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Background: Current staging systems for hepatocellular carcinoma (HCC) still have limitations in clinical
practice. Our study aimed to explore the prognostic factors and develop a new nomogram to predict the
cancer-specific survival (CSS) for patients with HCC.

Methods: A total of 6,166 HCC patients were identified from the Surveillance, Epidemiology, and End
Results (SEER) database. Patients were randomly grouped into the training cohort (70%) and validation
cohort (30%). Multivariate Cox analysis was used to identify prognostics factors for CSS of patients, then we
incorporated these variables and presented a new nomogram to predict 2- and 5-year CSS. The performance
of the nomogram was assessed with respect to its calibration, concordance index (C-index), area under the
receiver operating characteristic (ROC) curve (AUC), and decision curve analysis (DCA).

Results: Multivariate Cox analysis revealed that American Joint Committee on Cancer (AJCC) stage, race,
grade, surgery, chemotherapy, radiation, tumor size, bone metastasis (BM), and alpha-fetoprotein (AFP) were
independently associated with CSS. The prediction nomogram which contained these predictors showed
good performance, with a C-index of 0.802 [95% confidence interval (CI), 0.792-0.812] in the training
cohort and 0.801 (95% CI, 0.787-0.815) in the validation cohort. The calibration curves demonstrated good
agreement between the actual observation and the nomogram prediction. Furthermore, the nomogram
showed improved discriminative capacity (AUC, 0.873 and 0.875 for 2- and 5-year CSS in validation set)
compared to the 7" tumor-node-metastasis (TNM) staging system (AUC, 0.735 and 0.717). The DCA also
indicated good application of the nomogram.

Conclusions: This study presents a novel nomogram that incorporates the important prognostic factors
of HCC, which can be conveniently used to accurately predict the 2- and 5-year CSS of patients with HCC,

thus assisting individualized clinical decision making.
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Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer and is an important medical problem.
It is ranked the sixth most common neoplasm and the third
leading cause of cancer deaths, with a relative 5-year survival
rate of approximately 18% (1,2). Prognostic assessment is
a crucial step in the management of patients with HCC.
Accurate prognostic prediction in patients with HCC
facilitates treatment strategy decision-making. Although
different clinical staging systems of HCC have been
developed in different parts of the world, such as the Cancer
of the Liver Italian Program (CLIP) score, the Italian Liver
Cancer (ITA.LI.CA) score, and Barcelona Clinic Liver
Cancer (BCLC) staging, there is no globally accepted staging
system suitable for clinical practice among heterogeneous
populations (3-5). Some of these staging systems include the
use of subjective components and sub-classifications, which
make them not very user-friendly for daily clinical practice.
Further, these systems group the patients based on treatment
options and sometimes represent only a treatment decision
algorithm, not prognostic evaluation (6).

A variety of prognostic factors have been evaluated and

Highlight box

Key findings
* We present a novel nomogram that incorporates 9 important
prognostic factors of HCC to predict CSS for HCC patients.

What is known and what is new?

* Prognostic assessment is a crucial step in the management of
patients with HCC, yet there is no globally accepted staging
system that is convenient enough for daily clinical practice.

® Our research adds the AFP value and BM to the construction
of the nomogram, which presents impressively improved

discrimination and predictive accuracy.

What is the implication, and what should change now?

* This study identifies BM as an independent variable deteriorating
the survival of HCC patients, which suggests current treatment is
limited for advanced HCC, especially HCC-BM. Efforts should

focus on more effective therapeutic strategies for these patients.

© Journal of Gastrointestinal Oncology. All rights reserved.

identified by previous literatures (7-9), majority of them
applied to stratify patients are tumor characteristics, such as
tumor size, lymph node metastasis, distant metastasis, and
biomarkers related to molecular pathway. Demographic
characteristics and treatment regimens also show great
effect on survival, it is essential to have a prognostic model
incorporating these factors to predict the outcome of
individual patient of HCC with more precision. Nomogram
is a graphical mathematical model which has been widely
used in oncology for prognostic prediction of individual
patient. It can integrate significant prognostic factors and
quantify the rate of outcome to aid clinical decisions and
patient-clinician communication (10).

The Surveillance, Epidemiology, and End Results (SEER)
database, a publicly available cancer reporting system, has
been collecting statistical information about cancers since
1975. It captures data from all clinical settings about cancer
and covers approximately 28% of the U.S. population. It
collects data with longitudinal follow-ups, which are related
to cancer prognosis, including demographic and clinical
characteristics (11). Therefore, the aim of this study was to
explore the independent prognostic factors of HCC based
on the SEER database and develop a novel nomogram
incorporating these factors to improve predictive accuracy
in 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-23-427/rc).

Methods

Data between 1975 and 2017 were evaluated using
SEER*Stat software (v8.3.5; https://seer.cancer.gov/seerstat/).
Patients with histologically confirmed HCC were included
using the following criteria: () site-specific codes (C22.0) and
(II) International Classification of Disease for Oncology, third
edition (ICD-O 3) 8170/3 (12). The exclusion criteria were
as follows: (I) patients whose information was reported from
autopsy and death certificates; (II) patients who were not
diagnosed as the first or only primary HCC; (III) patients
with missing clinicopathological records. Of the 104,036
HCC patients recorded, 6,166 cases were finally included
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Total cases of hepatocellular carcinoma from SEER between 1975 and 2017
(n=104,036)
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Figure 1 Flowchart of the data selection process. *, the data means the remaining number after the mentioned exclusion. SEER,

Surveillance, Epidemiology, and End Results; AJCC, American Joint Committee for Cancer; TNM, tumor-node-metastasis; AFP, alpha-

fetoprotein.

in the current analysis. All included cases were randomly
grouped into a training cohort and a validation cohort in a
ratio of 7:3. The study flowchart is shown in Figure 1.

Given the public accessibility of SEER database, ethical
approval was exempted and no consent was needed for this
study. Baseline clinicopathologic data, including age, gender,
race, insurance status, marital status, histology grade,
tumor size, alpha-fetoprotein (AFP), distant metastasis,
the seventh American Joint Committee on Cancer (AJCC)
stage, therapy (surgery, radiation and chemotherapy) and
survival time, were derived from the database. Cancer-
specific survival (CSS) was defined as the interval from the
initial diagnosis to the last follow-up or death due to HCC,
which was set as the primary outcome. This study followed
the Declaration of Helsinki (as revised in 2013).

Statistical analysis

Baseline characteristics were compared between the
training and validation cohorts by the chi-square and Fisher
exact probability test. Log-rank test was used to analyze
univariate factors. Multivariate Cox proportional hazard
regression analysis was conducted to estimate hazard ratios
and 95% confidence intervals (CIs). In the training cohort,
potential predictors were assessed by univariate analysis,
and those associated with survival (P<0.05) were further

analyzed in multivariate analysis to identify the independent
predictive factors for nomogram construction to predict the
CSS rates at 2- and 5-year. To evaluate the discriminative
performance of the nomogram, Harrell’s concordance
index (C-index) and the area under the receiver operating
characteristic (ROC) curve (AUC) were measured. The
nomogram was subjected to bootstrapping validation (1,000
resamples) to construct calibration curves for comparison
of the observed survival with the predicted survival in this
research. Furthermore, the C-indexes of the nomogram
were also compared to that of the seventh tumor-node-
metastasis (T NM) staging systems. Decision curve analysis
(DCA) was conducted to determine the clinical usefulness of
our nomogram by quantifying the net benefits at different
threshold probabilities. Statistical analyses were conducted
using the software SPSS 22.0 (IBM Corp., Armonk, NY,
USA) and R version 3.4.2 (https://www.r-project.org/).
The statistical significance levels were all two-sided, with
statistical significance set at 0.05.

Results
Clinical characteristics

Among the 6,166 cases included in analysis, 4,318 patients
were randomly assigned into the training cohort, and the
remaining 1,848 patients were assigned to the validation
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cohort. Most were male (77.0%), white (65.3%), married
(56.4%), insured (73.5%), and 60 years or older (64.1%).
The most common histologic grade was grade II (47.6%),
followed by grade I (29.9%), grade III (21.1%), and grade
IV (1.4%). Based on the AJCC TNM stage, 43.3% of
patients had stage I HCC, followed in descending order by
cases with stage II (22.5%), stage III (20.9%), and stage IV
(13.3%). Some 48.5% of the cases received surgery, whereas
39.2% underwent chemotherapy, and 8.6% received
radiation. For regional lymph node dissection (LND),
92.5% of the cases did not have lymphadenectomy, 6.6%
had 1-3 lymph nodes dissected, and 0.9% had 4 or more
nodes dissected. For distant metastasis, 3.6% had spread
to the lung, 2.3% to the bone, and 0.3% to the brain. In
addition, most cases (67.8%) had elevated AFP levels and
those remaining were normal. Among the patients with

Huang et al. Nomogram for prognosis prediction of HCC patients

HCC, approximately half (47.0%) of the tumors were greater
than 5.0 cm, 42.0% were between 2.1 and 5.0 cm in size,
and 11.0% were 2.0 cm or less. Patient characteristics in the
training and validation cohorts are provided in 7able 1. There
were no significant differences in the clinical characteristics
between the training and validation cohorts.

Predictor selection and nomogram construction

Multiple demographic and clinical features were analyzed for
identification of the potential prognostic indicators (1able 2).
The univariate analysis indicated that race, histological
grade, AJCC TNM stage, surgery, chemotherapy, radiation,
bone metastasis (BM), AFP, and tumor size were statistically
significant factors for CSS in the training cohort. Further
multivariate Cox analyses identified the above factors as

Table 1 Characteristics of the patients in the training and validation cohorts

Variables Total (n=6,166) Training cohort (n=4,318) Validation cohort (n=1,848) P value
Age, n (%) 0.432
<60 years 2,214 (35.9) 1,564 (36.2) 650 (35.2)
>60 years 3,952 (64.1) 2,754 (63.8) 1,198 (64.8)
Sex, n (%) 0.312
Female 1,417 (23.0) 977 (22.6) 440 (23.8)
Male 4,749 (77.0) 3,341 (77.4) 1,408 (76.2)
Race, n (%) 0.225
Black 877 (14.2) 617 (14.3) 260 (14.1)
White 4,029 (65.3) 2,795 (64.7) 1,234 (66.8)
Others 1,260 (20.5) 906 (21.0) 354 (19.1)
Marital status, n (%) 0.990
Married 3,476 (56.4) 2,434 (56.4) 1,042 (56.4)
Unmarried/single 2,690 (43.6) 1,884 (43.6) 806 (43.6)
Insurance, n (%) 0.099
Insured 4,531 (73.5) 3,139 (72.7) 1,392 (75.3)
Any Medicaid 1,419 (23.0) 1,022 (23.7) 397 (21.5)
Uninsured 216 (3.5) 157 (3.6) 59 (3.2)
Grade, n (%) 0.374
| 1,841 (29.9) 1,290 (29.9) 551 (29.8)
Il 2,935 (47.6) 2,030 (47.0) 905 (49.0)
11l 1,301 (21.1) 934 (21.6) 367 (19.9)
\% 89 (1.4) 64 (1.5) 25(1.9)

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 1 (continued)

Variables Total (n=6,166) Training cohort (n=4,318) Validation cohort (n=1,848) P value

AJCC TNM stage (7™, n (%) 0.322
| 2,667 (43.3) 1,864 (43.2) 803 (43.5)
Il 1,386 (22.5) 949 (22.0) 437 (23.6)
1] 1,287 (20.9) 910 (21.0) 377 (20.4)
v 826 (13.3) 595 (13.8) 231 (12.5)

Surgery, n (%) 0.678
No 3,178 (51.5) 2,233 (51.7) 945 (51.1)
Yes 2,988 (48.5) 2,085 (48.3) 903 (48.9)

Dissected lymph nodes, n (%) 0.131
None 5,706 (92.5) 4,014 (93.0) 1,692 (91.6)
1-3 404 (6.6) 265 (6.1) 139 (7.5)
>4 56 (0.9) 39 (0.9) 17 (0.9)

Chemotherapy, n (%) 0.807
No/unknown 3,746 (60.8) 2,619 (60.7) 1,127 (61.0)
Yes 2,420 (39.2) 1,699 (39.3) 721 (39.0)

Radiation, n (%) 0.800
No/unknown 5,634 (91.4) 3,948 (91.4) 1,686 (91.2)
Yes 532 (8.6) 370 (8.6) 162 (8.8)

BM, n (%) 0.773
No 6,024 (97.7) 4,217 (97.7) 1,807 (97.8)
Yes 142 (2.3) 101 (2.3) 41 (2.2)

Brain metastasis, n (%) 0.510
No 6,150 (99.7) 4,308 (99.8) 1,842 (99.7)
Yes 16 (0.3) 10(0.2) 6 (0.3)

Lung metastasis, n (%) 0.446
No 5,942 (96.4) 4,156 (96.2) 1,786 (96.6)
Yes 224 (3.6) 162 (3.8) 62 (3.4)

AFP, n (%) 0.115
Normal 1,987 (32.2) 1,418 (32.8) 569 (30.8)
Elevated 4,179 (67.8) 2,900 (67.2) 1,279 (69.2)

Tumor size, n (%) 0.898
<2.0cm 676 (11.0) 473 (11.0) 203 (11.0)
2.1-5.0cm 2,587 (42.0) 1,804 (41.8) 783 (42.4)
>5.0 cm 2,903 (47.0) 2,041 (47.2) 862 (46.6)

AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; BM, bone metastasis; AFP, alpha-fetoprotein.
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Table 2 Univariate and multivariate analysis for CSS in HCC

Univariate analysis Multivariate analysis
Variables
Log-rank y° P value HR (95% ClI) P value

Sex 11.543 0.001

Female Reference

Male 1.051 (0.945-1.169) 0.357
Age 14.145 0.000

<60 years Reference

>60 years 1.042 (0.952-1.140) 0.370
Race 44,516 0.000 0.001

Black Reference

White 1.010 (0.898-1.136) 0.864

Others 0.812 (0.699-0.943) 0.006
Marital status 28.712 0.000

Married Reference

Unmarried/single 1.026 (0.938-1.123) 0.569
Insurance 27.873 0.000 0.967

Insured Reference

Any Medicaid 0.998 (0.901-1.105) 0.968

Uninsured 1.027 (0.831-1.269) 0.806
Grade 201.366 0.000 0.000

| Reference

I 1.136 (1.024-1.260) 0.016

M 1.760 (1.564-1.981) 0.000

v 2.032 (1.504-2.746) 0.000
AJCC TNM stage (7") 1403.765 0.000 0.000

| Reference

I 1.274 (1.119-1.450) 0.000

M 1.759 (1.555-1.989) 0.000

[\ 2.649 (2.286-3.070) 0.000
Surgery 1406.046 0.000

No Reference

Yes 0.209 (0.186-0.236) 0.000
Dissected lymph nodes 83.497 0.000 0.159

None Reference

1-3 0.775 (0.598-1.006) 0.055

>4 0.997 (0.575-1.729) 0.991

Table 2 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2023;14(4):1817-1829 | https://dx.doi.org/10.21037/jgo-23-427



Journal of Gastrointestinal Oncology, Vol 14, No 4 August 2023 1823
Table 2 (continued)
Univariate analysis Multivariate analysis
Variables
Log-rank y° P value HR (95% CI) P value

Chemotherapy 27.702 0.000

No/unknown Reference

Yes 0.544 (0.496-0.596) 0.000
Radiation 31.785 0.000

No/unknown Reference

Yes 0.644 (0.559-0.742) 0.000
BM 181.423 0.000

No Reference

Yes 1.482 (1.165-1.884) 0.001
Brain metastasis 17.923 0.000

No Reference

Yes 0.823 (0.415-1.630) 0.576
Lung metastasis 309.406 0.000

No Reference

Yes 1.137 (0.933-1.388) 0.204
AFP 145.282 0.000

Normal Reference

Elevated 1.391 (1.259-1.536) 0.000
Tumor size 671.436 0.000 0.000

<2.0cm Reference

2.1-5.0cm 1.623 (1.326-1.986) 0.000

>5.0cm 2.509 (2.038-3.089) 0.000

CSS, cancer-specific survival; HCC, hepatocellular carcinoma; HR, hazard ratio; Cl, confidence interval; AJCC, American Joint Committee
on Cancer; TNM, tumor-node-metastasis; BM, bone metastasis; AFP, alpha-fetoprotein.

independent prognostic predictors for CSS, and they were
incorporated into the prognostic nomogram.

Performance and validation of the novel nomogram

Based on the independent prognostic factors, a novel
nomogram was established for predicting the 2- and
S-year CSS of the patients (Figure 2). The C-index for the
prediction nomogram was 0.802 (95% CI, 0.792-0.812) for
the training cohort, and 0.801(95% CI, 0.787-0.815) for the
validation cohort. The AJCC TNM staging system yielded
a C-index of 0.686 (95% CI, 0.674-0.698) for the training
set and 0.693 (95% CI, 0.676-0.711) for the validation set.

© Journal of Gastrointestinal Oncology. All rights reserved.

The nomogram’s discrimination ability was significantly
superior to that of AJCC stage (P<0.001). The calibration
curve of the novel nomogram for prediction of 2- and 5-year
CSS demonstrated good agreement between prediction
and observation both in the training and validation groups
(Figure 3). The AUCs of the nomogram are displayed in
Figure 4. The AUCs of the 2- and 5-year CSS nomogram
in the training cohort were 0.867 and 0.842, respectively,
whereas those of the seventh TNM staging system were
0.739 and 0.706, respectively. Improved prognostic
prediction of 2- and 5-year CSS were observed for the
nomogram. Similar findings were also demonstrated in the
verification cohort (1able 3).

7 Gastrointest Oncol 2023;14(4):1817-1829 | https://dx.doi.org/10.21037/jgo-23-427



1824 Huang et al. Nomogram for prognosis prediction of HCC patients

. 0 10 20 30 40 50 60 70 80 90 100
POIntS L 1 1 1 1 1 1 1 1 1 I
Black
Race —
Others White
] \2
Grade r L T 1
| 1]}
s No
urge T ]
9ery Yes
No/unknown
Chemotherapy r 1
Yes
No/unknown
Radiation
Yes
Il v
AICC i ‘ i '
. 21-5cm
Tumor size r L !
<2cm >5cm
. Yes
Bone metastasis —_—
No
Elevated
AFP
Normal
Total points r T T T T r T r T .
0 50 100 150 200 250 300 350 400 450

2-year CSS probability r T —
0.9 0.8 0.7 0.60.50.40.30.20.1
5-year CSS probability r T —
0.9 0.8 0.7 0.60.50.40.30.20.1

Figure 2 Developed nomogram for predicting 2- and 5-year CSS of HCC patients. AJCC, American Joint Committee on Cancer; AFP,
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Figure 3 Calibration curves of the nomogram for 2- and 5-year CSS prediction of the training cohort (A,B) and validation cohort (C,D).
CSS, cancer-specific survival.

Clinical use stage, the nomogram showed more net benefits with a wide
range of threshold probabilities at 2- and 5-year CSS in
both the training and validation cohorts, which indicated
system is presented in Figure 5. Compared with the TNM the prediction model would bring more favorable effect in

The DCA for the novel nomogram and TNM staging
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Figure 4 ROC curve analysis of the constructed nomogram in predicting 2- and 5-year CSS in the training (A,B) and validation cohorts

(C,D). AUC, area under the ROC curve; ROC, receiver operating characteristic; CSS, cancer-specific survival.

Table 3 Prognostic performances of the nomogram and AJCC staging system in patients with HCC

Training cohort

Validation cohort

Metrics

Nomogram AJCC stage P value Nomogram AJCC stage P value
C-index (95% CI)  0.802 (0.792-0.812) 0.686 (0.674-0.698)  <0.001 0.801 (0.787-0.815)  0.693 (0.676-0.711) <0.001
AUC
2-year CSS 0.867 0.739 0.873 0.735
5-year CSS 0.842 0.706 0.875 0.717

AJCC, American Joint Committee on Cancer; HCC, hepatocellular carcinoma; Cl, confidence interval; AUC, area under the ROC curve;

ROC, receiver operating characteristic; CSS, cancer-specific survival.

the clinical decision-making.

Discussion

We explored the independent prognostic factors of CSS
in patients with HCC based on the SEER database and
integrated them into an easy-to-use nomogram for the
individualized prediction of 2- and 5-year CSS. The novel
nomogram incorporates 9 items including race, histological

© Journal of Gastrointestinal Oncology. All rights reserved.

grade, surgery, chemotherapy, radiation, AJCC stage, tumor
size, BM, and AFP. The nomogram successfully assisted the
prediction of the 2- and 5-year CSS in patients with HCC
and demonstrated adequate clinical practicability.

For the construction of the novel nomogram, 16
candidate predictors were evaluated for their prognostic
association with CSS. By univariate and multivariate
analyses, 9 factors were found to be independently relative
to prognosis. Survival analyses confirmed previous findings

7 Gastrointest Oncol 2023;14(4):1817-1829 | https://dx.doi.org/10.21037/jgo-23-427



1826

A DCA curves for 2-year CSS

— None
— All

-- Nomogram
- AJCC

Net benefit

T T T T T
0.0 0.2 0.4 0.6 0.8
Threshold probability

C DCA curves for 2-year CSS

— None
=== Nomogram

0.4 AJCS?

0.3

0.2 4

Net benefit

0.1

0.0 A

T T T T T
0.0 0.2 0.4 0.6 0.8
Threshold probability

Huang et al. Nomogram for prognosis prediction of HCC patients

B DCA curves for 5-year CSS

0.6 \ =

0.5 +

--- Nomogram
- AJCC

0.4

0.3 A

Net benefit

0.2 A

0.1 1

0.0 A

0.0 0.2 0.4 0.6 0.8
Threshold probability

D DCA curves for 5-year CSS

0.6

AsGE
0.5
0.4

0.3 A

Net benefit

0.2 1

0.1 1

0.0 '

T T T T T
0.0 0.2 0.4 0.6 0.8
Threshold probability

Figure 5 DCA curves of the nomogram and AJCC TNM staging system for 2- and 5-year CSS in the training (A,B) and validation cohort

(C,D). DCA, decision curve analysis; CSS, cancer-specific survival; AJCC, American Joint Committee on Cancer; TNM, tumor-node-

metastasis.

of prognostic significance of race, histological grade, TNM
stage, and surgery (9,13,14). Serum AFP was not captured
by SEER until 2004 and was therefore not included in
previous studies (9,13). Increasing AFP values are associated
with poor prognosis and higher tumor recurrence rate in
patients with HCC (15). In this regard, we included the
AFP factor and observed a worse prognosis in both the
training and validation cohorts independently.
Controversial evidence exists regarding the independent
significance of age and tumor size in predicting HCC
survival (13,16-18). Our study found no significant
difference existed in CSS between younger (<60 years) and
elderly patients (60 years). One possible explanation for
this might be the progressively improving effectiveness
of treatment for HCC, including palliative locoregional
treatment and tyrosine-kinase inhibitors. De Toni et al.
found an age independent survival benefit for patients with
HCC without metastases at diagnosis (19). Cucchetti ez al.
also suggested that surgery in elderly patients can achieve
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the greatest benefit in terms of lifespan from birth (20).
Some previous studies have not integrated tumor size into
the prognostic prediction model (13,21), its controversial
predictive value may be due to the cut-offs chosen.
According to the eighth AJCC staging system (22), we
applied the tumor size cut-offs of <2.0 cm, 2.1-5.0 cm,
and >5.0 cm, which demonstrated a significantly worse
survival in patients with larger tumor size. This observation
supported incorporating tumor size as an independent
stratification factor into our scoring model.

In the past decade, treatment of HCC has evolved
considerably (1,23,24). Patients with HCC can benefit
from appropriate treatment approaches that improve their
survival whatever the tumor stage at diagnosis. Surgical
resection, transplantation, ablation, intra-arterial therapies,
radiotherapy, and systemic therapies have all been shown
to have survival benefit for appropriate candidates (25,26).
Our analysis of surgery, radiotherapy, and chemotherapy
as the treatment variables of CSS confirmed they all could

7 Gastrointest Oncol 2023;14(4):1817-1829 | https://dx.doi.org/10.21037/jgo-23-427



Journal of Gastrointestinal Oncology, Vol 14, No 4 August 2023

be beneficial to patients’ outcome, and surgery was the best
strategy for improving survival. Another potentially relevant
issue was the value of LND in HCC. Some researchers
have suggested that routine LND had benefits in outcome
improvement, complication prevention, and comprehensive
evaluation (8,27), but others hold opposite opinions (28,29).
We investigated the relationship of LND with the CSS in
patients with HCC and found no independent correlation
with the CSS, therefore, lymph nodes dissected were not
considered for incorporation into the predictive model.
The AJCC staging system has been widely accepted and
universally adopted by clinicians for assessment of tumor
stage. Therefore, the TNM stage was integrated to the
nomogram for prognosis prediction.

Although implementation of screening programmes and
the advances in the therapeutic strategies have contributed to
improve survival of HCC patents (9,30,31), treatiment options
for patients with advanced disease are still very limited
and prognosis of these patients remains dismal (32-34).
Extrahepatic metastasis of HCC may occur at initial
diagnosis or during recurrence following treatment. We
examined the extrahepatic metastasis-association with
the survival of patients and observed that patients with
distant spreads had expectedly poorer prognoses. The
most common site of metastasis of HCC was the lung,
followed by the bone and brain, which was consistent with
the previous studies (33,35). Furthermore, we evaluated
the involved organ with the 2- and 5-year CSS and found
that BM was independently associated with worse survival
compared to metastasis to other organs. The vertebrae
have been reported to be the most frequent site of osseous
metastasis (35), portal hypertension might account for the
predilection (36), which suggests that HCC-BM patients
may have a higher rate of decompensated cirrhosis and
increased risk of mortality. However, this hypothesis needs
further investigation. An effective treatment has not yet
been established for HCC-BM, and bone pain and/or
neurological deficits are the frequent symptoms affecting
patients’ quality of life. External bone radiation has been
used as the palliative therapy, but has failed to demonstrate
survival benefit (37,38). More effective therapeutic
interventions are urgently required to improve the quality
of life and extend the lives of patients with extrahepatic
spread, especially with BM (39). Recently, many clinical
trials involving immune checkpoint inhibitors have been
conducted for advanced HCC, exploring novel avenues
to improve therapeutic efficacy (40). The impressive
observation of independent BM-survival association led
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us to combine this predictor to the construction of the
nomogram.

We presented and validated a novel nomogram in this
study, which integrated demographic and clinical variables
for survival prediction of HCC. This nomogram provided
satisfactory discrimination (C-index 0.802, in the primary
cohort, and C-index 0.801, in validation cohort), and
showed improved predictive accuracy (AUCs 0.873 for
2-year CSS and 0.875 for 5-year CSS respectively, in the
validation cohort) compared with other prognostic models
previously reported (5,13,21,41). Even though this easy-
to-use scoring system presented good discrimination and
calibration, we still need to justify the clinical usefulness.
With this aim, DCA was applied in our study, which showed
that the novel nomogram for HCC survival prognosis
yielded more benefit than either the AJCC staging system
or the treat-all-patients scheme.

The current study had both strengths and limitations.
Compared with previous reports, we combined the AFP
values and BM to the construction of the nomogram
and applied it for prognostic evaluation of the general
population of all HCC stages with impressively improved
discrimination and predictive accuracy. However, this study
is limited by its retrospective nature and that the SEER
database is mainly based on the American population,
the applicability of the nomogram in other geographic
populations such as Asia still needs to be confirmed.
Additionally, the SEER database does not allow for the
assessment of the hepatic function reserve, which is
important for the prognostication for HCC patients,
especially for those with a background of chronic liver
disease. Its scope of applicability in clinical practice should
be investigated further by multi-institutional prospective
validation.

Conclusions

In conclusion, this study presents an encouraging nomogram
based on the variables that are independently associated
with the survival in HCC patients to better discriminate the
prognosis, which will facilitate individualized management

of HCC.
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