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Article 
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Simple Summary: It has been reported that the efficacy of immune checkpoint inhibitors in hepatocellular 

carcinoma (HCC) derived from non-alcoholic fatty liver disease(NAFLD)/non-alcoholic steatohepatitis 

(NASH) is inferior to that of hepatocarcinoma derived from viral hepatitis. In this study, we compared changes 

in albumin-bilirubin (ALBI) score after atezolizumab plus bevacizumab treatment between NAFLD/NASH-

derived and non-NAFLD/NASH-derived HCC to investigate the cause of this difference. We found that ALBI 

was worse in NASH HCC. This study may lead to the need to consider etiology in the selection of treatment 

for HCC.. 

Abstract: (1) Background: Although multiple studies have reported on the therapeutic effects of Atezo+Bev for 

the treatment of NASH-related liver cancer, few studies have focused on its effect on liver reserve. Here, we 

aimed to compare the changes in hepatic reserve during the Atezo+Bev treatment of NAFLD/NASH-related 

HCC and of non-NAFLD/non-NASH-related HCC. (2) Methods: We retrospectively compared the changes in 

ALBI score in 109 patients with NAFLD/NASH or non-NAFLD/non-NASH during 12 weeks of treatment with 

Atezo+Bev for advanced HCC between September 2019 and January 2022. PSM was performed, and the OS, 

PFS, and PPS of the two groups were compared. (3)Results: The ALBI after 12 weeks of Atezo+Bev treatment 

was significantly worse in the NAFLD/NASH group than in the non-NAFLD/non-NASH group. Analysis of 

the 24 propensity score-matched pairs of cases with NAFLD/NASH or non-NAFLD non-NASH yielded similar 

results. The prognoses of the two groups were similar with respect to OS and PFS, but the NAFLD/NASH 

group had a significantly shorter PPS. The 24 matched pairs had similar OS and PFS, but the PPS of the 
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NAFLD/NASH group was shorter. (4)Conclusion: Atezo+Bev treatment may worsen hepatic reserve, and 

therefore life expectancy, in patients with NAFLD/NASH-related liver cancer. 

Keywords: Atezolizumab; bevacizumab; non-alcoholic fatty liver disease; non-alcoholic steato hepatitis; 

albumin-bilirubin (ALBI) score 

 

1. Introduction 

Hepatocellular carcinoma (HCC) is the fourth most common cause of death worldwide (1). 

Several therapeutic agents have been developed in recent years for advanced hepatocellular 

carcinoma (2) (3) (4) (5) (6), but the combination of atezolizumab (Atezo) + bevacizumab (Bev) is 

currently the only combination of a molecular targeting agent and an immune checkpoint inhibitor 

(ICI) that is used therapeutically (7). This combination is regarded as a first-line treatment for 

advanced hepatocellular carcinoma in various guidelines (8) (9). Atezo+Bev was shown to be superior 

to sorafenib in the IMbrave 150 trial (7) (10), but ICIs have been shown to have a poor anti-tumor 

effect in mice with non-alcoholic steatohepatitis (NASH), and to cause fibrosis in non-cancerous 

tissue (11). The IMbrave 150 trial showed that Atezo+Bev treatment did not have the same overall 

survival (OS) benefit for patients with non-viral HCC than for those with viral HCC, and was 

associated with slightly poorer progression-free survival (PFS), but the objective response rates 

(ORRs) for non-viral and viral HCC were similar (10). Therefore, we performed an observational 

study to determine whether a reduction in liver reserve capacity might explain the difference in 

prognosis, despite comparable treatment efficacy. 

2. Materials and Methods 

Participants 

We recruited 115 patients with unresectable advanced HCC who were treated with Atezo+Bev 

between September 2019 and January 2022 at several centers. Following the initial evaluation, six 

patients with insufficient data were excluded from the analysis, and therefore the final analysis was 

of 109 patients. As a comparison, 181 patients who were treated with lenvatinib between January 

2019 and January 2022 were also studied. The study was approved by the ethics committee of Kyushu 

Cancer Center (2018-16) and conformed to the principles of the 1975 Declaration of Helsinki. 

We examined the medical records of each participant and collected information on their clinical 

characteristics and therapeutic response, including their PFS, OS, and post-progression survival 

(PPS), and analyzed the data retrospectively. Participants who were positive for anti-hepatitis C virus 

(HCV) antibodies were judged to have HCC owing to HCV infection, those who were positive for 

hepatitis B virus surface antigen were judged to have HCC owing to hepatitis B virus (HBV) infection, 

and those without either of these were judged to have cancer of a non-viral etiology. For participants 

with a non-viral etiology, NAFLD/NASH was diagnosed based on contemporaneous or prior 

imaging or histological examination showing evidence of fatty liver or steatohepatitis, in the absence 

of a history of alcohol consumption or the use of drugs known to cause fatty liver. Of the 49 patients 

who were classified as having HCC of non-viral origin, 28 were classified as having NAFLD/NASH. 

Data for the 109 patients who were treated using Atezo+Bev were studied. The changes in ALBI 

in the two groups over a 12-week period were compared after the exclusion of those who were unable 

to continue treatment for 12 weeks. Seventy-seven participants were included in this analysis, and 

the changes in participants who were taking Atezo+Bev as their first-line treatment were also 

analyzed. In addition, PSM was performed for participants in the NAFLD/NASH and non-

NAFLD/non-NASH groups, according to their round of treatment, tumor number and size, 

macrovascular invasion, extrahepatic metastasis, sex, age, ALBI score, and AFP at the start of 

treatment (Figure 1). The change in ALBI during 12 weeks of treatment was compared among 24 

pairs of participants who were propensity score-matched and able to continue treatment for 12 
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weeks. As a secondary analysis, the OS, PFS, and PPS of all the participants in the two groups were 

compared, including those who did not continue the treatment for the full 12 weeks. In addition, the 

OS, PFS, and PPS of the 24 propensity score-matched pairs of participants were compared. 

 

Figure 1. Study design, patient inclusion, and propensity score matching for atezolizumab + 

bevacizumab treatment. 

For participants with non-viral hepatitis-related liver cancer, those with prior or 

contemporaneous imaging-based or histological evidence of fatty liver or steatohepatitis, in the 

absence of a history of alcohol consumption or the use of medication that might cause fatty liver, 

were diagnosed as having NAFLD/NASH-related cancer, and the others were classified as having 

non-NAFLD/non-NASH-related cancer. After excluding those who were unable to continue 

treatment for 12 weeks, data from 21 participants with NAFLD/NASH and 59 with non-NAFLD/non-

NASH were analyzed. Participants in the NAFLD/NASH and non-NAFLD/non-NASH groups were 

propensity score-matched according to age, sex, tumor number and size, macrovascular invasion, 

extrahepatic metastasis, round of treatment, ALBI score, and AFP value; and 24 cases from each 

group were selected for comparison. NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 

steatohepatitis; ASH, alcoholic liver disease; ALBI, albumin-bilirubin score; AFP, α-fetoprotein. 

The same analysis was performed on 181 participants who had been treated with lenvatinib for 

comparison (Figure S1). After the exclusion of participants with insufficient data, the total number 

studied was 175. The change in ALBI over the 12-week treatment period was also evaluated according 

to etiology, with the exclusion of participants who failed to continue treatment for the full 12 weeks, 

as for the participants who underwent treatment with atezolizumab plus bevacizumab. Following 

the application of this criterion, 137 participants remained for inclusion in the analysis. We compared 

the OS, PFS, and PPS of the NASH and non-NASH groups. In addition, propensity score-matching 

was performed for participants in the NASH and non-NASH groups, based on treatment, sex, age, 

ALBI score at the start of treatment, maximum tumor diameter, the number of tumors with AFP, the 

presence or absence of substantial vascular invasion, and the presence or absence of extrahepatic 

metastases. The change in ALBI and the OS, PFS, and PPS before and 12 weeks after the initiation of 

treatment, according to etiology, were evaluated in participants selected by propensity score-

matching. 

Excluded  
insufficient data (n=6)

Patients with HCC who received 
Atezolizumab plus bevacizumab

(n= 115)

Etiology viral(n=60)Etiology Non 
viral(n=49)

Etiology Non-NaFLD/ 
non-NASH(n=81)

Etiology NASH/ 
NAFLD (n=28)

Propensity score matching
1:1

Etiology NASH/ 
NAFLD (n=24)

Etiology Non-NaFLD/ 
non-NASH(n=24)

Fig1

Modification
ASH/No fatty liver or 
obesity in medical 
history(n=21)

continue treatment up to 12 weeks
NASH/NAFLD        non-NASH

(n=21)                    (n=56)

continue treatment up to 12 weeks
NASH/NAFLD        non-NASH

(n=19)                    (n=18)
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Liver parameters 

Liver reserve capacity was evaluated using the ALBI score, which is calculated using the 

circulating albumin and bilirubin concentrations (12) (13) (14), as ALBI-score = (log10 bilirubin 

(µmol/L) × 0.66) + (albumin (g/L) × −0.085). The ALBI grades were defined as <−2.60, ALBI grade 1; 

−2.60 to −1.391, ALBI grade 2; and ≥−1.39, ALBI grade 3. To further subdivide moderate liver injury, 

mALBI grades of 1, 2a, 2b, and 3 were assigned as follows: <−2.60, ALBI grade 1; −2.60 to −2.271, ALBI 

grade 2a; −2.270 to −1.391, ALBI grade 2b; and ≥−1.39, ALBI grade 3 (15). 

Diagnosis of hepatocellular carcinoma 

HCC was diagnosed using dynamic CT, magnetic resonance imaging (MRI), and/or pathological 

findings. Tumor node metastasis (TNM) stage, determined as previously reported for the staging of 

HCC by the Liver Cancer Study Group of Japan, 6th edition (16), was used to evaluate tumor 

progression. We also used the Barcelona Clinic Liver Cancer (BCLC) stage (17). 

Statistical analysis 

Continuous data are presented using medians and ranges. The changes in ALBI between 

baseline and week 12 in the NASH and non-NASH groups were compared using ANOVA/pooled t-

test. Participants treated with atezolizumab plus bevacizumab in the NAFLD/NASH (n=28) and non-

NAFLD/NASH groups (n=59) were matched using PSM to reduce the influence of confounding 

factors. Eight factors that are thought to affect the prognosis of advanced liver cancer were included 

as baseline variables: age, sex, ALBI score, AFP value, the number of tumors, the size of the tumors, 

macrovascular invasion, extrahepatic metastasis, and the round of treatment. The propensity scores 

for the NAFLD/NASH and non-NAFLD /NASH groups were 0.803 ± 4.699 and −1.476 ± 0.817, 

respectively (mean ± standard deviation (SD)). The area under the receiver operating characteristic 

(ROC) curve (AUC) was 0.7873. This propensity score was used for one-to-one nearest-neighbor 

matching, and the caliper was set at 0.20. This resulted in the selection of 24 participants from each 

of the NAFLD/NASH and non-NAFLD/NASH groups. The propensity scores after matching were 

−0.822 ± 0.833 and −0.825 ± 0.831 (mean ± SD). Overall survival (OS) was defined as the time between 

the start date of administration of Atezo+Bev and the date of death. Progression-free survival (PFS) 

was defined as the time between the start date of administration of Atezo+Bev and the date of the 

final follow-up examination, disease progression, or death, whichever came first. Post-progression 

survival (PPS) was defined as the time between the date of completion of Atezo+Bev or the date of 

disease progression, whichever came first, and the date of death. OS, PFS, and PPS are reported as 

median values, expressed in months, with 95% confidence intervals (CIs). Survival curves were 

plotted using the Kaplan-Meier product-limit method. The roles of other variables were assessed 

using the log-rank test. P < 0.05 was considered to indicate statistical significance. Statistical analyses 

were performed using JMP Pro. version 15.1.0 (SAS Institute Inc., Cary, NC, USA) and graphs were 

prepared using PRISM version 9.1.0 (GraphPad Software, San Diego, CA, USA). 

A similar approach was used to study the 175 participants who were treated with lenvatinib. 

The participants in the NAFLD/NASH (n=32) and non-NAFLD/NASH (n=141) groups were matched 

using PSM to reduce the influence of confounding factors. Eight factors were included as baseline 

variables: age, sex, ALBI score, AFP value, the number of tumors, the size of tumors, macrovascular 

invasion, extrahepatic metastasis, and the round of treatment. The mean ± standard deviation (SD) 

propensity scores for the NAFLD/NASH and non-NAFLD /NASH groups were 0.229 ± 0.091 and 

0.175± 0.092, respectively. The area under the receiver operating characteristic (ROC) curve (AUC) 

was 0.6797. This propensity score was used for one-to-one nearest-neighbor matching, with the 

caliper set at 0.20. This resulted in the selection of 30 participants from each of the NAFLD/NASH 

and non-NAFLD/NASH groups, and their mean ± SD propensity scores after matching were 0.2132 

± 0.067 and 0.2133 ± 0.068. 
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3. Results 

The characteristics of the participants at the start of atezolizumab plus bevacizumab treatment 

are shown in Table 1. Twenty-eight patients comprised the NAFLD/NASH groups and 81 comprised 

the non-NAFLD/NASH group. 

An analysis of the ALBI values at baseline and after 12 weeks of Atezo+Bev treatment is shown 

in Figure 2a. Twenty-one participants with NASH and 56 without were able to continue treatment 

up to 12 weeks and had their ALBI calculated. The NAFLD/NASH group had a significantly worse 

mean ALBI score after 12 weeks than the non-NAFLD/non-NASH group. The analysis of the first-

line treatment group also showed that the ALBI score was worse in the NAFLD/NASH group after 

12 weeks of treatment than in the non-NAFLD/non-NASH group (Figure 2b). In addition, after PSM 

of 24 participants according to round of treatment, tumor number and size, macrovascular invasion, 

extrahepatic metastasis, sex, age, ALBI score, and AFP at the start of treatment, we found that the 

NAFLD/NASH group had a significantly worse ALBI score than the non-NAFLD/non-NASH group 

(Figure 2c).  

 

Figure 2. Changes in ALBI during atezolizumab + bevacizumab treatment in the NAFLD/NASH and 

non-NAFLD/non-NASH groups. 

a) Change in ALBI during Atezo+Bev treatment in the NAFLD/NASH and non-NAFLD/non-

NASH groups in the participants who were able to continue treatment for 12 weeks. b) Change in 

ALBI in participants in each group undergoing first-line Atezo+Bev treatment. c) Change in ALBI in 

propensity score-matched participants who were treated using Atezo+Bev. Atezo+Bev, atezolizumab 

+ bevacizumab; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; 

ALBI, albumin-bilirubin score. 

The background factors after PSM are shown in Table 2. The mean ALBI score was also 

significantly worse for participants with non-viral liver cancer than for those with viral liver cancer 

(non-viral vs. viral: 0.310±0.063 vs. 0.109±0.064, p=0.0289; data not shown). The OS, PFS, and PPS of 

the groups were also compared, and no differences in OS or PFS were found between the 

NAFLD/NASH and non-NAFLD/non-NASH groups, but the NAFLD/NASH group had a 

significantly shorter mean PPS (Figure 3a–c). 
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Figure 3. OS, PFS, and PPS of participants in the NAFLD/NASH and non-NAFLD/non-NASH groups 

during treatment with Atezo+Bev. Kaplan-Meier curves were used for the analysis. a) Comparison of 

OS in the NAFLD/NASH and non-NAFLD/non-NASH groups. b) Comparison of PFS in the 

NAFLD/NASH and non-NAFLD/non-NASH groups. c) Comparison of PPS in the NAFLD/NASH 

and non-NAFLD/non-NASH groups. OS, overall survival; PFS, progression-free survival; PPS, post-

progression survival; Atezo+Bev, atezolizumab + bevacizumab; NAFLD, non-alcoholic fatty liver 

disease; NASH, non-alcoholic steatohepatitis. 

In addition, for the 24 propensity score-matched pairs, there were no differences in OS or PFS, 

but the participants with NAFLD/NASH had a significantly shorter PPS (Figure 4a–c). 

  

Figure 4. OS, PFS, and PPS of propensity score-matched participants in the NAFLD/NASH and non-

NAFLD/non-NASH groups during treatment with Atezo+Bev. 
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Kaplan-Meier curves were used for the analysis. a) Comparison of OS in propensity score-

matched participants in the NAFLD/NASH and non-NAFLD/non-NASH groups. b) Comparison of 

PFS in propensity score-matched participants in the NAFLD/NASH and non-NAFLD/non-NASH 

groups. c) Comparison of PPS in propensity score-matched participants in the NAFLD/NASH and 

non-NAFLD/non-NASH groups. OS, overall survival; PFS, progression-free survival; PPS, post-

progression survival; Atezo+Bev, atezolizumab + bevacizumab; NAFLD, non-alcoholic fatty liver 

disease; NASH, non-alcoholic steatohepatitis. 

The same study was conducted for participants taking lenvatinib for comparison. Figure S2a 

shows the results of the analysis of ALBI at the start and after 12 weeks of lenvatinib treatment. The 

numbers of participants who were able to continue treatment for the full 12 weeks and had their ALBI 

calculated were 27 in the NASH group and 110 in the non-NASH group. There was no difference in 

the change in ALBI score over 12 weeks between the NASH and non-NASH groups. In addition, PSM 

was performed using age, sex, BCLC stage, pretreatment ALBI score, pre-treatment AFP value, 

maximum tumor diameter, the presence or absence of substantial vascular invasion, and the presence 

or absence of extrahepatic metastasis as covariates; and comparisons were made for each of the 30 

participants selected. Similar to the results of the above analysis, there was no difference in ALBI 

between the NASH and non-NASH groups (Figure S2b). There were no differences in the OS, PFS, 

and PPS of the participants in the NAFLD/NASH and non-NAFLD/NASH groups taking lenvatinib 

treatment (Figure S3a–c), nor between the participants selected by PSM (Figure S4a–c). 

4. Discussion 

The drug therapy for HCC has undergone significant changes in recent years. Atezolizumab 

plus bevacizumab treatment was adopted as the first-line treatment for HCC after it was found to 

outperform sorafenib, which has long been a standard treatment, with respect to both OS and PFS, 

in the IMbrave150 trial (7). For HCC, as for other carcinomas, a number of drugs, including ICIs, have 

become available, and their efficacy and the importance of sequential treatment are now recognized. 

However, the treatment of HCC differs from that of other carcinomas, in that liver reserve has a larger 

effect on prognosis (18). Hepatic reserve has been identified to be an important prognostic factor in 

various analyses (19, 20), and the maintenance of hepatic reserve is a major challenge in the treatment 

of HCC. 

Hepatitis C used to be a major background factor in patients with liver cancer, but its prevalence 

has been declining in recent years, whereas NASH/NAFLD-derived liver cancer has become very 

common. In the United States, the number of patients awaiting liver transplantation because of 

NASH increased by 170% between 2004 and 2013 (21), and in Japan, a rapid increase in the prevalence 

of NASH-related cancer has been reported (18). However, this differs in several ways from viral liver 

cancer, and there has been recent interest in whether there are differences in the therapeutic efficacy 

of immunotherapy between patients in NASH/NAFLD-related and non-NASH-related liver cancer 

or between those with non-viral or viral liver cancer. In a meta-analysis of subgroup analyses of the 

results of several drug development trials, Pfister et al. found that immunotherapy was associated 

with a poorer prognosis in patients with non-viral liver cancer than in those with viral liver cancer, 

and that in two real-world clinical cohorts, NAFLD-related liver cancer was associated with a poorer 

prognosis than non-NAFLD-related liver cancer in patients undergoing immunotherapy (11). In 

addition, a study of propensity score-matched patients showed that Atezo+Bev treatment is 

associated with worse OS and PFS than lenvatinib treatment in patients with NASH/NAFLD-related 

HCC, but not in those with non-NASH/NAFLD-related HCC (22). However, findings on the efficacy 

of ICI combination therapy in patients with NASH-related or non-NASH-related cancer have been 

conflicting (23). 

A number of studies have been conducted regarding the pre-carcinogenic immune response in 

NASH. It has been reported that in a mouse model of NAFLD, intrahepatic CD8 T cells are activated 

and express CD44 and CD69, which may result in liver damage through interactions with 

hepatocytes (21). It has also been reported that exhausted CD8 T cells are activated in the livers of 

patients with NASH and express high levels of PD-1, which promotes hepatocellular damage and the 
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progression of fibrosis (24). In the present study, we measured the change in ALBI over the 12 weeks 

of treatment, and found that the NAFLD/NASH group had significantly poorer results than the non-

NAFLD/non-NASH group. This may imply that the hepatic reserve of patients with NAFLD/NASH 

is worse than in those with other etiologies during Atezo+Bev treatment. One reason for this may be 

that checkpoint inhibitors increase inflammation and cytotoxicity in non-cancerous areas of the liver. 

Pfister et al. reported that in mice with NASH and HCC, anti-PD1 immunotherapy results in a slight 

reduction in circulating ALT activity, but an increase in fibrosis (11). 

Although the immune responses of humans and mice differ, we believe that a similar response 

may explain the present findings. In the present study, we calculated ALBI 12 weeks after the start of 

treatment because it has been reported that it worsens slightly in the second month of lenvatinib 

treatment, but returns to its pre-treatment value by the third month (25). Hiraoka et al. also reported 

that ALBI worsens slightly after 3 weeks, but tends to improve after 6 weeks of Atezo+Bev treatment 

(26). This initial deterioration and subsequent improvement are thought to be the results of adverse 

events and fatigue during the early stages of treatment. On this basis, we conducted a comparison 

after 12 weeks, by which time the initial side effects and fatigue would be expected to have subsided 

to some extent. We found that ALBI after 12 weeks of Atezo+Bev treatment differed between the 

NASH and non-NASH groups, but not between participants in these groups who were undergoing 

lenvatinib treatment, as shown in the Supplementary data. Another reason for the difference in ALBI 

between the NAFLD/NASH and non-NAFLD/non-NASH groups with respect to those undergoing 

Atezo+Bev treatment may be that NAFLD/NASH-related HCC is associated with a high incidence of 

cardiovascular complications (27), and Bev treatment may have worsened any hypertension, 

resulting in greater urinary protein loss and a consequent reduction in circulating albumin 

concentration. Irrespective of the actual reason, the ALBI after 12 weeks of Atezo+Bev treatment was 

worse in participants with NAFLD/NASH-related HCC than in those with non-NAFLD/non-NASH-

related HCC. The prognosis of patients following Atezo+Bev treatment failure has been reported to 

correlate with hepatic reserve at the time of failure (28), and the worsening of ALBI may, at least in 

part, explain why the PPS associated with Atezo+Bev was worse in participants with NAFLD/NASH-

related liver cancer than in those with non-NAFLD/non-NASH liver-related cancer in the present 

study. 

The present study had several limitations. First, it was a retrospective study and participants 

were not randomly assigned. Instead, PSM was used, albeit of relatively few participants. In addition, 

markers of fibrosis and liver histology were not analyzed, and the cause of the worsening of the ALBI 

is unclear. In many cases, pre-treatment liver biopsies were not obtained and a definitive diagnosis 

of NASH was not made, but rather a diagnosis of NAFLD alone. Nevertheless, we believe that this is 

the first study to assess the ALBI of patients undergoing immunotherapy in combination with 

another treatment for NAFLD/NASH or non-NAFLD/non-NASH, and therefore the findings should 

be of great interest. 

5. Conclusions 

We found that the hepatic reserve of patients with NAFLD/NASH-related HCC undergoing 

Atezo+Bev treatment is worse than of those with non-NAFLD/non-NASH-related HCC. The PPS for 

patients with NAFLD/NASH-related liver cancer during Atezo+Bev treatment was also found to be 

poorer than that of patients with non-NAFLD/non-NASH-related liver cancer. This may indicate a 

worse prognosis for patients with NAFLD/NASH-related liver cancer who undergo Atezo+Bev 

treatment, probably because of deterioration in liver reserve. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1. Study design, patient inclusion, and propensity score-matching for 

lenvatinib-treated participants. Figure S2. Change in ALBI during lenvatinib treatment in the NAFLD/NASH 

and non-NAFLD/non-NASH groups. Figure S3. OS, PFS, and PPS of participants in the NAFLD/NASH and non-

NAFLD/non-NASH groups during treatment with Lenvatinib. Fig.S4. 
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