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Differences largely driven 
by patients with impaired 
liver function

Highlights:

• Early mortality occurs in 15.8% of patients with HCC
treated with atezo/bev.

• Impaired liver function is a key predictor of early mortality.

• High CRP, reduced lymphocyte frequencies and increased
Treg activity are associated with increased mortality risk.

• Findings might help clinicians to identify patients at high
risk of early death.

Impact and implications:

Although rare in clinical trial populations, early mortality (EM) is 
a significant concern following the initiation of immune 
checkpoint inhibitors in patients with hepatocellular carcinoma 
(HCC) in real-world cohorts, highlighting the need for adequate 
risk stratification and patient selection. Using data of a large, 
European real-world cohort as well as FACS-based immuno-
phenotyping of baseline peripheral blood mononuclear cells, 
we comprehensively characterized the frequency, risk factors, 
and biomarkers associated with EM in atezo/bev-treated pa-
tients with HCC. We identified EM to represent a common 
event in patients with HCC after treatment initiation and 
demonstrated impaired liver function, elevated biomarkers of 
inflammation, and reduced lymphocyte frequencies and 
increased regulatory T cell activity to be associated with 
increased EM risk. These findings can help clinicians identify 
patients with HCC at high risk of EM, enabling adequate and 
informed decision-making regarding end-of-life care and 
palliative treatment.
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Background & Aims: Atezolizumab/bevacizumab (atezo/bev) has revolutionized the standard of care for patients with unre-
sectable hepatocellular carcinoma (HCC). However, only a subgroup of patients responds to atezo/bev and derives durable 
clinical benefit. This study aims to analyze the frequency and risk factors of early mortality (EM) in patients with HCC treated with 
atezo/bev.

Methods: This study uses data from a large, European real-world cohort and flow cytometry-based immunophenotyping of 
patient’s baseline PBMC. EM was defined as death from any cause within 90 days of treatment initiation. Logistic regression 
analysis was used to identify parameters associated with EM.

Results: A total of 317 patients with unresectable HCC treated with first-line atezo/bev were included. EM rate in the cohort was 
15.8%, with a median survival of 12.6 months. The proportion of patients with preserved liver function and BCLC stage B was 
significantly lower in the EM cohort. The strongest predictor of EM was advanced liver disease in univariate analysis, as reflected 
by surrogates of impaired liver function such as Child–Pugh score (CPS) B (p <0.0001), albumin–bilirubin grade 2/3 (p = 0.026, p 
<0.0001) or high model for end-stage liver disease score (p <0.0001). CPS B remained a significant risk factor after adjusting for 
other variables. Biomarker analysis and immunophenotyping revealed high C-reactive protein, reduced lymphocyte frequencies, 
increased CD44 expression on regulatory T cells and elevated PD-L1 levels on CD8 + T cells to be associated with EM.

Conclusions: EM rate was 15.8% in patients with HCC treated with atezo/bev. Significant risk factors for early death involved 
impaired liver function, elevated biomarkers of inflammation and alterations of systemic immunity.

© 2025 The Authors. 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/).

Introduction
Hepatocellular carcinoma (HCC) ranks among the most lethal 
cancer entities worldwide, with approximately 800,000 deaths 
in 2020. 1,2 The approval of the immune checkpoint inhibitor 
(ICI) atezolizumab in combination with the vascular endothelial 
growth factor (VEGF) inhibitor bevacizumab (atezo/bev) has 
revolutionized the treatment landscape for unresectable HCC, 
significantly improving patient outcomes as compared with the 
previous first-line standard sorafenib as demonstrated in the 
pivotal IMbrave150 trial. 3,4 However, real-world cohorts tend 
to be sicker than study populations, especially in HCC. Most 
patients have chronic liver disease and individuals treated in 
clinical practice frequently have more severe liver dysfunction 
as compared with trial participants. 5

One significant concern in this regard is early mortality (EM) 
following the initiation of immunotherapy. 6 EM is rare in clinical 
trial populations. In the IMbrave150 study, around 95% of 
patients were still alive 3 months after therapy initiation. 4 

However, because of strict eligibility criteria, these patients 
represent a highly selected cohort. Real-world data from other 
cancer entities suggests a higher incidence of EM upon ICI 
administration. In this context, a Canadian study reported 60-
day and 90-day mortality rates as high as 15% and 22% in 
various cancers, excluding HCC. 7 A similar dimension of early 
death was seen in two retrospective analyses of lung cancer 
patients, with rates reported to be 15% 8 and 13%. 9 These 
findings suggest that patients in real-world settings have a 
higher risk of EM compared with those in clinical trials. To date,
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the frequency and risk factors of early death in patients with 
HCC receiving atezo/bev have not been thoroughly investi-
gated. Understanding these factors could improve patient 
selection and monitoring, enhancing treatment safety and 
ensuring that atezo/bev is allocated to those most likely 
to benefit.

In this multicenter study, we aimed to assess the charac-
teristics of patients with HCC experiencing EM after initiation 
of atezo/bev and identify clinical characteristics, biomarkers, 
and immunophenotypes associated with early death in a large 
European real-world cohort.

Materials and methods

Patient population

This study was initiated by the IMMUreal study group. The 
objective of the IMMUreal study group is to investigate the 
efficacy of immunotherapeutic agents for the treatment of 
liver tumors. Patient data were collected from six centers in 
Germany (University Hospital LMU Munich, University Hos-
pital Würzburg, University Hospital Essen, Klinikum rechts der 
Isar TU Munich, University Hospital Magdeburg, and Univer-
sity Medical Center Mainz) and one center in Austria (Medical 
University of Vienna). All patients included in this study had a 
confirmed HCC diagnosis based on histopathological find-
ings or characteristic diagnostic imaging according to the 
European Association for the Study of the Liver (EASL) 
criteria. 10 Patients were divided into an EM cohort and a Non-
EM cohort. The main analysis was conducted using a cut-off 
of 90 days for EM vs. Non-EM. Patients with insufficient 
follow-up <90 days were excluded to prevent underestimation 
of EM rates. We chose the 90-day cut-off because it repre-
sents a well-established threshold for mortality risk in hep-
atology and was used, for example, in the development of the 
model for end-stage liver disease (MELD) score. 11 A confir-
matory subgroup analysis divided patients into EM and Non-
EM based on a 60-day cut-off, with patients with insufficient 
follow-up <60 days being excluded. The cut-off of 60-day 
mortality was chosen since it is an accepted parameter for 
evaluating the safety of systemic therapies for gastrointestinal 
cancers. 12 As patients with Child–Pugh score (CPS) C and 
Barcelona Clinic liver cancer (BCLC) D are excluded from 
current recommendations and skewed the analysis because 
of the high risk of early death, these patients were excluded. 
To analyze the impact of clinical trial eligibility criteria, pa-
tients were grouped into those meeting IMbrave150 inclusion 
criteria (IMbrave150-IN) vs. patients not meeting the 
IMbrave150 criteria (IMbrave150-OUT). Patients were classi-
fied as IMbrave150-IN, if they met the following criteria: CPS 
A, Eastern Cooperative Oncology Group (ECOG) 0–1, no 
moderate or severe ascites, no history of hepatic encepha-
lopathy (HE), no current or recent of full-dose anticoagulants 
for therapeutic purpose, no current or recent use of high-dose 
aspirin or other antiplatelets such as clopidogrel, prior vari-
ceal bleeding event within 6 months before start of atezo/bev, 
laboratory markers (albumin, bilirubin, creatinine, platelets, 
neutrophils, hemoglobin, international normalized ratio [INR]) 
within IMbrave150 eligibility criteria. 4 The study was 
approved by local authorities and conducted in accordance 
with the Declaration of Helsinki. The Strengthening the 
Reporting of Observational Studies in Epidemiology

(STROBE) checklist was used during manuscript prepara-
tion. 13 Some patient data from some centers have been used 
in other projects. 14–19

Ethics approval and consent

The study protocol was approved by the institutional review 
board (Ethics committees of the Medical Faculty of the Lud-
wig-Maximilians-Universität Munich [18-604, 20-439, 25-
0223], University Medical Center of Mainz [837.199.10], 
Julius-Maximilians-Universität Würzburg [156/21-me], Uni-
versity Hospital Essen [21-71009-BO], Medical University of 
Vienna [2033/2017 and 1759/2015], Otto-von-Guericke Uni-
versity Magdeburg [70/22], and Klinikum rechts der Isar of the 
Technical University Munich [2022-605-S-KH]). Patient 
informed consent was obtained to perform biomarker ana-
lyses (20-439).

Treatments and assessments

Patients received the following treatment regimen: atezo/bev, 
with atezolizumab being administered intravenously at a dose 
of 1,200 mg and bevacizumab at 15 mg per kg of body weight 
every 3 weeks. Monitoring of patients included clinical, lab-
oratory, and imaging evaluations, aligning with the estab-
lished standard of care per the German HCC guidelines. 20 

The assessment of tumor response was systematically con-
ducted every 8–12 weeks through computed tomography 
and/or magnetic resonance imaging. Hepatic decompensa-
tion as death cause was defined following the statement by 
D’Amico et al. 1 as new onset or worsening of ascites, variceal 
bleeding, and new onset or worsening of HE. Patients with 
pre-existing ascites were considered to have hepatic 
decompensation if ascites worsened during the observation 
period, necessitating paracentesis. Patients with pre-existing 
HE were considered to have hepatic decompensation if HE 
worsened as per Westhaven Criteria. Treatment-related 
adverse events were identified and treated following the 
guidance provided in the Summary of Product Characteristics 
and in the current guidelines, without application of pre-
defined time cut-offs. 21,22

Endpoints

The primary endpoint of this study was to investigate the 
occurrence and risk factors of EM, defined as death of any 
cause within 3 months of therapy initiation. Secondary efficacy 
endpoints included overall survival, progression-free survival, 
and response rates. Overall survival (OS) was defined as the 
time from commencement of treatment until death from any 
cause. Progression-free survival (PFS) referred to the period 
from treatment initiation to the occurrence of disease pro-
gression on radiological assessment or death from any cause. 
Patients without recorded OS or PFS events or patients who 
were lost to follow-up were censored at the date of their most 
recent contact. Radiological response was characterized as 
complete or partial response (CR/PR), stable or progressive 
disease (SD/PD) by the local investigator. Overall response 
rate (ORR) was the proportion of patients experiencing CR and 
PR, while disease control rate was defined as CR plus PR 
plus SD.

JHEP Reports, November 2025. vol. 7 | 101513 2

Early mortality in atezo/bev for HCC



PBMC isolation and FACS analysis

Peripheral blood mononuclear cells (PBMCs) obtained before 
therapy initiation in one study center (EM: n = 8, Non-EM: n = 
32) were isolated from patients’ EDTA-preserved whole blood 
by conventional Ficoll-Paque density gradient (Cytiva, 
Uppsala, Sweden) according to the manufacturer’s instruction 
and preserved in fetal calf serum (FCS)/10% DMSO at -150 ◦ C 
until analyzed. After isolation, cells were resuspended in 
cryopreservation medium consisting of 90% FCS and 10% 
DMSO, cooled down to -80 ◦ C in isopropanol-containing 
freezing containers for 1–3 days and then transferred to 
liquid nitrogen. For FACS analysis, PBMCs were thawed and 
rested in RPMI1640 medium containing 10% FCS, 1% peni-
cillin/streptomycin and 1% L-glutamine for 1 h. Before anti-
body staining, cells were treated with Human TruStain FcX 
(BioLegend, San Diego, USA). Extracellular staining was per-
formed with 1:200 dilution of antibodies and eBioscience TM 

Fixable Viability Dye eFluor TM 780 (Invitrogen, Waltham, USA). 
Upon permeabilization and fixation of cells with eBioscience TM 

Foxp3/Transcription Factor Staining Buffer Set (Invitrogen),

cells were intracellularly stained with 1:100 diluted antibodies. 
Samples were measured on a BD LSRFortessa Cell Analyzer 
(BD Biosciences, Franklin Lakes, USA) and data were analyzed 
using FlowJo 10.8.1 (BD Biosciences). Staining and isotype 
antibodies (all purchased from Biolegend) with respective an-
tigens, fluorophores and clones were used as shown in Box 1.

Statistical analysis

Statistical evaluation was conducted utilizing GraphPad Prism 
9 (GraphPad Software, San Diego, CA, USA). Patients char-
acteristics were summarized using descriptive statistical 
methods. The conformity of variables to a normal distribution 
was examined using the Shapiro–Wilk test alongside qq-plot 
inspection. Continuous data were expressed as the mean 
with standard deviation and analyzed via the t test or Mann– 
Whitney U test based on their distribution characteristics. 
Categorical data were shown as frequencies and proportions. 
The comparison of categorical variables employed Fishers 
exact test. The Kaplan–Meier method was applied to estimate 
the median OS (mOS), with the log-rank test used for com-
parison. Odds ratios (ORs) for events were determined using 
both univariate and multivariate logistic regression analyses. 
To address collinearity between some continuous variables 
(hemoglobin, platelets) and the intercept, we centered the 
variables by subtracting the mean from each value. For mul-
tiple logistic regression, we selected the five variables with the 
highest ORs from the significant univariate results, reflecting 
the strongest associations with mortality. FACS data were 
analyzed using the Mann–Whitney U test. Values of p <0.05 
were denoted as statistically significant.

Results

Baseline characteristics

A total of 317 patients with HCC treated with atezo/bev were 
included in the analysis set (Fig. 1). Demographics and HCC

Box 1. Antibodies for flow cytometry.

Antigen Fluorophore Clone

CD80 BV421 2D10
CD8 BV510 SK1
PD-L1 BV605 29E2A3
HLA-DR BV650 L243
CD19 BV711 HIB19
CD11c FITC Bu15
CD4 PerCP-Cy5.5 SK3
CD86 PE BU63
CD14 PE/Dazzle 594 HCD14
CD45RO PE-Cy7 UCHL1
CCR7 APC G043H7
CD3 AF700 OKT3
TIGIT BV421 A15153G
ICOS BV605 C398.4A
TIM-3 BV650 F38-2E2
CTLA4 BV711 BNI3
CD44 FITC C44Mab-5
FOXP3 PE 259D
LAG-3 PE/Dazzle 594 11C3C65
Granzyme B PE-Cy7 QA16A02
CD25 APC M-T271
Mouse IgG1 BV421 MOPC-21
Mouse IgG1 BV510 MOPC-21
Mouse IgG2b BV605 MOPC-11
Mouse IgG1 BV650 MOPC-21
Mouse IgG1 BV711 MOPC-21
Mouse IgG1 FITC MOPC-21
Mouse IgG1 PerCP-Cy5.5 MOPC-21
Mouse IgG1 PE MOPC-21
Mouse IgG1 PE/Dazzle 94 MOPC-21
Mouse IgG2a PE-Cy7 MOPC-173
Mouse IgG2a APC MOPC-173
Mouse IgG1 APC MOPC-21
Mouse IgG2a AF700 MOPC-173
Mouse IgG2a BV421 MOPC-173
Armenian Hamster IgG BV605 HTK888
Mouse IgG2a BV711 MOPC-173
Mouse IgG1 PE-Cy7 MOPC-21

Total cohort 
n =  334

n = 17 were excluded
•  n = 13 with Child-Pugh C* 
•  n = 16 with BCLC D*

Risk factor 
analysis set 

n = 317

Patients without
early mortality

n = 267

Patients with
early mortality

n = 50

Fig. 1. Study flow chart. *Cases can overlap. BCLC, Barcelona Clinic Liver 
Cancer Staging System.
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etiology were similar between the EM and Non-EM groups 
(Table 1). Underlying liver cirrhosis was present in the majority 
of cases (EM: n = 35/50 [70.0%] vs. Non-EM: n = 189/267

[70.8%] [p >0.99]), but liver function was notably poorer in 
patients with EM. This was evidenced by a significantly higher 
frequency of patients with CPS B (EM: n = 25/50 [50.0%] vs.

Table 1. Baseline characteristics.

EM cohort n = 50 Non-EM cohort n = 267 p value

Variable
Mean age ± standard deviation (years) 66.9 ± 11.5 67.82 ± 10.6 0.52
Female (%) 8 (16.0) 62 (23.2) 0.35
Etiology*
HBV 6 (12.0) 23 (8.6) 0.43
HCV 10 (20.0) 51 (19.1) 0.85
Alcohol-related 13 (26.0) 64 (24.0) 0.72
MASLD/MASH 5 (10.0) 56 (21.0) 0.08
Other 6 (12.0) 42 (15.7) 0.66
Unknown 13 (26.0) 48 (18.0) 0.24

Cirrhosis (%) 35 (70.0) 189 (70.8) >0.99
Child–Pugh category (%) 
A 25 (50.0) 212 (79.4) <0.001
B 25 (50.0) 46 (17.2) <0.001
Missing 0 (0) 9 (3.4) 0.36

Child–Pugh score (%) 
A5 8 (16.0) 144 (53.9) <0.001
A6 16 (32.0) 68 (25.5) 0.38
B7 11 (22.0) 28 (10.5) 0.03
B8 6 (12.0) 13 (4.9) 0.09
B9 8 (16.0) 5 (1.9) <0.001
Missing 1 (2.0) 9 (3.4) >0.99

Ascites (%) 
None 33 (66.0) 208 (77.9) 0.074
Moderate 12 (24.0) 53 (19.9) 0.56
Severe 4 (8.0) 6 (2.25) 0.056
Missing 1 (2.0) 0 (0) 0.16

Hepatic encephalopathy 
None 46 (92.0) 263 (98.5) 0.024
Mild 3 (6.0) 4 (1.5) 0.081
Severe 0 (0) 0 (0) >0.99
Missing 1 (2.0) 0 (0) 0.16

ALBI grade 
1 3 (6.0) 78 (29.2) <0.001
2 23 (46.0) 147 (55.1) 0.28
3 22 (44.0) 22 (8.2) <0.001
Missing 2 (4.0) 20 (7.5) 0.55

ECOG PS > −2 (%) † 8 (16.3) 19 (7.1) 0.048
BCLC stage (%) 
B 7 (14.0) 63 (23.6) 0.19
C 43 (86.0) 204 (76.4)

Extrahepatic spread (%) # 22 (44.9) 116 (43.4) 0.88
Macrovascular invasion (%) # 27 (55.1) 106 (39.7) 0.06
Baseline gastroscopy (%) 46 (92.0) 244 (91.4) >0.99
Gastroesophageal varices (%) 23 (46.0) 104 (39.0) 0.35
Esophageal varices grade (%) 
None 23 (46.0) 140 (52.4) 0.44
I 16 (32.0) 61 (22.8) 0.21
II 6 (12.0) 36 (13.5) >0.99
III 1 (2.0) 6 (2.2) >0.99
Missing 4 (8.0) 24 (9.0) >0.99

Prior variceal bleeding (%) 5 (10.0) 10 (3.7) 0.07
NSBB (%) 15 (30.0) 72 (27.0) 0.73
Anticoagulation (%) 19 (38.0) 78 (29.2) 0.24
Antiplatelet drugs (%) 10 (20.0) 72 (27.0) 0.38
IMbrave150-IN (%) 9 (18.0) 103 (38.6) 0.006

Continuous variables were reported as mean plus standard deviation and compared via independent samples t test or Mann–Whitney U test, depending on the presence of a 
normal distribution. Categorical variables were reported as numbers and percentages. Comparisons of categorical variables were conducted by Fisher’s exact test. A value of p 
<0.05 was considered statistically significant.
Bold font indicate significant p values.
*Several etiologies in one patient possible.
† In one patient, no data was available. BCLC, Barcelona Clinic Liver Cancer Staging System; ECOG, Eastern Cooperative Oncology Group performance status; EM, early 
mortality; HCC, hepatocellular carcinoma; IMbrave150-IN, patient meeting inclusion criteria for the IMbrave150 trial; MASH, metabolic dysfunction-associated steatohepatitis; 
MASLD, metabolic dysfunction-associated steatotic liver disease; NSBB, non-selective beta blockers.
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Non-EM: n = 46/267 [17.2%] [p <0.001]). CPS A was more 
common in patients who were Non-EM (EM: n = 25/50 [50.0%] 
vs. Non-EM: n = 212/267 [79.1%] [p <0.001]). Accordingly, 
ALBI grade 1 (EM: n = 3/50 (6.0%) vs. Non-EM: n = 78/267 
[29.2%] [p <0.001]) was more frequent in patients who were 
Non-EM, whereas ALBI grade 3 was more common in the EM 
cohort (EM: n = 22/50 [44.0%] vs. Non-EM: n = 22/267 [8.2%] 
[p <0.001]). ECOG performance status was worse in the EM
group, with an ECOG > − 2 attributed to 16.3% of patients with
EM vs. 7.1% of Non-EM (p = 0.048). In this cohort, 112 patients 
(35.3%) met IMbrave150 eligibility criteria. IMbrave150-IN 
status was significantly more common among patients who 
were Non-EM (n = 103/267 [38.6%]) as compared with patients 
with EM (n = 9/50 [18.0%], p = 0.006).

Risk factors for EM and causes of death

EM, defined as death within the first 90 days of treatment, was 
observed in 15.8% of patients (n = 50/317). At a median follow-
up of 15.5 months, the mOS and median PFS (mPFS) for the 
entire cohort were 12.6 months and 5.8 months, respectively 
(Fig. 2A and B). ORR was 29%, consisting of complete re-
sponses in nine patients (2.7%) and partial responses in 83 
(26.2%) (Fig. 2C). SD was observed in 97 patients (30.6%) and 
PD in 82 (25.9%). Disease control could be achieved in 59.6%. 
mOS in patients who were CPS A and CPS B was 17.1 months 
and 4.2 months and mPFS 6.8 months and 3.2 months, 
respectively, which is similar to patient outcomes reported in 
the Imbrave150 trial 4 and other real-world cohorts. 16,23 Pa-
tients with EM had an mOS of 1.7 months (Fig. S1) with an 
mPFS of 1.2 months (Fig. S2) and an ORR of 2% (Table S5).

The primary objective was to assess the risk factors asso-
ciated with EM in patients treated with atezo/bev (Table 2). 
Univariate regression analysis revealed that a poor perfor-
mance status with an ECOG > − 2 significantly increased the risk
of death within the first 90 days (OR 2.55, 95% CI 0.99–6.03, 
p = 0.039). Advanced cirrhosis, as evidenced by CPS B (OR 
4.61, 95% CI 2.43–8.78, p <0.0001), was strongly associated 
with an increased risk of EM. High risk for early death in pa-
tients with reduced liver function was mirrored by significantly 
increased risk in patients with severe ascites (OR 4.2, 95% CI 
1.03–15.51, p = 0.033). Whereas extrahepatic spread (OR 1.06, 
95% CI 0.57–1.96, p = 0.851) did not affect the risk of early 
death, macrovascular invasion was significantly associated 
with EM (OR 1.86, 95% CI 1.01–3.47, p = 0.047). We further 
investigated laboratory values associated with EM in patients 
with HCC who were treated with atezo/bev. Low albumin (OR 
0.14, 95% CI 0.07–0.25, p <0.0001) and high bilirubin levels 
(OR 2.06, 95% CI 1.5–2.94, p <0.0001) were significantly 
associated with increased risk of death within 90 days upon 
atezo/bev initiation. Additionally, C-reactive protein (CRP) 
levels were found to be significantly higher in patients experi-
encing EM (OR 1.13, 95% CI 1.06–1.21, p = 0.0006). 
Regarding blood count markers, increased numbers of white 
blood cells (OR 1.13, 95% CI 1.03–1.25, p = 0.012), lower 
hemoglobin (OR 0.81, 95% CI 0.7–0.94, p = 0.006) and higher 
platelets (OR 1.0, 95% CI 1.0–1.0, p = 0.006) were associated 
with EM. Alpha-fetoprotein (AFP) levels as surrogates of tumor 
aggressiveness were not linked to increased EM risk (OR 1.0, 
95% CI 1.0–1.0, p = 0.133). Scores reflecting liver function 
were significantly associated with an increased risk of early

death. Albumin–bilirubin (ALBI) score grade 2 (OR 4.07, 95% 
CI 1.36–17.52, p = 0.026) and ALBI grade 3 (OR 26.0, 95% CI 
8.1–117.3, p <0.0001) strongly increased EM risk in our patient 
cohort. CPS A6 (OR 4.24, 95% CI 1.77–10.9, p = 0.0016), CPS 
B7 (OR 7.07, 95% CI 2.63–19.82, p = 0.0001), CPS B8 (OR 
8.31, 95% CI 2.42–27.81, p = 0.0006) and CPS B9 (OR 28.8, 
95% CI 7.94–116.9, p <0.001), were substantially associated 
with early death compared to CPS A5. Higher MELD scores 
observed in patients with EM were also linked to increased EM 
risk (OR 1.14, 95% CI 1.07–1.22, p <0.0001). Patients who 
would have been excluded from the IMbrave150 trial
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(IMbrave150-OUT), had a significantly higher risk of early death 
(OR 2.86, 95% CI 1.39–6.50, p = 0.0069).

In multivariate regression analysis, reduced liver function 
parameters (CPS B: OR 3.96, 95% CI 1.95–8.01, p = 0.0001) 
and higher serum CRP (OR 1.09, 95% CI 1.01–1.18, p = 0.026) 
persisted as independent risk factors for EM (Table 3). As a 60-
day cut-off for EM was also proposed for other systemic 
therapies, 12 we additionally evaluated factors associated with 
increased risk of death within 60 days of atezo/bev initiation

(Tables S1 and S2). Poor liver function and higher serum CRP 
values continued to represent an independent risk factor for 
early death in both univariate and multivariate regression 
models. We performed additional analyses for further risk 
stratification in patients with impaired and preserved liver
function. Patients with poor performance status of ECOG > − 2
were enriched among patients with CPS B experiencing EM vs. 
patients with CPS A (Table S5). Among patients with CPS B,
multivariate regression analysis revealed ECOG > − 2, high

Table 2. Univariable analysis of risk factors for early mortality in patients treated with atezo/bev.

Variable Univariable odds ratio 95% CI p value

Age 0.99 0.97–1.02 0.578
Sex (male) 1.59 0.74–3.81 0.262
ECOG PS > −2 2.55 0.99–6.03 0.039
Liver cirrhosis 0.96 0.51–1.91 0.911
Non-viral etiology 0.72 0.38–1.43 0.341
CPS B (CPS A as reference) 4.61 2.43–8.78 <0.0001
CPS A6 (A5 as reference) 4.24 1.77–10.9 0.0016
CPS B7 (A5 as reference) 7.07 2.63–19.82 0.0001
CPS B8 (A5 as reference) 8.31 2.42–27.81 0.0006
CPS B9 (A5 as reference) 28.8 7.94–116.9 <0.0001

Ascites, moderate (no ascites as reference) 1.43 0.67–2.89 0.337
Ascites, severe (no ascites as reference) 4.2 1.03–15.51 0.033
Hepatic encephalopathy 4.29 0.82–20.06 0.062
BCLC C (A-B as reference) 1.9 0.86–4.8 0.139
Extrahepatic spread 1.06 0.57–1.96 0.851
Macrovascular invasion 1.86 1.01–3.47 0.047
Presence of GE varices 1.35 0.71–2.54 0.356
Esophageal varices grade I 1.6 0.78–3.22 0.194
Esophageal varices grade II 1.01 0.35–2.54 0.977
Esophageal varices grade III 1.01 0.05–6.32 0.99

History of variceal bleeding 2.86 0.86–8.44 0.066
Spleen size 1.09 0.98–1.22 0.108
NSBB 1.16 0.58–2.22 0.659
Anticoagulation 1.48 0.78–2.77 0.218
Antiplatelets 0.68 0.31–1.38 0.304
Albumin (g/dl) 0.14 0.07–0.25 <0.0001
Bilirubin (mg/dl) 2.06 1.5–2.94 <0.0001
ALBI Grade 2 (Grade 1 as reference) 4.07 1.36–17.52 0.026
ALBI Grade 3 (Grade 1 as reference) 26.0 8.1–117.3 <0.0001
INR 1.95 0.55–6.12 0.258
Creatinine (mg/dl) 1.26 0.82–1.98 0.243
Presence of proteinuria 0.97 0.38–2.25 0.941
CRP (mg/dl) 1.13 1.06–1.21 0.0006
AFP (ng/ml) 1.0 1.0–1.0 0.133
Leucocytes (10 9 /L) 1.13 1.03–1.25 0.012
Neutrophils (10 9 /L) 1.0 0.94–1.04 0.927
Platelets (10 9 /L) 1.0 1.0–1.0 0.006
Hemoglobin (g/L) 0.81 0.7–0.94 0.006
MELD score 1.14 1.07–1.22 <0.0001
Neutrophils to platelets ratio 1.0 0.99–1.0 0.869
IMbrave150-OUT (IMbrave150-IN as reference) 2.86 1.39–6.50 0.0069

Risk factors for early mortality in patients treated with atezo/bev. Odd’s ratio for early mortality risk was assessed by univariable logistic regression. P <0.05 was considered 
statistically significant. ALBI, Albumin–bilirubin; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; CPS, Child–Pugh score; ECOG, Eastern Cooperative Oncology 
Group Performance Status; GE varices, gastoesophageal varices; IMbrave150-OUT, patient not meeting inclusion criteria for the IMbrave150 trial; MELD, model for end-stage liver 
disease; NSBB, non-selective beta blockers.
Bold font indicate significant p values.

Table 3. Multivariable analysis of risk factors for early mortality in patients treated with atezo/bev.

Variable Multivariable odds ratio 95% CI p value

CPS B (CPS A as reference) 3.956 1.952–8.068 0.0001
Macrovascular invasion 1.411 0.7025–2.844 0.3314
ECOG PS > −2 1.452 0.4751–4.039 0.4904
Platelets (10 9 /L) 1.001 0.9983–1.004 0.4334
CRP (mg/dl) 1.090 1.010–1.181 0.0258

Risk factors for early mortality in patients treated with atezo/bev. Odd’s ratio for early mortality risk was assessed by multivariable logistic regression. p <0.05 was considered 
statistically significant. CPS, Child–Pugh score; ECOG PS, Eastern Cooperative Oncology Group Performance Status.
Bold font indicate significant p values.
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creatinine levels, and CPS B9 as independent predictors of 
early death (Tables S8 and S9). Among patients with preserved 
liver function with CPS A, ALBI grade provided a granular 
stratification of EM risk (Tables S6 and S7). ALBI grade 3 was 
strongly associated with EM in multivariate analysis (OR 12.54, 
p = 0.0123), while ALBI 2 was directionally consistent (OR 
4.382) and borderline not significant (p = 0.056). Hemoglobin 
also emerged as an independent predictor of EM in this model 
(OR 0.7957, p = 0.0488).

The main causes of early death among the 50 patients 
experiencing EM were HCC progression (n = 15, 29.4%), and 
hepatic decompensation (n = 14, 27.5%) (Fig. S3). Two pa-
tients (3.9%) died from bleeding, four (7.8%) from infection, 
three from cardiac events (5.9%), and two from other causes 
(n = 1 dermatologic event, n = 1 duodenal ulcer perforation). In 
one patient, two death causes were recorded: infection and 
HCC progression. Death cause remained unclear for 11 pa-
tients (21.6%). Two deaths were potentially related to atezoli-
zumab (n = 1 dermatologic event, n = 1 myocarditis), five to 
bevacizumab (n = 1 variceal bleeding, n = 2 other bleeding, n = 
1 cardiac event, n = 1 duodenal ulcer perforation), and one to 
both drugs (hepatic decompensation). Patients dying from 
hepatic decompensation exhibited higher frequencies of 
markers associated with impaired liver function at baseline, 
including elevated CPS, ALBI grades, a higher prevalence of 
HE, lower albumin and higher bilirubin levels (Table S3). In 
contrast, patients who died from tumor progression showed 
higher AFP values and a greater prevalence of extrahepatic 
spread. Both patients dying from hepatic decompensation and 
patients dying as a result of HCC progression showed a 
worsening of liver function parameters such as bilirubin and 
albumin. However, this was more pronounced for patients with 
hepatic decompensation as compared with those with HCC 
progression (Fig. S8). For other death causes, dynamic dete-
rioration of liver function could not be observed.

PBMC immunophenotyping

Since alterations in serum CRP levels in multivariate and the 
numbers of leukocytes in univariate analysis were significantly 
associated with EM, we aimed to comprehensively charac-
terize the frequencies and functional status of immune cells 
before atezo/bev initiation to identify potential immunological 
biomarkers of EM risk. We performed in-depth immune phe-
notyping using FACS-based analysis of baseline PBMC in 
eight patients with EM and 32 who were Non-EM. Represen-
tative gating strategies are provided in Fig. S4. Baseline 
characteristics of our translational cohort were balanced 
regarding demographics, HCC etiology, and tumor-associated 
factors, whereas liver function was poorer in patients with EM 
compared with those who were Non-EM (Table S4). We 
observed significantly decreased frequencies of lymphocytes 
among PBMC in patients with EM compared with those who 
were Non-EM (Fig. 3A). Within the lymphocytic compartment, 
there was neither a significant difference in the abundance of T 
cells or B cells, nor a significant alteration in the ratio of cluster 
of differentiation (CD)4 and CD8 T cells, respectively, between 
EM and Non-EM groups (Fig. S5A). Regarding cells assigned 
to innate immunity, there was no significant difference in the 
frequencies of monocytes and pan dendritic cells (DCs), 
whereas the frequency of CD11c + CD14 + monocyte-derived

DC (moDC) was significantly increased in the Non-EM group 
compared with the EM group (Fig. 3B). By analyzing the dif-
ferentiation status of T cells in peripheral blood, we could 
demonstrate that CD4 + effector T cells (Teff) were significantly 
more prominent in patients who were Non-EM compared with 
those with EM (Fig. 3C). Additionally, the ratio of CD4 + Teff and 
regulatory T cells (Tregs) was significantly increased in the 
Non-EM compared with the EM cohort (Fig. 3D). There was no 
significant difference in the abundance of naïve T cells (Tn), 
central-memory T cells (Tcm) or effector-memory T cells (Tem) 
in CD4 + T cells as well as no difference in T cell phenotypes of 
CD8 + T cells between EM and Non-EM groups (Fig. 3C 
and Fig. S5B).

Besides determining the frequencies of diverse cell sub-
populations, we also aimed to analyze the functional status of 
these cells in a comprehensive manner. Therefore, we stained 
T cells for the major activation markers CD25, CD44, Gran-
zyme B (GrzB) and inducible T cell co-stimulator (ICOS) as well 
as for the inhibitory markers Cytotoxic T lymphocyte associ-
ated protein 4 (CTLA-4), Lymphocyte-activation gene 3 (LAG-
3), T cell immunoreceptor with Ig and ITIM domains (TIGIT), T 
cell immunoglobulin and mucin domain-containing-3 (TIM-3) 
and Programmed death-ligand 1 (PD-L1). Overall, T cell func-
tionality appeared similar in EM and Non-EM groups, as no 
significant differences could be detected in the expression of 
CD25, GrzB, ICOS, CTLA-4, LAG-3, TIGIT and TIM-3, neither 
in CD4 + nor in CD8 + T cells (Fig. S5C and D). However, we 
observed significantly increased expression levels of the acti-
vation marker CD44 on CD4 + T cells, and the immunosup-
pressive molecule PD-L1 on CD8 + T cells of patients with EM 
compared with those with Non-EM (Fig. 3E and F). In contrast, 
CD44 expression on CD8 + T cells and PD-L1 expression on 
CD4 + T cells was comparable in EM and Non-EM groups 
(Fig. 3E and F). Additionally, we could detect increased 
expression of CD44 on CD4 + Treg in patients with EM 
compared with patients who were Non-EM (Fig. 3G). 
Regarding the functionality of antigen-presenting cells, we 
analyzed B cells, DC, moDCs, and monocytes regarding their 
expression of the co-stimulatory markers CD80, CD86 and 
Human Leukocyte Antigen – DR isotype (HLA-DR) as well as 
the co-inhibitory molecule PD-L1. No significant alterations 
could be detected in the expression of functional markers in B 
cells (Fig. S5E), DCs (Fig. S5F), moDCs (Fig. S5G) and 
monocytes (Fig. S5H). Heat maps providing an overview of the 
immunophenotypes observed within our analysis are displayed 
in Fig. S6. To address the contribution of HCC etiology to the 
immunophenotypical changes associated with EM in our 
cohort, we re-analyzed all significant changes between EM 
and Non-EM in patients with non-viral HCC (Fig. S7). Seven 
patients with EM and 23 with Non-EM remained to be analyzed 
in this subgroup. Here, lymphocyte frequency was lower for 
EM (Fig. S7A). Additionally, the frequency of moDC was also 
increased for patients with non-viral HCC who were Non-EM 
(Fig. S7B). The expression of CD44 on CD4 + T cells and 
CD4 + Treg persisted to be significantly higher in patients with 
EM compared with Non-EM in this subgroup (Fig. S7E and G). 
PD-L1 expression levels, however, on CD4 + and CD8 + T cells 
were not associated with EM in patients with non-viral 
HCC (Fig. S7F).

Furthermore, to exclude that alterations in immune cell 
composition and functional status were attributed to
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differences in liver function between patients with EM and 
Non-EM, we re-assessed all significant changes in patients 
with EM and Non-EM with preserved liver function, as evi-
denced by CPS A. From the whole biomarker analysis cohort, 
three patients with EM and 28 patients with Non-EM remained 
to be analyzed in this subgroup analysis. Here, lymphocyte 
frequency persisted to be significantly decreased in patients 
with EM compared with Non-EM (Fig. 4A). Frequencies of 
moDC and CD4 + Teff, and the CD4 + Teff/Treg ratio differed not 
statistically significantly between patients with EM and Non-
EM when we adjusted for liver function (Fig. 4B–D). Addition-
ally, differences in CD44 expression on CD4 + T cells between 
patients with EM and Non-EM also lost statistical significance 
in this subgroup analysis (Fig. 4E). However, increased CD44 
expression on Treg remained a significant biomarker of EM, 
also when adjusted to liver function (Fig. 4F). In contrast, 
increased PD-L1 expression on CD8 + T cells of patients with 
EM was not statistically significant in CPS A patients (Fig. 4G).

Discussion
This large, multicenter cohort study evidences an important 
risk for EM in patients with unresectable HCC treated with 
atezo/bev in a real-world setting. Significant risk factors for EM 
involved impaired liver function and alterations in systemic 
immunity, but not reduced performance status, age, or char-
acteristics of advanced cancer such as extrahepatic spread, 
macrovascular invasion, and elevated AFP.

This work is the first to explicitly report EM rates for pa-
tients with HCC treated with atezo/bev. The 90-day mortality 
rate was 15.8% (50/317), considerably higher than the �5% 
rate seen in the Imbrave150 trial. 4,24 Hepatic decompensation 
and HCC progression represented the main death causes in 
our cohort. In contrast, treatment-related toxicity was not 
identified as major cause of EM. The discrepancy of EM rates 
reported in our real-world study and the IMbrave150 trial 
probably reflects the stringent trial eligibility criteria, which do 
not fully represent the typical patient population in routine
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clinical practice. In this context, a large proportion of patients 
in this large, European cohort (64.7%) did not meet the 
eligibility criteria for the IMbrave150 trial, emphasizing the 
need for high-quality real-world data to bridge the gap be-
tween clinical trials and clinical practice to inform clinical 
decision-making.

The strongest predictor of 90-day mortality was advanced 
liver disease in univariate analysis, as reflected by surrogates 
of impaired liver function such as CPS B (p <0.0001), ALBI 
grade 2/3 (p = 0.026, p <0.0001), high MELD score (p <0.0001), 
high bilirubin (p <0.0001), and low albumin (p = 0.003). CPS B 
remained significant risk factors after adjusting for other vari-
ables (p = 0.0001). These factors were also significantly 
associated with the risk of death within the first 60 days of 
atezo/bev therapy (CPS B: p <0.001). Although ECOG was 
associated with EM in univariate analysis, it did not retain 
significance in the multivariate model. This suggests that the 
influence of performance status on EM is mediated by other 
factors included in the multivariate analysis, especially liver 
function and CRP and does not independently distinguish 
between EM and Non-EM.

The treatment of patients with HCC and reduced liver 
function is a daily challenge to hepato-oncologists. About one-
third of patients with HCC patients have moderate-to-severe 
liver disease. 25–28 Impaired liver function often limits the use 
of local or locoregional therapies, 29–31 and advanced tumor 
characteristics alongside organ shortage preclude many from 
liver transplantation, which represents a cure for both cancer

and cirrhosis. All currently approved systemic therapies for 
HCC were exclusively studied in patients with CPS A in the 
pivotal trials. 3 Faced with this therapeutic dilemma, palliative 
care is frequently the only option for those with advanced 
cancer and impaired liver function, yielding a median survival 
of 4 months. 32,33 The remarkable oncological efficacy of ICI-
based therapies such as atezo/bev in HCC has raised hopes 
as to whether the benefit derived from ICI could extend to 
patients with impaired liver function. Our study clearly shows 
that impaired liver function significantly increases the risk of 
dying within the first 3 months of atezo/bev treatment, with an 
OR of 3.96 for CPS B (p = 0.0001) in multivariable analysis. 
Among CPS B patients, those with CPS B9, a poor perfor-
mance status of ECOG > − 2 and high creatinine levels had a
particularly high risk of early death. These variables were not 
significant predictors of EM in individuals with CPS A, where 
ALBI grade 3 emerged as a strong predictor of early death. 
These findings emphasize the need for refined risk stratifica-
tion approaches within patients with impaired liver function.

Limited oncological outcomes in patients with CPS B 
treated with atezo/bev were shown in previous retrospective 
studies 14,16,17,23,34–36 and summarized in a recent meta-anal-
ysis. 5 mOS was 6.8 months, which is considerably lower 
compared with 19.4 months reported in the Imbrave150 
trial. 4,24 Patients with CPS B suffered from more treatment-
related toxicity with a higher rate of grade > − 3 adverse events
of 26.8% vs. 11.8% in CPS A. Our findings underscore the 
necessity of maintaining and stabilizing liver function in
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patients with HCC to reduce EM risk upon atezo/bev treat-
ment. Early transition from locoregional to systemic treatment 
could mitigate the collateral damage from repeated trans-
arterial chemoembolization or radioembolization. 10,37 Suc-
cessful management of underlying etiology in liver cirrhosis 
through sustained abstinence in alcohol-related liver diseases 
and cure or long-term suppression in chronic hepatitis B/C 
infection can lead to the resolution of hepatic decompensa-
tion. 38–41 Atezo/bev therapy can be safely administered to 
patients with active viral hepatitis, and viral clearance is not 
necessary before initiating ICI therapy in the advanced 
setting. 42,43 However, studies have shown that effective anti-
viral therapy is associated with a reduced risk of decompen-
sation in patients with HCC treated with atezo/bev, suggesting 
a protective effect. 44

Inflammatory conditions and immune dysbalance are 
frequent in cancer and can promote tumor progression, inva-
sion, metastasis, and angiogenesis. 45 In the context of HCC, 
the complex composition of the tumor immune microenviron-
ment as well as the abundance of certain immune cell subsets 
in blood and ascites have been linked to patient prognosis and 
response to immunotherapy. 46–49 Patients experiencing EM 
had a significantly higher CRP in multivariate analysis (p = 
0.026). Inflammatory cytokines such as CRP can suppress 
antitumor immunity 50 and high CRP is a predictor for worse 
oncological outcomes in patients with HCC treated with 
immunotherapy. 19 To address immune alterations mediated by 
inflammatory conditions, we performed immunophenotyping 
of baseline patients’ PBMCs, which revealed decreased fre-
quencies of lymphocytes and CD4 + Teff, reduced ratio of CD4 + 

Teff to Treg, and increased expression of the activation marker 
CD44 on particularly Treg to be significantly associated with 
EM. Subgroup analysis in patients with preserved liver function 
revealed that these differences were largely driven by poor liver 
function. Interestingly, these differences are also associated 
with decreased antitumor response of ICI therapy. In this 
context, lower numbers of peripheral blood lymphocytes have 
been associated with poor outcomes in cancer patients 
treated with immune checkpoint inhibitors. 51–53 Additionally, 
regarding Treg, increased CD44 expression has been attrib-
uted to enhanced suppressive functionality and persis-
tence. 54,55 Although the frequency of intratumoral and 
peripheral Treg has already been linked to patient prognosis, 
the impact of Treg functionality on the prognosis of patients 
during checkpoint-inhibitor therapy is not well understood to

date. However, high CD44 Treg expression representing a 
highly immunosuppressive Treg phenotype might also repre-
sent a detrimental factor for checkpoint-inhibitor response. 
Additionally, we observed enhanced expression of the immu-
nosuppressive molecule PD-L1 on CD8 + T cells of patients 
with EM, which has also been linked suppressive function of 
CD8 + T cells, and to resistance to checkpoint inhibitors. 56,57 

Altogether, we conclude that outcomes for patients with HCC 
with impaired liver function may be constrained both by (1) 
their increased independent risk of early death due to hepatic 
decompensation, and (2) an immune profile less capable of 
mounting a robust anticancer response upon ICI therapy.

This study has limitations. Because of its retrospective na-
ture, some clinical and laboratory parameters were missing in 
small subsets of patients (Table 1). Second, patients were 
recruited from tertiary hospitals with high expertise in the 
management of HCC, which might underestimate the rate of 
EM. Nevertheless, the extensive sample size of this study 
allowed for a thorough multivariable regression analysis to 
identify clinical and biochemical EM risk factors. Third, the 
subgroup analysis of immunophenotyping in patients with 
preserved liver function had a limited sample size with three 
patients experiencing EM. Larger studies are needed to 
investigate the influence of circulating PBMCs on mortality in 
patients with preserved liver function. Fourth, classification of 
death causes was done without autopsy based on the avail-
able clinical, laboratory, and imaging data, which might have 
led to misclassifications.

In summary, this large multicenter study is the first to draw 
attention to early death as a significant and frequent outcome 
for patients treated with atezo/bev in the real world. The 
identified risk factors can help clinicians identify patients at 
high risk of EM, enabling timely and informed decision-making 
regarding end-of-life care and palliative treatment. Addressing 
these issues proactively is a fundamental responsibility of the 
treating physician.

Conclusions

EM is frequent in patients with HCC treated with atezo/bev. 
Significant risk factors for dying early involved impaired liver 
function, elevated biomarkers of inflammation, and alterations 
of systemic immunity, but not reduced performance status, 
age, or characteristics of advanced cancer such as extrahe-
patic spread, macrovascular invasion, or elevated AFP.
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