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Purpose: In this study, we developed a nomogram based on the platelet–albumin–bilirubin (PALBI) score to predict recurrence-free 
survival (RFS) after curative resection in alpha-fetoprotein (AFP)-negative (≤20 ng/mL) hepatocellular carcinoma (HCC) patients.
Patients and Methods: A total of 194 pathologically confirmed AFP-negative HCC patients were retrospectively analyzed. 
Univariate and multivariate Cox regression analyses were performed to screen the independent risk factors associated with RFS, 
and a nomogram prediction model for RFS was established according to the independent risk factors. The receiver operating 
characteristic (ROC) curve and the C-index were used to evaluate the accuracy and the efficacy of the model prediction. The 
correction curve was used to assess the calibration of the prediction model, and decision curve analysis was performed to evaluate the 
clinical application value of the prediction model.
Results: PALBI score, MVI, and tumor size were independent risk factors for postoperative tumor recurrence (P < 0.05). 
A nomogram prediction model based on the independent predictive factors was developed to predict RFS, and it achieved a good 
C-index of 0.704 with an area under the ROC curve of 0.661 and the sensitivity was 73.2%. Patients with AFP-negative HCC could be 
divided into the high-risk group or the low-risk group by the risk score calculated by the nomogram, and there was a significant 
difference in RFS between the two groups (P < 0.05). Decision curve analysis (DCA) showed that the nomogram increased the net 
benefit in predicting the recurrence of AFP-negative HCC and exhibited a wider range of threshold probabilities than the independent 
risk factors (PALBI score, MVI, and tumor size) by risk stratification.
Conclusion: The nomogram based on the PALBI score can predict RFS after curative resection in AFP-negative HCC patients and 
can help clinicians to screen out high-risk patients for early intervention.
Keywords: hepatocellular carcinoma, platelet–albumin–bilirubin score, alpha-fetoprotein-negative, recurrence-free survival, 
nomogram

Introduction
Hepatocellular carcinoma (HCC) is the most common type of liver malignancy worldwide, and it ranks sixth in incidence 
and fourth in mortality among all types of cancer, thus seriously threatening human health and life.1 Resection is the 
recommended treatment for HCC, and with advancements in perioperative management, surgical techniques, and 
postoperative monitoring, the survival rate of HCC has increased. The tumor recurrence rate at 5 years after surgery is 
70%, and the long-term prognosis is not satisfactory.2

Alpha-fetoprotein (AFP) is a serum biomarker used to diagnose and postoperatively monitor HCC, with a specificity 
of 76–96%;3,4 however, its sensitivity is low, with 60–70% of HCC patients having elevated AFP levels and 33–65% of 
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AFP-positive HCC patients having tumors smaller than 3 cm,;5–7 thus, greatly limiting the diagnosis and treatment of 
AFP-negative HCC patients. In addition, a study has reported that measuring serum AFP levels after resection cannot 
predict tumor recurrence in AFP-negative HCC patients.8 Therefore, it is important to identify the prognostic indicators 
of AFP-negative HCC patients after resection.

Previous studies have shown that multiple biomarkers play an important prognostic and predictive value in HCC,9–13 

and abnormal liver function has been proved to be an independent factor for predicting recurrence in HCC patients.14,15 

In 2015, Johnson et al introduced the albumin–bilirubin (ALBI) score, which is based on two objective laboratory 
parameters, namely, serum albumin concentration and total bilirubin concentration, to provide a simple and objective 
method for assessing liver function and prognosis in HCC patients.16,17 In addition, most HCC patients present with 
cirrhosis as the underlying disease, with portal venous pressure as an indicator of cirrhosis severity. On the basis of the 
ALBI score, several investigators have proposed using platelet counts to define the severity of portal hypertension and to 
generate a novel liver function reserve model, that is, the platelet–albumin–bilirubin (PALBI) score.18,19 The PALBI 
score can predict hepatic complications and overall survival after hepatectomy in HCC patients.20,21 However, no 
relevant study has reported whether the PALBI score can assess liver function and prognosis in AFP-negative HCC 
patients. In recent years, prognostic models for diseases based on laboratory data have been established with advantages 
of objectivity, non-invasive analysis, and convenience.22,23 Therefore, we developed a nomogram prediction model based 
on the PALBI score to predict the probability of recurrence-free survival (RFS) after curative resection in AFP-negative 
HCC patients.

Patients and Methods
Patients
A total of 194 AFP-negative HCC patients who underwent curative resection at the 900th Hospital of Chinese People’s 
Liberation Army Joint Support Force from January 2010 to December 2018 were included. The inclusion criteria were as 
follows: (1) patients with primary HCC confirmed by two or more imaging modalities (ultrasound, computed tomo-
graphy, or magnetic resonance imaging) or postoperative histopathologic examination; (2) those treated by resection with 
the intent to cure, which was defined as negative margins with no residual tumor based on histopathologic examination; 
and (3) those preoperatively AFP negative (≤20 ng/mL). The exclusion criteria were as follows: (1) patients with other 
malignant tumors; (2) those treated by transarterial chemoembolization, radiofrequency ablation, or other anti-tumor 
therapy; (3) those that were lost to death; and (4) those that were lost to follow-up. The study was approved by the Ethics 
Committee of the 900th Hospital of PLA Joint Support Force. All procedures were in compliance with the relevant 
guidelines and regulations. All patients signed written informed consent forms, and this study was conducted in 
accordance with the Declaration of Helsinki.

Data Acquisition
All data were collected from each participant’s electronic medical records and included gender, age, white blood cell 
count, coagulation time, and platelet count, as well as the levels of hemoglobin, sodium, AFP, albumin, total bilirubin, 
aspartate aminotransferase, alkaline phosphatase, and alanine aminotransferase. Surgical information and tumor char-
acteristics were also collected. The PALBI score was computed as follows: 2.02 × log10 bilirubin – 0.37 × (log10 

bilirubin)2–0.04 × albumin – 3.48 × log10 platelets + 1.01 × (log10 platelets).2

Follow-Up
Postoperatively, patients received standardized treatment and follow-up according to the primary liver cancer diagnosis, 
and the treatment plan was adjusted in some cases.24 Patients were re-examined every 2 months for the first year after 
surgery and every 3 months thereafter. At each re-examination, a detailed history was taken, a physical examination was 
performed, the AFP level and liver function were assessed, and an abdominal ultrasound was performed. Abdominal 
computed tomography with contrast and/or magnetic resonance imaging were performed every 6 months, and relevant 
examinations were performed to identify the patients with suspected intrahepatic and extrahepatic recurrence and 
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metastasis. The primary end point was tumor recurrence. Recurrence-free survival was measured from the date of surgery 
to the date of recurrence or death or the most recent follow-up.

Statistical Analysis
Measurement data were presented as median or mean ± standard deviation. The Mann–Whitney U-test was used to compare 
continuous variables. The Chi-square or Fisher exact test was used to compare categorical variables. The Kaplan–Meier 
method was used to prepare survival curves. Variables with P < 0.05 were included in multivariate and univariate Cox 
regression analyses, and predictive factors affecting survival were analyzed using Cox regression models. A nomogram 
prediction model based on independent risk factors from multivariate analysis. The area under the receiver operating 
characteristic (ROC) curve and the C-index were used to evaluate the accuracy of the model in predicting survival, and the 
larger the C-index, the higher the accuracy of the model. Each patient was assigned a total risk score (NomoScore: nomogram 
risk score) for risk stratification of RFS according to the nomogram prediction model. Patients were classified into different 
risk groups, namely, low or high risk groups to identify statistically significant differences in disease-free survival between the 
groups. Decision curve analysis (DCA) was conducted to determine the clinical benefit of the nomogram by quantifying the 
net benefit along with the increase in threshold probabilities. P < 0.05 was considered statistically significant.

Univariate and multivariate Cox regression analyses were performed using SPSS 25.0 software (IBM Corporation, 
Armonk, NY, USA). The nomogram, ROC curves, and survival figures, as well as DCA, were prepared or performed 
using R version 3.6.2 (http://www.r-project.org/) with “rms”, “glamet”, “ggDCA”, “rmda” “survival”, “survminer”, and 
“ggpubr” packages. The KM curves were plotted using Prism 8.0 software (GraphPad, San Diego, CA, USA). P < 0.05 
was considered statistically significant.

Results
Patient ‘S Clinical Information
A total of 722 patients underwent curative resection during the study period, and 331 patients who met the inclusion criteria 
were included in this study. In addition, 137 patients were excluded because of preoperative anticancer therapy (n = 42), 
history of other malignancies (n = 35), incomplete clinical or follow-up data (n = 55), and perioperative death (n = 5). 
A flowchart of the patient selection process is shown in Figure 1.

A total of 194 patients diagnosed with AFP-negative HCC were finally included, with a median overall survival 
(mOS) time of 75.2 months and a median follow-up time of 137 months (range, 1–275 months). After comparing the 
clinical data of AFP-negative patients without recurrence (n = 92) and AFP-negative patients with recurrence (n = 102), 
correlation analysis showed that there were significant differences in tumor size (p = 0.022), MVI (p = 0.000), and 
Barcelona Clinic of Liver Cancer (BCLC) stage (p = 0.000) between the groups. All baseline characteristics of the 
patients are shown in Table 1.

PALBI Score Was an Independent Predictive Factors
In univariate analysis, PALBI score, tumor size, MVI, tumor-node-metastasis (TNM) stage, BCLC stage, and operation 
time were risk factors for postoperative tumor recurrence (P < 0.05). In multivariate analysis, PALBI score, MVI, and tumor 
size were independent risk factors for postoperative tumor recurrence (P < 0.05, Table 2). Kaplan–Meier curves suggested 
that three independent predictive factors could stratify the entire cohort of patients for RFS (P < 0.01 for all, Figure 2).

The Nomogram Showed Good Predictive Value
The nomogram prediction model was developed based on the independent risk factors from multivariate analysis 
(Figure 3A). The nomogram achieved a good concordance index of 0.704 (95% CI: 0.624–0.784) with 1000 bootstrap 
samples to measure the discrimination in predicting 1-, 3-, and 5-year RFS rates. The area under the ROC curve was 
0.661 (Figure 3B). The calibration curves for 1-, 3- and 5-year RFS rates were largely overlapped with the standard lines 
(Figure 3C–E). The final nomogram could accurately distinguish the RFS of AFP-negative HCC patients and had better 
consistency between the predicted probability and the observed probability of RFS.
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The Nomogram Has Satisfactory Clinical Utility
According to the total risk score calculated from the nomogram prediction model, AFP-negative HCC patients were 
divided into the high-risk group or the low-risk group. Survival curves were calculated using the Kaplan–Meier method 
to compare RFS rates between the two groups, and the results showed a significant discriminatory power for risk of 

Figure 1 Flow chart of the study design.

Table 1 Baseline and Clinicopathological Characteristics of Alpha-Fetoprotein-Negative 
Hepatocellular Carcinoma Patients

Variables Recurrence-Free Group 
(N=92)

Recurrence 
Group (N=102)

X2 P

Gender 0.000 0.985

Male 82 (89.1%) 91 (89.2%)

Female 10 (12.2%) 11 (10.8%)

Age, years 0.204 0.651

≥50 65 (70.7%) 69 (67.6%)

<50 27 (29.3%) 33 (32.4%)

PT, seconds 0.000 0.996

>13 9 (9.8%) 10 (9.8%)

≤13 83 (90.2%) 92 (90.2%)

(Continued)
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Table 1 (Continued). 

Variables Recurrence-Free Group 
(N=92)

Recurrence 
Group (N=102)

X2 P

WBC, ×109/L 0.004 0.951

>10 7 (7.6%) 8 (7.8%)

≤10 85 (92.4%) 94 (92.2%)

HB,g/L 1.829 0.176

≥120 87 (94.6%) 91 (89.2%)

<120 5 (5.4%) 11 (10.8%)

PLT, ×109/L 0.830 0.362

≥100 87 (94.6%) 93 (91.2%)

<100 5 (5.4%) 9 (8.8%)

Na, mmol/L 0.250 0.617

≥135 87 (94.6%) 98 (96.1%)

<135 5 (5.4%) 4 (3.9%)

ALT, U/L 0.340 0.560

>50 25 (27.2%) 24 (23.5%)

≤50 67 (72.8%) 78 (76.5%)

AST, U/L 0.891 0.345

>40 31 (33.7%) 28 (27.5%)

≤40 61 (66.3%) 74 (72.5%)

Tbil,U/L 0.006 0.937

>17.1 23 (25%) 26 (25.5%)

≤17.1 69 (75%) 76 (74.4%)

ALB,g/L 3.684 0.055

≥30 92 (100%) 98 (96.1%)

<30 0 (0%) 4 (3.9%)

PALBI Score 0.970 0.325

≥-5.95 36 (39.1%) 33 (32.4%)

<-5.95 56 (60.9%) 69 (67.6%)

HBsAg

Positive 75 (81.5%) 83 (81.4%) 0.001 0.979

Negative 17 (18.5%) 19 (18.6%)

HBV-DNA 0.006 0.941

>500 51 (55.4%) 56 (54.9%)

(Continued)
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Table 1 (Continued). 

Variables Recurrence-Free Group 
(N=92)

Recurrence 
Group (N=102)

X2 P

≤500 41 (44.6%) 46 (45.1%)

Cirrhosis 0.520 0.471

Positive 35 (38.0%) 44 (43.1%)

Negative 57 (62.0%) 58 (56.9%)

Number of tumors 0.197 0.657

Solitary 83 (90.2%) 90 (88.2%)

Multiple 9 (9.8%) 12 (11.8%)

Tumor size, cm 5.269 0.022

≥5 31 (33.7%) 51 (50.0%)

<5 61 (66.3%) 51 (50.0%)

Tumor capsule 0.004 0.953

Positive 42 (45.7%) 47 (46.1%)

Negative 50 (54.3%) 55 (53.9%)

MVI 18.401 0.000

Positive 8 (8.7%) 35 (34.3%)

Negative 84 (91.3%) 67 (65.7%)

AJCC T stage 1.258 0.262

I 48 (52.2%) 45 (44.1%)

II, III 44 (47.8%) 57 (55.9%)

BCLC stage 38.066 0.000

0, A 79 (85.9%) 44 (43.1%)

B, C 13 (14.1%) 58 (56.9%)

Pathological 
differentiation

0.449 0.503

Poorly 5 (5.4%) 8 (7.8%)

Moderately and well 87 (94.6%) 94 (92.2%)

Procedure time, h 0.590 0.442

≥3 20 (21.7%) 27 (26.5%)

<3 72 (78.3%) 75 (73.5%)

AFP, ng/mL 3.85±1.80 3.70±1.64 - 0.540

Abbreviations: PT, prothrombin time; WBC, white blood cell; HB, hemoglobin; PLT, platelet count, Na, sodium 
ion; ALT, alanine aminotransferase; AST, aspartate transaminase; Tbil, total bilirubin; ALP, alkaline phosphatase; 
PALBI, platelet–albumin–bilirubin; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; MVI, microvascular 
invasion; AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic of Liver Cancer; AFP, alpha- 
fetoprotein.
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relapse in patients based on the nomogram risk score (P < 0.05, Figure 4A). In predicting 1-, 3-, and 5-year tumor 
recurrence in AFP-negative HCC, DCA showed that the nomogram prediction model increased the net benefit and 
showed a wider range of threshold probabilities than PALBI score, MVI, and tumor size by risk stratification 
(Figure 4B–D).

Table 2 Univariate and Multivariate Cox Analyses for Recurrence-Free Survival of Alpha- 
Fetoprotein-Negative Hepatocellular Carcinoma Patients

Variables Univariate Analysis Multivariate Analysis

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

PALBI Score 0.000 2.519 (1.650–3.844) 0.000 2.262 (1.471–3.477)

Tumor size 0.007 1.706 (1.154–2.523) 0.039 1.982 (1.035–3.795)

MVI 0.000 4.025 (2.627–6.168) 0.000 4.560 (2.276–9.136)

BCLC stage 0.000 2.418 (1.566–3.735)

AJCC T stage 0.047 1.492 (1.006–2.212)

Procedure time 0.018 1.242 (1.037–1.488)

Abbreviations: PALBI, platelet–albumin–bilirubin; MVI, microvascular invasion; AJCC, American Joint Committee 
on Cancer; BCLC, Barcelona Clinic on Liver Cancer.

Figure 2 Relationship of independent risk factors with recurrence-free survival (RFS) in alpha-fetoprotein-negative hepatocellular carcinoma patients. (A) RFS of patients 
with platelet–albumin-bilirubin (PALBI) scores <-5.95 was longer than that of patients with PALBI scores ≥-5.95. (B) RFS of patients with microvascular invasion (MVI) was 
longer than that of patients without MVI. (C) RFS of patients with tumor size <5 cm was longer than that of patients with tumor size ≥5 cm.
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Discussion
Hepatocellular carcinoma is a malignant tumor characterized by insidious onset, invasiveness, recurrence/metastasis, and 
poor prognosis, which seriously threatens human health and life. With advancements in medical care, HCC can be treated 
by surgery, transcatheter arterial chemoembolization, radiofrequency ablation, radiotherapy, chemotherapy, immunother-
apy, and targeted therapy. However, radical surgical resection and liver transplantation are the preferred methods of 
treatment because they offer the best chances of survival, although liver transplantation is not always possible due to the 
lack of liver donors, the cost of the procedure, and the trauma caused to patients.25 Recurrence after HCC resection 
affects the long-term survival of patients after surgery, and the recurrence rate 5 years after surgery is high at 70%.2 

Therefore, improving the efficacy of radical resection will require predicting the population at high risk of postoperative 
tumor recurrence, taking effective preventive measures, and selecting better treatment plans after recurrence.

Alpha-fetoprotein is mainly secreted by the liver, as well as the gastrointestinal tract and the yolk sac, and it is a serological 
marker of liver cancer, with higher preoperative AFP levels associated with a poor prognosis in HCC patients.26 However, the 
regulation of AFP expression stops before post-transcriptional translation, and 30–40% of HCC patients have serum AFP 
levels ≤20 ng/mL.27,28 The acronym refers to bilirubin, albumin, AFP-L3, AFP and DCP (BALAD) score and the Japan 
Integrated Staging (JIS) Score are two prognostic models for HCC that apply AFP levels, and the two models can predict the 
survival rate of HCC patients after resection,29,30 but the value of these two scores for AFP-negative HCC patients is not clear. 
Several studies have demonstrated that AFP-negative HCC patients have a better prognosis than AFP-positive HCC 
patients,8,31 so it is important to develop tools that can predict the prognosis of AFP-negative HCC patients.

Figure 3 Development of nomogram prediction model for recurrence-free survival (RFS). (A) Nomogram prediction model. (B) Receiver operating characteristic curve for 
the nomogram prediction model. (C–E) Calibration curves of the nomogram for predicting 1-, 3-, and 5-year RFS rates.
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Currently, there is no agreement on which tool is best for the postoperative prognostic evaluation of HCC. Commonly 
used staging systems include those proposed by the BCLC and the American Joint Committee on Cancer, which risk 
stratify HCC patients.32,33 However, these two staging systems only include tumor factors such as tumor number, size, 
and MVI, and they cannot provide individualized assessments of HCC patients. The postoperative recurrence of HCC is 
influenced by various factors, including the general condition of patients, the presence of systemic inflammation and 
surgery-related factors, and the invasive characteristics of tumors, among which inflammatory factors can promote 
angiogenesis, DNA damage, invasion, and metastasis through the production of cytokines, which play an important role 
in tumor occurrence, progression, and metastasis.34 Inflammatory indicators, such as the numbers of neutrophils, 
monocytes, platelets, and lymphocytes, as well as the levels of serum albumin and total bilirubin, are commonly used 
in clinical settings, and they have been valuable in assessing the inflammatory response and the prognosis of cancer 
patients.35,36 Furthermore, several studies have demonstrated that prediction models based on the scores of the above-
mentioned serological markers have high prognostic accuracy in the postoperative prognosis of AFP-negative HCC 
patients.31,37

Figure 4 Prognostic assessment and risk stratification of the nomogram prediction model. (A) Risk stratification for recurrence-free survival (RFS). (B–D) Decision curve 
analyses of 1-, 3-, and 5-year RFS rates show an increase in net benefit.
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Platelets play an important role in inflammation and tumor biology. Platelets are activated when tumor cells invade 
the circulatory system, and activated platelets can trigger the epithelial–mesenchymal program in cells, protect tumor 
cells from blood flow shear injury, help tumor cells evade killing by cells of the immune system, and promote tumor 
recurrence and metastasis.38–40 Serum albumin can reflect the function of the liver and the presence of systemic 
inflammation. A previous study has shown that serum albumin can regulate the kinetics of tumor progression by 
regulating the levels of AFP level and kinases, and low albumin levels are closely related to high invasiveness and 
tumor recurrence.41 Serum bilirubin, on the other hand, is inversely correlated with the risk of inflammatory diseases and 
autoimmune diseases, and it exerts anti-inflammatory effects by reducing oxidative stress, decreasing inflammatory factor 
expression, and inhibiting macrophage and neutrophil counts, thereby reducing tumor cell proliferation and invasion.42,43

The PALBI score is calculated based on three inflammatory markers, namely, the serum albumin level, the total 
bilirubin level, and the platelet count, and it shows advantages in some aspects of liver function, but not in others, which 
may reflect the relationship between inflammation and tumor development and predict the outcome after hepatectomy in 
AFP-negative HCC patients. Lee et al showed that the predictive value of the PALBI score for overall survival in HCC 
patients was better than the Child–Turcotte–Pugh score and the model for end-stage liver disease (MELD) score.44 

Therefore, we developed and validated a nomogram based on the PALBI score to predict the prognosis of AFP-negative 
HCC patients undergoing curative resection. The area under the ROC curve of the nomogram was 0.661 and the C-index 
was 0.704, which is similar to HCC prognostic nomograms constructed at other sites,45 indicating that the model had 
good efficacy and high accuracy in prediction. The calibration curve also showed good correlation between the predicted 
results and the actual results. The model divided patients into two different risk groups, namely, low risk and high risk, 
and there was a statistically significant difference in RFS between the two groups. Furthermore, DCA revealed that the 
model could increase the net benefit in predicting recurrence in AFP-negative HCC patients and showed a wider 
threshold probability range than PALBI score, MVI, and tumor diameter by risk stratification. Li et al showed that 
radical resection had a higher long-term survival rate than TACE for BCLC stage B and C hepatocellular carcinoma 
patients with normal liver function, large solitary tumors, multinodular tumors, macrovascular invasion, or portal 
hypertension.46 Therefore, our center fully combines the patient ‘s own will and efficacy evaluation, and selects the 
optimal individualized treatment plan for the patient. In this study, the data set was not randomly divided into training 
and validation groups. On the contrary, our nomogram was based on a representative sample size and internally validated 
based on the model, avoiding data waste and inefficiency.47 Therefore, this prediction model has important clinical value 
in guiding postoperative monitoring, follow-up, and postoperative adjuvant therapy.

In this study, MVI and tumor size were independent risk factors for postoperative tumor recurrence in AFP-negative 
HCC patients. Multivascular invasion is defined as a cancer cell nest in the lumen of endothelial cell-lined blood vessels, 
and it can only be observed microscopically, which closely resembles the invasive behavior of HCC. Tumor cells in 
MVI-positive patients may spread and metastasize to the liver, eventually forming portal vein tumor thrombi, which 
associate with a higher postoperative recurrence rate and a lower survival rate.48–50 Tumor size is closely related to 
genetic changes in HCC, and the larger the tumor, the more invasive the behavior of tumor cells, and the higher the risk 
of postoperative recurrence and metastasis.51

This study has several limitations. First, this was a single-center study, and the sample size was insufficient, which 
may bias the study results. Second, retrospective studies have selection bias in data collection and postoperative follow- 
up. Third, there are many factors that affect the treatment effect of patients, which are not included in detail in this study, 
and we will further improve this work in future studies. Therefore, our results require external validation in different 
geographical regions. Although the sample size of this study is limited, our results are significant as they are intended to 
guide clinical practice.

Conclusion
In conclusion, we developed and validated a nomogram based on the PALBI score to predict RFS after curative resection 
in AFP-negative HCC patients. This predictive model can be used to monitor patients and to design follow-up programs 
for high-risk patients.
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