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Purpose: Postoperative prognosis prediction models for patients with stage Ⅰ and Ⅱ 

hepatocellular carcinoma (HCC) according to the 8th edition of the Tumor-Node- 
Metastasis staging system after surgery are rare. This study aimed to build a prognostic 
score to predict survival outcomes and stratify these patients into different prognostic strata.
Patients and Methods: We developed a web-based nomogram that incorporated four 
selected risk factors based on the multivariate Cox regression, using a training set 
(n=3567) from the Surveillance, Epidemiology, and End Results (SEER) database. It was 
validated with an independent internal set from the SEER database (n=1783) and an external 
validation set of 516 Chinese patients. The predictive performance and discrimination ability 
of our model were further evaluated and compared with those of the conventional HCC 
staging systems.
Results: Our nomogram consistently outperformed the conventional staging systems in the 
training, internal validation set, and external validation set. We quantified the nomogram 
model into a numerical SNIG (an abbreviation of the incorporated variables – size, number, 
MVI, and grade) score by summing the points assigned to each incorporated variable, 
leading to the optimal cut-off values of 6 and 10, which could stratify patients into 3 
categories (SNIG score <6, 6–10, ≥10). This yielded significantly different median overall 
survivals (interquartile ranges) of 42.0 (20.0–72.0) and 37.0 (17.0–67.0); 28.0 (12.0–60.0) 
and 42.0 (21.75–82.0); 40.0 (18.0–70.0) and 29.0 (11.5–61.0) months for the 3 categories in 
the entire SEER and external validation sets, respectively.
Conclusion: We developed a web-based SNIG model to graphically and numerically predict 
the overall survival of stage Ⅰ and Ⅱ HCC. This scoring system may shed light on risk 
stratification for these patients in clinical practice and clinical trials.
Keywords: hepatocellular carcinoma, overall survival, SNIG model, SEER

Introduction
Hepatocellular carcinoma (HCC) is the sixth most frequent malignancy and fourth 
leading cause of cancer deaths globally. Over 50% of new cases and deaths occur in 
China.1 Liver resection (LR) remains the first-line treatment for patients with HCC; 
however, the long-term prognosis after LR remains discouraging due to the high 
postoperative recurrence rate.2 Identifying prognostic factors would help to improve 
long-term prognosis after surgical treatment of HCC.
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The commonly used staging systems include the 
Barcelona Clinic Liver Cancer, Cancer of the Liver 
Italian Program, Liver Cancer Study Group of Japan 
(LCSGJ), Japan Integrated Staging, Chinese University 
Prognostic Index, and Tumor-Node Metastasis (TNM), 
each with different prognostic models and therapeutic 
algorithms.3–6 TNM staging for HCC is endorsed by the 
American Joint Committee on Cancer (AJCC)/ 
International Union against Cancer. It focuses on the 
pathologic tumor characteristics in patients who are eligi-
ble for surgery and serves as a bridge between 
a “population-based” and more “personalized” approach 
to cancer staging.7 However, the applicability of this “sur-
gical” staging system is often challenged due to its poor 
prognostic ability in early-stage and advanced HCC.5,8,9 

A critical evaluation by Kamarajah et al10 revealed that the 
updated 8th edition of the AJCC TNM staging system 
failed to improve the stratification of HCC prognosis 
when compared to the 7th edition, suggesting the need of 
substratification for early HCC.

A nomogram is a reliable statistical predictive model 
for estimating and predicting individual cancer-related out-
comes for clinical use. Based on various combinations of 
serological markers, liver function and cirrhosis assess-
ments, clinicopathological parameters, integrative and 
comprehensive genomic signatures, or biomarkers, an 
increasing number of nomogram models for prognosis 
prediction in patients with different stages of HCC receiv-
ing different treatments have been established.10–24 The 
prognostic power of these models is markedly superior to 
that of the traditional HCC staging systems. However, the 
predicted models were based on data that included patients 
who were not eligible for LR.11,13,25 No system has con-
sistently been considered the best model of postoperative 
survival. Therefore, there is a need to develop effective 
models that incorporate well-established clinicopathologi-
cal variables with a definite power to predict prognosis, 
particularly among patients with early HCC.

This study aimed to build and validate a prognostic 
nomogram model for overall survival (OS) of patients with 
early and resectable HCC (including stage I or II accord-
ing to the 8th edition AJCC-TNM staging system) from 
the Surveillance, Epidemiology and End Results (SEER) 
dataset who underwent curative-intent LR. The model was 
validated with an internal set from the SEER dataset and 
an external set of 516 Chinese patients. In addition, we 
compared the discrimination and performance between the 

current nomogram model and the conventional staging 
systems in estimating individualized prognoses.

Patients and Methods
Study Population and Selection Criteria
Information on surgical patients with early and resectable 
HCC stage I (A and B) or II (according to the 8th edition 
AJCC-TNM staging system) registered in the SEER data-
set between 1998 and 2015 was screened from the SEER 
18 registry database using SEER*Stat 8.3.5 software 
(National Institutes of Health, Bethesda, MD, USA). The 
flow chart of the data extraction procedure is shown in 
Figure S1. HCC cases were screened using “The 
International Classification of Diseases for Oncology 
(ICD-O-3) Hist/behav, malignant,” “Summary stage 2000 
(1998+),” “Derived AJCC Stage Group 6th (2004+),” 
“Derived AJCC Stage Group, 7th ed (2010–2015),” 
“EOD 10 - size (1988–2003),” “CS tumor size (2004+),” 
“EOD 10 - extent (1988–2003),” “CS extension (2004– 
2015),” “Lymph-vascular Invasion (2004+ varying by 
schema),” “RX Summ-Surg Prim Site (1998+),” and 
“Grading and differentiation codes in ICD-O-3” in this 
study. “Vital status recode” and “SEER cause-specific 
death classification” were used to set endpoints for OS, 
defined as the interval from HCC diagnosis to overall 
death using “survival months code”. Histology codes 
were used to identify patients with HCC (8170–8175). 
Patients were included if they were older than 18 years, 
underwent LR, and had pathologically confirmed T1a, 
T1b, or T2N0M0 primary HCC. We excluded patients 
who were treated with local tumor destruction or liver 
transplantation. Patients with missing data on surgery and 
tumor-related factors (ie, size, extent of disease, and his-
tological grade), survival time <3 months or unknown, 
HCC in situ, and a death certificate or autopsy only were 
excluded to ensure the reliability of the staging data. Cases 
that were staged using the 3rd, 6th, or 7th edition of the 
AJCC staging system were restaged using the 8th edition 
of the AJCC staging system.10,26 All cases were randomly 
assigned into a training set with N×q samples and an 
internal validation set with N×(1–q) samples (where 
q=2/3).

To further evaluate the general prognostic ability of the 
model, an external validation set was made up of 516 
patients who had early-stage HCC and underwent LR at 
Fujian Provincial Hospital (FPH) between January 2012 
and December 2015. The study protocol was approved by 
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the ethics committee of the Fujian Provincial Hospital, and 
the study was conducted in accordance with the tenets 
of the Declaration of Helsinki and its later amendments. 
Written informed consent was obtained from all patients 
prior to inclusion in the study.

Statistical Analysis
The primary endpoint was OS. Quantitative variables are 
presented as medians and interquartile ranges (IQRs); they 
were compared using the Student’s t-test or non- 
parametric Mann–Whitney U-test, as appropriate. 
Categorical variables are presented as frequencies with 
percentages and compared using the chi-square test or 
Fisher’s exact test, as appropriate. Variables that were 
significant in the univariate analysis were included in the 
multivariate Cox regression analyses in the training set 
(n=3567) to determine independent risk factors. The 
nomogram was built for OS prediction using the variables 
identified in the Cox regression analysis. The calibration, 
discrimination, and performance of the nomogram were 
assessed using calibration curves, Harrell’s C-index, 
Akaike information criterion (AIC), likelihood ratio chi- 
square test, and the area under time-dependent receiving 
operator characteristic curves (1-, 3-, and 5-year 
AUROCs), respectively. Decision curve analysis (DCA) 
was used to assess the clinical utility of the models 
based on a continuum of potential thresholds for the risk 
of death (horizontal axis) and net benefit of using the 
model for patient stratification according to risk (vertical 
axis), considering that no patient died.27–29 The model was 
validated via bootstrapping with 1000 samples. The model 
was compared with conventional staging systems, includ-
ing the LCSGJ-TNM and the 7th and 8th editions of the 
AJCC-TNM staging system in the training, internal, and 
external validation sets.5,26,30

To quantify the constructed model, a new numerical 
variable was generated by calculating the sum of points 
assigned to each incorporated variable, as described 
previously.17,31 Then, the optimal cut-off values of the 
nomogram score were set using X-tile (Yale University, 
New Haven, CT, USA). The stratified 1-, 3-, and 5-year 
OS rates and the median OS were estimated, and the 
survival curves were plotted using the Kaplan–Meier 
method. Correlations with the relative hazard ratios 
(HRs) of OS and model nonlinearity were tested using 
six-knot restricted cubic splines. A web-based tool was 
further generated to enhance the illustration and clinical 
applicability. P < 0.05 was set as the level of statistical 

significance. All statistical analyses were performed 
using R version 3.6.1 with “survival,” “rms,” 
“nomogramEx,” “DynNom,” “Hmisc,” “rmda,” 
“timeROC,” and “splines” packages.

Results
Study Cohorts
A total of 5350 patients with stage I and II HCC from the 
SEER database were included in this study. The patients 
were randomly allocated into the training (n = 3567) and 
internal validation (n = 1783) sets to construct and validate 
the nomogram. The external validation set was composed 
of 516 patients with HCC enrolled at FPH. The median 
follow-up times were 33 (IQR, 15–64), 35 (15–69), and 38 
(25–56) months in the training, internal, and external vali-
dation sets, respectively. The respective 1-, 3-, and 5-year 
OS rates were 79.9%, 47.0%, and 28.0% in the training 
set; 79.5%, 50.0%, and 31.0% in the internal validation 
set; and 86.1% and 55%, and 22% in the external valida-
tion set, respectively. The demographics and clinicopatho-
logical characteristics of the three cohorts are summarized 
in Table 1.

Independent Risk Factors in the Training 
Set
Results of the univariable analysis are shown in Table 2. In 
the multivariate Cox analysis, tumor size, number, micro-
vascular invasion (MVI), and grade of histologic differen-
tiation (all P < 0.001) were independent risk factors and 
were used in developing the model.

Development of the Prognostic Model
Tumor size (≤2, 2–5, 5–10 vs >10 cm) was encoded as 
a categorical factor. A nomogram (named the SNIG 
model, an abbreviation of the incorporated variables – 
size, number, MVI, and grade) was developed to predict 
the individualized 1-, 3-, and 5-year OS of patients with 
HCC using the independent risk factors identified above 
(Figure 1A).

Calibration and Validation of the 
Prognostic Model
The calibration plots showed adequate concordance 
between the model predictions and actual observations 
for the 1-, 3-, and 5-year OS in the training set (Figure 
2A); these results were similar for the internal and 
external validation sets (Figure 2B and C). The ROC 
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curves showed that the SNIG model had an acceptable 
accuracy in predicting 1-, 3-, and 5-year OS in all the 
three study sets (Figure 2D–F and Table 3). The perfor-
mance of the SNIG model and other staging systems 
(the 7th and 8th AJCC-TNM system and the LCSGJ- 
TNM system) were compared (Table 3). The SNIG 
model yielded greater AUROC values (1-, 3- and 
5-year OS), C-indices, and likelihood ratio test results, 
implying a favorable performance in all the three study 
sets. On the other hand, the SNIG model yielded 
a smaller AIC than the other staging systems, which 
implied a better goodness-of-fit (Table 3). DCA was 
used to compare the models. In the training set, the 
SNIG model had a marginally better net benefit between 
thresholds of 0.20 and 0.40 when compared to the other 
staging systems (Figure 3A); similar results were found 
in the internal and external validation sets (Figure 3B 
and C).

Table 1 Baseline Demographics and Clinical Characteristics of 
the Training, Internal Validation, and External Validation Cohort

Baseline 
Characteristics

Number (%)/Median (IQR)*

Training 
Cohort 

(n =3567)

Internal 
Validation 

Cohort 
(n = 1783)

External 
Validation 

Cohort 
(n = 516)

Sex

Male 2528 (70.9) 1269 (71.2) 440 (85.3)

Female 1039 (29.1) 514 (28.8) 76 (14.7)

Age (yr) 64 (56–71) 64 (56–71) 59 (50–68)

<60 1288 (36.1) 641 (36.0) 259 (50.2)

60–70 1231 (34.5) 594 (33.3) 156 (30.2)

≥70 1048 (29.4) 548 (30.7) 101 (19.6)

Tumor size (cm) 4.3 (3.0–7.0) 4.5 (2.8–7.0) 4.0 (3.0–7.0)

≤2 cm 413 (11.6) 215 (12.1) 74 (14.3)

2–5 cm 1771 (49.6) 875 (49.1) 228 (44.2)

5–10 cm 992 (27.8) 489 (27.4) 157 (30.4)

>10 cm 391 (11.0) 204 (11.4) 57 (11.0)

Tumor number

Single 3107 (87.1) 1559 (87.4) 446 (86.4)

Multiple 460 (12.9) 224 (12.6) 70 (13.6/)

MVI

Negative 2631 (73.8) 1314 (73.7) 391 (75.8)

Positive 936 (26.2) 469 (26.3) 125 (24.2)

Extent of surgery

Minor hepatectomy 1987 (55.7) 962 (54.0) 376 (72.9)

Major hepatectomy 1580 (44.3) 821 (46.0) 140 (27.1)

Grade

I 860 (24.1) 451 (25.3) 34 (6.6)

II 1773 (49.7) 895 (50.2) 382 (74.0)

III or IV 934 (26.2) 437 (24.5) 100 (19.4)

TNM8th

IA 337 (9.4) 179 (10.0) 63 (12.2)

IB 2055 (57.6) 1013 (56.8) 286 (55.4)

II 1175 (32.9) 591 (33.1) 167 (32.4)

(Continued)

Table 1 (Continued). 

Baseline 
Characteristics

Number (%)/Median (IQR)*

Training 
Cohort 

(n =3567)

Internal 
Validation 

Cohort 
(n = 1783)

External 
Validation 

Cohort 
(n = 516)

TNM7th

I 2316 (64.9) 1146 (64.3) 341 (66.1)

II 1251 (35.1) 637 (35.7) 175 (33.9)

LCSGJ stage

I 220 (6.2) 112 (6.3) 34 (6.6)

II 2200 (61.7) 1087 (61.0) 318 (61.6)

III 1017 (28.5) 530 (29.7) 143 (27.7)

IV A 130 (3.6) 54 (3.0) 21 (4.1)

Nomogram

<6 608 (17.0) 308 (17.3) 67 (13.0)

6 ~ 10 1469 (41.2) 728 (40.8) 250 (48.4)

≥10 1490 (41.8) 747 (41.9) 199 (38.6)

Median survival time 

(months)

33 (15–64) 35 (15–69) 38 (25–56)

Note: *Median with interquartile range are shown for quantitative variables, 
whereas counts with proportions are shown for categorical variables. 
Abbreviations: HCC, hepatocellular carcinoma; MVI, microvascular invasion.
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Cut-Off Value for Risk Stratification
To quantify the constructed model, a new numerical vari-
able (SNIG score) was generated by summing the assigned 
points of each independent variable (Table S1). Evaluation 
of nonlinearity of the SNIG score indicated linear profiles 
in the training, internal, and external validation sets (P = 
0.099, 0.23, and 0.75, respectively) (Figure 4). Next, based 
on the OS calculated using X-tile (Figure S2), the optimal 
cut-off values of the SNIG score were 6.1 and 10.0, 

rounded off to 6 and 10, respectively, for clinical use. 
Accordingly, the patients were classified into 3 categories: 
level 1, SNIG score <6; level 2, 6–10; level 3, ≥10.

In the entire SEER set, the median OS of the 3 cate-
gories from level 1 to level 3 was 42.0 (20.0–72.0), 37.0 
(17.0–67.0), and 28.0 (12.0–60.0) months, respectively. 
With level 1 as the reference, the HRs for levels 2 and 3 
were 1.23 (95% confidence interval [CI], 1.05–1.45; P = 
0.01) and 2.38 (95% CI, 2.04–3.77; P < 0.001), 

Table 2 Univariable Analysis and Cox Proportional Hazards Regression Analysis

Characteristics Univariable Analysis Multivariable Analysis

HR (95% CI) p value HR (95% CI) p value

Age (years)

<60 1 (reference)

60–70 1.05 (0.91–1.22) 0.52

≥70 1.05 (0.91–1.22) 0.48

Sex

Male 1 (reference)

Female 1.09 (0.95–1.24) 0.21

Hepatectomy

Minor LR 1 (reference)

Major LR 0.96 (0.85–1.08) 0.46

Size

≤ 2 cm 1 (reference) 1 (reference)

2–5 cm 1.41 (1.13–1.76) 0.002 1.38 (1.10–1.71) 0.006

5–10 cm 1.66 (1.31–2.08) <0.001 1.69 (1.34–2.13) <0.001

> 10 cm 2.30 (1.78–2.95) <0.001 2.23 (1.73–2.89) <0.001

Number

Single 1 (reference) 1 (reference)

Multiple 1.50 (1.28–1.78) <0.001 1.64 (1.39–1.94) <0.001

MVI

Negative 1 (reference)

Positive 1.69 (1.49–1.92) < 0.001 1.44 (1.27–1.65) <0.001

Grade

I 1 (reference) 1 (reference)

II 1.26 (1.08–1.48) 0.003 1.20 (1.03–1.41) 0.02

III or IV 1.68 (1.42–1.99) <0.001 1.55 (1.30–1.83) <0.001
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respectively. In the training set, the median OS of the 3 
categories was 42.0 (20.0–72.35), 36.0 (17.0–64.0), and 
28.0 (12.0–58.0) months, respectively. With level 1 as the 
reference, the HRs for levels 2 and 3 were 1.40 (95% CI, 
1.08–1.81; P = 0.01) and 2.63 (95% CI, 2.06–3.36; P < 
0.001), respectively. In the internal validation set, the 
median OS of the 3 categories from level 1 to level 3 
was 42.0 (IQR, 21.75–82.0), 40.0 (IQR, 18.0–70.0), and 
29.0 (IQR, 11.5–61.0) months, respectively. With level 1 
as the reference, the HRs for levels 2 and 3 were 1.39 
(95% CI, 1.05–1.85; P = 0.02) and 2.58 (95% CI, 1.98–-
3.38; P < 0.001), respectively. In the external validation 
set, the median OS of the 3 categories was 56.0 (35.0–-
68.0), 40.0 (26.0–56.0), and 33.0 (23.0–51.5) months, 
respectively. With level 1 as the reference, the HRs for 
levels 2 and 3 were 2.45 (95% CI, 1.17–15.13; P = 0.02) 
and 4.85 (95% CI, 2.34–10.07; P < 0.001), respectively. 
The survival outcomes of the 3 categories in all the three 
cohorts were significantly different, showing an adequate 
discrimination power of risk stratification (log-rank P < 
0.001) (Figures 4 and S3~4, Table S2). For the clinical 
application of these findings, a web-based model was 

created using the given numerical points of the SNIG 
score (https://baiyannan.shinyapps.io/SNIG/, Figure 1B).

Discussion
The main purpose of this study was to propose a new 
prognostic nomogram for individualized probabilities of 
a net survival benefit after LR in patients with early-stage 
HCC. Based on SEER-derived data and our series of 
patients with HCC who had undergone curative-intent 
LR, we constructed a web-based predictive nomogram 
that could reliably predict the numerical 1-, 3-, and 
5-year OS and was tailored for individual patients. The 
nomogram was refined by testing all variables, including 
tumor size, number of nodules, MVI, and grade of histo-
logic differentiation. This new prognostic model is simple 
and easy to use and incorporated four well-established 
clinicopathological variables that constitute the essentials 
of preoperative clinical evaluation and postoperative 
pathologic outcomes. This new prognostic model has 
a strong prognostic ability in different populations (the 
American population and one hospitalized Chinese popu-
lation). The 1-, 3-, and 5-year median AUROC values of 

Figure 1 The dynamic nomogram (A) and web-tool (B) of the SNIG model for individual survival prediction in the training set. The nomogram is used by summing the 
points identified on the point scale for each variable. The total points projected on the bottom scales indicate the probability of 1-, 3-, and 5-year OS. The web-tool of the 
SNIG model is available at https://baiyannan.shinyapps.io/SNIG/. To use this tool, choose the assigned SNIG scores of a patient with HCC and the time point of the estimated 
survival time on the left panel. Examples present the estimated Kaplan–Meier curve and the predicted survival probability at 33 months after surgery on the right bottom 
panel (the black, light blue, or red curve represents example of survival probability from strata 1, 2, and 3, respectively). 
Abbreviations: HCC, hepatocellular carcinoma; OS, overall survival; MVI, microvascular invasion; SNIG, abbreviation of the incorporated variables – size, number, MVI, 
and grade.
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the SNIG model were 0.66 (range, 0.63–0.68), 0.68 
(range, 0.65–0.71), and 0.69 (range, 0.69–0.70), and the 
C-indices were 0.63, 0.65, and 0.66 in the training, internal 

validation set, and external validation set, respectively. 
These results imply that although they were not perfect, 
they all outperformed the conventional staging systems. 

Figure 2 The calibration and performance of SNIG model in the 3 datasets. Calibration curves for predicting patient OS at each time point in the (A) training set, (B) 
internal validation set, and (C) external validation set, respectively. Model-predicted OS is plotted on the x-axis, and actual OS is plotted on the y-axis. A plot along the 45- 
degree line (dotted blue line) would indicate a perfect calibration model in which the predicted probabilities are identical to the actual outcomes. ROC curves for OS 
probability in the (D) training set, (E) internal validation set, and (F) external validation set, respectively. 
Abbreviations: SNIG, abbreviation of the incorporated variables – size, number, MVI, and grade; OS, overall survival; ROC, receiver operating characteristic curve.

Table 3 Comparison of Time-Dependent AUROC, C-Index, Likelihood Ratio, and AIC Between the Current Model and the Other 
Prognostic Systems

Cohort Models 1-Yr AUROC 
(95% CI)

3-Yr AUROC 
(95% CI)

5-Yr AUROC 
(95% CI)

C-Index 
(95% CI)

LR 
X2

df AIC

Training Nomogram 0.68 (0.65, 0.72) 0.66 (0.63, 0.68) 0.63 (0.60, 0.65) 0.63 (0.61, 0.65) 152.5 1 15979

TNM8th 0.62 (0.59, 0.64) 0.60 (0.58, 0.62) 0.58 (0.56, 0.60) 0.58 (0.56, 0.59) 79.18 2 16054

TNM7th 0.62 (0.59, 0.63) 0.60 (0.57, 0.61) 0.58 (0.56, 0.60) 0.58 (0.56, 0.59) 74.35 1 16057

LCSGJ 0.63 (0.59, 0.66) 0.61 (0.58, 0.63) 0.58 (0.55, 0.61) 0.58 (0.56, 0.59) 89.68 3 16046

Internal 

validation

Nomogram 0.71 (0.66, 0.75) 0.68 (0.64, 0.71) 0.65 (0.61, 0.68) 0.65 (0.62, 0.67) 92.96 1 7658

TNM8th 0.64 (0.61, 0.67) 0.62 (0.59, 0.64) 0.59 (0.57, 0.62) 0.59 (0.57, 0.62) 44.51 2 7708

TNM7th 0.64 (0.61, 0.67) 0.62 (0.59, 0.64) 0.59 (0.57, 0.62) 0.59 (0.57, 0.61) 48.66 1 7702

LCSGJ 0.64 (0.60, 0.68) 0.62 (0.59, 0.65) 0.59 (0.57, 0.61) 0.59 (0.57, 0.61) 46.22 3 7708

External 

validation

Nomogram 0.69 (0.59, 0.79) 0.69 (0.64, 0.75) 0.70 (0.63, 0.76) 0.66 (0.62, 0.71) 42.23 1 1600

TNM8th 0.64 (0.60, 0.69) 0.62 (0.59, 0.64) 0.61 (0.57, 0.63) 0.61 (0.56, 0.65) 22.15 2 1618

TNM7th 0.63 (0.59, 0.68) 0.62 (0.58, 0.64) 0.61 (0.57, 0.63) 0.60 (0.55, 0.64) 23.37 1 1619

LCSGJ 0.64 (0.60 0.67) 0.62 (0.58, 0.66) 0.60 (0.55, 0.65) 0.60 (0.55, 0.65) 22.75 3 1616
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Similarly, the SNIG model had a better performance and 
discrimination ability (Table 3 and Figure 3). In this study, 
the SNIG score was generated as a new variable by sum-
ming the assigned points for each incorporated variable 
(Table S1), and it was proven to have a linearity profile 
when tested by restricted cubic splines (nonlinearity test 
p value˃0.05 in the three cohorts) (Figure 5). It could 
further be accurately stratified into 3 distinct risk cohorts 
(strata of <6, 6–10, and ≥10, respectively). The Kaplan– 
Meier survival curve of these numerical stratified cohorts 
showed an adequate discrimination power for predicting 
OS (Figures 4 and S2~3). This prediction model provides 
individualized prognoses and risk stratification for patients 

with HCC; therefore, the monitoring of surgical patients 
will be made easy.

Curative LR is the treatment of choice for early and 
resectable HCC. Yet, the decision of “medically fit for 
a major operation” varies a lot, and it seems difficult to 
make a consensus among the staging systems.2 As 
a “surgical” staging system, the AJCC-TNM staging sys-
tem outlines algorithms on the early surgical assessment 
by National Comprehensive Cancer Network (NCCN), 
based on the technical ability to resect the tumor, adequacy 
of the performance status, and liver function.32 The AJCC- 
TNM staging system typically stratifies the HCC popula-
tion in stages by tumor morphological criteria (tumor size, 

Figure 3 DCA curves of the SNIG model at each time point in the (A) training set, (B) internal validation set, and (C) external validation set, respectively. The net benefits 
(y-axis) as calculated and it showed that nomogram model results in marginally outperforming between thresholds of 0.20 and 0.40 for prediction of OS. 
Abbreviations: DCA, decision curve analysis; OS, overall survival.
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number, and MVI). Of note, the major improvement in the 
8th edition of the AJCC-TNM system from the 7th edition 
is that it can substratify the early stages of HCC; however, 
its prognosis prediction power remains controversial. For 
example, significant survival differences exist among 
patients with stage IA tumors with or without MVI,33 

stage IB with a cut-off tumor size of 5 cm,34 or stage II 
with single or multiple nodular lesions.35 Accordingly, 
several proposed nomograms have been established with 
an aim to stratify outcomes in a particular patient cohort, 
with predicted C-indices of 0.75 with or without surgery,17 

0.74 for whole staged HCC,11 0.66 for most early-stage 
HCC lesions,13 or 0.80 for recurrent HCC.15 Nomogram 
tools can quantify and weigh risk variables, providing 
a numerical point in individualized survival prediction. 
Rather discriminating factors in these nomograms, like 
pathological variables (morphological criteria of HCC), 
factors regarding pretreatment performance, and liver 
function, that seemingly have a smaller role play a major 
role in many staging systems.3–6 To this end, we believe 
that a nomogram for estimating individualized prognosis 
after LR may be more advantageous than the conventional 

staging systems and would help clinicians and patients 
predict survival more accurately.

The prognosis prediction power of our SNIG model 
was comparable to that of the prognostic nomogram by 
Shim et al for patients with HCC after LR;13 however, 
our cohorts included patients with earlier stages of HCC 
and no patients with stage IIIA disease. Of note, two 
key pathological variables in the SNIG model should be 
highlighted. First, we included MVI, which is a major 
risk factor for tumor recurrence and mortality in HCC. 
However, the MVI status can only be assessed by post-
operative pathology; when assessed preoperatively, the 
tumor stage is often underestimated.36 Conventional sta-
ging systems do not consider important pathologic vari-
ables in prognostic prediction.37,38 Second, grade of 
histologic differentiation is a direct surrogate of disease 
aggressiveness and is another major risk factor of survi-
val probability.5,36 Unfortunately, none of the major 
HCC staging systems incorporate this pathological vari-
able. In the Metroticket study, the survival probabilities 
increased negatively and linearly with increasing tumor 
size and number, while the linearity effect reached 

Figure 4 Kaplan–Meier curve of OS in the training set stratified by the 7th AJCC TNM staging (A), 8th AJCC TNM staging (B), LCSGJ TNM staging (C), and nomogram 
model (D). 
Abbreviations: OS, overall survival; AJCC, The American Joint Committee on Cancer; LCSGJ TNM, Liver Cancer Study Group of Japan.
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a plateau (nonlinearity) after the morphological criteria 
reached a certain threshold.25 Therefore, we included 
these two variables in the nomogram to add value to 

the weights of the major independent factors and 
improve the prediction power of the model. The linear-
ity of the SNIG score system was consistently observed 
in all the three cohorts (Figure 5).

Our study has several limitations. First, bias was inevi-
table due to the retrospective nature of the study. Second, 
the SEER database lacked data on liver function, hepatitis 
virus infection profile, severity of cirrhosis, relevant tumor 
biomarkers (eg, α-fetoprotein), and the specified number of 
tumor nodules, which could have compromised the predic-
tive power of the model to some extent.39 Additionally, the 
SEER database lacked data on tumor recurrence, which is 
important for recurrence-free survival and is a more accu-
rate representation of the biological characteristics of HCC 
than OS, which is mainly influenced by liver function and 
post-recurrence treatment. Although this model has poten-
tial benefits of long-term survival for patients with HCC 
who receive adjuvant or post-recurrence treatments, these 
data (such as transarterial chemoembolization, ablative ther-
apy, targeting drug therapy, and so on) are equally unavail-
able in the SEER database. Furthermore, hepatitis B virus is 
the main causative factor for HCC in China, whereas 
60–70% of HCC cases in the western countries can be 
attributed to hepatitis C virus and alcoholic hepatitis. Our 
SNIG model was constructed and internally validated using 
data of a western population, while the external validation 
was performed using data from an eastern population with 
a high prevalence of hepatitis B virus. This model should be 
used with caution, considering the differences in etiological 
background and impact on severe cirrhosis and high liver 
disease–related mortality. Despite these limitations, our 
SNIG model was built using a large population from the 
SEER database, presenting a distinctive opportunity to pre-
dict the OS of patients with HCC after curative-intent 
surgery.

In summary, we developed a web-based SNIG model for 
predicting OS in patients staged using the TNM 8th edition, 
especially in those with TNM stage I and Ⅱ HCC after 
curative-intent surgery. This nomogram may help clinicians 
and patients to predict survival more accurately. The results 
of the internal and external validations demonstrate the high 
performance and discrimination power of the model.
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