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Abstract

Background Immune checkpoint inhibitor (ICI)-based treatments have become the mainstay of first-line treatment for unre-
sectable hepatocellular carcinoma (HCC), but there has been a concern that intrahepatic HCC lesions may be less responsive
to ICI monotherapy. We aimed to investigate the organ-specific response patterns among unresectable HCC patients treated
with first-line atezolizumab-bevacizumab or lenvatinib.

Methods This retrospective study included 386 patients with Child—Pugh A unresectable HCC who were treated with
first-line atezolizumab-bevacizumab (n=217) or lenvatinib (n=169). The organ-specific response was separately evalu-
ated according to the site of the lesions: liver, lung, lymph node (LN), and intraabdomen based on a radiological evaluation
adopted from RECIST v 1.1.

Results The median age was 60 years. Hepatitis B infection was the most common etiology (n =270, 69.9%), and 291
(75.4%) patients had a viral etiology. The proportion of patients achieving a >30% reduction in the tumor burden for each
organ category was overall higher in the atezolizumab-bevacizumab group than that in the lenvatinib group: 20.2% vs. 11.8%,
23.0% vs. 12.2%, 27.9% vs. 17.9% and 33.3% vs. 15.0% for intrahepatic, lung, LN, and intraabdominal lesions, respectively.
The corresponding values for the subgroup with a viral etiology were 17.3% vs. 8.1%, 18.8% vs. 13.3%, 28.9% vs. 3.6%,
and 36.0% vs. 12.5%, respectively.

Conclusion Compared to lenvatinib, atezolizumab-bevacizumab was associated with a favorable organ-specific response
regardless of the site of the tumor lesions. Unlike anti-PD-1 monotherapy, atezolizumab-bevacizumab had a comparable
organ-specific response between intrahepatic and extrahepatic lesions, especially for those with viral etiology HCCs.
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Abbreviations ALBI Albumin-bilirubin
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of HCC create a substantial socioeconomic burden, making
HCC an important global health issue [2].

Based on the phase 3 IMBrave 150 [3] and HIMALAYA
[4] studies, immune checkpoint inhibitor (ICI)-based com-
bination regimens are now the standard first-line treatment
for patients with unresectable HCC. Recently, rivoceranib,
a VEGFR2-targeted multikinase inhibitor (MKI), combined
with camrelizumab, an anti-PD-1 antibody [5], demonstrated
an overall survival (OS) benefit over sorafenib as first-line
therapy in a phase 3 trial.

Recently, the impact of differences in organ-specific
immune microenvironments on the efficacy of ICI-based
treatments has been increasingly recognized. For example,
the difference in the abundance of dendritic cells between
the lung and pancreas microenvironments was shown to
drive divergent T-cell responses [6]. The liver, the primary
site for HCC, is an immune tolerogenic organ of gut-derived
microbial metabolites, required for its role in the mainte-
nance of global homeostasis, which could potentially lead to
decreased efficacy of ICIs for tumors in the liver [7]. Among
the various immune subsets, hepatic myeloid cells are one of
the important immune subsets limiting the efficacy of ICIs
against tumors in the liver [8].

Different impacts of the site of HCC lesions have been
reported for HCC patients treated with ICI monotherapy. In a
previous study by Lu et al., it was suggested that intrahepatic
HCC lesions may be less responsive to ICIs than extrahe-
patic lesions, with lung metastases most likely to respond to
ICI [9]. Another retrospective analysis also found that intra-
hepatic HCC lesions were less responsive to nivolumab than
lung or lymph node (LN) lesions [10]. However, given the
absence of a control arm treated without ICI and heteroge-
neous ICI regimens and treatment lines, these findings need
to be validated. Moreover, given that atezolizumab-bevaci-
zumab is currently the most widely used first-line standard
regimen, these findings will need to be reappraised in the
setting of ICI plus anti-VEGF combination therapy.

In this study, we aimed to investigate the organ-specific
response patterns among unresectable HCC patients treated
with first-line atezolizumab-bevacizumab or lenvatinib. We
also focused on the impact of the etiology of HCC on the
organ-specific response for each treatment.

Materials and methods

Study patients

This retrospective analysis included patients with unresect-
able HCC who were diagnosed using a pathologic or non-
invasive assessment according to the American Association

for the Study of Liver Diseases criteria. Patients treated
with atezolizumab-bevacizumab or lenvatinib as first-line
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treatment between October 2013 and October 2022 were
included if patients had at least one measurable lesion
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1. A total of 386 patients with
unresectable HCC who were treated with first-line atezoli-
zumab-bevacizumab (n=217) or lenvatinib (n=169) were
included as the study population. Clinical data regarding
baseline patient characteristics, including Eastern Coop-
erative Oncology Group (ECOG) performance status, albu-
min-bilirubin (ALBI) grade, Barcelona Clinic Liver Cancer
(BCLC) stage, laboratory data, locoregional treatment his-
tory, and survival outcomes, were retrospectively obtained
by reviewing medical records. This study was approved by
the Institutional Review Board of Asan Medical Center (IRB
No. 2021-0064) and was performed in accordance with the
ethical standards of the Institutional Research Committee
and the latest Declaration of Helsinki.

Treatment and follow-up

Atezolizumab-bevacizumab was administered every 3 weeks
with 1200 mg of atezolizumab plus 15 mg/kg of bevaci-
zumab intravenously. Lenvatinib was given orally once daily
as monotherapy 12 mg QD (weight > 60 kg) or 8 mg QD
(weight <60 kg). The doses were reduced or interrupted in
accordance with the protocol of the IMBravel50 [3] and
REFLECT [11] trials, respectively.

Overall tumor response evaluation was performed every
6—8 weeks by assessing radiological measures such as con-
trast-enhanced dynamic computed tomography or magnetic
resonance imaging scans. Imaging studies were performed
whenever clinically indicated due to a suspicion of tumor
progression. RECIST version 1.1 was used for grading the
overall tumor responses and making decisions about patient
management [12].

Organ-specific response evaluation

The organ-specific response was separately evaluated
according to the following categories: intrahepatic lesions,
lung lesions, LN lesions, and intraabdominal lesions, includ-
ing peritoneal, adrenal, splenic, and subphrenic metastases,
as previously described [9]. Organ-specific response evalu-
ation was performed for each organ system based on a size
method that was modified from RECIST v1.1: for the non-
LN lesions, measurable lesions in each organ with a longest
diameter > 10 mm and LN lesions with a short-axis diam-
eter > 15 mm were selected. Up to two lesions were chosen
as target lesions in each organ for the organ-specific response
evaluation. For intrahepatic lesions, an enhancement method
based on the modified RECIST for intrahepatic lesions was
additionally adopted for evaluating the liver lesion-specific
response.
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As most bone lesions are not measurable in the absence of
a soft tissue component meeting the requirement for meas-
urability according to RECIST v1.1 [12], bone-specific
responses were not evaluated, and instead, PFS and OS were
analyzed among patients with bone metastasis.

Statistical analysis

Progression-free survival (PFS) was defined as the time from
the initiation of atezolizumab-bevacizumab or lenvatinib
(index date) to the date of disease progression determined
by RECIST v1.1 criteria or death, whichever came first. OS
was defined as the time interval between the index date and
the date of death from any cause. The Kaplan—-Meier method
was used to estimate survival outcomes, and the log-rank
test was used to compare survival outcomes among the sub-
groups. The Chi-square test or Fisher’s exact test was used

to compare categorical variables among the subgroups. A
p-value of <0.05 was considered statistically significant.
Statistical analyses were performed using R (version 4.2.3;
R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient characteristics

The baseline characteristics of the study patients are summa-
rized in Table 1. Patients in the atezolizumab-bevacizumab
group were slightly older than those in the lenvatinib group
(median 62 years vs. 58 years). A majority of study patients
were male in both groups (83.4% and 85.8% in the atezoli-
zumab-bevacizumab and lenvatinib groups, respectively).
There were no significant differences between the two

Table 1 Baseline characteristics

. Total (n=386) Atezolizumab-beva-  Lenvatinib (n=169) p value
of patients cizumab (n=217)
Age, years 60 (53.0-67.0) 61 (54-68) 58 (52-65) 0.013
Male 326 (84.5%) 181 (83.4%) 145 (85.8%) 0.616
ECOG PS
0 86 (22.3%) 53 (24.4%) 33 (19.5%) 0.306
1 300 (77.7%) 164 (75.6%) 136 (80.5%)
BCLC stage
B 46 (11.9%) 27 (12.4%) 19 (11.2%) 0.839
C 340 (88.1%) 190 (87.6%) 150 (88.8%)
ALBI grade
1 166 (43.0%) 89 (41.0%) 77 (45.6%) 0.428
2 220 (57.0%) 128 (59.0%) 92 (54.4%)
Etiology
Hepatitis B 270 (69.9%) 159 (73.3%) 111 (65.7%) 0.208
Hepatitis C 21 (5.5%) 12 (5.5%) 9 (5.3%)
Non-viral 95 (24.6%) 46 (21.2%) 49 (29.0%)
Macrovascular invasion 132 (34.2%) 75 (34.6%) 57 (33.7%) 0.950
Extrahepatic metastasis 291 (75.4%) 165 (76.0%) 126 (74.6%) 0.829
Lung 152 (39.4%) 86 (39.6%) 66 (39.1%)
LN 121 (31.3%) 65 (30.0%) 56 (33.1%)
Intraabdomen 62 (16.1%) 36 (16.6%) 26 (15.4%)
Bone 58 (15.0%) 31 (14.3%) 27 (16.0%)
Vp4 involvement 54 (14.0%) 30 (13.8%) 24 (14.2%) 1.000
Prior local therapy 325 (84.2%) 190 (87.6%) 135 (79.9%) 0.056
Surgery 219 (56.7%) 130 (59.9%) 89 (52.7%)
RFA 52 (13.5%) 34 (15.7%) 18 (10.7%)
TACE 256 (66.3%) 151 (69.6%) 105 (62.5%)
Radiotherapy 133 (34.5%) 79 (36.4%) 54 (32.0%)
AFP, ng/mL 34.8 (4.9-600.2) 42.3 (4.7-545.9) 28.4 (5.5-987.0) 0.558

Values are presented as median (interquartile range) or number (%)

AFP Alpha-fetoprotein; ALBI albumin-bilirubin; BCLC Barcelona Clinic Liver Cancer; ECOG East-
ern Cooperative Oncology Group; LN lymph node; PS performance status; RFA radiofrequency ablation;
TACE transarterial chemoembolization
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groups in terms of ECOG performance status, BCLC stage,
and ALBI grade. The etiology of HCC was similar between
the two groups: hepatitis B virus infection was the most
frequent etiology (73.3% and 65.7% in the atezolizumab-
bevacizumab and lenvatinib groups, respectively) in both
groups, while 21.2% and 29.0% of patients had non-viral
etiology HCC, respectively. Extrahepatic spread was identi-
fied in 76.0% and 74.6% in the atezolizumab-bevacizumab
and lenvatinib groups, respectively: lung, LN, and intraab-
dominal metastases were present in 39.6% vs. 39.1%, 30.0%
vs. 33.1%, and 16.6% vs. 15.4% of patients, respectively.
The profiles of previous locoregional treatments were simi-
lar between the two groups.

Table 2 Overall response evaluation based on RECIST v1.1

Atezolizumab- Lenvatinib  p value
bevacizumab
(n=217) (n=169)
Best response
Complete response 9 (4.1%) 2 (1.2%)
Partial response 37 (17.1%) 23 (13.6%)
Stable disease 115 (53.0%) 110 (65.1%)
Progressive disease 52 (24.0%) 24 (14.2%)
Unknown or not evaluable 4 (1.8%) 10 (5.9%)
Objective response rate 46 (21.2%) 25 (14.8%)  0.139
Disease control rate 161 (74.2%) 135(79.9%) 0.234

Values are presented as number (%)
RECIST Response Evaluation Criteria in Solid Tumors
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Overall efficacy outcomes

The median duration of follow-up was 11.1 months (inter-
quartile range [IQR] 8.9-22.4) for the atezolizumab plus
bevacizumab group and 16.1 months (IQR 10.3-28.4) for
the lenvatinib group. The objective response rate (ORR)
according to RECIST vl1.1 tended to be higher in the ate-
zolizumab-bevacizumab group (21.2%) than that in the len-
vatinib group (14.8%) (p=0.139) (Table 2). In the atezoli-
zumab-bevacizumab and lenvatinib groups, the median PFS
was 6.8 months (95% confidence interval [CI]: 5.5-7.6) and
6.3 months (95% CI: 5.4-8.0), respectively (p =0.501), and
the median OS was 18.9 months (95% CI: 17.2-26.6) and
14.1 months (95% CI: 12.8-25.6), respectively (p=0.250)
(Fig. 1). The proportion of death events associated with dis-
ease progression was 89.2% and 83.1% in the atezolizumab-
bevacizumab and lenvatinib groups, respectively.

Organ-specific response

With atezolizumab-bevacizumab, 20.2%, 23.0%, 27.9%, and
33.3% of patients achieved a>30% reduction in the sum
of the tumor diameter for intrahepatic (based on the size
method), lung, LN, and intraabdominal lesions, respectively
(Table 3 and Fig. 2). The proportion of patients achieving
a>30% reduction in the tumor burden was overall higher
in the atezolizumab-bevacizumab group than that in the
lenvatinib group (Table 3 and Fig. 2): 20.2% vs. 11.8%
(p=0.170), 23.0% vs. 12.2% (p=0.268), 27.9% vs. 17.9%
(p=0.421), and 33.3% vs. 15.0% (p=0.263) for intrahepatic
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Fig. 1 Kaplan—Meier curves of survival outcomes of the overall study patients treated with atezolizumab-bevacizumab versus lenvatinib. a Pro-

gression-free survival and b overall survival
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Forest plot of progression-free survival in subgroups
Subgroup No. of Patients (%) P Value
Etiology
Viral 291 (75.4) I i 0.129
Non-viral 95 (24.6) I i : 0.341
T T T l
0.5 1 15 2
<- Favor Atezolizumab-bevacizumab Favor Lenvatinib —>
(a)
Forest plot of overall survival in subgroups
Subgroup No. of Patients (%) P Value
Etiology
Viral 291 (75.4) : i 0.129
Non-viral 95 (24.6) } - | 0341
T T T l
0.5 1 1.5 2
(b) <- Favor Atezolizumab-bevacizumab Favor Lenvatinib —>

Fig.3 Forest plot for survival outcomes comparing atezolizumab-bevacizumab and lenvatinib according to the etiology of HCC. a Progression-

free survival and b overall survival

atezolizumab-bevacizumab group than those in the len-
vatinib group: 17.3% vs. 8.1%, 18.8% vs. 13.3%, 28.9% vs.
3.6%, and 36.0% vs. 12.5%, respectively.

With regard to patients with non-viral etiology HCCs,
atezolizumab-bevacizumab was not associated with a bet-
ter organ-specific response for LNs compared to lenvatinib
(20.0% vs. 54.5%; p=0.308, respectively, for achieving
a>30% tumor burden reduction) and intraabdominal lesions
(20.0% vs. 25.0%; p>0.999), respectively, for achieving
a>30% tumor burden reduction. In addition, none of the
patients (0 out of 28 patients) who achieved a>50% or
a>80% reduction in the tumor burden as assessed with the
size method adopted from RECIST v1.1 were treated with
atezolizumab-bevacizumab for intrahepatic lesions (Table 4
and Supplemental Fig. 4).

Association between organ-specific response
and survival outcomes

To assess the prognostic impact of a tumor response in each
organ on the survival outcomes, we performed a pooled
analysis combining the atezolizumab-bevacizumab and len-
vatinib groups. In this analysis, tumor responders in each
organ were significantly associated with better PFS and OS
compared to non-tumor responders (p < 0.05 for all; Sup-
plementary Fig. 5).

Safety profile

Profiles of the adverse events are summarized in Supplemen-
tary Table 1. The most common adverse events, regardless

of the relationship with agents, in the atezolizumab-bevaci-
zumab group were aspartate aminotransferase (AST) eleva-
tion (19.4%), followed by hypertension (10.1%) and skin
rash (9.2%), whereas those in the lenvatinib group were
AST elevation (49.7%), alanine aminotransferase eleva-
tion (38.5%), and total bilirubin elevation (35.5%). Adverse
events leading to the discontinuation of treatment occurred
in 9 (4.1%) and 10 (6.0%) patients in the atezolizumab-bev-
acizumab and lenvatinib groups, respectively.

Subsequent therapy

Among patients who failed first-line treatment (n =146 for
the atezolizumab-bevacizumab group and n=117 for the
lenvatinib group), 100 (68.5%) and 94 (80.3%) patients
received subsequent treatments, respectively. Among
patients in the atezolizumab-bevacizumab group, 99%
(n=99) received MKIs, such as sorafenib, regorafenib, or
cabozantinib, while 23% (n=23) received other ICIs, such
as nivolumab (n=16) or nivolumab-ipilimumab (n=7). In
the lenvatinib group, 46.4% (n=44) received ICIs as subse-
quent treatments, while 97.9% (n=92) received other MKIs
(Supplementary Table 3).

Discussion

In this retrospective study, we investigated organ-specific
response patterns in unresectable HCC patients treated
with first-line atezolizumab-bevacizumab versus lenvatinib.
Their overall efficacy and safety outcomes were generally

@ Springer
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consistent with previous reports, including real-world stud-
ies [3, 11, 13—17]. We found that, regardless of the site of the
tumor lesions, atezolizumab-bevacizumab was consistently
associated with a more favorable organ-specific response
than lenvatinib, while there was no notable difference in the
tumor response to atezolizumab-bevacizumab across differ-
ent tumor sites, especially for HCCs with a viral etiology. To
our knowledge, this is the first study to report organ-specific
responses of HCC patients treated with ICI plus anti-VEGF
combination treatment, providing practical insights into
treating patients with unresectable HCC with these treat-
ment regimens.

In contrast to the previous reports of organ-specific
responses in HCC patients showing that intrahepatic lesions
were less responsive to ICI monotherapy [9, 10], our results
indicate that intrahepatic lesions also had a more favorable
response with atezolizumab-bevacizumab than that with
lenvatinib, which was more pronounced when assessed
based on the enhancement method adopted from mRECIST.
Although the exact mechanisms for this discrepancy remain
to be understood, the difference is primarily deemed to be
attributable to the addition of bevacizumab to atezolizumab
therapy. Our results suggest that there should be no evidence
to consider intrahepatic HCC lesions to be less responsive to
atezolizumab-bevacizumab, especially for those with viral
etiology HCCs.

Mechanistically, inhibition of the VEGF pathway could
reverse the immune-suppressive gradient of myeloid cells,
including tumor-associated and myeloid-derived suppres-
sor cells [18, 19]. Given that intrahepatic HCC lesions are
enriched with various immunosuppressive myeloid cells
[20], it is possible that the addition of bevacizumab contrib-
utes to improved antitumor efficacy for intrahepatic lesions
compared to ICI alone. Indeed, the addition of bevacizumab
to atezolizumab improved survival outcomes, particularly
in HCC patients with high expression levels of a myeloid
gene signature, compared with atezolizumab alone [21].
On the contrary, in a study of metastatic gastric cancer, the
presence of liver metastasis, which was associated with the
enrichment of tumor-associated macrophages, was associ-
ated with poor PFS with anti-PD-1 monotherapy, whereas
PFS was not affected by the presence of liver metastasis
in patients treated with ICI plus MKIs [22]. These results
suggest that the resistance to ICI monotherapy associated
with the enrichment of immunosuppressive myeloid cells
in the liver might at least, in part, be overcome by adding
anti-VEGF agents.

Although our results indicated that intrahepatic HCC
lesions were comparably responsive to atezolizumab-bev-
acizumab as extrahepatic lesions, it should be noted that
the proportion of patients achieving a profound intrahepatic
tumor burden reduction was limited (5.5% and 3.7% for
a>50% and > 80% reduction in tumor burden, respectively,

as per the size method). Given that various novel combi-
nation first-line regimens involving novel agents, including
anti-TIGIT or anti-LAG-3, are currently being investigated,
it will be interesting to see whether these novel combinations
could achieve a profound response of intrahepatic lesions.

Despite favorable organ-specific responses with ate-
zolizumab-bevacizumab, there was no difference in PFS
between the atezolizumab-bevacizumab and lenvatinib
groups. This may be due to the fact that the ORR was not
statistically different between the two groups despite the
greater extent of the tumor response with atezolizumab-
bevacizumab. Moreover, PES could additionally be affected
by the duration of response or disease stabilization. Never-
theless, a numerically higher ORR and a more prominent
tumor response may at least in part explain the favorable
trend for OS among patients treated with atezolizumab-bev-
acizumab. The results of the pooled analysis (combining the
atezolizumab-bevacizumab and lenvatinib groups) showing
that a tumor response in each organ translates into better
PFS and OS support our findings. As no prospective head-
to-head comparison between atezolizumab-bevacizumab and
lenvatinib has been conducted to date, further investigation
is required.

In the current analysis, we compared the organ-specific
response patterns according to the etiology of HCC between
atezolizumab-bevacizumab and lenvatinib. Potential discrep-
ancies in the efficacy outcomes with ICIs according to the
etiology have been noted, particularly for the limited ICI
efficacy over MKIs in NASH-related HCC in a recent meta-
analysis and a large multinational real-world study [23, 24].
Although recent post hoc analysis of the IMBravel50 study
showed no relationship in terms of the efficacy outcomes
with atezolizumab-bevacizumab per the etiology of HCC
[25], our study suggests that the relatively favorable efficacy
outcomes with atezolizumab-bevacizumab over lenvatinib
may be predominantly seen in patients with a viral etiology
HCC, which is in line with a previous report [24]. Unlike the
case for HCCs with a viral etiology, which was associated
with a consistently better organ-specific response regardless
of the site of the tumor lesions, the organ-specific response
was not clearly better with atezolizumab-bevacizumab than
that with lenvatinib for LN and intraabdominal metastasis.
In addition, a profound tumor response (>50% and > 80%
reduction in tumor burden) was not observed for intrahepatic
HCC lesions with a non-viral etiology. Since the interpre-
tation of this data is limited owing to the small number of
patients with a non-viral etiology, these findings need to be
validated in an independent cohort. Nevertheless, our results
suggest that the etiology of HCC and the site of metastasis
should be taken into consideration when making clinical
decisions.

There are some limitations to be considered in the cur-
rent study. Its retrospective nature, the single center-based
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analysis, and the absence of a validation cohort may limit
the interpretation and generalizability of our data. Nev-
ertheless, given the limited reports on organ-specific
responses in HCC patients treated in this setting, our
results could provide practical insights into selecting
ICI-based treatments for patients with HCC. Because our
study included only patients in the first-line setting, a bias
potentially caused by the development of resistance to pre-
vious treatments could be precluded. Moreover, the use
of a control group involving patients uniformly treated
with lenvatinib enabled us to compare the effect of ICI-
based treatment on each specific organ with this multiki-
nase inhibitor. Finally, due to the retrospective nature of
the current study, adverse events may not have been fully
captured.

In conclusion, atezolizumab-bevacizumab was con-
sistently associated with a more favorable organ-specific
response than lenvatinib, regardless of the site of the tumor
lesions in patients with unresectable HCC. Intrahepatic
HCC lesions should not be considered to be less respon-
sive to atezolizumab-bevacizumab, especially for patients
with viral etiology HCCs. The uncertain benefits of organ-
specific responses in non-viral etiology HCCs highlight
the need to address this question further in future studies.
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