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Background: Hepatocellular carcinoma (HCC) poses a global threat to life; however, numerical tools
to predict the clinical prognosis of these patients remain scarce. The primary objective of this study is to
establish a clinical scoring system for evaluating the overall survival (OS) rate and cancer-specific survival
(CSS) rate in HCC patients.

Methods: From the Surveillance, Epidemiology, and End Results (SEER) Program, we identified 45,827
primary HCC patients. These cases were randomly allocated to a training cohort (22,914 patients) and
a validation cohort (22,913 patients). Univariate and multivariate Cox regression analyses, coupled with
Kaplan-Meier methods, were employed to evaluate prognosis-related clinical and demographic features.
Factors demonstrating prognostic significance were used to construct the model. The model’s stability
and accuracy were assessed through C-index, receiver operating characteristic (ROC) curves, calibration
curves, and clinical decision curve analysis (DCA), while comparisons were made with the American Joint
Committee on Cancer (AJCC) staging. Ultimately, machine learning (ML) quantified the variables in the
model to establish a clinical scoring system.

Results: Univariate and multivariate Cox regression analyses identified 11 demographic and clinical-
pathological features as independent prognostic indicators for both CSS and OS using. Two models, each
incorporating the 11 features, were developed, both of which demonstrated significant prognostic relevance.
The C-index for predicting CSS and OS surpassed that of the AJCC staging system. The area under the
curve (AUC) in time-dependent ROC consistently exceeded 0.74 in both the training and validation sets.
Furthermore, internal and external calibration plots indicated that the model predictions aligned closely
with observed outcomes. Additionally, DCA demonstrated the superiority of the model over the AJCC
staging system, yielding greater clinical net benefit. Ultimately, the quantified clinical scoring system could

efficiently discriminate between high and low-risk patients.
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Conclusions: A ML clinical scoring system trained on a large-scale dataset exhibits good predictive and

risk stratification performance in the cohorts. Such a clinical scoring system is readily integrable into clinical

practice and will be valuable in enhancing the accuracy and efficiency of HCC management.
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Introduction

Hepatocellular carcinoma (HCC), the third most common
cause of cancer-related death globally, predominantly
affects individuals in Asia. It is an aggressive malignancy
with an unfavorable prognosis (1,2). The prognosis of
HCC varies widely based on diverse risk factors. Notably,
the primary risk factors for HCC that are currently
recognized are hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections. Despite advancements in therapeutic
interventions, HCC continues to exhibit a poor prognosis,
especially in patients with advanced disease at the time of
diagnosis.

In recent decades, the integration of information
technology and the widespread use of electronic healthcare
records have led to the development of several risk
stratification systems in medical practice. These include
the Barcelona Clinic Liver Cancer (BCLC) staging, The
Chinese Society of Clinical Oncology (CSCO), Japan
Society of Hepatology (JSH) staging, and the American
Joint Committee on Cancer (AJCC) system (3-6). Fan ez al.
conducted a large cross-sectional study demonstrating that
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Key findings
* A straightforward and efficient prognostic scoring system for
hepatocellular carcinoma (HCC) was devised in this study.

What is known and what is new?

* Demographic and clinical-pathological characteristics serve as
pivotal influencing factors in the prognosis of HCC.

* The quantitative analysis of demographic and pathological
characteristics is being applied for the first time in prognostic
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* The clinical scoring system significantly enhances the management
of patients with HCC.
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age, male gender, and parameters such as albumin-bilirubin
and platelets can accurately predict HCC development (7).
These systems primarily rely on biomarkers, pre-operative
imaging, and post-operative pathology, which proves
challenging for practical application in clinical settings,
thereby hindering their widespread adoption. Conversely,
clinical scoring systems are preferred in clinical practice
due to their simplicity, efficiency, and ease of dissemination.
Some notable scoring systems include the Child-Pugh
scoring system and the Framingham risk score (8,9).
Machine learning (ML) holds significant promise in
aiding clinicians in constructing a straightforward and
concise model. ML solutions, such as the AutoScore
framework, demonstrate superior performance with greater
interpretability and accessibility compared to traditional
logistic regression models. This novel ML framework
facilitates the automated development of an interpretable
clinical scoring system (10,11). In this study, we utilized
a retrospective analysis approach to identify risk factors
influencing the prognosis of HCC, encompassing overall
survival (OS) and cancer-specific survival (CSS). Following
this, we developed a robust clinical scoring system, to
enhance the clinical management efficacy for patients
with HCC. We present this article in accordance with
the TRIPOD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-24-230/rc).

Methods
Data sources and research cobort

We obtained data from the Surveillance, Epidemiology, and
End Results (SEER), a network for clinical and scientific
monitoring of cancer. Eligible patients were adults, aged
20 or older, diagnosed with primary HCC between 2004
and 2020. Only patients in stable condition were enrolled
(excluding autopsy and death certificate reporting sources),
with available follow-up information and a survival period
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of >1 month. Patients with missing or incomplete data
(age, sex, race, number of tumors, T stage, N stage, M
stage, surgery, radiotherapy, chemotherapy, annual median
household income, Rural-urban geography, and time from
diagnosis to treatment) were excluded. Ethics approval and
informed consent were waived, as SEER data are freely
available, and our investigation was retrospective. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Demographic characteristics variables

Variables selected for inclusion in the clinical scoring
system were predetermined based on clinical relevance to
the assessed outcomes. Race/ethnicity categories followed
SEER definitions: non-Hispanic Whites, Blacks, Hispanics,
Asian/Pacific Islanders, and American Indian/Alaskan
Natives. Rural-urban geographic variables, classified
by population size and adjacency to metro areas, were
developed by the US Department of Agriculture and Office
of Management and Budget: (I) metropolitan regions with
a population >1 million; (II) metropolitan regions with a
population 250,000-1 million; and metropolitan regions
with a population <250,000; (III) nonmetropolitan/rural
regions. Annual median household income (adjusted to
2018 US dollars) was collected and estimated in a time-
dependent manner using US Census American Community
Survey data: <$40,000, $40,000-$69,999, and $70,000+.
HCC treatments in the SEER database were analyzed using
site-specific surgery variables and categorized as no surgical
treatment, local regional therapy (including photodynamic
therapy, alcohol, heat-radio-frequency ablation, etc.),
hepatectomy, and liver transplantation. The time from
diagnosis to treatment was measured in months. The
pathological tumor stage was characterized according to the
seventh edition of the AJCC TNM staging system.

Statistical analysis

Continuous variables were expressed as mean and
standard deviation. Categorical variables were expressed
as frequencies and percentages. We randomly divided all
investigated cases into training and validation cohorts in a
1:1 ratio by caret R packages (12). Cox regression analysis
was used to assess the components of the OS and CSS
to address risk factors in the training cohort. Then, the
model built using the significant risk factors was validated
with the data from both the training and validation cohorts.
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Meanwhile, the minimum Akaikes’s Information Criterion
(AIC) was utilized to select the most suitable model for
data analysis (13), adjusted for clinical variables. The
time-dependent receiver operating characteristic (ROC)
curve (14), calibration plots, the index of concordance
(C-index), and decision curve analysis (DCA) were used
to compare the accuracy between the scoring system and
AJCC (15). In addition, the significant risk factors were used
to create the clinical score system that was automated and
developed by the AutoScore R package. All analyses were
conducted using R software version 4.1.1 (www.r-project.
org). A two-sided P value <0.05 was considered statistically
significant.

Results
Characteristics of the HCC cobort

After applying rigorous inclusion and exclusion criteria, a
total of 45,827 and 39,971 HCC patients from the SEER
database were included for the analysis of OS and CSS,
respectively. The case selection process is illustrated in
Figure 1. Among them, 22,914 patients constituted the
training cohort for developing the clinical scoring system,
while 22,913 patients formed the validation cohort for the
same system (Table 1). Generally, the two groups exhibited
balance in baseline characteristics. Approximately 77 %
of the patients were male, and the majority were White
(49%). Despite 31,210 patients being staged I-II, the no-
surgery rate was around 60%, and the no-radiotherapy
rate was approximately 98%. The median follow-up time
for the OS cohort was 25 months (95% CI: 25-26), while
the 1-, 2-, and 3-year survival rates were 67.4% (95% CI:
67-67.9%), 50.6% (95% CI: 50.2-51.1%) and 40.8% (95%
CI: 40.4-41.3%), respectively. As shown in Table 2, the
median follow-up time for the CSS cohort was 26 months
(95% CI: 26-27), while the 1-, 2-, and 3-year survival
rates were 67.6% (95% CI: 67.2-68.1%), 51.6% (95%
CIL: 51.1-52.1%) and 42.4% (95% CI: 41.9-42.9%),
respectively. Statistical data from most countries and regions
indicated that the incidence and mortality rates of HCC in
males are two to three times higher than in females (1,2).

Identification of predictive factors by univariate and
multivariate analyses

The Cox proportional hazards regression model was
employed to predict OS and CSS in the training cohort by
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Primary HCC patients in SEER database between
2004-2020, age =20 years (n=100,555)

Exclued:
¢ Autopsy only and death certificate
reporting only (n=1,802)
e First malignant primary indicator (n=12,681)
e Survival months <1 (n=11,343)
¢ With missing or incomplete data (n=28,902)

4

Final analysis for over-all survival
(n=45,827)

!

!

Final analysis for cancer special survival
(n=39,971)

! '

Training cohort
(n=22,914)

Testing cohort
(n=22,913)

Training cohort
(n=19,986)

Testing cohort
(n=19,985)

Figure 1 Flow diagram of patient selection and study design. HCC, hepatocellular carcinoma; SEER, Surveillance, Epidemiology, and End

Results.

analyzing each variable. Due to the collinearity between
AJCC7 and T/N/M, AJCC7 was not included in the Cox
regression model analysis. The results of the univariate
Cox regression model are presented in Figure 2. Radiation
therapy and delayed treatment were not associated with
the prognosis of HCC. Age, sex, race, number of tumors,
pathology type, T, N, M, surgery, chemotherapy, median
household income, and rural-urban status were associated
with both OS and CSS in HCC. Consequently, all these
variables were included in the multivariate Cox regression
analyses. However, based on the minimum AIC and
the results of the multivariate Cox regression analyses,
chemotherapy showed no significant association with OS
and CSS (P=0.98 and P=0.19, respectively). Therefore,
chemotherapy is not displayed in Figure 3, while the other
variables are shown to be associated with OS and CSS in
HCC. The survival analysis results for these 11 variables
are presented in Figures S1-S4 (all P<0.001). The recent
emphasis on understanding the influence of urban-rural
geographical disparities and income on the prognosis of
HCC has garnered considerable attention (16,17). These
disparities may reflect variations in risk factors, health-
related behaviors, and barriers to accessing medical services.

Predictive accuracy

The time-dependent ROC-AUCs were 0.742, 0.746, and

© Journal of Gastrointestinal Oncology. All rights reserved.

0.754 for the prediction of OS at 1, 2, and 3 years in the
training cohort, respectively (Figure 44). The calibration
curve closely resembled the ideal line (Figure 4B-4D).
Furthermore, as indicated by the time C-index in Figure 4E,
the model consistently exhibited a superior C-index
compared to AJCC 7th throughout the investigated period
across all settings. The testing cohort also demonstrated
consistency in the ROC-AUCs, calibration curve, and
C-index (Figure 5).

The time-dependent ROC-AUCs were 0.761, 0.763, and
0.770 for the prediction of CSS at 1, 2, and 3 years in the
training cohort, respectively (Figure 6A4). The calibration
curve closely resembled the ideal line (Figure 6B-6D).
Furthermore, as indicated by the time C-index in Figure 6E,
the model consistently exhibited a superior C-index
compared to AJCC 7th throughout the investigated
period across all settings. The cohort also demonstrated
consistency in ROC-AUC:s, the calibration curve, and
C-index (Figure 7).

DCA was employed to evaluate the clinical effectiveness
of the model, developed in the training cohort and extended
to the validation cohort. Demonstrating excellent clinical
applicability across a broad range of threshold probabilities,
the model effectively predicts CSS and OS in HCC
patients. Furthermore, as illustrated in Figure §, the model

consistently achieved greater clinical net benefit at 1, 2,
and 3 years for both CSS and OS, surpassing the AJCC
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Table 1 (continued)

Leve w228y o P Lew Jesng T
Age (years) 63.12+10.12 63.02+10.11  0.29 Surgery 0.52
Sex 0.89 None 13,700 (59.8) 13,577 (59.3)
Female 5.292(23.1)  5279(23.0) Local tumor 4106 (17.9) 4,220 (18.4)
Male 17,621 (76.9) 17,635 (77.0) destruction
Race 0.92 Hepatectomy 3,290 (14.4) 3,279 (14.3)
Hispanic 4,700 (20.5) 4,709 (20.6) Liver transplant 1,817 (7.9) 1,838 (8.0)
American Indian/ 249 (1.1) 240 (1.0) Radiotherapy 0.71
Alaska native None 22,390 (97.7) 22,378 (97.7)
;’;s::]r;;r Pacific 4,050 (17.7) 4,075 (17.8) Yes 523 (2.3) 536 (2.3)
Black 2,630(11.5) 2,680 (11.7) Chemotherapy 0.22
White 11,284 (49.2) 11,210 (48.9) No/unknown 9,201 (40.2) 9,073 (39.6)
Number of tumors 1.08+0.30 1.0720.30  0.45 Yes 13,712(59.8) 13,841 (60.4)
Delayed treatment 0.87 Median household income 0.20
No 3,911 (17.1) 3,025 (17.1) Lower income 426 (1.9) 376 (1.6)
Yes 19,002 (82.9) 18,989 (82.9) Median income 10,026 (43.8) 10,055 (43.9)
Type 010 High income 12,461 (54.4) 12,483 (54.5)
NOS 22,651 (98.9) 22,640 (98.8) Rural urban 0.34
Clear cell type 146 (0.6) 158 (0.7) Counties 14,285 (62.3) 14,437 (63.0)
Fibrolamellar 57 (0.2) 78 (0.3) Nonmetropolitan 1,988 (8.7) 1,959 (8.5)
Pleomorphic type 9.(0.0) 4(0.0) Metropolitan 6,640 (29.0) 6,518 (28.4)
Scirrhous 35 (0.2) 21 (0.1) Survival months 33.82+38.70 34.20+38.94 0.30
Spindle cell variant 15 (0.1) 13 (0.1) Status >099
T stage 0.4 Alive 7,551(33.0) 7,552 (33.0)
T1-2 17,232 (75.2) 17,306 (75.5) Dead 15,362 (67.0) 15,362 (67.0)
T34 5,681 (24.9) 5,608 (24.5) zacl;; are express.e.d a.s mean + SD orj n (%). QS, overall .survival;
, not specified; AJCC, American Joint Committee on
N stage 0.36 Cancer; SD, standard deviation.
NO 21,476 (93.7) 21,525 (93.9)
N1 1,437 6.3) 1,389 (6.1) staging system.
M stage 0.51
MO 20,395 (89.0) 20,441 (89.2) Construction of the clinic scoving system by ML
M1 2518 (11.0) 2,473 (108) Data from 45,827 HCC patients were used to
AJcC? 0.04 construct the OS scoring system. Subsequently, a
Ll 15,501 (67.7) 15,709 (68.6) 7:1:2 ratio was used to randomly divide patients into
Y 7,412 32.9) 7,205 (31.4) the training cohort, the validation cohort, and the

test cohort respectively according to the AutoScore

Table 1 (continued)
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framework (10,11). According to the 10-fold
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Table 2 Characteristics of the patients at baseline (CSS)

Level (nzi,iggs) (nz?;glges) P
Age (years) 62.99+10.08  63.03+10.18  0.69
Sex 0.38
Female 4,579 (22.9) 4,655 (23.3)
Male 15,406 (77.1) 15,331 (76.7)

Race 0.46
Hispanic 4,136 (20.7) 4,104 (20.5)
American Indian/ 228 (1.1) 197 (1.0)

Alaska native

Asian or Pacific 3,604 (18.0) 3,563 (17.8)
Islander

Black 2,261 (11.3) 2,326 (11.6)
White 9,756 (48.8) 9,796 (49.0)

Number of tumors 1.06+0.27 1.06+0.28 0.86

Delayed treatment 0.13
No 3,462 (17.3) 3,346 (16.7)

Yes 16,523 (82.7) 16,640 (83.3)

Type 0.35

NOS 19,747 (98.8) 19,743 (98.8)
Clear cell type 127 (0.6) 144 (0.7)
Fibrolamellar 65 (0.3) 61 (0.3)
Pleomorphic type 7 (0.0) 4(0.0)
Scirrhous 22 (0.1) 26 (0.1)
Spindle cell variant 17 (0.1) 8 (0.0)

T stage 0.15
T1-2 14,768 (73.9) 14,895 (74.5)

T3-4 5,217 (26.1) 5,091 (25.5)

N stage 0.22
NO 18,655 (93.3) 18,718 (93.7)

N1 1,330 (6.7) 1,268 (6.3)

M stage 0.34
MO 17,682 (88.5) 17,620 (88.2)

M1 2,303 (11.5) 2,366 (11.8)

AJCC7 0.12
I_ll 13,216 (66.1) 13,365 (66.9)

n_v 6,769 (33.9) 6,621 (33.1)

Table 2 (continued)
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Table 2 (continued)

Level (nisgt,iggs) (nT:?;g]ge) P

Surgery 0.37
None 11,986 (60.0) 12,132 (60.7)

Local tumor 3,540 (17.7) 3,530 (17.7)

destruction

Hepatectomy 2,953 (14.8) 2,844 (14.2)

Liver transplant 1,506 (7.5) 1,480 (7.4)
Radiotherapy 0.95

None 19,493 (97.5) 19,497 (97.6)

Yes 492 (2.5) 489 (2.4)
Chemotherapy 0.07

No/unknown 8,014 (40.1) 7,836 (39.2)

Yes 11,971 (59.9) 12,150 (60.8)
Median household 0.37
income

Lower income 373 (1.9 337 (1.7)

Median income 8,703 (43.5) 8,755 (43.8)

High income 10,909 (54.6) 10,894 (54.5)

Rural urban 0.71
Counties 12,444 (62.3) 12,516 (62.6)
Nonmetropolitan 1,775 (8.9) 1,738 (8.7)
Metropolitan 5,766 (28.9) 5,732 (28.7)

Survival months 33.82+39.13 34.07+39.34  0.53

Status >0.99
Alive 7,551 (37.8) 7,552 (37.8)

Dead 12,434 (62.2) 12,434 (62.2)

Data are expressed as mean = SD or n (%). CSS, cancer-
specific survival; NOS, not specified; AJCC, American Joint
Committee on Cancer; SD, standard deviation.

cross-validation result, it can be seen that the top-11-
variable-system (age, sex, race, number of tumors, pathology
type, T, N, M, surgery, median household income, and
rural-urban status) is a remarkable achievement by the
measure of AUC, which achieved 0.688 (Figure 94,9B).
The clinical scoring system is presented in Tuable 3. A
total of 39,971 cases of HCC patients were employed in
constructing the CSS scoring system. Utilizing the same
methodology for CSS analysis, an 11-feature scoring system
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A Uni-Cox Regression Forestplot in 2004-2020 HCC (OS) B Uni-Cox Regression Forestplot in 2004-2020 HCC (CSS)
C st Number (%) HR (95%Cl) P value Characteristics Number (%) HR (95%C1) P value
Age 63.02 (10.11) ' ' 1.01 (1.01-1.02) <0.001 sg: 63.03(1018) | [l 1.01(1.01-1.02) <0.001
fe" . 5270 (23.0) | | Female 4655 (23.3) | |
emale
Male 17635 (77.0) | ] | 1.14 (1.1-1.19) <0.001 g:‘:e 15331 (76.7) | * | 116 (111-1.21) <o.001
:f:;:m 4700 208) | | Hispanic 4104205 | |
American Indian/Alaska Native 240 (1.0) [ | 1.11(0.95-1.3) 0.18 American Indian/Alaska Native et [ | 115096139 o
Asian or Pacific Islander 4075 (17.8) 1 e | 0.81 (0.77-0.86) <0.001 Asian or Pacific Islander 3563 (17.8) | L | 0.83 (0.78-0.88) <0.001
Black 2326 (11.6) - 1.22 (1.15-1.3) <0.001
Black 2680 (11.7) o 1.19 (1.12-1.26) <0.001
White 9796 (49.0) » 1.08 (1.03-1.13) 0.001
\r/lv::(:ber of tumors R 201';) ((;8390)) ! . I o ;10?0(;;-8524; 3,0;01 Number of tumors 106028 |4 | 0.53 (0.49-0.57)  <0.001
Type 070 | | -61 (0.57-0. - Type | |
Not specified 19743 (98.8)
gf;:"ceeﬁ"“;:e zzf;g ((%57? | - | 104 (0.86-1.25) o7 Clear cell type 144(0.7) I | 1.04 (0.86-1.27) 0.67
. ] ] . Fibrolamellar 61(0.3) | e | 1(0.73-1.37) 0.99
Fibrolamellar 78(0.3) - 0.93 (0.72-1.21) 0.60 Pl hi 4 1(1.24 1 2
—_— -
Pleomorphic type 4(00) | H—e——| 1.79 (0.67-4.77) 024 leomorphic type (0.0) | 1 3:31(1.24-8.81) 00
Sorode 21(0.1) et 0,60 (0.52-1.54) 069 Sairthous 26 (0.1) - 1.16 (0.73-1.85) 052
Spindle cell variant 13(0.1) ] —_—l 5 4.5 (2.61-7.75) <0.001 ;plndle cell variant 8(0.0) | L —— 4.43 (2.21-8.86) <0.001
T | | | |
T1-2 14895 (74.5)
T12 17306 (75.5)
T3-4 5608 (24.5) | - | 2.93 (2.83-3.04) <0.001 I‘S"‘ 5081 (25.5) ] - ] 3.16 (3.04-3.28) <0.001
N | |
No w718 @37 | I
NO 21525 (93.9)
N1 1389 (6.1) ] o | 2,93 (2.76-3.11) <0.001 "‘: 1268 (6.3) | Ld | 3.04 (2.85-3.23) <0.001
e ] ]
Mo 20441 (89.2) Mo 17620 882) | |
M1 2473 (10.8) ] | 4.31 (4.12-4.51) <0.001 M1 2366 (11.8) | l"l 4.57 (4.36-4.8) <0.001
Surge Surgery
Nong i 13577 (59.3) | | None 12132 (60.7) ] ]
Local_tumor_destruction 4220 (18.4) | | 0.48 (0.46-0.5) <0.001 Local_tumor_destruction 3530 (17.7) 1° | 0.43 (0.41-0.45) <0.001
Hepatectomy 3279 (14.3) 3 0.37 (0.35-0.39) <0.001 Hepatectomy 2844 (14.2) * 0.35 (0.33-0.37) <0.001
Liver_Transplant 1838 (8.0) lo | 0.17 (0.16-0.18) <0.001 Liver_Transplant 1480 (7.4) » | 0.1(0.09-0.11) <0.001
Radiotherapy | | Radiotherapy
None 22378 (97.7) None 19497 (97.6) | |
Yes 536 (2.3) | = ] 0.92 (0.82-1.03) 0.16 Yes 489 (2.4) | = | 0.9 (0.79-1.02) 0.09
Chemotherapy | | Chemotherapy
No/Unknown 9073 (39.6) No/Unknown 7836 (39.2) | |
Yes 13841 (60.4) I L] I 1.67 (1.61-1.73) <0.001 Yes 12150 (60.8) I L I 1.79 (1.72-1.86) <0.001
Median_household_income Median_household_income
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Figure 2 Univariate Cox regression analyses for screening predictors in HCC. (A) Overall survival; (B) cancer-specific survival. Radiation
therapy and delayed treatment were not found to be associated with the prognosis of HCC. HCC, hepatocellular carcinoma; OS, overall

survival; CSS, cancer-specific survival; HR, hazard ratio; 95% CI, 95% confidence interval.
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Figure 3 Multivariate Cox regression analyses for screening predictors in HCC. (A) Overall survival; (B) cancer-specific survival. Age, sex,
race, number of tumors, pathology type, T, N, M, surgery, median household income, and rural-urban status were identified as related to
both OS and CSS in HCC. HCC, hepatocellular carcinoma; OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio; 95% CI,

95% confidence interval.
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Figure 4 The stability and accuracy of this model for overall survival in the training cohort. The time-dependent receiver operating

characteristic curves. (A) ROC curves for predicting overall survival at 1, 2, and 3 years in the training cohort; (B-D) calibration curves for

predicting overall survival at 1, 2, and 3 years in the training cohort, respectively; (E) C-index curves for predicting overall survival in the

training cohort. ROC, receiver operating characteristic; HCC, hepatocellular carcinoma; OS, overall survival; AUC, area under curve; TP,

true positive; FP, false positive; AJCC, American Joint Committee on Cancer.
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Figure 5 The stability and accuracy of this model for overall survival in the testing cohort. (A) ROC curves for predicting overall
survival at 1, 2, and 3 years in the testing cohort; (B-D) calibration curves for predicting overall survival at 1, 2, and 3 years in the testing
cohort, respectively; (E) C-index curves for predicting overall survival in the testing cohort. ROC, receiver operating characteristic;
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Committee on Cancer.
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Figure 6 The stability and accuracy of this model for cancer-specific survival in the training cohort. (A) ROC curves for predicting cancer-
specific survival at 1, 2, and 3 years in the training cohort; (B-D) calibration curves for predicting cancer-specific survival at 1, 2, and 3 years
in the training cohort, respectively; (E) C-index curves for predicting cancer-specific survival in the training cohort. ROC, receiver operating
characteristic; HCC, hepatocellular carcinoma; CSS, cancer-specific survival; AUC, area under curve; TP, true positive; FP, false positive;
AJCC, American Joint Committee on Cancer.
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Figure 7 The stability and accuracy of this model for cancer-specific survival in the testing cohort. (A) ROC curves for predicting cancer-
specific survival at 1, 2, and 3 years in the testing cohort; (B-D) calibration curves for predicting cancer-specific survival at 1, 2, and 3 years
in the testing cohort, respectively; (E) C-index curves for predicting cancer-specific survival in the testing cohort. ROC, receiver operating
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AJCC, American Joint Committee on Cancer.
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Figure 8 Decision curve analysis of HCC. (A-C) DCA at 1, 2, and 3 years performed in the overall survival cohort; (D-F) DCA at 1, 2, and
3 years performed in the cancer-specific survival cohort. The model consistently achieves greater clinical net benefit at 1, 2, and 3 years for
both CSS and OS, surpassing the AJCC staging system. OS, overall survival; AJCC, American Joint Committee on Cancer; CSS, cancer-
specific survival; HCC, hepatocellular carcinoma; DCA, decision curve analysis.
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the variables in overall survival; (C) the importance ranking of variables in cancer-specific survival; (D) the area under the curve according to

the variables in cancer-specific survival.

exhibited an AUC as high as 0.715 (Figure 9C,9D). The
detailed scoring is presented in Table 4.

Survival analysis

In the OS dataset, stratification based on the median
score (42 scores) yielded two groups. Survival analysis
demonstrated a significant correlation between patients
with scores above the median and a poorer prognosis in
the training set, validation set, and the entire OS dataset,
with statistical significance (Figure 10A-10C). Similar
observations were noted in the CSS dataset [median score
(46 scores)] (Figure 10D-10F).

Discussion

In this population-based longitudinal study, we identified
11 (age, sex, race, number of tumors, pathology type, T,
N, M, surgery, median household income, and rural-urban

© Journal of Gastrointestinal Oncology. All rights reserved.

status) clinicopathological characteristics that can serve as
reference points for predicting the prognosis of HCC. The
discrimination and calibration of the 11 clinicopathological
characteristics in both internal and external validation
indicate that our predictive model demonstrates
considerable performance. Furthermore, decision curves
and model comparisons suggest its superiority over
the AJCC staging system. Based on these findings, we
developed a comprehensive scoring system to predict both
the OS and CSS of patients with HCC. The novel scoring
system holds significant clinical significance, offering a
valuable predictive tool that can influence future treatment
strategies and guide follow-up investigations for HCC.

Age emerged as an independent risk factor for
HCC patients. Despite having liver functional reserves
comparable to younger individuals, patients of advanced
age (=55 years) exhibit a poorer prognosis irrespective of
the treatment received (18). In a multicenter study, early
recurrence rates (<2 years) after liver resection were found
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Table 3 The scoring system for overall survival Table 3 (continued)
Variable Point Variable Point
Age (years) Median household income
<48 0 Lower income 4
48-69 2 Median income 1
70-79 6 High income 0
280 8 Rural urban
Sex Counties 0
Female 0 Nonmetropolitan 1
Male 2 Metropolitan 1
Race NOS, not specified.
Asian or Pacific Islander 0
American Indian/Alaska native 3
Black 4 Table 4 The scoring system for cancer-specific survival
Hispanic 5 Variable Point
White 3 Age (years)
Number of tumors <48 0
1 6 48-69 1
>0 0 70-79 4
Type >80 6
Fibrolamellar 0 Sex
NOS 4 Female 0
Clear cell type 6 Male 1
Pleomorphic type 12 Race
Scirrhous 10 Asian or Pacific Islander 0
Spindle cell variant 18 American Indian/Alaska native 3
T stage Black 3
-2 0 Hispanic 1
e B White 3
N stage
Number of tumors
NO 0
N1 4 ! 8
M stage =2 0
MO 0 Type
M 16 Fibrolamellar 0
Surgery NOS s
None 25 Clear cell type 7
Local tumor destruction 17 Pleomorphic type 16
Hepatectomy 11 Scirrhous 9
Liver transplant 0 Spindle cell variant 22

Table 3 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.

Table 4 (continued)
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Table 4 (continued)
Variable Point
T stage
T1-2 0
T3-4 11
N stage
NO 0
N1 4
M stage
MO 0
M1 13
Surgery
None 28
Local tumor destruction 20
Hepatectomy 15
Liver transplant 0

Median household income

Lower income 3

Median income 1

High income 0
Rural urban

Counties 0

Nonmetropolitan 1

Metropolitan 1

NOS, not specified.

to be unrelated to gender. However, in the late stages, the
recurrence rate in males was significantly higher than in
females (19,20). In comparison to white individuals, black
individuals have a poorer prognosis, while Hispanic and
Asian populations exhibit better survival rates. This is
associated with lower early diagnosis rates of HCC in black
individuals (21). In multiple retrospective studies on liver
transplantation, it was found that the number of tumors
was not associated with the OS rate and recurrence rate
after liver transplantation (22,23). This finding contradicts
common knowledge. Interestingly, in our clinical scoring
system, we also observed that patients with multiple
tumors have higher scores compared to those with a single
tumor. This constitutes an intriguing discovery. When the

© Journal of Gastrointestinal Oncology. All rights reserved.
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number of tumors was converted into a categorical variable,
individuals with multiple tumors showed a significantly
lower OS rate than those with a single tumor. However,
there is no discernible difference in post-operative
recurrence rates between the two groups (24). Surgery
is one of the primary treatment modalities for HCC. A
retrospective analysis, after clinical feature matching,
revealed that patients who underwent surgery had a 55%
lower mortality rate compared to those who received non-
surgical treatments for HCC. Therefore, active promotion
of surgical intervention for HCC is considered one of
the most effective means to reduce mortality (25). A
retrospective study observed that the incidence of HCC is
higher among women from low-income rural households.
Furthermore, a higher proportion of cases were diagnosed
at advanced stages in this demographic, and these patients
received less treatment. This was associated with lower
education levels, limited access to medical resources in rural
areas, and a higher prevalence of tumors. Consequently, this
group of patients exhibited a significantly lower OS rate
compared to individuals from higher-income and higher-
education demographics (26).

Until now, there has been a lack of dedicated and widely
accepted models for predicting the individual survival rate
among HCC patients. Staging systems, such as the BCLC
and AJCC staging systems, are currently widely utilized
in clinical practice. However, these staging systems fail to
provide accurate prognostic assessments for individuals (27).
First, the significance derived from this study encompasses
its potental to serve as a tool to assess individual patient OS
and CSS. Secondly, it streamlines the process for clinical
practitioners to swiftly identify high-risk patients, enabling
timely monitoring. Most importantly, but not limited to,
it offers direct guidance for the surgical approach and
postoperative interventions for critical patients (median
score).

Clinical scoring systems have broad applications in
clinical practice. In addition to the previously mentioned
scoring systems, the Apgar score (28), pain score (29), and
the Glasgow Coma Scale have all played crucial roles as
operational guidance tools in clinical settings (30). Given
the evolving landscape of diseases and the continual
advancement of clinical treatment methods, approaches for
assessing the prognosis of HCC must also adapt to modern
medical practices.

The primary strengths of the current study include,
firstly, that our clinical scoring system is based on a large-
scale population from the SEER database, providing
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Figure 10 Kaplan-Meier curves for HCC according to the median scores from the score system. (A-C) Kaplan-Meier curves of overall
survival for HCC in the training cohort, testing cohort, and the overall cohort; (D-F) Kaplan-Meier curves of cancer-specific survival for

HCC in the training cohort, testing cohort, and the overall cohort. OS, overall survival; CSS, cancer-specific survival; HCC, hepatocellular

carcinoma.

rich and detailed data. Variables encompassed clinical
characteristics and demographic information. The
abundance of data ensured the accuracy of the clinical
scoring system. Secondly, the main variables can be
obtained before clinical treatment decisions, facilitating the
process of making appropriate clinical treatment choices.
Thirdly, post-operative management can be personalized,
allowing for the timely identification of high-risk patients

© Journal of Gastrointestinal Oncology. All rights reserved.

and optimizing the allocation of clinical resources. Last
but not least, using C-index analysis, we found that the
established clinical scoring system outperforms the AJCC
staging system in assessing both OS and CSS.

Several limitations were encountered during this
study. One limitation is that it was conducted through
retrospective analysis. Therefore, the applicability of the
scoring system has not been validated at other institutions.
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Furthermore, the critical inclusion and exclusion criteria
may have overlooked valuable information, partly because
the SEER dataset contains a considerable amount of
missing data on several important clinical variables. This
contributes to the absence of several crucial variables in the
system, introducing considerable bias, as previous evidence
suggested (31). For instance, tumor-related characteristics
such as tumor size, tumor pathologic grade, as well as
vascular invasion are all known risk factors for the poor
prognosis of HCC (32-34). Meanwhile, the use of statin
medication is also an important prognostic factor (35).
Finally, multicenter prospective studies may confirm or
improve the accuracy of our scoring system. Overall, our
scoring system was designed to assist in the efficient and
accurate management of HCC.

Conclusions

After conducting a large-scale retrospective analysis of
HCC, we identified 11 clinical variables (age, sex, race,
number of tumors, pathology type, T, N, M, surgery,
median household income, and rural-urban status) with
significant impacts on predicting the accuracy of OS and
CSS in HCC. Our results suggest that a scoring system,
trained using readily available clinical data, performs well
in predicting prognosis. Future research should focus on
validating this scoring system’s function in improving the
management accuracy and efficiency for clinics, and better
personalizing of treatments for HCC patients.
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