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Purpose: In this study, we aimed to develop a novel liver function and inflammatory 
markers-based nomogram to predict recurrence-free survival (RFS) for AFP-negative (<20 
ng/mL) HCC patients after curative resection.
Patients and Methods: A total of 166 pathologically confirmed AFP-negative HCC 
patients were included at the Ningbo Medical Center Lihuili Hospital. A LASSO regression 
analysis was used for data dimensionality reduction and element selection. Univariate and 
multivariate Cox regression analyses were performed to identify the independent risk factors 
relevant to RFS. Finally, clinical nomogram prediction model for RFS of HCC was estab-
lished. Nomogram performance was assessed via internal validation and calibration curve 
statistics. Receiver operating characteristic (ROC) and decision curve analysis (DCA) curve 
were used to validate the performance and clinical utility of the nomogram.
Results: Multivariate Cox regression analysis indicated that ALBI grade (hazard ratio, [HR] 
= 2.624, 95% confidence interval [CI]: 1.391–4.949, P = 0.003), INR (HR = 2.605, 95% CI: 
1.061–6.396, P = 0.037), MLR (HR = 1.769, 95% CI: 1.073–2.915, P = 0.025) and MVI (HR 
= 4.726, 95% CI: 2.365–9.444, P < 0.001) were independent prognostic factors of RFS. 
Nomogram with independent factors was established and achieved a better concordance 
index of 0.753 (95% CI: 0.672–0.834) for predicting RFS. The ROC found that the area 
under curve (AUC) was consistent with the C-index and the sensitivity was 85.4%. The risk 
score calculated by nomogram could divide AFP-negative HCC patients into high-, moder-
ate- and low-risk groups (P < 0.05). DCA analysis revealed that the nomogram could 
augment net benefits and exhibited a wider range of threshold probabilities by the risk 
stratification than the AJCC T and BCLC stage in the prediction of AFP-negative HCC 
recurrence.
Conclusion: The ALBI grade- and MLR-based nomogram prognostic model for RFS 
showed high predictive accuracy in AFP-negative HCC patients after surgical resection.
Keywords: HCC, MLR, ALBI grade, AFP-negative, recurrence-free survival, nomogram

Introduction
Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed cancer and 
the third leading cause of cancer-related death in the world according to 2020 
global cancer statistics.1 Potentially curative therapy recommended for HCC 
patients with early-stage tumors consists of surgical resection, liver transplantation 
or local ablation in clinical practice. For the vast majority of HCC patients, surgical 
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resection is the mainstay of curative treatment options. In 
addition, surgical resection provides better clinical out-
comes than local ablation particularly among patients 
with well-preserved hepatic function.2 However, recur-
rence and metastasis are the main drivers of poor prog-
nosis for operable HCC patients,3 which is the main cause 
of death in the long-term follow-up assessment.

Since the identification of serum alpha-fetoprotein 
(AFP) in the 1970s, it has been a well-established diag-
nostic and prognostic indicator of increased tumor viru-
lence and is associated with worse tumor phenotype and 
aggressiveness in HCC.4–6 However, a retrospective ana-
lysis found that approximately 31% of radiographically 
apparent HCC patients do not present with elevated 
serum AFP levels,7 which largely limits prognosis predic-
tion and disease diagnosis. Some studies even suggested 
that the postoperative detection of serum AFP was useless 
and should be abandoned because of the poor sensitivity in 
AFP-negative HCC patients.8,9 Elevated serum AFP may 
also be observed in benign conditions commonly encoun-
tered in clinical practice, such as liver inflammation and 
cirrhosis. In the present study, we wanted to explore 
whether liver inflammatory biomarkers and functional 
detection could be regarded as the prognostic prediction 
factors for AFP-negative HCC recurrence when the value 
of AFP for the diagnosis and detection of HCC recurrence 
remains controversial. Liver function is another indepen-
dent prognosticator to predict tumor recurrence used in 
operative models.10,11 Johnson PJ et al proposed that the 
ALBI grade was refinement of the Child–Pugh grade and 
has been widely validated and evidenced.12

In addition, chronic inflammation induces changes 
especially in the hepatic immune system, damages hepatic 
epithelial cells, and allows tumor cells to easily evade 
immune surveillance.13

A handful of inflammatory markers easily calculated 
by preoperative complete blood count and liver function 
tests, such as MLR, PLR, NLR, PNI, SIRI, and APRI et al, 
have been reported to be associated with HCC patient 
survival post curative surgical resection.14–16

Nomograms have been considered a reliable tool to 
integrate and quantify significant risk factors for disease 
prognosis.17,18 An accurate prognosis estimation can help 
surgeons choose appropriate therapeutic measures for spe-
cial patients based on a risk-benefit assessment. However, 
how to accurately predict and find a uniform scheme or 
standard is a common problem faced by clinicians. 
Therefore, we aimed to develop a nomogram model to 

predict the probability of recurrence-free survival (RFS) 
in AFP-negative HCC patients after surgical resection. The 
prognostic prediction accuracy will be evaluated by cali-
bration curves, and patients will be divided into different 
risk groups according to the risk score.

Patients and Methods
Patients
A total of 166 AFP-negative HCC patients who underwent 
hepatic resection at Ningbo Medical Center Lihuili 
Hospital from September 2015 to January 2021 were 
included. The inclusion criteria were as follows: (1) patho-
logically diagnosed HCC; (2) Child–Pugh A or 
B classification; (3) treated by intended cure resection, 
which was defined as negative margins with no residual 
tumor based on the histological examination; and (4) pre-
operative AFP negative (<20 ng/mL). The exclusion cri-
teria were as follows: (1) received preoperative anticancer 
medication; (2) history of other cancers; and (3) incom-
plete clinical or follow-up data. The study was approved 
by the ethics committee of Ningbo Medical Center Lihuili 
Hospital (Approval number: KY2021PJ218). All research 
procedures were in compliance with the relevant guide-
lines and regulations. Informed consent was obtained from 
all patients prior to inclusion. We confirmed that this study 
was conducted in accordance with the Declaration of 
Helsinki.

Laboratory Examination and Follow-Up
Laboratory examinations included hepatitis B and 
C immunology, alanine aminotransferase (ALT), alkaline 
phosphatase (ALP), γ-glutamyl transpeptidase (GGT), inter-
national normalized ratio (INR), aspartate aminotransferase 
(AST), prothrombin time (PT), albumin (ALB), total biliru-
bin (TB) and direct bilirubin (DB); complete blood count 
included white blood cell count, neutrophil count, lympho-
cyte count, monocyte count, and platelet count. The albumin- 
bilirubin (ALBI) score was computed by the formula, −0.085 
× (albumin g/l) + 0.66 × log (bilirubin μmol/l), HCC patients 
were stratified into 3 groups according to previously 
described cut-offs resulting in 3 grades: ALBI grade 1 
(≤ −2.60), grade 2 (>-2.60 to −1.39) and grade 3 
(> −1.39).12 The inflammatory markers were calculated by 
the following formula: GLR = γ-glutamyl transpeptidase/ 
lymphocyte, SII = platelet × neutrophil/lymphocyte, ANRI 
= aspartate aminotransferase (U/L)/neutrophil, SIRI = mono-
cyte × neutrophil/lymphocyte, MLR = monocyte/ 
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lymphocyte, PNI = serum albumin (g/L) + 5 × lymphocyte, 
APRI = aspartate aminotransferase (U/L)/platelet, NLR = 
neutrophil/lymphocyte, PLR = platelet/lymphocyte, ALRI 
= aspartate aminotransferase (U/L)/lymphocyte.

The cut-off value of the laboratory index was set 
according to the Health Industry Standard of the People’s 
Republic of China published by the National Health 
Commission of the People’s Republic of China. Patients 
were defined as hypertensive based on the “gold standard”, 
and had at least three consecutive measurements of systo-
lic blood pressure (SBP) >140 mm Hg and/or diastolic 
blood pressure (DBP) >90 mm Hg. Controls had SBP and 
DBP of <120 mm Hg and <80 mm Hg, respectively, and 
first-degree relatives had no family history of hyperten-
sion. Type 2 diabetes mellitus (T2DM) was diagnosed 
according to the World Health Organization criteria: (1) 
fasting glucose level >7 mmol/l; (2) 2-hour oral glucose 
tolerance test showing a glucose level of ≥11.1 mmol/l; (3) 
haemoglobin A1c ≥6.5%, or (4) clinical diagnosis of the 
disease. Anatomic or nonanatomic resection was per-
formed after the clinical evaluation, and all the obtained 
surgical specimens were histologically assessed by differ-
ent pathologists. Pathological examination results included 
pathological differentiation, microvascular invasion 
(MVI), tumor diameter, number of tumors, cirrhosis, 
tumor capsule, and portal vein tumor thrombosis (PVTT).

Baseline data were collected from our clinical data-
base. AFP-negative HCC patients were consistently fol-
lowed-up after curative resection at intervals of 3 months. 
Follow-up was aimed at determination of RFS. RFS was 
calculated from the date of curative resection to the date 
when tumor recurrence was diagnosed. The preoperative 
and tumor recurrence diagnoses were based on criteria set 
forth in the guidelines for the diagnosis and treatment of 
primary liver cancer in China.19

Statistical Analysis
Quantitative variables are reported as medians and inter-
quartile ranges (age and tumor diameter are reported as 
mean and standard deviation), while categorical variables 
are presented as absolute counts and percentages. Survival 
curves were calculated using the Kaplan–Meier method 
and the Log rank test. LASSO regression analysis was 
used for data dimensionality reduction and element selec-
tion. Independent prognostic factors of tumor recurrence 
was identified by univariate and multivariate Cox propor-
tional hazards regression. Subsequently, a nomogram was 
formulated to predict RFS based on the results of 

multivariate Cox regression analysis. Nomogram perfor-
mance was assessed via internal validation and calibration 
curve statistics (concordance index was calculated to mea-
sure discrimination with 1000 bootstrapping techniques). 
A receiver operating characteristic (ROC) curve was used 
to validate the nomogram model performance. Each 
patient had a total risk score (NomoScore: nomogram 
risk score) for risk stratification of RFS according to the 
nomogram model. Patients were divided into different risk 
groups (low-; moderate-; high-) with the cut-off points 
automatically calculated using X-tile software20 (version 
3.6.1; Yale University, New Haven, CT, USA). Decision 
curve analysis (DCA) was conducted to determine the 
clinical benefit of the nomogram by quantifying the net 
benefits along with the increase in threshold probabilities.

Univariate, multivariate Cox regression analyses and 
ROC curve were performed using SPSS 25.0 (IBM 
Corporation, 2020, USA). LASSO regression, nomogram, 
DCA, and survival figures were performed or plotted using 
R version 3.6.2 (http://www.r-project.org/), with package 
dependencies: “rms”, “glamet”, “ggDCA”, “rmda” “survi-
val”, “survminer”, and “ggpubr”. P < 0.05 was considered 
statistically significant.

Results
Prognostic Outcomes of HCC
A total of 166 AFP-negative HCC patients who met the 
inclusion criteria were enrolled from the 625 pathologi-
cally diagnosed patients. The median follow-up time was 
20 months (1–61 months). The 1-, 2-, and 3-year recur-
rence-free rates were 85.7%, 74.0%, and 69.0%, respec-
tively. All baseline characteristics are summarized in 
Tables 1 and 2.

Dimensionality Reduction and Element 
Selection
The LASSO coefficient profiles of the features were plotted. 
The optimum parameter (lambda) selection in the LASSO 
model performed tenfold cross-validation through minimum 
criteria. The partial likelihood deviance (binomial deviance) 
curve is presented versus log (lambda). Dotted vertical lines 
are shown at the optimum values by performing lambda.min 
and lambda.1se. Finally, ALP, ALBI, INR, PNI, NLR, MLR, 
MVI, number of tumors, tumor diameter, tumor capsule, and 
PVTT were selected according to the optimum value corre-
sponding to the minimum value of lambda (Figure 1).
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Development and Validation of 
Nomogram Prediction Model
We incorporated the ALP, ALBI, INR, PNI, NLR, MLR, 
MVI, number of tumors, tumor diameter, tumor capsule, 
and PVTT into the univariate and multivariate Cox regres-
sion equations. Multivariate Cox regression analysis indi-
cated that ALBI (hazard ratio, [HR] = 2.624, 95% 
confidence interval [CI]: 1.391–4.949, P = 0.003), INR 
(HR = 2.605, 95% CI: 1.061–6.396, P = 0.037), MLR 
(HR = 1.769, 95% CI: 1.073–2.915, P = 0.025) and MVI 
(HR = 4.726, 95% CI: 2.365–9.444, P < 0.001) were 
independent prognostic factors of RFS (Table 3). 
Incorporating ALBI, INR, MVI, and MLR, the nomogram 
(Figure 2A) achieved a better concordance index of 0.753 
(95% CI: 0.672–0.834) with 1000 bootstrap samples to 
measure discrimination in predicting 1-, 2-, and 3-year 
RFS rates. The ROC curve found that the area under 
curve (AUC) was consistent with the C-index (0.753; 
95% CI: 0.672–0.834) and the sensitivity was 85.4% 
(Figure 2B). The calibration curves for the 1-, 2- and 
3-year RFS rates were largely overlapped with the stan-
dard lines (Figure 2C–E). The resultant 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.

Table 1 Baseline and Clinicopathological Characteristics of AFP- 
Negative HCC Patients

Variables Recurrence-Free 
Group(N=125)

Recurrence 
Group(N=41)

Gender

Male 106 (84.8%) 37 (90.2%)
Female 19 (15.2%) 4 (9.8%)

Age, years 55.0±11.3 61.0±9.5

HBV infection
Positive 99 (79.2%) 36 (87.9%)

Negative 26 (20.8%) 5 (12.2%)

Anti-HBV

Yes 47 (37.6%) 8 (19.5%)

No 78 (62.4%) 33 (80.5%)

Hypertension

Positive 36 (28.8%) 15 (36.6%)
Negative 89 (71.2%) 26 (63.4%)

Diabetes
Positive 17 (13.6%) 6 (14.6%)

Negative 108 (86.4%) 35 (85.4%)

ALT, U/L

≤50 103 (82.4%) 32 (78.0%)

>50 22 (17.6%) 9 (22.0%)

ALP, U/L

≤125 107 (85.6%) 28 (768.3%)
>125 18 (14.4%) 13 (31.7%)

GGT, U/L
≤60 73 (58.4%) 22 (53.7%)

>60 52 (41.6%) 19 (46.3%)

PT, seconds

≤13 104 (83.2%) 34 (82.9%)

>13 21 (16.8%) 7 (17.1%)

DB, umol/l

≤8 105 (84.0%) 32 (78.0%)
>8 20 (16.0%) 9 (22.0%)

INR
≤1 36 (28.8%) 6 (14.6%)

>1 89 (71.2%) 35 (85.4%)

Pathological 

differentiation
Poor 29 (23.2%) 11 (26.8%)

Moderate 79 (63.2%) 28 (68.3%)

Well 17 (13.6%) 2 (4.9%)

MVI

Positive 40 (32.0%) 28 (68.3%)
Negative 85 (68.0%) 13 (31.7%)

(Continued)

Table 1 (Continued). 

Variables Recurrence-Free 
Group(N=125)

Recurrence 
Group(N=41)

Cirrhosis

Positive 58 (46.4%) 19 (46.3%)
Negative 67 (53.6%) 22 (53.7%)

Number of tumors
Solitary 108 (86.4%) 29 (70.7%)

Multiple 17 (13.6%) 12 (29.3%)

Tumor diameter, cm 4.31±2.27 5.88±3.32

Tumor capsule
Positive 16 (12.8%) 11 (26.8%)

Negative 109 (87.2%) 30 (73.2%)

PVTT

Positive 4 (3.2%) 6 (14.6%)

Negative 121 (96.8%) 35 (85.4%)

Abbreviations: HBV, hepatitis B Virus; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; GGT, γ-glutamyl transpeptidase; PT, prothrombin time; DB, direct 
bilirubin; INR, international normalized ratio; MVI, microvascular invasion; PVTT, 
portal vein tumor thrombosis.
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Prognostic Assessment and Risk 
Stratification
AFP-negative HCC patients were divided into different 
risk groups based on the total risk scores calculated by 
the nomogram models to judge the discriminatory abilities 
of the nomogram for RFS. The optimal cut-off points were 
autocalculated by X-tile software. The risk scores 
calculated can divide AFP-negative HCC patients into 
the high-risk group (>116), moderate risk group (54–116) 
and low-risk group (<54). Survival curves were calculated 
to compare the RFS rates in three different risk groups 
using the Kaplan–Meier method, and the results showed 
a significant discriminatory ability for recurrence risks in 

the patients based on the nomogram risk scores (P < 0.05, 
Figure 3A). DCA analysis revealed that the nomogram 
model could augment net benefits and exhibited a wider 
range of threshold probabilities by risk stratification than 
the American Joint Committee on Cancer (AJCC) T and 
Barcelona Clinic Liver Cancer (BCLC) stage in the pre-
diction of AFP-negative HCC recurrence (Figure 3B).

Discussion
The nomogram prediction model that enabled risk assess-
ment of recurrence after curative resection has been devel-
oped and validated in HCC patients with negative serum 
AFP. The constructed nomogram prediction model 
included ALBI, INR, MLR, and MVI which were 
screened through LASSO and multivariate Cox regression 
analysis. Individuals with higher total points had a greater 
probability of recurrence-free survival. For example, if 
ALBI was > −2.6, with INR > 1, MLR = 1, and positive 
MVI of HCC patient, the corresponding total point was 80, 
and the probability of 1-year, 2-year, and 3-year RFS was 
approximately 86%, 73%, 68%. The developed nomogram 
could accurately distinguish the probability of recurrence 
and shows a better consistency between the predicted 
probability and actual frequency of RFS, with a C-index 
of 0.753 (95% CI: 0.672–0.834). The nomogram provided 
intuitive and easy-to-understand clinical tools to guide 
a rational and personalized subsequent therapeutic choice 
for clinical surgeons.

ALBI grade was calculated using only serum albumin 
and total bilirubin as a simple and statistical evaluation 
method for hepatic function.12 In a multicentre cohort, 
Chan et al21 indicated that the overall prognostic perfor-
mance of ALBI grade-based and Child–Pugh-based 
BCLC was similar, because of the high concordance of 
a weighted κ value. Hiraoka A et al22 demonstrated that 
the assessment ability of hepatic reserve function shown 
by ALBI grade was adequate for use in the Japan Society 
of Hepatology (JSH) guidelines instead of the Child– 
Pugh classification (CP) and liver damage classification. 
Previous studies found that ALBI grade predicted overall 
survival (OS) more accurately than CP in patients with 
HCC who underwent curative hepatic resection.23,24 

Chan et al11 also found that the ERASL model using 
ALBI grade and MVI provided better discriminatory 
power for the risk stratification of early recurrence. 
Several studies even constructed nomogram models 
based on ALBI grade and other clinical data for predict-
ing the recurrence of HCC undergoing curative hepatic 

Table 2 ALBI Grade and Inflammatory Markers of AFP-Negative 
HCC Patients

Variables Recurrence-Free Group 
(N=125)

Recurrence Group 
(N=41)

ALBI grade

1 93 (74.4%) 21 (51.2%)
2 32 (25.6%) 20 (48.8%)

3 0 (0.0%) 0 (0.0%)

GLR 31.05 (4.44,416.67) 50.00 (8.64,531.43)

PNI 50.8 (26.5,73.3) 46.1 (31.4,58.3)
APRI 0.17 (0.04,2.16) 0.22 (0.06,1.01)

ALRI 16.67 (6.3,360) 27.00 (6.07,342.5)

ANRI 8.80 (1.75,63.53) 11.61 (1.51,51.25)
SII 296.18 (65.63,3227.54) 381.27(64.29,3502)

NLR 2.00 (0.47,16.5) 2.33 (0.95,25.75)

PLR 103.75 (42.5,256.15) 106.15 (30.91,340)
MLR 0.30 (0.12,1.7) 0.33 (0.17,5.17)

SIRI 0.83 (0.23,21.45) 1.01 (0.27,12.55)

Child–Pugh 

grade

A 122 (97.6%) 40 (97.6%)
B 3 (2.4%) 1 (2.4%)

AJCC 
T stage

I–II 106 (84.80%) 35 (85.4%)

III–IV 19 (12.0%) 6 (14.6%)

BCLC stage

A 92 (73.6%) 34 (82.9%)
B 18 (14.4%) 4 (9.8%)

C 15 (12.0%) 3 (7.3%)

Abbreviations: ALBI, albumin-bilirubin; GLR, γ-glutamyl transpeptidase to lym-
phocyte ratio; PNI, prognostic nutritional index; APRI, aspartate aminotransferase 
to platelet ratio; ALRI, aspartate aminotransferase to lymphocyte ratio; ANRI, 
aspartate aminotransferase to neutrophil ratio; SII, systemic Immune- 
Inflammation; NLR, neutrophil to lymphocyte; PLR, platelet to lymphocyte ratio; 
MLR, monocyte to lymphocyte ratio; SIRI, systemic inflammation response index; 
AJCC, American Joint Committee on Cancer; BCLC, Barcelona Clinic Liver Cancer.
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resection.24–26 In the present study, we first found that the 
ALBI grade was significant independent prognostic fac-
tor of AFP-negative HCC following curative resection. 
The developed ALBI-based nomogram could accurately 
predict the RFS of AFP-negative HCC patients and had 

better consistency between the predicted and observed 
probabilities of RFS.

As a prototypical inflammation-related cancer, 
approximately 90% of HCC burden associated with 
prolonged hepatitis due to viral hepatitis, excessive 

Figure 1 Nomogram model elements selection of RFS using the LASSO regression model. (A) The LASSO coefficient profiles of the clinical features. (B) Optimum 
parameter (lambda) selection in the LASSO model performed ten-fold cross-validation.
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alcohol intake, nonalcoholic fatty liver disease 
(NAFLD) or nonalcoholic steatohepatitis (NASH).27 

The immune microenvironment and inflammatory mar-
kers are all parts of the systemic inflammatory response 
and play an important role in cancer development, 
progression, invasion, and metastasis.28,29 The present 
study first confirmed that the MLR could be used to 
determine the recurrence of AFP-negative HCC 
patients after curative resection. As a systemic inflam-
matory marker in the peripheral blood, the MLR is low 
in cost of examination and simple to calculate by 
monocytes and lymphocytes and can be measured 
repeatedly. Activated circulating monocytes can secrete 
multiple proinflammatory cytokines that are involved 
in tumor development and progression.30 In contrast, 
a low lymphocyte count is associated with systemic 
inflammatory responses and is known to promote can-
cer progression through effects on cell-mediated 
immunity.31 A meta-analysis demonstrated that low 
MLR was significantly correlated with increased OS 
in patients with HCC, regardless of the sample size, 
type of publication, NOS score, and cut-off value of 
the MLR.32 Wu Y et al33 reported that the MLR com-
bined with clinical risk factors is helpful for clinicians 
to identify high-risk HCC patients with early recur-
rence and improve the prognosis of HCC patients. 
Although we found a correlation between the MLR 
and RFS in AFP-negative HCC patients, but not the 
other inflammatory markers, the mechanism is not very 
precise.

Microvascular invasion (MVI) was defined as the pre-
sence of tumor cells within a vascular lumen lined by 
endothelium that is visible only by microscopy34,35 and 
considered as a critical determinant of early recurrence and 
survival of HCC. Tumor cells can spread and metastasize 
in the liver to form a portal vein tumor thrombus or multi-
ple lesions or distant metastasis in the presence of MVI.36 

Residual intrahepatic metastases have been frequently con-
sidered as the main cause of early recurrences within 2 
years of tumor resection. Recent studies have indicated 
that high-risk MVI patients did significantly worse with 
regard to both recurrence and survival,6,37,38 and multiple 
features of MVI carry prognostic significance for HCC. In 
this study, our results indicated that MVI was also an 
important prognostic factor for AFP-negative HCC, 
which was consistent with a previous study.39 INR was 
proposed to standardize prothrombin time (PT) reporting 
by the World Health Organization in the early 1980s and 
was an excellent measure of liver synthetic function, as 
decreasing the production of factor VII occurs in the 
cirrhotic liver as disease severity worsens.40 The INR has 
also been recommended to evaluate the survival of patients 
with severe liver disease and has been included in the 
MELD score. Wang Y et al41 demonstrated that nomo-
grams based on INR and other clinical indices exhibited 
high efficacy in predicting OS and RFS in HCC patients 
after hepatectomy. Haruki K et al42 found that a high 
preoperative prothrombin time-international normalized 
ratio to albumin ratio was an independent and significant 
risk factor for poor disease-free and overall survival after 

Table 3 Univariate and Multivariate Cox Analyses for RFS of AFP-Negative HCC Patients

Variables Univariate Analysis Multivariate Analysis

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

ALP >125 0.039 2.004 (1.037–3.873)

ALBI grade 0.001 2.719 (1.470–5.027) 0.003 2.624 (1.391–4.949)
INR >1 0.032 2.614 (1.088–6.281) 0.037 2.605 (1.061–6.396)

PNI 0.004 0.943 (0.905–0.981)

NLR 0.012 1.090 (1.019–1.167)
MLR 0.004 1.828 (1.207–2.768) 0.025 1.769 (1.073–2.915)

MVI < 0.001 3.845 (1.982–7.457) <0.001 4.726 (2.365–9.444)

Number of tumors 0.026 2.146 (1.094–4.208)
Tumor diameter < 0.001 1.210 (1.097–1.334)

Tumor capsule 0.010 2.514 (1.248–5.064)

PVTT 0.002 4.045 (1.675–9.769)

Abbreviations: ALP, alkaline phosphatase; ALBI, albumin-bilirubin; INR, international normalized ratio; PNI, prognostic nutritional index; NLR, neutrophil to lymphocyte; 
MLR, monocyte to lymphocyte ratio; MVI, microvascular invasion; PVTT, portal vein tumor thrombosis.
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hepatic resection for HCC. In this study, the INR was also 
found to be an independent prognostic factor of AFP- 
negative HCC as an excellent measure of liver synthetic 
function.

A LASSO regression analysis model was used to 
construct data dimensionality reduction and element 
selection in our study. Overfitting, optimism, and mis-
calibration might be addressed and accounted for during 
model development by applying bootstrapping techni-
ques and LASSO regression.43 In addition, DCA analy-
sis revealed that the nomogram model could augment 
net benefits and exhibited a wider range of threshold 
probabilities by risk stratification in the prediction of 
AFP-negative HCC recurrence. Although the majority 
of nomogram studies commonly split the dataset into 

two subsets randomly, a development sample and 
a validation sample, this was not done in our study. 
However, we only developed the internal validation of 
the nomogram prediction model with a representative 
sample size to avoid statistical inefficiency or wasted 
data.44

There are limitations in this study. First, this research is 
a single center retrospective cohort study, and 
a prospective cohort is needed to further confirm the pre-
dictive value of our nomogram model in prognosis. 
Second, the nomogram model was only constructed 
based on a limited clinical database, and other prognosis- 
related factors and biomarkers need to be identified and 
incorporated to further promote the accuracy of the AFP- 
negative HCC nomogram model.

Figure 2 Developed prognosis nomogram model for RFS. (A) Nomogram model. (B) Receiver operating characteristic curve for the nomogram model. (C–E) Calibration 
curves plots of nomogram for predicting 1-year, 2-year, and 3-year probability of recurrence-free survival. 
Abbreviations: ALBI, albumin-bilirubin; INR, international normalized ratio; MLR, monocyte to lymphocyte ratio; MVI, microvascular invasion; RFS, recurrence-free 
survival. ROC, receiver operating characteristic; AUC, area under curve.
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Conclusion
In conclusion, the ALBI grade- and MLR-based nomo-
gram prognostic model for RFS exhibits great potential 
predictive accuracy in AFP-negative HCC patients after 
surgical resection.
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