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1   |   INTRODUCTION

In 2020, primary hepatic malignancy was the sixth most 
generally confirmed malignant tumor and the third prin-
cipal cause of malignant disease-related mortality in the 
world, with about 906,000 newly confirms and 830,000 

deaths, respectively.1 Hepatocellular carcinoma (HCC) 
consists about 80% of primary hepatic cancers and causes 
an important health issue in the world.1 Radical treatment 
for early-stage HCC includes hepatectomy, transplan-
tation, and local ablation therapy.2 Majority of patients 
for whom radical treatment is not recommended receive 
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Abstract
Aim: Recently, the neo-Glasgow prognostic score (GPS), a composite biomarker 
determined by the C-reactive protein level and albumin–bilirubin grade, was de-
veloped to predict outcomes in hepatocellular carcinoma (HCC) patients who un-
dergo hepatic resection. The present research investigated whether the neo-GPS 
could predict prognosis in HCC patients treated with atezolizumab plus bevaci-
zumab (Atez/Bev).
Methods: A total of 421 patients with HCC who were treated with Atez/Bev were 
investigated.
Results: Multivariate Cox hazards analysis showed that a GPS of 1 (hazard ratio 
(HR), 1.711; 95% confidence interval (CI), 1.106–2.646) and a GPS of 2 (HR, 
4.643; 95% CI, 2.778–7.762) were independently associated with overall sur-
vival. Conversely, multivariate Cox hazards analysis showed that a neo-GPS of 1 
(HR, 3.038; 95% CI, 1.715–5.383) and a neo-GPS of 2 (HR, 5.312; 95% CI, 2.853–
9.890) were also independently associated with overall survival in this cohort. 
Additionally, cumulative overall survival rates differed significantly by GPS and 
neo-GPS (p < 0.001). The neo-GPS, compared with the GPS, had a lower Akaike 
information criterion (1207 vs. 1,211, respectively) and a higher c-index (0.677 
vs. 0.652, respectively) regarding to overall survival. In a subgroup analysis of 
patients considered to have a good prognosis as confirmed using a Child–Pugh 
score of 5 (p = 0.001), a neutrophil-to-lymphocyte ratio <3 (p = 0.001), or an α-
fetoprotein level < 100 ng/mL (p < 0.001), those with a high neo-GPS (≥1) had a 
statistically poorer overall survival than those with a low neo-GPS.
Conclusions: The neo-GPS can predict prognosis in advanced unresectable HCC 
patients treated with Atez/Bev.

K E Y W O R D S

atezolizumab plus bevacizumab, Glasgow prognostic score, hepatocellular carcinoma, neo-
Glasgow prognostic score, survival
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palliative treatments such as transarterial chemoemboli-
zation or systematic therapy.2

Atezolizumab plus bevacizumab (Atez/Bev) was re-
cently confirmed as first-choice systemic treatment for 
patients with advanced unresectable HCC. This new sys-
temic treatment is composed of the combination of an im-
mune checkpoint inhibitor (Atez) and an antibody against 
vascular endothelial growth factor (Bev).3 It is confirmed 
to have better therapeutic value, including improved out-
comes in patients with HCC, than previous first-choice 
systemic therapies involving tyrosine kinase inhibitors 
(i.e., lenvatinib and sorafenib).3,4

Numerous indicators involving age, gender, nutri-
tional status, HCC stage, level of α-fetoprotein, and 
Eastern Cooperative Oncology Group performance status 
(ECOG-PS) have been investigated as predictors of prog-
nosis for patients who received HCC treatment.5–8 Liver 
reserve, which can be evaluated using tools such as the 
albumin–bilirubin (ALBI) score/grade, is one of the most 
important indicators confirming the prognosis in patients 
with HCC.9 However, there are insufficient survival bio-
markers, especially those that take liver function into ac-
count, in patients with unresectable HCC who received 
Atez/Bev therapy.

The existence of a systemic inflammatory reaction is 
related to unpreferable prognosis in patients with many 
kinds of cancers. Some recent researches have investi-
gated that the existence of systemic inflammatory reaction 
and nutritional status predict cancer-specific outcomes, 
including HCC.10–15 These two factors can be assessed 
using the Glasgow prognostic score (GPS), which is scored 
according to C-reactive protein (CRP) and albumin lev-
els. Recently, Kaibori et al.16 developed a new prognos-
tic score, named the neo-GPS, that combines the serum 
CRP level and ALBI grade for prediction of prognosis in 
patients with HCC who have received surgical resection.

In this study, we researched whether the neo-GPS at 
the beginning of treatment predicts outcomes in Atez/
Bev-treated patients with HCC. Additionally, we com-
pared the ability of the GPS and neo-GPS for prediction of 
survivals in these HCC patients.

2   |   MATERIALS AND METHODS

2.1  |  Patient selection

This retrospective study was conducted in accordance 
with the Guidelines for Clinical Research issued by the 
Japanese Ministry of Health and Welfare, and examined 
patient record data. The protocol of this study was ap-
proved by the institutional ethics committee of Ehime 
Prefectural Central Hospital (UMIN000043219) (IRB No. 

30–66). All procedures were performed in accordance 
with the Declaration of Helsinki. Written informed con-
sent was obtained from all subjects.

Between September 2020 and March 2022, a total of 
467 patients received Atez/Bev therapy for advanced HCC 
at 22 hospital groups and institutions in Japan. Of these, 
8 patients whose last follow-up date was unknown and 38 
patients for whom CRP data were not available at the start 
of follow-up were excluded. Consequently, 421 patients 
were enrolled in the study.

The etiology of HCC in this study was determined to 
be hepatitis C virus in patients with positive for hepatitis 
C virus antibodies, and hepatitis B virus in patients with 
positive for hepatitis B virus surface antigen.

The Child–Pugh score17 and ALBI score/grade9 were 
used to assess hepatic reserve function. The neutrophil-
to-lymphocyte ratio (NLR) was confirmed by dividing the 
count of neutrophil by the count of lymphocyte.18

The start date of Atez/Bev administration was identi-
fied as the start date of follow-up for this study. The end 
date of follow-up of the study was identified as the date of 
last visit for patients who were alive, and the date of death 
for patients who died during the observation period.

2.2  |  GPS and neo-GPS

Patients who had an elevated serum CRP level (>1.0 mg/
dl) and low albumin level (<3.5 g/dl) were defined as hav-
ing a GPS of 2. Patients with only one of these outside the 
standard value had a GPS of 1, and those who had neither 
had a GPS of 0.10–15

Patients who had a serum CRP level of >1.0 mg/dl and 
ALBI grade 2 or 3 were defined as having a neo-GPS of 2. 
Patients with only one of these outside the standard value 
had a neo-GPS of 1, and those who had neither had a neo-
GPS of 0.16

2.3  |  HCC diagnosis and treatment

HCC was diagnosed by dynamic computed tomography 
(CT), dynamic magnetic resonance imaging, contrast-
enhanced ultrasonography with perflubutane, or histo-
pathologic findings in addition to elevated α-fetoprotein 
levels.19,20 HCC stage was defined based on the Barcelona 
Clinic Liver Cancer (BCLC) classification system.21

Treatment of Atez/Bev was indicated for unresect-
able HCC. However, even with BCLC stage A, when sur-
gical resection was not possible due to cardiopulmonary 
function or when local ablation therapy was difficult 
due to the surrounding organs of the liver or intrahe-
patic vessels. In addition, in patients with BCLC stage 
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D, the attending physician in each hospital considered 
the risks and benefits of Atez/Bev treatment for these 
patients.

The optimal treatment for each patient's HCC was 
determined by discussions among oncologists, hepa-
tologists, surgeons, and radiologists at each hospital in 
accordance with the Japanese practice guidelines for 
HCC.22,23

2.4  |  Atez/Bev treatment and adverse 
event evaluation

Patients intravenously received 1200 mg of Atez fol-
lowed by 15 mg/kg of Bev on the same days every 
3 weeks.3 This treatment was discontinued in the event 
of clinical tumor progression or unacceptable or serious 
adverse events.

Adverse events were evaluated according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 5.0.24 In an adverse event de-
veloped, it was determined whether one or both drugs 
should be reduced or discontinued based on the guidelines 
for this therapy provided by the manufacturer. Immune-
related adverse events were confirmed by each attending 
physician. If treatment of Atez/Bev was discontinued, the 
attending physician decided to introduce another treat-
ment regimen in accordance with the Japanese practice 
guidelines for the treatment of HCC.22,23

2.5  |  Evaluation of therapeutic response

The Response Evaluation Criteria in Solid Tumors 
(RECIST), ver. 1.1,25 was used to evaluate treatment re-
sponse [complete response (CR), partial response (PR), 
stable disease (SD), progressive disease (PD)]. Whenever 
possible, initial assessment of the treatment response 
was performed by dynamic CT results obtained ap-
proximately 6 weeks after the introduction of Atez/Bev 
therapy, then additional examinations of dynamic CT 
were performed as needed depending on the patient's 
condition of a disease, sometimes even within 6 weeks 
after the initial evaluation. Beyond 6 weeks, examina-
tions of dynamic CT were performed every 6 weeks and 
then every 9–12 weeks after the 6 months from Atez/Bev 
therapy started.

2.6  |  Statistical analysis

Cumulative progression-free survival and overall sur-
vival was evaluated by the Kaplan–Meier method, and 

differences were evaluated with the log-rank test with 
Bonferroni correction. Multivariate Cox proportional 
hazards modeling analysis was carried out to assess fac-
tors associated with progression-free survival and over-
all survival. In this study, we defined two models for the 
factors included in the multivariate analysis. Both mod-
els included age, sex, HCC etiology (viral/non-viral), 
Atez/Bev therapy type (first line/other), α-fetoprotein, 
NLR, and BCLC stage (≤B/≥C); model 1 also contained 
the GPS, while model 2 instead contained the neo-GPS. 
According to previous reports, cutoff values for con-
secutive clinical factors were defined as follows: age, 
75 years; α-fetoprotein, 100 ng/ml; and NLR, 3.0.2,18 
The Akaike information criterion (AIC)26 was used to 
analyze the discriminative ability of the scoring model, 
and the c-index was used to assess its prognostic ability. 
Numerical variables are presented as medians (inter-
quartile range).

All of the reported p-values were two-sided. If it was 
less than 0.05, a result was considered significant. All 
statistical analyses were conducted using EZR V. 1.55 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan).27

3   |   RESULTS

3.1  |  Patient characteristics

The baseline characteristics of the 421 study patients are 
shown in Table 1. There were 340 (80.8%) males and 81 
(19.2%) females, with a median age of 74.0 years (68.0–
79.0). The numbers of patients with a GPS of 0, 1, or 2 were 
239 (56.8%), 130 (30.9%), and 52 (12.4%), respectively, and 
the numbers with a neo-GPS of 0, 1, or 2 were 132 (31.4%), 
212 (50.4%), and 77 (18.3%), respectively. There were 4, 55, 
and 73 patients with BCLC stage of ≤A, B, and ≥ C in neo-
GS of 0, 14, 79, and 119 those of neo-GPS of 1, and 3, 20, 
and 54 those of neo-GPS of 2, respectively (p = 0.097). The 
median follow-up duration was 8.7 (5.0–13.2) months. 
There were 115 patients who died during the follow-up 
period.

3.2  |  Overall and progression-
free survival

Figure 1A shows the curve for overall survival in this co-
hort. The median survival time was 17.8 (95% confidence 
interval [CI], 15.1–not available [NA]) months. Figure 1B 
shows the curve for progression-free survival in this co-
hort. The median progression-free survival time was 6.7 
(95% CI, 5.8–8.3) months.
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Agea (years) 74.0 (68.0–79.0)

Sex (female/male) 81/340

ECOG-PS (0/1/≥2) 336/71/14

Body mass index (kg/m2) 22.9 (20.8–25.6)

Etiology of HCC (hepatitis B/C/B + C/non-B, non-C) 68/144/1/208

Albumin (g/dl)a 3.7 (3.3–4.1)

Total bilirubin (mg/dl)a 0.8 (0.6–1.0)

CRP (mg/dl)a 0.30 (0.10–0.79)

Platelet count (×103/m3)a 13.9 (10.6–18.9)

Neutrophils (×103/m3)a 2920 (2158–3927)

Lymphocytes (×103/m3)a 1130 (790–1521)

Prothrombin time (%)a 90 (82–100)

α-fetoprotein level (ng/ml)a 42.5 (6.7–581.0)

Child–Pugh score (5/6/≥7) 246/144/31

ALBI grade (1/2/3) 148/269/4

BCLC stage (≤A/B/≥C) 21/154/246

NLRa 2.58 (1.84–3.66)

GPS (0/1/2) 239/130/52

Neo-GPS (0/1/2) 132/212/77

Atez/Bev therapy type (first line/other) 259/162

Follow-up durationa (months) 8.7 (5.0–13.2)

Abbreviations: ALBI, albumin–bilirubin; Atez/Bev, atezolizumab plus bevacizumab; BCLC, Barcelona 
Clinic Liver Cancer; CRP, C-reactive protein; ECOG-PS, Eastern Cooperative Oncology Group 
Performance Status; GPS, Glasgow prognostic score; HCC, hepatocellular carcinoma; NLR, neutrophil-to-
lymphocyte ratio.
aData expressed as medians (interquartile range).

T A B L E  1   Patient characteristics 
(n = 421)

F I G U R E  1   (A) Cumulative overall survival curve. The cumulative overall survival rates at 3, 6, and 12 months are 96.3%, 87.4%, and 
69.4%, respectively. (B) Cumulative progression-free survival curve. The cumulative progression-free survival rates at 3, 6, and 12 months 
were 74.2%, 53.9%, and 35.5%, respectively.
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3.3  |  Clinical factors associated with 
overall and progression-free survival

Clinical factors associated with overall survival in the uni-
variate analysis are listed in Table 2. The variables such as 
α-fetoprotein, BCLC stage, NLR, GPS of 1 and 2, and neo-
GPS of 1 and 2 were statistically significant.

Multivariate analysis based on model 1 showed that 
age ≥ 75 years (hazard ratio (HR), 1.492; 95% CI, 1.013–
2.197; p  =  0.042), α-fetoprotein level ≥ 100 ng/ml (HR, 

1.790; 95% CI, 1.200–2.671; p = 0.004), NLR ≥3 (HR, 1.578; 
95% CI, 1.055–2.358; p = 0.026), GPS of 1 (HR, 1.711; 95% 
CI, 1.106–2.646; p = 0.016), and GPS of 2 (HR, 4.643; 95% 
CI, 2.778–7.762; p < 0.001) were independently associated 
with overall survival (Table 2).

Multivariate analysis based on model 2 showed that 
an α-fetoprotein level ≥ 100 ng/ml (HR, 1.873; 95% CI, 
1.263–2.779; p  =  0.002), NLR ≥3 (HR, 1.711; 95% CI, 
1.149–2.548; p = 0.008), neo-GPS of 1 (HR, 3.038; 95% CI, 
1.715–5.383; p < 0.001), and neo-GPS of 2 (HR, 5.312; 95% 

T A B L E  2   Multivariate analysis of overall survival

Univariate analysis Multivariate analysis

Model 1 Model 2

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Age (years)

<75 (n = 233) 1 0.989–2.061 0.057 1 1.013–2.197 0.043 1 0.995–2.137 0.053

≥75 (n = 188) 1.428 1.492 1.458

Sex

Female (n = 81) 1 0.588–1.467 0.750 1 0.523–1.352 0.474 1 0.599–1.535 0.860

Male (n = 340) 0.928 0.841 0.959

Etiology

Viral (n = 213) 1 0.790–1.643 0.848 1 0.669–1.432 0.912 1 0.593–1.282 0.486

Non-viral 
(n = 208)

1.140 0.979 0.872

α-fetoprotein (ng/mL)

<100 (n = 247) 1 1.602–3.373 <0.001 1 1.200–2.671 0.004 1 1.263–2.779 0.002

≥100 (n = 174) 2.325 1.790 1.873

BCLC stage

≤B (n = 175) 1 1.100–2.459 0.015 1 0.751–1.815 0.492 1 0.766–1.848 0.440

≥C (n = 246) 1.645 1.167 1.190

Atez/Bev therapy type

First line 
(n = 259)

1 0.811–1.698 0.396 1 0.642–1.380 0.755 1 0.615–1.340 0.626

Other (n = 162) 1.173 0.941 0.908

NLR

<3 (n = 247) 1 1.438–3.027 <0.001 1 1.055–2.358 0.026 1 1.149–2.548 0.008

≥3 (n = 163) 2.087 1.578 1.711

GPS

0 (n = 239) 1 1

1 (n = 130) 2.087 1.370–3.180 <0.001 1.711 1.106–2.646 0.016

2 (n = 52) 4.957 3.066–8.014 <0.001 4.643 2.778–7.762 <0.001

Neo-GPS

0 (n = 132) 1 1

1 (n = 212) 3.335 1.898–5.861 <0.001 3.038 1.715–5.383 <0.001

2 (n = 77) 6.249 3.414–11.440 <0.001 5.312 2.853–9.890 <0.001

Abbreviations: Atez/Bev, atezolizumab plus bevacizumab; BCLC, Barcelona Clinic Liver Cancer; GPS, Glasgow prognostic score; LR, neutrophil-to-lymphocyte 
ratio.
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CI, 2.853–9.890; p < 0.001) were independently associated 
with overall survival (Table 2).

Clinical factors associated with progression-free sur-
vival in the univariate analysis are listed in Table 3. The f 
variables such as α-fetoprotein, NLR, GPS of 1 and 2, and 
neo-GPS of 2 were statistically significant.

Multivariate analysis based on model 1 showed 
that an α-fetoprotein level ≥ 100 ng/ml (HR, 1.678; 
95% CI, 1.264–2.227; p < 0.001), NLR ≥3 (HR, 1.337; 
95% CI, 1.005–1.778; p = 0.046), GPS of  1 (HR, 1.361; 

95% CI, 1.008–1.837; p =  0.044), and GPS of  2 (HR, 
1.777; 95% CI, 1.172–2.694; p  =  0.007) were inde-
pendently associated with progression-free survival 
(Table 3).

Multivariate analysis based on model 2 showed that an 
α-fetoprotein level ≥ 100 ng/ml (HR, 1.723; 95% CI, 1.300–
2.282; p < 0.001), NLR ≥3 (HR, 1.376; 95% CI, 1.034–1.831; 
p = 0.028), and neo-GPS of 2 (HR, 1.763; 95% CI, 1.188–
2.616; p  =  0.005) were independently associated with 
progression-free survival (Table 3).

T A B L E  3   Multivariate analysis of progression-free survival

Univariate analysis Multivariate analysis

Model 1 Model 2

HR 95% CI p value HR 95% CI p value HR 95% CI p value

Age (years)

<75 (n = 233) 1 0.837–1.421 0.522 1 0.850–1.469 0.427 1 0.843–1.454 0.466

≥75 (n = 188) 1.090 1.117 1.107

Sex

Female (n = 81) 1 0.898–1.796 0.176 1 0.923–1.895 0.128 1 0.954–1.949 0.089

Male (n = 340) 1.270 1.323 1.363

Etiology

Viral (n = 213) 1 0.834–1.411 0.543 1 0.771–1.330 0.928 1 0.743–1.288 0.873

Non-viral 
(n = 208)

1.085 1.013 0.978

α-fetoprotein level (ng/mL)

<100 (n = 247) 1 1.359–2.302 <0.001 1 1.264–2.227 <0.001 1 1.300–2.282 <0.001

≥100 (n = 174) 1.769 1.678 1.723

BCLC stage

≤B (n = 175) 1 0.944–1.619 1 0.702–1.251 0.659 1 0.715–1.277 0.758

≥C (n = 246) 1.236 0.937 0.955

Atez/Bev therapy type

First line (n = 259) 1 0.953–1.617 0.109 1 0.842–1.451 0.472 1 0.836–1.444 0.500

Other (n = 162) 1.241 1.105 1.098

NLR

<3 (n = 247) 1 1.181–2.016 0.001 1 1.005–1.778 0.046 1 1.034–1.831 0.028

≥3 (n = 163) 1.543 1.337 1.376

GPS

0 (n = 239) 1 1

1 (n = 130) 1.495 1.118–1.999 0.007 1.361 1.008–1.837 0.044

2 (n = 52) 2.216 1.499–3.276 <0.001 1.777 1.172–2.694 0.007

Neo-GPS

0 (n = 132) 1 1

1 (n = 212) 1.342 0.983–1.832 0.064 1.292 0.938–1.778 0.116

2 (n = 77) 2.091 1.435–3.046 <0.001 1.763 1.180–2.616 0.005

Abbreviations: Atez/Bev, atezolizumab plus bevacizumab; BCLC, Barcelona Clinic Liver Cancer; GPS, Glasgow prognostic score; NLR, neutrophil-to-
lymphocyte ratio.
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3.4  |  Overall survival according to the 
GPS and neo-GPS

The median overall survival times in patients with a 
GPS of 0, 1, or 2 were NA months (95% CI: 17.5–NA), 
14.5  months (95% CI: 11.9–NA), and 7.6  months (95% 
CI: 5.2–11.8), respectively (p < 0.001) (Figure 2A), while 
those in patients with a neo-GPS of 0, 1, or 2 were NA 
(95% CI: NA–NA), 15.1 months (95% CI: 13.2–NA), and 
11.0  months (95% CI: 7.0–NA), respectively (p < 0.001) 
(Figure 2B). The neo-GPS, compared with the GPS, had 
a lower AIC (1207 vs. 1211, respectively) and higher c-
index (0.677 vs. 0.652, respectively) in terms of overall 
survival.

3.5  |  Treatment response

The radiological best treatment response rates for CR, 
PR, SD, and PD were 3.1%, 23.7%, 53.4%, and 19.8%, re-
spectively (Table 4). The overall response rate was 26.7%, 
and the disease control rate (DCR) was 80.2% (Table 4). 

Treatment responses by neo-GPS are also listed in Table 4. 
DCRs differed significantly by neo-GPS score.

In this study, there were 28 patients who either did 
not reach the follow-up period before the first treatment 
response evaluation or stopped treatment with Atez/Bev 
before the first therapeutic response evaluation.

3.6  |  Adverse events

Table 5 lists the treatment-related adverse events by Atez/
Bev in this study, both overall and by neo-GPS. Immune-
related liver injury adverse event of any grade and 
grade ≥3, decreased appetite of any grade, and fever of any 
grade differed significantly by neo-GPS.

3.7  |  Subgroup analysis of the neo-GPS in 
terms of overall survival

Figure 3A shows the curves for overall survival stratified 
by neo-GPS in patients with a Child–Pugh score of 5. The 

F I G U R E  2   (A) Cumulative overall survival curves by GPS score. The cumulative overall survival rates of patients with a GPS score of 0 
at 3, 6, and 12 months are 96.5%, 92.0%, and 82.3%, respectively (solid line). In patients with a GPS score of 1, the cumulative overall survival 
rates are 98.4%, 89.7%, and 60.2% at 3, 6, and 12 months, respectively (dotted line). The cumulative overall survival rates of patients with a 
GPS score of 2 are 89.9%, 60.7%, and 32.6% at 3, 6, and 12 months, respectively (dashed-dotted line) (p < 0.001, log-rank test). The cumulative 
overall survival rates differed significantly between the GPS 0 group and GPS 1 group (p < 0.001), GPS 0 group and GPS 2 group (p < 0.001), 
and GPS 1 group and GPS 2 group (p = 0.004) after Bonferroni correction. The AIC and c-index were 1211 and 0.652, respectively. (B) 
Cumulative overall survival curves by neo-GPS score. The cumulative overall survival rates of patients with a neo-GPS score of 0 at 3, 6, and 
12 months are 98.4%, 96.6%, and 90.0%, respectively (solid line). In patients with a neo-GPS score of 1, the cumulative overall survival rates 
are 97.1%, 89.3%, and 65.3% at 3, 6, and 12 months, respectively (dotted line). The cumulative overall survival rates of patients with a neo-
GPS score of 2 are 90.3%, 66.0%, and 43.8% at 3, 6, and 12 months, respectively (dashed-dotted line) (p < 0.001, log-rank test). The cumulative 
overall survival rate differed significantly between the neo-GPS 0 group and neo-GPS 1 group (p < 0.001), neo-GPS 0 group and neo-GPS 2 
group (p < 0.001), and neo-GPS 1 group and neo-GPS 2 group (p = 0.006) after Bonferroni correction. The AIC and c-index were 1207 and 
0.677, respectively. GPS, Glasgow prognostic score.
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median overall survival was NA (95% CI, NA–NA) months 
in patients with a neo-GPS of 0 and 17.8 (95% CI, 14.6–
NA) months in those with a neo-GPS of ≥1 (p = 0.001).

Figure 3B shows the curves for overall survival strati-
fied by neo-GPS in patients with an NLR <3. The median 

overall survival was NA (95% CI, NA–NA) months in pa-
tients with a neo-GPS of 0 and 17.8 (95% CI, 14.2–NA) 
months in patients with a neo-GPS of ≥1 (p = 0.001).

Figure 3C shows the curves for overall survival stratified 
by neo-GPS in patients with α-fetoprotein <100 ng/ml. The 

Overall

(n = 421)
Neo-GPS 0 
(n = 132)

Neo-GPS 1 
(n = 212)

Neo-GPS 2 
(n = 77)

p 
value

CR 12 (3.1%) 5 (4.0%) 7 (3.6%) 0 (0.0%) 0.081

PR 93 (23.7%) 27 (21.6%) 47 (24.1%) 19 (26.0%)

SD 210 (53.4%) 75 (60.0%) 103 (52.8%) 32 (43.8%)

PD 78 (19.8%) 18 (14.4%) 38 (19.5%) 22 (30.1%)

Not evaluated 28 7 17 4

ORR 26.7% 25.6% 27.7% 26.0% 0.908

DCR 80.2% 85.6% 80.5% 69.9% 0.027

Abbreviations: CR, complete response; DCR; disease control rate; GPS, Glasgow prognostic score; ORR, 
overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.

T A B L E  4   Therapeutic response

Overall 
(n = 421)

Neo-GPS 0 
(n = 132)

Neo-GPS 1 
(n = 212)

Neo-GPS 2 
(n = 77) p value

Immune-related liver injury

Any grade 51 (12.1%) 9 (6.8%) 26 (12.3%) 16 (20.8%) 0.012

Grade ≥3 13 (3.1%) 1 (0.8%) 6 (2.8%) 6 (7.8%) 0.017

Immune-related thyroid dysfunction

Any grade 25 (5.9%) 9 (6.8%) 14 (6.6%) 2 (2.6%) 0.389

Grade ≥3 4 (1.0%) 1 (0.8%) 3 (1.4%) 0 (0.0%) 0.528

Proteinuria

Any grade 140 (33.3%) 35 (26.5%) 74 (34.9%) 31 (40.3%) 0.097

Grade ≥3 41 (9.7%) 9 (6.8%) 26 (12.3%) 6 (7.8%) 0.207

Fatigue

Any grade 101 (24.0%) 26 (19.7%) 53 (25.0%) 22 (28.6%) 0.311

Grade ≥3 7 (1.7%) 4 (3.0%) 2 (0.9%) 1 (1.3%) 0.326

Decreased appetite

Any grade 94 (22.3%) 18 (13.6%) 53 (25.0%) 23 (29.9%) 0.010

Grade ≥3 13 (3.1%) 2 (1.5%) 9 (4.2%) 2 (2.6%) 0.350

Hypertension

Any grade 69 (16.4%) 23 (17.4%) 35 (16.5%) 11 (14.3%) 0.838

Grade ≥3 18 (4.3%) 5 (3.8%) 11 (5.2%) 2 (2.6%) 0.595

Fever

Any grade 30 (7.1%) 6 (4.5%) 13 (6.1%) 11 (14.3%) 0.022

Grade ≥3 6 (1.4%) 1 (0.8%) 4 (1.9%) 1 (1.3%) 0.688

Other

Any grade 201 (47.7%) 54 (40.9%) 108 (50.9%) 39 (50.6%) 0.165

Grade ≥3 61 (14.5%) 12 (9.1%) 35 (16.5%) 14 (18.2%) 0.098

Abbreviations: GPS, Glasgow prognostic score.

T A B L E  5   Adverse events
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median overall survival was NA (95% CI, NA–NA) months 
in patients with a neo-GPS of 0 and NA (95% CI, 14.5–NA) 
months in those with a neo-GPS of ≥1 (p < 0.001).

4   |   DISCUSSION

In this Japanese multicenter study, high neo-GPSs were 
associated with poor prognosis in patients with HCC who 

received Atez/Bev therapy, the combination therapy of 
an immune checkpoint inhibitor (Atez) and an antibody 
against vascular endothelial growth factor (Bev) that was 
developed as first-choice therapy for patients with unre-
sectable HCC. After adjusting for sex, age, HCC etiology, 
history of systematic therapy, α-fetoprotein level, NLR, 
neo-GPS, and BCLC stage, an α-fetoprotein level ≥ 100 ng/
ml, NLR ≥3, neo-GPS of 1, and neo-GPS of 2 were sig-
nificantly associated with overall survival, while an 

F I G U R E  3   Cumulative overall survival curves by neo-GPS score in patient subgroups. (A) Patients with a Child–Pugh score of 5. 
The cumulative overall survival rates of patients with a neo-GPS score of 0 at 3, 6, and 12 months are 98.3%, 96.5%, and 90.7%, respectively 
(solid line). In patients with a neo-GPS score of ≥1, the cumulative overall survival rates are 97.5%, 90.5%, and 71.2% at 3, 6, and 12 months, 
respectively (dotted line) (p = 0.001, log-rank test). (B) Patients with NLR <3. The cumulative overall survival rates of patients with a neo-GPS 
score of 0 at 3, 6, and 12 months are 100.0%, 97.1%, and 89.6%, respectively (solid line). In patients with a neo-GPS score of ≥1, the cumulative 
overall survival rates are 97.5%, 90.2%, and 69.6% at 3, 6, and 12 months, respectively (dotted line) (p = 0.001, log-rank test). (C) Patients with α-
fetoprotein < 100 ng/ml. The cumulative overall survival rates of patients with a neo-GPS score of 0 at 3, 6, and 12 months are 98.8%, 97.4%, and 
94.3%, respectively (solid line). In patients with a neo-GPS score of ≥1, the cumulative overall survival rates are 98.7%, 89.0%, and 69.1% at 3, 6, 
and 12 months, respectively (dotted line) (p < 0.001, log-rank test). GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio.
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α-fetoprotein level ≥ 100 ng/ml, NLR ≥3, and neo-GPS of 
2 were independently associated with progression-free 
survival. Additionally, compared to the GPS, which has 
been previously investigated to be a valuable prognostic 
tool for HCC patients,12–15 the neo-GPS had a lower AIC 
and higher c-index for overall survival. In other words, the 
neo-GPS had better discriminatory capacity and predic-
tive ability for overall survival than the GPS in advanced 
unresectable HCC patients who received Atez/Bev ther-
apy. These results suggest that the neo-GPS, which is sim-
ple and inexpensive to evaluate, can be used to predict the 
prognosis in patients with advanced unresectable HCC 
who received Atez/Bev therapy.

The Child–Pugh classification has been used for de-
cades to evaluate liver reserve function and is often em-
ployed to HCC staging systems.17,21 However, it is weak 
because of the subjectivity involved in assessing ascites 
and encephalopathy, and by the correlation between as-
cites and serum albumin levels.17 Additionally, the system 
was originally reported for patients with cirrhosis, not 
HCC. The recently developed ALBI grade, which is cal-
culated by only serum albumin and total bilirubin levels, 
has been reported to have superior predictive ability in 
assessing prognosis in patients with HCC compared not 
only to the Child–Pugh classification system28,29 but also 
to the liver damage classification.30 Additionally, the ALBI 
score/grade was developed based on an extensive interna-
tional database of HCC patients.9

Systematic inflammation responses are known to be 
associated with malignant disease, and some mechanisms 
of this phenomenon have been clarified to confirm this 
relationship. For instance, cancer necrosis and hypoxia 
or damage of local tissue may activate an inflammatory 
reaction; invasion or cancer growth may cause inflam-
mation of its tissues; and malignant disease cells, malig-
nant cancer-related leukocytes, or both may influence 
the increasing of inflammatory cytokines such as factor 
of neoplasm necrosis, vascular endothelial growth factor, 
interleukin (IL)-1, IL-6, and IL-8. These inflammatory cy-
tokines and chemokines may promote malignant tumor 
growth, metastasis, invasion, angiogenesis, and resistance 
to cytotoxic drugs, and may also subvert the host im-
mune response.31–33 Among the simple clinical biomark-
ers of inflammatory responses, CRP has been used as an 
acute-phase substance synthesized in hepatocytes and 
influenced by proinflammatory cytokines such as IL-6.34 
Additionally, CRP can be quickly measured at low cost in 
most clinics and hospitals.

The GPS has been reported as a prognostic factor in 
patients with digestive system malignancies, including 
HCC.10–15 However, the only GPS component associated 
with nutritional status or liver function is the serum al-
bumin level. Therefore, Kaibori et al.16 developed the 

neo-GPS, which retains CRP but replaces albumin level 
with ALBI grade, and reported its usefulness in predict-
ing prognosis in surgically treated patients with HCC. In 
an analysis of overall survival, they found that the neo-
GPS, in comparison to the GPS, had a lower AIC (1,554 
vs. 1,562, respectively) and higher c-index (0.611 vs. 0.556, 
respectively).16 In addition, regarding complications as-
sociated with surgical resection, they found that patients 
with a high neo-GPS score (≥1) had a greater rate of high 
Clavien–Dindo classification (≥3)35 compared to those 
with a high GPS (≥1) (65.1% vs. 32.5%, respectively).16 
Therefore, it is considered that the neo-GPS, which com-
bines serum CRP and the ALBI grade, is a reasonable bio-
marker in HCC patients.16,36

In the present study, we demonstrated that in terms 
of overall survival of patients with advanced HCC who 
were treated with Atez/Bev, the neo-GPS, compared 
with the GPS, was associated with a lower AIC (1,207 
vs. 1,211, respectively) and higher c-index (0.677 vs. 
0.652, respectively). In addition, we found that in a sub-
group of patients who were found by multivariate anal-
ysis to have a good prognosis (NLR <3 or α-fetoprotein 
level < 100 ng/mL), those with a high neo-GPS (≥1) had 
a significantly poorer prognosis than those with a low 
neo-GPS. Furthermore, we showed that the neo-GPS 
was able to stratify overall survival even in a subgroup 
of patients with good liver function reserve, that is, a 
Child–Pugh score of 5, who were considered to have 
the best prognosis. Regarding treatment-related adverse 
events, higher neo-GPS was significantly associated 
with decreased appetite of any grade in more than 20% 
of study patients.

The advantage of this study is that it clarified that the 
newly developed neo-GPS can be a prognostic marker 
even for patients treated with Atez/Bev, the first-line sys-
temic therapy for unresectable HCC, although the orig-
inal study of this score was conducted only in patients 
who received surgical resection. Various investigations 
have shown that hepatic function is associated with prog-
nosis in patients treated with systemic therapy, however 
neo-GPS which is a combination of ALBI grade and CRP, 
an inflammatory marker related to the progression of 
cancer, is thought to have the utility in comprehensively 
monitoring the clinical course of HCC. This study was 
conducted only for combination of an immune check-
point inhibitor and a molecular targeted agent, and it 
has not been sufficiently investigated whether neo-GPS 
can be a prognostic marker even in unresectable HCC 
patients who were treated by tyrosine kinase inhibitors 
such as lenvatinib or sorafenib. In the future, it is neces-
sary to investigate whether the prognostic ability of this 
score is common across different systematic therapies in 
patients with HCC.
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The main limitations of this study include the 
hospital-based population and retrospective nature. 
Although this study investigated a large number of ad-
vanced unresectable HCC patients who were treated 
with Atez/Bev from Japanese multiple centers, future 
prospective studies should include community-based 
patients and those recruited on a nationwide basis, as 
well as a long-term observation period. This study did 
not analyze the HCC treatment after Atez/Bev therapy. 
Because sequential systemic treatment may affect prog-
nosis in patients with unresectable HCC, further inves-
tigations that include an evaluation of HCC treatment 
after Atez/Bev therapy discontinued are also warranted. 
Unfortunately, the relationship between future treat-
ment development for HCC and neo-GPS could not be 
analyzed in this study. Further studies are warranted to 
confirmed how this score will help in future research 
and treatment development for HCC.

In conclusion, the neo-GPS, a new biomarker that is 
inexpensive and easy to evaluate in clinical practice, can 
predict prognosis in HCC patients treated with Atez/Bev, 
including those who are considered to have a good prog-
nosis. Further studies are needed to confirm these find-
ings in other cohorts.
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