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Abstract

Background: Since it’s a challenging task to precisely predict the prognosis of patients with hepatocellular
carcinoma (HCC). We developed a nomogram based on a novel indicator GMWG [(Geometric Mean of gamma-
glutamyltranspeptidase (GGT) and white blood cell (WBC)] and explored its potential in the prognosis for HCC
patients.

Methods: The patients enrolled in this study were randomly assigned to training and validation cohorts. And we
performed the Least Absolute Shrinkage and Selection Operator proportional hazards model (LASSO Cox) model
with clinical characteristics, serum indexes, and novel GMWG. Multivariate analysis was performed to build a
nomogram. The performance of the nomogram was evaluated by C-index, the area under the receiver operating
characteristic curve (AUC), and the calibration curve. Kaplan-Meier curves showed discrimination of the nomogram.
Clinical utility was assessed by decision curve analysis (DCA). The discrimination ability of the nomogram was
determined by the net reclassification index (NRI).

Results: The geometric mean of GGT and white WBC count (GMWG), neutrophil to lymphocyte ratio (NLR), and
tumor size were significantly associated with the overall survival (OS). The variables above were used to develop the
nomogram. The indexes of nomogram were 0.70 and 071 in the training or validation cohort, respectively. AUC of
1-, 3- and 5-year OS showed satisfactory accuracy as well. The calibration curve showed agreement between the
ideal and predicted values. Kaplan-Meier curves based on the overall survival (OS) and disease-free survival (DFS)
showed significant differences between nomogram predictive low and high groups. DCA showed clinical utilities
while NRI showed discrimination ability in both training or validation cohort.

Conclusions: GMWG might be a potential prognostic indicator for patients with HCC. The nomogram containing
GMWG also showed satisfaction prediction capacity.
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Background
Hepatocellular carcinoma (HCC) is the sixth common
cancer and the fourth leading cause of cancer-related
death and has been a growing public health issue [1].
There are many risk factors that might lead to HCC,
such as alcohol, viral hepatitis, and hepatic cirrhosis [2].
Radical resection is considered as an effective strategy
which may curatively improve the prognosis of patients
with early-stage HCC [3–5]. However, due to the insidi-
ous onset of HCC, many patients had lost the chance to
get surgery or liver transplantation before they were di-
agnosed. There are strict requirements for patients in
liver transplantation and can hardly be widely used. Des-
pite the fact that transarterial chemoembolization
(TACE) and radiofrequency ablation bring other options
for HCC patients, the clinical outcome is still not
promising.
With the use of immune checkpoint inhibitors (ICIs)

in other tumors [6], people hoped to achieve similar
benefits in HCC to improve the prognosis of patients,
but the clinical response rate is only about 15–20% [7,
8]. In clinical practice, it’s a challenging task to precisely
predict the prognosis of patients with HCC. Although
there is some progress in the prediction of postoperative
outcomes, the prognosis of patients with HCC remains
poor. Therefore, there is an urgent need for convenient
and readable indicators or tools to predict the prognosis
of postoperative patients. Nomogram is a readable visual
tool, which is mainly used to diagnose or predict the
prognosis of patients by summarizing the results of sev-
eral daily clinical examination results. Nomogram is
widely developed in different types of cancers among pa-
tients with different conditions [9, 10], which is also ap-
plicable in HCC. Therefore, how to construct and screen
out more valuable indicators is the point of clinical re-
searchers’ work. However, for each variable in the con-
ventional nomogram, there will be an optimal cutoff
value determined, which might differ from the different
cohorts or many other factors. In order to ensure the re-
peatability of the nomogram, each parameter is analyzed
as a numerical variable in this study, and the distribution
level can be clearly observed.
Serological indicators play a crucial role in the diagno-

sis or prognosis prediction in patients with HCC [11].
Many indicators have been explored or developed to
predict the prognosis of patients with HCC. Moreover,
we have verified several indexes in our previous work
[12–14]. Since primary liver cancer is considered to be
an immunosuppressive tumor so that the indicators that
reflect immune response or liver function have always
been focused on by researchers [15]. Integrated indica-
tors such as neutrophil to lymphocyte ratio (NLR) and
systemic immune-inflammation index (SII) [16, 17], both
serve as biomarkers of baseline inflammatory response

and have been developed to predict the outcome of
HCC patients. However, few indicators could simultan-
eously evaluate the immune status and liver function.
The increase of white blood cell count might indicate an
inflammatory response to infection or tumor. At the
same time, GGT is a membrane-binding enzyme which
is considered a signal of normal liver cell damage.
Herein, we construct a novel indicator, the Geometric

Mean of gamma-glutamyltranspeptidase (GGT) and
white blood cell (WBC) (GMWG). Next, a nomogram
was developed base on GMWG to predict prognosis for
patients with HCC who underwent surgery and also
showed satisfaction prediction capacity comparing with
other models or stage systems. Our findings offer new
options for predicting the outcome of patients with
HCC.

Materials and methods
Patients
The patients were divided into training cohort and valid-
ation cohort by setting seed in R. Demographic charac-
teristics, clinicopathological data, laboratory examination
were collected, and the contents included personal his-
tory (gender, age, smoking and drinking history, etc.),
pathologic features (tumor size, count, vascular invasion
lymph node metastasis, hepatitis, cirrhosis and the de-
gree of cell differentiation, etc.) and the latest
hematological examinations before operation (hepatitis
B surface antigen (HBsAg), alpha fetoprotein (AFP), liver
function, blood routine, blood biochemistry, etc.).

Diagnostic criteria and exclusion criteria
All patients underwent auxiliary examinations such as
imaging examination and hematological examinations
before the operation, and postoperative pathologically
examine was diagnosed as HCC. Imaging examination
including at least one of ultrasonography (US), comput-
erized tomography (CT), magnetic resonance imaging
(MRI). Patients were categorized according to the
American Joint Committee on Cancer (AJCC) TNM sta-
ging system. Curative resection was defined as complete
removal of the tumor, no residual tumor or new lesion
observed in two observations at an interval of no less
than 4 weeks. All tumor specimens were histopathologic-
ally examined by two independent pathologists. The
main exclusion criteria of this study were as follows: 1)
received other anti-tumor therapies prior to the surgery;
2) history of other cancers; 3) died during the periopera-
tive period; 4) with hematological system diseases or se-
vere infection that might influence examinations results;
5) incomplete clinical data, and lost contact in the
follow-up period.
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Follow-up
We conducted regular postoperative follow-up for pa-
tients included via outpatient reexamination or tele-
phone. The methods were as follows: Blood routine,
liver and kidney function, and abdominal ultrasonog-
raphy were examined every 2 months within the first 2
years while every 3–6 months after 2 years. CT contrast-
enhanced scanning or MRI examination were performed
if the reexamination results were abnormal. Overall sur-
vival (OS) was determined as the interval between the
date of operation and the date of death or the last
follow-up date, while disease-free survival (DFS) was de-
termined from the date of radical surgery to the date of
the first recurrence at any site, death or the last follow-
up date.

Statistical analysis
Continuous variables which conforming to normal dis-
tribution were shown as mean ± standard deviation (SD)
and were compared by Student’s t-test. Chi-square tests
were used to compare categorical variables. Kaplan-
Meier method and Log-rank test were conducted to
analyze the different survival rates among different
groups. The Cox regression analysis was used for multi-
variate analyses, and the nomogram was built via rms
and regplot packages. The receiver operating character-
istic (ROC) curves based on the timeROC package were
used to define sensitivity, specificity. The Least Absolute
Shrinkage and Selection Operator proportional hazards
model (LASSO Cox) regression model analysis depended
on the glmnet package, while the nomogram and cali-
bration curve were established by the rms package. Deci-
sion curve analysis (DCA) was based on the rmda
package and net reclassification improvement (NRI) was
calculated by nricens package. SPSS18.0 (SPSS Inc., Chi-
cago, IL) and R version 4.0.3 (https://www.rproject.org/)
were used for statistical analysis, and P < 0.05 was con-
sidered statistically significant.

Definition of integrated indicators
GMWG was defined as the geometric mean of gamma-
glutamyltranspeptidase and white blood cell count,
GMWG ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GGT�WBC
p

; GLR was defined as the ratio
of gamma-glutamyltranspeptidase and lymphocytes
count, GLR =GGT/LYMPH; NLR was defined as the ra-
tio of neutrophils count and lymphocytes count, NLR =
NEUT/LYMPH; SII was defined as the systemic
immune-inflammation index and was used to compare
with the nomogram, SII = PLT ∗NEUT/LYMPH, where
PLT, NEUT and LYMPH were platelet, neutrophil and
lymphocyte counts, respectively. All the variables above
are analyzed as continuous variables.

Results
Clinicopathologic characteristics and survival of the
patients with HCC
From April 2008 to September 2015, a total of 516 HCC
patients who went curative resection in the Affiliated
Hospital of Guilin Medical University (Guilin, China)
were enrolled in this study according to exclusion cri-
teria with clinicopathological data and serum indexes at-
tached. The laboratory and clinical characteristics of the
patients are as follow (Table 1) (Table S1). Most HCC
patients were male (87.0 and 85.6%, respectively). Most
patients were positive for HBV surface antigen (82.8 and
80.8%) and had cirrhosis (90.8 and 92.5%). Most of the
variables showed no significant difference between the
training and the validation cohort. Microvascular inva-
sion (MVI) was present in 90 (24.3%) and 29 (19.7%) pa-
tients in the training validation cohorts, respectively
(Table 1). The mean follow-up times were 62.0 and 63.0
months. Median overall survival times in the two groups
were both 55.0 months while median disease-free sur-
vival times were 27.0 and 24.0 months. The 5-year sur-
vival rates were 44.9 and 47.1%, the recurrence rates
were 41.0 and 41.1%, respectively. All the information
above indicates that the patients in the training and val-
idation cohort have a balanced survival distribution and
baseline clinical characteristics.

LASSO cox and multivariate analysis of the clinical
indicators
A total of 370 patients with clinical variables in training
cohort were included in LASSO Cox model to avoid the
influence of confounding factors. Five variables left with
nonzero coefficients according to the minimum criteria
(Fig. 1 A-B). Next, we performed multivariate analysis
among the five variables above, and found GMWG
(HR = 1.02; 95% CI = 1.01–1.03; P < 0.001), NLR (HR =
1.11; 95% CI = 1.05–1.18; P < 0.001) and tumor size
(HR = 1.08; 95% CI = 1.05–1.11; P < 0.001) were signifi-
cant corelated with overall survival (Table 2).

Development and assessment of predictive nomogram
We developed a predictive nomogram containing NLR,
GMWG and tumor size, which demonstrated to be sta-
tistically significant in multivariate analysis (Fig. 2). AUC
of 1-,3- and 5- year OS were 0.77 (95% CI = 0.68–0.85),
0.77 (95% CI = 0.72–0.82) and 0.76 (95% CI = 0.70–0.80)
respectively in training cohort while 0.86 (95% CI =
0.73–0.99), 0.78 (95% CI = 0.70–0.86) (Fig. 3 A) and 0.75
(95% CI = 0.67–0.83) in validation cohort (Fig. 3 B). And
the nomogram showed higher accuracy than any single
factor (Fig. S1). The C-index of this model in training
cohort was 0.70 and 0.71 in validation cohort. The re-
sults above showed nomogram demonstrate good accur-
acy in the prediction of overall survival.
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Table 1 The clinicopathologic characteristics of patients in the training and validation cohorts

Parameter Training cohort Validation cohort p value

(n = 370) (n = 146)

Gender: female/male (n) 48/322 21/125 0.104

Age (years) 51.74 ± 11.77 50.78 ± 10.89 0.261

HBsAg: negative/positive (n) 54/306 28/118 0.248

Family history: absent/present (n) 332 /38 124/22 0.126

Drinking: absent/present (n) 212/158 75/71 0.222

Smoking: absent/present (n) 218/152 88/58 0.778

Cirrhosis: absent/present (n) 34/336 11/135 0.548

MVI: absent/present (n) 280/90 117/29 0.279

NEUT (×109/L) 3.90 ± 1.93 4.10 ± 2.36 0.436

LYMPH (×109/L) 1.69 ± 0.61 1.66 ± 0.62 0.057

Platelets (×109/L) 186.33 ± 86.03 183.56 ± 78.82 < 0.001*

GGT (U/L) 106.97 ± 120.92 104.40 ± 109.25 < 0.001*

LDH (U/L) 215.43 ± 95.46 204.79 ± 90.36 0.113

Tumor size (cm) 7.65 ± 4.54 7.97 ± 4.84 0.140

Tumor number: single/multiple (n) 280/50 108/38 0.239

Grade: G1/G2/G3 (n) 54/211/105 27/100/19 < 0.001*

LNM: absent/present (n) 10/360 7/139 0.230

Child-Pugh stage: A/B (n) 328/42 131/15 0.725

AFP≤ 20/ > 20 (ng/mL) 130/240 53/93 < 0.001*

NLR 2.63 ± 2.17 2.81 ± 2.01 0.028*

GLR 74.86 ± 99.5 73.51 ± 82.8 0.115

GMWG 23.50 ± 12.32 23.6 ± 12.06 0.301

Abbreviations: n number of patients, HBsAg hepatitis B surface antigen, MVI microvascular invasion, NEUT neutrophil count, LYMPH lymphocyte count, GGT
gamma-glutamyl transpeptidase, LDH lactate dehydrogenase, LNM lymph node metastasis, AFP alpha fetoprotein, NLR neutrophils to lymphocytes ratio, GLR
gamma-glutamyl transpeptidase to lymphocyte count ratio, GMWG geometric mean of gamma-glutamyl transferase and white blood cell
*p-value indicates statistically significant

Fig. 1 Clinical indicators selection using the LASSO Cox regression model. A log (lambda) and partial likelihood deviance were shown, the dotted
line is displayed at the minimum log (lambda) represents the optimal number of predictors. B LASSO coefficients of total 32 clinical indicators.
Nonzero coefficients were determined based on the optimal log (lambda)
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To further verify the performance of the nomogram,
we constructed a predictive model based on SII or TNM
staging system in the total cohort. AUC and C-index
were calculated to assess the predictive ability of differ-
ent models. The 1-,3- and 5- year OS AUC of SII were
0.62 (95% CI = 0.52–0.72), 0.65 (95% CI = 0.60–0.70) and
0.64 (95% CI = 0.59–0.68) (Fig. 3 C) while the C-index
was 0.59. The 1-,3- and 5- year OS AUC of TNM sta-
ging system were 0.61 (95% CI = 0.54–0.68), 0.56 (95%
CI = 0.53–0.58) and 0.55 (95% CI = 0.53–0.57) (Fig. 3 D)
while the C-index was 0.59. Neither of the above two
models performed as well as the nomogram, and the
comparison between different models showed that the
nomogram had good prediction ability. Similarly, the
calibration curves after 1000 times of bootstraps illus-
trated good agreement of predicted and observed sur-
vival outcomes (Fig. 3 E-F).

Survival predictive ability and clinical benefit of the
nomogram
To further explore the predictive ability of the nomo-
gram, the total point of each patient was determined
based on the monogram in both training and validation
cohorts. The median point was 46.8 and 44.9 in the
training and validation cohort, respectively. Then, we di-
vided the patients into low and high risk group accord-
ing to the median points and performed survival analysis
via the Kaplan-Meier method. The mean overall survival
times of the training cohort were 7.04 (95% CI = 6.55–
7.53) years and 3.80 (95% CI = 3.34–4.26) years in the
low and high risk group (P < 0.001) (Fig. 4 A), and in
the validation cohort, the mean overall survival times of
the low and high risk group were 6.99 (95% CI = 6.45–
7.52) years and 3.78 (95% CI = 3.25–4.31) years respect-
ively (P < 0.001) (Fig. 4 B). In the training cohort, the
mean disease-free survival times of low and high risk
groups were 7.99 (95% CI = 7.27–8.71) and 5.98 (95%
CI = 4.99–6.96) (Fig. 4 C). In the validation cohort, the
mean disease-free survival times of low and high risk
groups were 8.07 (95% CI = 7.61–8.53) and 6.43 (95%
CI = 5.78–7.08) (Fig. 4 D). And the survival curves based
on the optimal cut-off value showed similar result, as
well (Fig. S2). The results above illustrated that the
nomogram has a good distinguishing ability and
generalization ability. DCA curves analysis for the model
shown nomogram had a higher overall net benefit across
about 60% of the range of risk threshold in training co-
hort (Fig. 5 A-B). In the validation cohort, the DCA
curve was less satisfactory but still covered about 40% of
the range of risk threshold and kept a similar trend with
which in training cohort (Fig. 5 C-D). In addition, abso-
lute NRI values were determined after 1000 times of
bootstraps, and we found that absolute NRI values of
nomogram with GMWG included or not were all greater
than 0.05 (1-year OS: NRI = 0.072; 95% CI = − 0.068–
0.258, 3-year OS: NRI = 0.144 95% CI = − 0.020–0.351,
3-year OS: NRI = 0.268 95% CI = 0.024–0.474) (Table 3),
which indicated nomogram included GMWG show bet-
ter discrimination power than that without GMWG.

Discussion
In order to accurately predict the prognosis of patients
with HCC who are undergoing radical resection, some
integrated indexes have been developed, such as neutro-
phil to lymphocyte ratio (NLR), systemic immune-
inflammation index (SII) and so on [17–19]. In this
study, a new GMWG based nomogram was developed
to evaluate the prognosis of HCC patients who went
radical resection. The results show that its predictive
ability is more optimal than that of the indexes men-
tioned above and TNM staging system. Among them,
GMWG and NLR in the nomogram are based on the

Table 2 Multivariate Cox Regression Analyses of Variables
Associated with Overall Survival

Variable β Hazard Ratio (95% CI) p value

Tumor size 0.05670 1.08 (1.05–1.11) < 0.001*

MVI 0.01544 1.30 (0.97–1.76) 0.082

LDH 0.00029 1.01 (1.00–1.01) 0.086

NLR 0.04943 1.11 (1.05–1.18) < 0.001*

GMWG 0.01446 1.02 (1.01–1.03) < 0.001*

Abbreviations: β coefficients of multivariate Cox regression, CI confidence
interval, MVI microvascular invasion, LDH layered double hydroxide, NLR
neutrophils to lymphocytes ratio, GMWG geometric mean of gamma-glutamyl
transferase and white blood cell
*p-value indicates statistically significant

Fig. 2 Nomogram is built to predict the overall survival. The total
score is obtained according to the value of each indicator, and the
survival rate corresponding to the total score is the predicted rate
by nomogram
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results of laboratory examination, which are conveni-
ent to access while tumor size reflects the malignant
degree of the tumor from the point of pathological.
We integrated the three indicators above to con-
struct a nomogram that could predict the prognosis
of postoperative patients with HCC. We assume that

the routine laboratory serological examination com-
bined with pathological characteristics could more
truly reflect the tumor immune response status and
tumor heterogeneity, so it has the potential to be
used as an indicator of postoperative prognosis in
patients with HCC.

Fig. 3 ROC curves are plotted based on different models. A ROC curve and AUC of the nomogram to predict 1-, 3- and 5-year overall survival in
the training cohort. B ROC curve and AUC of nomogram in the validation cohort. C ROC curve and AUC of SII in the total cohort. D ROC curve
and AUC of TNM staging system in the total cohort. Calibration curves and Kaplan–Meier curves of the nomogram. E Calibration curves of
nomogram in the training and validation cohort F predict 1-, 3- and 5-year overall survival
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According to the traditional view, primary liver cancer
is an immunosuppressive tumor [20, 21]. Studies have
shown that tumor-specific cytotoxic T cells in primary
liver cancer are accompanied by high expression of in-
hibitory immune checkpoints such as CTLA4, PD-L1
and TIM3 [22–24], which makes T cells unable to ef-
fectively recognize tumor cells and lead to immune es-
cape [25]. Tumor-infiltrating lymphocytes can reflect the
immune response status of patients [26], however, the
level of lymphocytes in peripheral blood plays a role in
this as well [27]. Peripheral blood is easy to obtain, with
low cost and can be continuously monitored. Hence,
many studies have been carried out around the level of
immune cells in patients’ peripheral blood before the op-
eration. However, the evaluation of immune status alone
can’t fully represent the anti-tumor status of patients,
and the residual of normal liver cell function is also
closely related to the prognosis of patients [28]. Many
indicators are regarded as factors reflecting liver func-
tion in the clinic, such as AST, alanine aminotransferase
(ALT) and GGT. AST and ALT are mainly distributed
in normal hepatocytes [29]. When hepatocytes are dam-
aged for various reasons, they are released into the

bloodstream and lead to an increase. Although the sensi-
tivity of AST and ALT is very high, the specificity of
HCC related hepatocytes damage is not high since the
inflammation and infection may also cause the increase
of transaminase. Therefore, for patients with HCC, more
specific indicators are needed to predict the prognosis of
patients. GGT is a membrane-binding enzyme, which
has long been regarded as the signal of liver cell death,
especially in HCC. Previous studies have indicated that
raised expression of hepatic GGT may be closely associ-
ated with the development of HCC and also suggested a
poor outcome [30, 31]. Therefore, we combined WBC
and GGT to build a novel indicator GMWG, which
might represent immune response and residual liver
function. Similar indicators have been developed in the
previous study, such as granulocyte to lymphocyte ratio
(GLR) and GGT to platelet ratio (GPR) [32, 33]. Rooney
et al. reported an indicator which is based on the geo-
metric mean of two markers [34]. Similarly, since these
two indicators (GGT and WBC) in this study are non-
negative numbers and don’t follow a normal distribution,
and we use the geometric mean to define the new indi-
cator called GMWG, which showed predictive power for

Fig. 4 A Kaplan–Meier curve of overall survival in the training cohort and validation cohort B, Kaplan–Meier curve of disease-free survival in the
training cohort C and validation cohort D, low and high risk group are divided based on the median total points
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the prognosis in patients with HCC. Recently, more and
more studies have illustrated the effect of tumor hetero-
geneity in predicting prognosis. The degree of cell differ-
entiation and TNM staging system could influence the
prognosis of HCC patients [35]. Nevertheless, both of
them are determined by postoperative pathological
examination. Moreover, there are some other character-
istics of tumor have been proved to be closely relevant
to the outcome of patients [36]. In Asin and many other
areas, viral hepatitis are still the main risk factors of
HCC and many patients inevitably developed to liver cir-
rhosis before HCC, which causes a high proportion of

liver cirrhosis and leading liver cirrhosis might be a
prognostic factor in the cohorts of those areas. Tumor
size and tumor count are major prognostic factors in
many cancers, including HCC, we could make a more
accurate prediction if these indicators were taken into ac-
count. Herein, characteristics of the tumor are included to
build the model. Nomogram is a convenient and readable
visual tool that is widely used in the diagnosis and progno-
sis. The total point of the nomogram reflexes the probabil-
ities according to the scale on a ruler. Traditional
nomogram displays variables as categorical variables,
which lead to the close scores of each patient. In this
study, variables are analyzed and displayed as parametric
variables if they already were. A more accurate score was
determined and achieve a better classification, NLR,
GMWG and tumor size were eventually included in the
nomogram. The subsequent evaluation also shows that
the nomogram has good prediction ability and
generalization ability compared with other models such as
SII or TNM staging system. Whereas SII, in fact, showed
more ability in the prediction of recurrence rate, and the
nomogram in this study is aimed to predict overall sur-
vival, the results were as expected.

Fig. 5 Decision curve analyses of the nomogram. A Decision curve of the nomogram to predict 3-year and 5-year B clinical net benefit in the
training cohort. Decision curve of the nomogram to predict 3-year (C) and 5-year D clinical net benefit in the validation cohort. The intersection
of the solid line and the dotted line with the X-axis represents the range of patients who benefit

Table 3 Comparison of the predictive ability of nomogram
include or exclude GMWG

Overall Survival NRI (95% CI)

1 year 0.07 (−0.07–0.25)

3 year 0.14 (−0.02–0.34)

3 year 0.27 (0.02–0.46)

Note: Nomogram exclude GMWG as a reference and comparison between
nomogram include GMWG and exclude GMWG
Abbreviations: NRI net reclassification improvement, CI confidence interval
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There are a few limitations in this study. Most of the
HCC patients in China are HBV-related, and the fre-
quency of positive is 82.3% in this study, which differs
widely from the patients in the United States, Europe,
and other countries or regions [37]. Therefore, the
nomogram needs to be validated in these areas. More-
over, to avoid bias, we also need to conduct prospective
trials to confirm our results.

Conclusion
In conclusion, GMWG showed the potential to be used
as an indicator in the prediction of prognosis in patients
with HCC. Moreover, the nomogram containing
GMWG built in this study illustrated satisfaction predic-
tion ability compared with conventional models, which
may serve as a potential tool to the prediction of patients
with HCC who underwent radical resection.
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