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Abstract
Background: There are limitations in judging the occurrence of lymph node metastasis (LNM) in
hepatocellular carcinoma (HCC) before surgery. The purpose of this study was to establish a preoperative
nomogram for predicting the risk of LNM in HCC and to explore its clinical utility.

Methods: A total of 195 HCC patients undergoing radical hepatectomy were retrospectively analyzed.
According to the presence or absence of LNM, the patients were divided into two groups, and the clinical
characteristics of the two groups were compared. Risk factors for LNM were assessed based on logistic
regression, and a nomogram was established. The receiver operating characteristic (ROC) curve was used
to calculate area under the curve (AUC) of the logistic regression model, and the predictive accuracy of
the nomogram was evaluated by the concordance index (C-index). The clinical e�cacy of the nomogram
was detected by decision curve analysis (DCA).

Results: Logistic analysis revealed hepatitis B surface antigen (HBsAg) (HR = 3.50, 95% CI, 1.30-9.42, P =
0.013), globulin (HR = 2.46, 95% CI, 1.05-5.75, P = 0.039), neutrophil to lymphocyte ratio (NLR) (HR = 7.64,
95% CI, 3.22-18.11, P < 0.001) and tumor size (HR = 3.86, 95% CI, 1.26-11.88 P = 0.018) were independent
risk factors for lymph node metastasis in HCC. The nomogram was established based on the above 4
variables, and the AUC was 0.835 (95% CI, 0.780-0.890). The calibration curve showed that the model has
good predictive ability, and DCA indicates good predictive effect.

Conclusions: The nomogram established by analyzing the preoperative clinical characteristics is a simple
tool that can predict the risk of lymph node metastasis in HCC patients and guide clinicians to make
better clinical decisions.

Introduction
Liver cancer is one of the most common malignant tumors in the world, and China has a high incidence
of liver cancer, accounting for approximately 50% of the world's total (1). As the most common type of
liver cancer, hepatocellular carcinoma (HCC) is ranked as the sixth most common neoplasm and the
second leading cause of cancer death due to its poor prognosis (2, 3). In 2018, approximately 841,000
people were diagnosed with liver cancer worldwide, and approximately 781,000 died of liver cancer (3). At
present, the main treatment for HCC is surgical removal of the tumor and other adjuvant treatments (such
as local radiofrequency ablation, hepatic artery chemoembolization, molecular targeted therapy and
radioembolization) (4). Although the treatment of liver cancer has improved, liver cancer still has a low
survival rate and high recurrence rate.

Tumor prognosis is affected by multiple factors, and metastasis is generally associated with tumor
progression and recurrence and is one of the main causes of death in tumor patients. LNM is an
important factor affecting the progression and recurrence of gastrointestinal malignancies (5), and it is
the second most common type of extrahepatic metastasis in liver cancer after hematogenous metastasis
(6). At present, the speci�c mechanism of the development of LNM in HCC is not clear, but cumulative
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studies have con�rmed that the prognosis of HCC patients with LNM is worse than that without LNM (7).
Ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) can clearly show
enlarged lymph nodes in the hilar region before operation, but it is di�cult to distinguish whether these
are caused by tumor metastasis (8-10) and results in certain limitations in the diagnosis of LNM.

As a graphical display tool based on a regression model, a nomogram shows the probability of target
clinical events and provides an individualized highly accurate risk estimation. The aim of this study was
to explore the risk factors for LNM in HCC and to analyze and eventually formulate a prediction model for
LNM risks.

Patients And Methods
Patients

 Data from this study were collected from 195 HCC patients who underwent hepatectomy in the A�liated
Hospital of Guilin Medical University from February 2009 to May 2016. They were divided into two
groups: a group of patients with the presence of LNM (n = 65) and a group of patients with the absence
of LNM (n = 130) with a patient ratio of 1:2. The inclusion criteria for this study were as follows: i)
patients were > 18 years old; ii) all patients with HCC were pathologically con�rmed; and iii) open surgery
with intraoperative perihepatic lymph node exploration was performed. The exclusion criteria were as
follows: i) received other alternative treatments before surgery, such as radiofrequency ablation and
injection of anhydrous alcohol; and ii) had secondary liver cancer or HCC combined with other tumors,
including gastric cancer and bladder cancer. The evaluated variables were patient demographics, blood
tests, tumor characteristics (diameter and number) and pathological examinations. This study was
approved by the research ethics committee of the A�liated Hospital of Guilin Medical University and
conformed to the ethical guidelines of the Declaration of Helsinki. Written informed consent was received
from all subjects.

The location and surgical methods of lymph node exploration

Perihepatic lymph nodes were routinely probed intraoperatively in all HCC patients, and the scope of
exploration included lymph nodes in the hepatoduodenal ligament, retropancreatic space, para-common
hepatic artery and celiac trunk (11). If the preoperative or intraoperative exploration results show that the
lymph nodes were positive or suspiciously positive, the corresponding lymph nodes were removed by
electrocoagulation and sent for pathological examination.

Statistical analysis

All statistical analyses were performed using SPSS (version 26, Chicago, IL, USA) and R (version 3.6.1, R
Foundation for Statistical Computing, Vienna, Austria). URL https://www.R-project.org/). Categorical data
are expressed as numbers and percentages. Continuous variables were expressed as means ± standard
deviations (SDs). The comparison of categorical variables was evaluated using Student’s t-test or the

https://www.r-project.org/).
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Mann-Whitney U test. Univariate and multivariate logistic regression analyses were used to analyze the
risk factors for LNM, calculate the hazard ratios (HRs) of inferred parameters and 95% con�dence
intervals (CIs), and establish a nomogram. The predictive accuracy of the models was measured using
the concordance index (C-index), by quantifying the level of agreement between the predicted
probabilities and the actual possibility of having the event of interest. In the multivariable logistic model,
calibration curves were used to evaluate the calibration capability of the model, and the receiver operating
characteristic (ROC) curve was used to calculate the area under the curve (AUC) of the logistic regression
model. The nomogram was constructed and the calibration curve was drawn using the "rms" package;
the "pROC" package was used for ROC curve analyses, and the "rmda" package was used for DCA curve
analyses. P value < 0.05 was considered statistically signi�cant.

Results
Patient characteristics

After screening with the inclusion and exclusion criteria, a total of 195 patients with HCC were enrolled,
and their data were analyzed. We divided the patients into two groups for comparisons: the presence of
LNM cohort and the absence of LNM cohort. Among them, 65 patients were diagnosed with extrahepatic
LNM, and 130 patients were diagnosed without LNM. The characteristic parameters are shown in Table 1.
There were statistically signi�cant differences in smoking, HBsAg, white blood cell (WBC) level, neutrophil
(NEUT) level, lymphocyte count (LYMPH), platelet level, albumin level, globulin level, aspartate
aminotransferase (AST) level, alkaline phosphatase (ALP) level, γ-glutamyl transpeptidase (γ-GT) level,
NLR level, tumor size and tumor number between the two cohorts (P < 0.05). The parameter variable,
except the lymphocyte count and albumin level, were higher in the presence of LNM group than in the
absence of LNM group; the lymphocyte count and albumin level were slightly lower in the presence of
LNM group than in the absence of LNM group.

Independent signi�cant factors for the presence of LNM in HCC

Univariate logistic regression analysis revealed that smoking, HBsAg, albumin level, globulin level, AST
level, ALP level, γ-GT level, NLR level, tumor size and tumor number were risk factors for LNM. Ten
variables related to LNM in the above univariate analysis were included in multivariate logistic regression
analysis. HBsAg (HR = 3.50, 95% CI, 1.30-9.42, P = 0.013), globulin level (HR = 2.46, 95% CI, 1.05-5.75, P =
0.039), NLR (HR = 7.64, 95% CI, 3.22-18.11, P < 0.001) and tumor size (HR = 3.86, 95% CI, 1.26-11.88, P =
0.018) were independently associated with LNM in HCC (Table 2).

Development and validation of a nomogram for preoperative prediction of LNM in HCC

Based on the results of multivariate logistic regression, we included 4 variables, namely, HBsAg, globulin
level, NLR level, and tumor size to establish a prediction model to predict the probability of LNM in HCC,
which is represented by a nomogram (Figure 1). The AUC value of the nomogram was 0.835 (95% CI,
0.780-0.890), which was equal to the C-index. When the optimal cutoff value was obtained, the sensitivity
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and speci�city were 0.923 and 0.638, respectively, with an optimal distinction between the two groups
(Figure 2). The difference between the predicted value and the corresponding bias correction value was
obtained by 1000 samples with bootstrapping; calibration curves (Figure 3) were drawn, which indicated
that there was good consistency between the prediction and the actual recurrence of LNM in HCC based
on the nomogram.

Clinical utility of the nomogram

Decision curve analysis (DCA) of the nomogram for predicting the presence of LNM is shown in Figure 4.
DCA revealed that when the threshold probability was between 0.04 and 0.68, the net bene�t of the
nomogram was higher than the bene�t of the two extreme curves, indicating that the model can
effectively predict the presence of LNM and provide patients with more reasonable clinical treatment
decisions.

Discussion
It is generally believed that HCC is a common malignant tumor, most of which progressively develops
from cirrhosis, atypical hyperplasia (precancerous lesions) and chronic in�ammation (12). LNM is a
major factor affecting the long-term survival of malignant tumors and plays an important role in the
progression and recurrence of HCC. Increasing evidence has shown that the prognosis of patients with
LNM is worse than that of patients without LNM (7). Even though studies have indicated that lymph node
dissection and radiotherapy have a positive effect on the prognosis of HCC with LNM, the expected OS is
only 8.0- 14.0 months and 7.0-13.0 months, respectively (13). Compared with lung cancer, esophageal
cancer, gastric cancer, bladder cancer and other malignant tumors, HCC has a lower probability of distant
metastasis (14). According to domestic and foreign research reports, the intraoperative detection rate of
liver cancer LNM is only 0.75%~7.5%, while the detection rate in autopsy is as high as 30.3% (6), which
shows that LNM is often ignored by clinicians in clinical work. However, the judgment of LNM in HCC
through imaging is not effective, and it is necessary to explore other more sensitive auxiliary indicators to
predict LNM risk in HCC patients.

Some previous studies have analyzed the risk factors for HCC complicated with LNM. Zhuang et al.
found that CK19 expression and AJCC/UICC T classi�cation were two independent risk factors for LNM
in HCC (15). Xiang et al. identi�ed 83 cancer genes that were differentially expressed in lymph node-
positive and lymph node-negative HCC and found that intratumoral hypoxia-inducible factor (HIF) -1α,
vascular endothelial growth factor (VEGF) and matrix metalloproteinase (MMP) -2 were independent risk
factors for LNM and can be used to identify high-risk patients with LNM in liver cancer (16). Abnormal
expression of lncRNAs has been found to be involved in a variety of biological processes of cancer,
including LNM (17-19). For example, Ma et al. suggested that a lncRNA-based nomogram can be used to
predict LNM risk (20). Although related studies have revealed some risk factors for LNM in HCC, these
indicators need additional testing, postoperative sample testing, and even clinical testing.
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It is well known that HBV infection is one of the main causes of liver cancer. In Eastern countries, a large
proportion of the HCC population has a liver background of HBsAg positivity (21). As one of the risk
factors for chronic in�ammation of the liver, HBV can activate the common pathway for the progression
of all liver malignancies (22), which is related to the poor prognosis of HCC (23). Moreover, in intrahepatic
cholangiocarcinoma, the incidence of LNM in patients with HBV infection is lower than that in patients
without HBV infection, which has been con�rmed in some studies (24). Recent studies have reported that
HBsAg positivity is also associated with the incidence and progression of other malignancies, such as
gastric, esophageal, and pancreatic cancers (25). The increase in serum globulin is associated with a
variety of chronic in�ammatory diseases, and the increase in in�ammatory cytokines in serum globulin
contributes to the increase in serum albumin and the inhibition of serum albumin biosynthesis (26).
Considering the biological role of in�ammation in tumors, some researchers have evaluated the
prognosis of tumors by globulin levels and have demonstrated a correlation between globulin and LNM in
malignant tumors (27). The lymphocyte-mediated immune response can eliminate abnormal cells and
inhibit the production of cytokines for the proliferation and metastasis of various tumors (28). The
increase in neutrophils in tumors can lead to an increase in angiogenic factors such as interleukin-8 (29)
and vascular endothelial growth factor (VEGF) (30, 31) and promote tumor progression. Studies have
con�rmed that the preoperative NLR has diagnostic value for LNM of bladder cancer (32). Moreover,
patients with a higher NLR are more likely to develop LNM in malignant tumors, such as gastric cancer
(33), colorectal cancer (34), esophageal cancer (35), and small cell lung cancer (36). Cumulative studies
have shown that among HCC patients, the larger the tumor diameter is, the higher the probability of LNM
(37), which may be related to the biological invasive ability of the tumor; this conclusion has also been
con�rmed in studies of malignant tumors such as intrahepatic cholangiocarcinoma (38) and gastric
cancer (39).

Nomograms are a common tool for evaluating tumors with high accuracy and applicability (40). In this
study, we established a nomogram to predict the risk of preoperative LNM in HCC by including 4 clinical
characteristic variables related to tumor LNM (HBsAg level, globulin level, NLR level, and tumor size). This
nomogram demonstrated good consistency between predictions and observations and has great
predictive value for LNM risk in HCC. Furthermore, DCA is a novel method for evaluating diagnostic tests,
predictive models and molecular markers (41). In our research, we evaluated a nomogram through DCA.
Fortunately, the model showed good clinical utility within an appropriate range. Although domestic and
foreign guidelines for HCC management have not disclosed feasible and effective treatments for LNM in
HCC, surgical dissection or radiotherapy of LNM was effective to improve patient survival and prognosis
(8, 10). In this study, we have provided a simple and accurate predictive tool for preoperative LNM risk
assessment of HCC patients, which not only preliminarily determines the clinical stage of the tumor
before the operation but also affects the clinical treatment plan and surgical decisions to provide better
consultation for patients.

Of course, there are some limitations in this study. First, due to the low probability of LNM occurring in
HCC, it is necessary for us to further increase the sample size to verify our study in future studies. Second,
this was a retrospective analysis, and inevitably, there were some biases in the selection of patients.
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Third, most of our research subjects were HBV-positive patients, and whether this research is applicable
to groups in other regions and countries is not yet known. In addition, our data came from a single center,
which requires some prospective studies to further con�rm the reliability of the model. We are also
currently working to collect data from multiple centers to build a database for external validation of this
model. In the future, we may combine this model with other clinical characteristics, such as imaging
information, to build a better LNM risk prediction model.
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Characteristics Lymph node metastasis P value

Absent (n = 130) Present (n = 65)

Age (years) 50.42±12.03 51.67±12.44 0.498

Sex Men (n) 110 (84.6%) 55 (84.6%) 1.000

Women (n) 20 (15.4%) 10 (15.4%)

Family history Present (n) 11 (8.5%) 10 (15.4%) 0.142

Absent (n) 119 (91.5%) 55 (82.6%)

Smoking Present (n) 52 (40%) 37 (56.9%) 0.025

Absent (n) 78 (60%) 28 (43.1%)

Alcohol abuse Present (n) 53 (40.8%) 34 (52.3%) 0.127

Absent (n) 77 (59.2%) 31 (47.7%)

Cirrhosis Present (n) 118 (90.8%) 60 (92.3%) 0.720

Absent (n) 12 (9.2%) 5 (7.7%)

HBsAg Positive (n) 114 (87.7%) 47 (72.3%) 0.008

Negative (n) 16 (12.3%) 18 (27.7%)

WBC (×109/L) 6.12±1.93 7.94±2.97 < 0.001

NEUT (×109/L) 3.61±1.57 5.53±2.70 < 0.001

LYMPH (×109/L) 1.77±0.59 1.54±0.53 0.010

Platelets (×109/L) 178.17±71.64 221.19±100.50 0.001

Albumin (g/L) 39.15±4.25 37.41±6.39 0.025

Globulin (g/L) 30.67±5.31 33.99±8.21 0.001

TBIL (μmol/L) 16.33±7.95 17.00±15.51 0.690

DBIL (μmol/L) 5.99±3.00 7.39±7.27 0.058

ALT (U/L) 45.38±42.64 47.73±43.36 0.719

AST (U/L) 49.20±39.15 67.27±45.88 0.005

ALP (U/L) 91.70±34.67 137.75±66.52 < 0.001

γ-GT (U/L): median (IQR) 73.8 (44.25-128.06) 158.48 (80.97-251.37) < 0.001

AFP (ng/ml): median (IQR) 356.0 (21.57-1210.0) 261.9 (5.79-1210.0) 0.786

NLR level 2.21±1.28 3.81±2.12 < 0.001
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Tumor size (range, cm) 7.09±4.34 10.87±4.31 < 0.001

Tumor number Multiple (n) 26 (20%) 26 (40%) 0.003

Single (n) 104 (80%) 39 (60%)

n, number of patients; HBsAg, hepatitis B surface antigen; WBC, white blood cell; NEUT, neutrophils;
LYMPH, lymphocyte count; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; γ-GT, γ-glutamyl transpeptidase; AFP, alpha-
fetoprotein; NLR, neutrophil to lymphocyte ratio.

 

Table 2. Independent signi��cant factors for LNM identi�ed by logistic regression analysis.
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Variable Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age, yeas (> 55 vs ≤ 55) 0.96 0.52-1.80 0.916      

Sex (men vs women) 1.00 0.44-2.28 1.000      

Family history (positive vs negative) 1.96 0.78-4.90 0.147      

Smoking (present vs absent) 1.98 1.08-3.62 0.026      

Alcohol abuse (present vs absent) 1.59 0.87-2.90 0.128      

Cirrhosis (positive vs negative) 1.22 0.41-3.62 0.720      

HBsAg (positive vs negative) 2.72 1.28-5.80 0.009 3.50 1.30-9.42 0.013

Albumin, g/L (≤ 35 vs > 35) 2.38 1.20-4.71 0.013      

Globulin, g/L (> 33 vs ≤ 33) 2.41 1.30-4.44 0.005 2.46 1.05-5.75 0.039

TBIL, μmol/L (> 21 vs ≤ 21) 1.05 0.51-2.17 0.901      

DBIL, μmol/L (> 6 vs ≤ 6) 1.22 0.62-2.40 0.560      

ALT, U/L (> 38 vs ≤ 38) 1.07 0.58-1.95 0.838      

AST, U/L (> 40 vs ≤ 40) 2.33 1.26-4.31 0.007      

ALP, U/L (> 90 vs ≤ 90) 3.45 1.81-6.57 < 0.001      

γ-GT, U/L (> 45 vs ≤ 45) 2.93 1.22-7.04 0.016      

AFP, ng/ml (> 20 vs ≤ 20) 0.74 0.38-1.42 0.361      

NLR (> 2.31 vs ≤ 2.31) 7.11 3.55-14.27 < 0.001 7.64 3.22-18.11 < 0.001

Tumor size, cm (>5 vs ≤ 5) 7.67 3.09-18.01 < 0.001 3.86 1.26-11.88 0.018

Tumor number (multiple vs single) 2.66 1.38-5.14 0.003      

HR, hazard ratio; CI, con�dence interval; HBsAg, hepatitis B surface antigen; TBIL, total bilirubin; DBIL,
direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; γ-GT, γ-glutamyl transpeptidase; AFP, alpha-fetoprotein; NLR, neutrophil to lymphocyte ratio.

 

Figures
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Figure 1

Nomogram for predicting the probability of LNM in HCC on a scale of 0 to 350. For each covariate, please
draw a vertical line upwards to determine the corresponding points. The total points projected on the
bottom scales are used to estimate LNM probabilities in individuals.
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Figure 2

Receiver operating characteristic (ROC) curves for predicting the probability of LNM in HCC patients.
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Figure 2

Receiver operating characteristic (ROC) curves for predicting the probability of LNM in HCC patients.
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Figure 3

Calibration curve for the nomogram. The x-axis represents the nomogram-predicted probability of LNM in
HCC. The y-axis represents the actual probability of LNM in HCC. The ideal line is the estimated
probabilities that correspond to the actual observations. The apparent line is the prediction capability of
the model obtained after data analysis. The bias-corrected line is the prediction capability of the model
obtained after bootstrap correction. Vertical lines at the top of the �gure represent the number of patients.
The closer the calibration curve is to the diagonal line, the higher the prediction accuracy of the model.
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Figure 4

The decision curve of the nomogram for predicting the presence of LNM in HCC. The y-axis represents the
net bene�t, and the x-axis shows the threshold probability. The horizontal solid black line represents the
hypothesis that none of the patients experience LNM, and the solid gray line represents the hypothesis
that all patients met the endpoint.
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