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Abstract
Aim: Atezolizumab plus bevacizumab combination therapy (Atezo + Beva) is 
used as the first-line therapy for unresectable hepatocellular carcinoma (u-HCC). 
Serious adverse events (AEs), including rupture of esophagogastric varices, have 
been seen during treatment. Therefore, the relationships of efficacy, safety, and 
portal hypertension (PH) were analyzed.
Methods: A total of 146 patients with u-HCC and Child-Pugh Scores of 5–7 
received Atezo + Beva. Prophylactic treatment for varices was performed for 
patients with the risk of rupture of varices before the start of Atezo + Beva. A 
propensity score-matched cohort was created to minimize the risk of potential 
confounders. Efficacy was assessed in 41 propensity score-matched pairs. AEs 
were assessed between patients without PH (n = 80) and with PH (n = 66).
Results: In patients without PH and with PH, median overall survival was 
18.4 months and 18.8 months (p = 0.71), and median progression-free survival 
was 8.6 months and 5.8 months (p = 0.92), respectively. On the best radiological 
response evaluation for Response Evaluation Criteria in Solid Tumors, the objec-
tive response rate was 31.7% and 26.8% (p = 0.81), respectively. Variceal rupture 
occurred in three patients with PH, but there were no significant differences in 
the occurrence of variceal rupture (p = 0.090) and Grade 3–4 AEs between pa-
tients without and with PH.
Conclusions: No significant differences in efficacy and safety were observed 
with PH. Prophylactic treatment for varices before the start of Atezo + Beva 
would allow treatment to continue relatively safely.
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1   |   INTRODUCTION

Hepatocellular carcinoma (HCC) is the most frequently 
occurring primary liver malignancy and was reported 
to be a major cause of cancer death worldwide in 2020.1 
HCC occurs in patients with chronic hepatitis or cirrho-
sis caused by hepatitis B virus (HBV), hepatitis C virus 
(HCV), excessive alcohol consumption, or diabetes melli-
tus.2 The prognosis of patients with unresectable hepato-
cellular carcinoma (u-HCC) is poor.3,4 Recently, systemic 
therapy for u-HCC has achieved remarkable progress; 
sorafenib was approved as the first molecular targeted 
agent (MTA) in 2009,5 and lenvatinib was approved as 
a first-line MTA in Japan in 2018.6 Additionally, rego-
rafenib, ramucirumab, and cabozantinib were approved 
as second-line MTAs.7–9 Atezolizumab plus bevacizumab 
combination therapy (Atezo + Beva) was approved as the 
first immune combination therapy in 2020.10 Because it 
was confirmed that Atezo + Beva maintained patients' 
quality of life and prolonged survival better than sorafenib 
in the IMbrave150 trial,11 Atezo + Beva was used as a first-
line treatment.

Bevacizumab inhibits tumor tissue angiogenesis and 
tumor growth by blocking the vascular endothelial growth 
factor (VEGF)-mediated signaling pathway.12,13

Some recent studies reported the efficacy and safety of 
Atezo + Beva for u-HCC in Japanese real-world clinical 
practice.14–17 However, a certain number of patients expe-
rienced adverse events (AEs), such as hypertension, fatigue, 
and proteinuria, while receiving Atezo + Beva. Bleeding is 
a known risk in cancer patients receiving VEGF or VEGF 
receptor-targeted therapies such as bevacizumab.6,18 There 
were some cases of ruptured esophagogastric varices in the 
IMbrave150 trial.11 Patients with liver cirrhosis (LC) have a 
risk of upper gastrointestinal (UGI) bleeding of variceal and 
nonvariceal origin,19,20 especially rupture of esophagogastric 
varices, which accounts for 70% of UGI bleeding events in 
patients with portal hypertension (PH).21,22 PH is second-
ary to increased intrahepatic vascular resistance, opening of 
portal collateral vessels, and formation of VEGF-associated 
neovessels.23–25 PH is a major complication of LC, causing 
esophagogastric varices, ascites, and hepatorenal syndrome, 
and it contributes significantly to prognosis. The worsening 
of esophagogastric varices should be noted when bevaci-
zumab is used for HCC, because HCC and LC often coexist 
in the same patient.

Therefore, efficacy and safety (particularly UGI 
bleeding) of Atezo + Beva were compared between pa-
tients without PH and with PH using propensity score 
matching.

2   |   METHODS

2.1  |  Patients

A total of 172 patients agreed to participate in the study and 
were treated with Atezo + Beva for u-HCC at Hiroshima 
University Hospital between October 2020 and February 
2023. The inclusion criteria for this study were as follows: 
Child-Pugh score 5–7 and Eastern Cooperative Oncology 
Group performance status (ECOG PS) 0 or 1.

Twenty-two patients were excluded because their 
Child-Pugh scores were >8, and six patients were ex-
cluded because of ECOG PS 2 or 3; thus, a total of 26 pa-
tients were excluded. Finally, a total of 146 patients met 
the criteria. All patients who participated in the original 
clinical trial provided written informed consent. The study 
protocol, any amendments to the protocol, and the in-
formed consent form were reviewed and approved by the 
relevant Institutional Review Board/Independent Ethics 
Committee. The study was conducted in accordance with 
the principles of the Declaration of Helsinki and Good 
Clinical Practice Guidelines.

Patients positive for HBV surface antigens were con-
sidered to have HBV-induced HCC, and those positive 
for anti-HCV antibodies were considered to have HCV-
induced HCC. Patients who were negative for HBV 
surface antigen and negative for HCV antibody were con-
sidered to have hepatocellular carcinoma due to non-viral 
hepatitis.

Hepatic reserve was assessed by the Child-Pugh score 
and the modified albumin–bilirubin (mALBI) grade.

2.2  |  Definition of portal hypertension

PH was defined as having any of esophagogastric varices, 
splenomegaly, or portosystemic collateral vessels at the 
start of Atezo + Beva. All patients were evaluated for es-
ophagogastric varices by esophagogastroduodenoscopy 
(EGD) prior to Atezo + Beva treatment.
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2.3  |  Definition of 
esophagogastric varices

The endoscopic findings of varices were evaluated accord-
ing to the classification system of the Japanese Society 
for Portal Hypertension and Esophageal Varices.26 The 
form (F) of varices was classified as follows: complete 
eradication after treatment (F0), small straight (F1), en-
larged tortuous (F2), and large coil-shaped (F3). The red 
color sign (RC) was also classified according to the crite-
ria of the Japanese Society for Portal Hypertension and 
Esophageal Varices.26 Esophagogastric varices greater 
than F0 were considered varices. As a rule in this study, 
in cases with the following risk factors for variceal 
bleeding (cases with esophageal varices (EV): F2, F3, or 
RC(+), cases with gastric varices (GV): F3 or RC(+)), the 
varices were to be treated by endoscopic variceal liga-
tion (EVL), endoscopic injection sclerotherapy (EIS), or 
balloon-occluded retrograde transvenous obliteration 
(B-RTO), and 1–1.5 months later, EGD was performed 
to confirm the reduction of varices before the start of 
Atezo + Beva treatment (Figure 1).

2.4  |  Definition of splenomegaly

The coefficient calculated from maximal length, verti-
cal height, and hilar thickness correlates with spleen 
volume and can be used to monitor splenic volume. The 
most suitable for quick splenomegaly screening is the 

two-dimensional coefficient (maximal length × vertical 
height), with the cutoff of 115 cm2.27 Splenomegaly was 
defined as spleen volume >115 cm2 (Figure 2).

2.5  |  Definition of portosystemic 
collateral vessels

The left gastric vein, posterior gastric vein, short gastric 
vein, paraesophageal vein, paraumbilical vein, gastrore-
nal shunt, and splenorenal shunt were associated with 
portal hemodynamics. These vessels were assessed by 
dynamic computed tomography (CT). The maximum di-
ameter of these vessels was measured in all cases except 
those without dynamic CT at the start of Atezo + Beva. 
Based on previous reports, the cutoff diameters of the por-
tosystemic collateral vessels, the left gastric vein, poste-
rior gastric vein, short gastric vein, paraesophageal vein, 
paraumbilical vein, gastrorenal shunt, and splenorenal 
shunt, were defined as 6, 4, 2, 4, 3, 13, and 13 mm, respec-
tively.28 Portosystemic collateral vessels were defined as 
having any vessels exceeding the cutoff value.

2.6  |  Treatments

Atezo + Beva, consisting of atezolizumab 1200 mg intra-
venously plus bevacizumab 15 mg/kg, was administered 
every 3 weeks. The Common Terminology Criteria for 
Adverse Events version 5.0 were used to evaluate AEs. 

F I G U R E  1   Flow chart of endoscopic evaluation of esophageal varices (EV) and gastric varices (GV) before the start of atezolizumab plus 
bevacizumab combination therapy (Atezo + Beva). F, form; RC, red color sign.
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Bevacizumab was interrupted if AEs such as proteinuria 
or hypertension occurred. Atezo + Beva was discontinued 
in the event of progressive disease following treatment, 
decrease in ECOG PS or hepatic reserve, or unacceptable 
or severe treatment-related AEs.

2.7  |  Assessment of treatment response

Radiological response assessment was performed by dy-
namic CT/MRI every 1.5 months. Treatment response was 
evaluated by the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 and modified Response 
Evaluation Criteria in Solid Tumors (mRECIST) guide-
lines. The overall response rate (ORR) and disease control 
rate (DCR) were evaluated based on these guidelines.

2.8  |  Follow-up of esophagogastric 
varices by EGD

We believed that EGD should be performed regularly, and 
suggested patients have follow-up EGD within 6 months 
to a year after start of Atezo + Beva. We strongly suggested 
follow-up EGD if dynamic CT showed worsening of es-
ophagogastric varices or if findings in EGD at the time of 
start of Atezo + Beva indicated a high risk of worsening of 
esophagogastric varices.

2.9  |  Statistical analysis

We conducted a propensity score-matched cohort was 
calculated to minimize the risk of potential confounders, 
considering the differences in efficacy and safety-related 
characteristics between patients without PH and with PH. 

The propensity score for each patient was estimated by a 
logistic regression model. The matching variables included 
serum albumin, serum total bilirubin, prothrombin activ-
ity, and extrahepatic metastasis (EHM). For matching, 1:1 
nearest neighbor matching was used, with a caliper width 
of 0.2 standard deviations.

Fisher's exact test or the chi-squared test, the Mann–
Whitney U-test, and the Kaplan–Meier method were used 
for statistical analysis.

A p-value less than 0.05 was considered to indicate a 
significant difference. All statistical analyses were carried 
out using Predictive Analytics Software R version 4.1.2.

3   |   RESULTS

3.1  |  Clinical characteristics of patients 
before and after propensity score matching

The numbers of patients without PH (PH(−)) and with PH 
(PH(+)) were 80 and 66, respectively, and the following is 
a diagram of each factor for patients with PH (Figure 3). 
Of the PH(+) patients, 50 had varices, 21 had splenomeg-
aly, and 45 had portosystemic collateral vessels.

The patients' background characteristics are shown in 
Table 1.

In PH(−) patients, the median age was 74 years, and 
the observation period was 12.8 months. In PH(+) pa-
tients, the median age was 71 years, and the observation 
period was 11.0 months. There were no significant dif-
ferences in age, sex, etiology, ECOG PS, line of Atezo + 
Beva, previous treatment prior to Atezo + Beva (resection, 
ablation, chemoembolization, and stereotactic body radia-
tion therapy), and observation period between PH(−) and 
PH(+) patients. However, the Child-Pugh score, mALBI 
grade, serum albumin, serum total bilirubin, prothrombin 

F I G U R E  2   The method for measuring the volume of the spleen using maximal length (Lmax) in the axial image and vertical height 
(Hvert) in the coronal image.
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activity, and serum ammonia levels were significantly 
worse in PH(+) patients than in PH(−) patients. In con-
trast, the number of EHM was significantly greater in 
PH(−) than in PH(+) patients. To match tumor factors 
and hepatic reserve, 41 matched pairs of patients with and 
without PH were created using propensity score match-
ing. After matching, there were no significant differences 
in baseline characteristics between the two groups except 
for PH.

In both PH(−) and PH(+) patients, there were 30 pa-
tients without EHM and 11 patients with EHM, with no 
significant difference in EHM after matching. Similarly, 
there were no significant differences in Barcelona clinic 
liver cancer (BCLC) stage, microvascular invasion (MVI), 
and tumor markers after matching between PH(−) and 
PH(+) patients. Moreover, there were no significant dif-
ferences in the levels of Vp and Vv.

In addition, the albumin–bilirubin index (ALBI) score 
was −2.52 (−2.69 to −2.13) and − 2.48 (−2.69 to −2.14), 
respectively, with no significant difference (p = 0.97) after 

matching. There were also no significant differences in 
prothrombin activity and serum ammonia levels, indicat-
ing that matching was able to align tumor factors and he-
patic reserve.

3.2  |  Survival and treatment response

In PH(−) and PH(+) patients, the median number of at-
ezolizumab cycles was 11 and 8, respectively, with no 
significant difference (p = 0.28). Similarly, the median 
number of bevacizumab cycles was 9 and 7, respectively, 
with no significant difference (p = 0.23).

After propensity score matching, the median OS of 
the PH(−) and PH(+) patients was 18.4 months and 
18.8 months, respectively (Figure  4), with no significant 
difference (p = 0.71). The median PFS of PH(−) and PH(+) 
was 8.6 months and 5.8 months, respectively, with no sig-
nificant difference between PH(−) and PH(+) patients 
(p = 0.92). Before propensity score matching, the median 

F I G U R E  3   Diagram of the numbers of patients with varices, splenomegaly, and portosystemic collateral vessels at the start of 
atezolizumab plus bevacizumab combination therapy.
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T A B L E  1   Comparison of clinical characteristics at the start of atezolizumab plus bevacizumab combination therapy between patients 
without portal hypertension (PH(−)) and with portal hypertension (PH(+)) at the time of study entry before and after propensity score 
matching.

Characteristic

Before matching median (quartiles) or 
patients, n

After matching median (quartiles) or 
patients, n

PH(−) 
(n = 80)

PH(+) 
(n = 66) p Value*

PH(−) 
(n = 41)

PH(+) 
(n = 41) p Value*

Age (years)a 74 (68–79) 71 (67–79) 0.55 73 (68–82) 72 (66–82) 0.74

Sex (male/female), n 66/14 51/15 0.53 35/6 32/9 0.57

Etiology (HBV/HCV/non-viral), n 12/22/46 8/30/28 0.081 7/13/21 5/23/13 0.090

Child-Pugh score (5/6/7), n 49/25/6 28/24/14 0.021 25/14/2 23/13/5 0.62

ECOG PS (0/1), n 74/6 62/4 1 38/3 38/3 1

Line of Atezo + Beva 
(1st/2nd/3rd/4th/5th), n

48/27/0/4/1 49/11/2/3/1 0.063 26/14/0/1/0 28/8/1/3/1 0.27

Previous treatment prior to Atezo 
+ Beva (absent/present), n

18/62 10/56 0.30 9/32 4/37 0.23

Resection (absent/present), n 41/39 35/31 0.87 22/19 21/20 1

Ablation (absent/present), n 78/2 59/7 0.080 39/2 34/7 0.16

Chemoembolization (absent/
present), n

35/45 20/46 0.12 17/24 11/30 0.24

Stereotactic body radiation therapy 
(absent/present), n

79/1 61/5 0.091 40/1 38/3 0.62

Observation period (month)a 12.8 (8.2–18.6) 11.0 (6.7–17.6) 0.28 13.7 (5.7–16.9) 11.8 (6.9–18.8) 0.71

ALBI scorea −2.57 (−2.75 to 
−2.19)

−2.31 (−2.56 to 
−1.92)

<0.001 −2.52 (−2.69 to 
−2.13)

−2.48 (−2.69 to 
−2.14)

0.97

Modified ALBI grade (1/2a/2b/3), 
n

37/20/23/0 16/20/28/2 0.016 16/11/14/0 15/13/13/0 0.92

Serum albumin (g/dL)a 3.9 (3.4–4.1) 3.6 (3.3–3.9) 0.019 3.8 (3.3–4.0) 3.8 (3.4–4.1) 0.96

Serum total bilirubin (mg/dL)a 0.7 (0.5–0.9) 0.9 (0.7–1.1) <0.001 0.7 (0.6–1.1) 0.8 (0.7–0.9) 1

Prothrombin activity (%)a 97 (88–103) 84 (76–94) <0.001 91 (86–100) 92 (82–97) 0.57

Ascites (none/mild/moderate to 
severe), n

74/6/0 60/5/1 0.75 40/1/0 38/2/1 0.62

Encephalopathy (none/Grade I–II/
Grade III–IV), n

80/0/0 66/0/0 1 41/0/0 41/0/0 1

Serum ammonia level (μg/dL)a 26 (17–34) 33 (23–51) <0.001 26 (18–35) 30 (21–41) 0.30

Size of main hepatic tumor (mm)a 37 (16–63) 30 (17–49) 0.42 40 (22–70) 30 (15–45) 0.25

Relative tumor size (<50%/>50%), 
n

76/4 60/6 0.35 38/3 36/5 0.71

MVI (absent/present), n 68/12 47/19 0.067 33/8 28/13 0.31

Vp (1/2/3/4), n 0/3/6/2 3/4/4/5 0.31 0/2/5/0 3/1/4/3 0.20

Vv (1/2/3), n 0/1/3 2/1/3 0.71 0/1/2 2/1/3 1

EHM (absent/present), n 49/31 53/13 0.018 30/11 30/11 1

BCLC stage (A/B/C), n 4/39/37 5/33/28 0.81 3/21/17 4/16/21 0.64

Serum AFP level (ng/mL)a 24.2 (4.3–351) 33 (4.3–176) 0.93 21.8 (4.9–216) 38.5 (4.5–240) 0.53

Serum DCP level (mAU/mL)a 362 (55–4893) 358 (110–1918) 0.98 418 (112–3039) 567 (109–2705) 0.30

Esophageal and/or gastric varices 
(absent/present), n

80/0 16/50 <0.001 41/0 10/31 <0.001

Form of esophageal varices 
(absent/F0/F1/F2/F3), n

80/0/0/0/0 19/2/37/8/0 <0.001 41/0/0/0/0 13/2/21/5/0 <0.001
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OS of the PH(−) and PH(+) patients was 26.7 months 
and 18.8 months, respectively, with no significant differ-
ence (p = 0.11). The median PFS of PH(−) and PH(+) was 
8.7 months and 8.2 months, respectively, with no signifi-
cant difference (p = 0.69).

Table  2 shows the comparison of the best radiolog-
ical response evaluation after propensity score match-
ing between PH(−) and PH(+) patients by RECIST and 
mRECIST. On the best radiological response evaluation 
by RECIST of PH(−) and PH(+) patients, 2 patients 
(4.9%) and 1 patient (2.4%) had complete response (CR), 
11 patients (26.8%) and 10 patients (24.4%) had par-
tial response (PR), 15 patients (36.6%) and 20 patients 
(48.8%) had stable disease (SD), and 9 patients (22.0%) 
and 10 patients (24.4%) had progressive disease (PD), re-
spectively. There were no significant differences in ORR 
and DCR (ORR 31.7% and 26.8% (p = 0.81), DCR 68.3% 
and 75.6% (p = 0.62), respectively). On mRECIST, there 

were also no significant differences in ORR and DCR 
(ORR 48.8% and 46.3% (p = 1), DCR 68.3% and 75.6% 
(p = 0.62), respectively). Before propensity score match-
ing, there were no significant differences on RECIST in 
ORR and DCR (ORR 31.3% and 36.4% (p = 0.60), DCR 
70.0% and 81.8% (p = 0.12), respectively). On mRECIST, 
there were also no significant differences in ORR and 
DCR (ORR 43.8% and 50.0% (p = 0.51), DCR 71.3% and 
81.8% (p = 0.17), respectively).

3.3  |  Adverse events

AEs that occurred during treatment are listed in Table 3. 
In PH(−) and PH(+) patients, the most common any 
grade AEs were hypertension (65 cases [81.3%] and 56 
cases [84.8%], respectively), followed by fatigue (62 cases 
[77.5%] and 49 cases [74.2%], respectively), proteinuria (55 

Characteristic

Before matching median (quartiles) or 
patients, n

After matching median (quartiles) or 
patients, n

PH(−) 
(n = 80)

PH(+) 
(n = 66) p Value*

PH(−) 
(n = 41)

PH(+) 
(n = 41) p Value*

Red color sign of esophageal 
varices (RC0/RC1/RC2), n

80/0/0 57/7/2 <0.001 41/0/0 37/3/1 0.12

Form of gastric varices (absent/F0/
F1/F2/F3), n

80/0/0/0/0 51/0/8/6/1 <0.001 41/0/0/0/0 31/0/5/5/0 0.001

Red color sign of gastric varices 
(RC0/RC1), n

80/0 64/2 0.20 41/0 41/0 1

Splenomegaly (absent/present), n 80/0 45/21 <0.001 41/0 28/13 <0.001

Volume of the spleen (cm2)a 59 (45–78) 97 (71–128) <0.001 65 (48–79) 93 (71–131) <0.001

Portosystemic collateral vessels 
(absent/present), n

80/0 21/45 <0.001 41/0 14/27 <0.001

Diameter of left gastric vein (mm)a 2 (1–3) 3 (1–4) 0.014 1 (1–2) 3 (1–4) <0.001

Diameter of posterior gastric vein 
(mm)a

1 (1–2) 2 (1–4) <0.001 1 (1–2) 1 (1–3) 0.039

Diameter of short gastric vein 
(mm)a

1 (1–1) 1 (1–1) 0.0034 1 (1–1) 1 (1–1) 0.047

Diameter of paraesophageal vein 
(mm)a

1 (1–1) 2 (1–4) <0.001 1 (1–1) 2 (1–4) <0.001

Diameter of paraumbilical vein 
(mm)a

0 (0–0) 0 (0–0) 0.0034 0 (0–0) 0 (0–0) 0.093

Diameter of gastrorenal shunt 
(mm)a

0 (0–0) 0 (0–0) 0.29 0 (0–0) 0 (0–0) 0.33

Diameter of splenorenal shunt 
(mm)a

0 (0–0) 0 (0–0) <0.001 0 (0–0) 0 (0–0) 0.012

Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin–bilirubin; Atezo + Beva, atezolizumab plus bevacizumab combination therapy; BCLC, Barcelona clinic 
liver cancer; DCP, des-γ-carboxy prothrombin.; ECOG PS, Eastern Cooperative Oncology Group performance status; EHM, extrahepatic metastasis; HBV, 
hepatitis B virus infection; HCV, hepatitis C virus infection; MVI, microvascular invasion.
aMedian (quartiles).
*Fisher's exact test or chi-squared test, Mann–Whitney U-test.

T A B L E  1   (Continued)
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cases [68.8%] and 37 cases [56.1%], respectively), pruritus 
(45 cases [56.3%] and 42 cases [63.6%], respectively), and 
decreased appetite (45 cases [56.3%] and 39 cases [59.1%], 
respectively). There were no significant differences in the 
incidences of these AEs between PH(−) and PH(+) pa-
tients. In contrast, the incidences of ascites, portal vein 
thrombus, and pyrexia were significantly higher in PH(+) 
patients. Regarding Grade 3 or 4 AEs in PH(−) and PH(+) 
patients, the most common AEs were hypertension (22 
cases [27.5%] and 13 cases [19.7%], respectively), followed 
by proteinuria (14 cases [17.5%] and 10 cases [15.2%], re-
spectively), and increased aspartate aminotransferase 

(AST) or alanine aminotransferase (ALT) (5 cases [6.3%] 
and 3 cases [4.5%], respectively), and there were no sig-
nificant differences in the incidence of these AEs between 
PH(−) and PH(+) patients. No other AEs were significantly 
different between PH(−) and PH(+) patients. A few cases 
of variceal rupture and gastrointestinal bleeding (including 
stomach ulcer and colonic diverticular bleeding) that ap-
peared to be bevacizumab-related AEs were observed, but 
there were no significant differences between PH(−) and 
PH(+) patients. Hepatic encephalopathy was not observed 
in PH(−) patients. However, 1 case of Grade 2 and 2 cases 
of Grade 3 assessed by West Haven Criteria for hepatic 

F I G U R E  4   Comparison of overall survival (OS) and progression-free survival (PFS) from the start of atezolizumab plus bevacizumab 
(Atezo + Beva) between patients without portal hypertension (PH(−)) and with portal hypertension (PH(+)) after propensity score 
matching. (A) OS from the start of Atezo + Beva (PH(−) 18.4 months, PH(+) 18.8 months, p = 0.71). (B) PFS from the start of Atezo + Beva 
(PH(−) 8.6 months, PH(+) 5.8 months, p = 0.92).

% (n)

RECIST mRECIST

PH(−) 
(n = 41)

PH(+) 
(n = 41) p Value *

PH(−) 
(n = 41)

PH(+) 
(n = 41) p Value *

CR 4.9 (2) 2.4 (1) 7.3 (3) 7.3 (3)

PR 26.8 (11) 24.4 (10) 41.5 (17) 39.0 (16)

SD 36.6 (15) 48.8 (20) 19.5 (8) 29.3 (12)

PD 22.0 (9) 24.4 (10) 22.0 (9) 22.0 (9)

NE 9.8 (4) 0(0) 9.8 (4) 2.4 (1)

ORR 31.7 (13) 26.8 (11) 0.81 48.8 (20) 46.3 (19) 1

DCR 68.3 (28) 75.6 (31) 0.62 68.3 (28) 75.6 (31) 0.62

Abbreviations: CR, complete response; DCR, disease control rate; NE, not evaluated; ORR, overall 
response rate; PD, progressive disease; PR, partial response; SD, stable disease.
*Fisher's exact test or chi-squared test.

T A B L E  2   Comparison of radiological 
best responses to atezolizumab plus 
bevacizumab combination therapy after 
propensity score matching between 
patients without portal hypertension 
(PH(−)) and with portal hypertension 
(PH(+)) by Response Evaluation Criteria 
in Solid Tumors (RECIST) and modified 
RECIST (mRECIST).
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encephalopathy were observed in PH(+) patients, but 
there was no significant difference in the incidence of he-
patic encephalopathy between PH(−) and PH(+) patients.

3.4  |  Interruption of Beva and 
discontinuation of Atezo + Beva due to 
adverse events

In PH(−) and PH(+) patients, Beva was interrupted (41 
cases [51.3%] and 43 cases [65.2%], respectively) by any 
reasons. There were no significant differences between 
PH(−) and PH(+) patients both before and after match-
ing, respectively (p = 0.097 and p = 0.11). Moreover, of the 
PH(−) patients who had interrupted Beva (n = 41), 29 cases 
[70.7%] had interrupted Beva due to AEs. Of the PH(+) pa-
tients who had interrupted Beva (n = 43), 27 cases [62.8%] 

had interrupted Beva due to AEs. There were also no sig-
nificant differences between PH(−) and PH(+) patients 
both before and after matching, respectively (p = 0.49 and 
p = 0.24). Proteinuria was the most cause of interruption of 
Beva, accounting for 60.0% of PH(−) patients and 37.0% of 
PH(+) patients. There were also no significant differences 
in any events between PH(−) and PH(+) patients. Other 
reasons besides AEs included decreased hepatic reserve, 
bone fractures, tooth extractions, treatment of varices, and 
COVID-19. The median cycles of Beva administered be-
fore the first interruption of Beva in PH(−) and PH(+) pa-
tients who had interrupted Beva due to AEs were 3.5 and 
3.0, respectively. No statistically significant difference was 
observed between PH(−) and PH(+) patients (p = 0.37).

In addition, 64 cases [80.0%] discontinued Atezo + 
Beva in PH(−) patients. Among them, 8 patients were 
due to AEs, including 5 patients with increased AST or 

T A B L E  3   Comparison of adverse events associated with atezolizumab plus bevacizumab combination therapy between patients without 
portal hypertension (PH(−)) and with portal hypertension (PH(+)).

Event % (n)

Any grade Grade 3 or 4

PH(−) 
(n = 80) PH(+) (n = 66) p Value*

PH(−) 
(n = 80) PH(+) (n = 66) p Value*

Varix rupture 0 (0) 4.5 (3) 0.090 0 (0) 4.5 (3) 0.090

Stomach ulcer 1.3 (1) 6.1 (4) 0.18 1.3 (1) 1.5 (1) 1

Gastric antral vascular 
ectasia

0 (0) 1.5 (1) 0.45 0 (0) 0 (0) 1

Colonic diverticular bleeding 1.3 (1) 1.5 (1) 1 0 (0) 1.5 (1) 0.45

Gastrointestinal perforation 1.3 (1) 0 (0) 1 1.3 (1) 0 (0) 1

Ascites 11.3 (9) 28.8 (19) 0.011 1.3 (1) 3.0 (2) 0.59

Portal vein thrombus 1.3 (1) 9.1 (6) 0.046 1.3 (1) 3.0 (2) 0.59

Stomatitis 1.3 (1) 3.0 (2) 0.59 0 (0) 1.5 (1) 0.45

Interstitial pneumonia 3.8 (3) 1.5 (1) 0.63 0 (0) 0 (0) 1

Fatigue 77.5 (62) 74.2 (49) 0.70 3.8 (3) 4.5 (3) 1

Decreased appetite 56.3 (45) 59.1 (39) 0.74 0 (0) 4.5 (3) 0.090

Rash 10.0 (8) 6.1 (4) 0.26 2.5 (2) 1.5 (1) 1

Pruritus 56.3 (45) 63.6 (42) 0.40 5.0 (4) 4.5 (3) 1

Hypertension 81.3 (65) 84.8 (56) 0.66 27.5 (22) 19.7 (13) 0.33

Proteinuria 68.8 (55) 56.1 (37) 0.12 17.5 (14) 15.2 (10) 0.82

Acute renal failure 10.0 (8) 13.6 (9) 0.61 1.3 (1) 0 (0) 1

Fever 10.0 (8) 22.7 (15) 0.042 0 (0) 3.0 (2) 0.20

Edema 38.8 (31) 45.5 (30) 0.50 6.3 (5) 1.5 (1) 0.22

Diarrhea 23.8 (19) 22.7 (15) 1 1.3 (1) 1.5 (1) 1

Increased AST or ALT 13.8 (11) 21.2 (14) 0.27 6.3 (5) 4.5 (3) 0.73

Thrombocytopenia 2.5 (2) 10.6 (7) 0.079 1.3 (1) 4.5 (3) 0.33

Thyroid dysfunction 7.5 (6) 9.1 (6) 0.77 0 (0) 0 (0) 1

Adrenal insufficiency 3.8 (3) 3.0 (2) 1 0 (0) 0 (0) 1

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
*Fisher's exact test or chi-squared test.
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ALT, 1 patient with gastrointestinal perforation, 1 pa-
tient with acute renal failure, and 1 patient with inter-
stitial pneumonia. Interstitial pneumonia was Grade 2, 
but Atezo + Beva was discontinued in consultation with 
the respiratory medicine department. Fifty-one cases 
[77.3%] discontinued Atezo + Beva in PH(+) patients. 
Among them, 4 patients were due to AEs, including 3 
patients with increased AST or ALT, 1 patient with sto-
matitis. Discontinuation of Atezo + Beva by AEs did not 
differ significantly between PH(−) and PH(+) patients 
(p = 0.54). Therefore, there were no significant differ-
ences in impact of PH on interruption of Beva and dis-
continuation due to AEs.

3.5  |  Progression of esophagogastric 
varices during Atezo + Beva

Of the PH(+) patients (n = 66), 14 (12 had EV, 1 had GV, 
and 1 had EV + GV) had a risk of variceal rupture on 
EGD before the start of Atezo + Beva (Figure 5). Of the 
12 patients with EV, 8 underwent EVL and/or EIS prior 
to the start of Atezo + Beva and showed variceal reduc-
tion; only 1 patient had variceal rupture during Atezo 
+ Beva treatment. The other 4 patients with EV did not 
undergo treatment for varices prior to the start of Atezo 
+ Beva because they prioritized treatment of HCC. One 
patient with GV underwent B-RTO prior to the start of 
Atezo + Beva. One patient with EV + GV also underwent 
B-RTO prior to the start of Atezo + Beva, but refused ad-
ditional EVL or EIS.

We suggested patients have follow-up EGD within 
6 months to a year after start of Atezo + Beva, but some 
patients refused follow-up EGD because of the invasion. 
Of the PH(−) patients (n = 80), 29 cases [36.3%] had 

underwent follow-up EGD. Of these, 4 cases [13.8%] had 
worsening of esophagogastric varices with the bleeding 
risk. The median time to follow-up EGD was 303 days. In 
contrast, of the PH(+) patients (n = 66), 39 cases [57.4%] 
had underwent follow-up EGD. Of these, 22 cases [56.4%] 
had worsening of esophagogastric varices with the bleed-
ing risk. The median time to follow-up EGD was 173 days. 
Although these are reference findings because only some 
patients could be followed up, there were more worsening 
of esophagogastric varices significantly in PH(+) patients 
than in PH(−) patients in the follow-up EGD (p < 0.001). 
In addition, of the 52 patients who did not have a risk of 
variceal rupture at the start of Atezo + Beva, two were 
found to have ruptured during treatment. In total, three 
cases of variceal rupture were observed. For these three 
cases of variceal rupture, their characteristics at baseline 
and those of the varices are summarized in Table 4.

4   |   DISCUSSION

Currently, Atezo + Beva is used as the first-line immuno-
therapy for u-HCC.

Bevacizumab inhibits tumor tissue angiogenesis and 
tumor growth by blocking the VEGF-mediated signaling 
pathway.12,13 Bevacizumab has been reported to be asso-
ciated with proteinuria and hypertension due to neph-
rotoxicity and gastrointestinal bleeding.29,30 With respect 
to serious gastrointestinal bleeding, 3 cases of variceal 
rupture (2.1%), 2 cases of bleeding from stomach ulcer 
(1.4%), and 1 case of colonic diverticular bleeding (0.7%) 
were seen in the present study. It has been reported that 
the incidence of UGI bleeding was 7% with Atezo + 
Beva in IMbrave 150.11 Two cases of rapid increase of EV 
after Atezo + Beva have been reported.31 Another study 

F I G U R E  5   Flow chart of the numbers of patients with portal hypertension with varices, treatment of varices, and rupture. B-RTO, 
balloon-occluded retrograde transvenous obliteration; EIS, endoscopic injection sclerotherapy; EV, esophageal varices; EVL, endoscopic 
variceal ligation; GV, gastric varices.
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reported five cases of UGI bleeding and two cases of ex-
acerbated varices during Atezo + Beva treatment.32 AEs 
of bleeding, such as ruptured varices, require temporary 
interruption of Atezo + Beva therapy, and it has been re-
ported that, once gastrointestinal bleeding occurs, contin-
uation of Atezo + Beva is difficult in some cases for the 
following reasons: rapid deterioration of hepatic reserve, 
rapid growth of HCC, and acquired resistance against 
Atezo + Beva.33,34 Therefore, the present study focused on 
PH, which can be associated with varices, and efficacy and 
safety were compared between PH(−) and PH(+) patients.

There were no significant differences in clinical char-
acteristics such as age, line of Atezo + Beva, and observa-
tion period between PH(−) and PH(+) patients. However, 
hepatic reserve was significantly worse in PH(+) patients 
than in PH(−) patients at the start of Atezo + Beva. In 
contrast, the number of EHM was significantly greater in 
PH(−) than in PH(+) patients. Better hepatic reserve, such 
as mALBI Grade 1 or 2a, is thought to indicate a better 
condition for obtaining a sufficient outcome with Atezo 
+ Beva for u-HCC patients.35 Therefore, tumor factors 
and hepatic reserve were matched in both groups using 
propensity score matching, and efficacy was compared. 
After propensity score matching, there were no signifi-
cant differences in OS and PFS between PH(−) and PH(+) 
patients.

There were also no significant differences in ORR and 
DCR by RECIST. Thus, there was no significant difference 
in the efficacy of Atezo + Beva with and without PH.

Incidences of AEs during treatment were compared 
between PH(−) and PH(+) patients before propensity 
score matching. The incidences of ascites, portal vein 
thrombus, and pyrexia were significantly higher in PH(+) 
patients. Ascites and portal vein thrombus can lead to 
decreased hepatic reserve, so diuretics, anticoagulants, 
and branched chain amino acids were administered to 
treat ascites and portal vein thrombus. This appropriate 
therapeutic intervention might have been the reason why 
there was no significant difference in OS with and with-
out PH. In contrast, there was no significant difference in 
the occurrence of Grade 3–4 AEs with and without PH. 
Regarding varices, EIS, EVL, or B-RTO was performed in 
patients with a risk of variceal rupture prior to the start 
of Atezo + Beva. Overall, 10% of patients presented with 
bleeding complications related to PH in Phase II trials of 
HCC using bevacizumab when preventive treatment of 
varices was not standardized.36 In the present study, rup-
ture of varices occurred in only 2.1% of patients, but rup-
ture of varices occurred in 1 patient who ruptured despite 
preventive treatment before and during Atezo + Beva and 
in 2 patients who were not at risk of variceal rupture be-
fore Atezo + Beva. The similarities among the three cases 
were their history of treatment for varices prior to HCC T
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being noted. Patients with a history of treatment for var-
ices should be carefully monitored, even if they do not 
have a risk of variceal rupture at the start of Atezo + Beva. 
In the present study, it is possible that the difference in 
variceal rupture between patients with and without PH 
was not significant (p = 0.090) because of prophylactic 
treatment for the risk for variceal rupture at the start of 
Atezo + Beva.

Limitations of this study include the retrospective 
design and the small sample size. In addition, EGD was 
performed prior to the start of Atezo + Beva in all cases, 
but there were several cases in which EGD for variceal 
evaluation was not performed again during treatment. 
Although these are reference findings, there were more 
worsening of esophagogastric varices significantly in 
PH(+) patients than in PH(−) patients in the follow-up 
EGD (p < 0.001). Therefore, even if the varices had not 
ruptured, it is possible that cases of enlargement of vari-
ces were not assessed.

4.1  |  Conclusion

Efficacy and occurrence of Grade 3–4 AEs did not dif-
fer significantly between patients with and without PH, 
suggesting that Atezo + Beva can be continued in pa-
tients with PH. More to the point, prophylactic treat-
ment of varices before the start of Atezo + Beva would 
allow treatment to continue relatively safely. However, it 
should be monitored regularly, as it might be associated 
with worsening of esophagogastric varices during Atezo 
+ Beva.
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