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Background & Aims: Prothrombin induced by vitamin K absence-II (PIVKA-II) levels have been reported to correlate with 
hepatocellular carcinoma (HCC) prognosis, but its utility for assessing early treatment response remains underexplored. This study 
evaluated early PIVKA-II changes for predicting response and survival in HCC patients undergoing immune checkpoint inhibitors 
(ICIs) and targeted therapy.
Methods: Eighty-two HCC patients were enrolled. Serum PIVKA-II levels were measured at baseline and after the first treatment 
cycle. Patients were stratified based on early PIVKA-II dynamics into a biochemical response group (≥50% reduction, n=40) and 
a non-response group (<50% reduction, n=42). Logistic regression and Cox proportional hazards models were used to identify 
predictors of objective response rate (ORR), progression-free survival (PFS), and overall survival (OS).
Results: Time-dependent ROC analysis established ≥50% PIVKA-II decline as the early response threshold. The PIVKA-II response 
group had a significantly higher proportion of patients with Child-Pugh A, a lower incidence of extrahepatic metastasis, and 
significantly higher ORR (82.5% vs 38.1%, P<0.001). Median PFS and OS were not reached in the PIVKA-II responder group, 
compared to 8.9 months and 16.7 months, respectively, in the non-responder group (both P < 0.001). Multivariate analysis confirmed 
early PIVKA-II response as an independent predictor of PFS (HR=0.687, P<0.001) and OS (HR=0.709, P<0.001). Notably, in AFP- 
negative patients, an early PIVKA-II response was predictive of ORR and was associated with significantly longer PFS and OS.
Conclusion: Early PIVKA-II response effectively predicts treatment response and prognosis in advanced HCC patients receiving ICI 
and targeted therapy, especially in AFP-negative patients.
Keywords: hepatocellular carcinoma, PIVKA-II, target therapy, immune checkpoint inhibitors, objective response rate

Introduction
Hepatocellular carcinoma (HCC) represents the third leading cause of cancer-related deaths worldwide, with an estimated 
900,000 new cases annually.1 Although current surveillance strategies are widely implemented, over half of HCC cases 
present with advanced-stage disease at diagnosis, exhibiting a median overall survival (OS) under 12 months in the 
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absence of treatment.2 Currently, the treatment of advanced HCC has evolved into a comprehensive therapeutic system 
primarily consisting of targeted therapy, immunotherapy, and local interventional therapy.3 Targeted agents exert 
antitumor effects by inhibiting key signaling pathways, including vascular endothelial growth factor receptor. 
However, monotherapy demonstrates only a 10%-20% objective response rate (ORR) and frequently encounters acquired 
resistance issues.4 Immune checkpoint inhibitors (ICIs) activate T-cell immune responses through PD-1/PD-L1 pathway 
blockade, yet their single-agent ORR remains at 15%-20%.5

In recent years, combination ICIs and targeted therapy have emerged as the first-line standard treatment for advanced 
HCC. The latest IMbrave150 study data revealed that the atezolizumab plus bevacizumab regimen achieved a median OS 
of 21.1 months (95% CI: 18.0–24), median progression-free survival (PFS) of 7.1 months (95% CI: 6.1–9.6), and 
improved ORR to 34%.6 Regarding local therapies, interventional approaches such as transarterial chemoembolization 
(TACE) and hepatic arterial infusion chemotherapy (HAIC) maintain significant therapeutic value for advanced patients 
with preserved liver function.7,8 Recent clinical data reveal that HAIC combined with targeted immunotherapy achieves 
remarkable short-term efficacy, with ORR and disease control rate (DCR) reaching 70.4% and 88.9% respectively, while 
the 6-, 12-, and 18-month overall survival rates were 100%, 88.2%, and 76.4% respectively.9,10 Additionally, real-world 
studies of TACE-HAIC combined with tyrosine kinase inhibitors and PD-1 inhibitors also reported encouraging out
comes, with ORR and DCR reaching 67.7% and 90.3% respectively. The overall median OS was 18.2 months (95% CI 
16.24–20.16), and median PFS was 9.2 months (95% CI 7.24–11.16).11 Although comprehensive treatment strategies 
have significantly improved outcomes for advanced HCC patients, critical challenges, including interpatient response 
heterogeneity and secondary resistance, remain major clinical obstacles.12 Consequently, developing more precise 
efficacy-predictive biomarkers to guide clinical decision-making and exploring more effective therapeutic strategies to 
extend survival in advanced HCC patients have become key research priorities.

Alpha-fetoprotein (AFP), as one of the earliest discovered and most widely used biomarkers, holds significant value 
in clinical practice. Previous studies have demonstrated that baseline AFP levels and post-treatment serum AFP decline 
correlate with tumor response in HCC patients undergoing various systemic therapies.13,14 However, clinical practice has 
revealed that approximately 40% of HCC patients exhibit AFP-negative expression, a limitation that has prompted 
researchers to actively explore more reliable alternative or complementary biomarkers. Protein induced by vitamin 
K absence or antagonist-II (PIVKA-II) has emerged as a novel serum biomarker for HCC, demonstrating unique 
predictive value in recent clinical studies.15 Its biological basis is closely associated with abnormalities in the coagulation 
cascade, where the deficiency of gamma-carboxylated glutamic acid domains leads to the production of abnormal 
prothrombin.16 This molecular process is linked to malignant phenotypes such as tumor angiogenesis and cellular 
proliferation. Multiple cohort studies demonstrated that elevated PIVKA-II levels showed a significant positive correla
tion with tumor aggressiveness, with high-level groups exhibiting higher rates of microvascular invasion and poorer 
clinical outcomes.17 Moreover, its concentration increases exponentially with tumor stage progression, reaching 92% 
sensitivity for advanced HCC cases, whereas AFP showed only 58% sensitivity in such cases.18 Notably, existing 
research predominantly focuses on the prognostic value of PIVKA-II expression levels in HCC patients, while limited 
studies investigate its role in predicting therapeutic response through longitudinal monitoring following systemic 
treatments. Furthermore, the exclusion of AFP-negative patients in most studies may introduce selection bias, potentially 
leading to systematic underestimation of PIVKA-II’s biological significance in this subgroup.

Therefore, this study aims to comprehensively analyze the predictive role of early-phase PIVKA-II level changes in 
patients with advanced HCC undergoing combined ICIs and targeted therapy, to improve the accuracy of treatment 
efficacy evaluation and prognosis prediction, thereby facilitating the development of personalized treatment strategies.

Methods
Patients
A retrospective analysis of patients with advanced HCC who received combination therapy with ICIs and targeted agents 
at Zhejiang Provincial People’s Hospital between July 2020 and May 2024. Inclusion criteria: (1) age ≥ 18 years at 
diagnosis, (2) Eastern Cooperative Oncology Group performance status (ECGO PS) score 0–1, (3) HCC diagnosis 
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confirmed by NCCN guidelines, (4) Barcelona Clinic Liver Cancer (BCLC) stage B or C, (5) presence of ≥ 1 measurable 
intrahepatic target lesion on contrast-enhanced computerized tomography (CT) or magnetic resonance imaging (MRI), 
(6) completion of ≥ 4 cycle of ICIs and targeted therapy. Exclusion criteria: (1) No baseline or post-treatment PIVKA-II 
values were obtained, (2) history of other active malignancies within 5 years, (3) Child-Pugh grade C, (4) current use of 
therapeutic anticoagulation, (5) with obstructive jaundice, (6) incomplete clinical or follow-up data.

Treatment Protocols
In this study, all patients received ICIs and targeted therapy. Among them, sorafenib was administered orally at 400 mg 
per day based on body weight, lenvatinib at 8 or 12 mg per day, and sintilimab or tislelizumab at fixed doses of 200 mg. 
Moreover, atezolizumab (1200 mg) combined with bevacizumab (15 mg/kg body weight) was administered in 3-week 
cycles. TACE was performed using the Seldinger technique. A chemotherapeutic emulsion consisting of epirubicin 
(10 mg/m2), cisplatin (100 mg/m2), and lipiodol (2–5 mL) was infused into tumor-feeding arteries, followed by 
additional pure lipiodol (up to 20 mL) to achieve embolization.19 TACE is typically administered 1 to 2 times, with 
an interval of 3 to 4 weeks between treatments. For HAIC, the FOLFOX regimen was utilized, consisting of oxaliplatin 
(130 mg/m2, 2-hour infusion), leucovorin (200 mg/m2, 2-hour infusion), followed by 5-fluorouracil (400 mg/m2 bolus + 
2400 mg/m2 continuous infusion over 46–48 hours). HAIC is generally performed 2–4 times, with an interval of 3 weeks 
between each session. The selection of targeted agents and immunotherapeutic regimens was individualized based on 
patients’ financial status, physical condition, and clinicians’ judgment.

Patients Follow-up
The patient’s baseline data include: age at diagnosis, sex, hepatitis B virus (HBV) infection status, ECOG PS, Child-Pugh 
grade, albumin-bilirubin (ALBI) grade,20 neutrophil/lymphocyte ratio (NLR), lymphocyte/monocyte ratio (LMR), liver 
cirrhosis, BCLC stage, macrovascular invasion, extrahepatic metastasis, with TACE, with HAIC, AFP reduction, 
PIVKA-II reduction, baseline AFP and PIVKA-II levels. Based on the previous related research-defined cut-off value, 
the independent variable was categorized as a binary variable.18,21–23 All data were collected from the medical record 
system and followed up via telephone or outpatient visits.

Treatment efficacy was evaluated after 4 treatment cycles following initiation of ICIs combined with targeted therapy. 
Tumor progression and new lesion development were monitored through contrast-enhanced abdominal CT or MRI scans 
performed cyclically. Serum PIVKA-II levels were measured at two predefined time points: (1) baseline assessment 
(obtained within 7 days before treatment initiation); (2) post-treatment assessment (collected at 3–4 weeks after the first 
treatment). Prior studies established that a ≥ 50% decrease in post-treatment serum PIVKA-II levels relative to baseline 
serves as the cutoff threshold.22 Accordingly, this study defined early PIVKA-II response as a ≥50% reduction in serum 
PIVKA-II levels compared to baseline levels after the first cycle (3–4 weeks) of ICIs combined with targeted therapy.

Outcome Assessment
Tumor response was assessed and collected after 4 cycles using the Modified Response Evaluation Criteria in Solid 
Tumors (mRECIST). Complete response (CR) was defined as the absence of intra-tumoral arterial enhancement in all 
target lesions. Partial response (PR) was defined as a reduction of ≥ 30% in the sum of the longest diameters of arterial- 
enhancing target lesions compared to baseline. Progressive disease (PD) was defined as an increase of ≥ 20% in the 
longest diameters of target lesions or the appearance of new lesions. Stable disease (SD) was defined as neither reaching 
the required reduction for PR nor attaining the necessary progression for PD.24 ORR was defined as the proportion of 
HCC patients demonstrating either CR or PR. PFS was calculated from treatment initiation until radiologically confirmed 
disease progression, death, or last documented follow-up. OS was measured from treatment commencement to death 
from any cause or final follow-up assessment.

Statistical Analysis
Continuous variables were presented as medians (with ranges), while categorical variables were described in terms of 
counts (and proportions). The chi-square test and Fisher’s exact test were used to compare categorical variables between 

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S552528                                                                                                                                                                                                                                                                                                                                                                                                   2237

Fang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



groups, and the correlation between early PIVKA-II response and ORR was analyzed. Potential predictors of ORR were 
screened using logistic regression analysis. PFS and OS were analyzed using Kaplan-Meier curves and Log rank tests, 
with hazard ratios (HR) calculated via the Cox proportional hazards model. Clinically significant factors identified in 
univariate analysis (P < 0.1) were further subjected to multivariate analysis. In the AFP-negative subgroup at baseline, 
we evaluated the diagnostic performance of PIVKA-II using receiver operating characteristic (ROC) curve analysis, 
calculating the area under the curve (AUC) and determining the optimal cut-off value, while reporting sensitivity and 
specificity. Additionally, PFS and OS were compared using Kaplan-Meier survival curves and Log rank tests. P < 0.05 
was set as statistical significance. Data processing and statistical analysis were both conducted using IBM SPSS 27.0 and 
R version 4.3.0 software.

Results
Clinical Characteristics
A total of 82 eligible patients with advanced HCC, with baseline characteristics detailed in Table 1. The median age of 
the cohort was 60 years (range: 27–91), with a male predominance (87.8%). The distribution of targeted therapies was as 

Table 1 Baseline Characteristics of Patients with Advanced Hepatocellular Carcinoma Receiving Combined Immune Checkpoint 
Inhibitors and Targeted Therapy

Variables (n, %) All Patients  
(n =82)

Early PIVKA-II Non-Response  
(n =42)

Early PIVKA-II Response  
(n =40)

P

Sex, male 72 (87.8) 39 (92.8) 33 (82.5) 0.273
Age, ≥ 50 years 72 (87.8) 36 (85.7) 36 (90.0) 0.799

Hepatitis, HBV 62 (75.6) 33 (78.6) 29 (72.5) 0.522

PS, 0 48 (58.5) 25 (59.5) 23 (57.4) 0.852
Child-Pugh, A 59 (71.9) 23 (54.8) 36 (90.0) < 0.001

ALBI grade

1 24 (29.2) 5 (11.9) 19 (47.5) < 0.001
≥ 2 58 (70.7) 37 (88.1) 21 (52.5)

NLR, ≥ 2.96 41 (50.0) 26 (61.9) 15 (37.5) 0.027

LMR, < 4.4 66 (80.4) 37 (88.1) 29 (72.5) 0.075
Cirrhosis, with 62 (75.6) 34 (80.1) 28 (70.0) 0.248

Baseline AFP levels, ≥ 400ng/mL 34 (41.4) 23 (54.8) 11 (27.5) 0.012

Baseline PIVKA-II levels, ≥ 400mAU/mL 59 (71.9) 33 (78.6) 26 (65.0) 0.171
BCLC

B stage 23 (28.1) 5 (11.9) 18 (45.0) < 0.001
C stage 59 (71.9) 37 (88.1) 22 (55.0)

Extrahepatic metastasis, yes 39 (47.5) 28 (66.7) 11 (27.5) < 0.001

Macrovascular invasion, yes 48 (58.5) 29 (69.0) 19 (47.5) 0.048
TACE, with 49 (59.8) 29 (69.0) 20 (50.0) 0.079

HAIC, with 27 (32.9) 10 (23.8) 17 (42.5) 0.072

AFP reduction, ≥ 50% 30 (36.5) 10 (23.8) 20 (50.0) 0.014
Target type 0.902

Sorafenib 6 (7.2) 3 (7.1) 3 (7.3)

Lenvatinib 56 (68.7) 28 (66.7) 28 (70.7)
Bevacizumab 20 (24.1) 11 (26.2) 9 (22.0)

ICIs type 0.944

Tislelizumab 43 (51.8) 22 (51.2) 21 (52.5)
Sintilimab 20 (24.1) 10 (23.3) 10 (25.0)

Atezolizumab 20 (24.1) 11 (25.6) 9 (22.5)

Abbreviations: PIVKA-II, prothrombin induced by vitamin K absence-II; ICIs, immune checkpoint inhibitors; AFP, alpha-fetoprotein; ECGO PS, Eastern Cooperative 
Oncology Group performance status; HBV, hepatitis B virus; ALBI, albumin- bilirubin; NLR, neutrophil/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; TACE, 
transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy.
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follows: lenvatinib (68.7%), bevacizumab (24.1%), and sorafenib (7.2%). Immunotherapy regimens included tislelizu
mab (51.8%), sintilimab (24.1%), and atezolizumab (24.1%). The median baseline levels of AFP and PIVKA-II were 
128.9 ng/mL and 3019.9 mAU/mL, respectively. Based on the predefined criteria for early PIVKA-II response, patients 
were stratified into non-responder (n=42) and responder (n=40) groups. The responder group exhibited better liver 
function reserve, with a significantly higher proportion of Child-Pugh grade A (90.0% vs 54.8%, P < 0.001) and ALBI 
grade 1 (47.5% vs 11.9%, P < 0.001). Notably, the responder group had a significantly higher proportion of patients with 
≥50% AFP decline (50.0% vs 23.8%, P = 0.014), suggesting a potential biological link between PIVKA-II response and 
AFP dynamics. In contrast, the non-responder group displayed more aggressive tumor features: a higher rate of 
extrahepatic metastasis (66.7% vs 27.5%, P < 0.001), vascular invasion (69.0% vs 47.5%, P = 0.048). This group also 
had a significantly higher proportion of patients with baseline AFP ≥400 ng/mL (54.8% vs 27.5%, P = 0.012) and NLR 
≥2.96 (61.9% vs 37.5%, P = 0.027). Importantly, the responder group had a significantly lower proportion of BCLC 
C stage patients (55.0% vs 88.1%, P < 0.001), which may be the primary driver of differences in tumor stage-related 
variables between the two groups. However, no significant differences were observed in age, sex distribution, ECOG 
performance status, HBV infection rate, or cirrhosis, suggesting that PIVKA-II response differences may primarily be 
associated with tumor biological behavior and disease progression.

Tumor Response
According to mRECIST criteria, 3 patients (3.7%) achieved CR, 46 patients (56.0%) achieved PR, while SD and PD 
were observed in 24 patients (29.3%) and 9 patients (11.0%), respectively. Following combination therapy, the ORR was 
achieved in 59.8% patients, while the disease control rate (DCR) was observed in 89.0% patients. Of particular 
significance, curative-intent hepatectomy was successfully performed in 19 patients, resulting in a surgical conversion 
rate of 23.1%. The distribution of changes in intrahepatic target lesions relative to baseline is depicted in Table 2. The 
results showed that the response group exhibited significantly higher rates of tumor PR and SD than the non-response 
group, while a higher PD rate was observed in the non-response group. Additionally, the early PIVKA-II responder group 
achieved an ORR of 82.5%, while the non-response group showed a significantly lower ORR of only 38.1% (P < 0.001). 
Similar results were observed for DCR (97.5% vs 81.0%, P = 0.041).

Defining the Cut-off Value for Early PIVKA-II Response
The ROC curve analysis was used to determine the optimal cut-off values for predicting treatment responses. For 
predicting ORR, a PIVKA-II reduction of ≥54.3% showed an AUC of 0.81 (95% CI 0.756–0.892) with sensitivity of 
0.63 and specificity of 0.88. Similarly, a PIVKA-II reduction of ≥52.3% demonstrated predictive value for DCR 
(AUC = 0.74 (95% CI 0.701–0.797), with sensitivity of 0.61 and specificity of 0.84. Based on these consistent 
thresholds around a 50% reduction, this study adopted a PIVKA-II level reduction of ≥50% to define early PIVKA- 
II response.

Table 2 The Distribution of Tumor Response

Variables (N, %) All 
(N=82)

Early PIVKA-II Non-Response (N=42) Early PIVKA-II Response (N=40) P

CR 3 (3.7) 0 (0.0) 3 (7.5) 0.112

PR 46 (56.0) 16 (38.1) 30 (75.0) 0.001
SD 24 (29.3) 18 (42.9) 6 (15.0) 0.007

PD 9 (11.0) 8 (19.0) 1 (2.5) 0.030

ORR (CR+PR) 49 (59.8) 16 (38.1) 33 (82.5) < 0.001
DCR (CR+PR+SD) 73 (89.0) 34 (81.0) 39 (97.5) 0.041

Abbreviations: PIVKA-II, prothrombin induced by vitamin K absence-II; ORR, objective response rate; DCR disease control rate; CR, complete 
response; PR, partial response; PD, progressive disease; SD, stable disease.
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Association of Early PIVKA-II Response with ORR
Univariate logistic regression analysis revealed that Child-Pugh class B (P < 0.001), extrahepatic metastasis, BCLC stage 
C, ≥50% reduction in AFP levels, and early PIVKA-II response were significantly associated with the ORR. Multivariate 
analysis confirmed that ≥ 50% reduction in AFP levels (OR = 0.817, 95% CI 0.255–0.851, P = 0.020), and early PIVKA- 
II response (OR=0.739, 95% CI 0.236–0.863, P = 0.021) were independent predictors of treatment response (Table 3).

Association of Early PIVKA-II Response with Survival Outcomes
The median follow-up duration was 18.9 months (range: 5.3–54.9 months). By the end of follow-up, 7 patients (17.5%) 
in the early PIVKA-II responder group and 23 patients (54.7%) in the non-response group had died. Kaplan-Meier 
analysis demonstrated significantly prolonged PFS in response compared to non-response group (median not reached vs 
8.9 months, P < 0.001) (Figure 1a). Similarly, the response group showed significantly superior OS benefit versus non- 
response group (median not reached vs 16.7 months, P < 0.001) (Figure 1b). Univariate and multivariate Cox regression 
analysis confirmed Early PIVKA-II response as the independent predictors of PFS (HR = 0.687, 95% CI 0.226–0.884, 
P < 0.001) (Table 4). Accordingly, the results also confirmed Early PIVKA-II response as the independent predictor of 
OS (HR = 0.709, 95% CI 0.224–0.869, P < 0.001) (Table 5).

Subgroup Analysis of AFP-Negative Patients
To further evaluate the predictive value of early PIVKA-II response, the AFP-negative cohort was stratified into response 
(n = 19) and non-response (n = 11) groups. Fisher’s exact test revealed significantly higher ORR in the response group 
compared to the non-response group (79.0% vs 27.3%, P = 0.009). Notably, the response group had an obviously higher 
DCR than the non-response group, although no statistical significance was observed (94.7% vs 72.1%, P = 0.126). Then, 
the ROC analysis demonstrated that early PIVKA-II response had superior predictive power for ORR than AFP (AUC = 
0.751, 95% CI 0.605–0.811, sensitivity = 0.830, specificity = 0.670, P = 0.022). Kaplan-Meier analysis showed 
significantly prolonged PFS in the response versus the non-response group (median not reached vs 9.4 months, P < 
0.001) (Figure 2a). Similarly, the responder group exhibited significantly better OS outcomes (median not reached vs 

Table 3 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for Objective Response 
Rate

Variables (N, %) Univariate Analysis Multivariate Analysis

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

Sex, male vs female 0.331 (0.066–1.668) 0.180

Age, ≥50 vs < 50 years 1.571 (0.417–5.924) 0.504
Hepatitis, HBV vs others 0.941 (0.370–2.392) 0.899

PS, 0 vs 1 1.154 (0.470–2.834) 0.755
Child-Pugh, B vs A 0.383 (0.133–1.103) 0.175

ALBI grade, ≥ 2 vs 1 1.177 (1.062–2.507) 0.017 NS

NLR, ≥ 2.96 vs <2.96 0.488 (0.198–1.198) 0.117
LMR, <4.4 vs ≥4.4 0.425 (0.124–1.457) 0.174

Cirrhosis, with vs without 0.941 (0.370–2.392) 0.899

Baseline AFP levels, ≥400 vs < 400 ng/mL 0.515 (0.208–1.276) 0.152
Baseline PIVKA-II levels, ≥400 vs <400 mAU/mL 0.418 (0.145–1.210) 0.108

BCLC, C vs B stage 1.308 (1.101–1.938) 0.038 1.085 (1.017–1.774) 0.035

TACE/HAIC, with vs without 0.870 (0.379–0.978) 0.041 0.781 (0.412–0.951) 0.047
AFP reduction, ≥50% vs <50% 0.933 (0.234–0.928) 0.002 0.817 (0.255–0.851) 0.020

PIVKA-II reduction, ≥50% vs <50% 0.821 (0.145–0.896) < 0.001 0.739 (0.236–0.863) 0.021

Abbreviations: PIVKA-II, prothrombin induced by vitamin K absence-II; ICIs, immune checkpoint inhibitors; AFP, alpha-fetoprotein; 
ECGO PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; ALBI, albumin- bilirubin; NLR, neutrophil/ 
lymphocyte ratio; LMR, lymphocyte/monocyte ratio; TACE, transarterial chemoembolization; HAIC, hepatic arterial infusion che
motherapy; OR, odds ratio; NS, no significance.
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18.5 months, P < 0.001) (Figure 2b). These findings confirm that early PIVKA-II response maintains significant 
correlations with ORR, PFS, and OS in the AFP-negative cohort.

Discussion
In recent years, with advances in targeted therapy and immunotherapy, the treatment paradigm for advanced HCC has 
undergone a revolutionary transformation. Combination therapies represented by immune checkpoint ICIs plus anti- 
angiogenic targeted agents have become the new standard of care for first-line treatment of advanced HCC, significantly 
improving patient survival outcomes.25 However, two major challenges persist in clinical practice: significant hetero
geneity in treatment response among patients and the inevitable development of secondary resistance during therapy. 
Serum tumor biomarkers play a crucial role in the HCC diagnostic and monitoring system.16 Among them, AFP, the most 
widely used biomarker, has been well-validated for its correlation with treatment efficacy prediction and long-term 

Figure 1 The K-M curves comparisons of overall survival and progression-free survival between patients with early PIVKA-II response and non-response. (A) Overall 
survival, (B) Progression-free survival. PIVKA-II, prothrombin induced by vitamin K absence-II.

Table 4 Univariate and Multivariate Cox-Regression Analysis of Progression-Free Survival

Variables (N, %) Univariate Analysis Multivariate Analysis

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

Sex, male vs female years 1.756 (0.540–5.716) 0.053 NS

Age, ≥50 vs < 50 0.662 (0.276–1.589) 0.356
Hepatitis, HBV vs others 0.908 (0.456–1.808) 0.784

PS, 0 vs 1 0.825 (0.432–1.574) 0.559

Child-Pugh, B vs A 1.417 (1.060–2.636) 0.005 NS
ALBI grade, ≥ 2 vs 1 3.122 (1.807–4.518) 0.002 1.296 (1.065–2.152) 0.035

NLR, ≥ 2.96 vs <2.96 2.075 (1.061–4.060) 0.033 NS
LMR, <4.4 vs ≥4.4 2.123 (0.826–5.452) 0.118

Cirrhosis, with vs without 0.908 (0.456–1.808) 0.784

Baseline AFP levels, ≥400 vs < 400 ng/mL 1.700 (0.883–3.272) 0.112
Baseline PIVKA-II levels, ≥400 vs <400 mAU/mL 1.564 (0.716–3.414) 0.262

BCLC, C vs B stage 2.807 (1.162–6.779) 0.022 1.160 (1.030–1.855) 0.032

TACE/HAIC, with vs without 0.641 (0.335–1.229) 0.081 0.879 (0.354–0.929) 0.043
AFP reduction, ≥50% vs <50% 0.901 (0.328–0.961) 0.003 0.842 (0.393–0.929) 0.004

PIVKA-II reduction, ≥50% vs <50% 0.784 (0.134–0.905) < 0.001 0.687 (0.226–0.884) < 0.001

Abbreviations: PIVKA-II, prothrombin induced by vitamin K absence-II; ICIs, immune checkpoint inhibitors; AFP, alpha-fetoprotein; 
ECGO PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; ALBI, albumin- bilirubin; NLR, neutrophil/ 
lymphocyte ratio; LMR, lymphocyte/monocyte ratio; TACE, transarterial chemoembolization; HAIC, hepatic arterial infusion chemother
apy; HR, hazard ratio; NS, no significance.
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prognosis in combined ICIs and targeted therapy.26,27 In contrast, research on PIVKA-II has lagged, with most studies 
focusing only on the association between baseline levels and prognosis. Therefore, this study focuses on the early 
dynamic changes of PIVKA-II in the context of ICI-based combination therapy, systematically evaluating its predictive 
value for treatment response and prognosis.

Currently, there is no unified standard for defining early PIVKA-II response. Based on a previous study, a serological 
response of a ≥70% decline in PIVKA-II was defined as significantly associated with better prognosis.28 Another 
research demonstrated that a ≥50% decline in PIVKA-II effectively predicted the efficacy of anti-PD-1 therapy in 
HCC patients.22 Through ROC curve analysis, the present study ultimately established a ≥50% decline in PIVKA-II 
levels at 3–4 weeks of treatment compared to baseline as the criterion for early response. This threshold showed optimal 
balance in predicting ORR (AUC=0.73, P<0.001) and was significantly correlated with patient prognosis.

Table 5 Univariate and Multivariate Cox-Regression Analysis of Risk Factors for Overall Survival

Variables (N, %) Univariate Analysis Multivariate Analysis

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

Sex, male vs female 2.509 (0.595–10.581) 0.210

Age, ≥50 vs < 50 years 0.574 (0.219–1.507) 0.260
Hepatitis, HBV vs others 0.913 (0.389–2.143) 0.835

PS, 0 vs 1 1.233 (0.601–2.530) 0.567

Child-Pugh, B vs A 2.023 (1.395–2.378) 0.004 1.159 (1.073–1.914) 0.024
ALBI grade, ≥ 2 vs 1 4.891 (1.474–16.227) 0.009 NS

NLR, ≥ 2.96 vs <2.96 2.422 (1.123–5.233) 0.024 NS

LMR, <4.4 vs ≥4.4 2.054 (0.714–5.909) 0.182
Cirrhosis, with vs without 0.761 (0.357–1.623) 0.480

Baseline AFP levels, ≥400 vs < 400 ng/mL 2.008 (0.954–4.226) 0.606

Baseline PIVKA-II levels, ≥400 vs <400 mAU/mL 1.963 (0.801–4.808) 0.140
BCLC, C vs B stage 2.211 (0.892–5.484) 0.087 1.163 (1.025–2.070) 0.005

TACE/HAIC, with vs without 0.872 (0.272–0.906) 0.012 0.887 (0.310–0.951) 0.011

AFP reduction, ≥50% vs <50% 0.846 (0.341–0.960) 0.021 0.873 (0.392–0.906) 0.019
PIVKA-II reduction, ≥50% vs <50% 0.756 (0.163–0.888) < 0.001 0.709 (0.224–0.869) < 0.001

Abbreviations: PIVKA-II, prothrombin induced by vitamin K absence-II; ICIs, immune checkpoint inhibitors; AFP, alpha-fetoprotein; ECGO 
PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; ALBI, albumin- bilirubin; NLR, neutrophil/lymphocyte 
ratio; LMR, lymphocyte/monocyte ratio; TACE, transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy; HR, hazard 
ratio; NS, no significance.

Figure 2 The K-M curves comparisons of overall survival and progression-free survival between AFP-negative patients with early PIVKA-II response and non-response. (A) 
Overall survival, (B) Progression-free survival. AFP, alpha-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II.

https://doi.org/10.2147/JHC.S552528                                                                                                                                                                                                                                                                                                                                                                                                                                                   Journal of Hepatocellular Carcinoma 2025:12 2242

Fang et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



The study results demonstrated that the early PIVKA-II response group achieved a significantly higher ORR of 
82.5% compared to 38.1% in the non-response group. A similar trend was observed in DCR (97.5% vs 81.0%, 
P=0.041). Notably, the dynamic changes in PIVKA-II showed strong concordance with imaging assessments based 
on mRECIST criteria, confirming its reliability as a complementary biomarker to radiological evaluation. Survival 
analysis revealed that patients with early PIVKA-II response had significantly prolonged PFS and OS compared to 
the non-response group (P < 0.001). Multivariate Cox regression analysis further validated that early PIVKA-II 
response was an independent predictor of PFS and OS. These findings suggest that integrating dynamic biomarker 
monitoring into clinical practice can significantly improve the accuracy and clinical utility of prognostic 
assessment.

Particularly noteworthy is that in AFP-negative patients (accounting for 36.6% of the study population), early 
PIVKA-II response maintained excellent predictive performance for ORR (AUC = 0.751, 95% CI 0.605–0.811, 
sensitivity = 0.830, specificity = 0.670, P = 0.022). Survival analysis revealed significantly prolonged PFS and OS in 
the early PIVKA-II response group compared to the non-response group (P < 0.001). These findings provide a novel 
biomarker strategy for precision therapy in advanced HCC, offering a new dimension for individualized efficacy 
assessment.

The profound and rapid decline in PIVKA-II observed in responders likely reflects a massive and immediate 
cytoreductive effect of the combination therapy, leading to a shutdown of its production by viable tumor cells. This 
rapid biochemical response appears to precede and more accurately predict the subsequent anatomical changes seen on 
imaging, positioning it as a valuable early indicator of tumor cell kill. Based on the excellent predictive performance of 
early PIVKA-II response in evaluating therapeutic efficacy and prognosis in advanced HCC patients, we propose 
a potentially effective standardized treatment pathway: for the good-response group (PIVKA-II decline ≥50%), it is 
recommended to maintain the current immune-combined targeted therapy regimen while appropriately extending 
imaging assessment intervals to 10–12 weeks. Concurrently, PIVKA-II should be monitored every 3 weeks, alongside 
close observation of clinical symptoms, to ensure sustained treatment efficacy and reduce patient burden. And for the 
suboptimal-response group (PIVKA-II decline <50%), immediate intervention is required, including: prompt imaging 
reassessment (contrast-enhanced CT or MRI) and multidisciplinary team discussion for treatment adjustment. Intensified 
targeted therapy, such as increasing the dosage of anti-angiogenic drugs or switching to second-line targeted agents.4 

Immunotherapy optimization, including switching immune checkpoint inhibitors or considering dual immune- 
combination regimens.29 Combination with local therapies, such as TACE, HAIC, stereotactic body radiotherapy, or 
local ablation, to enhance treatment response.30 This decision-making framework, guided by early dynamic PIVKA-II 
monitoring, achieves dual optimization: precisely identifying treatment-sensitive patients to avoid excessive testing and 
enabling early intervention for potentially resistant cases, thereby improving overall prognosis. Translation adapted for 
clarity and academic rigor while preserving the original intent.

Our study has several limitations that should be acknowledged. First, as a retrospective study, it is subject to selection 
bias. This is particularly relevant given our inclusion criterion requiring patients to have completed at least four treatment 
cycles. This introduces an “immortal time bias”, as patients who experienced early progression or death were excluded, 
likely leading to an overestimation of the response rates and survival outcomes in our cohort. Secondly, a major 
limitation is the heterogeneity of treatment regimens. A significant portion of patients received concurrent local therapies 
such as TACE or HAIC in addition to systemic treatment. As our own multivariate analysis showed that local therapy 
was an independent predictor of survival, it is difficult to definitively disentangle its effect from that of the systemic 
therapy. Therefore, the observed PIVKA-II decline may reflect the combined efficacy of both local and systemic 
treatments rather than the systemic therapy alone. Future studies should stratify patients by treatment modality to isolate 
the predictive value of PIVKA-II for specific regimens. Additionally, the therapeutic decision-making algorithm we 
proposed requires further validation through multicenter prospective cohort studies to confirm its reliability. Finally, 
future research directions should include expanding sample sizes, establishing multicenter collaborations, developing 
multi-omics predictive models, and creating adaptive treatment pathways based on dynamic biomarker monitoring to 
further optimize individualized therapeutic strategies.
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Conclusion
The results of this study demonstrated that an early decline in PIVKA-II levels serves as a strong predictor of treatment 
response and survival outcomes. The early PIVKA-II response group showed significantly higher ORR and markedly 
prolonged PFS and OS compared to non-responders. Most notably, this biomarker retained high predictive accuracy even 
in AFP-negative patients, highlighting its particular clinical relevance. These findings support the use of early, dynamic 
PIVKA-II monitoring as a practical tool for timely assessment of treatment efficacy, facilitating early intervention in non- 
responding patients and aiding personalized therapeutic strategies. Further prospective studies are warranted to validate 
these results and integrate PIVKA-II into standardized response-guided treatment algorithms.
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B virus; ALBI, albumin- bilirubin; NLR, neutrophil/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; PFS, progres
sion-free survival; OS, overall survival; ORR, objective response rate; DCR disease control rate; CR, complete response; 
PR, partial response; PD, progressive disease; SD, stable disease; ROC, receiver operating characteristic; AUC, area 
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