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Abstract

Background: Few biomarkers can predict the efficiency of PD-1 blockade in patients with hepatocellular carcinoma
(HCC). This study aimed to investigate the prognostic role of AFP and PIVKA-II in HCC patients receiving anti-PD-1
immunotherapy.

Methods: A total of 235 HCC patients treated with PD-1 blockade were enrolled. Serum AFP and PIVKA-II levels
were collected before and after treatments. The patients were divided into groups based on the reduction in AFP
and PIVKA-II: AFP reduction ≤50% vs AFP reduction > 50% and PIVKA-II reduction ≤50% vs PIVKA-II reduction >
50%. The primary endpoints included objective response rate (ORR), progression-free survival (PFS) and overall
survival (OS). Binary logistic regression analyses were used to explore the related factors of ORR. A Cox proportional
hazards model was employed to identify the potential prognostic factors of PFS and OS.

Results: Among all the patients, 34.9% (82/235) achieved a complete or partial response. There was a positive
correlation between AFP reduction > 50% or PIVKA-II reduction> 50% and the ORR of PD-1 blockade (P < 0.001
and = 0.003). PFS was significantly improved in patients with AFP reduction > 50% and PIVKA-II reduction > 50%
(p < 0.001 and = 0.021). In addition, AFP reduction > 50% and PIVKA-II reduction> 50% were positively correlated
with longer OS (p = 0.003 and 0.006).

Conclusion: Early reductions in AFP and PIVKA-II can be predictors of the efficacy of PD-1 blockade in HCC
patients.
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Introduction
Hepatocellular carcinoma (HCC) ranks as the sixth most
common malignancies and fourth leading cause of
cancer-related mortality worldwide [1, 2]. Due to the in-
sidious onset of HCC, approximately 80% of HCC pa-
tients are diagnosed at an advanced stage [3, 4].

Although sorafenib and lenvatinib are approved as the
first-line treatment for advanced HCC, the survival of
these patients remains dismal [5]. In recent years, the
emergence of anti-programmed death 1 (PD-1) check-
point inhibitors has changed the landscape of systemic
treatments for advanced HCC. The objective response
rates (ORRs) can reach to 17–20% in advanced HCC pa-
tients who receive anti-PD-1 therapy as monotherapy [6,
7]. Furthermore, the combination of atezolizumab and
bevacizumab (A + T) achieved significantly longer sur-
vival in HCC patients than sorafenib, which increased
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the first-line treatments for advanced HCC [8]. Although
current studies indicate promising efficiency of anti-PD-
1 therapy, the ORR remains unsatisfactory. Even with
the A + T protocol, the ORR is only 27.3% [8]. How to
identify potential patients who would respond to anti-
PD-1 therapy remains to be solved.
Unfortunately, HCC lacks efficient biomarkers to pre-

dict the efficiency of anti-PD-1 therapy. Alpha-
fetoprotein (AFP) and protein induced by vitamin K ab-
sence or antagonist-II (PIVKA-II) are common diagnos-
tic and prognostic biomarkers for HCC that have a
positive correlation with tumor burden [9]. AFP and
PIVKA-II can also predict the recurrence and survival of
HCC patients [10]. For patients treated with sorafenib,
an early decrease in serum AFP levels indicates a higher
probability of response [11]. In HCC patients receiving
transarterial chemoembolization (TACE), the response
of AFP and PIVKA-II is positively associated with the
radiological response [12, 13]. However, the predictive
role of AFP and PIVKA-II in HCC patients receiving
anti-PD-1 therapy remains unclear.
In this study, we aimed to assess the predictive role of

early reduction in AFP and PIVKA-II for HCC patients
receiving anti-PD-1 therapy. The primary endpoints in-
cluded ORR, progression-free survival (PFS) and overall
survival (OS). These results can assist in identifying po-
tential HCC patients responding to anti-PD-1 therapy,
which improves the effective utilization rates of anti-PD-
1 immunotherapy.

Methods
Patients
We retrospectively reviewed HCC patients receiving
anti-PD-1 therapy at Sun Yat-sen University Cancer
Center from January 1, 2018 to December 31, 2019. The
inclusion criteria were as follows: 1) clinically or patho-
logically diagnosed with HCC according to NCCN
guidelines; 2) age at diagnosis ≥18 years; and 3) treat-
ment with at least one dose of anti-PD-1 therapy. We
initially enrolled 619 patients into study. The exclusion
criteria were as follows: 1) no baseline imaging records
before anti-PD-1 therapy (n = 203); 2) no baseline AFP
or PIVKA-II levels before anti-PD-1 therapy (n = 35); 3)
no follow-up imaging or tumor marker records after
anti-PD-1 therapy (n = 66); 4) no elevated baseline AFP
or PIVKA-II levels (AFP ≤ 25 ng/ ml or PIVKA-II ≤ 40
mAU/ml) (n = 80) and 5) taking anticoagulants (n = 0).
Eventually, 235 HCC patients were included for analysis.
None of these patients were from early phase clinical tri-
als. PD-1 blockades were intravenously administered at
the standard dose as follows: pembrolizumab 200 mg,
nivolumab 100 mg, toripalimab 240 mg, camrelizumab
200 mg or sintilimab 200 mg every 3 weeks. The median
number of courses of PD-1 blockades was four (range,

1–19). The adverse events (AEs) were evaluated based
on the Common Terminology Criteria for Adverse
Events v5.0. Patients were treated according to the treat-
ments plan until intolerable AEs occurred or the disease
progressed. This study was approved by the Ethics Com-
mittee of Sun Yat-sen University Cancer Center.

Patient follow-up
The serum levels of AFP and PIVKA-II were measured
within 7 days before the first dose of anti-PD-1 therapy.
To evaluate the change in AFP and PIVKA-II levels after
immunotherapy, we further collected AFP and PIVKA-II
data after 6 ± 1 weeks of anti-PD-1 therapy. During treat-
ment, patients underwent abdominal contrast enhanced
computer tomography (CT) or magnetic resonance im-
aging and chest enhanced CT every 6–8 weeks. The
tumor response was evaluated according to Response
Evaluation Criteria in Solid Tumors (RECIST 1.1) [14].
Complete response (CR) was defined as the disappear-
ance of all the targeted lesions. Partial response (PR) was
defined as at least a 30% reduction in the sum of diame-
ters of targeted lesions. The association between AFP/
PIVKA-II reduction and ORR/PFS/OS was assessed.
Based on previous studies, a reduction in AFP/PIVKA-II
serum concentration > 50% was adopted as the cutoff
value for serum response. The definitions of primary
endpoints in this study were as follows: 1) ORR, the pro-
portion of HCC patients achieving CR or PR; 2) PFS, the
period from the date of first dose of anti-PD-1 therapy
to the date of progressive disease (PD), death or last
follow-up; and 3) OS, the time during the date of first
dose of anti-PD-1 therapy to the date of death or last
follow-up.

Statistical analysis
Categorical variables are expressed as numerical values
with percentages. The chi-square test was employed to
evaluate the correlation between the reduction in AFP/
PIVKA-II and ORR. Binary logistic regression analysis
was performed to identify potential predictors for ORR,
including age at diagnosis, gender, vascular invasion, ex-
trahepatic metastasis, albumin-bilirubin (ALBI) grade
[15], AFP reduction, PIVKA-II reduction, baseline AFP
level and baseline PIVKA-II level. Odds ratios (ORs)
were calculated for each variable in the logistical model.
The PFS and OS were compared by the Kaplan-Meier
method with the log-rank test. Hazard ratios (HRs) for
OS and PFS were calculated by the Cox regression
model. A multivariate Cox regression model was
adopted to evaluate the significance of clinical factors
that were statistically significant in the univariate ana-
lyses. Receiver operating characteristic (ROC) curves
were plotted to compare the performance of AFP reduc-
tion, PIVKA-II reduction and AFP-ALBI-PIVKA-II score
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for predicting ORR, and the DeLong Method was per-
formed to compare the area under the ROC curves
(AUROC). Moreover, we also calculated the Akaike in-
formation criterion (AIC) of all the prognostic models.
A two-tailed P value less than 0.05 was statistically sig-
nificant. All analyses were performed with the IBM
SPSS, version 26.0 and R software version 3.6.1.

Results
Patient characteristics
The baseline characteristics of 235 HCC patients are
listed in Table 1. The median age of this cohort was
51.0 years (range, 21–84 years). The majority of patients
were infected with hepatitis B virus (86.4%). For patients
with HBV infection, 72.9% (148/203) received Entecavir
and 27.1% (55/203) received Tenofovir. Among these pa-
tients, 51.9% (122/235) had vascular invasion, and 37.0%
(87/235) had extrahepatic metastasis. Most patients had
good liver function, and 97.0% (228/235) were Child-
Pugh A class while the other seven patients were Child-
Pugh B class. The median baseline level was 2995.0 ng/
ml for AFP and 7209.0 mAU/ml for PIVKA-II. After 6
weeks of anti-PD-1 immunotherapy, the AFP level of
48.1% (113/235) of patients decreased by more than 50%
from baseline, and the PIVKA-II level of 53.2% (125/
235) of patients decreased by more than 50% from base-
line. Among all the patients, 7.7% (18/235) received anti-
PD-1 therapy as monotherapy, 22.1% (52/235) received
anti-PD-1 therapy plus targeted drugs, 30.2% (71/235)
received anti-PD-1 therapy plus locoregional treatments,
including TACE or hepatic arterial infusion chemother-
apy, and 40.0% (94/235) received anti-PD-1 therapy
combined with targeted drugs and locoregional treat-
ments. The majority of patients received anti-PD-1 im-
munotherapy as the first-line treatment (91.9%), and
8.1% (19/235) were treated with PD-1 blockades as the
second-line therapy. During follow-up, all the AEs were
manageable, and no toxicity-related death occurred.

Correlation between AFP or PIVKA-II levels and ORR
Of 235 enrolled HCC patients, 3.4% (8/235) patients
achieved CR and 31.5% (74/235) achieved PR after anti-
PD-1-based treatments. The chi-square tests revealed a
significant correlation between the reduction in AFP or
PIVKA-II and the ORR of HCC patients. For patients
with AFP reduction> 50, 53.1% (60/113) responded to
anti-PD-1 therapy, while only 18.0% (22/122) patients
responded to immunotherapy in those with AFP reduc-
tion ≤50% (p < 0.001). In terms of PIVKA-II, 49.6% (62/
125) of patients achieved a response to anti-PD-1-based
treatments in those with PIVKA-II reduction > 50%,
while only 18.2% (20/110) responded to anti-PD-1 ther-
apy in patients with PIVKA-II reduction ≤50% (p <
0.001). After binary logistic analyses, there was no sig-
nificant association between ORR and age at diagnosis
or gender (p = 0.405 and 0.128). Vascular invasion had
no significant impact on the ORR (p = 0.138). Although
extrahepatic metastasis showed an adverse impact on
the ORR in univariate analysis, no significant correlation
was found in the multivariate analysis (p = 0.112). For
the baseline level of serum markers, neither AFP nor
PIVKA-II had a significant correlation with the ORR

Table 1 Baseline characteristics of HCC patients receiving anti-
PD-1 blockades

Characteristics Number (%)

Sample size 235

Age, years

≤ 50 109 (46.4)

>50 126 (53.6)

Chronic liver disease

HBV 203 (86.4)

None 32 (13.6)

Gender

Female 31 (13.2)

Male 204 (86.8)

Vascular invasion

No 113 (48.1)

Yes 122 (51.9)

Extrahepatic metastasis

No 148 (63.0)

Yes 87 (37.0)

ALBI grade

I 142 (60.4)

II 93 (39.6)

AFP reduction> 50%

No 122 (51.9)

Yes 113 (48.1)

PIVKA-II reduction> 50%

No 110 (46.8)

Yes 125 (53.2)

Baseline AFP level, ng/ml

Median (range) 2995.0 (25.14–121,000)

≤ 400 78 (33.2)

> 400 157 (66.8)

Baseline PIVKA-II level, mAU/ml

Median (range) 7209.0 (41–75,000)

≤ 400 44 (18.7)

> 400 191 (81.3)
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(p = 0.131 and 0.354). The ALBI grades were negatively
associated with ORR (p = 0.025). After multivariate ana-
lyses, AFP reduction > 50% was positively related to
higher ORRs (p < 0.001). Similarly, PIVKA-II reduction
> 50% was also an independent factor for ORR (p =
0.003). Detailed data are listed in Table 2.

The prognostic role of AFP and PIVKA-II in PFS
The median PFS was 7.7 months (95% confidence inter-
val (CI) 6.3–9.2 months). Age, gender and baseline level
of PIVKA-II had no significant correlation with PFS.
The survival curves of PFS are shown in Fig. 1A and B.
The PFS of HCC patients with AFP reduction > 50% was
significantly longer than that of patients with AFP re-
duction ≤50% (13.1 months vs 4.5 months, p < 0.001).
Similarly, HCC patients with PIVKA-II reduction > 50%
had longer PFS than those with PIVKA-II reduc-
tion≤50% (10.9 months vs 4.5 months, p = 0.001). After

multivariate analyses, vascular invasion and extrahepatic
metastasis had a significant adverse impact on PFS (p <
0.001 and = 0.014). A higher ALBI grade was associated
with worse PFS (p < 0.001). Patients with AFP reduction
> 50% or PIVKA-II reduction > 50% had improved PFS
compared to those with serum marker reduction ≤50%
(p < 0.001 and = 0.021). A higher baseline level of AFP
was associated with worse PFS (p = 0.001) (Table 3).
HR, hazard ratio for progression-free survival.

The prognostic role of AFP and PIVKA-II in OS
The median OS was 20.1 months (95% CI, 17.1–23.1
months). Patients with AFP reduction > 50% had signifi-
cantly longer OS than those without (not reached vs
13.7 months, p < 0.001) (Fig. 1D). In terms of PIVKA-II,
a reduction> 50% had a positive impact on OS (not
reached vs 14.4 months, p < 0.001) (Fig. 1E). Similar to
PFS, there was no significant association between OS

Table 2 Univariate and multivariate analyses for objective response rates (ORR)

Variables Univariate Multivariate

OR (95%CI) P value OR (95%CI) P value

Age, years 0.405

≤ 50 1.0

>50 1.26 (0.73–2.16)

Gender 0.128

Female 1.0

Male 2.0 (0.82–4.85)

Vascular invasion 0.138

No 1.0

Yes 1.51 (0.88–2.59)

Extrahepatic metastasis 0.002 0.112

No 1.0 1.0

Yes 0.38 (0.21–0.69) 0.58 (0.30–1.14)

ALBI grade 0.038 0.025

I 1.0 1.0

II 0.55 (0.31–0.97) 0.49 (0.26–0.91)

AFP reduction> 50% <0.001 < 0.001

No 1.0 1.0

Yes 5.15 (2.85–9.29) 3.36 (1.75–6.45)

PIVKA-II reduction> 50% <0.001 0.003

No 1.0 1.0

Yes 4.43 (2.44–8.05) 2.72 (1.41–5.26)

Baseline AFP level > 400 ng/ml 0.131

No 1.0

Yes 1.58 (0.87–2.84)

Baseline PIVKA-II level > 400 mAU/ml 0.354

No 1.0

Yes 0.73 (0.37–1.43)
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and age, gender or the baseline level of PIVKA-II. The
baseline level of AFP was negatively correlated with OS
(p = 0.001). Patients with vascular invasion or extrahe-
patic metastasis had worse OS than those without (p =
0.001 and 0.038). Additionally, a higher ALBI grade ad-
versely affected the OS (P < 0.001). The OS of patients
with AFP reduction > 50% or PIVKA-II reduction > 50%
was significantly longer than that of patients without
AFP or PIVKA-II reduction (p = 0.003 and 0.006)
(Table 4).
HR, hazard ratio for overall survival.

The prognostic value of the AAP score
We developed an AFP-ALBI-PIVKA-II (AAP) score ac-
cording to the independent predictors for ORR. The
AAP score consisted of three variables: AFP reduction,
ALBI grade and PIVKA-II reduction. The AAP score
was calculated as follows: AFP reduction> 50% (yes = 1,
no = 0), ALBI grade (I = 1, II = 0), and PIVKA-II reduc-
tion> 50% (yes = 1, no = 0). Patients were further strati-
fied into two groups based on their AAP score. A total
of 51.9% (122/235) of patients had AAP scores ≥2 and
48.1% (113/235) of patients had AAP scores ≤1. The PFS
and OS were significantly longer in patients with AAP
scores ≥2 than in those with scores ≤1 (both p < 0.001)
(Fig. 1C and F). We also compared the AUROCs of dif-
ferent variables for predicting the response to anti-PD-1

therapy (Fig. 2). The AUROC for AFP reduction was
0.693 (95% CI, 0.631–0.754). The AUROC for PIVKA-II
reduction was 0.672 (95% CI, 0.611–0.733). The AAP
score had the best predictive performance, with an
AUROC of 0.729 (95% CI, 0.672–0.786). In the pairwise
comparison of AUROCs, there was no significant differ-
ence between AFP reduction and PIVKA-II reduction
(p = 0.596). Although the AUROCs was not statistically
different between AFP reduction and AAP score (p =
0.179), the accuracy of AAP score was significantly bet-
ter than PIVKA-II reduction (p = 0.038). The results of
AIC indicated that the AAP score had superior prognos-
tic ability than AFP reduction and PIVKA-II reduction,
with the AIC values being 260.44, 275.36 and 281.59
respectively.

Discussion
To date, no effective biomarkers have been identified to
predict the efficiency of anti-PD-1 therapy in HCC pa-
tients. In this study, we found that after 6 weeks of anti-
PD-1 immunotherapy, an AFP or PIVKA-II reduction >
50% from the baseline was significantly associated with a
better response and improved survival. These results can
assist in identifying HCC patients who may not benefit
from anti-PD-1 therapy and making timely adjustments
to treatment regimens.

Fig. 1 The survival curves of HCC patients receiving anti-PD-1 immunotherapy. Patients with AFP reduction> 50% has significantly longer
progression-free survival (PFS) than those with AFP reduction≤50% (A). Similarly, patients with PIVKA-II reduction > 50% also had better PFS (B).
The PFS of HCC patients with AAP score≥ 2 was significantly improved than those with AAP score≤ 1 (C). In terms of overall survival (OS),
patients with AFP reduction> 50% has significantly improved OS compared to those without (D). The OS of patients with PIVKA-II reduction >
50% was significantly longer (E). Patients with AAP score≤ 1 had worse OS compared to those with AAP score≥ 2 (F)
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In recent years, immunotherapy, including anti-PD-1
therapy, has changed the landscape of systemic treat-
ments for advanced HCC. Encouraged by the promising
efficiency of nivolumab and pembrolizumab as mono-
therapies in HCC, oncologists are making efforts to ex-
plore how to improve the response to anti-PD-1 therapy
by combining immunotherapy with other treatment mo-
dalities [16–18]. However, even atezolizumab (anti-PD-
L1 antibody) plus bevacizumab (anti-vascular endothelial
growth factor antibody) achieved better clinical out-
comes than sorafenib, and the ORR of this combination
regimen was only 27.3% [8]. Furthermore, most HCC
patients suffer from primary or secondary resistance to
anti-PD-1 immunotherapy during treatments [19]. In
this context, how to identify potential HCC patients
responding to anti-PD-1 therapy needs to be solved ur-
gently. Unfortunately, there is a lack of predictive bio-
markers for the response of HCC patients to anti-PD-1

immunotherapy. Studies have reported the association
between peripheral blood markers and the efficiency of
anti-PD-1 therapy. In melanoma, the baseline level and
change in white blood cells (WBCs), lactate dehydrogen-
ase (LDH) and C-reactive protein (CRP) can predict the
response and survival of patients treated with anti-PD-1
immunotherapy [20, 21]. For patients with advanced
non-small cell lung cancer (NSCLC), high levels of
WBCs and eosinophils have a positive impact on the
survival of patients receiving nivolumab [22]. Until now,
predictive biomarkers for the efficiency of immunother-
apy have been limited in HCC. Studies have shown that
the neutrophil lymphocyte ratio (NLR) and tumor
growth factor-β (TGF-β) affect the survival of HCC pa-
tients receiving anti-PD-1 immunotherapy [23, 24]. Al-
though AFP and PIVKA-II are extensively used for
HCC, few studies have assessed their predictive value in
HCC patients treated with anti-PD-1 immunotherapy.

Table 3 Univariate and multivariate analyses for progression-free survival (PFS)

Variable Univariate Multivariate

HR (95%CI) P value HR (95%CI) P value

Age, years 0.138 0.008

≤ 50 1.0 1.0

>50 0.75 (0.51–1.10) 0.69 (0.52–0.91)

Gender 0.780

Female 1.0

Male 1.09 (0.59–2.04)

Vascular invasion 0.025 < 0.001

No 1.0 1.0

Yes 1.57 (1.06–2.33) 2.19 (1.42–3.36)

Extrahepatic metastasis 0.001 0.014

No 1.0 1.0

Yes 1.97 (1.34–2.91) 1.67 (1.11–2.49)

ALBI grade < 0.001 <0.001

I 1.0 1.0

II 2.13 (1.45–3.13) 2.04 (1.39–3.00)

AFP reduction> 50% <0.001 <0.001

No 1.0 1.0

Yes 0.37 (0.25–0.56) 0.38 (0.23–0.61)

PIVKA-II reduction> 50% 0.001 0.021

No 1.0 1.0

Yes 0.46 (0.31–0.68) 0.60 (0.39–0.93)

Baseline AFP level > 400 ng/ml < 0.001 0.001

No 1.0 1.0

Yes 2.37 (1.49–3.77) 2.25 (1.41–3.59)

Baseline PIVKA-II level > 400 mAU/ml 0.164

No 1.0

Yes 1.47 (0.85–2.55)
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AFP has been widely used for surveillance and nonin-
vasive diagnosis of HCC for several decades. Its predict-
ive role in the prognosis of HCC patients has also been
validated [9]. PIVKA-II is abnormal prothrombin, which
is induced by carboxylation dysfunction of N-terminal
glutamic acid residues [25]. Numerous studies have con-
firmed its clinical utility in HCC. High serum levels of
PIVKA-II are associated with more aggressive tumor be-
havior [25]. The baseline and change in PIVKA-II during
treatments can predict the prognosis of HCC patients
[25]. Although there is no significant correlation be-
tween the serum levels of AFP and PIVKA-II, both of
them can reflect the tumor burden of HCC patients [9].
The predictive roles of AFP and PIVKA-II have been
validated in HCC patients treated with locoregional ther-
apy or targeted drugs. Researchers have found that the
reduction in AFP and PIVKA-II can help to assess the
response of patients to HAIC [26]. For advanced HCC

patients treated with TACE, patients with AFP and
PIVKA-II reduction > 50% after 3 months of TACE had
a better prognosis than those without [27]. Kodama
et al. found that early decreases in AFP and PIVKA-II
are positively associated with the imaging response to
lenvatinib [28]. Based on these studies, it can be inferred
that the serum response to AFP and PIVKA-II can re-
flect the response of HCC patients to anti-PD-1 im-
munotherapy. In patients with NSCLC, the reduction in
common lung cancer markers, including carcinoembryo-
nic antigen and cytokeratin fragment 19, are both reli-
able predictive markers for immunotherapy in NSCLC
patients [29]. In accordance with NSCLC, the results
showed that the reduction in HCC markers, including
AFP and PIVKA-II, can also predict the efficiency of
anti-PD-1 therapy and the prognosis of HCC patients.
In this study, we also found patients with higher ALBI

grade had lower response rates. Cirrhosis is the common

Table 4 Univariate and multivariate analyses for overall survival (OS)

Variable Univariate Multivariate

HR (95%CI) P value HR (95%CI) P value

Age, years 0.202

≤ 50 1.0

>50 0.78 (0.53–1.14)

Gender 0.411

Female 1.0

Male 1.30 (0.70–2.43)

Vascular invasion 0.007 0.001

No 1.0 1.0

Yes 1.73 (1.17–2.57) 2.09 (1.38–3.18)

Extrahepatic metastasis 0.006 0.038

No 1.0 1.0

Yes 1.72 (1.17–2.54) 1.53 (1.02–2.30)

ALBI grade < 0.001 <0.001

I 1.0 1.0

II 2.35 (1.59–3.45) 2.28 (1.54–2.37)

AFP reduction> 50% < 0.001 0.003

No 1.0 1.0

Yes 0.44 (0.30–0.66) 0.50 (0.32–0.80)

PIVKA-II reduction> 50% < 0.001 0.006

No 1.0 1.0

Yes 0.49 (0.33–0.72) 0.54 (0.35–0.84)

Baseline AFP level > 400 ng/ml 0.001 0.001

No 1.0 1.0

Yes 2.27 (1.43–3.62) 2.31 (1.44–3.70)

Baseline PIVKA-II level > 400 mAU/ml 0.142

No 1.0

Yes 1.51 (0.87–2.61)
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concomitant liver disease in HCC patients, and higher
ALBI grade indicates worse liver function and more se-
vere cirrhosis [15]. Cirrhosis can assist tumor immune
escape and induce immunosuppressive microenviron-
ment. For example, cirrhotic livers have higher expres-
sion of extracellular matrix, which can further suppress
the anti-tumor immunity by activating the transforming
growth factor beta [30, 31]. Moreover, liver fibrogenesis
is induced by hepatic stellate cells, which can also de-
crease the infiltration of lymphocytes and increase the
proliferation of immunosuppressive cells [32]. Jeffrey
et al. have also found HCC patients with patients with
lower ALBI grades had better response to immunother-
apy and prognosis [33]. Our results were similar with
the above findings and indicated that the response to
immunotherapy might be affected by the severity of
cirrhosis.
Although it is generally recognized that imaging

methods can evaluate the efficiency of treatments for
HCC patients, there exist limitations for imaging. For

instance, in patients receiving radiofrequency ablation,
TACE or radiotherapy, a considerable number of pa-
tients can achieve tumor necrosis, decreased tumor ac-
tivity, or even pathological remission, but imaging
methods may not reflect these changes in tumor burden.
In addition, the inflammation or edema caused by anti-
tumor treatment can obstruct imaging methods to re-
flect changes in tumors [34]. These deficiencies indicate
that other evaluation methods should be applied for
assisting imaging methods to assess the anti-tumor effi-
ciency more accurately. AFP and PIVKA-II are com-
monly recognized predictors for the survival of HCC
patients receiving non-radical treatments [9]. In this
study, we found that after 6 weeks of anti-PD-1 therapy,
an AFP or PIVKA-II early reduction > 50% from baseline
can predict better survival of HCC patients, and the
serum response also showed good correlation with im-
aging response. According to the ORR results, we fur-
ther developed an AAP score consisting of ALBI grade,
AFP reduction and PIVKA-II reduction to predict the

Fig. 2 Receiver operating characteristics curves of AFP reduction, PIVKA-II reduction and the AAP score for identifying response (CR + PR) of HCC
patients treated with anti-PD-1 immunotherapy
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efficiency of anti-PD-1 immunotherapy. The AUC values
showed that the AAP score had better predictive per-
formance than a single factor.
There are several limitations in this study except

for its retrospective nature. First, this is a single-
center study enrolling HCC patients receiving anti-
PD-1 immunotherapy. Due to the requirements of in-
dications for PD-1 antibody, not all HCC patients
were enrolled. There might exist potential biases in
the selection of patients. This study focused on pa-
tients with advanced HCC who are the targeted popu-
lation of anti-PD-1 therapy. In addition, a single-
center study could be an advantageous factor to en-
sure the consistency of the assessment of clinical and
survival data before and during treatment. Second,
the median OS of HCC patients with AFP or PIVKA-
II reduction > 50% was not reached, so further follow-
up is expected. However, this study validated the sig-
nificant association between the early reduction in
HCC markers and PFS, and these results can assist
oncologists in making better treatment decisions on
anti-PD-1 immunotherapy. For instance, in HCC pa-
tients with poor survival, if no imaging response is
observed after anti-PD-1 immunotherapy and the
serum levels of AFP and PIVKA-II do not decrease,
there might be no need to continue to use anti-PD-1
immunotherapy. Third, this study enrolled relatively
mixed patients because patients received various kinds
of anti-PD-1-based treatments. However, this cohort
could better represent the real-world HCC population.
In recent years, anti-PD-1-based treatments have im-
proved the prognosis of HCC patients. For instance,
the combination of PD-1 antibody and targeted drugs
can significantly improve the survival of HCC patients,
and the A + T regimen has been one of the first-line treat-
ments for advanced HCC patients [8]. Jie et al. has found
that PD-1 antibody plus locoregional therapy can improve
the efficiency of anti-PD-1 immunotherapy [35]. Besides,
anti-PD-1 therapy combined with targeted drugs and
locoregional therapy can further prolong the survival of
HCC patients compared with lenvatinib monotherapy
[36]. Till now, no randomized controlled trial has been
performed to compare the efficiency of these treatments,
so the clinical treatments are mainly based on oncologists
and patients’ preference. Multicenter prospective random-
ized studies are expected to further validate these findings.
In conclusion, this study indicated that the early reduc-

tion in AFP and PIVKA-II had a positive association with
the response of HCC patients to anti-PD-1 immunother-
apy. After 6 weeks of anti-PD-1 therapy, an AFP or
PIVKA-II reduction > 50% indicated prolonged PFS and
OS. Monitoring the serum levels of AFP and PIVKA-II
could help to assess and predict the efficiency of immuno-
therapy for HCC patients.
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