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Abstract

Background Atezolizumab plus bevacizumab (Atezo/Bev) is first line-treatment for unresectable hepatocellular carcinoma
(HCC). Body mass index (BMI) has demonstrated predictive value for response to immunotherapy in non-HCC cancer
types. Our study investigated the effect of BMI on safety and efficacy of real-life use of Atezo/Bev for unresectable HCC.
Methods 191 consecutive patients from seven centres receiving Atezo/Bev were included in the retrospective study. Over-
all survival (OS), progression-free survival (PFS), overall response rate (ORR) and disease control rate (DCR) defined by
RECIST v1.1 were measured in overweight (BMI > 25) and non-overweight (BMI < 25) patients. Treatment-related adverse
events (trAEs) were evaluated.

Results Patients in the overweight cohort (n =94) had higher rates of non-alcoholic fatty liver disease (NAFLD) and lower
rates of Hepatitis B compared to non-overweight cohort (n=97). Baseline Child—Pugh class and Barcelona Clinic Liver
Cancer stage were similar between cohorts, with lower rates of extrahepatic spread in the overweight group. Overweight
patients had similar OS compared to non-overweight (median OS 15.1 vs. 14.9 months; p=0.99). BMI did not influence
median PFS (7.1 vs. 6.1 months; p=0.42), ORR (27.2% vs. 22.0%; p=0.44) and DCR (74.1% vs. 71.9%; p=0.46). There
were higher rates of atezolizumab-related fatigue (22.3% vs. 10.3%; p=0.02) and bevacizumab-related thrombosis (8.5%
vs. 2.1%; p=0.045) in the overweight patients, but overall trAEs and treatment discontinuation were comparable between
cohorts.

Conclusion Atezo/Bev has comparable efficacy in overweight HCC patients, with an increase in treatment-related fatigue
and thrombosis. Combination therapy is safe and efficacious to use in overweight patients, including those with underlying
NAFLD.

Keywords Immunotherapy - Anti-programmed death-ligand - Anti-vascular endothelial growth factor - Checkpoint
inhibitor - Obesity - Cirrhosis - Overall survival - Progression-free survival - Overweight - Non-alcoholic fatty liver disease

Abbreviations PFS Progression-free survival
HCC Hepatocellular carcinoma HR Hazard ratio
PD-L1 Programmed death ligand 1 CI Confidence interval
VEGF Vascular endothelial growth factor STRIDE Single tremelimumab regular interval
Atezo/Bev  Atezolizumab and bevacizumab durvalumab
(0N} Overall survival BMI Body mass index
TACE Trans-arterial chemoembolization

NSCLC Non-small cell lung cancer
AASLD American Association for the Study of Liver
Diseases
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BCLC Barcelona clinic liver cancer

SmPC Summary of product characteristics

CR Complete response

PR Partial response

SD Stable disease

trAE Treatment-related adverse event

CTCAE Common terminology criteria for adverse
events

MVI Macrovascular invasion

AFP Alpha-fetoprotein

NAFLD Non-alcoholic fatty liver disease

Background

Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide, and the fourth leading cause of cancer-
related mortality [1]. The mainstay of advanced, unresect-
able HCC has been systemic therapy; previously sorafenib
[2] and most recently lenvatinib [3]. However, the advent
of immunotherapy has transformed the treatment landscape
of advanced unresectable HCC [4]. Atezolizumab, an anti-
programmed death-ligand (PD-L1) monoclonal antibody,
and bevacizumab, an anti-vascular endothelial growth fac-
tor (VEGF) monoclonal antibody, have been used in com-
bination for unresectable HCC. The IMbravel50 study
demonstrated atezolizumab and bevacizumab (Atezo/Bev)
combination therapy superiority over sorafenib for overall
survival (OS) and progression-free survival (PES) [5, 6].
Combination therapy extended median OS to 19.2 vs 13.4
months (hazard ratio (HR) 0.66, 95% confidence interval
(CI) 0.52-0.85) and median PFS to 6.9 vs 4.3 months (HR
0.65, 95% CI 0.53-0.81) compared with sorafenib. In view
of these findings Atezo/Bev now represents a first-line treat-
ment option, along with single tremelimumab regular inter-
val durvalumab (STRIDE) [7], for unresectable HCC [8].

Elevated body mass index (BMI) is an established risk
factor for development HCC [9, 10]. However, the role of
BMI in predicting HCC survival is less clear. Retrospective
studies have varied in demonstrating increased BMI (over-
weight or obese defined as BMI > 25) is associated with
reduced [11-14], increased [15] or no change [16, 17] in
OS in HCC patients undergoing treatments including surgi-
cal resection, trans-arterial chemoembolisation (TACE) and
systemic therapy.

The effect of BMI on immunotherapy has been evalu-
ated in multiple cancer sites. Overweight/obese patients
receiving immune checkpoint inhibition have favourable
OS and PFS across multiple cancer sites [18, 19] including
melanoma [20], renal cell carcinoma [18, 19] and non-small
cell lung cancer [21] (NSCLC); the largest study being in
1434 patients with NSCLC demonstrating a survival ben-
efit of atezolizumab in overweight/obese individuals [21].

The effect of BMI on bevacizumab response has similarly
been evaluated in multiple cancer types, with positive [22],
negative [23] and no associations [24] seen across multiple
cancer sites. The association of BMI with immunotherapy
in HCC is less well studied, with a single study demon-
strating that BMI > 25 is associated with improved OS in
patients receiving PD-1 antibody-based regimens (17.5 vs.
5.0 months; p=0.034). No difference in PFS was observed
(2.7 vs. 2.9 months; p=0.74) [25]. In this study, over 70%
of patients had previous systemic treatment, and the effects
of BMI on treatment-naive patients receiving combination
immunotherapy is not known.

To-date no study has evaluated the association of BMI
on efficacy and safety outcomes of atezolizumab plus beva-
cizumab used for the first-line treatment of HCC in routine
clinical practice. We conducted a retrospective analysis of
patients receiving atezolizumab plus bevacizumab for unre-
sectable HCC across seven tertiary centres, evaluating the
effect of BMI on efficacy and safety.

Methods and materials
Study participants and design

Patients previously undergoing systemic therapy, including
oral multikinase inhibitors and immune checkpoint inhibi-
tors, were excluded from the study. Consecutive patients
with unresectable HCC receiving atezolizumab plus beva-
cizumab across eight tertiary centres in Germany (n=30),
Japan (n=51), Austria (n=12), United Kingdom (n=15),
Italy (n=12), Taiwan (n=11) and United States of Amer-
ica (n=060) were recruited in the study. Inclusion criteria
included the following : age at least 18 years old; histologi-
cal or radiological diagnosis of HCC in accordance with
the American Association for the Study of Liver Diseases
(AASLD) criteria [26]; diagnosis of advanced disease as per
Barcelona Clinic Liver Cancer (BCLC) criteria [27]—BCLC
C or BCLC B not amenable to locoregional therapy.

Treatment protocol

Combination atezolizumab plus bevacizumab were admin-
istered according to the IMbrave150 protocol [5]: atezoli-
zumab 1200 mg and bevacizumab 15 mg/kg intravenously
every 3 weeks. Toxicity management and dose modifications
were managed by local institutions as per summary of prod-
uct characteristics (SmPC). Treatment was continued until
disease progression or unacceptable toxicity as per local
multidisciplinary assessment.
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Patient outcomes

Patients’ baseline demographics were collected retrospec-
tively, and clinical outcomes were prospectively maintained
at each participating site. Radiological response following
atezolizumab plus bevacizumab therapy was assessed as
per RECIST criteria v1.1 [28] on CT or MRI performed at
9-12 week intervals. Overall response rate was defined as all
patients having complete response (CR) or partial response
(PR). Disease control rate included all patients with CR, PR
and stable disease (SD).Treatment-related adverse effects
(trAEs) were assessed at every point of patient contact and
graded as per the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE) v. 5.0 [29].
Atezolizumab-related and bevacizumab-related adverse
events were defined by the treating physician at each treat-
ment centre as per the SmPC for each drug.

Statistical analysis

For BMI analysis, patients were divided into two cohorts.
BMI was defined as height (in metres) divided by weight
squared (in kilograms). Patients were divided into those with
a BMI of 25 or greater (overweight) and those with a BMI
less than 25 (non-overweight). Baseline characteristics were
compared within the divided BMI (overweight vs. non-over-
weight). y* test was used to compare categorical data, and
unpaired student 7 test for continuous data. Treatment-related
adverse events and ORR/DCR were compared between BMI
cohorts using y” test. The distribution of BMI with patient
characteristics were determined using Pearson’s correlation
coefficient for continuous variables and unpaired student ¢
tests for categorical variables.

Time-to-event analysis was performed using
Kaplan—Meier method. OS was defined as the time in
months from the date of first administration of atezolizumab
plus bevacizumab to date of death or last follow-up. PFS was
defined as time in months from the date of first treatment to
date of death or date of progression on radiological imag-
ing. OS and PFS were compared between overweight and
non-overweight cohorts using log-rank. A p value of less
than 0.05 was defined as statistically significant. Univari-
ate and multivariate Cox regression models for overweight/
non-overweight cohorts and established prognostic factors
were conducted for OS and PFS. BCLC stage (C vs. A or
B), Child-Turcotte-Pugh class (B vs. A), tumour size (7 cm
vs. <7 cm), macrovascular invasion (MVI), metastatic dis-
ease and alpha-fetoprotein (AFP) (> 400 ng/dL vs. <400 ng/
dL) are all prognostic factors previously shown to correlate
with HCC survival [30] and were included in Cox regres-
sion models. We conducted further analysis assessing the
impact of different BMI classes on patient survival. BMI
classes were defined as underweight (BMI < 18.5), normal
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(18.5 <BMI < 25), overweight (25 <BMI < 30) and obese
(BMI > 30). Kaplan—Meier analysis and Cox regression
models were performed for the different BMI classes.

Results
Baseline characteristics

191 patients received atezolizumab plus bevacizumab con-
secutively across eight tertiary referral centres. The base-
line characteristics of patients are shown in Table 1. Viral
hepatitis was the leading cause of chronic liver disease, with
23.0% of patients with Child-Turcotte-Pugh class B. Prior to
immunotherapy, 60.1% of patients were BCLC stage C and
37.7% of patients had extra-hepatic disease. Correlation of
BMI with patient characteristics is shown in Supplemen-
tary Fig. 1. Mean BMI was significantly elevated in patients
with underlying non-alcoholic fatty liver disease (NAFLD)
(28.7 vs. 25.3; p=0.001). Patients with viral hepatitis had
a lower BMI (24.9 vs. 26.7; p=0.01). Ninety-four patients
(49.2%) had a BMI of 25 or greater. Average BMI was
29.6+3.4vs.21.9+2.2 (p<0.0001) in the overweight group
compared to the non-overweight group. In the overweight
group 43 (45.7%) patients were obese. A higher proportion
of NAFLD was present in the overweight patients (19.2%
vs. 7.2%; p=0.01), with lower rates of chronic hepatitis B
seen (12.8% vs. 25.8%; p=0.02). There was a lower rate
of extrahepatic disease in the overweight cohort (29.8% vs.
45.4%; p=0.03) and a higher rate of macrovascular invasion
in the overweight group compared to the non-overweight
group (4.3% vs. 5.4%; p=0.05). A lower proportion of
overweight patients had a previous resection (14.9% vs.
30.9%; p=0.02), with other previous treatments comparable
between the two groups.

Efficacy

Median overall survival for the entire cohort was
14.9 months (95% CI 13.6-23.9 months). Seventy-
four patients died during the study observation period.
Median progression-free survival was 6.7 months (95% CI
4.9-7.9 months). Overweight patients had a similar survival
compared to non-overweight patients (median OS: 15.1 vs.
14.9 months; p=0.99) (Fig. 1). Similarly, median PFS was
comparable between the overweight and non-overweight
cohorts (median PFS: 7.1 vs. 6.1 months; p =0.42) (Fig. 2).
Overweight BMI did not impact overall survival in univari-
ate (HR 1.00, 95% CI 0.60-1.64); p =0.98) and multivariate
(HR 0.72, 95% CI 0.42—-1.23); p=0.23) analysis (Table 2).
Similarly, no effect was observed for progression-free sur-
vival (HR 0.70, 95% C1 0.41-1.20; p=0.20) (Table 3).
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Table 1 Baseline characteristics of study population stratified by BMI

All patients (n=191) BMI<25 (n=97) BMI 25+ (n=94) p value
Centre
Germany 30 (15.7) 12 (12.4) 18 (19.2) 0.06
Austria 121 (6.3) 3(@3.1) 9(9.6)
United Kingdom 15(7.9) 6(6.2) 9(9.6)
Italy 12 (6.3) 6(6.2) 6 (6.4)
United States of America 60 (31.4) 29 (29.9) 31 (33.0)
Japan 51 (26.7) 35 (36.1) 16 (17.0)
Taiwan 11(5.8) 6(6.2) 5(5.3)
Median Age IQR) 68.4 (61.8-75.2) 68.2 (60.4-75.2) 69.3 (62.2-75.0) 0.76
Male Sex 161 (84.3) 83 (85.6) 78 (83.0) 0.78
Risk factors for chronic liver disease
Non-alcoholic fatty liver disease 25 (13.1) 7(7.2) 18 (19.2) 0.01
Alcohol related 73 (38.2) 36 (37.1) 37(39.4) 0.75
Hepatitis B infection 37 (19.4) 25 (25.8) 12 (12.8) 0.02
Hepatitis C infection 72 (37.7) 40 (41.2) 32 (34.0) 0.31
Other 12 (8.6) 6(9.7) 6 (7.7) 0.68
Child-Turcotte-Pugh class
A 147 (77.0) 77 (79.4) 70 (74.5) 0.42
B 44 (23.0) 20 (20.6) 24 (25.5)
Varices present 39 (20.4) 15 (15.5) 24 (25.5) 0.08
Maximum tumor diameter (cm) 6.8 (4.9) 6.8 (5.4) 6.9 (4.3) 0.92
Macrovascular invasion (MVI) 78 (40.8) 33 (34.0) 45 (47.9) 0.05
AFP (ng/dL)
<400 126 (66.0) 68 (66.0) 58 (61.7) 0.22
>400 65 (34.0) 33 (34.0) 36 (38.3)
Extrahepatic spread (EHS) 72 (37.7) 44 (45.4) 28 (29.8) 0.03
ECOG-PS
0 119 (63.0) 64 (66.7) 55 (59.1) 0.09
1 64 (33.9) 27 (28.1) 37 (39.8)
2 6(3.2) 5(5.2) 1(1.1)
Barcelona clinic liver cancer stage
A 7(3.7) 4(4.2) 3(3.3) 0.24
B 68 (36.2) 40 (41.7) 28 (30.4)
C 113 (60.1) 52 (54.2) 61 (66.3)
Previous locoregional treatment
Resection 44 (23.0) 30 (30.9) 14 (14.9) 0.02
Radiofrequency ablation 38 (19.9) 20 (20.6) 18 (19.2) 0.80
Transarterial chemoembolization 57 (29.8) 31(32.0) 26 (27.7) 0.52
Y90 21 (11.0) 7(7.2) 14 (14.9) 0.09
External Beam Radiotherapy 6 (3.1 44.1) 22.1) 0.43

n (%) for discrete variables; mean =+ standard deviation for continuous variables

AFP alpha-fetoprotein, ECOG-PS Eastern cooperative oncology group performance status

Treatment response using the RECIST criteria was
available in 163 patients. ORR and DCR for the entire
cohort were 24.5% and 73.0%, respectively (Supplemen-
tary Table 1). Progressive disease was present in 27.0%
of patients. Overweight patients had similar ORR (27.2%

vs. 22.0%; p=0.44) and DCR (74.1% vs. 71.9%; p=0.76)
compared to non-overweight patients.

We further assessed the impact of different BMI classes
on survival after therapy. Baseline characteristics were com-
parable between the classes (Supplementary Table 2). There
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Fig. 1 Kaplan—Meier curve showing overall survival (months) for
overweight (BMI >25) and non-overweight (BMI <25) patients with
unresectable hepatocellular carcinoma patients after atezolizumab
plus bevacizumab administration
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Fig.2 Kaplan-Meier curve showing progression-free survival
(months) for overweight (BMI>25) and non-overweight (BMI <25)
patients with unresectable hepatocellular carcinoma patients after ate-
zolizumab plus bevacizumab administration

was no difference in median OS (underweight 11.4 vs. nor-
mal 18.8 vs. overweight 19.2 vs. obese 11.5; p=0.67) and
PFS (underweight 7.4 vs. normal 7.4 vs. overweight 9.9 vs.
obese 8.7; p=0.83) between BMI classes (Supplementary
Figs. 2 and 3). There was no impact of BMI class on survival
in univariate and multivariate Cox regression models (Sup-
plementary Tables 3 and 4).

The difference in rates of MVI and extrahepatic spread
observed in the overweight and non-overweight groups may
impact survival outcomes. We conducted subgroup analy-
sis assessing survival in overweight and non-overweight
patients without MVI or extrahepatic spread. Overweight
and non-overweight patients had comparable OS (median
OS 23.8 vs. 14.9 months; p=0.26) and PFS (median PFS
20.7 vs. 14.2 months; p=0.27). Similarly, overweight BMI
did not impact OS or PFES in patients with MVI and/or extra-
hepatic spread.

Safety

In total, 127 patients experienced treatment-related adverse
events. Similar number of patients experienced atezoli-
zumab-related (43.5%) and bevacizumab-related (43.5%)
adverse events (Table 4). Thirty-nine patients (20.4%)
experience at least one grade 3 or greater adverse event.
Twelve patients (6.3%) discontinued combination therapy
due to treatment-related adverse events. Atezolizumab-
related fatigue was higher in the overweight group compared
to the non-overweight group (22.3% vs. 10.3%; p=0.02).
Atezolizumab-related thyroid dysfunction was lower in the
overweight group compared to the non-overweight group
(1.1% vs. 8.3%; p=0.02). Bevacizumab-related thrombosis
was higher in overweight patients (8.5% vs. 2.1%; p=0.045).
However, trAEs requiring drug discontinuation were similar
between the two cohorts (7.4% vs. 5.2%; p=0.51). When
reviewing BMI class, atezolizumab-related thyroid dys-
function was significantly higher in underweight (20.0%)
and normal BMI (6.9%) patients compared to overweight
and obese patients (Supplementary Table 5). Rates of

Table 2 Effects of BMI and
prognostic factors on overall

Univariate models

Multivariable models

survival after atezolizumab and Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

bevacizumab in univariate and

multivariate Cox regression BMI 25+ 1.00 (0.60-1.64) 0.98 0.72 (0.42-1.23) 0.23

models BCLC stage (C vs A or B) 1.50 (0.89-2.52) 0.13 1.06 (0.57-1.97) 0.85
CTP class (B vs A) 3.01 (1.77-5.13) <0.001 2.44 (1.35-4.42) 0.003
Tumour size>7 cm 1.30 (0.77-2.20) 0.32 1.04 (0.61-1.78) 0.89
MVI 2.51 (1.15-4.18) <0.001 1.87 (0.99-3.55) 0.05
Metastatic disease 0.80 (0.47-1.36) 0.41 0.88 (0.49-1.57) 0.66
AFP > 400 ng/dL 1.32 (0.79-2.19) 0.29 1.21 (0.71-2.05) 0.49

95% CI 95% confidence interval, BCLC Barcelona clinic liver cancer, CTP Child-Turcotte-Pugh, MVI Mac-
rovascular invasion, AFP alpha-fetoprotein
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Table 3 Effe.cts of BMI Univariate models Multivariable models

and prognostic factors on

progression-free survival after Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

atezolizumab and bevacizumab

in univariate and multivariate BMI 25+ 0.90 (0.55-1.49) 0.69 0.70 (0.41-1.20) 0.20

Cox regression models BCLC stage (C vs A or B) 1.56 (0.92-2.64) 0.10 1.03 (0.54-1.94) 0.94
CTP class (B vs A) 2.29 (1.35-3.87) 0.002 1.88 (1.04-3.40) 0.04
Tumour size>7 cm 1.28 (0.76-2.15) 0.36 1.04 (0.61-1.79) 0.88
MVI 2.30 (1.38-3.82) 0.001 1.92 (0.99-3.73) 0.06
Metastatic disease 1.03 (0.60-1.75) 0.92 1.11 (0.62-1.98) 0.74
AFP > 400 ng/dL 1.35 (0.81-2.26) 0.24 1.19 (0.69-2.04) 0.53

95% CI 95% confidence interval, BCLC Barcelona clinic liver cancer, CTP Child-Turcotte-Pugh, MVI Mac-
rovascular invasion, AFP alpha-fetoprotein

Table 4 Atezolizumab and

. All patients (n=191) BMI<25 (n=97) BMI 25+ (n=94) p value
bevacizumab treatment-related
adverse events stratified by BMI  Apy grade trAEs 127 (66.5) 62 (63.9) 65 (69.2) 0.44

Grade > 3% trAEs 39 (20.4) 21 (21.7) 18 (19.2) 0.67
Atezolizumab-related 15(7.9) 11 (11.3) 4 (4.3) 0.07
Bevacizumab-related 26 (13.6) 12 (12.4) 14 (14.9) 0.61

trAEs requiring drug 12 (6.3) 5(.2) 7(7.4) 0.51
discontinuation

Atezolizumab trAEs
Overall 83 (43.5) 42 (43.3) 41 (43.6) 0.96
Fatigue 31 (16.2) 10 (10.3) 21 (22.3) 0.02
Hepatotoxicity 28 (14.7) 16 (16.5) 12 (12.8) 0.47
Skin toxicity 9@4.7) 3.1 6 (6.4) 0.28
Colitis 24 (12.6) 12 (12.4) 12 (12.8) 0.93
Thyroid dysfunction 94.7) 8(8.3) 1(1.1) 0.02
Pneumonitis 4(2.1) 1(1.0) 3(3.2) 0.30

Bevacizumab trAEs
Overall 83 (43.5) 40 (41.2) 43 (45.7) 0.53
Bleeding 20 (10.5) 10 (10.3) 10 (10.6) 0.94
Hypertension 44 (23.0) 23 (23.7) 21 (22.3) 0.82
Proteinuria 38 (19.9) 23 (23.7) 15 (16.0) 0.18
Thrombosis 10(5.2) 2(2.1) 8 (8.5) 0.045

4graded as per the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE)

trAE treatment-related adverse event

bevacizumab-related thrombosis were significantly higher
in obese patients (14.0%).

Discussion

This multi-centre study is the first to evaluate the effect
of BMI on treatment efficacy and safety of Atezo/Bev
for advanced/unresectable HCC. We show a BMI of 25
and above is associated with similar OS and PFS com-
pared to patients with normal or underweight BMI. We
observe higher rates of atezolizumab-related fatigue

and bevacizumab-related thrombosis in overweight
patients, without an increase in overall trAEs or treatment
discontinuation.

Studies evaluating the effect of BMI on HCC survival
have demonstrated varied results. Elevated BMI does not
influence survival in patients undergoing curative resection
[16, 17] and TACE [15]. In contrast, a positive association
between BMI and survival for patients undergoing systemic
chemotherapy has been reported [14, 31]. Secondary analy-
sis of a phase III study demonstrated a BMI 25 or above was
associated with an increased OS but not PFS in 544 patients
receiving sorafenib for unresectable HCC [14]. These find-
ings were replicated in a Japanese cohort of 234 patients
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receiving sorafenib [31]. However, there is a paucity of stud-
ies investigating the impact of BMI on outcomes secondary
to immunotherapy in HCC. In a large meta-analysis of 4900
patients from 16 studies that investigated the prognostic role
of BMI in patients receiving immunotherapy for different
cancer sites (not including HCC) [18], overweight/obese
patients showed reduced mortality compared to normal/
underweight BMI patients in advanced melanoma (HR 0.69;
95% CI 0.51-0.95), NSCLC (HR 0.82; 95% CI 0.66-1.01)
but not renal cell or other cancer types. High BMI was asso-
ciated with improved PFS across all cancer types (HR 0.87;
95% CI1 0.48-0.95), though not replicated in single cancer-
site analysis. The authors reported that adverse events,
assessed from four studies, were higher in the overweight/
obese cohort. A retrospective study specifically evaluating
anti-PD-1/PD-L1 in NSCLC, melanoma and renal cell car-
cinoma patients also showed OS, PFS and ORR were sig-
nificantly longer in overweight/obese patients [19]. We did
not observe this increased survival overweight patients with
HCC. There may be several reasons for this observation. In
the meta-analysis, only 35 (3.6%) patients underwent PD-L1
inhibition with atezolizumab, with over 96% of patients
receiving PD-1 inhibitors nivolumab and pembrolizumab.
Inter-class variation in efficacy of immunotherapy agents has
been previously reported [32], and elevated BMI may affect
anti-PD-1 and anti-PD-L1 response differentially. Addition-
ally, we observed higher rates of NAFLD in patients with
the overweight cohort. Previous studies have demonstrated
a lack of efficacy of immunotherapy in patients with non-
viral HCC [6, 33, 34]. This may be due to aberrant T-cell
activation within hepatic tissue impairing immune response
to checkpoint inhibition [33]. Therefore, underlying NAFLD
and changes in the hepatic tissue immune environment in
overweight HCC patients may attenuate the survival benefit
from immunotherapy observed in other cancer sites.

Only a single previous study has evaluated effect of BMI
on response to immunotherapy in unresectable HCC [25].
The effect of BMI and sarcopenia was investigated in 57
patients receiving anti-PD-1 antibody combination therapy
in a single centre. Median OS was significantly longer in the
BMI >25 group compared to BMI <25 (17.5 vs. 5.0 months;
p=0.034), with similar PFS (2.7 vs. 2.9 months). The
author’s observed sarcopenia was associated with a non-sig-
nificant reduced OS (5.0 vs. 14.3 months; p =0.054), which
may correlate with lower BMI. The majority of patients in
this study had received previous lines of systemic therapy,
and 41% had a PS of 2-3, factors which may have adversely
impacted on both BMI and sarcopenia, as it is likely that
patients with poor PS will have a degree of cachexia [35].
Furthermore, no information is given by the authors regard-
ing the type of immunotherapy administered. We did not
observe a correlation between BMI and either OS or PFS
in our larger cohort of patients receiving first-line treatment
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with anti-PD-L1 antibody and anti-VEGF therapy. The dif-
ferences observed between the studies may be attributed to
mechanistic differences of pharmacotherapy and differences
in patient demographics as described.

Underlying NAFLD is highly represented in our cohort
of patients with elevated BMI. This is expected as elevated
BMI is associated with NAFLD as part of the metabolic
syndrome spectrum [36]. The efficacy of immunotherapy in
patients with NAFLD remains debated. A subgroup analy-
sis of IMbrave150 showed no survival benefit with Atezo/
Bev compared to sorafenib in patients with non-viral HCC
[6]. This lack of efficacy of immunotherapy in non-viral
related HCC was further demonstrated in two meta-anal-
yses [33, 34]. However, these studies did not distinguish
between alcohol-related and NAFLD-related HCC. We
observe a higher rate of NAFLD-related HCC in our over-
weight cohort, with no difference in survival compared to
the non-overweight group. These results suggest Atezo/
Bev is efficacious in NAFLD patients, but further prospec-
tive study is needed. We found a higher rate of macrovas-
cular invasion with overweight patients, which has been
shown to be associated with NAFLD [37] as have larger
sized tumors [38]. The higher rates of MVI in overweight
patients may arise due to the effect of adipose tissue on the
tumors microenvironment. Increased adipose tissue is asso-
ciated with higher rates of hypoxia, causing release of pro-
inflammatory cytokines including monocyte chemoattractant
protein-1, interleukin-1p and tumors necrosis factor-o [34,
35]. Higher levels of Interleukin-6 are seen in obesity, with
increased secretion from hepatic stellate cells and Kupffer
cells within the liver [41]. Cytokine release drives chronic
inflammation through macrophage and lymphocyte infil-
tration [42], promoting angiogenesis and alterations in the
extracellular matrix leading to tumors growth [43]. In liver
tissue, excessive saturated fatty acids can result in alterations
in glucose metabolism and production of reactive oxidative
species leading to progression of hepatocellular carcinoma
[44, 45]. Diabetes mellitus is associated with higher rates
of MVI in HCC patients [46], consistent with our observa-
tions with overweight and NAFLD patients, as part of the
metabolic syndrome spectrum. Though the higher rates of
MVI in the elevated BMI cohort did impact survival after
immunotherapy, it may have implications for other treat-
ments in overweight patients, including curative therapy
such as hepatectomy and liver transplantation.

The impact of BMI on the safety of immunotherapy
in patients has been evaluated. Cortellini et al., showed
higher BMI was associated with higher rates of trAEs and
subsequent treatment discontinuation in a cohort of 1070
patients receiving PD-1/PD-L1 inhibition for multiple pri-
mary cancer sites [47]. The authors observed BMI as an
independent predictor for trAE in multivariate analysis.
The authors speculate the higher rate of trAEs observed
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with higher efficacy may represent an immunogenic phe-
notype observed in higher BMI patients [48]. Similarly,
higher BMI was associated with increase in overall trAEs
in a meta-analysis of 4090 patients across multiple cancer
sites receiving immunotherapy [18]. In our study, we did
not report an overall increase in overall trAEs in overweight
patients. We observed higher rates of atezolizumab-related
fatigue and bevacizumab-related thrombosis in the over-
weight cohort. The mechanism for bevacizumab-related
thrombosis is unclear, though may be mediated by increased
vascular damage and inflammation [49]. Elevated BMI is
an established risk factor for thrombosis through promo-
tion of chronic inflammation and impaired fibrinolysis [50].
This is consistent with the higher rates of macrovascular
invasion, encompassing portal vein thrombosis, observed
in our overweight cohort. Sparks et al., observed BMI did
not impact on rates of thrombosis in colorectal, ovarian,
lung and gliblastoma multiforme cancer patients receiving
bevacizumab [51]. The higher rates of thrombosis observed
in our overweight cohort of HCC patients may be due to
underlying liver dysfunction. Patients with cirrhosis are at
increased risk of both bleeding and thrombosis [52], due
to the liver’s role in synthesising both anticoagulant and
coagulant factors. Obesity is an independent risk factor for
thrombosis in pre-transplant cirrhosis patients [53] and may
be a key driver in the increased risk of bevacizumab-related
thrombosis in HCC patients. Atezolizumab-related thyroidi-
tis has been seen in up to 10% of cases [54]. We observe a
lower rate of atezolizumab-related thyroid dysfunction in the
overweight cohort. The relationship between elevated BMI
and thyroid dysfunction is complex, and mediated by adipo-
cytes, cytokines and iodine uptake in thyroid cells [55]. This
interplay may influence the rates of immunotherapy-related
thyroid dysfunction in overweight patients. The difference in
trAEs observed between the overweight and non-overweight
cohorts may also be due to unmeasured confounding fac-
tors between the two groups. Further large studies will be
required to assess trAEs with increased use of atezolizumab
plus bevacizumab specific for HCC.

Our study has limitations. Though follow-up was pro-
spectively collected, this is a retrospective study which is
subject to selection and collection bias. Baseline character-
istics influencing survival such as underlying NAFLD and
extrahepatic spread were higher in the overweight cohorts
and may have an impact on patient survival. Additionally,
there may be unmeasured confounding factors. Though
patients received treatment from tertiary centres, inter-site
variation in treatment protocols, follow-up and efficacy and
safety assessments cannot be excluded. Lower BMI may rep-
resent poor global nutritional status and sarcopenia. Clini-
cally and radiologically measured sarcopenia is associated
with increased mortality in patients with cirrhosis [56]
and HCC [57] and, therefore, may confound our findings.

Further studies assessing sarcopenia and other body com-
position measures such as subcutaneous adipose tissue, vis-
ceral adipose tissue and muscle volume would allow under-
standing of the impact of muscle mass and adipose tissue on
immunotherapy response in HCC. In survival analysis we
report all-cause mortality rather than liver-specific mortal-
ity. This may be influenced by unreported medical comor-
bidities. Despite these limitations, this study represents the
largest cohort of post-registration real-time use of atezoli-
zumab plus bevacizumab for HCC in overweight patients.
As an increasing number of immunotherapy agents emerge
for use in HCC [58], further studies evaluating the efficacy
and safety of these agents in overweight patients will guide
future clinical practice.

Conclusion

Our study demonstrates atezolizumab plus bevacizumab
therapy is associated with comparable efficacy in overweight
HCC patients with higher rates of NALFD. Increased body
mass index is associated with higher rates of treatment-
related fatigue and thrombosis, but no increase in overall
treatment-related adverse events. Combination therapy is
safe and efficacious to use in overweight patients, including
those with underlying NAFLD.
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