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Abstract
Objective A significant proportion, ranging from 20 to 40%, of individuals with hepatocellular carcinoma (HCC) do 
not exhibit elevated Alpha-fetoprotein (AFP) levels. This study aimed to evaluate the utility of serum glypican-3 (GPC3) 
and protein induced by vitamin K absence or antagonist II (PIVKA-II) in an AFP-negative HCC (N-HCC) population, and 
to develop nomogram diagnostic and prognostic prediction models utilizing GPC3 and PIVKA-II.

Methods Serum GPC3 and PIVKA-II levels were measured in this case-control study, followed by the establishment 
of a receiver operating characteristic (ROC) curve, restricted cubic spline (RCS), and Kaplan-Meier survival curve. 
Additionally, a diagnostic prediction nomogram was constructed using univariate and multivariate logistic regression. 
Furthermore, we utilized least absolute shrinkage and selection operator (LASSO) regression and multivariate Cox 
regression to develop a prognostic prediction nomogram. The performance of these models was evaluated using 
ROC curve analysis and decision curve analysis (DCA).

Results Serum GPC3 and PIVKA-II expression levels were significantly elevated in untreated patients with N-HCC 
(especially stageI and tumor size < 3 cm) compared to those with AFP-negative benign liver disease (N-BLD). Derived 
from ROC analysis, the diagnostic cutoff points for GPC3 and PIVKA-II were set at 0.100 ng/mL and 40.00 mAU/mL, 
respectively. PIVKA-II demonstrated sensitivity and specificity of 84.62% and 90.38%, surpassing GPC3’s 76.92% and 
73.08%. The area under the ROC curve (AUC) for a diagnostic prediction nomogram incorporating GPC3, PIVKA-II, and 
gamma-glutamyltransferase (GGT) was 0.943 (95% CI: 0.912–0.974), superior to models using GPC3 or PIVKA-II alone. 
This model showed 95.20% sensitivity and 81.70% specificity in differentiating N-HCC from N-BLD. Stratifying patients 
into high-risk and low-risk groups using cutoff values established by RCS for GPC3 (0.124 ng/mL) and PIVKA-II (274 
mAU/mL) revealed significant associations between these risk stratifications and patient survival. Finally, the use of 
GPC3-highrisk, cirrhosis, albumin (ALB), portal venous thrombosis (PVT), and surgical treatment as five parameters in 
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Introduction
Hepatocellular carcinoma (HCC) persists as the third 
leading cause of cancer-related mortality worldwide, with 
its global incidence and associated mortality rates having 
increased by 27% and 25%, respectively, between 2010 
and 2019 [1]. Recent epidemiological data from 2022 
indicate that HCC accounted for approximately 865,000 
new cases and 757,948 deaths globally, solidifying its 
position as a major contributor to cancer-related mor-
tality [2]. As the predominant pathological subtype of 
liver cancer, HCC represents 70-90% of all primary liver 
malignancies [3]. The clinical presentation of HCC is par-
ticularly challenging due to its insidious onset [4]. During 
the early stages of HCC (characterized by tumor diam-
eters of 3–5 cm), the majority of patients remain asymp-
tomatic, resulting in approximately 80% of cases being 
diagnosed at advanced stages [5]. Even when detected in 
early stages, successful treatment outcomes are primar-
ily limited to very early-stage cases, typically defined as 
single lesions measuring less than 2 cm [6]. Patients with 
advanced-stage HCC often present with extensive tumor 
invasion, leading to suboptimal treatment responses and 
a dismal 5-year overall survival rate of approximately 
14.1% [7]. Consequently, the enhancement of early diag-
nostic accuracy, improvement of therapeutic efficacy, and 
development of novel prognostic evaluation methods for 
outcome prediction have emerged as critical challenges 
in the clinical management of HCC.

Alpha-fetoprotein (AFP) is the most commonly used 
serological marker for the screening and auxiliary diag-
nosis of HCC [8, 9]. Studies have demonstrated that 
AFP levels may increase several years before the clinical 
diagnosis of HCC [10, 11]. Other research has revealed 
that AFP combined with ultrasound detection provides a 
relatively better ability to detect early-stage HCC [8]. In 
contrast, studies report normal AFP levels in 20-40% of 
HCC patients using a serum cutoff of 20 ng/mL. Notably, 
the proportion of AFP-negative HCC (N-HCC) among 
patients with small HCC (< 3 cm) reaches approximately 
40% [8, 12]. Our study indicates that N-HCC may con-
stitute a distinct subclass of HCC, necessitating further 
thorough investigation. Characterized by concealed 
and atypical clinical manifestations, early diagnosis of 
N-HCC presents significant challenges [13]. Therefore, 

relevant clinical guidelines and recommendations sug-
gest using all available markers to improve the diagnos-
tic accuracy of small HCC, especially by applying reliable 
biomarkers for diagnosing N-HCC [14].

Glypican-3 (GPC3), a cell surface-anchored proteo-
glycan, is attached to the plasma membrane through 
glycosyl-phosphatidylinositol linkage and functions as 
a crucial molecular regulator of various cellular pro-
cesses, including proliferation, differentiation, migration, 
and adhesion [15, 16]. This molecule has emerged as a 
promising biomarker for HCC, demonstrating particular 
diagnostic value in both early HCC detection and differ-
entiation from benign hepatic lesions [17, 18]. Numerous 
studies have consistently shown that serum GPC3 levels 
are significantly elevated in HCC patients compared to 
both healthy controls and individuals with liver cirrho-
sis [19, 20]. A comprehensive meta-analysis encompass-
ing 11 studies using of liver cirrhosis cases as the control 
on serum GPC3, revealed the combination of GPC3 and 
AFP yielded a better sensitivity than GPC3 or AFP [21, 
22]. Notably, emerging evidence suggests that approxi-
mately 40% of HCC patients exhibit GPC3 positivity 
while remaining AFP-negative [23], with no significant 
correlation observed between GPC3 and AFP expression 
levels [24].

Protein induced by vitamin K absence or antagonist 
II (PIVKA-II) is another useful HCC marker that has 
been successfully applied in clinical practice. Further-
more, the guidelines of the Japan Society of Hepatology 
[25] and the Asia-Pacific Association for the Study of the 
Liver [26] have recommended incorporating PIVKA-II 
into the screening strategy for high-risk groups of HCC. 
Studies have shown that PIVKA-II levels remain almost 
unchanged in benign liver diseases (BLD), while its sensi-
tivity and specificity for diagnosing early HCC are supe-
rior to those of AFP [27, 28]. PIVKA-II monitoring can 
also reduce the missed detection rate of HCC [29, 30]. 
Research has demonstrated that PIVKA-II is not only 
beneficial for HCC diagnosis but can also be employed as 
a potential marker for predicting the prognosis of vascu-
lar infiltration, metastasis, and recurrence of HCC [31].

Although a few case-control studies on GPC3 or 
PIVKA-II in HCC diagnosis have been conducted both 
nationally and internationally, the clinical application 

the nomogram prognostic prediction model effectively differentiated between high- and low-risk prognostic patients 
with N-HCC with relatively high accuracy.

Conclusions Serum GPC3 and PIVKA-II demonstrate clinical significance in the timely detection and prognosis 
assessment of N-HCC. The application of nomogram prediction models based on GPC3 and PIVKA-II stands as an 
important adjunctive tool for diagnosing and prognosticating N-HCC.
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value of these two biomarkers in N-HCC has not been 
reported. Therefore, the novelty of the present case-
control study, compared to all previous studies, lies in its 
exploration of the early diagnostic and prognostic value 
of these serological models in the N-HCC population, 
aiming to provide new strategies for their clinical imple-
mentation in N-HCC management.

Materials and methods
Participants
The study was approved by the Ethics Review Board of 
the Branch for Research and Clinical Technology Appli-
cation, Ethics Committee of the Fujian Cancer Hospital 
(Approval No. SQ2015-049-01) and the First Affiliated 
Hospital of Fujian Medical University (Approval No. 
MRCTA, ECFAH of FMU [2017]019), and was con-
ducted in accordance with the 1975 Declaration of Hel-
sinki. Informed consent was obtained from all study 
participants prior to their enrollment.

The inclusion and exclusion criteria for participants 
were as follows: (1) Age exceeding 18 years, regardless of 
gender; (2) Absence of prior clinical treatment for liver 
disease prior to admission. No liver supportive therapy, 
such as medication or other therapeutic interventions, 
was permitted until study enrollment; (3) Availability 
of baseline liver function tests encompassing albumin 
(ALB), total bilirubin (TBIL), alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), and γ-glutamyl transferase (GGT). 
Additionally, baseline serum AFP levels and imaging 
studies, such as helical computed tomography (CT), 
ultrasonography, magnetic resonance imaging (MRI), or 
biopsy-proven diagnosis, were required; (4) HCC diag-
nosis must align with the diagnostic criteria stipulated 
in the “Standard for Diagnosis and Treatment of Primary 
HCC (2019 Edition)” [32]; (5) Benign liver disease (BLD) 
encompassed patients with chronic hepatitis B and liver 
cirrhosis (with or without hepatitis B virus), with primary 
enrollment focused on patients with liver cirrhosis. Diag-
nosis adhered to the diagnostic criteria for liver diseases 
outlined in the “Guidelines for Prevention and Treatment 
of Chronic Hepatitis B (2019 Edition)“ [33] and the “Chi-
nese Guidelines on the Management of Liver Cirrhosis“ 
[34]; (6) Willingness to provide blood samples meeting 
predefined specifications; and (7) Voluntary participation 
in this clinical trial, with comprehension of study proce-
dures and prior provision of a signed, written informed 
consent; patients had to demonstrate the capability and 
willingness to adhere to study protocol procedures and 
visit requirements. Exclusion criteria included patients 
undergoing warfarin anticoagulant therapy, those diag-
nosed with alcoholic cirrhosis, or individuals with severe 
jaundice.

Instruments and reagents
The GPC3 level was measured manually with a PHOMO 
automatic quantitative microplate reader (Autobio) 
and a CanAg Glypican-3 chemiluminescence enzyme 
immunoassay (EIA) (Fujirebio Diagnostics AB) platform. 
The CanAg Glypican-3 EIA is an enzyme immunomet-
ric assay for the quantitative determination of GPC3 in 
human serum. Furthermore, an automatic immunoana-
lyzer (Lumipulse G1200) and Lumipulse G PIVKA-II 
(Fujirebio Inc.) were used to determine PIVKA-II levels. 
Lumipulse G 1200 is an assay system, including a set of 
immunoassay reagents, for the quantitative measurement 
of PIVKA-II in specimens based on coupled reaction-
chemiluminescence enzyme immunoassay (CLEIA) tech-
nology by a two step sandwich immunoassay method on 
the Lumipulse G System. Both of them were estimated 
according to the relevant manufacturer’s instructions, 
and the calibrators and quality controls were carefully 
maintained.

Specimen collection and preparation
A total of 3 to 4 mL of venous blood were collected from 
patients either on the first or second day of hospitaliza-
tion. The blood samples were collected into procoagu-
lant tubes and allowed to stand at room temperature for 
30 min. Subsequently, the samples were centrifuged at a 
speed of 3000 revolutions per minute (rpm) for a dura-
tion of 10 min. The resulting upper serum was then fro-
zen in a refrigerator set at a temperature of -80 °C. Assay 
samples within 4 h from thawing. Avoid successive freez-
ing and thawing of specimens and avoid to use hemo-
lyzed specimens.

Detection method of GPC3 and PIVKA-II
The serum samples, which initially exhibited baseline 
AFP levels, underwent subsequent analysis to determine 
the levels of GPC3 and PIVKA-II using enzyme-linked 
immunosorbent assay and chemiluminescence immuno-
assay techniques, respectively. The GPC3 assay employs 
a solid-phase, non-competitive 2-step immunoassay for-
mat, utilizing the direct sandwich technique with two 
mouse monoclonal antibodies targeting distinct epitopes 
within the GPC3 protein core. Conversely, the PIVKA-
II immunoassay involves a two-step sandwich method, 
where an alkaline phosphatase (ALP)-labeled anti-
prothrombin polyclonal antibody (rabbit) specifically 
interacts with PIVKA-II in immunocomplexes bound to 
particles coated with an anti-PIVKA-II monoclonal anti-
body (MU-3 antibody, mouse sourced).

The cutoff values for GPC3 and PIVKA-II in diagnos-
ing N-HCC were not pre-established; instead, these 
cutoff points were determined post-hoc based on ROC 
analysis, which took into account both the sensitivity for 
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detecting N-HCC and the specificity for distinguishing it 
from N-BLD.

Follow-up of survival
The basic demographic and clinical data of HCC patients 
during their initial hospitalization were collected. This 
included information on gender, age, contact details, the 
method of tumor detection, Hepatitis B virus, baseline 
liver function tests (including ALB, TBIL, ALT, AST, ALP, 
and GGT), the presence or absence of cirrhosis, portal 
venous thrombosis (PVT), metastasis and ascites, tumor 
size, number of tumors, tumor stage (according to the 
7th edition of tumor-node-metastasis staging established 
by the American Joint Committee on Cancer and the 
International Union Against Cancer) and treatment plan, 
among others. The living conditions of the patients were 
documented using electronic medical record inquiry 
and mobile phone contact. Follow-up assessments were 
conducted every 3 to 6 months to ensure the collection 
of updated treatment-related information. The follow-
up period extended until either the occurrence of death 
or survival for a duration of three years from the time of 
admission. Participant follow-up remained ongoing as of 
March 2023.

Construction of a prognostic risk model
Univariate and multivariate logistic regression analyses 
were conducted to ascertain diagnostic predictors. Vari-
ables yielding a P value < 0.1 from the univariate analysis 
were incorporated into a multivariate logistic regression 
framework. Effect measures were derived using odds 
ratios (ORs) and their respective 95% confidence inter-
vals (CIs). All selected features exhibited statistical sig-
nificance and were subsequently utilized to construct the 
nomogram.

Prognostic predictors were initially screened using 
LASSO regression. Initially, LASSO analysis reduced 
the regression coefficients of variables to zero through 
the application of a penalized coefficient (Lambda). This 
approach excluded variables with zero regression coef-
ficients while retaining those with non-zero coefficients. 
Subsequently, multivariate Cox regression analysis was 
employed to pinpoint independent prognostic factors, 
alongside their hazard ratios (HRs) and 95%CIs. Ulti-
mately, a nomogram was formulated. The total score 
for the nomogram prediction models was computed 
by summing the point values assigned to each variable. 
These point values were obtained by drawing a vertical 
line from each variable axis to the corresponding point 
axis on the nomogram. The summed total score was then 
plotted on the total score scale. Model performance was 
assessed and optimized using cross-validation, bootstrap 
techniques, and other methodologies.

Model predictive capability was evaluated through 
ROC curve analysis, with an AUC of 0.75 or higher indi-
cating satisfactory discrimination. Prediction accuracy 
was further scrutinized using calibration plots. Clinical 
utility was approximated via Decision Curve Analysis 
(DCA). All statistical tests were two-tailed, with P ≤ 0.05 
deemed statistically significant. The “rms” package, 
implemented in R version 4.4.2  (   h t t p : / / w w w . r - p r o j e c t . o 
r g /     ) , was utilized for the development of the nomogram 
diagram.

Statistical analysis
GraphPad Prism (version 8.0.2) and SPSS (version 18.0) 
was employed for the purposes of data processing and 
statistical analysis. The χ2 test or Fisher’s Exact Test was 
utilized to analyze count data across various groups. 
Median (quartile) was used to represent quantitative 
data with a skewed distribution. The non-parametric 
Kruskal-Wallis rank sum test was employed to compare 
groups, while the non-parametric Mann-Whitney U test 
was used to compare between two groups. The plotting 
of the ROC curve for multivariate observation values and 
the calculation of the AUC were conducted using SPSS. 
Survival curves were generated using the Kaplan-Meier 
method and Log-rank method to compare survival rates. 
The calculation of survival rates was performed using R 
version 4.4.2. The HRs and 95%CIs were obtained using 
a RCS method by R (version 4.4.2)  (   h t t p : / / w w w . r - p r o j e c 
t . o r g /     ) .  

Results
Basic demographic and clinical data of the participants
A total of 639 untreated patients were admitted to two 
medical centers from March 2018 to February 2020. 
Among the participants, 411 were diagnosed with HCC, 
and 228 were diagnosed with BLD. For group stratifica-
tion based on AFP levels < 20 ng/mL, 104 HCC patients 
(25.3%) were categorized into the N-HCC study group, 
including 96 males and 8 females, with an age range of 
34–80 years and a median age of 60.5 years. Addition-
ally, 104 BLD patients with age and gender matching the 
N-HCC study group and AFP levels < 20 ng/mL were 
categorized into the N-BLD control group. The selec-
tion of participants is shown in Fig. 1. The demographic 
and clinical data of the participants are summarized in 
Tables 1 and 2.

Demographic and clinical characteristics analysis 
revealed significant differences between N-HCC and 
A-HCC groups. The N-HCC cohort demonstrated a 
significantly higher proportion of patients with specific 
clinical features, including advanced age (> 60 years), 
male gender, early-stage disease (stage I), small tumor 
size (< 3 cm), and non-metastatic status compared to the 
A-HCC group (P < 0.05; Table  1). Regarding the control 
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group, the 104 N-BLD patients were well-matched with 
the N-HCC group in terms of hepatitis B virus status and 
Child-Pugh classification. However, comparative analysis 
of liver function parameters showed that baseline liver 
function tests (excluding TBIL) in the N-BLD group were 
significantly lower than those observed in the N-HCC 
group (P < 0.05; Table 2).

Diagnostic value of GPC3 and PIVKA-II in N-HCC
The median serum levels of GPC3 (0.124 ng/mL) and 
PIVKA-II (274 mAU/mL) were significantly elevated in 
patients with N-HCC compared to those in the N-BLD 
group (P < 0.05; Fig.  2A and B). In stage I of N-HCC, 
the serum levels of GPC3 and PIVKA-II were signifi-
cantly elevated compared to those in the N-BLD group 
(P < 0.05), yet remained significantly lower than those 
observed in stage IV of N-HCC (P < 0.05). Notably, no 
statistically significant differences were detected between 
stage I and stages II-III of N-HCC (Fig.  2C and D). 
Regarding tumor size differentiation, both GPC3 and 

PIVKA-II demonstrated significant discriminatory power 
(P > 0.05) in distinguishing patients with small N-HCC 
(< 3  cm) from those with N-BLD. Furthermore, a posi-
tive correlation was observed between tumor size and 
biomarker levels, with both GPC3 and PIVKA-II concen-
trations showing progressive increases corresponding to 
larger tumor dimensions (Fig. 2E and F).

ROC curve analysis revealed distinct diagnostic per-
formance for GPC3 and PIVKA-II in N-HCC detection 
(Fig. 2G and H). The AUC with 95% CI was 0.751 (0.684–
0.819) for GPC3 and 0.925 (0.886–0.963) for PIVKA-II, 
respectively. Diagnostic evaluation using the optimal 
cutoff value of 0.100 ng/mL for GPC3, as determined 
by ROC analysis (Fig. 2G), demonstrated a sensitivity of 
76.92%, specificity of 73.08%, and diagnostic accuracy of 
50.00% (Table  3). Similarly, PIVKA-II analysis using the 
established cutoff value of 40 mAU/mL (Fig. 2H) showed 
superior diagnostic performance, with sensitivity, speci-
ficity, and accuracy rates of 84.62%, 90.38%, and 75.00%, 
respectively (Table 3).

Fig. 1 Selection of Participants. HCC: hepatocellular carcinoma; BLD: benign liver disease
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Table 1 Basic demographic and clinical data of 411 patients with HCC
Clinical features HCC(n = 411) N-HCC(n = 104) A-HCC (n = 307) OR (95%CI) P value
Age, n(%)
 ≤ 60years 266 (64.72%) 52 (50.00%) 214 (69.71%) 301 (1.460–3.627) 0.000
 > 60years 145 (35.28%) 52 (50.00%) 93 (30.29%)
Gender, n(%)
 Male 356 (86.62%) 96 (92.31%) 260 (84.69%) 0.461 (0.210–1.011) 0.049
 Female 55 (13.38%) 8 (7.69%) 47 (15.31%)
Cirrhosis, n(%)
 Yes 267 (64.96%) 70 (67.31%) 197 (64.17%) 0.870 (0.543–1.394) 0.562
 No 144 (35.04%) 34 (32.69%) 110 (35.83%)
TNM stage, n(%)
 Stage I 76 (18.49%) 37 (35.58%) 39 (12.70%) 0.496 (0.389–0.633) 0.000
 Stage II 75 (18.25%) 27 (25.96%) 48 (15.64%)
 Stage III 199 (48.42%) 30 (28.85%) 169 (55.05%)
 Stage IV 61 (14.84%) 10 (9.61%) 51 (16.61%)
Tumor size, n(%)
 < 3 cm 59 (14.36%) 29 (27.89%) 30 (9.77%) 0.391 (0.289–0.530) 0.000
 3–5 cm 116 (28.22%) 42 (40.38%) 74 (24.11%)
 > 5 cm 236 (57.42%) 33 (31.73%) 203 (66.12%)
Daughter nodule, n(%)
 Yes 216 (52.55%) 49 (47.12%) 167 (54.40%) 0.747 (0.478–1.166) 0.199
 No 195 (47.45%) 55 (52.88%) 140 (45.60%)
Intrahepatic metastasis, n(%)
 Yes 209 (50.85%) 34 (32.69%) 175 (57.00%) 2.730 (1.710–4.358) 0.000
 No 202 (49.15%) 70 (67.31%) 132 (43.00%)
Distant metastasis, n(%)
 Yes 114 (27.74%) 21(20.19%) 93 (30.29%) 1.718 (1.004–2.939) 0.047
 No 297 (72.26%) 83(79.81%) 214 (69.71%)
HCC, hepatic celluler cancer. N-HCC, AFP-negative hepatic celluler cancer (AFP < 20 ng/mL). A-HCC, AFP-positive hepatic cellular cancer (AFP ≥ 20 ng/mL). N-HCC vs. 
A-HCC, were compared by the chi-square test or Fisher’s exact test and P < 0.05 was statistically significant

Table 2 Basic demographic and clinical data of patients with N-BLD and N-HCC
Clinical features N-BLD(n = 104) N-HCC(n = 104) OR(95%CI) P value
Cirrhosis, n(%) 69 (66.35%) 70 (67.31%) 0.958 (0.538–1.706) 0.883
CHB, n(%) 35 (33.65%) 27 (25.96%) 1.447 (0.796–2.631) 0.225
Age ≤ 60years, n(%) 53 (50.96%) 52 (50.00%) 1.039 (0.603–1.790) 0.890
Male, n(%) 96 (92.31%) 96 (92.31%) 1.000 (0.361–2.733) 1.000
Hepatitis B virus, n(%) 94 (90.38%) 92 (88.46%) 1.226 (0.505–2.977) 0.652
Child- Pugh class A, n(%) 45 (43.27%) 45 (43.27%) 1.000 (0.578–1.731) 1.000
Child- Pugh class B, n(%) 53 (50.96%) 54 (51.92%) 0.962 (0.559–1.658) 0.890
ALB < 40 g/L, n(%) 40 (38.46%) 69 (66.35%) 0.317 (0.180–0.559) 0.000
TBIL > 21µmol/L, n(%) 41 (39.42%)  30 (28.85%) 1.605 (0.900-2.863) 0.108
ALT > ULN, n(%) 18 (17.31%) 33 (31.73%) 0.450 (0.234–0.867) 0.016
AST > ULN, n(%) 34 (32.69%) 51 (49.04%) 0.505 (0.288–0.885) 0.016
ALP > ULN, n(%) 25 (24.04%) 42 (40.38%) 0.467 (0.257–0.848) 0.012
GGT > ULN, n(%) 37 (35.58%) 79 (75.96%) 0.175 (0.096–0.319) 0.000
N-BLD, AFP-negative benign liver disease (AFP < 20 ng/mL). N-HCC, AFP-negative hepatic celluler cancer (AFP < 20 ng/mL). CHB, Chronic Hepatitis B. ALB, albumin. 
TBIL, total bilirubin. ULN, upper limit of normal. ALT, aminoleucine transferase, ULN (male) = 50 µmol/L, ULN (female) = 40 µmol/L. AST, Aspartate aminotransferase, 
ULN (male) = 40 µmol/L, ULN (female) = 35 µmol/L. ALP, Alkaline Phosphatase, ULN (male) = 125 U/L, ULN (female) = 135 U/L. GGT, Gamma-glutamyltransferase, ULN 
(male) = 60 U/L, ULN (female) = 45 U/L

N-BLD vs. N-HCC, were compared by the chi-square test or Fisher’s exact test, and P < 0.05 was statistically significant



Page 7 of 16Lin et al. BMC Cancer          (2025) 25:721 

Fig. 2 (See legend on next page.)
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Risk factors selection based on GPC3 and PIVKA-II and a 
nomogram diagnostic prediction model construction
All enrolled patients were randomly divided into devel-
opment (n = 145) and validation sets (n = 63) with a pro-
portion of 7: 3. In the two cohorts, eight continuous 
variable parameters—GPC3, PIVKA-II, ALB, TBIL, 
ALT, AST, ALP, and GGT—were dichotomized into 
binary variables based on their respective cutoff values 
(0: negative, 1: positive). First, we preliminarily selected 
predictors of N-HCC using univariate logistic regres-
sion analyses (Fig.  3A). Second, we included six predic-
tors identified through multivariable logistic regression 
as independent risk variables to construct a prediction 
model. Among these, three predictors were found to 
be significant: GPC3 (OR = 4.09, 95% CI: 1.6–10.54), 
PIVKA-II (OR = 50.25, 95% CI: 19.07–160.87), and GGT 
(OR = 8.81, 95% CI: 3.27–28.32) (Fig. 3B). A nomogram 
was then constructed to predict the risk of N-HCC in 
patients based on GPC3 (score: 0 = 0, 1 = 39), PIVKA-
II (score: 0 = 0, 1 = 100), and GGT (score: 0 = 0, 1 = 49) 
(Fig. 3C).

We conducted ROC analysis on the nomogram predic-
tion model in both training and validation cohorts. The 
AUC values in each cohort were 0.937 (95%CI: 0.895–
0.978) and 0.955(95%CI: 0.914–0.997), respectively 
(Fig.  3D). The calibration curve analysis for the nomo-
gram proved an excellent agreement between predicted 
N-BLD and N-HCC statuses for both the training and 
validation cohorts (Fig. 3E and F). This suggests no devia-
tion from an ideal fit. DCA demonstrated that the nomo-
gram offers a superior net benefit for predicting N-HCC 
compared to the “treat all or none” strategy across the 
majority of risk thresholds (Fig. 3G and H).

Further, The AUC in the nomogram prediction models 
was 0.943 (95%CI: 0.912–0.974) (Fig. 3I). The cutoff value 
of 73.338 for the nomogram prediction model in diag-
nosing N-HCC resulted in a sensitivity of 95.20%, a speci-
ficity of 81.70%, and an accuracy of 76.90% (Table 3). The 
nomogram prediction model demonstrated superior sen-
sitivity for stage I tumors (94.60%), showing statistically 
significant differences compared to GPC3 (86.49%) and 
PIVKA-II (83.78%) (Table 3). Similarly, in the assessment 
of tumors smaller than 3 cm, the nomogram prediction 
model exhibited significantly higher sensitivity (93.10%) 
than both GPC3 (72.41%) and PIVKA-II (79.31%) 
(Table 3).

Relationship between GPC3 and PIVKA-II expression levels 
and patient survival
Among the 104  N-HCC patients, 31 (29.81%) under-
went surgical resection, while the remaining 73 (70.19%) 
received non-surgical interventions, including transcath-
eter arterial chemoembolization (TACE), radiofrequency 
ablation (RFA), and supportive care. With a follow-up 
through March 2023, 53 patients (50.96%) achieved 
3-year overall survival (OS).

The association between biomarker levels and OS was 
analyzed using RCS method with 3 knots positioned at 
the 10th, 50th, and 90th percentiles. A significant nonlin-
ear relationship was observed between GPC3 levels and 
OS (nonlinear P < 0.05). Specifically, when GPC3 concen-
trations exceeded the median level of 0.124 ng/mL (HR = 
1.000; 95%CI: 0.995–1.009), a rapid increase in all-cause 
mortality risk was evident (Fig.  4A). Similarly, PIVKA-
II levels demonstrated a nonlinear association with OS 
(nonlinear P < 0.05), with a marked elevation in mortality 
risk observed beyond the median level of 274 mAU/mL 
(HR = 1.000; 95%CI: 0.981–1.004) (Fig. 4B).

Using established survival cutoff values, patients were 
stratified into high-risk and low-risk groups for both bio-
markers. Significant associations were observed between 
these risk stratifications and survival outcomes, including 
both survival duration and rate (P < 0.05; Fig. 4C and D). 
Comparative analysis revealed that the GPC3-highrisk 
group exhibited significantly reduced OS rates at 1-, 2-, 
and 3-year intervals compared to the low-risk group 
(P < 0.05; Table 4).

A nomogram prognosis prediction model for OS in 
patients with N-HCC was developed
The GPC3-highrisk group exhibited significant cor-
relations with larger tumor size (HCC > 5  cm) and dis-
tant metastasis. However, no significant associations 
were observed with factors such as age, gender, cirrho-
sis, chronic hepatitis B (CHB), portal vein thrombosis 
(PVT), tumor multiplicity, intrahepatic metastasis, asci-
tes, or serum albumin (ALB) and total bilirubin (TBIL) 
levels (all with P > 0.05). Similarly, the PIVKA-II-highrisk 
group showed significant relationships with age, gender, 
PVT, tumor size and number, intrahepatic metastasis, 
and ascites, but not with cirrhosis, CHB, distant metas-
tasis, or ALB and TBIL levels (all with P > 0.05; Table 5). 
To further evaluate the correlation between all param-
eters and OS rate, univariate logistic regression analy-
sis was conducted. The results identified 14 parameters 

(See figure on previous page.)
Fig. 2 Expression of GPC3 or PIVKA-II in N-HCC and N-BLD cohorts. (A) Comparative analysis of GPC3 expression between N-BLD and N-HCC cohorts. 
(B) Expression of PIVKA-II among the N-BLD and N-HCC cohorts. (C) Stage-specific variations in GPC3 expression across clinical stages. (D) Expression of 
PIVKA-II among the N-BLD and N-HCC groups in different stages. (E) Tumor size-dependent modulation of GPC3 biomarker profiles. (F) Expression of 
PIVKA-II among the N-BLD and N-HCC groups in different tumor size. (G) Diagnostic performance of GPC3 through ROC curve analysis. (H) Predictive ac-
curacy assessment of PIVKA-II using ROC curve evaluation
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as influencing factors on the OS rate, including GPC3-
highrisk, PIVKA-II-highrisk, PVT, CHB, cirrhosis, tumor 
size, daughter nodule, intrahepatic metastasis, distant 
metastasis, ascites, presence of symptoms, ALB below 
40 g/L, TBIL above 21 µmol/L, and surgical therapy (all 
with P < 0.1, Fig. 5A).

Next, we used the LASSO regression method to filter 
the model parameters and reduce complexity to address 
the overfitting problem (Fig. 5B). Following this, a step-
wise Cox regression analysis based on the Akaike Infor-
mation Criterion (AIC) was conducted, resulting in the 
identification of 10 optimal parameters for establishing 
the prognostic model. These parameters encompassed 
GPC3-high risk, PVT, CHB, cirrhosis, intrahepatic 
metastasis, ascites detected by symptoms, ALB levels 
below 40  g/L, TBIL levels above 21 µmol/L, and surgi-
cal therapy (Fig. 5C). Multivariate Cox proportional risk 
regression analysis revealed that GPC3-highrisk, cirrho-
sis, PVT, and ALB level < 40  g/L were independent risk 
factors affecting OS rate and prognosis, whereas surgical 
therapy was an independent protective factor (Fig. 5D).

Based on these findings, a nomogram prognosis pre-
diction model was constructed using the 5 parameters 
selected by multivariate Cox proportional risk regres-
sion analysis to predict individual prognosis (Fig.  5E). 
In this nomogram, scores were assigned to each vari-
able: GPC3-highrisk (score: 0 = 0, 1 = 51), cirrhosis (score: 
0 = 0, 1 = 41), PVT (score: 0 = 0, 1 = 86), ALB level < 40 g/L 
(score: 0 = 0, 1 = 34), and surgery (score: 0 = 100, 1 = 0). 
The total score was calculated by summing the scores of 
each variable, and the total fractal axis was used to pre-
dict the death probability of a given patient with N-HCC. 
For instance, a patient with preoperative ALB < 40  g/L, 
GPC3 > 0.124 ng/mL, PVT, and undergoing TACE 
but without cirrhosis had a total survival score of 271, 
with an estimated 12-month survival probability of 

approximately 40% and a 24-month survival probability 
of approximately 10%.

To evaluate and optimize model performance, cross-
validation, bootstrap, and other methods were uti-
lized. The AUCs of the prognostic nomogram scoring 
system for predicting survival rates at 12, 24, and 36 
months were 0.909 (95%CI: 0.843–0.975), 0.864 (95%CI: 
0.789–0.940), and 0.871 (95%CI: 0.803–0.929), respec-
tively (Fig.  5F). The calibration chart demonstrated a 
good match between the predicted and actual probabili-
ties (Fig. 5G). Resampling internal verification using the 
bootstrap method also indicated acceptable accuracy 
of the scoring model (Fig.  5H). Finally, using individual 
nomogram scores, patients were divided into 2 groups 
based on a median value of 177.66, and a significant cor-
relation was detected between nomogram scores and the 
survival time and rate of the patients (P < 0.0001; Fig. 5I).

Discussion
Despite ongoing debates and limitations surrounding 
serological diagnostic and monitoring approaches for 
HCC, AFP persists as a widely utilized parameter in clini-
cal diagnosis and treatment of this hepatic malignancy 
[22, 31]. Previous investigations have consistently indi-
cated that the pathogenesis and progression mechanisms 
of N-HCC may substantially differ from those of typical 
HCC cases [35, 36], a finding that aligns with our current 
study results. Utilizing the established serum cutoff value 
of 20 ng/mL for AFP, our analysis revealed that N-HCC 
patients comprised 25.3% of the total HCC population. 
Notably, the N-HCC group exhibited a significantly 
higher proportion of patients who were older, male, and 
presented with stage I disease, smaller tumor size, and 
non-metastatic characteristics compared to the A-HCC 
group.These distinctive features render N-HCC particu-
larly susceptible to being overlooked in clinical practice. 

Table 3 Comparative diagnostic metrics for GPC3, PIVKA-II and nomogram diagnostic prediction model
Variables Sensitivity Specificity PPV NPV Accuracy Sensitivity (Stage I) Sensitivity (< 3 cm)
GPC3 76.92% 73.08% 74.07% 76.00% 50.00%a 86.49%c 72.41%e

PIVKA-II 84.62% 90.38% 89.80% 85.45% 75.00%b 83.78%d 79.31%f

Nomogram 95.20% 81.70% 83.90% 94.40% 76.90% 94.60% 93.10%
P value 0.001 0.008 0.010 0.002 0.000 0.036 0.001
GPC3, detectable serum GPC3, at a cut-off value of 0.100 ng/mL

PIVKA-II, detectable serum PIVKA-II, at a cut-off value of 40.00 mAU/mL

Nomogram, the scores of the variables including GPC3 (score: 0 = 0, 1 = 36), PIVKA-II (score: 0 = 0, 1 = 100), and GGT (score: 0 = 0, 1 = 56) were calculated, followed by 
determining the positions of eachvariable on the related axis. Vertical lines were then drawn on each axis, and the corresponding scores were found. Each variable’s 
score was further added to obtain the total score, at a cut-off value of 73.338

PPV, positive predictive value; NPV, negative predictive value

Three variables were compared by the chi-square test or Fisher’s exact test and P < 0.05 was statistically significant.a: Nomogram vs. GPC3 in accuracy, P = 0.000

b: Nomogram vs. PIVKA-II in accuracy, P = 0.741

c: Nomogram vs. GPC3 in sensitivity (Stage I), P = 0.030

d: Nomogram vs. PIVKA-II in sensitivity (Stage I), P = 0.011

e: Nomogram vs. GPC3 in sensitivity (< 3 cm), P = 0.000

f: Nomogram vs. PIVKA-II in sensitivity (< 3 cm), P = 0.003
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Consequently, the implementation of effective early 
screening and diagnostic strategies for N-HCC patients 
may prove pivotal in enhancing the overall prognosis of 
the HCC population.

Several chronic liver diseases, including chronic hepa-
titis, autoimmune hepatitis, and alcoholic hepatitis, can 
progress to cirrhosis, which represents a major predis-
posing factor for HCC development [37]. It is noteworthy 
that while the majority of HCC cases arise from chronic 
hepatitis or cirrhosis or both, not all cases of cirrhosis 
inevitably progress to HCC [21]. The distinctive feature 
of the present study, compared to previous investigations, 
lies in its utilization of AFP-negative CHB and cirrhosis 
cases (primarily cirrhosis) as controls in this case-control 
study design. Demographic and clinical characteristics, 
including cirrhosis prevalence, hepatitis B virus status, 

and Child-Pugh classification, were carefully matched 
between the two groups. Through this approach, we were 
able to precisely and comprehensively assess the accu-
racy of GPC3 and PIVKA-II in the differential diagnosis 
between the 2 groups.

GPC3 and PIVKA-II, both implicated in critical cellu-
lar processes including cell growth, differentiation, and 
migration, have been shown to exhibit expression levels 
in HCC that are positively correlated with tumor size [15, 
23, 28]. Our current study findings are consistent with 
this observation, demonstrating that GPC3 and PIVKA-
II concentrations progressively increase with larger 
tumor dimensions. Interestingly, although GPC3 and 
PIVKA-II expression levels in stage IV N-HCC were sig-
nificantly elevated compared to those in stage I, no signif-
icant association was observed between their expression 

Fig. 3 Stepwise identification of pivotal parameters of the model and development and validation of a nomogram diagnostic prediction model. (A) 6 
parameters were risk factors of patients with HCC by univariate Logistic analysis. (B) 3 parameters were risk factors of patients with HCC by multivariate 
Logistic analysis. (C) Establishment of nomogram score based on 3 parameters. (D) ROC curves of the prediction model in the modeling group and vali-
dation group. (E) Calibration chart of the prediction model in the modeling group. (F) Calibration chart of the prediction model in the validation group. 
(G) DCA curves of the prediction model in the modeling group. (H) DCA curve analysis evaluating the prediction model’s net benefit in the validation 
cohort. (I) ROC curves of the prediction model
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Table 4 Comparative analysis of annual survival rates of HCC-N patients based on risk stratification of GPC3 and PIVKA-II
Groups Number Median survival (month) 1-year OS, n(%) 2-year OS, n(%) 3-year OS, n(%)
GPC3-lowrisk
(≤ 0.124 ng/mL)

54 42.473 47 (87.04%) 41 (75.93%) 34 (62.96%)

GPC3-highrisk
(> 0.124 ng/mL)

50 28.165 35 (70.00%) 22 (44.00%) 19 (38.00%)

P value 0.002 0.034 0.001 0.011
PIVKA-II-lowrisk
(≤ 274 mAU/mL)

53 40.007 44 (83.02%) 35 (66.04%) 32 (60.38%)

PIVKA-II-highrisk
(> 274 mAU/mL)

51 30.125 38 (74.51%) 28 (54.90%) 21 (41.18%)

P value 0.028 0.288 0.245 0.050
GPC3, detectable serum GPC3; PIVKA-II, detectable serum PIVKA-II; OS, overall survival

GPC3-lowrisk vs. GPC3-highrisk, were compared by the chi-square test or Fisher’s exact test and P < 0.05 was statistically significant

PIVKA-II-lowrisk vs. PIVKA-II-highrisk, were compared by the chi-square test or Fisher’s exact test and P < 0.05 was statistically significant

Fig. 4 Restriction cubic spline of GPC3 and PIVKA-II expression level and survival examination of N-HCC patients. (A) Restriction cubic spline of GPC3 
level. (B) Restriction cubic spline of PIVKA-II level. (C) Survival curve corresponding to GPC3 expression level alterations. (D) Survival curve associated with 
PIVKA-II expression level modifications
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levels and TNM staging in N-HCC. This discrepancy 
may be attributed to several factors, including the secre-
tion mechanisms of these biomarkers, tumor biology, 
the multidimensional nature of staging assessments, and 
limitations in detection methodologies. Furthermore, 
our study revealed that GPC3 and PIVKA-II expression 
levels in stage I N-HCC or tumor size < 3  cm were sig-
nificantly higher than those in the N-BLD group. These 
findings highlight the clinical significance of monitoring 
longitudinal changes in the levels of these 2 biomarkers, 
which could significantly improve the early detection rate 

of stage I and small HCC, ultimately leading to enhanced 
patient survival outcomes.

The current research on the diagnostic utility of GPC3 
predominantly employs ROC analysis to determine diag-
nostic cutoff values, which have demonstrated significant 
variability across studies. A comprehensive meta-analy-
sis of these studies revealed a pooled sensitivity of 55% 
and specificity of 58% (AUC: 0.7793) [21]. In a pivotal 
investigation, an optimized cutoff value of 0.02 ng/mL 
was established for the early detection and diagnosis of 
N-HCC, demonstrating a sensitivity of 57.70% while 
maintaining perfect specificity at 100% [13]. In our study, 

Table 5 Analysis of the correlation between risk stratification of GPC3 and PIVKA-II and the clinical features of HCC
Clinical features Number GPC3-highrisk

(> 0.124 ng/mL)
OR (95%CI) P value PIVKA-II-highrisk

(> 274mAU/mL)
OR (95%CI) P value

Age, n(%)
 ≤ 60 years 52 26 (50.00%) 1.167 (0.540–2.519) 0.695 32 (61.54%) 2.779 (1.256–6.149) 0.011
 > 60 years 52 24 (46.15%) 19 (36.54%)
Gender, n(%)
 Male 96 45 (46.88%) 0.529 (0.120–2.341) 0.395 50 (52.08%) 7.609 (0.901–64.232) 0.031
 Female 8 5 (62.50%) 1 (12.5%)
Cirrhosis, n(%)
 Yes 70 33 (47.14%) 0.892 (0.393–2.025) 0.784 36 (51.43%) 1.341 (0.589–3.055) 0.484
 No 34 17 (50.00%) 15 (44.11%)
Hepatitis B virus, n(%)
 Yes 92 43 (46.74%) 0.627 (0.185–2.120) 0.450 47 (51.09%) 2.089 (0.588–7.423) 0.247
 No 12 7 (58.33%) 4 (33.33%)
PVT, n(%)
 Yes 45 24 (53.33%) 1.451 (0.665–3.162) 0.349 29 (64.44%) 3.048 (1.360–6.831) 0.006
 No 59 26 (44.07%) 22 (37.29%)
Tumor size, n(%)
 < 3 cm 29 12 (41.38%) 2.511 (2.036–2.986) 0.034 4 (13.79%) 3.144 (2.720–3.568) 0.000
 3–5 cm 42 16 (38.10%) 22 (52.38%)
 > 5 cm 33 22 (66.67%) 25 (75.76%)
Daughter nodule, n(%)
 Yes 45 26 (57.78%) 0.501 (0.228–1.101) 0.084 29 (64.44%) 0.328 (0.146–0.735) 0.006
 No 59 24 (40.68%) 22 (37.29%)
Intrahepatic metastasis, n(%)
 Yes 34 19 (55.88%) 1.594 (0.698–3.636) 0.267 25 (73.53%) 4.701 (1.905–11.598) 0.000
 No 70 31 (44.29%) 26 (37.14%)
Distant metastasis, n(%)
 Yes 18 14 (77.78%) 4.861 (1.477–15.994) 0.006 10 (55.56%) 1.372 (0.494–3.810) 0.543
 No 86 36 (41.86%) 41 (47.67%)
Ascites, n(%)
 Yes 35 19 (54.29%) 1.456 (0.643–3.295) 0.367 23 (65.71%) 2.807 (1.203–6.549) 0.015
 No 69 31 (44.93%) 28 (40.58%)
ALB, n(%)
 40–55 g/L 35 15 (42.86%) 0.729 (0.321–1.653) 0.448 15 (42.86%) 0.688 (0.303–1.560) 0.369
 < 40 g/L 69 35 (50.72%) 36 (52.17%)
TBIL, n(%)
 5–21µmol/L 74 35 (47.30%) 0.897 (0.384–2.097) 0.803 37 (50.00%) 1.143 (0.489–2.673) 0.758
 > 21µmol/L 30 15 (50.00%) 14 (46.67%)
CHB, Chronic Hepatitis B. PVT, portal vein thrombosis. ALB, albumin. TBIL, total bilirubin

Categorical variables were compared by the chi-square test or Fisher’s exact test and P < 0.05 was statistically significant
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utilizing a serum cutoff value of 0.100 ng/mL determined 
through ROC analysis (AUC: 0.751), GPC3 exhibited a 
sensitivity of 76.92% for N-HCC diagnosis and a speci-
ficity of 73.08% for distinguishing N-HCC from N-BLD. 
This relatively high specificity might have potential utility 
as a complementary biomarker to increase the sensitivity 
of other N-HCC biomarkers, alone or in combination.

PIVKA-II, an inactive prothrombin precursor pri-
marily synthesized in the liver under conditions of vita-
min K deficiency, exhibits no significant correlation 
with AFP levels [27, 28, 30]. A comprehensive meta-
analysis revealed that the majority of studies adopted a 
PIVKA-II cutoff value of 40 mAU/mL [38]. In our study, 
utilizing this established cutoff value for N-HCC identi-
fication demonstrated a sensitivity of 84.62%, specificity 
of 90.38%, and an AUC of 0.925. These findings suggest 
that PIVKA-II demonstrates superior diagnostic efficacy 

compared to GPC3 in distinguishing N-HCC cases. 
In the current study, we also developed and validated 
a nomogram-based prediction model incorporating 
GPC3, PIVKA-II, and liver function indicators, specifi-
cally utilizing three serological indices: GPC3, PIVKA-
II, andGGT. Following comprehensive evaluation of the 
model’s discrimination, calibration, and clinical validity, 
our results demonstrate that this model exhibits signifi-
cant clinical utility and interpretability. The nomogram 
prediction model, utilizing a cutoff value of 73.542 for 
N-HCC diagnosis, demonstrated superior diagnos-
tic performance with a sensitivity of 95.20%, specificity 
of 81.70%, and an AUC of 0.943. The prediction model, 
which incorporates only 3 serum indicators that can be 
readily obtained upon hospital admission for hepatopa-
thy patients, represents a potentially valuable tool for 
identifying individuals at high risk of N-HCC within 48 h 

Fig. 5 Development and validation of a nomogram prognosis prediction model. (A) 14 parameters profoundly associated with the overall survival (OS) 
of patients with HCC by univariate Cox regression analysis. (B) LASSO coefficient profiles of the clinical features. (C) The optimal penalization coefficient 
lambda was generated in the LASSO via tenfold cross-validation. We plotted the partial likelihood deviance (binomial deviance) curve versus log(lambda) 
and drew dotted vertical lines based on 1 standard error criteria. (D) 5 parameters profoundly associated with the OS of patients with HCC by multivariate 
Cox regression analysis. (E) Establishment of nomogram score based on 5 parameters. (F) ROC curves of the prediction model for predicting the survival 
rates at 12, 24, and 36 months. (G) The consistency index (Concordance Index, C-index) appraises the model differentiation degree for predicting the sur-
vival rates at 12, 24, and 36 months. (H) DCA curves of the prediction model. (I) Survival curve corresponding to nomogram score expression alterations
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of admission. In clinical practice, adopting this model 
helps to improve the diagnostic accuracy of the N-HCC.

Previous studies have suggested that plasma GPC3 
levels may serve as a valuable biomarker for identifying 
patients at high risk of HCC recurrence following sur-
gical resection, particularly in early-stage disease [39]. 
Moreover, key prognostic indicators for HCC have been 
identified, encompassing bilirubin, albumin, AFP-L3, 
AFP, and PIVKA-II [40]. In this study, we innovatively 
employed a three-node restricted cubic spline analysis 
to develop a flexible and visually interpretable predic-
tive model. Our findings not only revealed a significant 
nonlinear relationship between the 2 markers and OS 
but also established cutoff values for GPC3 and PIVKA-
II to stratify patients into distinct risk groups. These risk 
stratifications demonstrated significant associations with 
survival outcomes, including both survival duration and 
rates.

This study further investigated whether these risk 
stratifications were associated with other HCC prog-
nostic factors, including tumor size, the presence or 
absence of PVT, and liver-related factors such as serum 
bilirubin, ALB, and transaminase levels [40, 41]. Cur-
rent research on the association between the 2 markers 
(GPC3 and PIVKA-II) and prognostic-related factors has 
demonstrated significant variability across studies [42, 
43]. Our analysis revealed that the GPC3-highrisk group 
was significantly associated with tumor size and distant 
metastasis but not with other clinical features. In con-
trast, the PIVKA-II-highrisk group was associated with 
multiple prognostic factors. Although univariate analysis 
indicated that high-risk levels of both markers were cor-
related with HCC prognosis, LASSO regression and mul-
tivariate Cox regression analyses demonstrated that only 
the GPC3-highrisk level was an independent risk factor 
affecting OS rates and poor patient prognosis. This may 
be due to the difficulty in distinguishing the independent 
effects of these variables in the multivariate analysis when 
the independent variables are highly correlated.

Furthermore, when constructing the nomogram prog-
nosis prediction model using independent prognostic 
factors identified through multivariate Cox regression 
analysis, we found that the model incorporated 4 inde-
pendent risk factors and one independent protective 
factor related to surgical therapy. As is well-established, 
hepatectomy remains the primary treatment for HCC, 
and the efficacy of this surgical resection technique has 
significantly improved the 5-year OS rate to approxi-
mately 30–60% [44]. The 4 independent risk factors, 
GPC3-highrisk, cirrhosis, PVT, and ALB levels, can be 
readily assessed through imaging examinations and sero-
logical tests prior to treatment initiation. Our findings 
demonstrated that this nomogram prognosis predic-
tion model effectively distinguished between high- and 

low-risk patients with N-HCC. Moreover, it confirmed 
that the OS prognosis in the high-risk group was signifi-
cantly worse compared to the low-risk group. Therefore, 
this nomogram prognosis prediction model perhaps rep-
resents a valuable clinical tool for helping clinicians judge 
and selection of optimal therapeutic strategies based on 
individual patient risk profiles.

This study has several limitations. First, the nomogram 
has not been externally validated. We plan to address 
this by continuously recruiting patients from third-party 
sources to complete external validation. Second, during 
the construction of the prognostic prediction model, we 
considered that splitting the sample might affect model 
fitting. Therefore, we avoided data splitting and instead 
utilized cross-validation, bootstrap methods, and regu-
larization techniques to evaluate and optimize model 
performance. These approaches were implemented to 
mitigate overfitting and ensure the model’s generalization 
ability. In the future, we aim to expand the sample size to 
further validate the model’s robustness. Third, we did not 
analyze the changes in GPC3 and PIVKA-II levels before 
and after treatment, nor did we explore the correlation 
between post-treatment levels and prognosis. We intend 
to investigate these aspects in future studies.

Conclusions
In conclusion, our study revealed that serological mod-
els could serve as valuable tumor markers for N-HCC 
by providing good differential diagnosis, early diagnosis, 
thereby presenting a solid basis for patient prognosis. 
However, this study has a few limitations, including an 
insufficient number of patients with N-HCC in the exam-
ined population of 2 medical centers and the absence of 
large samples to verify and evaluate the prognosis of the 
nomogram scoring model. Therefore, we will expand the 
study sample size to verify the accuracy of our nomo-
gram prognostic scoring model in future studies.
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