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Purpose: Although alpha-fetoprotein (AFP) and des-gamma-carboxyprothrombin (DCP) have a certain predictive ability for the prognosis 
of hepatocellular carcinoma (HCC), there are still some cases of aggressive recurrence among patients with AFP and DCP double-negative 
HCC (DNHC) after local ablation. However, prediction models to forecast the prognosis of DNHC patients are still lacking. Thus, this 
retrospective study aims to explore the prognostic factors in DNHC patients and develop a nomogram to predict recurrence.
Patients and methods: 493 DNHC patients who underwent the local ablation at Beijing You’an Hospital between January 1, 2014, 
and December 31, 2022, were enrolled. A part that was admitted from January 1, 2014, to December 31, 2018, was designated to the 
training cohort (n = 307); others from January 1, 2019, to December 31, 2022, were allocated to the validation cohort (n = 186). Lasso 
regression and Cox regression were employed with the aim of screening risk factors and developing the nomogram. The nomogram 
outcome was assessed by discrimination, calibration, and decision curve analysis (DCA).
Results: Independent prognostic factors selected by Lasso-Cox analysis included age, tumor size, tumor number, and gamma- 
glutamyl transferase. The area under the receiver operating characteristic (ROC) curves (AUCs) of the training and validation groups 
(0.738, 0.742, 0.836, and 0.758, 0.821) exhibited the excellent predicted outcome of the nomogram. Calibration plots and DCA plots 
suggest desirable calibration performance and clinical utility. Patients were stratified into three risk groups by means of the nomogram: 
low-risk, intermediate-risk, and high-risk, respectively. There exists an obvious distinction in recurrence-free survival (RFS) among 
three groups (p<0.0001).
Conclusion: In conclusion, we established and validated a nomogram for DNHC patients who received local ablation. The nomogram 
showed excellent predictive power for the recurrence of HCC and could contribute to guiding clinical decisions.
Keywords: hepatocellular carcinoma, nomogram, prognosis, local ablation, alpha-fetoprotein, des-gamma-carboxyprothrombin

Introduction
Hepatocellular carcinoma (HCC), the sixth most common cancer and the third leading cause of cancer-related death 
globally, has emerged as a major public health concern.1 China experiences the highest incidence of HCC, accounting for 
over half of new cases and deaths worldwide.2,3 As a first-line treatment for early-stage HCC, local ablation exhibits the 
advantages of small trauma, less bleeding, and fewer complications.4 However, despite the presence of some strengths, 
the high recurrence rate of local ablation remains a therapeutic dilemma for HCC treatment.5,6 Consequently, there is an 
urgent need to forecast the prognosis of HCC patients after local ablation.
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The clinical guidelines recommend imaging examination, liver biopsy, and biomarkers, like alpha-fetoprotein (AFP) 
and des-gamma-carboxyprothrombin (DCP), to establish the diagnosis of HCC recurrence.7,8 AFP has been identified as 
a reliable biomarker for the detection of HCC since the 1960s.9,10 Liebman et al claimed a high plasma DCP among 67% 
of patients with HCC in 1984, suggesting that it could potentially be regarded as a tumor marker.11 Recently, armies of 
researchers reported the utilization of AFP and DCP in the prognosis of HCC.12,13 Nevertheless, inefficient diagnosis of 
HCC caused by the low sensitivity of AFP and DCP remains the main reason for the high mortality and poor prognosis.14 

Moreover, due to neglect by clinicians and patients, the recurrence rate of patients with negative tumor marker tests is not 
satisfactory. For these reasons, reliable methods are required to forecast the postoperative outcomes of patients with AFP 
and DCP double-negative HCC (DNHC).

In the field of HCC with negative tumor markers, most statistical methods are based on univariate and multivariate 
analyses, which have limitations in overfitting and multicollinearity.15,16 Currently, the application of machine learning 
(ML) in this field is still lacking. ML is a computer science theory that uses statistical techniques to give artificial 
intelligence (AI) the capability to progressively enhance the performance on a given task based on a substantial quantity 
of data.17 It is highly effective in processing voluminous, complex datasets.18 Meanwhile, the performance of ML could 
be enhanced through continuous training and iteration, which enables an increase in prediction accuracy in clinical 
studies. Therefore, as a machine learning method that could develop refined models by constructing penalty functions, 
Lasso regression is employed to identify the independent prognostic factors in our research.

More recently, some studies indicated that locoregional therapy was selected more frequently in DNHC patients, and 
the 3-year recurrence rate of these patients was approximately 55%.19,20 However, prediction models of recurrence for 
DNHC patients treated with local ablation are still insufficient at present. Thus, our research serves to develop and verify 
a dependable nomogram for this group of patients with the aim of guiding the decision of clinicians.

Methods
Patients
A total of 493 HCC patients who underwent ablation at Beijing You’an Hospital from January 2014 to December 2022 were 
enrolled in this retrospective study. A part that was admitted from January 1, 2014, to December 31, 2018, was designated to the 
training cohort (n = 307); others from January 1, 2019, to December 31, 2022, were allocated to the validation cohort (n = 186). 
The diagnosis of HCC was based on the American Association for the Study of Liver Disease (AASLD) guideline.8 Early stage 
of HCC was defined as Barcelona Clinic Liver Cancer (BCLC) stage 0 or A.21

The inclusion criteria included: (1) age from 18 to 75 years; (2) early-stage HCC treated with ablation; (3) AFP 
(<20ng/mL) and DCP (<40mAU/mL) double-negative at baseline; (4) Child-Pugh class A or B. The exclusion criteria 
included: (1) incomplete clinical or follow-up data; (2) received other treatment before ablation; (3) coagulation 
dysfunction or severe insufficiency of vital organs; (4) distant metastasis or other malignant tumors.

This research received approval from the Ethics Committee of Beijing You’an Hospital, affiliated with Capital 
Medical University, and implemented according to the Declaration of Helsinki. The requirement of informed consent was 
waived on account of the retrospective nature of the study.

Clinicopathologic Characteristics
Clinical data were accumulated from electronic patient records, including age, gender, liver cirrhosis, tumor number, tumor 
size, Child-Pugh class, BCLC stage, prothrombin time (PT), activated partial thromboplastin time (APTT), alanine amino
transferase (ALT), aspartate transaminase (AST), albumin (ALB), total bilirubin (TBIL), direct bilirubin (DBIL), γ-glutamyl 
transpeptidase (GGT), prealbumin, red blood cell (RBC), neutrophils (Neu), lymphocytes (Lym), and monocytes (Mon).

Ablation Procedure
Under the guidance of triple-phase computed tomography (CT) and magnetic resonance imaging (MRI), local ablation 
was performed by experienced liver surgeons and interventional radiologists. Before ablation, routine sterilization and 
toponarcosis were applied near puncture points. In the process of ablation, electrodes were inserted according to the size, 
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number, and location of tumors. In order to achieve complete ablation, the ablation area was estimated to be 0.5–1.0 cm 
larger than the tumor edge. After ablation, the needle track was heated to block cancer implantation and postoperative 
bleeding. All patients immediately underwent imaging examinations after ablation, with the objective of assessing 
technical success and possible complications.

Follow-Up
It was advised that all patients with HCC received regular follow-ups according to clinical guidelines after completing 
the primary therapy. Commonly, patients were followed up every 3 months in the first year and then every 6 months 
thereafter. During each follow-up visit, clinicopathologic characteristics and adverse events were recorded. The last day 
of follow-up was July 1, 2023. Recurrence-free survival (RFS), which was the primary endpoint of this study, was 
defined as the time from local ablation to the date of first recurrence, last follow-up or death.

Statistical Analysis
Continuous variables were expressed as means and standard deviations, while categorical variables were reported as 
frequencies and percentages. The differences between groups were compared using Student’s t-test and Chi-square test.

Lasso regression and multivariate Cox regression were performed to identify the independent prognostic factors. Based on 
these factors, a predictive nomogram model was developed. The receiver operating characteristic curve (ROC) was plotted, and 
the area under the ROC curve (AUC) was calculated to evaluate the diagnostic value. In addition, calibration and decision curve 
analysis (DCA) were conducted to validate the calibration performance and clinical utility. In light of nomogram, patients were 
categorized into low-risk, medium-risk, and high-risk groups. Survival curves were drawn using the Kaplan–Meier method, and 
Log rank tests were used to compare RFS between three groups.

All analyses in this study were performed using R software (version 4.1.2). A two-tailed P value < 0.05 was 
considered statistically significant.

Results
Patient Characteristics
A total of 493 DNHC patients who received local ablation between January 1, 2014, and December 31, 2022, were 
screened and stratified into a training cohort (n=307) and a validation cohort (n=186) by time. Patients’ median follow-up 
time was 44 months. The last day of follow-up was July 1, 2023.

All patients’ baseline clinicopathologic characteristics are exhibited in Table 1. In both cohorts, most of the patients 
were male (84.7% vs 78%), the mean age exceeded 50 years (56.61±8.75 vs 57.61±8.51), and the major cause of HCC 

Table 1 Demographics and Clinical Characteristics for Training and Validation 
Cohorts

Characteristic Primary Cohort 
(N=307)

Validation Cohort 
(N=186)

P value

Age 56.61 ± 8.75 57.61 ± 8.51 0.211

Gender (%) 0.058

Male 260 (84.7) 145 (78.0)

Female 47 (15.3) 41 (22.0)

Hypertension (%) 0.094

Yes 73 (23.8) 57 (30.6)

No 234 (76.2) 129 (69.4)

(Continued)
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Table 1 (Continued). 

Characteristic Primary Cohort 
(N=307)

Validation Cohort 
(N=186)

P value

Diabetes (%) 0.481

Yes 58 (18.9) 40 (21.5)

No 249 (81.1) 146 (78.5)

Antiviral (%) 0.191

Yes 163 (53.1) 110 (59.1)

No 144 (46.9) 76 (40.9)

Smoking (%) 0.947

Yes 141 (45.9) 86 (46.2)

No 166 (54.1) 100 (53.8)

Drinking (%) 0.748

Yes 120 (39.1) 70 (37.6)

No 187 (60.9) 116 (62.4)

Family history (%) 0.361

Yes 130 (42.3) 71 (38.2)

No 177 (57.7) 115 (61.8)

ALD (%) 0.676

Yes 58 (18.9) 38 (20.4)

No 249 (81.1) 148 (79.6)

Cirrhosis (%) 0.201

Yes 256 (83.4) 163 (87.6)

No 51 (16.6) 23 (12.4)

Etiology (%) 0.394

HBV 284 (92.5) 168 (90.3)

Alcohol 23 (7.5) 18 (9.7)

Child-Pugh (%) 0.514

A 228 (74.3) 143 (76.9)

B 79 (25.7) 43 (23.1)

BCLC (%) 0.298

0 103 (33.6) 71 (38.2)

A 204 (66.4) 115 (61.8)

T.N. (%) 0.438

Single 223 (72.6) 141 (75.8)

Multiple 84 (27.4) 45 (24.2)

(Continued)
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Table 1 (Continued). 

Characteristic Primary Cohort 
(N=307)

Validation Cohort 
(N=186)

P value

T.S. (%) 0.239

<3cm 201 (65.5) 132 (71.0)

≥3cm 106 (34.5) 54 (29.0)

Ablative modality (%) 0.217

RFA 157 (51.1) 107 (57.5)

MWA 74 (24.1) 45 (24.2)

AHC 76 (24.8) 34 (18.3)

WBC (10^9/L) 5.01 ± 2.16 5.1 ± 2.23 0.672

RBC (10^12/L) 4.14 ± 0.6 4.16 ± 0.64 0.807

Hb (g/L) 130.43 ± 18.60 129.39 ± 20.87 0.566

Lym (10^9/L) 1.30 ± 0.69 1.28 ± 0.74 0.875

Mon (10^9/L) 0.43 ± 0.27 0.39 ± 0.23 0.113

PLT (10^9/L) 120.98 ± 63.64 120.88 ± 60.76 0.985

ALT (U/L) 31.57 ± 22.29 29.76 ± 12.11 0.244

AST (U/L) 31.86 ± 15.71 30.53 ± 13.10 0.312

TBIL (umol/L) 18.90 ± 10.02 18.76 ± 9.55 0.873

DBIL (umol/L) 5.25 ± 4.00 4.88 ± 5.23 0.408

ALB (g/L) 37.66 ± 5.06 37.22 ± 4.63 0.337

Globulin (g/L) 27.76 ± 5.03 28.54 ± 5.36 0.106

GGT (U/L) 66.88 ± 50.38 60.38 ± 54.79 0.180

ALP (U/L) 86.55 ± 33.84 85.24 ± 31.04 0.668

P-Alb (U/L) 122.73 ± 52.86 125.06 ± 57.60 0.647

Fib (g/L) 2.74 ± 0.90 2.74 ± 0.85 0.972

APTT (s) 33.83 ± 5.00 33.10 ± 4.18 0.083

PT (s) 12.25 ± 1.50 12.35 ± 1.44 0.467

TT (s) 16.57 ± 2.42 16.29 ± 1.87 0.151

Notes: Continuous variables were expressed as mean and standard deviation (mean ± SD). Categorical 
variables were reported as frequency (percentage). 
Abbreviations: ALD, alcoholic liver cancer; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer; T. 
N., tumor number; T.S., tumor size; RFA, radiofrequency ablation; MWA, microwave ablation; AHC, argon- 
helium knife cryoablation; WBC, leukocyte; RBC, red blood cell; Hb, hemoglobin; Lym, lymphocyte; Mon, 
monocyte; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; 
DBIL, direct bilirubin; ALB, albumin; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; P-Alb, 
prealbumin; Fib, fibrous protein; APTT, activated partial thromboplastin time; PT, prothrombin time; TT, 
thrombin time.
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was HBV infection (92.5% vs 90.3%). Among all patients, 227 (45.9% vs 46.2%) had a history of smoking, 190 (39.1% 
vs 37.6%) had a history of drinking, and 419 (83.4% vs 87.6%) had cirrhosis. Additionally, 371 (74.3% vs 76.9%) were 
Child-Pugh class A and 122 (25.7% vs 23.1%) were Child-Pugh class B, while BCLC stage 0 in 174 (33.6% vs 38.2%) 
cases and BCLC stage A in 319 (66.4% vs 61.8%) cases.

Independent Prognostic Factors of Local Ablation
Lasso regression was adopted with the aim of evaluating the correlation between clinical characteristics and RFS, and the 
variation features are displayed in Figure 1. The 10-fold cross-validation approach was employed in the iterative analysis. 
When λ was 0.08 (Log λ = −1.09), a model exhibiting good performance but a minimal quantity of variables was gained.

Figure 1 Screening of variables based on Lasso regression. (A) The variation characteristics of the coefficient of variables. (B) the selection process of the optimum value of 
the parameter λ in the Lasso regression model by cross-validation method. 
Notes: Lasso regression incorporates an L1 penalization term into the loss function, forcing more coefficients to be zero. This technique governs the rigor of feature 
selection by adjusting the regularization parameter λ, which could facilitate feature screening and reduce the model’s dimensionality.

https://doi.org/10.2147/JHC.S442366                                                                                                                                                                                                                                   

DovePress                                                                                                                                           

Journal of Hepatocellular Carcinoma 2024:11 276

Qiao et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


The variables contained age, gender, cirrhosis, tumor number, tumor size, BCLC stage, RBC, Lym, DBIL, GGT, prealbumin, 
PT, and APTT. Multivariate Cox regression was further used which revealed age (HR:1.015, 95% CI: 1.002–1.028), tumor 
number (HR:1.707, 95% CI: 1.346–2.165), tumor size (HR:1.013, 95% CI: 1.002–1.024), and GGT (HR:1.004, 95% CI: 
1.002–1.005) as the independent prognostic factors (Table 2).

Development of the Nomogram
A nomogram was constructed based on the independent prognostic factors (Figure 2). In the training cohort, the ROC curve 
showed that AUCs of 1-, 3-, and 5-year were 0.738, 0.742, and 0.836, respectively (Figure 3). The outcomes suggested the 

Table 2 Multivariate Cox Regression Analysis 
Based on the Results of Lasso Regression

Variables HR (95% CI) P value

Age 1.015 (1.002–1.028) 0.024
Gender 0.817 (0.597–1.118) 0.207

Cirrhosis 1.387 (0.980–1.964) 0.065
T.N. 1.707 (1.346–2.165) <0.001
T.S. 1.013 (1.002–1.024) 0.024
BCLC 1.234 (0.860–1.771) 0.254
RBC 0.898 (0.720–1.120) 0.339

Lym 0.907 (0.775–1.063) 0.229
DBIL 0.991 (0.962–1.020) 0.534

GGT 1.004 (1.002–1.005) <0.001
P-Alb 1.000 (0.997–1.002) 0.762
APTT 1.081 (0.978–1.196) 0.449

PT 1.010 (0.984–1.038) 0.127

Notes: Bolded values indicate a P-value less than 0.05, which 
represent statistical significance. 
Abbreviations: HR, hazard ratio; T.N., tumor number; T.S., tumor 
size; BCLC, Barcelona Clinic Liver Cancer; RBC, red blood cell; Lym, 
lymphocyte; DBIL, direct bilirubin; GGT, gamma-glutamyl transfer
ase; P-Alb, prealbumin; APTT, activated partial thromboplastin time; 
PT, prothrombin time.

Figure 2 Nomogram, including age, TN, TS and GGT for 1-, 3- and 5-year RFS in patients with AFP and DCP double-negative HCC. 
Notes: The total point is calculated by adding up the scores of variables included in the model. Then, a vertical line is drawn at the location of the corresponding total point 
so that it intersects three lines representing the risk of recurrence. The values shown at the intersections indicate 1-, 3- and 5-year RFS. 
Abbreviations: TN, tumor number; TS, tumor size; GGT, gamma-glutamyl transferase; RFS, recurrence-free survival; AFP, alpha-fetoprotein; DCP, des-gamma- 
carboxyprothrombin; HCC, Hepatocellular Carcinoma.
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favorable diagnostic value of the nomogram. The curve of calibration indicated a great agreement between the prediction and 
practical investigation (Figure 4). DCA curves showed encouraging net benefits, meaning that it had good clinical imple
mentation significance (Figure 5). Patients were classified into low-risk (n=152), intermediate-risk (n=125), and high-risk 
groups (n=30) in light of nomogram scores (Figure 6). The outcomes indicated that the median RFS was 33.2 months (95% 
CI: 24.0–41.9) and 13.1 months (95% CI: 4.5–19.5) in the intermediate-risk and high-risk groups, respectively. In the low-risk 
group, the median RFS was not reached. There existed an obvious distinction in RFS among those three groups (p<0.0001).

Figure 3 ROC curves of the nomogram in the training and validation cohort. (A) In the training cohort, the AUCs for 1-, 3- and 5-year RFS were 0.738, 0.742 and 0.836, 
respectively. (B) In the validation cohort, the AUCs for 1- and 3-year RFS were 0.758 and 0.821, respectively. 
Notes: The ROC curve is plotted with the 1-specificity on the x-axis against the sensitivity on the y-axis. The area under the ROC curve (AUC) can intuitively evaluate the 
discriminative ability, and AUC values closer to 1 indicate higher prediction accuracy. 
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the ROC curve; RFS, recurrence-free survival.
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Figure 4 Calibration curves of the nomogram in the training and validation cohort. (A) training cohort; (B) validation cohort. 
Notes: In a calibration curve, the x-axis typically represents the predicted probability from the model, while the y-axis is the actual probability. The diagonal line represents 
the ideal condition under which the predicted probability is equal to the actual probability. A close proximity of model’s curve to the ideal line is indicative of an effective 
calibration.
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Validation of the Nomogram
In order to further verify the reliability of this nomogram, internal validation was performed on it. In the validation 
cohort, the ROC curve showed that AUCs of 1- and 3-year were 0.758 and 0.821, respectively (Figure 3). The calibration 
curve (Figure 4) and DCA curves (Figure 5) indicated that the nomogram had good calibration performance and clinical 
utility. Patients of this cohort were also classified into low-risk (n=113), intermediate-risk (n=57), and high-risk groups 
(n=16) (Figure 6). Then, KM curves of RFS were drawn, exhibiting that the median RFS was 23.0 months (95% CI: 
18.2–27.7) and 10.0 months (95% CI: 1.6–18.4) in intermediate-risk and high-risk groups, while it was not reached in the 
low-risk group. In agreement with the result from the training cohort, the relapse risk in the high-risk group was 
significantly higher than low-risk group and intermediate-risk group (p<0.0001).

Discussion
High mortality and recurrence rate of HCC have led to it being one of the major public health concerns worldwide.1,22,23 

Over the past decade, the mortality of HCC has been decreased by diverse treatment modalities, but its high recurrence 
rate still impacts patients’ quality of life. Our study is the first to focus on the prognosis of DNHC patients with local 
ablation and develop a nomogram, which demonstrates favorable discrimination, calibration, and clinical utility.

AFP and DCP have been widely used as clinical biomarkers for the screening, diagnosis, and prognosis of HCC in 
recent years.9–14 Though expression in HCC is between 60% and 80%, the genetic regulation of AFP is complicated and 
has not been fully characterized.24 Some studies have suggested that AFP might regulate the growth of neoplastic and 
normal cells by several mechanisms, including apoptotic regulation and cytoplasmic signaling modulation.9,25 DCP is an 
aberrant form of prothrombin, which does not undergo posttranslational modification by means of gamma- 
carboxylation.12 It is even more accurate than AFP in differentiating HCC patients from those with nonmalignant liver 
disease or those with other malignant tumors.26 Nevertheless, it was reported in current researches that the specificity of 
AFP for the diagnosis of HCC is 80–90%, while the sensitivity is only 40–60%.27 The combination of AFP and DCP 
could increase the sensitivity effectively, but there are also a number of false-negative results. Pan et al found that 12.9% 
of HCC patients were AFP and DCP double-negative in their study.19

Figure 5 DCA for recurrence in the training and validation cohort. (A–C) DCA for 1-, 3- and 5-year RFS in the training cohort. (D and E) DCA for 1-, and 3-year RFS in 
the validation cohort. 
Notes: The x-axis of DCA curve is the threshold probability, representing the possibility at which the patient would choose intervention. As for y-axis, it is the net benefit 
corresponding to each threshold. There are two additional lines in DCA curve, one about treating all patients and another about treating none. A model is considered useful 
if its use range is above the treat-all and treat-none curves. 
Abbreviations: DCA, decision curve analysis; RFS, recurrence-free survival.

https://doi.org/10.2147/JHC.S442366                                                                                                                                                                                                                                   

DovePress                                                                                                                                           

Journal of Hepatocellular Carcinoma 2024:11 280

Qiao et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


There are several reasons for the negative response of AFP and DCP. Firstly, the levels of AFP and DCP generally 
rise with disease progression and tumor growth.28,29 Thus, early-stage HCC tumors might not produce enough biomar
kers for detection. Additionally, the expression of these biomarkers could vary among patients, with some not exhibiting 
significant elevations in AFP or DCP naturally.30 Finally, the expression of these biomarkers is related to tumor’s specific 
biological characteristic. It has been consistently shown that tumor markers are generally undetectable in some types of 
cancer.31 The occurrence of false-negative results due to a variety of factors and the underlying mechanisms require 
further exploration.

Figure 6 Kaplan–Meier curves for the low-risk group, intermediate-risk group, and high-risk group in the training and validation cohort. (A) training cohort; (B) validation 
cohort. 
Notes: The Kaplan–Meier curve is drawn with time on the x-axis and the survival probability on the y-axis. The Kaplan–Meier curve steps downward over time as the event 
of interest (often death or recurrence) occurs. Log rank test is commonly used to compare the differences between groups.
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As effective tumor markers for HCC, the false-negative results of AFP and DCP could impact the patients’ diagnosis 
and therapy. The prognosis of these patients was then affected accordingly.32,33 According to Ueno et al, the 5-year 
survival rates of biomarker-negative patients were not as favorable.34 Some studies even indicated that within the group 
of AFP-negative HCC in baseline, those who turned positive at recurrence had an increased risk of death compared with 
those who remained AFP-negative at relapse.35,36 At present, most predictive models are developed without considering 
the prognosis of DNHC patients. Therefore, the nomogram in our study, which could predict the recurrence of DNHC 
patients precisely, has some implications for clinical practice.

Local ablation is a promising strategy in which electrodes are inserted into the tumor issue in accordance with 
imaging examinations. Additionally, high-frequency electrodes are applied to destroy HCC cells.37–39 Local ablation, 
which serves as a first-line therapy for the early HCC stage, is effective in prolonging patients’ overall survival and 
recurrence-free survival. A study by Lzzo et al claimed that the overall survival and disease-free survival in HCC patients 
treated with ablation changed between 53.2 ± 3.0 months and 66 months and between 22.0 ± 2.6 months and 39 months, 
respectively.40 Long-term clinical practice has proven that local ablation offers a valid therapy for patients suffering from 
early-stage HCC, so we employ this therapy in our study.

Unlike conventional univariate analysis, the Lasso regression that we use can increase prediction accuracy and avoid 
overfitting risk. The established nomogram based upon Lasso-Cox regression ran greatly in forecasting the recurrence of 
DNHC patients despite having a minimum number of variables. Based on personalized recurrence risk, the patients were 
classified into three groups by means of the nomogram. Clinicians could develop more individualized treatment regimens 
for patients with different prognoses assessed, and this will make the therapy more targeted.

Independent prognostic factors involved in the nomogram include age, GGT, tumor size, and tumor number. Among 
these factors, there exists one recognized risk factor, age, for recurrence in HCC patients. Elderly patients with HCC 
present with low immunity, rapid tumor progression, and poor prognosis postoperatively.41 It is shown in a few 
researches that elderly patients have decreased liver weight and portal blood flow rate, which resulted in weak liver 
repairability.42,43 Namieno et al indicated that the degree of liver damage and the incidence of liver cirrhosis were 
outstanding in elderly patients with HCC, while the frequency of high serum AFP values was low.44 Tumor burden that 
includes tumor size and tumor number is generally considered to be a key feature of cancer. It has been confirmed that 
patients with high tumor burden are more vulnerable to microvascular infiltration, which may influence patients’ 
recurrence rate.45,46 In the study of Nagahara et al, there were significantly more cases under TNM Stage III in 
DNHC patients.18 Therefore, the influence of tumor burden in DNHC patients requires further attention. GGT, 
a metabolite of glutathione, provided cells with access to an additional source of cysteine, which helped maintain 
intracellular glutathione and increased resistance to drug toxicity.47 A study by Yang et al showed that GGT levels 
between groups of HCC patients which classified by AFP were not statistically significant.48 When liver function reports 
reveal increased GGT, this research prompts us to be alert for the presence of HCC, even if tumor markers are negative.

Although the nomogram demonstrated good predictive performance, there exist some restrictions in this research. 
First of all, this study was a retrospective study, which inevitably leads to bias. However, the excellent calibration results 
suggest that this is probably a minor concern. Another limitation is that this research was a single-center study, and the 
sample size obtained was insufficient. Thus, more cases will be collected in our future research. Moreover, patients 
receiving local ablation were included in this research, but the validity of this nomogram for patients who underwent 
surgery is uncertain. Thereby, it is indispensable for more researches to further validate our outcomes.

Conclusion
In summary, a nomogram that could predict the recurrence of DNHC patients after local ablation was developed and 
validated in our research. With age, tumor size, tumor number and GGT, the nomogram exhibited excellent predictive 
capability, which was able to help physicians with personalized treatment decision-making.
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