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Background: Only a small percentage of patients with large hepatocellular carcinoma (HCC) can undergo 
surgical resection (SR) therapy while the prognosis of patients with large HCC is poor. However, innovations 
in surgical techniques have expanded the scope of surgical interventions accessible to patients with large 
HCC. Currently, most of the existing nomograms are focused on patients with large HCC, and research on 
patients who undergo surgery is limited. This study aimed to establish a nomogram to predict cancer-specific 
survival (CSS) in patients with large HCC who will undergo SR.
Methods: The study retrieved data from the Surveillance, Epidemiology, and End Results (SEER) 
database encompassing patients with HCC between 2010 and 2015. Patients with large HCC accepting SR 
were eligible participants. Patients were randomly divided into the training (70%) and internal validation 
(30%) groups. Patients from Air Force Medical Center between 2012 and 2019 who met the inclusion and 
exclusion criteria were used as external datasets. Demographic information such as sex, age, race, etc. and 
clinical characteristics such as chemotherapy, histological grade, fibrosis score, etc. were analyzed. CSS was 
the primary endpoint. All-subset regression and Cox regression were used to determine the relevant variables 
required for constructing the nomogram. Decision curve analysis (DCA) was used to evaluate the clinical 
utility of the nomogram. The area under the receiver operating characteristic curve (AUC) and calibration 
curve were used to validate the nomogram. The Kaplan-Meier curve was used to assess the CSS of patients 
with HCC in different risk groups.
Results: In total, 1,209 eligible patients from SEER database and 21 eligible patients from Air Force 
Medical Center were included. Most patients were male and accepted surgery to lymph node. The 
independent prognostic factors included sex, histological grade, T stage, chemotherapy, α-fetoprotein (AFP) 
level, and vascular invasion. The CSS rate for training cohort at 12, 24, and 36 months were 0.726, 0.731, 
and 0.725 respectively. The CSS rate for internal validation cohort at 12, 24, and 36 months were 0.785, 
0.752, and 0.734 respectively. The CSS rate for external validation cohort at 12, 24, and 36 months were 
0.937, 0.929, and 0.913 respectively. The calibration curve demonstrated good consistency between the 
newly established nomogram and real-world observations. The Kaplan-Meier curve showed significantly 
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Introduction

Background

Hepatocellular carcinoma (HCC) stands as one of the most 
prevalent primary malignant tumors and the fourth most 
common cause of cancer-related death globally (1). The 
subtle symptoms of the disease often result in an advanced-
stage diagnosis (2). The tumor and liver function are the two 
most significant variables that affect the prognosis of patients 
with HCC (3). The tumor’s diameter holds relevance in 
the oncological staging of HCC, aligning with commonly 
employed staging criteria for this condition (4). In contrast 
to smaller HCC, the prognosis for large HCC (>5 cm) and 
huge HCC (>10 cm) is consistently unpredictable (5,6). 

Currently, the primary therapies for patients with 

HCC include surgical treatment, radiation, chemotherapy, 
and combined treatment  (7) .  Surgica l  treatment 
includes resection, liver transplantation, and local tumor 
destruction. Surgical resection (SR), the preferred surgical 
treatment, includes liver wedge resection, lobectomy, and 
hemi-hepatectomy. Among these methods, anatomical 
hepatectomy is the preferred option, whereas non-
anatomical hepatectomy is only an alternative when 
anatomical hepatectomy cannot be performed (8).

Rationale and knowledge gap

Although surgery continues to be the cornerstone of 
comprehensive approaches for patients with HCC, the value 
of SR for patients with large HCC has recently been re-
evaluated. Support for SR arises from the following reasons. 
Several studies have shown that SR is a secure and effective 
option for treating large HCCs (9,10). Additionally, SR can 
directly remove the lesion and acquire pathological samples, 
providing a foundation for systemic therapy. Conversely, 
proponents of the opposing viewpoint argue that SR does 
not increase survival time. 

For instance, some researchers have shown that patients 
with advanced-stage HCC and/or poor liver condition 
endure heightened surgical complications, diminished 
survival rates, and lower quality of life. Regardless of the SR 
technique adopted, patients with large HCC may experience 
reduced postoperative liver volumes and an inability to 
maintain normal function (11,12). Therefore, developing 
nomograms becomes necessary to guide clinicians in 
identifying risk factors among patients with large HCC, 
selecting a suitable population for SR, and implementing 
corresponding treatment strategies.

Several retrospective studies have analyzed the factors 
that affected the prognosis of patients with large HCC. 

Highlight box

Key findings
•	 The nomogram for patients with large hepatocellular carcinoma 

(HCC) accepting surgical resection (SR) has been introduced.

What is known and what is new? 
•	 Innovations in surgical techniques have expanded the scope of 

surgical interventions accessible to patients with large HCC. At 
present, there is no standard to evaluate the prognosis of these 
patients. Tumor-node-metastasis stage is a well-known prognostic 
factor.

•	 We have built a nomogram based on new prognostic factors, such 
as sex, α-fetoprotein level, histological grade, and chemotherapy. 

What is the implication, and what should change now? 
•	 The nomogram can predict the cancer-specific survival in patients 

with large HCC accepting SR, which may aid in clinical decision-
making and treatment. Nevertheless, performing broader external 
validations remains a crucial next step.

unfavorable CSS in the high-risk group (P<0.001). DCA demonstrated favorable clinical applicability of the 
nomogram.
Conclusions: The nomogram constructed based on sex, histological grade, T stage, chemotherapy and 
AFP levels can predict the CSS in patients with large HCC accepting SR, which may aid in clinical decision-
making and treatment.

Keywords: Hepatocellular carcinoma (HCC); surgical resection (SR); nomogram; cancer-specific survival (CSS); 

Surveillance, Epidemiology, and End Results database (SEER database)

Submitted Apr 18, 2024. Accepted for publication Jul 26, 2024. Published online Aug 20, 2024.

doi: 10.21037/jgo-24-285

View this article at: https://dx.doi.org/10.21037/jgo-24-285



Journal of Gastrointestinal Oncology, Vol 15, No 4 August 2024 1659

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2024;15(4):1657-1673 | https://dx.doi.org/10.21037/jgo-24-285

Hepatic arterial infusion chemotherapy (HAIC) provided 
survival benefits for patients with large HCC (13,14). 
Larger tumor size, vascular invasion, metastasis, high 
albumin-bilirubin grade, and high α-fetoprotein (AFP) 
were indicators for poor prognosis in patients with large 
HCC accepting HAIC. What’s more, HAIC combined 
with transarterial chemoembolization (TACE) yielded a 
promising prognosis for patients with large HCC (15). As 
for patients who accepted SR, factors such as higher levels 
of neutrophil/lymphocyte ratio, higher levels of aspartate 
aminotransferase/platelet count ratio index, vascular 
invasion, cirrhosis, satellite lesions/multicentricity, etc. 
were associated with poor prognosis (16,17). Researchers 
from Peru constructed a nomogram to predict the long-
term survival of large HCC (>10 cm) (18). The nomogram 
incorporated cirrhosis, multifocality, macroscopic vascular 
invasion, and spontaneous tumour rupture. A nomogram 
constructed by Chinese researchers incorporated tumor 
size, tumor-node-metastasis (TNM) stage, serum albumin, 
and aspartate aminotransferase to lymphocyte ratio index to 
predict overall survival (OS) and disease-free survival (DFS) 
for patients with HCC (19). However, previous nomograms 
had limitations such as establishing based on single center 
or single region data, small sample size, or lacking external 
validation.

Objective

In this study, data of patients with large HCC from the 
Surveillance, Epidemiology, and End Results (SEER) 
database were extracted to establish a relevant nomogram. 
This data were employed to evaluate the survival rate of 
patients who underwent SR. Furthermore, we validated this 
nomogram with an external cohort of patients with HCC 
from Air Force Medical Center. We present this article in 
accordance with the TRIPOD reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
24-285/rc).

Methods

Study population selection in the SEER database 

Patients were diagnosed between January 2010 and 
December 2015 and collected using the International 
Classification of Diseases for Oncology Topography Codes, 
Third Edition. The detailed criteria were as follows: (I) 
topography codes used were those for primary liver cancer 

(C22.0), and morphology codes comprised the following 
histological types: 8170–8175 (i.e., not otherwise specified, 
fibrolamellar, scirrhous, spindle cell variant, clear cell type, 
pleomorphic-type HCC). The following variables were 
retrieved: patient’s age, race, marital status, pathological 
TNM (pTNM) stage, clinical TNM (cTNM) stage, 
American Joint Committee on Cancer (AJCC) stage, tumor 
size, surgery of primary site, surgery of regional lymph 
nodes (LNs), surgery of distant metastasis, chemotherapy, 
radiation, survival time, vital status, and cause of death. 
Follow-up time is measured in months. The survival 
months in SEER database is defined as: survival months = 
FLOOR [(endpoint – date of diagnosis)/days in a month]. 
The FLOOR function always rounds down, e.g., FLOOR 
(1.68) =1. Days in a month is assigned to 365.24/12. In this 
study, cancer-specific survival (CSS), the time span between 
the diagnostic date and death due to the tumor, was the 
primary endpoint in this research.

Patients diagnosed prior to January 2010 were excluded 
because the database lacked information on specific 
parameters, such as AFP levels, during that period. 
Additionally, patients diagnosed after December 2015 were 
excluded to ensure a sufficient follow-up time. Staging 
involved using the AJCC TNM staging system to diagnose 
large HCC. Perioperative death was defined as a survival 
period of <1 month. 

The inclusion criteria were as follows: (I) diagnosis of 
HCC between 2010 and 2015 and (II) tumor size >5 cm. 
The exclusion criteria were as follows: (I) survival months 
were unknown; (II) the patients did not undergo SR; (III) 
the reason for death was missing; (IV) patients’ race was 
unavailable; (V) histological grade was unknown; (VI) AJCC 
stage, T stage, N stage, and M stage were unavailable; 
(VII) status of whether patients underwent LN surgery was 
unknown; (VIII) survival <1 month. 

Patients were randomly divided into the training (70%) 
and internal validation (30%) groups. The grouping method 
was simple random grouping. Randomization was computer-
generated by using the random() function in R language. The 
selection flowchart of this study is shown in Figure 1.

External validation group

The external validation dataset included patients diagnosed 
with large HCC and underwent SR in Air Force Medical 
Center, PLA from 2012 to 2019. Follow-up was conducted 
by doctors through phone or in person interviews. The 
inclusion and exclusion criteria were the same as those for the 

https://jgo.amegroups.com/article/view/10.21037/jgo-24-285/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-24-285/rc
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SEER group. The specific process is also shown in Figure 1. 
The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The ethics committee of Air 
Force Medical Center, PLA, Air Force Medical University 
approved the study (approval No. 2021-175-PJ01). Informed 
consent was taken from all the patients. 

Data collection

In this study, patients with HCC and a tumor size >5 cm 
were defined as patients with large HCC. The information 
extracted from the SEER database and Air Force Medical 
Center for patients with large HCC was mainly divided 
into two categories: demographic information and clinical 
characteristics. The former included race, age, sex, 
and marital status. The latter included chemotherapy, 
radiotherapy, AJCC T stage, N stage, M stage, histological 
grade, AFP level, fibrosis score, and survival time. The 
higher the histological grade, the lower the degree of tissue 
differentiation. 

Statistical analysis 

In this study, patient characteristics were summarized 
as numbers and frequencies for categorical variables. 
Differences between groups were analyzed using the 
χ2 or Fisher’s exact tests for categorical variables. First, 
we used univariable Cox regression models to analyze 
the independent prognostic factors associated with 
CSS. Subsequently, factors (P<0.10) were included in 
the multivariable regression models to retain the most 
significant prognostic factors. Second, to minimize the 
possibility of overfitting our model, variables with a P<0.05 
in the multivariable Cox analysis were included in the 
nomogram after the all-subset regression. A nomogram 
was established using these variables. The area under the 
receiver operating characteristic curve (AUC) was plotted 
to assess the nomogram’s capacity for discrimination. Zero 
point seven to 0.8 is considered acceptable, 0.8 to 0.9 is 
considered excellent, and more than 0.9 is considered 
outstanding (20). Calibration curves were constructed to 

Patients with HCC from SEER 
database between 2010 to 2015 

(n=38,681)

Patients with HCC and tumor size 
>5 cm (n=13,066)

Patients with HCC from Air Force 
Medical Center between 2012 to 

2019 (n=286)

Patients with HCC and tumor size 
>5 cm (n=52)

Exclusion:
•	 Survival months unknown (n=24)
•	 No surgery (n=11,616)
•	 Missing reason for death (n=31)
•	 Unknown race (n=6)
•	 Unknown histological grade (n=116)
•	 Unknown AJCC TNM stage (n=29)
•	 Unknown surgery to lymph node (n=6)
•	 Survival <1 month (n=29)

Exclusion:
•	 Survival months unknown (n=10)
•	 No surgery (n=9)
•	 Missing reason for death (n=6)
•	 Survival <1 month (n=6)

Eligible patients with HCC 
(n=1,209)

Eligible patients with HCC 
(n=21)

Training cohort
(n=847)

Internal validation cohort 
(n=362)

External validation 
cohort (n=21)

Figure 1 Flow diagram of the selection process. HCC, hepatocellular carcinoma; SEER, Surveillance, Epidemiology, and End Results; 
AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis. 
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evaluate nomogram accuracy and reliability. Decision curve 
analysis (DCA) was used to evaluate the clinical utility of the 
nomogram. The function “surv_cutpoint” in the R package 
“survminer” was applied to determine the optimal cut-off 
value of the risk threshold according the total score. CSS 
between the high-risk and low-risk groups was evaluated 
using Kaplan-Meier curves and compared using the log-
rank test. Statistical significance was defined as a two-sided 
P value of <0.05. The SEER*Stat 8.0.4.1 program was 
used to retrieve the data used in this study. Free Statistics 
software (version 1.7.1) was used to perform all analyses.

Results

Baseline characteristics

A total of 1,209 eligible patients with large HCC were 
included. The median follow-up time of these patients was 
77 months. Table 1 presents the clinical and demographic 
characteristics of the study cohort. Approximately half of 

the patients were over 65 years old and half were under  
65 years of age. Most patients were male (n=889, 73.5%), 
white (n=722, 59.7%), and single (n=733, 60.6%). Most 
patients (1,172, 96.9%) had no LN metastasis of HCC; 
therefore, most did not undergo surgery on the LNs (967, 
80.0%). A total of 1,129 patients had no vascular invasion, 
and 228 received chemotherapy. Notably, 47.2% of the 
patients were positive for AFP, and 54.3% of the tumors were 
grade II.

Prognostic factors related to CSS for large HCC patients 
after SR

Cox regression analysis showed that sex, AFP level, 
histological grade, T stage, chemotherapy, and vascular 
invasion were all independent prognostic factors (Table 2).  
Five variables were identified by the all-subset regression 
model, including sex, histological grade, T stage, 
chemotherapy, and AFP level, after adjusting for the 
maximum value of R2 (adj R2). See Figure 2 for further details.

Table 1 Clinical and demographic features of eligible patients

Variables Total (n=1,209) Training (n=847) Validation (n=362) P

Age (years) 0.22

<65 587 (48.6) 421 (49.7) 166 (45.9)

≥65 622 (51.4) 426 (50.3) 196 (54.1)

Sex 0.27

Male 889 (73.5) 615 (72.6) 274 (75.7)

Female 320 (26.5) 232 (27.4) 88 (24.3)

Race 0.12

White 722 (59.7) 493 (58.2) 229 (63.3)

Black 130 (10.8) 100 (11.8) 30 (8.3)

Others 357 (29.5) 254 (30.0) 103 (28.5)

Marital status 0.74

Married 208 (17.2) 141 (16.6) 67 (18.5)

Single 733 (60.6) 517 (61.0) 216 (59.7)

Others 268 (22.2) 189 (22.3) 79 (21.8)

Grade 0.37

I 200 (16.5) 141 (16.6) 59 (16.3)

II 657 (54.3) 470 (55.5) 187 (51.7)

III 317 (26.2) 215 (25.4) 102 (28.2)

IV 35 (2.9) 21 (2.5) 14 (3.9)

Table 1 (continued)
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Table 1 (continued)

Variables Total (n=1,209) Training (n=847) Validation (n=362) P

AJCC stage 0.70

I 534 (44.2) 371 (43.8) 163 (45.0)

II 223 (18.4) 155 (18.3) 68 (18.8)

III 382 (31.6) 275 (32.5) 107 (29.6)

IV 70 (5.8) 46 (5.4) 24 (6.6)

AJCC T stage 0.76

T1 549 (45.4) 379 (44.7) 170 (47.0)

T2 236 (19.5) 165 (19.5) 71 (19.6)

T3 352 (29.1) 249 (29.4) 103 (28.5)

T4 72 (6.0) 54 (6.4) 18 (5.0)

AJCC N stage 0.49

N0 1,172 (96.9) 823 (97.2) 349 (96.4)

N1 37 (3.1) 24 (2.8) 13 (3.6)

AJCC M stage 0.24

M0 1,170 (96.8) 823 (97.2) 347 (95.9)

M1 39 (3.2) 24 (2.8) 15 (4.1)

Surgery to LN 0.31

No 967 (80.0) 671 (79.2) 296 (81.8)

Yes 242 (20.0) 176 (20.8) 66 (18.2)

Chemotherapy 0.84

No 981 (81.1) 686 (81.0) 295 (81.5)

Yes 228 (18.9) 161 (19.0) 67 (18.5)

AFP 0.18

Negative 383 (31.7) 270 (31.9) 113 (31.2)

Positive 571 (47.2) 410 (48.4) 161 (44.5)

Unknown 255 (21.1) 167 (19.7) 88 (24.3)

Fibrosis 0.59

Ishak 0–4 294 (24.3) 213 (25.1) 81 (22.4)

Ishak 5–6 141 (11.7) 98 (11.6) 43 (11.9)

Unknown 774 (64.0) 536 (63.3) 238 (65.7)

Vascular invasion 0.62

No 1,129 (93.4) 789 (93.2) 340 (93.9)

Yes 80 (6.6) 58 (6.8) 22 (6.1)

Data are expressed as n (%). AJCC, American Joint Committee on Cancer; LN, lymph node; AFP, α-fetoprotein.
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Table 2 Univariable and multivariable Cox analysis in patients with large hepatocellular carcinoma after surgical resection

Variables
Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Age (years)

<65 Reference Reference

≥65 0.84 (0.72–0.98) 0.03 0.98 (0.83–1.16) 0.85

Sex

Male Reference Reference

Female 0.75 (0.62–0.90) 0.002 0.69 (0.57–0.84) <0.001*

Race

White Reference Reference

Black 1.36 (1.07–1.73) 0.01 1.25 (0.97–1.61) 0.09

Others 1.01 (0.85–1.21) 0.88 0.94 (0.78–1.13) 0.50

Marital status

Married Reference Reference

Single 0.82 (0.67–1.01) 0.06 0.88 (0.71–1.10) 0.27

Others 0.85 (0.67–1.08) 0.19 0.99 (0.77–1.28) 0.95

Grade

I Reference Reference

II 1.35 (1.06–1.73) 0.02 1.09 (0.85–1.40) 0.49

III 2.48 (1.92–3.21) <0.001 1.7 (1.29–2.24) <0.001*

IV 2.44 (1.53–3.87) <0.001 1.83 (1.13–2.97) 0.02*

AJCC stage

I Reference Reference

II 1.60 (1.27–2.00) <0.001 0.74 (0.28–1.95) 0.54

III 2.51 (2.09–3.01) <0.001 0.84 (0.38–1.82) 0.65

IV 3.30 (2.44–4.48) <0.001 0.74 (0.20–2.71) 0.65

AJCC T stage

T1 Reference Reference

T2 1.62 (1.30–2.01) <0.001 1.98 (0.77–5.07) 0.16

T3 2.42 (2.01–2.91) <0.001 2.36 (1.10–5.06) 0.03*

T4 4.01 (2.98–5.40) <0.001 3.77 (1.73–8.22) 0.001*

AJCC N stage 

N0 Reference Reference

N1 1.70 (1.14–2.54) 0.009 1.43 (0.54–3.78) 0.47

AJCC M stage 

M0 Reference Reference

M1 2.83 (1.98–4.05) <0.001 1.87 (0.68–5.15) 0.23

Table 2 (continued)
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Table 2 (continued)

Variables
Univariable Multivariable

HR (95% CI) P HR (95% CI) P

Surgery to LN

No Reference – –

Yes 1.13 (0.94–1.37) 0.20 – –

Chemotherapy

No Reference Reference

Yes 1.61 (1.34–1.92) <0.001 1.25 (1.03–1.53) 0.02*

AFP

Negative Reference Reference

Positive 1.75 (1.45–2.11) <0.001 1.34 (1.10–1.64) 0.004*

Unknown 1.55 (1.24–1.94) <0.001 1.48 (1.18–1.87) 0.001*

Fibrosis

Ishak 0–4 Reference – –

Ishak 5–6 1.22 (0.92–1.60) 0.17 – –

Unknown 1.10 (0.91–1.33) 0.32 – –

Vascular invasion

No Reference Reference

Yes 2.70 (2.08–3.51) <0.001 1.54 (1.15–2.08) 0.004*

*, P values <0.05 in multivariable analysis. AJCC, American Joint Committee on Cancer; LN, lymph node; AFP, α-fetoprotein; HR, hazard 
ratio; CI, confidence interval. 
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Nomogram construction and internal validation

Based on the variables identified by Cox analysis and all-
subset regression, a nomogram was established to evaluate 
the survival rate of patients with large HCC at 12, 24, and  
36 months (Figure 3). The AUCs at 12, 24, and 36 months 
were 0.726 [95% confidence interval (CI): 0.684–0.767; 
sensitivity: 0.70; specificity: 0.64], 0.731 (95% CI: 0.693–0.768; 
sensitivity: 0.76; specificity: 0.60), and 0.725 (95% CI: 0.690–
0.761; sensitivity: 0.72; specificity: 0.60), respectively, indicating 
that the nomogram had a significant predictive ability. In 
the validation group, the AUCs at 12, 24, and 36 months  
were 0.785 (95% CI: 0.719–0.851; sensitivity: 0.68; 
specificity: 0.76), 0.752 (95% CI: 0.696–0.808; sensitivity: 
0.73; specificity: 0.65), and 0.734 (95% CI: 0.680–0.789; 
sensitivity: 0.63; specificity: 0.73), respectively (Figure 4). The 
time-dependent AUCs were shown in Figure 5.

Moreover, the composite model performed predictive 
ability better than any single predictive variable. The 
calibration curves for survival probability of 12-, 24-, and 
36-month CSS were highly consistent with the actual 
observation (Figure 6). DCA showed better net benefits, 
indicating that the nomogram has a more clinically 
applicable value in patients with large HCC than the AJCC 
stage (Figure 7).

External validation from our institution

In total, 21 patients diagnosed with large HCC underwent 

SR between 2012 and 2019 in Air Force Medical Center. 
The median follow-up time of patients was 53 months. The 
CSS rate at 12, 24, and 36 months were 0.714 (95% CI: 
0.545–0.936), 0.667 (95% CI: 0.493–0.902), and 0.619 (95% 
CI: 0.443–0.866) respectively. Table 3 presents the clinical 
characteristics of eligible patients from our institution. 
Postoperative chemotherapy was applied to 11 patients. 
It is noteworthy that the sex (P=0.21), grade (P=0.31), 
and surgery to LN (P=0.10) were similar across different 
datasets. However, compared to the SEER training dataset, 
the validation datasets displayed a tendency towards higher 
TNM stage, AFP, and vascular invasion.

As shown in Figure 8, the model’s AUC for the prediction 
of 12-, 24- and 36-month CSS was 0.937 (95% CI: 0.812–
1.000; sensitivity: 1.00; specificity: 0.92), 0.929 (95% CI: 
0.790–1.000; sensitivity: 1.00; specificity: 0.90) and 0.913 
(95% CI: 0.745–1.000; sensitivity: 0.92; specificity: 0.89), 
respectively. The calibration curves for survival probability 
of 12-, 24-, and 36-month CSS were highly consistent 
with the actual observation (Figure 9). DCA demonstrated 
favorable clinical applicability of the nomogram (Figure 10). 

Nomogram application

Patients were categorized into different risk groups based 
on their total scores. For CSS, a score of 58 served as the 
threshold for dividing the patients into low-risk and high-
risk groups. The Kaplan-Meier curve demonstrated that 
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CSS was higher in the low-risk group than in the high-risk 
group (Figure 11).

Discussion

In this study, we identified independent factors associated 

with prognosis in patients with large HCC who underwent 
SR. These factors included chemotherapy, sex, AFP level, 
histological grade, and AJCC T stage. Subsequently, we 
built a nomogram based on the above results to predict the 
12-, 24-, and 36-month survival rates of patients with large 
HCC undergoing SR. 
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Figure 6 Calibration curves for predicting 12-, 24-, and 36-month CSS in patients with large hepatocellular carcinoma undergoing surgical 
resection. (A-C) 12-, 24- and 36-month CSS respectively in the training group. (D-F) 12-, 24- and 36-month CSS respectively in the 
internal validation group. CSS, cancer-specific survival. 

Despite the advancement in imaging techniques enabling 
early detection of HCC, some patients receive an initial 
diagnosis of large liver cancer or even mega liver cancer 
(tumor diameter >10 cm). Such patients frequently exhibit 
low tumor differentiation, vascular invasion, and low 
5-year survival rate (21). According to existing guidelines, 
many options are available for the treatment of patients 
with large HCC (22). The use of checkpoint inhibitors 
such as programmed cell death ligand 1 (PD-L1) has 
become an effective way to treat advanced HCC through 
immunotherapy (23). Moreover, TACE, transarterial 
radioembolization, and stereotactic body radiation can 
improve the quality of life and prognosis of patients with 
large HCC, especially those with unresectable HCC (24,25). 

However, the controversy revolves around whether SR 
provides survival benefits for patients with large HCC. One 
study reported that the 5-year survival rate of patients with 
small HCC undergoing SR reached 49.0% (26). However, 
for patients with large HCC following SR, the 5-year 

survival rate is worse, and recurrence is often unavoidable. 
These findings can be partially attributed to the following 
factors. First, surgeons have certain limitations in their 
understanding of liver anatomy. Consequently, SR was 
often performed according to Couinaud’s segmentation 
amplifying surgical complexity and possibility of tumor 
dissemination through the portal vein. Presently, the 
approach has shifted toward anatomical resection based 
on portal vein segmentation. Second, the patients may 
not have received the best treatment methods based on 
their specific situations. In the context of promoting 
comprehensive treatment, SR combined with targeted 
therapy and immunotherapy has become a research hotspot. 
Recent studies have reported the benefits of SR for patients 
with large HCC. One study reported that the OS and DFS 
of large HCC and huge HCC after SR are comparable to 
those of small HCC (27). Furthermore, recent evidence 
suggests that for specific patients, in case surgical treatment 
is not recommended for Barcelona Clinic Liver Cancer 
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Figure 7 Decision curve analyses of the nomogram for predicting CSS in the training group and internal validation group. (A-C) 12-, 
24- and 36-month CSS respectively in the training group. (D-F) 12-, 24- and 36-month CSS respectively in the internal validation group. 
AJCC, American Joint Committee on Cancer; CSS, cancer-specific survival. 

Table 3 Clinical and demographic features of eligible patients

Variables SEER (n=1,209) Institution (n=21) P

Age (years) 0.04

<65 587 (48.6) 15 (71.4)

≥65 622 (51.4) 6 (28.6)

Sex 0.21

Male 889 (73.5) 18 (85.7)

Female 320 (26.5) 3 (14.3)

Grade 0.31

I 200 (16.5) 3 (14.3)

II 657 (54.3) 10 (47.6)

III 317 (26.2) 6 (28.6)

IV 35 (2.9) 2 (9.5)

Table 3 (continued)
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Table 3 (continued)

Variables SEER (n=1,209) Institution (n=21) P

AJCC stage <0.001

I 534 (44.2) 6 (28.6)

II 223 (18.4) 0 (0)

III 382 (31.6) 10 (47.6)

IV 70 (5.8) 5 (23.8)

AJCC T stage 0.04

T1 549 (45.4) 7 (33.3)

T2 236 (19.5) 1 (4.8)

T3 352 (29.1) 10 (47.6)

T4 72 (6.0) 3 (14.3)

AJCC N stage <0.001

N0 1,172 (96.9) 12 (57.1)

N1 37 (3.1) 9 (42.9)

AJCC M stage <0.001

M0 1,170 (96.8) 16 (76.2)

M1 39 (3.2) 5 (23.8)

Surgery to LN 0.10

No 967 (80.0) 20 (95.2)

Yes 242 (20.0) 1 (4.8)

Chemotherapy <0.001

No 981 (81.1) 10 (47.6)

Yes 228 (18.9) 11 (52.4)

AFP 0.02

Negative 383 (31.7) 7 (33.3)

Positive 571 (47.2) 14 (66.7)

Unknown 255 (21.1) 0 (0)

Vascular invasion <0.001

No 1,129 (93.4) 12 (57.1)

Yes 80 (6.6) 9 (42.9)

Data are expressed as n (%). SEER, Surveillance, Epidemiology, and End Results; AJCC, American Joint Committee on Cancer; LN, lymph 
node; AFP, α-fetoprotein.

(BCLC) staging, SR may be more effective than systemic 
therapy, radiation therapy, or TACE alone (28,29).

Therefore, discerning that a portion of patients with 
large HCC can benefit from SR is not challenging. 
Previous studies have introduced numerous nomograms 

for the prognosis of large HCC, whereas in our study, 
we established a nomogram for large HCC after SR. 
This model enables doctors to identify the most suitable 
patients more precisely and thereafter guide the frequency 
of postoperative surveillance as well as adjuvant therapy in 
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Figure 9 Calibration curves for predicting 12-, 24-, and 36-month CSS in patients with large hepatocellular carcinoma undergoing surgical 
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patients with poor prognosis.  
Our study found that chemotherapy plays an opposite 

role in the prognosis of patients with large HCC. This 
may partly be because patients who choose chemotherapy 
are often at a later stage. Previous studies found that both 
cirrhosis and AFP were significant independent factors for 
HCC (30,31). In our study, patients with positive AFP had 
a worse survival rate than those with negative AFP, which 
is consistent with the result of previous studies. One study 
reported that the risk of early recurrence of HCC following 
SR is considerably increased by a poorly differentiated 
tumor and high AFP level (32). Another study revealed that 
high-grade malignant tumors exhibit increased susceptibility 
to metastasis and vascular invasion and that the prognosis 
for low-grade HCC is poor (33). 

Sex differences play a key role in the development of 
HCC, which may be related to the protective effect of 
estrogen and the stimulating effect of androgen. Estrogen 
reduces hepatitis B virus (HBV) RNA transcription and 
inflammatory cytokine levels, whereas overactivation of the 
androgen signaling pathway increases the risk of developing 
HCC. In addition, epigenetic and genetic changes brought 
about by sex differences can also affect the occurrence and 
prognosis of HCC (34).

There are some limitations in this study. First, the clinical 
data of eligible patients were extracted from retrospective 
studies. There are several inherent and inevitable biases in 
this study design. Therefore, additional large-scale multi-
center validation is required to confirm our findings. 
Second, due to the limitations of the SEER database, data 

on the number of tumors, chemotherapy and serum AFP 
level could not be acquired. Third, more detailed data on 
operation factors such as curative surgery, surgical margin, 
amount of bleeding, etc. cannot be obtained. Therefore, 
further analysis cannot be conducted. Addressing these gaps 
should be a focus for future research.

Conclusions

In conclusion, we constructed a practical nomogram which 
may aid in clinical decision-making and treatment. The 
nomogram incorporated sex, histological grade, T stage, 
AFP level, and chemotherapy, which were all independent 
risk factors for the prognosis of patients with large HCC. 
Additionally, compared with the AJCC staging system, our 
nomogram could predict CSS more accurately.
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