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Abstract

Background: Alpha-fetoprotein (AFP) is currently the most com-
monly used biomarker for hepatocellular carcinoma (HCC) surveil-
lance. However, protein induced by vitamin K absence or antagonist-
I (PIVKA-II) may have a better prognostic role in some patients.
The aim of this study was to investigate the prognostic roles of AFP
and PIVKA-II kinetic changes in predicting outcomes in patients with
unresectable HCC receiving immunotherapy.

Methods: Data were collected from subjects with Child-Pugh class
A, and Barcelona Clinic Liver Cancer (BCLC) stage B or C HCC,
who received immunotherapy from September 2021 to June 2023.
The exclusion criteria included cases with normal values of AFP or
PIVKA-II. The values of AFP and PIVKA-II at baseline and 4 weeks
after initiation of therapy were recorded. The clinical baseline char-
acteristics, and therapeutic outcomes, including radiologic objective
response (OR) and overall survival (OS) of enrolled patients were
collected and further analyzed.

Results: Among the 33 enrolled patients, 10 and 23 cases achieved
OR and non-OR, respectively. A decline in AFP levels of more than
30% from baseline during immunotherapy had the best diagnostic ef-
ficacy (0.91) and ideal receiver operating characteristic (ROC) curve
(area under the curve (AUC) = 0.907). Combined AFP (> 30% de-
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cline)/PIVKA (> 15% decline) responders had a significantly positive
impact on radiologic OR and better OS (hazard ratio (HR): 0.21, 95%
confidence interval (CI): 0.06 - 0.73, P=10.014).

Conclusions: The patients with combined AFP/PIVKA-II decline
during immunotherapy had a significantly better radiologic response
and survival outcomes.

Keywords: Alpha-fetoprotein; Hepatocellular carcinoma; Immuno-
therapy; PIVKII

Introduction

Hepatocellular carcinoma (HCC) is the most common primary
liver malignancy and ranks as the leading cause of cancer-re-
lated deaths worldwide [1]. The burden of HCC is particularly
significant in East Asia and sub-Saharan Africa, largely due to
the prevalence of hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections [2]. Despite advancements in diagnosis and
treatment, the prognosis of advanced-stage HCC remains dismal
due to its aggressive nature and frequent diagnosis at a late stage.

Biomarkers play a pivotal role in early detection, prognos-
tication, and monitoring treatment response of HCC. Alpha-
fetoprotein (AFP) has long been the most widely used serum
biomarker for HCC surveillance and prognosis [3]. However,
the sensitivity and specificity of AFP are suboptimal. Elevated
AFP is not always observed in HCC, and it can be falsely el-
evated in patients with benign liver diseases such as chronic
hepatitis or cirrhosis [4]. Moreover, a substantial proportion
of HCC patients (30-40%) do not exhibit elevated AFP levels
at diagnosis, limiting its utility in both detection and response
monitoring [5].

In light of these limitations, other biomarkers have been
investigated, with particular interest in protein induced by vi-
tamin K absence or antagonist-II (PIVKA-II), also known as
des-gamma-carboxy prothrombin (DCP). PIVKA-II is an ab-
normal prothrombin molecule produced by malignant hepato-
cytes due to an acquired defect in the post-translational carbox-
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Figure 1. Flow chart of patient selection. AFP: alpha-fetoprotein; HCC: hepatocellular carcinoma; N: number of patients; OR:

objective response.

ylation of the prothrombin precursor [6]. Several studies have
demonstrated that PIVKA-II is elevated in HCC and correlates
with tumor aggressiveness, vascular invasion, and metastatic
potential [7, 8]. Besides, its utility in monitoring therapeutic
responses and predicting survival outcomes in HCC patients
were also provided [9, 10].

The advent of immunotherapy, or called immune check-
point inhibitors (ICIs), such as anti-programmed cell death
protein 1 (PD-1)/programmed cell death ligand 1 (PD-L1)
and anti-cytotoxic T lymphocyte-associated antigen 4 (CTLA-
4) antibodies, has revolutionized the treatment landscape for
advanced-stage HCC [11]. However, response rates to ICIs re-
main modest, and only a subset of patients benefit from immu-
notherapy, and reliable early biomarkers that predict treatment
response are urgently needed. While some data have explored
static levels of AFP and PIVKA-II, there is increasing interest
in dynamic changes of these markers as predictors of therapeu-
tic response and survival outcomes.

This study aims to evaluate the prognostic value of AFP
and PIVKA-II kinetic changes in predicting radiologic re-
sponses and overall survival (OS) in patients with unresectable
HCC undergoing immunotherapy.

Materials and Methods

Study design and patient selection

Figure 1 demonstrates the patient selection process. This retro-
spective observational cohort study was conducted using clini-
cal data collected between September 2021 and June 2023 at
Taichung Veterans General Hospital, a tertiary referral center

in Taiwan. The diagnosis of HCC was established based on
histological confirmation or noninvasive imaging criteria in
accordance with the American Association for the Study of
Liver Diseases (AASLD) guidelines [11]. Inclusion crite-
ria were Child-Pugh class A, Barcelona Clinic Liver Cancer
(BCLC) stage B or C HCC, receipt of immunotherapy as the
first-line treatment, either as monotherapy or in combination
with other agents, availability of AFP and PIVKA-II measure-
ments both at baseline and 4 weeks after therapy initiation.
Exclusion criteria included normal baseline levels of AFP or
PIVKA-II, incomplete follow-up data or missing biomarker
measurements, concurrent diagnosis of another malignancy.
This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committees of Tai-
chung Veterans General Hospital (CE23139B).

Baseline characteristics

Clinical, demographic, and treatment-related data were col-
lected from medical records, including age, sex, HBV and
HCV status, Albumin-Bilirubin (ALBI) grade, and tumor
characteristics, including BCLC stage, macrovascular inva-
sion (MVI), extrahepatic spread (EHS), combinations of other
therapy including tyrosine kinase inhibitor (TKI) or locore-
gional therapy (LRT).

Biomarker measurement and Kinetic definitions

Serum AFP and PIVKA-II levels were measured using stand-
ardized immunoassays. The cutoff values of AFP > 20 ng/mL
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Table 1. Baseline Characteristics in Patients at the Initiation of Immunotherapy

Variables, mean £ SD or n (%) Total, n = 33 (100%) OR, n =10 (30.3%) Non-OR, n =23 (69.7%) P value
Age (years) 66.4+12.4 64.7+11.3 68.5+12.9 0.425
> 65 14 (42.4%) 4 (40%) 10 (43.5%) 0.581
Gender
Male 26 (78.8%) 9 (90.0%) 17 (73.9%) 0.294
Female 7 (21.2%) 1 (10.0%) 6 (26.1%)
Viral hepatitis
HBV 19 (57.6%) 5(50.0%) 14 (60.9%) 0.419
HCV 8 (22.2%) 4 (40.0%) 4 (17.4%) 0.170
ALBI grade
1 15 (45.5%) 5 (50.0%) 10 (43.5%) 0.512
2/3 18 (54.5%) 5 (50.0%) 13 (56.5%)
BCLC stage
B 4 (12.1%) 2 (20.0%) 2 (8.7%) 0.351
C 29 (87.9%) 8 (80.0%) 21 (91.3%)
MVI 24 (72.7%) 7 (70.0%) 17 (73.9%) 0.566
EHS 13 (39.4%) 3 (30.0%) 10 (43.5%) 0.371
Concurrent
TKI 19 (57.6%) 8 (80.0%) 11 (47.8%) 0.131
LRT 9 (27.3%) 2 (20.0%) 7 (30.4%) 0.434
AFP (ng/mL) 26,911.3 £56,182.9 38,036.6 + 57,340.2 22,074.2 + 56,263.2 0.470
AFP > 100 ng/mL 22 (66.7%) 9 (90.0%) 13 (56.5%) 0.066
PIVKA-II (mAU/mL) 3,754.6 = 7,912.7 2,629.1 +4,505.5 4,243.9 +9,052.1 0.598

AFP; alpha-fetoprotein; ALBI: Albumin-Bilirubin; EHS: extrahepatic spread; HBV: hepatitis B; HCV: hepatitis C; LRT: locoregional therapy; MVI: mac-
rovascular invasion; OR: objective response; SD: standard deviation; TKI: tyrosine kinase inhibitor.

or PIVKA-II > 40 mAU/mL were used to define abnormal lev-
els. Kinetic changes in biomarkers were assessed by compar-
ing the values at baseline and 4 weeks post-therapy.

Outcome assessment

The primary outcomes assessed were radiologic objective re-
sponse (OR), defined by RECIST 1.1 criteria [12] as complete
response (CR) or partial response (PR), and OS, defined as the
time from initiation of immunotherapy to death from any cause
or last follow-up.

Statistical analysis

Continuous variables were reported as mean + standard devia-
tion (SD) and compared using the independent ¢-test. Categori-
cal variables such as frequencies and percentages were com-
pared using the Chi-square test or Fisher’s exact test. Receiver
operating characteristic (ROC) curve was plotted to determine
the diagnostic accuracy of AFP and PIVKA-II kinetics in pre-
dicting OR, and the area under the curve (AUC) was used to

assess performance. Survival curves were estimated using the
Kaplan-Meier method, and differences were compared using
the log-rank test. Univariate Cox regression model identified
prognostic factors for OS. A P value of < 0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 33 patients met the inclusion criteria, and ICI regi-
mens included atezolizumab plus bevacizumab (n = 15),
nivolumab (n = 10), or pembrolizumab (n = 8). The baseline
characteristics of patients were listed in Table 1. The mean
age was 66.4 years, and 78.8% were male. The percentages of
HBYV and HCV infections were 57.6% and 22.2%, respective-
ly. Distributions by ALBI grade 1 and grade 2 were 45.5% (n =
15) and 54.5% (n = 18), respectively. Regarding HCC BCLC
stage, most patients had stage C (n = 29, 87.9%). Tumor char-
acteristics showed that 72.7% had MVI, and 39.4% had EHS,
respectively. Nineteen (57.6%) patients had concurrent TKI,
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and nine (27.3%) patients had concurrent LRT in combination
with immunotherapy.

Radiologic response and biomarker kinetics

As shown in Table 2, of the 33 patients, 10 (30.3%) cases achieved
OR, including one CR and nine PR; 23 (69.7%) cases had non-
objective response (non-OR), including six SD and 17 PD. There
were no significant differences of patients’ baseline characteris-
tics between the cases with OR and those with non-OR.

The diagnostic efficacy of AFP and PIVKA-II decline in
predicting the appearance of OR was displayed in Table 3. At
4 weeks after the initiation of immunotherapy, an AFP decline
of more than 30% had the highest diagnostic efficacy (0.91;
sensitivity 90% and specificity 91%), with an AUC of 0.907.
A PIVKA-II decline over 15% showed the highest diagnostic
efficacy (0.77; sensitivity 100% and specificity 70%), with an

Table 2. The Best Radiological Tumor Responses of Patients
Receiving Immunotherapy

All (n =33)

RECIST
N %

Complete response 1 3.0%
Partial response 9 27.3%
Stable disease 6 18.2%
Progressive disease 17 51.5%
Objective response rate 10 30.3%
Disease control rate 16 48.5%

AUC of 0.848. The combination of both biomarkers (AFP de-
cline > 30% + PIVKA-II decline > 15%) had a similar predic-
tive power, with a diagnostic accuracy of 0.91 and an AUC of

Table 3. Diagnostic Efficacy of Biomarker Kinetics at 4 Weeks to Objective Response (OR) of Tumor

To OR
(S;E;;'V"y (Ssplf]f:')ﬁclty SEN + SPE l)f‘;f:c"ystlc i‘fl‘x“e“ ROC AUC
AFP decline from baseline
>5% 1.0 0.70 1.70 0.79 0.70
>10% 0.90 0.70 1.60 0.76 0.60
>15% 0.90 0.74 1.64 0.79 0.64
>20% 0.90 0.78 1.68 0.82 0.68
>25% 0.90 0.78 1.68 0.82 0.68
>30% 0.90 0.91 1.81 0.91 0.81 0.907
>35% 0.90 0.91 1.81 0.91 0.81
>40% 0.90 0.91 1.81 0.91 0.81
>45% 0.80 0.91 1.71 0.88 0.71
>50% 0.80 0.91 1.71 0.88 0.71
PIVKA-II decline from baseline
>5% 1.00 0.65 1.65 0.76 0.65
>10% 1.00 0.65 1.65 0.76 0.65
>15% 1.00 0.70 1.70 0.77 0.70 0.848
>20% 0.90 0.74 1.64 0.77 0.64
>25% 0.80 0.74 1.54 0.76 0.54
>30% 0.80 0.74 1.54 0.76 0.54
>35% 0.80 0.74 1.54 0.76 0.54
>40% 0.70 0.74 1.44 0.73 0.44
>45% 0.70 0.78 1.48 0.76 0.48
AFP and/or PIVKA-II decline from baseline
AFP>30% 0.90 0.91 1.81 0.91 0.81 0.907
PIVKA-II > 15% 1.00 0.70 1.70 0.77 0.70 0.848
AFP > 30% and PIVKA-II > 15% 0.90 0.91 1.81 0.91 0.81 0.907
AFP > 30% or PIVKA-IT > 15% 1.00 0.70 1.70 0.79 0.70 0.848

AFP: alpha-fetoprotein; PIVKA-II: protein induced by vitamin K absence or antagonist-1l; AUC: area under the curve; OR: objective response; ROC:

receiver operating characteristic.
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Figure 2. The ROC curve of biomarker kinetics. ROC: receiver operating characteristic; AFP: alpha-fetoprotein.

0.907. The ROC curve of AFP decline > 30% and PIVKA-II

decline > 15% is shown in Figure 2.

Survival analysis

As shown in Table 4, patients’ OS and the associated clini-

cal factors were analyzed. Univariate Cox regression model
showed AFP decline > 30% (hazard ratio (HR): 0.32, 95%
confidence interval (CI): 0.11 - 0.95, P = 0.041) and com-
bined AFP decline > 30% + PIVKA-II decline > 15% (HR:
0.21, 95% CI: 0.06 - 0.73, P=0.014) had significant associa-

tions with OS.

The OS of subgroup with different biomarker kinetics

Table 4. The Strength of Association Between Clinical Parameters and Overall Survival Following Immunotherapy Usage

Univariate analysis

Variables
HR (95% CI) P value

Age (< 65 vs. > 65 years) 0.57 (0.23 - 1.42) 0.230
Gender (male vs. female) 1.29 (0.47 - 3.57) 0.624
HBV (HBsAg + vs. -) 1.09 (0.46 - 2.59) 0.845
HCV (anti-HCV + vs. -) 0.72 (0.28 - 1.87) 0.501
ALBI grade (1 vs. 2/3) 0.66 (0.27 - 1.58) 0.348
BCLC stage (B vs. C) 0.21 (0.03 - 1.60) 0.133
MVI (yes vs. no) 1.40 (0.53 - 3.66) 0.494
EHS (yes vs. no) 1.25 (0.52 - 3.00) 0.612
Concurrent TKI (yes vs. no) 0.42 (0.18 - 1.01) 0.053
Concurrent LRT (yes vs. no) 0.89 (0.34 -2.30) 0.807
Baseline AFP (< 100 vs. > 100 ng/mL) 0.56 (0.23 - 1.35) 0.195
AFP decline > 30% (yes vs. no) 0.32(0.11 - 0.95) 0.041
PIVKA-II decline > 15% (yes vs. no) 0.41 (0.16 - 1.03) 0.057
AFP > 30% and PIVKA-II decline > 15% (yes vs. no) 0.21 (0.06 - 0.73) 0.014

ALBI: Albumin-Bilirubin; AFP: alpha-fetoprotein; HBsAg: hepatitis B surface antigen; BCLC: Barcelona Clinic Liver Cancer; Cl: confidence interval;
EHS: extrahepatic spread; HBV: hepatitis B; HCV: hepatitis C; HR: hazard ratio; LRT: locoregional therapy; MVI: macrovascular invasion; OR: objec-
tive response; OS: overall survival; PIVKA-II: protein induced by vitamin K absence or antagonist-Il; TKI: tyrosine kinase inhibitor.
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Figure 3. Kaplan-Meier analysis of overall survival in patients with AFP decline = 30% or without. AFP: alpha-fetoprotein; Cl:

confidence interval.

was displayed in Figures 3 and 4. Kaplan-Meier curves dem-
onstrated clear separation of survival based on biomarker re-
sponse. Patients with AFP decline > 30%, or combined AFP
and PIVKA-II kinetic response (AFP decline > 30% + PIV-
KA-II decline > 15%) had significantly better OS compared
to non-responders (median OS 15 vs. 4 months, P=0.011 and
0.004, respectively).

Furthermore, a stratification of patients according to AFP
decline > 30% and PIVKA-II decline > 15% is provided (Sup-
plementary Material 1, wjon.elmerpub.com). In this analy-
sis, one patient exhibited AFP decline without a correspond-
ing PIVKA-II decline, whereas seven patients demonstrated
PIVKA-II decline without AFP decline. The table details their
baseline characteristics and clinical outcomes, thereby allow-
ing assessment of whether biomarker declines reflect intrinsi-
cally more favorable baseline profiles in addition to their as-
sociation with OS.

Discussion

Our findings highlight the prognostic utility of AFP and PIVKA-
II kinetic changes in HCC patients receiving immunotherapy.
Specifically, a>30% decrease in AFP from baseline, or combin-
ing a> 15% decrease in PIVKA-II from baseline, were strongly
associated with improved radiologic response and OS.

AFP is produced by fetal hepatocytes and certain HCC
subtypes, particularly poorly differentiated tumors [13]. While

AFP has been used as a traditional surveillance tool, its role
in tracking response to therapy, particularly immunotherapy,
is gaining renewed interest. Several prior studies have shown
that a decline in AFP levels during treatment correlates with
tumor shrinkage and better survival outcomes [10, 14-18]. Our
study confirms this observation and further refines the predic-
tive threshold at 30% decline, aligning with prior reports.

Although AFP decline alone was strongly predictive of
OR, the addition of PIVKA-II decline improved OS discrimina-
tion without materially changing OR accuracy. This divergence
may be explained by the different biological properties of the
two markers: AFP reflects tumor burden and dedifferentiation,
whereas PIVKA-II is linked to vascular invasion and tumor ag-
gressiveness [19]. Consequently, patients with AFP-only decline
may achieve radiologic response but still carry risk for early re-
currence or death if PIVKA-II remains elevated. Conversely,
PIVKA-II-only responders may have less bulky but biologically
aggressive tumors. Thus, combined biomarker kinetics provide
more comprehensive prognostication than either marker alone.
Furthermore, some reports have suggested that PIVKA-II may
be a superior prognostic indicator compared to AFP [8, 20]. In
our cohort, a > 15% decline in PIVKA-II combined with AFP
kinetics was strongly predictive of OR.

PIVKA-II has been associated with microvascular inva-
sion, tumor progression, and extrahepatic metastasis. Its eleva-
tion often reflects aggressive tumor behavior, and its decline
may suggest tumor regression or decreased viability.

Unlike chemotherapy or TKI therapy, response to immu-
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Figure 4. Kaplan-Meier analysis of overall survival in patients with AFP decline =2 30% + PIVKA-II decline = 15% or without. AFP:

alpha-fetoprotein; Cl: confidence interval.

notherapy is often delayed and may follow atypical patterns,
including pseudoprogression [21]. Therefore, dynamic bio-
markers that reflect tumor biology over time can provide cru-
cial guidance. Monitoring early changes (within 4 weeks) can
help identify likely responders and non-responders, allowing
clinicians to adjust strategies proactively. The combination of
AFP and PIVKA-II kinetic responses emerged as a superior
prognostic model, likely due to their complementary mecha-
nisms of elevation. While AFP reflects cellular dedifferentia-
tion, PIVKA-II indicates impaired post-translational protein
modification. Their combined decline may capture a broader
range of therapeutic responses.

Stratification by AFP decline > 30% and PIVKA-II de-
cline > 15% (including one AFP-only and seven PIVKA-II-on-
ly cases) provides an overview of baseline characteristics and
outcomes across subgroups (Supplementary Material 1, wjon.
elmerpub.com). These findings suggest that the prognostic as-
sociation of biomarker declines may not be entirely explained
by baseline differences, although further validation in larger
cohorts is warranted.

This study has several limitations. First, the small sam-
ple size causes limiting statistical power and generalizability.
Second, retrospective design and potential selection bias might
exist. Third, biomarker changes were only assessed at one
early time point (4 weeks), and additional longitudinal data
may provide more robust insights. Despite these limitations,
the findings are clinically meaningful and warrant prospec-
tive validation in larger, multi-center cohorts. Future research
should focus on validating these thresholds in larger trials and

exploring the utility of kinetic biomarker profiling in guiding
personalized immunotherapy strategies for HCC.

Conclusions

In patients with unresectable HCC receiving immunotherapy,
early kinetic declines in AFP (> 30%) and combining PIVKA-
II (= 15%) are significantly associated with objective radio-
logic response and improved OS. The combination of both
biomarkers provides superior prognostic accuracy, supporting
their integration into routine clinical monitoring protocols.

Supplementary Material

Suppl 1. Baseline characteristics and outcomes by biomarker-
decline subgroup.
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