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Background: Recurrence is a major risk factor affecting the postoperative survival of patients with
hepatocellular carcinoma (HCC), especially those with high preoperative serum y-glutamyl transpeptidase
(GGT) levels. This study had the aim of developing a personalized predictive tool to accurately determine
the risk of postoperative recurrence of hepatitis B-virus (HBV)-related HCC in patients with high
preoperative serum GGT levels.

Methods: Patients who underwent curative liver resection of HBV-related HCC and had high preoperative
GGT levels were consecutively enrolled between 2008 and 2011. Prognostic indicators for recurrence were
determined using Cox regression analysis. A nomogram was then developed and assessed by integrating the
independent risk factors into the model.

Results: A total of 603 eligible patients were included. The final nomogram for predicting HCC
recurrence in patients with high preoperative GGT levels consisted of five independent prognostic factors:
a-fetoprotein (AFP), HBV-DNA, satellite nodules, microvascular invasion, and tumor grade. The C-index of
the nomogram for predicting recurrence was 0.759, and validation showed high accuracy and discriminatory.
Conclusions: The predictive nomogram developed and validated in this study performs well in predicting
postoperative recurrence of HBV-related HCC in patients with high preoperative GGT levels. It can provide
personalized assessments to inform the development of surveillance strategies and allows patients with a high

risk of recurrence to be selected for further adjuvant treatment.
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Introduction HCC globally. The incidence of HCC is especially high in

As the fifth most common and third most lethal malignancy Asia, where HBV infection is epidemic (3).

worldwide, hepatocellular carcinoma (HCC) accounts for Hepatectomy is the first-choice treatment for early-stage
approximately 80% to 90% of primary liver cancers (1’2) HCC (1) Although surgical technologies and perioperative

Hepatitis B virus (HBV) infection is the primary cause of management have seen improvements in recent years,
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the overall survival (OS) of patients with HCC following
resection has shown only a slight increase due to the high
rate of recurrence (4). Postoperative recurrence, including
intrahepatic metastases (early recurrence <2 years) and
de novo tumors (late recurrence >2 years), complicates 70%
of surgical cases (1,4). HCC recurrence after resection
should therefore be regarded as a major risk factor that
affects patient survival (5).

To improve the long-term outcomes of patients
with HCC who undergo curative resection, a variety of
biochemical indexes, such as a-fetoprotein (AFP), des-y-
carboxyprothrombin (DCP), and y-glutamyl transpeptidase
(GGT), have been assessed as potential prognostic
predictors (6-10). In previous studies, many clinical
indicators that reflect the body’s inflammatory reactions and
nutritional status have also been found. These indicators,
which include the neutrophil-to-lymphocyte ratio (11,12),
platelet-to-lymphocyte ratio (11,13), lymphocyte-to-
monocyte ratio (11,14), and C-reactive protein-albumin-
lymphocyte index (15), also serve as valuable biomarkers for
predicting postoperative recurrence of HCC.

Among these indicators, GGT has attracted considerable
attention and interest due to its obvious advantage in
predicting the postoperative prognosis of HCC (8,10,16).
As a critical enzyme, GGT is present in the cell membrane
and is involved in glutathione metabolism via catalyzing the
hydrolysis of glutathione, delivering y-glutamyl residues
to multiple acceptor molecules, and producing cysteine
products to maintain intracellular homeostasis of oxidative
stress (17,18). Previous studies have discovered that GGT
is abnormally expressed in several human tumors (19), and
that it plays an important role in tumor formation, and cell
proliferation and apoptosis (20).

In the last few years, the attention of researchers has
increasingly been drawn to the close relationship of GGT
levels with the recurrence rate and poor prognosis of HCC
(16,21). The latest studies have revealed that increased
GGT levels were associated with a decreased survival rate
following liver resection (21-23). Furthermore, patients
with HBV-related HCC who have high preoperative serum
GGT levels tend to relapse early, resulting in unsatisfactory
long-term survival.

In order to overcome the major challenge of the high
postoperative recurrence rate of HBV-related HCC in
patients with high preoperative GGT levels, those who
are at high risk of recurrence after hepatectomy should be
identified as soon as possible, as this could help to determine
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subsequent management strategies. Several well-known
prognostic staging systems exist for HCC, including the
TNM staging system (24), the Cancer of the Liver Italian
Program (CLIP) score (25), and the Barcelona Clinical
Liver Cancer (BCLC) staging system (26), and can aid in
dividing HCC patients into different groups with diverse
outcomes. However, as these tools were not developed
specifically for prognostic prediction (27), their ability to
predict recurrence-free survival (RFS) is controversial, and
they are not suitable for predicting HCC recurrence in
specific populations with high risk of recurrence. Notably,
patients with high heterogeneity may be graded at the same
stage but receive different prognoses. Therefore, a novel
model that can predetermine the risk of HBV-related HCC
recurrence after radical resection is warranted, especially for
patients with high preoperative serum GGT levels.

"To address this need, the present study set out to develop
and validate an accurate model for predicting the risk of
postoperative recurrence in HBV-related HCC patients
who undergo curative resection and have high preoperative
serum GGT levels.

We present the following article in accordance with
the TRIPOD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-21-450/rc).

Methods
Patients and clinicopathologic data

A total of 1,856 patients with HCC who underwent curative
hepatectomy at the Eastern Hepatobiliary Surgery Hospital
(EHBH), the Second Military Medical University of China,
between 2008 and 2011 were included in this study.

The inclusion criteria for patients were as follows:
(I) the pathological diagnosis was HCC only (i.e., not
combined HCC or cholangiocarcinoma); (II) hepatitis
B surface antigen (HBsAg) positivity; (III) complete
clinicopathologic and follow-up data; and (IV) underwent
curative hepatectomy for the first time and had not received
any other treatments before the operation. The exclusion
criteria were as follows: (I) patients with recurrent HCC; (IT)
patients with extrahepatic metastasis or macroscopic major
portal or hepatic vein tumor thrombus; and (III) recurrence
occurred within 1 month after the hepatectomy.

A total of 1,234 patients with HCC with HBsAg
positivity were finally enrolled into this retrospective study.
According to their preoperative serum GGT levels, patients
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were grouped into the GGT-high (n=603) and GGT-low
(n=631) groups. The 603 patients in the GGT-high group
were randomly divided into a training cohort (n=393) and a
validation cohort (n=210).

Conventional clinicopathologic variables, including age,
sex, total bilirubin (T'Bil), albumin, alanine aminotransferase
(ALT), glutamate aspartate aminotransferase (AST),
Child-Pugh score, AFP, HBV-DNA load, TNM
stage, BCLC stage, CLIP score, anatomical or non-
anatomical hepatectomy, surgical margin, tumor number,
tumor diameter, tumor distribution, satellite nodules,
microvascular invasion, tumor grade, and liver cirrhosis, are
recorded in Table S1.

"This study was approved by the Clinical Research Ethics
Committee of Eastern Hepatobiliary Surgery Hospital (No.
EHBHKY2014-03-019). All procedures involving human
participants in this study were conducted in accordance
with the Declaration of Helsinki (as revised in 2013), and
informed consent was obtained from each study participant.

Follow-up procedure and study endpoints

The comprehensive medical histories of all patients were
recorded on admission and during follow-up, and the
baseline characteristics of all patients were documented
before the hepatectomy. After surgery, all patients were
periodically followed up at 3-month intervals for the first
2 years, at 6-month intervals during the subsequent 3 years,
and annually thereafter. For patients whose examination
findings suggested recurrence, computed tomography
(CT) and/or magnetic resonance imaging (MRI) were
performed to confirm whether intrahepatic recurrence and/
or distant metastasis was present. Recurrence was diagnosed
depending on representative imaging findings in the CT
and/or MRI scans. RFS was defined as the time interval
between the date of surgery and the date of initial diagnosis
of recurrence. If recurrence was confirmed, the RFS was
calculated as the time interval from the date of surgery to
the date recurrence was first suspected. For patients who
showed no evidence of recurrence, the last follow-up date
was obtained from the medical record.

Definitions

Serum GGT levels were measured using enzyme-

coupled assay kits (Shanghai Kehua Bio Engineering Co.,
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Ltd, Shanghai, China). Blood samples were taken 1 day
before the operation. The cutoff value of the GGT level
customarily used at the Eastern Hepatobiliary Surgery
Hospital is 60 U/L (21,28). Using a cutoff of 2,000 IU/mL,
HBV-DNA load was defined as high (>2,000 IU/mL) or
low (<2,000 IU/mL), and 400 ng/mL was considered as the
cutoff for high and low AFP levels (29,30).

Statistical analysis

SPSS software (Version 25, IBM Corp., Armonk, NY, USA)
was used for statistical analysis. Chi-square tests were used
for categorical data. P<0.05 was considered to indicate
statistical significance. Survival curves were depicted using
the Kaplan-Meier method, and the log-rank test was used
for data analysis. The patients in the GG'T-high group were
divided into training and validation cohorts using a random
number table. Multivariate Cox regression analyses were
used to assess the relationships of relevant variables with
patient survival. Independent risk factors that were shown
to be significantly associated with survival in the univariate
Cox models (P<0.05) were included in the multivariate Cox
regression model through backward selection.

Based on the results of the multivariate analysis, with the
endpoints of 2-, 3-, and S-year RFS, a nomogram model
was built using the 7ms package in R version 3.5.1 (http://
www.r-project.org/), which enabled survival probability
estimates to be obtained. The concordance index (C-index)
was used to evaluate the performance of the nomogram. To
compare the nomogram-predicted survival probability with
the actual survival probability estimated using the Kaplan-
Meier method, calibration curves were plotted at 2, 3, and
5 years (1,000 bootstrap resamples). The nomogram was
compared with the conventional HCC staging systems
(BCLC staging system, TNM staging system, and CLIP
score) using the rcorrp.cens package in Hmisc in R. The
validity of the four models (the nomogram and the three
conventional HCC staging systems) was assessed using the
C-index, with a larger C-index reflecting a more accurate
prognostic stratification performance. To ascertain the
clinical effectiveness of the nomogram, decision curve
analysis (DCA) was applied to evaluate the net benefit of
the nomogram, and BCLC-, TNM-, and CLIP-assisted
decisions across different ranges of threshold probabilities
compared with the net benefit of treat-all or treat-none
strategies.
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Patients who had curative resection of HCC
from 2008 to 2011 in EHBH, n=1,856

Excluded patients, n=622

. Negative for HBsAg, n=202

. Receive any preoperative treatment, n=35
. Recurrent HCC, n=5

Y

. Uncompilete clinical and follow-up data, n=80

. Combined diagnosis of HCC and ICC, n=2

. Extrahepatic metastasis and macroscopic tumor
invasion into major porta /hepatic veins, n=278

7. HCC recurred 1 month after hepatectomy, n=20
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Patients in GGT-low group, n=631

!

Patients in GGT-high group, n=603
The training cohort, n=393
The validation cohort, n=210

Figure 1 Selection process for the study population. HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; GGT,

y-glutamyl transpeptidase.

Results

Patients with high preoperative GGT have a poorer
postoperative prognosis

In total, 1,234 patients with HBV-related HCC with
HBsAg positivity who underwent curative hepatic resection
at EHBH were enrolled. Based on their preoperative serum
GGT levels, the patients were divided into the GGT-high
(n=603) and GGT-low (n=631) groups (Figure I). Baseline
characteristics of the patients are summarized in Table S1.
The median follow-up times in the GGT-high and
GGT-low groups were 25 (range, 2-83) months and 42
(range, 2-83) months, respectively. In the GGT-high group,
363 patients experienced recurrence, and the 1-, 2-, 3-, 4-,
and 5-year recurrence rates were 28%, 41%, 49%, 55%,
and 62%, respectively. In the GGT-low group, 289 patients
experienced recurrence, and the 1-, 2-, 3-, 4-, and 5-year
recurrence rates were 15%, 27%, 35%, 41%, and 49%,
respectively. In both the early and the late postoperative
periods, the GGT-high group had significantly higher
rates of recurrence than the GGT-low group (Figure 2A).
Patients with low GGT levels also had a higher OS rate
than those with high levels (Figure 2B). Moreover, in the
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univariate and multivariate Cox regression analyses, having
higher GGT levels was determined to be an independent
risk factor for postoperative recurrence in patients with
HBV-related HCC (Table S2).

Clinicopathologic characteristics of patients with high
preoperative GGT

To establish a predictive model that could evaluate the
risk of postoperative recurrence of HBV-related HCC in
patients with high preoperative serum GGT levels, the
GGT-high group was randomly divided into a training
cohort (n=393) and a validation cohort (n=210) (Figure I).
Detailed baseline characteristics of the two cohorts are
presented in Tible 1.

The tumor burden of the two cohorts was comparable.
In the training cohort, the majority of participants were
male (87.8%), and those over the age of 50 accounted for
54.2% of cases. Only 13.7% of patients had multiple tumor
nodules at the time of resection, and about half of patients
(50.1%) had a tumor of >5 c¢m in diameter, in addition, the
liver function of most patients was classified as Child-Pugh
A (98.0%) in the training cohort.
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Figure 2 Kaplan-Meier curves of patients with hepatitis B virus-related hepatocellular carcinoma with hepatitis B surface antigen positivity.

Compared to the GGT-low group, the GGT-high group showed poor prognosis in tumor recurrence (A) and OS (B). GGT, y-glutamyl

transpeptidase; OS, overall survival.

Identification of independent prognostic factors for RFS in
the training cobort

In the training cohort, the median follow-up time was
30 (range, 2-85) months, and the median RFS was 28
(range, 2-81) months. The postoperative 2-, 3-, and 5-year
recurrence rates were 46%, 55%, and 70%, respectively.
In the univariate analysis, AST (P=0.026), AFP (P<0.001),
HBV-DNA load (P=0.046), tumor number (P<0.001), tumor
size (P<0.001), satellite nodules (P<0.001), microvascular
invasion (P<0.001), and tumor grade (P<0.001) were
identified as significant predictors of RFS (7able 2). In the
multivariate analysis, only AFP [P<0.001, hazard ratio (HR)
=1.720, 95% confidence interval (CI): 1.270-2.330], HBV-
DNA load (P=0.017, HR =1.400, 95% CI: 1.060-1.840),
satellite nodules (P=0.018, HR =1.390, 95% CI: 1.060-
1.840), microvascular invasion (P<0.001, HR =2.140, 95%
CI: 1.600-2.850), and tumor grade (P<0.001, HR =4.210,
95% CI: 2.830-6.270) retained significance as prognostic
indicators of RES (Tible 2).

Construction of the prognostic nomogram for RFS

The five significant predictors identified through the
multivariate analysis in the training cohort were used to
establish a nomogram for predicting RFS (Figure 3). The
discrimination ability of this nomogram was measured using
the C-index and calibration curves. The C-index of the RFS
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nomogram was 0.759 (95% CI: 0.731-0.787) (Table 3). The
calibration plots demonstrated good consistency between
the nomogram-predicted probabilities and those actually
observed for 2- and 3-year RFS (Figure 44-4C).

Validation of the RFS nomogram

To validate the predictive ability of the constructed RFS
nomogram, the probabilities of outcomes were predicted for
the validation cohort. In the validation cohort, the median
follow-up time was 57 (range, 2-85) months, and the
median RFS was 55 (range, 2-83) months. The 2-, 3-, and
S-year RFS rates were 36%, 42%, and 54%, respectively.
The C-index in the validation cohort was 0.736 (95% CI:
0.691-0.781) (lable 3), and the calibration plots fitted well
between the actual and predicted probabilities for 2-, 3-,
and 5-year RFS (Figure 4D-4F).

Comparison of accuracy for predicting RFS between the
nomogram and conventional staging systems

As previous research has revealed the important roles
of liver function, performance status, and tumor burden
and stage in HCC prognosis, we next compared the
predictive performance of our model with those of three
conventionally applied HCC staging systems— T NM stage,
BCLC stage, and CLIP score—to ascertain the accuracy
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Table 1 Baseline characteristics of all patients in training and validation cohorts

303

Characteristics Training cohort, n=393 (%) Validation cohort n=210 (%) P value
Age, >50 years 213 (54.2) 110 (52.4) 0.670
Gender, Male 345 (87.8) 187 (89.0) 0.647
HBV-DNA, >2,000 IU/mL 242 (61.6) 126 (60.0) 0.705
TBil, >17.1 pmol/L 70 (17.8) 34 (16.2) 0.616
Albumin, <3.5 g/dL 135 (34.4) 80 (38.1) 0.360
ALT, >44 U/L 177 (45.1) 77 (36.7) 0.047
AST, >40 U/L 218 (55.5) 114 (54.3) 0.780
Child-Pugh, B 8 (2.0 7 (3.9 0.330
AFP, >400 ng/mL 248 (63.1) 144 (68.6) 0.449
Nonanatomical hepatectomy, yes 160 (40.7) 85 (40.5) 0.955
Surgical margin, <1 cm” 130 (33.1) 71 (33.8) 0.856
Tumor number, >1/ 54 (13.7) 22 (10.5) 0.250
Tumor diameter, >5 cm” 197 (50.1) 108 (51.4) 0.681
Bilateral tumor distribution” 84 (21.4) 45 (21.4) 0.988
Satellite nodules” 129 (32.8) 61 (29.0) 0.342
Microvascular invasion” 123 (31.3) 83 (39.5) 0.683
Edmondson-Steiner grade, llI-IV 271 (69.0) 152 (72.4) 0.162
Cirrhosis” 289 (73.5) 163 (77.6) 0.270
TNM stage: I-1I, IA-1IB 306 (77.9), 87 (22.1) 186 (88.6), 24 (11.4) 0.001
BCLC stage: 0, A-B 15 (3.8), 378 (96.2) 11 (5.2), 199 (94.8) 0.413
CLIP score: 0-1, 2-3 291 (74.0), 102 (26.0) 101 (48.1), 109 (51.9) 0.324

A, Post-operative parameter. TBIl, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, a-fetoprotein; TNM,
tumor-node-metastasis staging system; CLIP, Cancer of the Liver Italian Program score; BCLC, Barcelona Clinic Liver Cancer staging

system.

and validity of our model. The discriminatory ability of
each prognostic system was compared using Harrell’s
C-index (Table 3). Among the four models, our nomogram
had the highest discriminatory capacity for predicting RFS
in the training cohort, with the highest C-index (0.759,
95% CI: 0.731-0.787). Consistent with this, our nomogram
also had the highest C-index (0.736, 95% CI: 0.691-0.781)
for predicting RFS in the validation cohort.

Evaluating the clinical utility of our model through DCA

Because our nomogram exhibited superior predictive power
to the conventional staging systems in terms of C-index,
we next sought to ascertain the clinical effectiveness of our
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model by comparing it with the three competing models
(TNM stage, BCLC stage, and CLIP score) through DCA.
In both the training cohort and the validation cohort, the
proposed model showed greater net benefit and a wider
threshold probability range than the three conventional
models, and it gave a better performance in predicting 2-,
3-, and 5-year RFS in patients with HBV-related HCC with
high GGT (Figure 5A-5F).

Discussion

At present, surgical management is still the first-line
treatment for patients with HCC without local or distant
metastasis. However, the high postsurgical recurrence rate
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Table 2 Independent prognostic factors predicting RFS in training cohort
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Univariate Multivariate analysis

Characteristics

HR 95% ClI P value HR 95% ClI P value
Age, >50 years 1.000 0.780-1.290 0.995 NA NA NA
Gender, Male 0.820 0.540-1.250 0.353 NA NA NA
HBV-DNA, >2,000 IU/mL 1.310 1.000-1.700 0.046 1.400 1.060-1.840 0.017
TBil, >17.1 pmol/L 0.940 0.670-1.310 0.698 NA NA NA
Albumin, <3.5 g/dL 1.200 0.920-1.550 0.176 NA NA NA
ALT, >44 U/L 1.040 0.810-1.340 0.759 NA NA NA
AST, >40 U/L 1.340 1.040-1.720 0.026 0.990 0.750-1.290 0.916
Child-Pugh, B 1.040 0.390-2.780 0.945 NA NA NA
AFP, >400 ng/mL 2.320 1.750-3.080 <0.001 1.720 1.270-2.330 <0.001
Nonanatomical hepatectomy 1.002 0.885-1.125 0.251 NA NA NA
Surgical margin, <1 cm” 1.011 0.899-1.094 0.136 NA NA NA
Tumor number, >17 2.210 1.610-3.050 <0.001 1.160 0.830-1.630 0.386
Tumor diameter, >5 cm” 2.220 1.710-2.870 <0.001 1.100 0.830-1.450 0.517
Bilateral tumor distribution” 1.105 0.856-1.356 0.469 NA NA NA
Satellite nodules” 1.960 1.510-2.540 <0.001 1.390 1.060-1.840 0.018
Microvascular invasion 3.710 2.860-4.820 <0.001 2.140 1.600-2.850 <0.001
Edmondson-Steiner grade, llI-IV 5.530 3.820-8.030 <0.001 4.210 2.830-6.270 <0.001
Cirrhosis” 0.860 0.650-1.140 0.293 NA NA NA

A, Post-operative parameter. RFS, recurrence-free survival; TBil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; AFP, a-fetoprotein.

is the major risk factor threatening the long-term prognosis
of HCC. Previous research has revealed that tumor
characteristics (including tumor size, multiplicity, and
differentiation), liver function, and laboratory indicators
(such as AFP and DCP) are all prominent indicators
for postoperative recurrence of HCC (6,31,32). Having
high preoperative GGT levels was also found to be an
independent risk factor for postoperative recurrence after
curative resection for HCC (9). Although the conventional
staging systems are widely used at present, the clinical
and pathologic variables affecting prognosis vary and the
existing systems cannot sufficiently predict the prognosis
of patients at high risk of recurrence. For these high-risk
populations, constructing an individualized model that can
predict the risk of recurrence is urgently warranted.
Nomograms are visualizations of quantized risk variables
and are useful in aiding clinician and patient understanding
of the short- and long-term prognoses of specific high-
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risk HCC populations. A previous study created a novel
prognostic nomogram to predict RFS in patients with HBV-
related HCC undergoing hepatectomy (C-index =0.712)
and reported that the risk factors for predicting HCC
recurrence were alkaline phosphatase, albumin, protein
induced by vitamin K absence or antagonism-II, multiple
tumors, tumor hemorrhage, portal vein tumor thrombosis,
intrahepatic metastasis, and a tumor-free resection
margin (33). Liao et al. (34) reported that the C-index
value of their RFS nomogram was 0.736, with the
independent prognostic factors being AFP, tumor number,
tumor size, HBV load-related peritumoral inflammatory
score, and HBV load-related albumin-bilirubin score.
In our study, patients with homogeneous HBV-related
HCC and high preoperative serum GGT levels, all of
whom underwent curative resection, were enrolled for
analysis. First, we identified the independent risk factors
for postoperative recurrence in the training cohort, and
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Figure 3 Prognostic nomogram for predicting recurrence-free survival in patients with hepatitis B virus-related hepatocellular carcinoma

with high preoperative serum GGT levels. The nomogram contains 10 rows. The variables, including AFP, HBV-DNA, satellite nodules,

microvascular invasion, and tumor pathological grade, are presented on

rows 2 to 6, and each variable is given a score identified by the scale

on row 1. The total points of an individual patient are calculated by adding the score of all five variables and is located on the total point

axis (row 7). The estimated 2-, 3-, or 5-year probabilities of RFS of the individual patient will be acquired from the nomogram (row 8 to 10)

according to their total points. RFS, recurrence-free survival; HCC,

transpeptidase.

Table 3 Ranking of staging systems via the C-index

Training cohort Validation cohort

Model

C-index 95% Cl C-index 95% Cl
Nomogram  0.759 0.731-0.787 0.736  0.691-0.781
BCLC stage 0.584 0.550-0.617 0.570  0.524-0.617
TNM stage  0.594 0.558-0.631 0.583  0.533-0.633
CLIP score  0.575 0.538-0.610 0.611 0.562-0.659

TNM, tumor-node-metastasis staging system; CLIP, Cancer of
the Liver Italian Program score; BCLC, Barcelona Clinic Liver
Cancer staging system.

then built a nomogram to predict the probability of 2-, 3-,
and 5-year recurrence after curative resection in patients
with HBV-related HCC with high GGT levels. Because
our nomogram was specifically established for the high-
GGT population of patients with HBV-related HCC, the
independent prognostic factors in our study were somewhat
different from those identified in previous studies on HBV-
related HCC (33,34). At the same time, the previous studies
classified these factors into two categories—preoperative
serum indicators and postoperative pathological features—
which was similar to our current work.

© Journal of Gastrointestinal Oncology. All rights reserved.

hepatocellular carcinoma; AFP, o-fetoprotein; GGT, y-glutamyl

Our model was validated in the validation cohort and
showed high discrimination power, with C-indexes of
0.759 and 0.736 in the training and validation cohorts,
respectively. In subsequent research, the predictive accuracy
and clinical utility of our RFS nomogram was assessed
using a calibration curve and DCA. The results showed that
our model exhibited higher predictive accuracy and had a
greater net benefit than three conventionally used staging
systems: the TNM staging system, BCLC staging system,
and CLIP score.

Although the above staging systems are all commonly
used in HCC, they are controversial to some extent
(27,35-37). The TNM system, for instance, has limited
applicability in clinical practice, because it does not take
into account tumor differentiation (38,39). Furthermore,
previous studies that used the BCLC staging system and
CLIP score uncovered limitations in differentiating and
predicting the prognosis of patients with advanced-stage
HCC (40-42). Nomogram models have been demonstrated
to offer higher accuracy and greater personalization than the
conventional staging systems for predicting the prognosis
of some cancers (43,44). In this study, a nomogram which
integrates independent prognostic factors including
pathological features and serum biomarkers demonstrated
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Figure 4 Calibration curve for the nomogram. The 2- (A), 3- (B), and 5- (C) year RFS rates in the training cohort; the 2- (D), 3- (E), and 5-

(F) year RFS rates in the validation cohort. The x-axis represents nomogram-predicted survival; the y-axis represents actual survival. RFS,

recurrence-free survival.

better accuracy and discriminatory capacity than the other
three staging systems for predicting HCC prognosis in both
the training and validation cohorts, suggesting that it is a
feasible individualized prognostic model.

Among the five independent factors included in
our nomogram, serum AFP and HBV-DNA load are
preoperative clinical characteristics of patients, while
satellite nodules, microvascular invasion, and tumor
grade constitute postoperative pathologic features. AFP
has long been regarded as the most potent prognostic
predictor for patients with HCC, and thus, it is the most
widely used marker in HCC prognostic stratification
(32,45). HBV-DNA load is a critical risk factor for HCC
recurrence after hepatectomy. Furthermore, the persistent
inflammatory microenvironment of the liver caused by
chronic viral infection can result in the occurrence of de
novo tumors, which elevates the possibility of postoperative
recurrence (46). Hepatitis B spliced protein can enhance the
invasion and motility of HCC cells (47), and HBV infection
status is also closely related to the vascular dissemination and
microvascular invasion of HCC cells, which increases the
risk of recurrence and patient death after HCC surgery (48).

© Journal of Gastrointestinal Oncology. All rights reserved.

Previous studies have shown that antiviral treatment
reduces the postoperative recurrence of HCC in patients
who have high preoperative HBV-DNA levels (30,49). And
enlarging the surgical margin during surgery increases the
likelihood of removing microvascular invasion (50). The
occurrence of satellite lesions is closely correlated with
long-term survival following a diagnosis of HCC (31).
Tumor grade was also found to be a powerful indicator
of HCC recurrence. Therefore, serum AFP, HBV-DNA
load, satellite nodules, microvascular invasion, and tumor
grade should be treated with more attention in patients
with HBV-related HCC who have high preoperative serum
GGT levels. Our nomogram model, which integrates these
factors, can be applied to guide routine follow-up. Patients
whose nomogram score shows a high risk of recurrence
should be monitored closely and undergo more precise
examinations, such as MRI or CT scans, and personalized
therapy. Also, follow-up intervals should be shortened,
regardless of whether there are concerns about the most
recent postoperative examination results.

HCC recurrence complicates 70% of cases of
hepatic resection at 5 years and can occur in the form of
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Figure 5 Decision curve analysis of the nomogram. DCA graphically illustrating the clinical utility of the nomogram model. The x-axis

represents threshold probability and the y-axis represents net benefit. The gray lines indicate that all patients are assumed to have

postoperative recurrence, and the black lines indicate that no patient is assumed to have postoperative recurrence. With a broad range for

predicting postoperative recurrence, the nomogram has greater net benefit than the conventional staging systems and treat-all or treat-

none strategies for patients with HCC. DCA, decision curve analysis; RFS, recurrence-free survival; TNM, tumor-node-metastasis staging

system; CLIP, Cancer of the Liver Italian Program score; BCLC, Barcelona Clinic Liver Cancer staging system.

intrahepatic metastasis (early recurrence, <24 months) or
de novo tumors (late recurrence, >24 months) (4,51). The
treatment strategies for recurrent HCC mainly include local
therapy (repeated hepatectomy, ablative, and transcatheter
arterial chemoembolization) and systemic therapy (targeted
drugs, immune checkpoint inhibitors, and systemic
chemotherapy) (51). The clinician can choose the
appropriate treatment according to the indication.
However, the clinical curative effect of these strategies
for early and late recurrence of HCC is not ideal, and
monitoring and early treatment of HCC recurrence are still
key to prolonging survival. Our nomogram can predict the
individual probability of 2-, 3-, and 5-year HCC recurrence,

© Journal of Gastrointestinal Oncology. All rights reserved.

and clinicians can make follow-up protocols and treatment
strategies based on the early (2-year) and late (3-year and
S-year) RFS predicted by the nomogram.

This study has several limitations which need to be
considered. First, cross-validation and further exploration
of this nomogram should be performed in more
institutions. Second, due to the retrospective nature of the
study, our results need to be validated in future research
using prospective cohorts with more etiologic factors
being assessed. Finally, it remains uncertain whether this
nomogram can be applied to patients with non-HBV-
related HCC or those with HBV-related HCC who have

received other treatment preoperatively.
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Conclusions

In conclusion, we designed and validated a predictive model
for postoperative recurrence of HBV-related HCC which
specifically targets patients with high GGT levels. The
model can accurately discriminate populations with higher
risk of recurrence following surgery, and its application
would thus allow clinicians to offer more stringent
surveillance strategies and further adjuvant treatments.
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Supplementary

Table S1 Baseline characteristics of all patients in GGT-high and GGT-low groups

Characteristics GGT-high Group, n=603 (%) GGT-low Group, n=631 (%) P value
Age, >50 years 323 (53.6) 339 (53.7) <0.001
Gender, male 532 (88.2) 487 (77.2) 0.955
HBV-DNA, >2,000 IU/mL 368 (61.0) 59 (9.4) <0.001
TBil, >17.1 pmol/L 104 (17.2) 77 (12.2) 0.012
Albumin, <3.5 g/dL 215 (35.7) 148 (23.5) <0.001
ALT, >44 U/L 254 (42.1) 95 (15.1) <0.001
AST, >40 U/L 332 (55.1) 119 (18.9) <0.001
GGT, > 60 U/L 603 (100.0) 0(0) <0.001
Child-Pugh, B 588 (97.5) 452 (71.6) 0.113
AFP, >400 ng/mL 394 (65.3) 631 (100) <0.001
Nonanatomical hepatectomy 245 (40.6) 263 (41.2) <0.001
Surgical margin, <1 cm 201 (33.3) 231 (36.6) <0.001
Tumor number, >1/ 76 (12.6) 54 (8.6) 0.003
Tumor diameter, >5 cm/ 317 (52.6) 47 (7.4) <0.001
Bilateral tumor distribution” 129 (21.4) 140 (22.2) 0.001
Satellite nodules” 190 (31.6) 104 (16.5) 0.004
Microvascular invasion” 169 (28.0) 153 (24.2) 0.008
Edmondson-Steiner grade, llI-IVA 492 (81.6) 136 (21.6) <0.001
Cirrhosis” 452 (75.0) 445 (70.5) 0.080
TNM stage: I-II, IIA-11IB 111 (18.4), 492 (81.6) 352 (55.8), 279 (44.2) <0.001
BCLC stage: 0, A-B 26 (4.3), 577 (95.7) 449 (71.2), 182 (28.8) <0.001
CLIP score: 0-1, 2-3 454 (75.3), 149 (24.7) 495 (78.4), 136 (21.6) <0.001

A, Post-operative parameter. TBil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl
transpeptidase; AFP, a-fetoprotein.
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Table S2 Independent prognostic factors predicting RFS in HCC patients positive for HBsAg

Univariate Multivariate analysis

Characteristics

HR 95%Cl P value HR 95%Cl P value
Age, >50 vs. <50 years 1.130 0.967-1.319 0.123 NA NA NA
Gender, male vs. female 1.485 1.181-1.868 0.001 1.458 1.153-1.845 0.002
HBV-DNA, >2000 vs. <2000 IU/mL 1.380 1.179-1.615 <0.001 1.025 0.850-1.237 0.793
TBil, >17.1 vs. <17.1 pmol/L 1.084 0.875-1.342 1.084 NA NA NA
Albumin, <3.5 vs. =3.5g/dL 1.358 1.155-1.597 <0.001 1.231 1.043-1.453 0.014
ALT, >44 vs. <44 U/L 1.270 1.076-1.498 0.005 0.993 0.807-1.223 0.951
AST, >40 vs. <40 U/L 1.504 1.286-1.758 <0.001 1.159 0.945-1.423 0.157
GGT, > 90 vs. <90 U/L 1.634 1.399-1.908 <0.001 1.235 1.123-1.445 0.021
Child-Pugh, B vs. A 1.341 0.774-2.323 0.295 NA NA NA
AFP, >400 vs.<400 ng/mL 1.651 1.408-1.936 <0.001 1.132 0.903-1.419 0.281
Hepatectomy, nonanatomical vs. anatomical 1.103 0.942-1.231 0.321 NA NA NA
Surgical margin, <1 vs. =1 cm” 1.123 0.974-1.294 0.140 NA NA NA
Tumor number, >1 vs. 1/ 2.232 1.781-2.799 <0.001 1.931 1.530-2.439 <0.001
Tumor diameter, >5 vs.<5 cmA” 1.897 1.622-2.219 <0.001 1.582 1.335-1.875 <0.001
Tumor distribution, ipsilateral vs. bilateral® 1.004 0.912-1.123 0.178 NA NA NA
Satellite nodules, presence vs. absence” 1.857 1.579-2.184 <0.001 1.434 1.206-1.707 1.434
Microvascular invasion, presence vs. absence” 1.804 1.523-2.135 <0.001 1.447 1.210-1.732 <0.001
Edmondson-Steiner grade, Ill-IV vs. I-lIN 1.486 1.228-1.798 <0.001 1.194 0.980-1.454 0.079
Cirrhosis, yes vs. no? 1.088 0.913-1.298 0.346 NA NA NA

A, Post-operative parameter. TBil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, a-fetoprotein.
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