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Abstract: Combined immune checkpoint inhibitors (ICIs) along with tyrosine kinase inhibitors (TKIs) and locoregional 
therapies have been used increasingly to treat hepatocellular carcinoma (HCC). Biomarkers are required to predict 
the treatment efficacy of ICIs with or without combination therapies in patients with unresectable HCC. This study 
enrolled 95 consecutive patients with unresectable HCC from May 2017 to June 2021 from two hospitals retrospec-
tively. Of the 95 patients, 15 and 80 had Barcelona Clinic Liver Cancer stages B and C, respectively. The median 
ICI treatment duration was 3.43 (1.87-7.87) months, and 77 patients received combination therapies. Radiological 
imaging was not performed in 13 patients. Objective response and disease control rates were 27.4% and 53.7%, 
respectively. The duration of progression-free survival (PFS) and overall survival (OS) was 4.07 (1.59-6.54) months 
and 14.53 (6.93-22.14) months, respectively. Alpha-fetoprotein (AFP) response was defined as a decline of >15% in 
the serum AFP level within the initial 3 months of ICI therapy according to Youden’s index. AFP response was deter-
mined to be a predictor of disease control (odds ratio: 11.657, 95% confidence interval [CI]: 2.834-47.941, P=.001). 
Macrovascular invasion (MVI), AFP response (hazard ratio [HR]: 0.488, 95% CI: 0.255-0.934, P=.030), combina-
tion therapy, and disease control were predictors of PFS, and MVI, AFP response (HR: 0.344, 95% CI: 0.160-0.737, 
P=.006), and disease control were predictors of OS. AFP response was a predictor of disease control, PFS, and OS. 
These findings indicate that AFP response can serve as a biomarker to predict treatment outcomes in patients with 
unresectable HCC receiving ICIs with or without TKIs or locoregional therapies.
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Introduction

Immune checkpoint inhibitors (ICIs) are an 
emerging treatment option for hepatocellular 
carcinoma (HCC) [1, 2]. However, the outcomes 
of second-line ICI monotherapy are unsatisfac-
tory, and hence, combination therapies with 
ICIs have become a trend for treating HCC [3]. 

In the nivolumab plus ipilimumab cohort of the 
CheckMate 040 study, patients with advanced 
HCC who were previously treated with sorafenib 
and administered a combination of nivolumab 
(1 mg/kg) and ipilimumab (3 mg/kg) every 3 
weeks for a total of four doses followed by 
nivoluimab (240 mg) every 2 weeks exhibited a 
longer median overal survival (OS) duration of 
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22.8 months (95% confidence interval [CI]: 9.4-
not reached) [4]. In the IMbrave150 trial, pa- 
tients with unresectable HCC who received a 
combination of atezolizumab and bevacizumab 
had longer progression-free survival (PFS; haz-
ard ratio [HR]: 0.59) and OS (HR: 0.58) than did 
those who received sorafenib [5]. Thus, the 
combination of atezolizumab and bevacizumab 
has become the benchmark for first-line sys-
temic HCC therapy. In addition, other combina-
tions, lenvatinib plus pembrolizumab [6] and 
tremelimumab plus duralumab [7], have exhib-
ited promising results.

The cost of combination therapy with ICIs may 
not be affordable for some patients because  
of tight finances or their insurance reimburse-
ment policy. Therefore, tyrosine kinase inhibi-
tors (TKIs) and locoregional therapies for HCC, 
including radiofrequency ablation (RFA), trans-
arterial chemoembolization (TACE), and stereo-
tactic body radiotherapy (SBRT), have been 
used in concurrent or sequential combination 
with ICIs in real-world practice.

Biomarkers are required to predict the treat-
ment efficacy of ICIs with or without combina-
tion therapy in patients with unresectable HCC. 
Serum α-fetoprotein (AFP), a secreted glycopro-
tein by HCC cells, could indirectly reflect tumor 
burden in patients with HCC under treatment 
[8, 9]. Previous studies have demonstrated an 
association between a >10% or >20% decline 
in the serum AFP level within the first 4 or 12 
weeks of ICI treatment and more favorable 
treatment efficacy [10-12]. However, whether a 
decline in the AFP level can predict treatment 
efficacy in patients with unresectable HCC 
receiving ICIs with or without TKIs or locore-
gional therapies remains unclear. Hence, this 
study investigated whether a decline in the AFP 
level can predict treatment response in pa- 
tients with unresectable HCC and identified 
other potential predictors of disease control, 
PFS, and OS in this patient population.

Patients and methods

Patients

This retrospective study enrolled 128 conse- 
cutive patients with unresectable HCC who 
received at least one dose of nivolumab or 
pembrolizumab at China Medical University 
Hospital and Asia University Hospital in central 

Taiwan between May 2017 and June 2021. 
Patients who had early or terminal stage HCC,  
a malignancy other than HCC, no record of a 
decline in AFP level, undergone liver transplan-
tation, or human immunodeficiency virus infec-
tion were excluded. Of the 95 patients includ- 
ed in the final analysis, 82 had evaluable radio-
logical imaging; 10 died and 3 were lost to fol-
low-up before the first radiological assessment 
(Supplementary Figure 1).

Hematologic and biochemical values, virologi-
cal features, comorbidities, and tumoral char-
acteristics were recorded at baseline. The AFP 
level was recorded at baseline and 4, 8, and  
12 weeks and then every 2 to 3 months after 
the initiation of ICI therapy. The AFP kinetics in 
the first 3 months of ICI therapy was deter-
mined by the maximal difference between AFP 
at baseline and 4, 8, or 12 weeks after the ini-
tiation of ICI therapy. In addition, information 
regarding combination therapies with ICIs in- 
cluding TKIs and locoregional therapies (RFA, 
TACE, and SBRT) was recorded. This study was 
performed in accordance with the 1975 De- 
claration of Helsinki. This study was approved 
by the Research Ethics Committee of China 
Medical University Hospital, Taichung, Taiwan 
(CMUH108-REC3-140). Each patient’s identifi-
cation number was encrypted to protect their 
privacy; thus, the need for informed consent 
was waived.

ICI and TKI doses, locoregional therapies, 
tumor assessment, and safety

Per the protocols of previous studies, the dos- 
es of ICIs were administered (2-3 mg/kg every 
2 weeks for nivolumab and every 3 weeks for 
pembrolizumab). The doses of sorafenib and 
lenvatinib were 400-800 mg and 8-12 mg per 
day, respectively, and the dose of regorafenib 
was 80 mg per day or 120-160 mg per day for 
the first 21 days of each 28-day cycle. The pa- 
tients receiving a combination of an ICI and a 
TKI for more than 7 days were considered to be 
receiving combined TKI therapy. One patient 
received real-time ultrasound-guided RFA (Co- 
vidien, Dublin, Ireland) for three tumors (1.3-
2.0 cm in size) 10 days after initiating nivolum-
ab therapy. The patients with HCC with Child-
Pugh classification A or B and main portal vein 
patency or main portal vein thrombosis with 
cavernous transformation were considered to 
be eligible for TACE. Combined radiotherapy 
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was defined as overlapping ICI therapy with 
SBRT for HCC. The detailed procedures of TA- 
CE [13] and SBRT [14] have been described 
previously.

Tumor response was evaluated by performing 
dynamic computed tomography per 8 to 12 
weeks according to the Modified Response 
Evaluation Criteria in Solid Tumors (mRECIST) 
[15]. Patients with objective response were 
defined as patients with complete response 
(CR) or partial response (PR), and patients  
with disease control were defined as patients 
with CR, PR, or stable disease (SD). Safety  
was evaluated following the National Cancer 
Institute Common Terminology Criteria for 
Adverse Events (version 4.03).

Laboratory tests

Blood biochemistry tests (Beckman Coulter, 
CA, USA) and complete blood count analyses 
(Sysmex HST series, Kanagawa, Japan) were 
performed in the central laboratory of the hos-
pitals. The presence of the serum hepatitis B 
surface antigen for more than 6 months de- 
fined hepatitis B virus (HBV) infection, and the 
presence of the serum anti-HCV antibody for 
more than 6 months and detectable HCV RNA 
defined hepatitis C virus (HCV) infection. Liver 
cirrhosis was defined based on unequivocal 
clinical, ultrasonographic, or histological an- 
alysis.

Statistical analysis

Continuous variables are presented as the me- 
dian (interquartile range), PFS and OS are pre-
sented as the median (95% CI), and categorical 
variables are presented as the frequency (per-
centage). Between-group comparisons of con-
tinuous variables were performed using the 
Mann-Whitney U test. The predictive perfor-
mance of serum AFP kinetics for disease con-
trol was examined by performing area under 
the receiver operating characteristic (AUROC) 
curve analysis. Youden’s index was used to 
identify the optimal cutoff point for a decrease 
in the serum AFP level within the initial 3 
months of ICI therapy. Logistic regression anal-
ysis was performed to identify factors associ-
ated with disease control, and Cox regression 
analysis was performed to identify factors 
associated with PFS or OS. Variables with 
P<.20 in the univariate analysis were subjected 

to multivariate logistic or Cox regression analy-
sis to determine their association with disease 
control, PFS, or OS. Kaplan-Meier analysis with 
the log-rank test was used to compare PFS and 
OS between patient subgroups. The formula of 
total tumor volume (TTV) was (4/3) × 3.14 × 
(radius of the tumor in cm)3 [16]. The software 
for statistical analyses was SPSS (IBM SPSS 
25.0, NY, USA). Statistical significance was 
defined as a P value of <.05 (two-sided).

Results

Baseline characteristics

The median age of the 95 patients was 63.8 
(55.6-70.4) years, and 84 (88.4%) of the 95 
patients were men. Furthermore, 15 (15.8%) 
and 80 (84.2%) patients had Barcelona Clinic 
Liver Cancer (BCLC) stages B and C, res- 
pectively. In total, 48 (50.5%), 25 (26.3%), 25 
(26.3%), and 32 (33.7%) patients reported  
having HBV infection, having HCV infection, 
drinking alcohol, and having diabetes mellitus 
(DM), respectively. The median neutrophil-to-
lymphocyte ratio (NLR), aspartate aminotrans-
ferase (AST) level, alanine aminotransferase 
(ALT) level, total bilirubin level, albumin level, 
international normalized ratio, and AFP level 
were 4.52 (2.87-7.78), 55 (34-94) U/L, 41 (26-
60) U/L, 1.1 (0.7-1.6) mg/dL, 3.7 (3.2-4.0)  
g/dL, 1.08 (1.03-1.16), and 114.53 (10.15-
7601.00) ng/mL, respectively. The median 
Child-Pugh score was 6 (5-7), and the median 
Cancer of the Liver Italian Program score was  
2 (1-3). The maximum tumor size was 4.7 (2.5-
8.6) cm. The TTV was 767.2 (127.0-3689.0) 
cm3. Extrahepatic metastasis (EHM) and mac-
rovascular invasion (MVI) were observed in 58 
(61.1%) and 54 (56.8%) patients, respectively. 
A small proportion of patients (n=20, 21.1%) 
received ICIs as the first-line systemic therapy. 
Most of the patients received combination  
therapies (n=77, 81.1%), and 63 (66.3%) pa- 
tients received a combination of ICIs and TKIs. 
The most commonly administered combined 
TKI was sorafenib (n=34, 35.8%), followed by 
lenvatinib (n=33, 34.7%). A total of 21 (22.1%) 
and 22 (23.2%) patients received combined 
ICIs with TACE and SBRT for HCC, respectively 
(Table 1).

Therapeutic response

The median treatment duration of ICIs was 
3.43 (1.87-7.87) months. A total of 13 patients 
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Table 1. Patient demographics, baseline characteristics, and therapeutic responses
Character All (n=95) With AFP response (n=46) Without AFP response (n=49) P value
Age (years) 63.8 (55.6-70.4) 64.3 (56.6-72.0) 61.3 (51.9-68.6) .107
Sex (male), n (%) 84 (88.4) 38 (82.6) 46 (93.9) .088
Body mass index (kg/m2) 24.34 (21.28-27.02) 25.41 (21.57-28.06) 23.13 (21.12-25.77) .041
NLR 4.52 (2.87-7.78) 3.53 (2.21-6.22) 5.23 (3.35-7.85) .028
Platelet count (× 109/L) 156 (103-233) 155 (102-228) 157 (103-238) .961
AST (U/L) 55 (34-94) 43 (31-74) 69 (41-110) .007
ALT (U/L) 41 (26-60) 34 (24-57) 51 (29-70) .032
Total bilirubin (mg/dL) 1.1 (0.7-1.6) 0.9 (0.6-1.3) 1.2 (0.7-1.7) .063
Albumin (g/dL) 3.7 (3.2-4.0) 3.8 (3.2-4.1) 3.5 (3.1-3.9) .190
INR 1.08 (1.03-1.16) 1.07 (1.02-1.15) 1.09 (1.04-1.18) .363
Etiology
    Alcohol 25 (26.3) 10 (21.7) 15 (30.6) .329
    HBV 48 (50.5) 19 (41.3) 29 (59.2) .083
    HCV 25 (26.3) 15 (32.6) 10 (20.4) .179
Diabetes mellitus 32 (33.7) 21 (45.7) 11 (22.4) .017
Liver cirrhosis 66 (69.5) 30 (65.2) 36 (73.5) .385
Child-Pugh score 6 (5-7) 6 (5-7) 6 (5-7) .145
    Class A/B 62 (66.0)/32 (34.0) 32 (69.6)/14 (30.4) 30 (62.5)/18 (37.5) .472
ALBI grade 1/2/3 24 (25.8)/59 (63.4)/10 (10.8) 15 (32.6)/28 (60.9)/3 (6.5) 9 (19.1)/31 (66.0)/7 (14.9) .076
AFP (ng/mL) 114.53 (10.15-7601.00) 79.68 (11.80-1387.42) 343.5 (8.85-13740.00) .260
    AFP ≥400 ng/mL 38 (40.0) 14 (30.4) 24 (49.0) .067
BCLC stage B/C 15 (15.8)/80 (84.2) 7 (15.2)/39 (84.8) 8 (16.3)/41 (83.7) .883
CLIP score 2 (1-3) 2 (1-3) 3 (2-4) .080
Max. tumor size (cm) 4.7 (2.5-8.6) 4.4 (2.2-8.7) 5.0 (2.5-9.14) .726
Total tumor volume (cm3) 767.2 (127.0-3689.0) 462.3 (82.4-3711.9) 986.9 (214.2-3766.9) .308
MVIa 54 (56.8) 24 (52.2) 30 (61.2) .376
    VP3/VP4/hepatic vein 19 (20.0)/32 (33.7)/3 (3.2) 7 (15.2)/16 (34.8)/1 (2.2) 12 (24.5)/16 (32.7)/2 (4.1)
EHMa 58 (61.1) 25 (54.3) 33 (67.3) .196
Prior therapy
    Sorafenib 61 (64.2) 25 (54.3) 36 (73.5)
    Lenvatinib 16 (16.8) 9 (19.6) 7 (14.3)
    Surgery 20 (21.1) 8 (17.4) 12 (24.5)
    PEI/RFA 5 (5.3)/13 (13.7) 3 (6.5)/6 (13.0) 2 (4.1)/7 (14.3)
    TACEb/TARE 60 (63.2)/2 (2.1) 28 (60.9)/1 (2.2) 32 (65.3)/1 (2.0)
    Radiotherapy 63 (66.3) 31 (67.4) 32 (65.3)
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ICI duration (months) 3.43 (1.87-7.87) 6.45 (2.91-11.59) 2.40 (1.52-3.97) <.001
    Nivolumabc 83 (87.4) 37 (80.4) 46 (93.9)
    Pembrolizumabc 14 (14.7) 10 (21.7) 4 (8.2)
    Reduction >25% 34 (35.8) 23 (50.0) 11 (22.4)
    As 1st/2nd/3rd/4th-line systemic therapy 20 (21.1)/57 (60.0)/12 (12.6)/6 (6.3) 13 (28.3)/25 (54.3)/5 (10.9)/3 (6.5) 7 (14.3)/32 (65.3)/7 (14.3)/3 (6.1)
Combination therapy 77 (81.1) 39 (84.8) 38 (77.6) .371
    Sorafenibd 34 (35.8) 16 (34.8) 18 (36.7)
    Lenvatinibd 33 (34.7) 20 (43.5) 13 (26.5)
    Regorafenibd 8 (8.4) 2 (4.3) 3 (6.1)
    Chemotherapy 7 (7.4) 4 (8.7) 3 (6.1)
    RFA 1 (1.1) 0 (0) 1 (2.0)
    TACE 21 (22.1) 15 (32.6) 6 (12.2)
    SBRT for HCC 22 (23.2) 13 (28.3) 9 (18.4)
Therapeutic response
    Best Response
        Complete response 7 (7.4) 7 (15.2) 0 (0)
        Partial response 19 (20.0) 14 (30.4) 5 (10.2)
        Stable disease 25 (26.3) 16 (34.8) 9 (18.4)
        Progressive disease 31 (32.6) 6 (13.0) 25 (51.0)
    Not evaluable
        Death before evaluation 10 (10.5) 2 (4.3) 8 (16.2)
        Lost to follow-upe 3 (3.2) 1 (2.2) 2 (4.1)
    Objective response 26 (27.4) 21 (45.7) 5 (10.2) <.001
    Disease control 51 (53.7) 37 (80.4) 14 (28.6) <.001
    Progression-free survival (months)* 4.07 (1.59-6.54) 7.47 (4.57-10.6) 2.33 (2.04-2.63) <.001
    Overall survival (months)* 14.53 (6.93-22.14) 21.87 (11.35-32.39) 5.60 (3.22-7.98) <.001
Data are presented as the median (first quartile-third quartile). *Data are presented as the median (95% confidence interval). AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; EHM, extrahepatic metastasis; CLIP, Cancer of the Liver Italian Program; HBV, hepatitis B virus; HCV, hepatitis C virus; ICI, immune check-
point inhibitor; IQR, interquartile range; MVI, macrovascular invasion; NLR, neutrophil-to-lymphocyte ratio; SBRT, stereotactic body radiotherapy; TACE, transarterial chemoembolization; TARE, transarterial ra-
dioembolization; TKI, tyrosine kinase inhibitor; PEI, percutaneous ethanol injection; INR, international normalized ratio; RFA, radiofrequency ablation. aA total of 32 patients with HCC had both macrovascular 
invasion and extrahepatic metastasis. bThe median number of TACE sessions was 3 (2-6). cA total of four patients received sequential ICI therapy because of progressive disease: nivolumab→atezolizumab 
plus bevacizumab (2) and nivolumab→pembrolizumab (2). dA total of 14 patients received sequential TKI therapy because of progressive disease: sorafenib→regorafenib (4), sorafenib→lenvatinib (3), sora
fenib→regorafenib→lenvatinib (2), lenvatinib→sorafenib (1), and lenvatinib→cabozantinib (4). eA total of three patients were lost to follow-up because of immune-related adverse events (n=2) and financial 
reasons (n=1).
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did not undergo radiological imaging; among 
them, 10 (10.5%) died before the evaluation, 
and 3 (3.2%) were lost to follow-up because of 
treatment-related adverse events (TRAEs; n=2) 
and financial reasons (n=1). The numbers of 
the patients with CR, PR, SD, and progressive 
disease (PD) were 7 (7.4%), 19 (20.0%), 25 
(26.3%), and 31 (32.6%), respectively. The ob- 
jective response (CR+PR) and disease control 
(CR+PR+SD) rates were 27.4% (26/95) and 
53.7% (51/95), respectively. The durations of 
PFS and OS were 4.07 (1.59-6.54) months  
and 14.53 (6.93-22.14) months, respectively 
(Figures 1A and 2A; Table 1).

More than half patients (n=66, 69.5%) pa- 
tients experienced at least one TRAE of any 
grade. A total of 16 patients experienced ≥ 
grade 3 TRAEs, namely hepatitis (n=7), derma-
titis (n=4), pneumonitis (n=4), colitis (n=2), 
hand-foot syndrome (n=2), fatigue (n=1), fever 
(n=1), and gastric necrosis (n=1). Three and 
two patients died from severe hepatitis  
and pneumonitis, respectively (Supplementary 
Table 1).

Defining the cutoff value for AFP response

We investigated the effects of serum AFP  
kinetics on disease control. The AUROC curve 
was 0.771. According to Youden’s index, AFP 
response was defined as a decline of >15% in 
the AFP level within the initial 3 months of ICI 
therapy. Previous studies have reported that 
declines of >10% [11] and >20% [10, 12] in  
the AFP level were associated with treatment 
outcomes, and the sensitivity, specificity, and 
Youden’s index of the three cutoff values  
(>10%, >15%, and >20%) were similar (Sup- 
plementary Table 2). Therefore, AFP response 
was defined as a decline of >15% in the AFP 
level according to the highest Youden’s index. 
In addition, declines of >10% and >20% in the 
AFP level were analyzed in separate logistic  
and Cox regression analyses.

Compared with the patients without AFP 
response (n=49), the patients with AFP res- 
ponse (n=46) had a higher body mass index; 
lower levels of NLR, AST, and ALT; a higher pro-
portion of DM, objective response, and disea- 
se control; and longer ICI treatment duration, 
PFS, and OS (Table 1).

AFP response was the only independent pre-
dictor of disease control (CR+PR+SD)

Among the 82 patients who underwent radio-
logical imaging, univariate logistic regression 
analysis identified age, grade 1-2 TRAEs, MVI, 
AFP levels at baseline (≥400 vs. <400 ng/mL), 
NLR (>3.0 vs. ≤3.0), and AFP response as sig-
nificantly associated with disease control. The 
findings of multivariate logistic regression  
analysis indicated that AFP response (OR: 
11.657, 95% CI: 2.834-47.941, P=.001) was 
the only independent predictor of disease con-
trol (Table 2). Declines of >10% (Supplemen- 
tary Table 3) and >20% (Supplementary Table 
4) in the AFP level were independent predic- 
tors of disease control in separate analyses.

AFP response is a predictor of PFS

The results of univariate Cox regression analy-
sis revealed that age, alcohol consumption, 
grade 1-2 TRAEs, TTV (>1000 vs. ≤1000 cm3), 
MVI, AFP levels at baseline (≥400 vs. <400  
ng/mL), AST and ALT levels (>40 vs. ≤40 U/L), 
NLR (>3.0 vs. ≤3.0), Child-Pugh class (B vs. A), 
AFP response, combination therapy (including 
combined ICI therapy with TKIs, RFA, TACE, or 
SBRT for HCC vs. ICI monotherapy), and dis-
ease control were significantly associated with 
PFS among the 95 enrolled patients. The find-
ings of multivariate Cox regression analysis 
indicated that MVI (HR: 3.182, 95% CI: 1.584-
6.390, P=.001), AFP response (HR: 0.488,  
95% CI 0.255-0.934, P=.030), combination 
therapy (HR: 0.250, 95% CI: 0.113-0.552, 
P=.001), and disease control (HR: 0.131, 95% 
CI: 0.056-0.303, P<.001) were independent 
predictors of PFS (Table 3). In addition, de- 
clines of >10% (Supplementary Table 5) and 
>20% (Supplementary Table 6) in the AFP level 
were independent predictors of PFS in sepa-
rate analyses.

BCLC stage was not analyzed as a variable 
because mainly enrolled patients had BCLC 
stage C (n=80, 84.2%) confounded with MVI 
and EHM. The patients with objective res- 
ponse and disease control overlapped, and 
objective response did not reach statistical  
significance in multivariate analysis (data not 
shown). Therefore, we used disease control 
instead of objective response to prevent 
collinearity.
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Figure 1. Kaplan-Meier analysis of progression-free survival. A. All patients. B. Patients with or without macrovascular invasion (MVI). C. Patients with or without 
AFP response. D. Patients with or without combination therapy. E. Patients with or without disease control. Survival is presented as the median (95% confidence 
interval). AFP, α-fetoprotein protein; mPFS, median progression-free survival.
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The results of Kaplan-Meier analysis reveal- 
ed that the probability of PFS significantly dif-
fered between the patients with and without 
MVI (Figure 1B), those with and without AFP 
response (Figure 1C), those with and without 
combination therapy (Figure 1D), and those 
with and without disease control (Figure 1E).

AFP response is a predictor of OS

The results of univariate Cox regression an- 
alysis indicated that grade 1-2 TRAEs, TTV 
(>1000 vs. ≤1000 cm3), MVI, AFP levels at 
baseline (≥400 vs. <400 ng/mL), AST and ALT 
levels (>40 vs. ≤40 U/L), NLR (>3.0 vs. ≤3.0), 
Child-Pugh class (B vs. A), albumin-bilirubin 
grade (2/3 vs. 1), AFP response, combination 
therapy, and disease control were significantly 
associated with OS. The findings of multivari- 

ate Cox regression analysis indicated that MVI 
(HR: 4.313, 95% CI: 1.747-10.646, P=.002), 
AFP response (HR: 0.344, 95% CI 0.160-0.737, 
P=.006), and disease control (HR: 0.460, 95% 
CI: 0.216-0.981, P=.044) were independent 
predictors of OS (Table 4). In addition, declines 
of >10% (Supplementary Table 7) and >20% 
(Supplementary Table 8) in the AFP level were 
determined to be independent predictors of OS 
in separate analyses.

The results of Kaplan-Meier analysis revealed 
that the probability of survival significantly dif-
fered between the patients with or without MVI 
(Figure 2B), those with and without AFP res- 
ponse (Figure 2C), and those with and without 
disease control (Figure 2D). In addition, the 
probability of survival significantly differed 
between the patients with and without AFP 

Figure 2. Kaplan-Meier analysis of overall survival. A. All patients. B. Patients with or without macrovascular invasion 
(MVI). C. Patients with or without AFP response. D. Patients with or without disease control. Survival is presented as 
the median (95% confidence interval). AFP, α-fetoprotein protein; mOS, median overall survival.
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Table 2. Factors associated with disease control in 82 patients with HCC who underwent radiological 
imaging

Character
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age (year) 1.064 (1.016-1.113) .008
Sex Male vs. female 0.371 (0.073-1.872) .230
Alcohol Yes vs. no 0.752 (0.274-2.065) .580
HBV Yes vs. no 0.452 (0.180-1.133) .090
HCV Yes vs. no 2.600 (0.848-7.971) .095
DM Yes vs. no 1.247 (0.486-3.202) .647
Grade 1-2 TRAEs Yes vs. no 2.769 (1.103-6.954) .030
Grade ≥3 TRAEs Yes vs. no 1.256 (0.345-4.576) .730
TTV (cm3) >1000 vs. ≤1000 0.633 (0.256-1.565) .322
MVI Yes vs. no 0.336 (0.130-0.870) .025
EHM Yes vs. no 0.498 (0.192-1.290) .151
AFP (ng/mL) ≥400 vs. <400 0.273 (0.107-0.701) .007
AST (U/L) >40 vs. ≤40 0.412 (0.142-1.197) .103
ALT (U/L) >40 vs. ≤40 0.452 (0.180-1.133) .090
NLR >3.0 vs. ≤3.0 0.205 (0.062-0.673) .009
Child-Pugh class B vs. A 0.757 (0.285-2.010) .576
ALBI grade 2/3 vs. 1 0.571 (0.195-1.673) .307
AFP decline >15% Yes vs. no 11.012 (3.730-32.512) <.001 11.657 (2.834-47.941) .001
Combination therapy* Yes vs. no 2.683 (0.769-9.359) .121
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and ste-
reotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, 
hepatitis C virus; TRAEs, treatment-related adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte 
ratio; TTV, total tumor volume.

response in a subgroup of patients receiving 
combined ICI and TKI therapies (n=63, Supple- 
mentary Figure 2A), as indicated by the findings 
of Kaplan-Meier analysis. In another subgroup 
of the patients receiving combined ICI and 
SBRT for HCC (n=22), AFP response tended to 
be a predictor of OS (P=.085, Supplementary 
Figure 2B).

Discussion

The results of this real-world study revealed 
that AFP response was a predictor of disease 
control, PFS, and OS in patients with unresect-
able HCC receiving ICIs with or without TKIs or 
locoregional therapies. In addition to AFP 
response (a decline of >15% in the AFP level 
within the initial 3 months of ICI therapy), we 
observed that declines of >10% and >20% in 
the AFP level could predict disease control, 
PFS, and OS. AFP response was a predictor of 
OS in a subgroup of patients receiving com-
bined ICI and TKI therapies (n=63). In addition, 

AFP response tended to be a predictor of OS in 
another subgroup of patients receiving com-
bined ICI and SBRT for HCC (n=22, P=.085).

Early biomarkers after initial ICI therapy can 
help physicians select therapies for patients 
with unresectable HCC. Lee et al. reported that 
the 10-10 rule (patients with an AFP level of 
≥10 ng/mL at baseline and an early decline of 
>10% in the AFP level within the initial 4 weeks 
of ICI therapy) could predict objective response 
and OS in patients with unresectable HCC [11]. 
Shao et al. and our previous study have demon-
strated that an early decline of >20% in the AFP 
level within the initial 4 or 12 weeks of ICI ther-
apy was associated with more favorable treat-
ment outcomes [10, 12]. Teng et al. reported 
that a decline of >50% in the AFP level at week 
4 and >10% at week 12 of nivolumab mono-
therapy were predictors of objective response, 
PFS, and OS in patients with unresectable HCC 
[17]. Kim et al. demonstrated that a decline of 
>20% in the AFP level at 6-10 or 14-18 weeks 
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of ICI therapy in patients with unresectable 
HCC and baseline AFP ≥20 ng/mL, defined as 
AFP response, was a predictor of OS. AFP 
responders also had a high rate of objective 
response (41.7%) and disease control (95.8%) 
at 6-10 weeks of ICI therapy [18].

However, only a portion of patients received 
combination therapies with ICIs in previous 
studies [11, 12]. In this study, we observed that 
a decline of >15% in the AFP level in the initial 
3 months of ICI therapy, defined according to 
the highest Youden’s index, was a predictor of 
disease control, PFS, and OS in patients receiv-
ing ICI monotherapy or combination therapies. 
The patients with AFP response had a higher 
rate of objective response and disease control 
(Table 1), which was consistent with previous 
findings [17, 18]. AFP response was a predictor 
of disease control, PFS, and OS. Therefore, AFP 
response could be used as an early predictor 
for justifying continuation or modification of 
ongoing therapeutic modalities.

In the present study, 77 (81.1%), 54 (56.8%), 
and 58 (61.1%) patients received ICI combina-
tion therapies, had MVI, and had EHM, respec-
tively, and 26 (27.4%) and 51 (53.7%) patients 
had objective response and disease control, 
respectively. We identified disease control 
instead of objective response as a predictor of 
PFS and OS in this study. Zhong et al. reported 
that 496 patients with unresectable HCC 
receiving combined TACE and sorafenib who 
achieved disease control had longer OS than 
did those without disease control [19]. Another 
study reported that disease control was a sig-
nificant predictor of OS [20]. Therefore, com-
pared with objective response, disease control 
might be a more relevant predictor of PFS and 
OS in the patients with HCC who received com-
bination therapy such as TACE or molecular tar-
geted therapy in addition to ICIs. The patients 
with objective response and disease control 
overlapped; thus, we did not include objective 
response in statistical analyses to prevent 
collinearity.

Table 3. Factors associated with progression-free survival in 95 patients with unresectable hepatocel-
lular carcinoma

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.976 (0.955-0.998) .034
Sex Male vs. female 1.270 (0.607-2.659) .526
Alcohol Yes vs. no 2.004 (1.211-3.316) .007
HBV Yes vs. no 1.107 (0.690-1.777) .673
HCV Yes vs. no 0.641 (0.365-1.124) .120
DM Yes vs. no 0.814 (0.495-1.340) .419
Grade 1-2 TRAEs Yes vs. no 0.572 (0.356-0.919) .021
Grade ≥3 TRAEs Yes vs. no 1.455 (0.799-2.647) .220
TTV (cm3) >1000 vs. ≤1000 1.641 (1.021-2.635) .041
MVI Yes vs. no 2.193 (1.323-3.635) .002 3.182 (1.584-6.390) .001
EHM Yes vs. no 1.375 (0.837-2.260) .209
AFP (ng/mL) <400 vs. ≥400 2.021 (1.246-3.278) .004
AST (U/L) >40 vs. ≤40 1.939 (1.094-3.436) .023
ALT (U/L) >40 vs. ≤40 1.644 (1.011-2.672) .045
NLR >3.0 vs. ≤3.0 2.181 (1.221-3.895) .008
Child-Pugh class B vs. A 1.659 (1.018-2.704) .042
ALBI grade 2/3 vs. 1 1.649 (0.936-2.905) .084
AFP decline >15% Yes vs. no 0.338 (0.206-0.556) <.001 0.488 (0.255-0.934) .030
Combination therapy* Yes vs. no 0.363 (0.206-0.641) <.001 0.250 (0.113-0.552) .001
Best response CR+PR+SD vs. none 0.112 (0.064-0.198) <.001 0.131 (0.056-0.303) <.001
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and ste-
reotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, 
hepatitis C virus; TRAEs, treatment-related adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte 
ratio; TTV, total tumor volume.
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Besides using serum AFP kinetics to predict  
the ICI-based therapeutic efficacy in patients 
with unresectable HCC, other predictors of 
immunotherapy were proposed [21-25]. Micro- 
satellite instability (MSI) and tumor mutational 
burden (TMB) analysis are helpful predictors  
of immunotherapy. The accumulation of DNA 
mutations leads to increased neoantigens for-
mation [21]. However, the prevalence of MSI-
high or TMB-high in HCC is rare (<3%) [22]. 
Harding et al. implemented next-generation 
sequencing of tumoral DNA in 127 patients 
with HCC. They found that WNT/β-catenin pa- 
thway alternations were associated with lower 
disease control and shorter PFS and OS in 
patients receiving ICI therapy [23]. Dai et al. 
used The Cancer Genome Atlas, GSE14520 
cohort, and Immunology Database and Analy- 
sis Portal database to develop an immune-
related gene-based prognostic index (IRGPI). 
The index could predict the survival and effica-
cy of immunotherapy in patients with HCCs 

[24]. The real-world application of IRGPI is still 
unknown, and tumor specimens may not be 
accessible in some patients with HCC. There- 
fore, liquid biopsy to identify circulating tumor 
cells, circulating tumor DNA, and extracellular 
vesicles, might be an alternative approach to 
the prediction of efficacy of immunotherapy 
[25].

ICIs are an emergent treatment modality 
against HCC. However, second-line monothera-
py with nivolumab (CheckMate 040) [26] or 
pembrolizumab (KEYNOTE-240) [27] resulted 
in only suboptimal treatment outcomes in pa- 
tients with advanced HCC. Combination thera-
pies including two ICIs or ICIs with TKIs or 
locoregional therapies have been receiving 
increasing attention. The combination of ni- 
volumab plus ipilimumab resulted in longer 
median OS in patients with advanced HCC fol-
lowing first-line sorafenib therapy [4]. Wong et 
al. reported that patients with advanced HCC 

Table 4. Factors associated with overall survival in 95 patients with unresectable hepatocellular 
carcinoma

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.985 (0.959-1.012) .266
Sex Male vs. female 2.416 (0.751-7.771) .139
Alcohol Yes vs. no 1.447 (0.777-2.695) .244
HBV Yes vs. no 1.134 (0.645-1.994) .663
HCV Yes vs. no 0.727 (0.363-1.455) .368
DM Yes vs. no 0.646 (0.348-1.199) .166
Grade 1-2 TRAEs Yes vs. no 0.431 (0.243-0.763) .004
Grade ≥3 TRAEs Yes vs. no 1.755 (0.894-3.446) .102
TTV (cm3) >1000 vs. ≤1000 2.247 (1.278-3.950) .005
MVI Yes vs. no 3.803 (1.961-7.375) <.001 4.313 (1.747-10.646) .002
EHM Yes vs. no 1.310 (0.733-2.339) .362
AFP (ng/mL) <400 vs. ≥400 3.113 (1.744-5.557) <.001
AST (U/L) >40 vs. ≤40 3.510 (1.564-7.876) .002
ALT (U/L) >40 vs. ≤40 2.163 (1.208-3.872) .009
NLR >3.0 vs. ≤3.0 3.704 (1.657-8.280) .001
Child-Pugh class B vs. A 2.492 (1.417-4.381) .002
ALBI grade 2/3 vs. 1 3.499 (1.553-7.883) .003
AFP decline >15% Yes vs. no 0.371 (0.208-0.662) .001 0.344 (0.160-0.737) .006
Combination therapy* Yes vs. no 0.441 (0.218-0.892) .023
Best response CR+PR+SD vs. none 0.165 (0.088-0.308) <.001 0.460 (0.216-0.981) .044
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and ste-
reotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, 
hepatitis C virus; TRAEs, treatment-related adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte 
ratio; TTV, total tumor volume.
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refractory to prior ICIs who received ipilimu- 
mab (1 mg/kg) with nivolumab (3 mg/kg) or 
pembrolizumab (2 mg/kg) every 3 weeks had 
an acceptable median OS duration of 10.9 
months and an objective response rate of 16% 
[28]. The combination of atezolizumab and  
bevacizumab has become a new standard first-
line systemic treatment in patients with unre-
sectable HCC [5], and the combinations of len-
vatinib plus pembrolizumab [6] and tremelimu- 
mab plus durvalumab [7] have demonstrated 
promising results. Furthermore, combined ICIs 
with locoregional therapies are frequently used 
in real-world practice [29].

Multidisciplinary and integral locoregional in- 
terventions for HCC are named liver-directed 
therapies, which are used for local disease  
control or as as bridge to curative treatment. 
Locoregional therapies can promote antitumor 
immunity through local inflammation and by 
releasing tumor-associated antigens. The re- 
leased antigens are taken up by antigen-pre-
senting cells to increase host innate and adap-
tive immunity [30, 31]. Duffy et al. designed a 
pilot study using tremelimumab monotherapy 
(n=5) or tremelimumab in combination with 
RFA (n=12) or TACE (n=11) to investigate the 
role of immunotherapy in combination with 
locoregional therapies in patients with 
advanced HCC. The overall median OS duration 
was 12.3 months, and OS was not compared 
between the groups. The authors concluded 
that combination therapy can be a potential 
treatment modality for patients with advanced 
HCC [32]. Preliminary results of a phase Ib 
study investigating the efficiacy of pembroli-
zumab following TACE in patients with interme-
diate-stage HCC revealed a tolerable safety 
profile and preliminary efficacy data (three and 
one of four radiologically evaluable patients 
had SD and PD, respectively) [33]. Clinical trials 
evaluating the combination of TACE and ICIs 
are ongoing [34, 35]. SBRT is a promising non-
invasive ablative modality for unresectable 
HCC that demonstrated a high local control 
rate of 83.9% three years after SBRT [36]. 
Several trials are evaluating the combination of 
SBRT and ICIs for patients with HCC [37].

This study has several limitations. Firstly, only 
95 patients were enrolled in this retrospective 
study. Secondly, mRECIST [15] instead of 
RECIST version 1.1 [38] was used to evaluate 

the radiological response. Because 60 (63.2%) 
and 63 (66.3%) patients received prior TACE 
and radiotherapy, respectively, for which mRE-
CIST is a more suitable assessment tool [39]. 
Furthermore, the radiological response evalu-
ated using mRECIST has been demonstrated  
to be an independent predictor of survival in 
patients with advanced HCC [39, 40]. Third,  
the expression of programmed cell death  
ligand 1 in tumors or adjacent tissues was not 
examined.

In conclusion, this study demonstrated that 
AFP response was a predictor of disease con-
trol, PFS, and OS. Thus, AFP response can 
serve as a biomarker for predicting treatment 
outcomes in patients with unresectable HCC 
receiving ICIs with or without TKIs or locore-
gional therapies.
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Supplementary Figure 1. Flowchart of patient recruitment in this study. *Nine patients with BCLC stage A or D. AFP, 
α-fetoprotein; HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor.

Supplementary Table 1. TRAEs in 95 patients with hepatocellular carcinoma

Type of TRAE (n=66)
TRAE, n (%)

Any grade Grade ≥3
Hepatitis* 25 (26.3) 7 (7.4)
Fatigue 17 (17.9) 1 (1.1)
Dermatitis 14 (14.7) 4 (4.2)
Colitis 11 (11.6) 2 (2.1)
Hand foot syndrome 9 (9.5) 2 (2.1)
Fever 9 (9.5) 1 (1.1)
Pneumonitis* 4 (4.2) 4 (4.2)
Gastric necrosis 1 (1.1) 1 (1.1)
Proteinuria 3 (3.2) 0 (0)
Myalgia 1 (1.1) 0 (0)
Dizziness 1 (1.1) 0 (0)
Edema 1 (1.1) 0 (0)
*Among five patients who died from TRAEs, three and two died from severe hepatitis and pneumonitis, respectively. TRAEs, 
treatment-related adverse events.

Supplementary Table 2. Sensitivity, specificity, and Youden’s index of different declines in the serum 
AFP level within the initial 3 months of immune checkpoint inhibitor therapy
Cut-off for AFP decline Sensitivity Specificity Youden’s index
>10% 0.7255 0.7273 0.4528
>15% 0.7255 0.7955 0.5209
>20% 0.6275 0.8182 0.4456
AFP, α-fetoprotein.

Supplementary Table 3. Factors associated with disease control in 82 patients with HCC who under-
went radiological imaging (a decline of >10% in the AFP level)

Character
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age (year) 1.064 (1.016-1.113) 0.008
Sex Male vs. female 0.371 (0.073-1.872) 0.230
Alcohol Yes vs. no 0.752 (0.274-2.065) 0.580
HBV Yes vs. no 0.452 (0.180-1.133) 0.090
HCV Yes vs. no 2.600 (0.848-7.971) 0.095
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DM Yes vs. no 1.247 (0.486-3.202) 0.647
Grade 1-2 TRAEs Yes vs. no 2.769 (1.103-6.954) 0.030
Grade ≥3 TRAEs Yes vs. no 1.256 (0.345-4.576) 0.730
TTV (cm3) >1000 vs. ≤1000 0.633 (0.256-1.565) 0.322
MVI Yes vs. no 0.336 (0.130-0.870) 0.025
EHM Yes vs. no 0.498 (0.192-1.290) 0.151
AFP (ng/mL) ≥400 vs. <400 0.273 (0.107-0.701) 0.007
AST (U/L) >40 vs. ≤40 0.412 (0.142-1.197) 0.103
ALT (U/L) >40 vs. ≤40 0.452 (0.180-1.133) 0.090
NLR >3.0 vs. ≤3.0 0.205 (0.062-0.673) 0.009
Child-Pugh class B vs. A 0.757 (0.285-2.010) 0.576
ALBI grade 2/3 vs. 1 0.571 (0.195-1.673) 0.307
AFP decline >10% Yes vs. no 7.145 (2.631-19.404) 0.001 6.163 (1.755-21.640) 0.005
Combination therapy* Yes vs. no 2.683 (0.769-9.359) 0.121
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and ste-
reotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, 
hepatitis C virus; TRAEs, treatment-related adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte 
ratio; TTV, total tumor volume.

Supplementary Table 4. Factors associated with disease control in 82 patients with HCC who under-
went radiological imaging (a decline of >20% in the AFP level)

Character
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age (year) 1.064 (1.016-1.113) 0.008
Sex Male vs. female 0.371 (0.073-1.872) 0.230
Alcohol Yes vs. no 0.752 (0.274-2.065) 0.580
HBV Yes vs. no 0.452 (0.180-1.133) 0.090
HCV Yes vs. no 2.600 (0.848-7.971) 0.095
DM Yes vs. no 1.247 (0.486-3.202) 0.647
Grade 1-2 irAEs Yes vs. no 2.769 (1.103-6.954) 0.030
Grade ≥3 irAEs Yes vs. no 1.256 (0.345-4.576) 0.730
TTV (cm3) >1000 vs. ≤1000 0.633 (0.256-1.565) 0.322
MVI Yes vs. no 0.336 (0.130-0.870) 0.025
EHM Yes vs. no 0.498 (0.192-1.290) 0.151
AFP (ng/mL) ≥400 vs. <400 0.273 (0.107-0.701) 0.007
AST (U/L) >40 vs. ≤40 0.412 (0.142-1.197) 0.103
ALT (U/L) >40 vs. ≤40 0.452 (0.180-1.133) 0.090
NLR >3.0 vs. ≤3.0 0.205 (0.062-0.673) 0.009
Child-Pugh class B vs. A 0.757 (0.285-2.010) 0.576
ALBI grade 2/3 vs. 1 0.571 (0.195-1.673) 0.307
AFP decline >20% Yes vs. no 7.639 (2.646-22.050) <0.001 7.802 (2.015-30.207) 0.003
Combination therapy* Yes vs. no 2.683 (0.769-9.359) 0.121
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and ste-
reotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, 
hepatitis C virus; TRAEs, treatment-related adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte 
ratio; TTV, total tumor volume.



AFP response predicts treatment outcomes of ICI combination therapies

3 

Supplementary Table 5. Factors associated with progression-free survival in 95 patients with unre-
sectable hepatocellular carcinoma (a decline of >10% in the AFP level)

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.976 (0.955-0.998) 0.034
Sex Male vs. female 1.270 (0.607-2.659) 0.526
Alcohol Yes vs. no 2.004 (1.211-3.316) 0.007
HBV Yes vs. no 1.107 (0.690-1.777) 0.673
HCV Yes vs. no 0.641 (0.365-1.124) 0.120
DM Yes vs. no 0.814 (0.495-1.340) 0.419
Grade 1-2 TRAEs Yes vs. no 0.572 (0.356-0.919) 0.021
Grade ≥3 TRAEs Yes vs. no 1.455 (0.799-2.647) 0.220
TTV (cm3) >1000 vs. ≤1000 1.641 (1.021-2.635) 0.041
MVI Yes vs. no 2.193 (1.323-3.635) 0.002 3.355 (1.659-6.788) 0.001
EHM Yes vs. no 1.375 (0.837-2.260) 0.209
AFP (ng/mL) <400 vs. ≥400 2.021 (1.246-3.278) 0.004
AST (U/L) >40 vs. ≤40 1.939 (1.094-3.436) 0.023
ALT (U/L) >40 vs. ≤40 1.644 (1.011-2.672) 0.045 2.576 (1.148-5.780) 0.022
NLR >3.0 vs. ≤3.0 2.181 (1.221-3.895) 0.008
Child-Pugh class B vs. A 1.659 (1.018-2.704) 0.042
ALBI grade 2/3 vs. 1 1.649 (0.936-2.905) 0.084
AFP decline >10% Yes vs. no 0.314 (0.192-0.514) <0.001 0.378 (0.200-0.716) 0.003
Combination therapy* Yes vs. no 0.363 (0.206-0.641) <0.001 0.249 (0.114-0.543) <0.001
Best response CR+PR+SD vs. none 0.112 (0.064-0.198) <0.001 0.119 (0.052-0.272) <0.001
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and 
stereotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CR+PR+SD, complete response plus partial response plus stable disease; 
DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; TRAEs, treatment-related 
adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte ratio; TTV, total tumor volume.

Supplementary Table 6. Factors associated with progression-free survival in 95 patients with unre-
sectable hepatocellular carcinoma (a decline of >20% in the AFP level)

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.976 (0.955-0.998) 0.034
Sex Male vs. female 1.270 (0.607-2.659) 0.526
Alcohol Yes vs. no 2.004 (1.211-3.316) 0.007
HBV Yes vs. no 1.107 (0.690-1.777) 0.673
HCV Yes vs. no 0.641 (0.365-1.124) 0.120
DM Yes vs. no 0.814 (0.495-1.340) 0.419
Grade 1-2 TRAEs Yes vs. no 0.572 (0.356-0.919) 0.021
Grade ≥3 TRAEs Yes vs. no 1.455 (0.799-2.647) 0.220
TTV (cm3) >1000 vs. ≤1000 1.641 (1.021-2.635) 0.041
MVI Yes vs. no 2.193 (1.323-3.635) 0.002 3.360 (1.659-6.805) 0.001
EHM Yes vs. no 1.375 (0.837-2.260) 0.209
AFP (ng/mL) <400 vs. ≥400 2.021 (1.246-3.278) 0.004
AST (U/L) >40 vs. ≤40 1.939 (1.094-3.436) 0.023
ALT (U/L) >40 vs. ≤40 1.644 (1.011-2.672) 0.045 2.576 (1.148-5.780) 0.022
NLR >3.0 vs. ≤3.0 2.181 (1.221-3.895) 0.008
Child-Pugh class B vs. A 1.659 (1.018-2.704) 0.042
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ALBI grade 2/3 vs. 1 1.649 (0.936-2.905) 0.084
AFP decline >20% Yes vs. no 0.417 (0.254-0.682) 0.001 0.430 (0.223-0.829) 0.012
Combination therapy* Yes vs. no 0.363 (0.206-0.641) <0.001 0.230 (0.103-0.511) <0.001
Best response CR+PR+SD vs. none 0.112 (0.064-0.198) <0.001 0.126 (0.056-0.283) <0.001
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and 
stereotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CR+PR+SD, complete response plus partial response plus stable disease; 
DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; TRAEs, treatment-related 
adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte ratio; TTV, total tumor volume.

Supplementary Table 7. Factors associated with overall survival in 95 patients with unresectable 
hepatocellular carcinoma (a decline of >10% in the AFP level)

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.985 (0.959-1.012) 0.266
Sex Male vs. female 2.416 (0.751-7.771) 0.139
Alcohol Yes vs. no 1.447 (0.777-2.695) 0.244
HBV Yes vs. no 1.134 (0.645-1.994) 0.663
HCV Yes vs. no 0.727 (0.363-1.455) 0.368
DM Yes vs. no 0.646 (0.348-1.199) 0.166
Grade 1-2 TRAEs Yes vs. no 0.431 (0.243-0.763) 0.004
Grade ≥3 TRAEs Yes vs. no 1.755 (0.894-3.446) 0.102
TTV (cm3) >1000 vs. ≤1000 2.247 (1.278-3.950) 0.005
MVI Yes vs. no 3.803 (1.961-7.375) <0.001 4.008 (1.637-9.810) 0.002
EHM Yes vs. no 1.310 (0.733-2.339) 0.362
AFP (ng/mL) <400 vs. ≥400 3.113 (1.744-5.557) <0.001
AST (U/L) >40 vs. ≤40 3.510 (1.564-7.876) 0.002
ALT (U/L) >40 vs. ≤40 2.163 (1.208-3.872) 0.009
NLR >3.0 vs. ≤3.0 3.704 (1.657-8.280) 0.001
Child-Pugh class B vs. A 2.492 (1.417-4.381) 0.002
ALBI grade 2/3 vs. 1 3.499 (1.553-7.883) 0.003
AFP decline >10% Yes vs. no 0.383 (0.217-0.676) 0.001 0.395 (0.190-0.821) 0.013
Combination therapy* Yes vs. no 0.441 (0.218-0.892) 0.023
Best response CR+PR+SD vs. none 0.165 (0.088-0.308) <0.001 0.429 (0.203-0.908) 0.027
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and 
stereotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CR+PR+SD, complete response plus partial response plus stable disease; 
DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; TRAEs, treatment-related 
adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte ratio; TTV, total tumor volume.



AFP response predicts treatment outcomes of ICI combination therapies

5 

Supplementary Table 8. Factors associated with overall survival in 95 patients with unresectable 
hepatocellular carcinoma (a decline of >20% in the AFP level)

Character
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (year) 0.985 (0.959-1.012) 0.266
Sex Male vs. female 2.416 (0.751-7.771) 0.139
Alcohol Yes vs. no 1.447 (0.777-2.695) 0.244
HBV Yes vs. no 1.134 (0.645-1.994) 0.663
HCV Yes vs. no 0.727 (0.363-1.455) 0.368
DM Yes vs. no 0.646 (0.348-1.199) 0.166
Grade 1-2 TRAEs Yes vs. no 0.431 (0.243-0.763) 0.004
Grade ≥3 TRAEs Yes vs. no 1.755 (0.894-3.446) 0.102
TTV (cm3) >1000 vs. ≤1000 2.247 (1.278-3.950) 0.005
MVI Yes vs. no 3.803 (1.961-7.375) <0.001 4.039 (1.647-9.904) 0.002
EHM Yes vs. no 1.310 (0.733-2.339) 0.362
AFP (ng/mL) <400 vs. ≥400 3.113 (1.744-5.557) <0.001
AST (U/L) >40 vs. ≤40 3.510 (1.564-7.876) 0.002
ALT (U/L) >40 vs. ≤40 2.163 (1.208-3.872) 0.009
NLR >3.0 vs. ≤3.0 3.704 (1.657-8.280) 0.001
Child-Pugh class B vs. A 2.492 (1.417-4.381) 0.002
ALBI grade 2/3 vs. 1 3.499 (1.553-7.883) 0.003
AFP decline >20% Yes vs. no 0.377 (0.207-0.685) 0.001 0.320 (0.150-0.683) 0.003
Combination therapy* Yes vs. no 0.441 (0.218-0.892) 0.023 0.338 (0.122-0.938) 0.037
Best response CR+PR+SD vs. none 0.165 (0.088-0.308) <0.001 0.432 (0.208-0.896) 0.024
*Combination therapy includes tyrosine kinase inhibitors, radiofrequency ablation, transarterial chemoembolization, and 
stereotactic body radiotherapy for hepatocellular carcinoma. AFP, α-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CR+PR+SD, complete response plus partial response plus stable disease; 
DM, diabetes mellitus; EHM, extrahepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; TRAEs, treatment-related 
adverse events; MVI, macroscopic vascular invasion; NLR, neutrophil-to-lymphocyte ratio; TTV, total tumor volume.

Supplementary Figure 2. Kaplan-Meier analysis of overall survival in the subgroups of patients with or without 
AFP response. A. A subgroup of patients receiving combined immune checkpoint inhibitor (ICI) and tyrosine kinase 
inhibitor therapy. B. A subgroup of patients receiving combined ICI and stereotactic body radiotherapy for hepatocel-
lular carcinoma. Survival is presented as the median (95% confidence interval). AFP, α-fetoprotein; mOS, median 
overall survival.


