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Primary endpoint:
- Occurrence of bleeding or thromboembolic events

within 3 months of initiating therapy

Secondary endpoints:
- Occurrence of bleeding or thromboembolic events

within 6 months of initiating therapy without change to
therapy regimen

- Efficacy of treatment in regard to mOS of patients who
were treated in first-line
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Hypothesis
In this study, we evaluated the risk of bleeding and

thromboembolic events with atezolizumab/bevacizumab
versus lenvatinib in a large, multi-centric real-world

population
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Highlights Impact and implications

� Evaluation of the efficacy and safety of atezolizu-

mab/bevacizumab and lenvatinib in a large real-
world population of 464 patients with HCC.

� Compared with lenvatinib, atezolizumab/bev-
acizumab improves ORR.

� No significant differences in bleeding or thrombo-
embolic events were observed.

� In atezolizumab/bevacizumab-treated patients,
spleen size and history of variceal bleeding were
associated with GI-bleeding risk, while anti-
coagulation was associated with non-GI bleeding
risk.
https://doi.org/10.1016/j.jhepr.2024.101065
The inhibition of VEGF by current first-line therapies
for HCC, such as atezolizumab/bevacizumab or len-
vatinib, may be associated with the risk of bleeding
and thromboembolic events. Studies comparing the
incidence of these side effects between atezolizumab/
bevacizumab and lenvatinib, which are preferred
treatments over sorafenib for HCC, are needed. Dif-
ferences in this side effect profile may influence the
choice of first-line therapy by treating physicians.
Because no significant differences were observed
regarding bleeding or thromboembolic events be-
tween both therapies in the present study, we
conclude that safety considerations related to these
events may not be helpful in guiding clinical decision-
making when choosing between atezolizumab/bev-
acizumab and lenvatinib.
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Background & Aims: Atezolizumab/bevacizumab (atezo/bev) and lenvatinib have demonstrated efficacy as first-line thera-
pies for hepatocellular carcinoma (HCC). However, vascular endothelial growth factor (VEGF) inhibition with these therapies
may be associated with the risk of bleeding and thromboembolic events. In this study, we evaluated the efficacy and safety
with focus on the bleeding and thromboembolic events of atezo/bev vs. lenvatinib in a large, multicenter real-world
population.
Methods: This study is based on HCC cohorts from seven centers in Germany and Austria. Incidences of bleeding or
thromboembolic events and efficacy outcomes were assessed and compared.
Results: In total, 464 patients treated with atezo/bev (n = 325) or lenvatinib (n = 139) were analyzed. Both groups were
balanced with respect to demographics, presence of liver cirrhosis, and variceal status. Duration of therapy did not differ
between groups. Within 3 months of therapy, bleeding episodes were described in 57 (18%) patients receiving atezo/bev
compared with 15 (11%) patients receiving lenvatinib (p = 0.07). Variceal hemorrhage occurred in 11 (3%) patients treated with
atezo/bev compared with 4 (3%) patients treated with lenvatinib (p = 0.99). Thromboembolic events were reported in 19 (6%)
of patients in the atezo/bev cohort compared with 5 (4%) patients in the lenvatinib cohort (p = 0.37). In addition, incidence of
overall bleeding, variceal hemorrhage, and thromboembolic events did not differ significantly in patients who received either
atezo/bev or lenvantinib for 6 months.
Conclusions: Safety considerations related to bleeding and thromboembolic events may not be helpful in guiding clinical
decision-making when choosing between atezo/bev and lenvatinib.
Impact and implications: The inhibition of VEGF by current first-line therapies for HCC, such as atezolizumab/bevacizumab
or lenvatinib, may be associated with the risk of bleeding and thromboembolic events. Studies comparing the incidence of
these side effects between atezolizumab/bevacizumab and lenvatinib, which are preferred treatments over sorafenib for HCC,
are needed. Differences in this side effect profile may influence the choice of first-line therapy by treating physicians. Because
no significant differences were observed regarding bleeding or thromboembolic events between both therapies in the present
study, we conclude that safety considerations related to these events may not be helpful in guiding clinical decision-making
when choosing between atezolizumab/bevacizumab and lenvatinib.
© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction
Hepatocellular carcinoma (HCC) ranks among the five leading
causes of cancer-related death worldwide.1 Most patients are
diagnosed at or progress to an advanced stage, necessitating
systemic therapy.2,3 Fortunately, the field of systemic therapy for
HCC has rapidly evolved in the last few years with the emergence
of several new, effective regimens for its treatment.4–6 Currently,
four therapies have gained approval for use in first-line treat-
ment, namely, sorafenib,7,8 lenvatinib,9 atezolizumab/bev-
acizumab (atezo/bev),10 and, most recently, durvalumab with or
without tremelimumab.11 All these mentioned therapies were
investigated in comparison with sorafenib. Comprehensive
evaluations of efficacy and safety between the other systemic
options are widely lacking.9–11

The pivotal IMbrave150 trial, which investigated the use of
atezo/bev compared with sorafenib in patients with unresectable
HCC, reported the superiority of atezo/bevwith respect tomedian
overall survival (OS), progression-free survival (PFS), andobjective
response rates (ORRs).10 Furthermore, the tyrosine kinase inhibi-
tor lenvatinib demonstrated non-inferiority with respect to sur-
vival and higher PFS and ORR compared with sorafenib in a large
phase III trial, whereas superiority in survival was not demon-
strated for lenvatinib.9 These compelling findings have led to both
regimens becoming preferred first-line alternatives to sorafenib
for the treatment of HCC.5 Despite the promising results seenwith
atezo/bev and lenvatinib, concerns persist regarding the admin-
istration of anti-vascular endothelial growth factor (VEGF) in-
hibitors, especially bevacizumab, in patients with underlying
chronic liver disease owing to the risk of bleeding.12 These per-
ceptions are fueled by the strictly selected patients included in the
IMbrave150 and REFLECT trials.9,10 The study populationsmay not
represent patients with significant portal hypertension, who are
frequently treated in real-world situations.

At the center of these concerns is VEGF, a key mediator of
angiogenesis responsible for orchestrating the renewal of blood
vessels in response to trauma.13 Impairment or inhibition of
VEGF signaling compromises the repair of blood vessels, poten-
tially leading to bleeding or thromboembolic events as a result of
the exposure of subendothelial collagen.14 The side effects of
anti-VEGF therapies are of particular concern in patients with
HCC. Owing to the frequent coexistence of underlying chronic
liver disease, these patients are per se at a higher risk for
bleeding15 and/or thromboembolic events.16 Earlier studies that
investigated bevacizumab before the era of immune checkpoint
inhibitors (ICIs) for the treatment of HCC showed a high risk for
variceal bleeding and reported rates of variceal hemorrhage of
up to 10% in phase II trials.17–19 Intriguingly, the IMbrave 150 trial
reported a considerably lower incidence of variceal hemorrhage
in only 2.4% of patients treated with atezo/bev compared with
0.6% of patients treated with sorafenib.10 In addition to this
numerically higher occurrence of variceal bleeding events in the
atezo/bev arm, the Imbrave150 study also reported higher rates
of overall bleeding (25.2 vs. 17.3%) and arterial thromboembolic
events (2.7 vs. 1.3%) in patients treated with atezo/bev compared
with sorafenib. Given lenvatinib’s superiority in PFS and ORR
over sorafenib, it represents a frequently preferred alternative
agent in the first-line treatment. Lenvatinib, however, is a
stronger VEGF inhibitor than sorafenib,20–22 which may
compromise its safety when compared with atezo/bev in clinical
practice.
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At present, onlya limited bodyof evidence exists for comparing
these two first-line therapies.23–25 Most published studies have
predominantlyemphasized efficacy rather than theprofiles of side
effects. Moreover, evaluations of side effects in many studies have
been conducted from an intention-to-treat perspective, lacking
analyses to determine if bleeding rates were associated with
follow-up therapies. Given these gaps, a thorough examination,
particularly in a real-world population that typically does not
reflect a selectively chosen studygroup, holds significant scientific
importance to contribute evidence on this topic.

As a result, a comprehensive and detailed investigation into
the safety and efficacy of atezo/bev vs. lenvatinib in a real-world
setting becomes imperative, forming the rationale for the pre-
sent study. The intention is to analyze parameters of efficacy and
safety within a large, real-world population.
Patients and methods
Patient population
This study was initiated by the IMMUreal study group. The
objective of the IMMUreal study group is to investigate the ef-
ficacy of immunotherapeutic agents for the treatment of liver
tumors. Patients were recruited from six centers in Germany
(University Hospital LMU Munich, University Hospital Essen,
Klinikum Rechts der Isar TU Munich, University Hospital Mag-
deburg, University Medical Center Mainz, and University Hos-
pital Würzburg) and one center in Austria (Medical University of
Vienna). All patients included in our study had a confirmed
diagnosis of HCC based on histopathological findings or typical
diagnostic imaging, following the EASL criteria.26,27 This study
was approved by local authorities (Ethikkommission an der
Julius-Maximilians-Universität Würzburg, 156/21-me) and con-
ducted in accordance with the Declaration of Helsinki. We used
the STROBE cohort checklist and followed the European Society
for Medical Oncology (ESMO) Guidance for Reporting Oncology
real-World evidence (GROW) when writing our report.28,29

Treatments
Patients received the following treatment regimens: (1) atezo
plus bev, where atezo was administered i.v. at a dose of 1200 mg
and bev at 15 mg per kg of body weight every 3 weeks, and (2)
lenvatinib at 12 mg orally once daily for patients with body
weight >−60 kg and at 8 mg once daily for patients <60 kg. The
following procedures were conducted during the treatment
phase: Patients were monitored through clinical, laboratory, and
imaging assessments according to the standard of care, following
the German HCC guidelines.30 During the visits, patients’ vital
signs were measured, and laboratory tests were performed
including a complete blood count, serum chemistry, parameters
of liver function, and alpha-fetoprotein levels. If symptoms
occurred, additional tests such as a focused physical examina-
tion, further laboratory tests, ECG, or imaging were performed at
the discretion of the local investigator. An adverse events
assessment was performed at each visit. Tumor response was
assessed every 8 to 12 weeks using computed tomography and/
or magnetic resonance imaging.

Endpoints
The primary question of this study was to investigate the
occurrence of bleeding or thromboembolic events within 3
2vol. 6 j 101065



months of therapy initiation. Secondary safety questions
included the rates of bleeding or thromboembolic events within
6 months of therapy initiation without change to the therapeutic
regimen. Data on safety with a focus on bleeding and throm-
boembolic events were collected. Secondary efficacy endpoints
included OS and response rates in patients treated in the first
line. OS was defined as the time from treatment initiation to
death from any cause. Patients without an OS event or patients
who were lost to follow-up were censored on their last contact
day. Treatment response was analyzed using routine computed
tomography or magnetic resonance imaging until death or the
end of treatment. Radiological response was categorized as
complete response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD) by the local investigator and/or
radiologist in accordance with either Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 or modified RECIST
(mRECIST). Therefore, the study objectives involve a descriptive
evaluation of two real-world cohorts treated with either atezo/
bev or lenvatinib. Furthermore, the comparison between safety
and efficacy data is classified as an analytical objective of the
present study.

Statistical analysis
The statistical analysis of this study used two datasets. Patients
who received atezo/bev or lenvatinib beyond the first line were
included in the analysis for safety, whereas those only in the first
line were included for the analysis of efficacy (Table 1). The ef-
ficacy dataset focused on patients, who received atezo/bev or
lenvatinib in the first line in the approved indications.31 Statis-
tical calculations were performed using GraphPad Prism 9
(GraphPad Software, San Diego, CA, USA). Baseline characteristics
were summarized using descriptive statistics. The normal dis-
tribution of variables was assessed through the Shapiro–Wilk
test and inspection of qq-plots. Continuous variables were pre-
sented as mean plus standard deviation and compared using
either the t test or the Mann–Whitney U test, depending on their
distribution. Categorical variables were reported as numbers and
percentages. Fisher’s exact test was used for comparing cate-
gorical variables. Kaplan–Meier analysis was performed to
calculate the median OS, which was compared using the log-
rank test. Hazard ratios for events were estimated through uni-
variate and multivariate logistic regression. Receiver operating
characteristic (ROC) curve analysis was used to determine the
optimal cut-off values for spleen size that could produce the
highest sensitivity and specificity in predicting bleeding events.
Values of p less than 0.05 were considered statistically
significant.

Study design
In this retrospective multicenter study, source data from several
prospective HCC cohorts were analyzed. Given the unlikelihood
of a prospective head-to-head trial of atezo/bev vs. lenvatinib
being performed or supported by industry partners, an analysis
of patient cohorts is deemed the most valid approach to address
these important questions regarding differences in efficacy and
safety between first-line therapies. Furthermore, this analysis
has the advantage of including patients treated in real-world
situations – a population often not accurately represented in
oncological studies in the HCC field, where usually only patients
with very good liver function are enrolled.
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Exclusion criteria
The selection of therapy was based on investigator choice. Given
that the primary objective of this study was to present a pure
real-world situation, we did not exclude any patients with HCC
from the study, except for those who refused to provide
informed consent. Patients with mixed HCC/CCC tumors or
fibrolamellar HCCs were not recruited for the present study.

Data source and study data management
Data were obtained from medical records, patients’ reports, or
both during the recruitment process for observational prospec-
tive patient cohorts at each center.

Source data were provided by each center in an anonymized
manner through a pre-specified form. FPR facilitated the merg-
ing of all the data for further analysis. Throughout the analysis,
no duplicated cases were identified. The absence of duplicates is
largely attributed to the diverse geographical locations.

The datasets were collected in May 2023. Subsequently,
completion of data was verified by FPR and NBK, and quality
controls and validation were performed thereafter.
Results
Baseline characteristics
Data from 464 patients who were treated between September
2018 and March 2023 with either atezo/bev (n = 325) or lenva-
tinib (n = 139) were analyzed in this study (Fig. 1). The baseline
characteristics are illustrated in Table 1. Underlying liver cirrhosis
was present in most cases, with 233 (72%) patients in the atezo/
bev group and 103 (74%) patients in the lenvatinib group (p =
0.65). The overall prevalence of gastroesophageal varices was
balanced between both groups (atezo/bev n = 134 [41%] vs.
lenvatinib n = 50 [36%], p = 0.30). In the atezo/bev group, there
were statistically significantly fewer patients with esophageal
varices of grade III (atezo/bev n = 3 [1%] vs. lenvatinib n = 7 [5%],
p = 0.01). The percentage of prophylactic therapy with non-
selective beta-blocker (NSBB) therapy, variceal banding, or both
was statistically significantly higher in the atezo/bev group (n =
109 [34%]) than in the lenvatinib group (n = 31 [22%]) (p = 0.02).
Other factors that predispose to bleeding or thromboembolic
events did not differ between both groups, such as the use of
anticoagulation (atezo/bev n = 95 [29%] vs. lenvatinib n = 38
[27%], p = 0.74), antiplatelet therapy (atezo/bev n = 83 [26%] vs.
lenvatinib n = 31 [22%], p = 0.48), or history of variceal bleeding
(atezo/bev n = 19 [6%] vs. lenvatinib n = 8 [6%], p >0.99). There
was no statistically significant difference in patients who did not
undergo index endoscopy (atezo/bev n = 22 [7%] vs. lenvatinib
n = 16 [12%], p = 0.10). Surrogate parameters for portal hyper-
tension such as spleen size (atezo/bev 12.7 ± 2.8 vs. lenvatinib
12.6 ± 2.7, p = 0.51) or platelet count (atezo/bev 194 ± 115 vs.
lenvatinib 191 ±105, p = 0.82) did not differ between both groups
(Fig. 2A and B). The duration of therapy was reported as 214.6 ±
193.9 days in the atezo/bev group and 195.9 ± 248.4 days in the
lenvatinib group (p = 0.13) (Fig. 2C). Both groups were balanced
with respect to underlying etiology and Barcelona Clinic Liver
Cancer (BCLC) stage (Table 1). Most patients received atezo/bev
(n = 311 [96%]) or lenvatinib (n = 137 [99%]) as first-line systemic
therapy (p = 0.17). Data on the evidence of macrovascular inva-
sion and extrahepatic spread were available in 236 (73%) pa-
tients treated with atezo/bev and in 82 (59%) patients treated
3vol. 6 j 101065



Table 1. Baseline characteristics.

Patient characteristics Atezolizumab + bevacizumab (n = 325) Lenvatinib (n = 139)

Age (years), median (IQR) 69 (25–96) 68 (31–85)
Sex female, n (%) 75 (23) 25 (18)
Liver cirrhosis, n (%) 233 (72) 103 (74)

Child–Pugh A 175 (75) 85 (83)
Child–Pugh B 40 (17) 16 (16)
Child–Pugh C 13 (6) 2 (2)
Unknown 5 (2) 0 (0)

Gastroesophageal varices, n (%) 134 (41) 50 (36)
Esophageal I� 85 (63) 28 (56)
Esophageal II� 40 (30) 10 (20)
Esophageal III� 3 (2) 7 (14)
Gastric or fundic 4 (3) 5 (10)
Others (rectal or downhill varices) 2 (1) 0 (0)
Non-selective beta-blockers 67 (21) 10 (7)
Banding 21 (6) 13 (9)
Non-selective beta-blockers + banding 21 (6) 8 (6)
No EGD available 22 (7) 16 (12)

History of variceal hemorrhage, n (%) 19 (6) 8 (6)
Portal vein thrombosis*, n (%) 97 (30) 37 (27)
Anticoagulants, n (%) 95 (29) 38 (27)

LMWH 60 (18) 23 (17)
VKA 3 (1) 0 (0)
DOAC 30 (9) 15 (11)
Unknown 2 (1) 0 (0)

Antiplatelet agents, n (%) 83 (26) 31 (22)
BCLC stage, n (%)

BCLC A 7 (2) 1 (<1)
BCLC B 82 (25) 30 (22)
BCLC C 224 (69) 103 (74)
BCLC D 13 (4) 5 (4)

Line of systemic therapy, n (%)
First line 311 (96) 137 (99)
Second line 10 (3) 1 (<1)
Third line 2 (<1) 1 (<1)
Unknown 2 (<1) 0 (0)

Prior non-systemic therapy
Patients/procedures, n/n 43/56 37/56

Resection, n (procedures, %) 12 (21) 11 (20)
MWA/RFA, n (procedures, %) 7 (13) 6 (11)
TACE, n (procedures, %) 27 (48) 17 (30)
SIRT, n (procedures, %) 1 (2) 20 (36)
SBRT, n (procedures, %) 9 (16) 2 (4)

Etiology of underlying liver disease, n (%)
HBV/HCV 86 (26) 40 (29)
Non-viral 222 (68) 87 (63)
Unknown 17 (5) 12 (9)

Extrahepatic spread*, n (%) 103 (44) 45 (55)
Macrovascular invasion*, n (%) 83 (35) 22 (27)

* Data regarding the extrahepatic spread and macrovascular invasion were available for 236 patients treated with atezo/bev and 82 patients treated with lenvatinib. BCLC,
Barcelona Clinic Liver Cancer; DOAC, direct oral anticoagulants; EGD, esophagogastroduodenoscopy; LMWH, low-molecular-weight heparins; MWA, microwave ablation; RFA,
radiofrequency ablation; SBRT, stereotactic body radiation therapy; SIRT, selective internal radiation therapy; TACE, transarterial chemoembolization; VKA, vitamin K
antagonists.

Research article
with lenvatinib. In this regard, 103 (44%) patients treated with
atezo/bev vs. 45 (55%) patients treated with lenvatinib exhibited
extrahepatic spread (p = 0.09), whereas 83 (35%) and 22 (27%)
patients respectively showed macrovascular invasion (p = 0.18).
Of the 325 patients treated with atezo/bev, 303 (93%) started
immediately with atezo/bev as a combination regimen, whereas
21 (6%) started with atezo monotherapy. Of these 21 patients, 7
(2%) received bev at the second cycle, and 5 (2%) over the
following 1 to 6 months. In one patient, it was unclear whether
atezo was started with bev. Of the 21 patients who started with
atezo monotherapy, 9 (43%) never received bev in the course of
treatment.
JHEP Reports 2024
Incidence of bleeding, variceal hemorrhage, and
thromboembolic events
As the primary objective, we evaluated the evidence of bleeding
or thromboembolic events in the safety analysis dataset. In the
atezo/bev cohort, the median time to bleeding was 2.9 months
(IQR 1.1–6.9 months), and the median time to a thromboembolic
event was 3.0 months (IQR 2.3–5.8 months). In patients treated
with lenvatinib, the median time to bleeding was 3.4 months
(IQR 2.8–7.0 months), and the median time to a thromboembolic
event was 3.5 months (IQR 2.3–7.3 months). After 3 months of
treatment, there was no significant difference in overall bleeding
episodes between both groups (atezo/bev n = 57 [18%] vs.
4vol. 6 j 101065



Multicenter retrospective study
Data from HCC cohorts obtained from 7 tertiary

centres in Germany and Austria

Primary endpoint:
- Occurrence of bleeding or thromboembolic events

within 3 months of initiating therapy

Secondary endpoints:
- Occurrence of bleeding or thromboembolic events

within 6 months of initiating therapy without change to
therapy regimen

- Efficacy of treatment in regard to mOS of patients who
were treated in first-line

Atezolizumab +
bevacizumab

n = 325
Start of treatment

between June 2019 and
March 2023

Lenvatinib
n = 139

Start of treatment
September 2018 and

June 2022

Fig. 1. Study flowchart. HCC, hepatocellular carcinoma; mOS, median overall
survival.
lenvatinib n = 15 [11%]; odds ratio [OR] 1.76, 95% CI 0.97–3.29; p =
0.07) (Table 2). The occurrence of variceal hemorrhage in the first
3 months of therapy was low in both groups, approximately 3%
(atezo/bev n = 11 [3%] vs. lenvatinib n = 4 [3%]; OR 1.18, 95% CI
0.40–3.44; p = 0.99) (Table 2). Thromboembolic events did not
differ significantly between both groups (atezo/bev n = 19 [6%]
vs. lenvatinib n = 5 [4%]; OR 1.66, 95% CI 0.63–4.13; p = 0.37)
(Table 2). These results were reproduced after excluding patients
who died in the first 3 months (Table S2).

Because the median time to onset of bleeding is approxi-
mately 12 weeks with both agents,9 we also evaluated the
bleeding and thromboembolic events within 6 months of
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therapy without alterations to the treatment regimen (Table 3).
At 6 months, 111 (34%) and 31 (22%) patients of the overall cohort
were still on therapy with either atezo/bev or lenvatinib,
respectively. In these subgroups, we did not find statistical dif-
ferences with respect to overall bleeding events (atezo/bev n =
32 [29%] vs. lenvatinib n = 6 [19%]; OR 1.69, 95% CI 0.65–4.41; p =
0.36) or variceal hemorrhage (atezo/bev n = 10 [9%] vs. lenvatinib
n = 2 [6%]; OR 1.44, 95% CI 0.35–6.84; p >0.99) between both
groups. Thromboembolic events did not differ between both
groups after 6 months of therapy (atezo/bev n = 13 [13%] vs.
lenvatinib n = 4 [11%]; OR 1.17, 95% CI 0.39–3.47; p >0.99). In a
further analysis, we evaluated all bleeding episodes until 6
months of therapy, for which a grading according to CTCAE
classification was available. For this analysis, patients who un-
derwent a switch of therapy after 3 months were included. In 70
(22%) cases of patients who received systemic therapy with
atezo/bev, as well as in 18 (13%) of those treated with lenvatinib,
bleeding episodes with reported CTCAE classification were
available for up to 6 months. Here, we did not find differences
concerning high-grade bleeding (>−III

�), which were reported in
46 (66%) patients in the atezo/bev group and 11 (61%) patients in
the lenvatinib group (p = 0.78).

Risk factors for bleeding in atezo/bev-treated patients
In the next step, we aimed to identify risk factors for gastroin-
testinal (GI), variceal, and non-GI bleeding in patients treated
with atezo/bev in the first line. Spleen size (OR 1.2, 95% CI
1.0–1.3; p = 0.007) and history of variceal bleeding (OR 3.9, 95% CI
1.4–10; p = 0.007) were significantly associated with the risk for
GI bleeding in univariate regression analysis (Table 4). Both pa-
rameters persisted as risk factors for GI bleeding in multivariate
regression analysis. Concerning variceal bleeding, we could
identify spleen size (OR 1.2, 95% CI 1.0–1.4; p = 0.04) and the
presence of high-grade (II–III) esophageal varices (OR 8.6, 95% CI
2.2– 42; p = 0.003) as significant risk factors in univariate anal-
ysis (Table 4). Because of the low event rate of variceal bleeding,
no multivariate analysis was conducted. Anticoagulation was
significantly associated with an increased risk for non-GI
bleeding (OR 2.3, 95% CI 1.1–4.9; p = 0.02) (Table 4), but not
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portal hypertension were not different between the groups (platelets: p = 0.82;
e atezo/bev group and 195.9 ± 248.4 days in the lenvatinib group, which was not
tribution of variables was assessed using the Shapiro–Wilk test and through
test or the Mann–Whitney U test, depending on their distribution. atezo/bev,
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Table 2. Bleeding and thromboembolic events after 3 months of therapy.

Event Atezolizumab + bevacizumab (n = 325), n (%) Lenvatinib (n = 139), n (%) OR (95% CI) p value

Bleeding 57 (18) 15 (11) 1.76 (0.97–3.29) 0.07
Variceal hemorrhage 11 (3) 4 (3) 1.18 (0.40–3.44) 0.99
Thromboembolic events 19 (6) 5 (4) 1.66 (0.64–4.13) 0.37

Categorical variables are reported as numbers and percentages. Fisher’s exact test was used for comparing categorical variables. OR, odds ratio.

Table 3. Bleeding and thromboembolic events in patients who received therapy for more than 6 months.

Event Atezolizumab + bevacizumab (n = 111), n (%) Lenvatinib (n = 31), n (%) OR (95% CI) p value

Bleeding 32 (29) 6 (19) 1.69 (0.65–4.41) 0.36
Variceal hemorrhage 10 (9) 2 (6) 1.44 (0.35–6.84) 0.99
Thromboembolic events 13 (13) 4 (11) 1.17 (0.39–3.47) 0.99

Fisher’s exact test was used for comparing categorical variables. OR, odds ratio.

Research article
with GI or variceal bleeding. In particular, the use of direct oral
anticoagulants (DOAC) was linked to the occurrence of non-GI
bleeding episodes in our cohort. Specifically, 25.8% of patients
on DOAC developed non-GI bleeding while being treated with
Table 4. Potential risk factors for gastrointestinal bleeding, variceal bleeding

Variable

Univariate analys

OR 95% (CI)

Gastrointestinal bleeding
Age 0.98 0.95–1.0
Sex, male 1.1 0.55–2.5
Liver cirrhosis 2.1 0.99–5.0
CPS B (CPS A as reference) 1.3 0.52–3.0
CPS C (CPS A as reference) 1.6 0.34–5.5
MVI 0.96 0.44–2.0
Platelets 1 0.99–1.0
Spleen size 1.2 1.0–1.3
Presence of varices 1.8 0.91–3.5
History of variceal bleeding 3.9 1.4–10
NSBB 0.8 0.37–1.6
Prior EBL 2.1 0.91–4.5
Anticoagulation 1.5 0.75–2.8
Antiplatelets 0.76 0.34–1.6

Variceal bleeding
Age 0.96 0.92–1.0
Sex, male 2.2 0.59–14
CPS B (CPS A as reference) 2.4 0.70–7.1
CPS C (CPS A as reference) 1.4 0.072–8.1
MVI 1.6 0.51–5.1
Platelets 1 0.99–1.0
Spleen size 1.2 1.0–1.4
Presence of varices 4.5 1.4–21
Esophageal varices grade I 2.7 0.59–14
Esophageal varices grades II–III 8.6 2.2–42
History of variceal bleeding 2.5 0.37–9.8
NSBB 1.2 0.38–3.5
Prior EBL 2.4 0.64–7.2
Anticoagulation 2 0.68–5.4

Non-gastrointestinal bleeding
Age 0.99 0.95–1.0
Sex, male 2.2 0.84–7.7
Liver cirrhosis 2.3 0.92–6.9
CPS B/C (CPS A as reference) 0.24 0.037–0.83
Platelets 1 1.0–1.0
Anticoagulation 2.3 1.1–4.9
Antiplatelets 1.5 0.65–4.3

ORs for the risk of bleeding were calculated using both univariate and multivariate logis
variceal bleeding, because the presence of liver cirrhosis and the occurrence of variceal
for logistic regression analysis. The bold emphasis indicate statistical significant results.
ligation; MVI, macrovascular invasion; NSBB, non-selective beta-blocker; OR, odds ratio
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atezo/bev (n = 8/31), compared with 10% of patients on low-
molecular-weight heparin (n = 6/60) and 7.8% of patients
without anticoagulation (n = 18/231). Only three patients in the
cohort received a vitamin K antagonist, and no bleeding events
, and non-gastrointestinal bleeding in patients treated with atezo/bev.

is Multivariate analysis

p value OR 95% (CI) p value

0.15
0.75
0.07
0.54
0.51
0.91
0.14

0.007 1.1 1.0–1.3 0.03
0.09

0.007 3.0 1.0–8.4 0.04
0.54
0.07
0.26
0.47

0.07
0.31
0.14
0.77
0.40
0.18
0.04
0.02
0.2

0.003
0.26
0.7
0.15
0.2

0.53 1 0.97–1.0 0.74
0.14 2.1 0.79–7.4 0.17
0.10

0.05 ns
0.57
0.02 2.2 1.0–4.7 0.04
0.36

tic regression models. Liver cirrhosis was not included in the model for risk factors of
bleeding were linearly dependent predictors causing estimation instability unsuitable
azeto/bev, atezolizumab/bevacizumab; CPS, Child–Pugh score; EBL, endoscopic band
.
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occurred in these patients. We did not identify significant asso-
ciations between the risk of GI, variceal, and non-GI bleeding and
age, sex, Child–Pugh B/C score, platelet counts, or use of anti-
platelet drugs such as aspirin. The presence of liver cirrhosis was
not associated with an increased risk of GI and non-GI bleeding.
For variceal bleeding, a regression model with cirrhosis as a
variable was not constructed, as variceal bleeding occurred only
in patients with liver cirrhosis. Because spleen size was found to
be significantly associated with the risk of GI and variceal
bleeding, critical spleen size thresholds were analyzed using ROC
curves. The AUC of spleen size was 0.861 in predicting variceal
bleeding, with a cut-off size of 13.36 cm, and 0.799 in predicting
GI bleeding, with a cut-off size of 12.9 cm (Fig. S1). At the optimal
cut-off value, the sensitivity and specificity for spleen size were
78.9 and 61.3% in predicting variceal bleeding and 71.4 and 55.9%
in predicting GI bleeding, respectively. Finally, as HCC in patients
with liver cirrhosis occurred in approximately 70% of all patients
in this cohort (Table 1) and risk factors for bleeding might differ
among patients with and without cirrhosis, we repeated the
analysis including only patients with cirrhosis. In this subgroup
analysis, the previously identified risk factors could be
confirmed. The risk for GI bleeding was significantly associated
with previous bleeding, whereas the risk for variceal bleeding
was associated with the presence of high-grade varices at
baseline gastroscopy (Table S1). For non-GI bleeding, anti-
coagulation persisted as a risk factor in patients with cirrhosis.

Variceal hemorrhage occurring in patients treated with atezo/
bev
In a further subgroup analysis, we characterized all patients who
experienced an episode of variceal hemorrhage under or after
therapy with atezo/bev. We identified 18 patients who devel-
oped variceal bleeding (Table 5). Most of these patients pre-
sented with good liver function (Child–Pugh A, n = 12 [67%])
(Table 5). Of the 18 patients, 11 (61%) had gastroesophageal
varices at baseline. Most patients exhibited low-grade varices
before the start of therapy (no varices, n = 3 [17%]; I�, n = 4 [22%];
II�, n = 6 [33%]; gastric or fundic varices, n = 1 [6%]) (Table 5).
Moreover, 9 (50%) patients did not receive prophylactic treat-
ment. History of variceal hemorrhage was recorded in 2 (11%)
patients. Macrovascular invasion or portal vein thrombosis was
described in 10 (56%) of the 18 patients. In addition, 7 (39%)
patients who developed variceal bleeding were on anti-
coagulation, and none of the patients received antiplatelet
therapy. The recorded rates of best response under atezo/bev
showed PR in 7 (39%) patients, SD in 6 (33%) patients, and PD in 1
(6%) patient. In 3 (17%) patients, no response assessment was
available.

Efficacy of atezo/bev vs. lenvatinib in first-line therapy
Treatment outcomes were evaluated in the efficacy dataset
consisting of patients who received atezo/bev or lenvatinib in the
first line in the approved indications. In total, 303 patients
treated with atezo/bev and 137 treated with lenvatinib were
eligible for efficacy analysis. At a median follow-up of 19.3
months, 149 of 303 (49.2%) patients in the atezo/bev group had
died, compared with 117 of 137 (85.4%) in the lenvatinib group.
OS was 12.2 months with atezo/bev vs. 9.9 months with lenva-
tinib (hazard ratio [HR] 0.78, 95% CI 0.608–1.008; p = 0.058)
(Fig. 3A). Patients treated with atezo/bev had a PFS of 7.7 months
vs. 5.2 months with lenvatinib (HR 0.83, 95% CI 0.64–1.1; p = 0.19)
JHEP Reports 2024
(Fig. 3B). ORR and disease control rate (DCR) were significantly
higher with atezo/bev (ORR, 28.1 vs. 16.1%, p = 0.008; DCR, 59.4
vs. 47.4%, p = 0.02) (Fig. 3C). Concerning viral or non-viral etiol-
ogy, atezo/bev-treated patients with viral HCC had a longer OS
than lenvatinib-treated patients with viral HCC (21.5 vs. 9.0
months; HR 0.61, 95% CI 0.369–0.995; p = 0.0477) (Fig. S2A). The
OS in the non-viral groups was similar for atezo/bev vs. lenva-
tinib (HR 0.88, 95% CI 0.657–1.186; p = 0.4081) (Fig. S2B). At the
time of data cut-off, 79 (30%) patients in the atezo/bev group and
72 (52%) patients in the lenvatinib group received more than one
line of systemic treatment.
Discussion
High rates of variceal bleeding were reported in previous studies
performed in the ‘pre-ICI era’, when bevacizumab was investi-
gated alone or in combination with either chemotherapies or
erlotinib.17 The results from these studies raised concerns in the
community regarding complications from portal hypertension in
patients treated with atezo/bev.12

In recent years, several studies have compared the efficacy of
atezo/bev and lenvatinib in a real-world setting.23–25,32 Some of
these studies also reported adverse events related to bleeding. In
this regard, a study conducted by Kim et al.23 in a cohort with a
high incidence of underlying liver cirrhosis revealed GI bleeding
rates of any grade as 2.7% in the lenvatinib group and 5.8% in the
atezo/bev group. However, the rates of grade 3 or 4 GI bleeding
events were comparable in both study groups (2.7% in lenvatinib
vs. 3.5% in atezo/bev).23 The authors did not distinguish between
variceal hemorrhage and general GI bleeding. Nevertheless, one
might speculate that high-grade GI bleeding episodes are, in a
relevant proportion, related to variceal bleeding. Assuming this,
the results seem consistent with the data we report here.
Another study published by Niizeki et al.24 reported significantly
higher rates of bleeding events of any grade, as well as grades 3
and 4 bleeding events under atezo/bev compared with lenvati-
nib. These results need to be interpreted in the context of a
significantly higher reported survival for atezo/bev than for
lenvatinib in the same study,24 which increases the time avail-
able for the development of bleeding episodes. Furthermore, the
reported bleeding events under lenvatinib, at only 0.6%, appear
low when compared with a recent publication investigating
bleeding episodes, with a specific focus on variceal bleeding
under lenvatinib, from a large real-world cohort.33 This study
reported variceal bleeding events of 3.61%, indicating that overall
bleeding events extend beyond this range.

In the present study, we describe a rate of bleeding events in
real-world patients receiving atezo/bev, with 3% showing vari-
ceal bleeding within 3 months of therapy. Furthermore, bleeding
complications were not statistically significantly different from
the first-line alternative with lenvatinib, which reflects a
commonly preferred first-line therapy attributable to higher PFS
and ORR compared with sorafenib.9

For an accurate interpretation of the non-different results
regarding bleeding episodes between atezo/bev and lenvatinib
reported here, it is important to emphasize a potential bias that
could be related to an individual selection of therapy for patients
at risk for bleeding. One might assume that patients with a high
risk for bleeding were treated with lenvatinib rather than with
atezo/bev, a fact that could influence the results of our study
significantly. However, in this regard, we can state that the
7vol. 6 j 101065



Table 5. Summary of all episodes of variceal bleeding in patients receiving
atezo/bev.

Characteristics and demographics Value, n (%)

Liver cirrhosis 18 (100)
Child–Pugh A 12 (67)
Child–Pugh B 5 (28)
Child–Pugh C 1 (6)

Gastroesophageal varices 11 (61)
No varices 3 (17)
Esophageal I� 4 (22)
Esophageal II� 6 (33)
Esophageal III� 0 (0)
Gastric or fundic 1 (6)
Unknown status 3 (17)
No prophylaxis 9 (50)
Non-selective beta-blockers 4 (22)
Banding 4 (22)
Non-selective beta-blockers + banding 1 (6)

History of variceal hemorrhage 2 (11)
Macrovascular invasion/portal vein thrombosis 10 (56)
Anticoagulation 7 (39)
Best response 18 (100)

Complete response 0 (0)
Partial response 7 (39)
Stable disease 6 (33)
Progressive disease 1 (6)
Unknown 3 (17)

azeto/bev, atezolizumab/bevacizumab.

A

C

B

ORR-no. (%)

DCR-no. (%)

Atezo/bev n = 303
85 (28.1)

180 (59.4)

8 (2.6)

77 (25.4)

95 (31.4)

75 (24.8)

48 (15.8)

Best overall response

CR-no (%)

PR-no (%)

SD-no (%)

PD-no (%)

Missing-no (%)

Overall survival

Lenvatinib

HR (95% CI)

Atezo/bev

mOS (days)

372

301

0.78 (0.61-1.01)

p = 0.0581
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Fig. 3. Efficacy analysis of atezo/bev vs. lenvatinib in first-line therapy. (A) mOS
assessed in patients receiving either atezo/bev or lenvatinib in the first-line situ
Survival was compared using the log-rank test. Fisher’s exact test was used to
response; DCR, disease control rate; HR, hazard ratio; mOS, median overall survi
progressive disease; PR, partial response; SD, stable disease.
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majority of patients treated with lenvatinib (123/139 [88%])
started therapy before October 27, 2020, the day atezo/bev was
approved for treatment of HCC in Germany and Austria. This time
frame suggests that bias resulting from individual selection
might have minor relevance for the reported results here, as
most patients (88%) received lenvatinib before the approval of
atezo/bev. Potential reasons why we did not confirm the high
rates of variceal bleeding events after 3 months of therapy
compared with historical data may be related to greater atten-
tion paid to prophylactic management of portal hypertension in
patients treated with atezo/bev, which emerged from these
historical data.17 In this regard, we noticed that 110 of 134 pa-
tients (82%) in the atezo/bev group and 31 of 51 (62%) in
the lenvatinib group who had varices received some kind of
prophylactic therapy. Furthermore, we observed that 16 of 139
patients (12%) in the lenvatinib group had no recent esoph-
agogastroduodenoscopy (EGD) available, whereas only 22 of 325
(7%) in the atezo/bev group received therapy with unknown
variceal status. Although there was a numerical difference in the
availability of index EGDs, we postulate that these rates (12 vs.
7%), which did not reach statistical significance, should not
significantly affect the study results. However, the reported dif-
ferences in prophylactic therapy might be relevant for the
interpretation of the incidence of bleeding events observed.
Despite a statistically significant difference in prophylactic
p value
0.008

0.02

Lenvatinib n = 137
22 (16.1)

65 (47.4)

0 (0)

22 (16.1)

43 (31.4)

50 (36.5)

22 (16.1)

Progression-free survival

Lenvatinib

HR (95% CI)

Atezo/bev

mPFS (days)

233

159

0.83 (0.64-1.1)

p = 0.1864
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, (B) mPFS, and (C) best response according to local investigator evaluation were
ation. Kaplan–Meier analysis was performed to calculate the median survival.
compare response rates. atezo/bev, atezolizumab/bevacizumab; CR, complete
val; mPFS, median progression-free survival; ORR, objective response rate; PD,
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therapy for variceal bleeding in both groups, we conclude that, in
general, the bleeding rates after 3 months were not different
between both groups. Furthermore, overall bleeding events,
which should be more independent of prophylactic therapy for
portal hypertension, did not differ significantly between both
groups as well.

In our opinion, safety events need to be interpreted regarding
survival and the possibility of a therapy crossover. The
IMbrave150 trial demonstrated a significant increase in survival
under atezo/bev compared with sorafenib.10 Thereby, the
numerically higher rates of bleeding events reported there could
also be influenced by the differences in survival, which simply
provide patients with more time to experience bleeding events.
Furthermore, a change of therapy in case of progression might
bias the rates of bleeding as well. Therefore, we decided to focus
on selecting the bleeding rates that occur within the first 3
months of therapy as the primary objective of this study. This
choice aims to reduce the influence of a therapy crossover, which
usually occurs after 3 months of therapy when the first staging
scan is performed. Furthermore, this objective should not be
significantly biased by differences in survival under therapy. In
this regard, we observed an indifferent median duration of
therapy in both groups, which exceeded 12 weeks (atezo/bev
209.9 ± 193.1 days vs. lenvatinib 195.9 ± 248.4 days, not signifi-
cant). From these results, we conclude that neither a selection
bias nor a bias resulting from crossover or different durations of
therapy should be of relevance for the interpretation of the re-
sults reported here. However, the less intensive management of
portal hypertension in the lenvatinib group might result in
bleeding rates higher than those achievable with more consis-
tent screening and treatment for portal hypertension.

In a subgroup of this study, we analyzed the data of all pa-
tients who developed variceal bleeding and had received therapy
with atezo/bev. Interestingly, 12 of 18 patients had good liver
function classified as Child–Pugh A. Although more patients in
this subgroup had varices (61%) compared with the overall atezo/
bev population (41%), the same percentage received prophylactic
therapy (82%) in case of the presence of varices. Furthermore, the
majority of patients (72%) experienced disease control, defined
as PR or SD. From this pattern, it does not seem that the events of
variceal bleeding were related to tumor progression, impaired
liver function, or insufficient prophylaxis for portal hypertension.
A potential explanation could stem from the observed disease
control rates in this subgroup, as patients who respond to ther-
apy have usually longer exposure to systemic therapy. This
suggests that bleeding rates may be related to side effects from
systemic tumor therapy. However, from the low number of
events reported here (n = 18 patients with variceal bleeding) we
can only speculate about this. In addition, it is important to
underscore that the limited occurrence of variceal hemorrhage
events constrains the establishment of a robust multivariate
model.

We encourage the scientific community to pay attention in
future studies to investigate whether the incidence of bleeding
events is associated with the duration of therapy.

Furthermore, thromboembolic events were reported to be
increased in patients treated with bevacizumab. In this regard, a
meta-analysis conducted in patients receiving bevacizumab for
JHEP Reports 2024
treatment of colorectal cancer, analyzing 22 randomized
controlled trials with a sample size of 13,185 patients, reported a
relative risk for thromboembolism of 37%.34 In the present
analysis, we did not find differences in thromboembolic events
between atezo/bev and lenvatinib. It seems plausible that the
VEGF inhibition, which is mediated by both agents, may result in
equal risk rates. As most currently available systemic HCC ther-
apies target VEGF, it will be an interesting question to explore
whether there will be a difference in both side effects under anti-
VEGF free therapies such as durvalumab/tremelimumab.

Furthermore, we report a significantly higher ORR under
atezo/bev compared with lenvatinib. However, these effects did
not translate into a higher OS or PFS. In this regard, we observe a
trend toward a higher OS under atezo/bev, with an HR of 0.78
and a p value of 0.058. In our opinion, these results could indicate
that the power of the study is too low to demonstrate statistical
significance and might explain why the effect on ORR did not
translate into hard endpoints such as OS or PFS.

However, these data also need to be interpreted in the contextof
the fact that at the time of the data cut-off, there was a higher
percentage of patients who received follow-up treatment in the
lenvatinib group (52 vs. 30%). This disparitymight contribute to the
underestimation of the efficacy of atezo/bev compared with len-
vatinib. Furthermore, a response to checkpoint inhibitor therapy
may differ from the response to tyrosine kinase inhibitor therapy.
There are effects reported from long-term responses, which are
scarce but could make a fundamental difference in an individual
situation, as long-term survival is feasible in these cases.

Therefore, the reported results on efficacy should not simply
be interpreted as not having reached statistical significance;
rather, they should be weighted more differentially, as discussed
here.

The present study allowed us to investigate a large dataset
from tertiary HCC centers in Germany and Austria. We believe
that a comparison between the two first-line therapies regarding
efficacy and safety is urgently needed. Given that it is unlikely
that industry partners will conduct such a study, investigating
patient cohorts appears to be the most appropriate available
approach. A strength of our study is the examination of a pure
real-world population, which is often not adequately repre-
sented in HCC trials, as these trials typically recruit patients with
excellent liver function. We acknowledge a bias in our study
attributable to its non-randomized and non-prespecified pro-
spective data collection nature. Nevertheless, it is noteworthy
that only a minority of patients received lenvatinib after the
approval of atezo/bev. In our opinion, this observation makes the
possibility of a selection bias, which could be relevant for inter-
preting these results, less likely. We infer from this distribution
that almost all patients received atezo/bev from this point on-
ward, rendering the two groups more accurately comparable, as
both were favored in their respective times.

Therefore, we believe that our data can provide reliable evi-
dence on the safety and efficacy of both agents, acknowledging
that the nature of a retrospective study inherently harbors
limitations.

One potential limitation worth noting in this study is that
patients were exclusively recruited from tertiary centers. This
fact may restrict the generalization of the presented results.
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Taken together, we provide a large real-world comprehen-
sive analysis of bleeding rates under atezo/bev and lenvatinib
in a well-characterized cohort. Bleeding rates and thrombo-
embolic events did not differ between atezo/bev and
JHEP Reports 2024
lenvatinib. Therefore, we believe that neither the risk of
bleeding nor the risk of thromboembolic events should
solely guide the selection of therapy between atezo/bev and
lenvatinib.
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