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Dermatology Hospital of Southern Medical University, Guangdong Provincial Dermatology Hospital,
Guangzhou, Guangdong, China
Purpose: The a-FAtE score, composed of alpha-fetoprotein, alkaline

phosphatase, and eosinophil levels, has been reported as a predictor of

prognosis in hepatocellular carcinoma (HCC) patients treated with

atezolizumab plus bevacizumab. This study aimed to investigate the predictive

ability of a-FAtE score for the efficacy and safety of locoregional immunotherapy

as the treatment of HCC patients.

Methods and patients:We conducted a retrospective study of 446 HCC patients

at Sun Yat-sen University Cancer Center from January 1st 2019 to January 1st

2023. The predictive performance was evaluated by the concordance index, the

area under the receiver operating characteristics curve, the Kaplan-Meier curve

and multiple Cox regression analysis.

Results: 446 patients were divided into the a-FAtE 0-1 group (n=211) and a-FAtE
2-3 group (n=235). The median progression-free survival(PFS) of the a-FAtE 0-1

group and 2-3 group was 7.3 months (95%CI 6.6-8.7 months), and 12.3 months

(95% CI 10.4–14.1 months; P<0.001), respectively. The median overall survival

(OS) of the a-FAtE 0-1 group and 2-3 group was 16.3 months (95%CI 13.7-21.5

months) and 34.1 months (95% CI 27.6–NAmonths; P<0.001), respectively. HCC

patients in the a-FAtE 2-3 group had higher complete response (CR) rate and

experienced less drug-related adverse events than those in the a-FAtE 0-1

group. Moreover, a lower a-FAtE score was identified as an independent

prognostic indicator for both OS and PFS of advanced HCC patients receiving

locoregional immunotherapy.
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Abbreviations: a-FAtE, alpha-fetoprotein, alkaline phosp

AFP, alpha-fetoprotein; ALP, alkaline phosphatase; A

bevacizumab; CAR, CRP-to-albumin ratio; CRAFITY,

alpha-fetoprotein in immunotherapy; HAIC, hep

chemotherapy; HCC, hepatocellular carcinoma; IPTW,

treatment-weighting; LCR, lymphocyte-to-CRP ratio; mG

prognostic score; NLR, neutrophil-to-lymphocyte ratio; O

rate; PLR, platelet-to-lymphocyte ratio; PNI, prognostic

propensity score matching; SII, systemic immune-inflam

transarterial chemoembolization.
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Conclusion: The a-FAtE score is a superior predictor of prognosis in HCC

patients receiving locoregional immunotherapy, offering a valuable tool for

patient stratification and treatment planning.
KEYWORDS

hepatocellular carcinoma, locoregional therapy, immunotherapy, alpha-fetoprotein,
alkaline phosphatase, eosinophil
Introduction

Hepatocellular carcinoma (HCC), one of the typical fatal

cancers worldwide, accounts for nearly 80%-90% of primary liver

tumors (1). The majority of HCC patients are diagnosed in an

advanced, even terminal stage, resulting in poor prognosis (2).

Recent advances in the locoregional and systemic management of

advanced HCC have brought the promise of improved HCC

prognosis closer to reality (3, 4). Transarterial therapies, including

transarterial chemoembolization (TACE) and hepatic arterial

infusion chemotherapy (HAIC), can effectively control the local

tumor by delivering chemotherapeutic drugs directly to the liver

tumor sites through the hepatic artery to increase anti-tumor effect

(5, 6). Simultaneously, atezolizumab plus bevacizumab (A+T) and

durvalumab plus tremelimumab are superior to sorafenib in

prolonging overall survival in HCC patients (7, 8). However, the

objective response rate (ORR) of monotherapy in patients with

advanced HCC remains unsatisfactory. Recent studies have

suggested that the combination of locoregional therapy and

immunotherapy has synergistic effects and may provide a better

clinical benefit for advanced-staged HCCs (9–11).

A variety of biomarkers may be able to identify HCC patients

who could benefit from locoregional immunotherapy, including

Neutrophil-to-Lymphocyte ratio (12), CRAFITY score (13, 14),

CCL28, and Betacellulin (9). So far, most biomarkers have not

been validated in large and multi-center populations. The a-FAtE
score, which is based on alpha-fetoprotein (AFP), alkaline

phosphatase (ALP), and eosinophil, is a new predictive score that

could predict the response and prognosis of HCC patients who

treated with atezolizumab plus bevacizumab (15). However, the

predictive role of the a-FAtE score for locoregional immunotherapy
hatase, and eosinophil;

+T, atezolizumab plus

C-reactive protein and

atic arterial infusion

inverse probability of

PS, modified Glasgow

RR, objective response

nutritional index; PSM,

mation index; TACE,

02
remains unknown and warrants further validation. Therefore, this

present study retrospectively included 446 HCC patients receiving

locoregional immunotherapy, to evaluate and validate the

predictive ability of the a-FAtE score for the determination of

the prognosis.
Materials and methods

Study design and participants

From January 1st 2019 to January 1st 2023, 648 HCC patients

confirmed with advanced HCC and treated with locoregional

immunotherapy at Sun Yat-sen University Cancer Center were

candidates for study enrollment. The inclusion criteria are: 1)

diagnosed by imaging examinations or biopsy pathology based on

American Association for the Study of Liver Diseases (AASLD)

guidelines (16); 2) aged between 18 to 80 years; 3) had treated with

at least one locoregional therapy and 2 cycles immunotherapy; 4)

had a performance status (PS) score ≤ 2; 5) liver functions at Child-

Pugh A or B stage; 6) had no other malignancies; and 7) had

complete follow-up data and laboratory data of Eosinophil, AFP

and ALP. Exclusion criteria as follows: 1) <18 or >80 years; 2) liver

function reserve at Child-Pugh C; 3) had other malignancies

history; 4) incomplete Eosinophil, AFP and ALP data or follow-

up data; 5) patients who died within 30 days after receiving

locoregional-immunotherapy. This retrospective study was

approved by the ethics committee of Sun Yat-sen University

Cancer Center (B2020-190-01) and was performed in full

accordance with the Declaration of Helsinki and the STROCSS

criteria (17). The data were collected, reviewed, de-identified, and

anonymized prior to analysis, and the ethics committee waived the

requirement for informed consent.
Treatment of locoregional-immunotherapy

Locoregional therapy included TACE and HAIC. The operation

procedure of locoregional therapy was described in previous studies

(18, 19). The category and dosages of immunotherapy agents

applied in these patients are provided in Supplementary Table S1.

ICI therapy was administered intravenously after locoregional
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therapy. Advanced HCC patients received locoregional

immunotherapy every 3 to 4 weeks until disease progression,

unacceptable toxicity, treatment abandonment, or death. All

patients underwent regular clinical evaluations, laboratory blood

tests, contrast-enhanced computed tomography (CT), or magnetic

resonance imaging (MRI) examination to evaluate the initial tumor

situation and treatment response according to the modified RECIST

(mRECIST) (20). The definition (13) and cutoff value of other

serum biomarkers were based on previous studies (21–25).
Data collection and study outcomes

The laboratory blood test data (including Eosinophil, AFP, and

ALP), demographic information, and tumor characteristics used in

this study were retrospectively collected from the medical record

system within 2 weeks before the initial locoregional therapy.

According to a previous study, the a-FAtE score consisted of

three blood indicators levels at baseline, and the score of each

indicator was defined as follows: AFP <400 ng/mL =1 point and

≥400 ng/mL =0 point; ALP ≤125 IU/L =1 point and >125IU/L=0

point; eosinophil count ≥70/mL=1 point and <70/mL=0 point (15).

The a-FAtE score of each patient was calculated based on the sum

of individual indicator scores. OS and PFS were the primary

outcomes, while tumor response and treatment safety were the

second outcomes. Severity of drug-related AEs were assessed based

on the Common Terminology Criteria for Adverse Events version

5.0 of National Cancer Institute.
Statistical analysis

Cox proportional hazards regression was utilized to calculate

the hazard ratio (HR) and 95%CI and evaluate the prognostic value

for each variable. R package SurvCorr was used to calculate the

relations [r(95% CI)] between OS and PFS (26, 27). The

concordance index (C-index) and the area under the receiver

operating characteristics curve (ROC curve) were utilized to

evaluate the discrimination performance of a-FAtE score and

other inflammation biomarkers. Similar to a previous study (28),

inverse probability of treatment-weighting (IPTW) and propensity
Frontiers in Immunology 03
score matching (PSM) methods were both used to minimize the

differences between the a-FAtE 0-1 group and the a-FAtE 2-3

group. Survival analysis was performed using the Kaplan-Meier

curve analysis and comparisons of survival rates were estimated

using the Log-rank test. a-FAtE 0-1 score group and a-FAtE 2-3

score group were compared by using the independent t-test for

continuous data and the c2 test for categorical data. All the

statistical analyses were performed by R version 4.3.1 software

(http://www.r-project.org/) and SPSS 20.0. A two-tailed P-

value<0.05 was regarded as statistically significant in all tests.
Results

Patient characteristics

From January 1st 2019 to January 1st 2023, a total of 446 advanced

HCC patients who received locoregional immunotherapy met the

criteria and were eventually included in the present study (Figure 1).

Table 1 showed the demographic and clinical characteristics of these

enrolled patients. Among the 446 patients, 390 (87.44%) were male

and 104 (23.32%) were older than 60 years. A total of 386 (86.55%)

patients had positive hepatitis B surface antigen, with most patients at

Barcelona Clinic Liver Cancer stage C and had good liver function

reserve. There were 389 patients treated with anti-PD1 and 57 with

anti-PDL1 inhibitors. HAIC, TACE, and HAIC plus TACE were

conducted as locoregional treatments in 349 (78.25%), 8 (1.79%), and

89 (19.96%) patients, respectively. Moreover, 371 patients received

tyrosine kinase inhibitor (TKI) combination treatments. 211 HCC

patients were allocated to the group with a-FAtE 0-1 (Supplementary

Figure S1), and 52.69% (n = 235) were allocated to the a-FAtE 2-3

group(Supplementary Figure S2). Further information on the

relationship between different a-FAtE group and clinicopathological

characteristics were provided in Table 1.
Prognosis of patients

The median follow-up duration was 28.5 months (95%CI 27.3-

32.2 months), while the median OS time was 24.6 months (95%CI
FIGURE 1

Flow chart of the study.
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TABLE 1 Baseline clinicopathological characteristics of HCC patients.

Patient Characteristics Total
(N=446)

a-FAtE 2–3 point group
(n= 235)

a-FAtE 0–1 point group
(n= 211)

P-value

Age 0.02

<60 342 (76.68%) 169 (71.91%) 173 (81.99%)

≥60 104 (23.32%) 66 (28.09%) 38 (18.01%)

Gender 1

male 390 (87.44%) 20687.66%) 184 (87.20%)

female 56 (12.56%) 29 (12.34%) 27 (12.8%)

Immunotherapy 1

PD1 386 (86.55%) 203 (86.38%) 183 (86.73%)

PDL1 60 (13.45%) 32 (13.62%) 28 (13.27%)

Targeted therapy 0.02

without 82 (18.39%) 53 (22.55%) 29 (13.74%)

with 364 (81.61%) 182 (77.45%) 182 (86.26%)

Locoregional therapy 0.39

HAIC 349 (78.25%) 178 (75.74%) 171 (81.04%)

TACE 8 (1.79%) 5 (2.13%) 3 (1.42%)

HAIC plus TACE 89 (19.96%) 52 (22.13%) 37 (17.54%)

Tumor number 0.36

single 107 (23.99%) 61 (25.96%) 46 (21.80%)

multiple 339 (76.01%) 174 (74.04%) 165 (78.2%)

Tumor size <0.01

<5cm 38 (8.52%) 35 (14.89%) 3 (1.42%)

≥5cm and <10cm 157 (35.20%) 96 (40.85%) 61 (28.91%)

≥10cm 251 (56.28%) 104 (44.26%) 147 (69.67%)

Macrovascular invasion <0.01

without 158 (35.43%) 108 (45.96%) 50 (23.7%)

with 288 (64.57%) 127 (54.04%) 161 (76.3%)

Extrahepatic metastasis 0.02

without 205 (45.96%) 121 (51.49%) 84 (39.81%)

with 241 (54.04%) 114 (48.51%) 127 (60.19%)

BCLC <0.01

A 31 (6.95%) 23 (9.79%) 8 (3.79%)

B 64 (14.35%) 43 (18.3%) 21 (9.95%)

C 351 (78.70%) 169 (71.91%) 182 (86.26%)

HBsAg <0.01

negative 60 (13.45%) 42 (17.87%) 18 (8.53%)

positive 386 (86.55%) 193 (82.13%) 193 (91.47%)

ALBI <0.01

1 272 (60.99%) 159 (67.66%) 113 (53.55%)

(Continued)
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TABLE 1 Continued

Patient Characteristics Total
(N=446)

a-FAtE 2–3 point group
(n= 235)

a-FAtE 0–1 point group
(n= 211)

P-value

2-3 174 (39.01%) 76 (32.34%) 98 (46.45%)

Child-Pugh

Class A 400 (89.69%) 218 (92.77%) 182 (86.26%)

Class B 46 (10.31%) 17 (7.23%) 29 (13.74%)

AST 85.39 ± 92.98 63.18 ± 61.41 110.12 ± 113.81

ALT 55.21 ± 47.87 50.79 ± 43.79 60.15 ± 51.71

ALB 41.25 ± 4.83 41.85 ± 4.92 40.59 ± 4.64

TBIL 19.15 ± 20.37 17.30 ± 23.10 21.20 ± 16.64

WBC 7.41 ± 2.67 7.14 ± 2.52 7.70 ± 2.81

Neutrophil 5.59 ± 6.29 5.10 ± 5.33 6.14 ± 7.17

lymphocyte 1.65 ± 1.37 1.79 ± 1.79 1.51 ± 0.60

Hemoglobin 143.10 ± 22.23 141.01 ± 19.74 145.43 ± 24.55

Platelet 266.45 ± 124.22 Mean ± SD 231.64 ± 96.75

CRP 29.44 ± 38.41 23.60 ± 36.54 35.95 ± 39.48

AFP <0.01

<400 141 (31.61%) 127 (54.04%) 14 (6.64%)

≥400 291 (65.25%) 105 (45.96%) 186 (93.36%)

CRAFITY <0.01

1 67 (15.02%) 62 (26.38%) 5 (2.37%)

2 192 (43.05%) 121 (51.49%) 71 (33.65%)

3 187 (41.93%) 52 (22.13%) 135 (63.98%)

PNI 0.03

0 105 (23.54%) 45 (10.09%) 60 (13.45%)

1 341 (76.46%) 190 (42.60%) 151 (33.86%)

NLR <0.01

0 360 (80.72%) 205 (45.96%) 155 (34.75%)

1 86 (19.28%) 30 (6.73%) 56 (12.56%)

PLR <0.01

0 216 (48.43%) 130 (29.15%) 86 (19.28%)

1 230 (51.57%) 105 (23.54%) 125 (28.03%)

SII <0.01

0 66 (14.80%) 49 (10.99%) 17 (3.81%)

1 380 (85.20%) 186 (41.70%) 194 (43.50%)

LCR <0.01

0 376 (84.30%) 179 (40.13%) 197 (44.17%)

1 70 (15.70%) 56 (12.56%) 14 (3.14%)

CAR <0.01

0 262 (58.74%) 159 (35.65%) 103 (23.09%)

(Continued)
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20.4-30.4 months). 218 patients died and 324 patients experienced

tumor progression during the follow‐up period.

Based on the initial definition from Rossari et al. (15), the HCC

patients were firstly divided into four groups. The results showed

that decreased levels of a-FAtE score had poorer OS (P<0.001;

Figure 2A) and PFS (P<0.001; Figure 2B). Similar to Rossari. et.al.,

we further grouped patients into a-FAtE 0–1 group and 2–3 group

and conducted the Kaplan–Meier analysis of the OS and PFS time.

The median OS of the a-FAtE 0-1 group and 2-3 group was 16.3

months (95%CI 13.7-21.5 months) and 34.1 months (95% CI 27.6–

NA months; P<0.0001; Figure 2C), respectively. The median PFS of

the a-FAtE 0-1 group and 2-3 group was 7.3 months (95%CI 6.6-

8.7 months), 12.3 months (95% CI 10.4–14.1 months; P<0.0001;

Figure 2D), respectively. To further minimize the differences

between a-FAtE 0-1 score group and a-FAtE 2-3 score group,

IPTW and PSM were both conducted. Interestingly, the a-FAtE 2-3

score group still had a longer OS and PFS compared to the a-FAtE
0-1 score group after adjustment for PSM (Figures 2E, F) and

IPTW (Figures 2G, H). Therefore, the a-FAtE score could be

a useful predictor for the prognosis of HCC patients with

locoregional immunotherapy.

We further investigated the prognostic value of the a-FAtE
score in different patients (with TKI treatment vs. without TKI

treatment). As the Supplementary Figures S3A, B showed, we found

the a-FAtE precisely stratified the prognosis of HCC patients

treated with TKI (both P< 0.05). We also found the similar curve

in predicting OS for HCC patients without Targeted drug treatment

(P< 0.05). However, the median PFS of the a-FAtE 0-1 group and 2-

3 group in the HCC patients without TKI treatment was 9.8 months

(95%CI 6.6-NA months) and 40 months (95%CI 8.7-NA months),

respectively (P= 0.13; Supplementary Figure S3B).
Tumor response and a-FAtE score

We performed the radiological assessment for tumor treatment

response using mRECIST criteria (Table 2). 35 (7.85%) and 210

(47.09%) HCC patients achieved CR and partial response(PR),

respectively, while 130 (29.15%) and 64 (14.35%) experienced

stable disease(SD) and progressive disease (PD), respectively. The

tumor overall response rate (ORR) and the disease control rate
Frontiers in Immunology 06
(DCR) of the whole cohort were 55.61%, and 84.53%, respectively.

The CR rate of patients in the a-FAtE 2-3 group was significantly

higher than those in the a-FAtE 0-1 group (6.05% vs.1.79%,

P<0.05). The ORR of the a-FAtE 2-3 group and 0-1 group was

58.72%, and 52.13%, respectively (P=0.21). The DCR- of the a-
FAtE 0-1 score and 2-3 score was 80.57%, and 87.23%,

respectively (P= 0.15).
Safety profile

Table 3 provided the overall incidence of drug-related adverse

events. No adverse-related death was found during drug

administration. The adverse events of any grade were observed in

164(69.79%) patients in the a-FAtE 2-3 group and 168(79.62%) in

the a-FAtE 0-1 group (P=0.02). Grade 3 or 4 adverse events were

observed in 29 (12.34%) of a-FAtE 2-3 group and 37(17.54%) of the

a-FAtE 0-1 group (P=0.14). Patients in the a-FAtE 0-1 group were

more likely to have a fever, liver injury, or digestive hemorrhage

than those within the a-FAtE 2-3 score group.
Correlation between the OS and PFS by
the a-FAtE score

The coefficient (r value) was subsequently calculated in order to

estimate the correlation between OS and PFS. For all patients in this

study, PFS had the strong correlation with OS (r = 0.67, 95% CI

0.60-0.73). Furthermore, the subgroup analysis by the a-FAtE score

revealed that both the a-FAtE 0-1 group (r = 0.65, 95% CI 0.54-

0.73) and the a-FAtE 2-3 group (r = 0.69, 95% CI 0.58-0.78) had a

high correlation with OS.
Independent factors associated with PFS
and OS

Univariate Cox regression analysis was used to estimate the

potential risk factors of PFS and OS among a-FAtE score and

clinicopathological factors (Supplementary Table S2). Schoenfeld

residual analysis showed that extrahepatic metastasis and LCR did
TABLE 1 Continued

Patient Characteristics Total
(N=446)

a-FAtE 2–3 point group
(n= 235)

a-FAtE 0–1 point group
(n= 211)

P-value

1 184 (41.26%) 76 (17.04%) 108 (24.22%)

mGPS <0.01

0 120 (26.91%) 88 (19.73%) 32 (7.17%)

1 290 (65.02%) 131 (29.37%) 159 (35.65%)

2 36 (8.07%) 16 (3.59%) 20 (4.48%)
a-FAtE, a-fetoprotein (AF), alkaline phosphatase (A) and eosinophil count (E); BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALB, albumin; TBil, total bilirubin; WBC, leukocyte; CRP, C-reaction protein; AFP, alpha-fetoprotein; CRAFITY, C-reactive protein and alpha-fetoprotein in
immunotherapy; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; LCR, lymphocyte-to-
CRP ratio; CAR, CRP-to-albumin ratio; mGPS, modified Glasgow prognostic score.
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not meet the proportional hazards assumption test for OS, and

immunotherapy, targeted therapy, and BCLC stage did not meet the

proportional hazards assumption test for PFS (Supplementary

Table S3). These clinical variables were all regarded as stratified

factors during the analysis. Finally, a-FAtE score was regarded as an

independent prognostic factor for both OS (HR = 0.71; 95% CI

0.52-0.97; P= 0.03) and PFS (HR = 0.74; 95% CI 0.58-0.96;

P= 0.02) (Table 4).
Frontiers in Immunology 07
The prediction performance of other
serum biomarkers and the a-FAtE score

To further compare the prognostic prediction performance

of the a-FAtE score and common serum biomarkers, the ROC

curves were calculated. The results indicated a-FAtE had a better

capacity to estimate OS of HCC patients receiving locoregional

immunotherapy than other blood biomarkers (Figure 3A). In
FIGURE 2

Kaplan–Meier curves for overall survival (OS) and progression-free survival (PFS) of patients after locoregional immunotherapy. (A, B) Survival
outcomes in the a-FAtE score 0 to 3 groups, (A) OS, (B) PFS. (C–H) Survival outcomes in the a-FAtE 0-1 group and 2-3 group, (C) OS, (D) PFS;
(E) OS after PSM, (F) PFS after PSM; (G)OS after IPTW, (H) and PFS after IPTW (H). a-FAtE, a-fetoprotein (AF), alkaline phosphatase (A), and eosinophil
count (E); PSM, propensity score matching; IPTW, inverse probability of treatment-weighting.
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TABLE 2 The relationship between a-FAtE score and tumor response.

Characteristics
a-FAtE 2–3 point group

(n= 235)
a-FAtE 0–1 point group

(n= 211)
Total (N=446) P-value

CR 27 (6.05%) 8 (1.79%) 35 (7.85%) 6.7e-3

SD 67 (28.51%) 62 (29.38%) 129 (28.92%) 0.92

PD 27 (6.05%) 37 (8.30%) 64 (14.35%) 0.16

PR 111 (24.89%) 99 (22.20%) 210 (47.09%) 0.96

ORR 138 (58.72%) 110 (52.13%) 248 (55.61%) 0.21

DCR 205 (87.23%) 172 (80.57%) 377 (84.53%) 0.15
F
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CR, complete response; PR, partial response; SD, stable disease; PD, progression disease; ORR, objective response rate; DCR, disease control rate. a-FAtE, a-fetoprotein (AF), alkaline
phosphatase (A), and eosinophil count (E).
TABLE 3 Drug-related adverse events according to the a-FAtE score.

a-FAtE 0–1point group (n= 211) a-FAtE 2–3point group (n= 235) P-value

AEs of any grade 168 164 0.02

AEs of Grade≥3 37 29 0.14

Fever

any grade 30 15 <0.01

Grade≥3 1 0 0.96

Abdominal pain

Any grade 71 59 0.06

Grade≥3 6 10 0.59

Diarrhea

Any grade 23 13 0.06

Grade≥3 1 0 0.96

Cough

Any grade 17 22 0.75

Grade≥3 1 0 0.96

Vomiting

Any grade 19 15 0.39

Grade≥3 1 0 0.96

Skin rash

Any grade 25 14 0.16

Grade≥3 4 4 1

Insomnia

Any grade 7 6 0.84

Grade≥3 0 0 1

Liver injury

Any grade 110 99 0.04

Grade≥3 23 15 0.12

Hypothyroidism

Any grade 3 3 1

(Continued)
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term of PFS,the a-FAtE score was similar to other blood

biomarkers in the prediction of PFS at 12 months, but was

better at 24 and 36 months (Figure 3B). The c-index of the a-
FAtE score was 0.596 for OS and 0.575 for PFS. As summarized in
Frontiers in Immunology 09
the Supplementary Table S4, the ROC curves of the a-FAtE for

PFS at 12-, 24-, and 36- months were 0.60, 0.633, and 0.663,

respectively, and for OS at 12-, 24-, and 36- months were 0.606,

0.656, and 0.647, respectively.
TABLE 3 Continued

a-FAtE 0–1point group (n= 211) a-FAtE 2–3point group (n= 235) P-value

Hypothyroidism

Grade≥3 0 1 0.96

Hypertension

Any grade 12 8 0.35

Grade≥3 0 0 1

Digestive hemorrhage

Any grade 6 0 0.03

Grade≥3 3 0 0.21
a-FAtE, a-fetoprotein (AF), alkaline phosphatase (A), and eosinophil count (E); AEs, Adverse events.
TABLE 4 Multivariate Cox regression for progression-free survival and overall survival.

Multivariate Cox regression analysis

Variables Progression-free Survival Overall Survival

HR 95%CI P-value HR 95%CI P-value

a-FAtE (0-1/2-3) 0.74 0.58-0.96 0.02 0.71 0.52-0.97 0.03

Immunotherapy (PD1/PDL1) 0.50 0.31-0.82 0.005

Targeted therapy (without/with) 1.34 0.90-2.00 0.15

Tumor number (single/multiple) 1.42 1.03-1.97 0.03 1.50 1.06-2.12 0.02

Macrovascular invasion (without/with) 1.10 0.82-1.49 0.52

Extrahepatic metastasis (without/with) 1.15 0.84-1.56 0.38

ALBI (1/2-3) 1.19 0.88-1.62 0.25 1.49 1.02-2.16 0.038

CRAFITY

0 Reference

1 0.93 0.62-1.39 0.72 1.01 0.61-1.68 0.97

2 1.06 0.66-1.71 0.81 1.21 0.67-2.19 0.54

NLR 0.97 0.72-1.32 0.87 1.16 0.81-1.66 0.42

PLR 1.11 0.86-1.43 0.42 1.04 0.76-1.42 0.80

PNI (<45/≥45) 0.95 0.67-1.35 0.79 1.10 0.72-1.67 0.65

SII (0/1) 1.44 0.97-2.14 0.07 1.64 0.99-2.71 0.051

CAR (0/1) 1.01 0.74-1.36 0.97 0.92 0.64-1.32 0.64

mGPS

0 Reference

1 0.91 0.60-1.37 0.72 1.14 0.68-1.89 0.62

2 1.05 0.58-1.88 0.81 1.55 0.78-3.09 0.21
a-FAtE, a-fetoprotein (AF), alkaline phosphatase (A) and eosinophil count (E); CRAFITY, C-reactive protein and alpha-fetoprotein in immunotherapy; PNI, prognostic nutritional index; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; CAR, CRP-to-albumin ratio; mGPS, modified Glasgow prognostic score.
Bold values means P-value<0.05.
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Discussion

Identifying and validating the predictive and prognostic

biomarkers is a major challenge in the management of advanced-

staged HCC. Currently, there are no well-validated biomarkers to

identify the HCC patients who could benefit from a combination of

locoregional therapy and immunotherapy. Genomics

characteristics could provide large-scale screening of specific

prognostic biomarkers for advanced HCC treated with

locoregional therapy (29) and immunotherapy (30, 31). However,

the necessity for an invasive biopsy, in addition to the high financial

cost, limits its clinical application. Radiomics models using the

imaging parameters and machine learning methods are non-

invasive and have outstanding prediction performance (32, 33).

Nonetheless, reproducibility, generalizability and model

interpretability are major obstacles of these clinically applied

radiomics (34, 35). Serum biomarkers including inflammatory

biomarkers (36), liver functional biomarkers and tumor

biomarkers (37, 38) are reported as useful biomarkers for

advanced HCC patients. Each individual serum biomarker is

easily and widely accessible but lack good sensitivity and

specificity. Thus, we believed that a satisfactory biological

indicator must be non-invasive, simple and cost-effective.

Moreover, i t must also be precise and possess good

generalizability and interpretability. Rossari et al. (15) provided a

novel and simple composite a-FAtE score, which is composed of

baseline AFP, ALP, and eosinophils levels. Their multicenter

retrospective study revealed that a-FAtE had excellent prediction

ability for the tumor therapeutic response and prognosis of

advanced HCC patients treated with atezolizumab plus

bevacizumab. In this current study, we evaluated the predictive

ability of the a-FAtE score among 446 advanced HCC patients with

locoregional immunotherapy. According to the a-FAtE score, 446

patients were further divided into 0-1 group(n=211) and 2-3 group

(n=235). We found that the a-FAtE score could effectively and

accurately stratify the survival time of patients. HCC patients in the

a-FAtE 2-3 group had higher CR rates than those in the a-FAtE 0-1

group. Many patients in the a-FAtE 0-1 group experienced more
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drug-related adverse events. Furthermore, the a-FAtE score was

further identified as an independent risk factor for both OS and

PFS. Thus, the a-FAtE score had the great predictive value for the

tumor response and prognosis in advanced HCC receiving

combination of locoregional therapy and immunotherapy.

The reason that the a-FAtE score had the prognostic value in

advanced HCC patients receiving combination of locoregional

therapy and immunotherapy is possibly due to it represented the

tumor characteristics, reflected the liver function reserve and was

associated with tumor microenvironments. Serum AFP levels are

abnormally elevated in approximately 70% of HCC patients

(39, 40). Numerous studies have suggested that serum AFP levels

could serve as a predictive indicator for treatment evaluation in

early, intermediate, and advanced stage HCC (41–44). Consistent

with other studies, we found that patients with AFP >400ng/ml had

a worse prognosis. AFP expression and secretion of HCC were

positively associated with tumor characteristics (tumor burden,

aggressiveness, worse tumor differentiation) and negatively

correlated with treatment response. The underlying mechanism

may be that AFP could promote the malignant cells proliferation

and metastasis (45), inhibit the apoptosis induced by chemoagents

(46) and facilitate the evasion of the immune surveillance (47). The

liver functional reserve plays an important role in therapeutic effects

for advanced HCC. ALP is a blood biomarker for the evaluation of

liver function. The elevation of ALP indicated liver function damage

and a worse prognosis for HCC patients who received anti-PD1

therapy (48) and locoregional therapy (49). The administration of

HAIC and TACE as multi-course treatments has been

demonstrated to achieve excellent tumour control and prolong

survival by delivering the chemotherapy agents to the local

tumors. However, it is important to note that high local

concentrations of chemotherapy agents may disrupt the balance

of damage repair in liver cells, thereby resulting in hepatic

impairment (50) and ALP elevation. In addition, the elevated

expression of ALP in HCC cells could promote tumor glycolysis

(51) and enhance the HCC cell proliferation in the preclinical

models. Meanwhile, eosinophil is a prognostic biomarker for

multiple tumors, and elevated eosinophil levels are associated
FIGURE 3

Time-dependent ROC cures of the a-FAtE score and other blood biomarkers for overall survival (A) and progression-free survival (B). a-FAtE, a-
fetoprotein (AF), alkaline phosphatase (A) and eosinophil count (E); CRAFITY, C-reactive protein and alpha-fetoprotein in immunotherapy; PNI,
prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; LCR,
lymphocyte-to-CRP ratio; CAR, CRP-to-albumin ratio; mGPS, modified Glasgow prognostic score.
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with better survival (52–54). HAIC could alter the multicellular

ecosystem in HCC and promote the expansion and accumulation of

antitumor CD8 T cell (55). Eosinophils can also promote the

production of memory CD8 T cells (56) and guide CD8 T cells

into the tumor and enhance the anti-tumor effect (57). Moreover,

the Eosinophils in the tumor microenvironment can cooperate with

CD4 T cells to enhance the treatment response to immune

checkpoint inhibitors (58). Therefore, the a-FAtE score had the

prognostic values for advanced HCC patients receiving

locoregional immunotherapy.

The current research had some limitations as well. First of all,

some potential biases in the enrollment of HCC patients due to its

retrospective nature might exist. Second, different types of ICI

agents were used in our study based on patient preference,

household income, and insurance coverage. But on the other

hand, this cohort may be more representative of the HCC

population in the real world. Finally, 86.55% of the enrolled

patients had HBV infection. Subgroup analysis of the IMbrave

150 and HIMALAYA studies both showed that the treatment

efficacy of immune checkpoint inhibitors was higher in HBV-

related HCC compared to other etiological factors. Therefore, the

superior prognostic value of a-FAtE score for patients caused by

alcohol, NASH, etc. was still unclear. A large-scale multicenter, and

prospective clinical trials are necessary to reconfirm our findings.
Conclusion

Our study evaluated and validated the superior prognostic value

of the a-FAtE score in advanced HCC patients receiving

locoregional immunotherapy.
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SUPPLEMENTARY FIGURE 1

The radiological imaging of patients in a-FAtE 0-1 group. A 68-year-old man

at BCLC B stage (AFP 45542 ng/mL, ALP 157.3 U/L and eosinophils 0.06*109/
L) in a-FAtE 0-1 group achieved complete regression after receiving

locoregional Immunotherapy. (A-C) Before treatments; (D-F)
After treatments.
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SUPPLEMENTARY FIGURE 2

The radiological imaging of patients in a-FAtE 2-3 group. A 44-year-old man
at BCLC C stage (AFP 13.12ng/mL, ALP 77.4U/L and eosinophils 0.05*109/L) in

a-FAtE 2-3 group achieved complete regression after receiving locoregional

Immunotherapy. (A-C) Before treatments; (D-F) After treatments.
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SUPPLEMENTARY FIGURE 3

The Kaplan–Meier curves for overall survival (A) and progression-free survival
(B) based on the a-FAtE score for with Targeted therapy group and without

Targeted therapy group. a-FAtE: a-fetoprotein (AF), alkaline phosphatase (A)

and eosinophil count(E).
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