations, indicating
the limitations of ICI monotherapy (9).

Previous studies of the association between HCC
recurrence after curative therapy and tumor immune factors
have shown that immunocompetent cells, particularly
CD8-positive and natural killer T cells, and IFN-y
infiltration inhibit recurrence, whereas infiltration by
immunosuppressive cells such as Tregs and myeloid-derived
suppressor cells is associated with increased recurrence
and poor prognosis, and the expression of the checkpoint
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molecule PD-L1 is similarly associated with post-resection
recurrence (12).

The higher recurrence rate for tumors infiltrated
by Tregs also indicated that the microsatellite lesions
of resected or ablated primary tumors had a similar
inhibitory immune microenvironment as advanced HCC,
potentially limiting the effectiveness of ICI monotherapy.
The NIVOLVE trial also demonstrated that activation of
the WNT/B-catenin signaling pathway may result in the
loss of effectiveness of ICIs as a result of the suppression
of intratumoral infiltration by CD8-positive T cells,
precluding the suppression of recurrence (9-15).

In a trial of adjuvant therapy after curative therapy, the
addition of an anti-VEGF antibody was considered to
suppress recurrence at a higher rate than ICI monotherapy,
as demonstrated in the Phase III IMbrave050 trial. In
adjuvant trials, RFS is the primary endpoint such that even
ICI monotherapy may well succeed in clinical trials in
comparison with placebo.
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