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Background: Distant metastasis in hepatocellular carcinoma (HCC) is an important indicator of poor patient
prognosis. Identifying patients who are at high risk of metastasis early on is essential for creating personalized
treatment plans, yet currently, there is a scarcity of effective predictive tools.

Objective: To investigate the effects of different factors on distant metastasis in HCC patients and to establish a
clinical prediction model for predicting distant metastasis in HCC patients.

Methods: Our study retrospectively examined 22,318 patients diagnosed with confirmed HCC from the SEER
database. Prognostic factors for developing distant metastases in HCC patients were identified by univariate and
multivariate logistic regression analyses. Utilizing data from a multivariate logistic regression analysis, we
created a nomogram. Its predictive precision was evaluated by analyzing the calibration curve, the area under
the curve (AUC) of the receiver operating characteristic curve, decision curve assessment (DCA), and Kaplan-
Meier (KM) curve analysis of overall survival. Finally,the nomogram was visualized with an online calculator.
Results: We identified six independent prognostic factors: ethnicity, marital status, tumor size, survival time,
surgery, and radiotherapy. The nomogram constructed from these six factors showed good calibration,
discrimination, and clinical application value after calibration curve analysis, receiver operating characteristic
curve analysis and DCA curve analysis. Besides, Kaplan—Meier survival curves also demonstrated that this
nomogram had predictive accuracy.

Conclusion: In this research, a nomogram model was created to accurately predict distant metastasis risk in
patients with HCC. This study provides guidance for optimizing individual therapies and making better clinical
decisions.

1. Introduction

HCC is the most common primary malignancy and has become an
increasingly common global epidemic [1], accounting for approxi-
mately 85% to 90% of all primary liver cancers worldwide [2], and its
morbidity and mortality rank sixth and third in the world, respectively
[3,4]. HCC is usually confined to the liver at an early stage and can be
treated by local methods such as surgical resection, local ablation
therapy, and transarterial chemoembolization (TACE) [5,32]. As the

disease progresses, cancer cells may spread to other parts of the body
through the blood circulation to form distant metastases, such as those
in the lung, bone, and brain [33,34]. Distant metastasis remains a great
clinical challenge as one of the major factors for poor prognosis in HCC
patients [13]. Because the clinical presentation of HCC tends to be un-
remarkable, many patients are already diagnosed at advanced stages,
which usually indicates that patients’ treatment options are limited and
that the median survival is usually only a few months [7,8]. In addition,
patients with distant metastases may have different treatment needs and
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responses than those with focal disease [14,6]. Therefore, accurate
prediction of distant metastasis is helpful for assessing patient prognosis
as well as for determining the malignant stage and selecting the
appropriate treatment regimen [15,16].

Effective predictive tools for which HCC patients may develop
distant metastases are lacking. The existing traditional prognostic
evaluation models, such as the Barcelona Clinic Liver Cancer (BCLC)
staging system, are usually crude and fail to fully consider the combined
impact of individualization differences and multiple clinicopathological
characteristics, although they have some predictive ability for the
prognosis of HCC patients [10,9]. Therefore, developing a new predic-
tive model based on clinical characteristics could help clinicians more
accurately identify patients at high risk of distant metastases and
thereby adopt more aggressive treatment strategies or plan palliative
and hospice care in advance [11,12]. However, in the existing studies,
we did not find a valid model to predict distant metastasis in HCC
patients.

The objective of this research was to create a nomogram model by
conducting a retrospective cohort study utilizing HCC samples obtained
from the SEER database. The model integrates multiple clinicopatho-
logic factors associated with distant metastasis in HCC patients,
including but not limited to patient age, sex, tumor size, and response to
treatment. Through the integration of these factors, we expect to provide
a more precise and user-friendly network prediction tool to help clini-
cians better balance the risks and benefits of treatment and provide more
individualized and precise medical services to patients when making
treatment decisions.

2. Methods
2.1. Data sources and cohort selection

In this retrospective study, we extracted data from the National
Cancer Institute SEER 17 Registry Cohort (SEER Research Data, 17
registries) using SEER*Stat software (version 8.4.2) to obtain data on
patients diagnosed with HCC between 2000 and 2020, and participants
who were lost to follow-up or had HCC that was not a primary malig-
nancy were excluded. Each data point received ethical approval from
the participating institutions through their respective institutional re-
view boards. The specific inclusion and exclusion criteria for patients
were as follows: (1) International Classification of Diseases (ICD): C22.0;
(2) known survival time; (3) age > 18 years; and (4) International
Classification of Diseases for Oncology 3 (ICD-O-3) histological code
defined as 8170. We used ICD coding to screen for patients with HCC and
excluded patients under 18 years of age (n = 1243). To identify HCC, we
restricted cases to people with histological code 8170 (n = 88741), after
which participants with unreliable or missing variable values (n =
66423) were excluded. Eventually, we obtained 22,318 HCC patients
and randomized 6:4 patients into a training cohort (n = 13,390) or a
validation cohort (n = 8928). (See Fig. 1 for the specific process). The
clinical data from a public database were used in this study; therefore,
informed consent and ethical approval were not required.

2.2. Statistical analysis

We downloaded the required data (2000-2020) from the SEER
database. Continuous variables were summarized using means + stan-
dard deviations (means + SDs) and categorical variables were summa-
rized using N (%). We used T-test to assess differences in continuous
variables between the group that did not develop distant metastasis and
the group that developed distant metastasis. For comparisons of baseline
categorical characteristics, we used the chi-square test. After splitting
the total dataset into training and validation cohorts, we used the chi-
square test to determine whether the distributions of the cohorts used
for training and validation differed. Further, we analyzed both univar-
iate and multivariate logistic regressions to identify the effects of each
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Fig. 1. SEER database filtering flowchart.

clinicopathological factor on distant metastasis risk in HCC patients. All
study variables were included in univariate logistic regression models.
We further included variables that showed significance in univariate
analysis and were considered to have clinical significance for patient
outcome in multivariate logistic regression. The results of the analysis
are presented as odds ratios (ORs) and 95% confidence intervals (95%
CIs). For the statistical analysis, two-tailed P values were utilized, where
a P value less than 0.05 denoted statistical significance. All statistical
procedures were conducted with the R software. (version 4.2.2).

2.3. Establishment and validation of the nomogram model

We searched the SEER database for 11 clinically relevant variables
related to distant metastasis in HCC patients, including age, sex, race,
marital status, tumor size, tumor number, tumor size, survival time,
surgery, radiotherapy, chemotherapy, as well as family income, and
included them in the univariate logistic regression analysis. The main
outcome of the study was whether HCC patients developed distant
metastases. Our multivariate logistic regression analysis was based on
the results of univariate logistic regression, which had a P value < 0.05.
In the following step, a nomogram was constructed using the results of
multivariate logistic regression analysis with a P value < 0.05. For
evaluating how well the nomogram predicted survival, calibration
curves and receiver operating characteristic (ROC) curves were used.
The AUC curve indicates better model performance. Additionally, a DCA
curve was used to determine the clinical value of the nomogram. In light
of this, a convenient online network calculator is provided. (http
s://wjxzl.shinyapps.io/DMHCC/).

3. Results
3.1. Basic characteristics of the participants

We ultimately included 22,318 participants, all of whom were adults
aged > 18 years, with a mean + SD of 61.86 £ 10.46 years, including
17,087 men (76.56%) and 5,231 women (23.44%). The basic charac-
teristics of the participants are detailed in Table 1. There were signifi-
cant differences in sex, race, marital status, tumor size, tumor number,
survival time, surgery, radiotherapy, chemotherapy, and family income
according to the baseline characteristic (P < 0.01).
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Table 1
General baseline characteristics of the participants.
Characteristics Total Distant metastasis P
No Yes
n 22318 19802 n = 2516
Age, Mean + SD 61.86 + 61.86 + 61.89 + 0.898
10.46 10.40 10.92
Sex, n(%) <.001
Male 17087 15051 2036
(76.56) (76.01) (80.92)
Female 5231 4751 480 (19.08)
(23.44) (23.99)
Race, n(%) 0.007
White 15514 13813 1701
(69.51) (69.76) (67.61)
Black 2731 2375 356 (14.15)
(12.24) (11.99)
Others 4073 3614 459 (18.24)
(18.25) (18.25)
Marital, n(%) <.001
Single 4968 4317 651 (25.87)
(22.26) (21.80)
Married 11892 10663 1229
(53.28) (53.85) (48.85)
Separated 473 (2.12) 417 (2.11) 56 (2.23)
Divorced 2895 2555 340 (13.51)
(12.97) (12.90)
Widowed 2090 (9.36) 1850 (9.34) 240 (9.54)
Tumor size, Mean + SD 61.86 + 58.07 + 91.70 + <.001
77.49 75.67 84.84
Total tumor number, Mean 1.20 + 0.51 1.21 £ 0.52 1.13 + 0.40 <.001
+ SD
Survival time, Mean + SD 32.03 £ 35.24 + 6.80 + <.001
35.27 35.90 13.14
Surgery, n(%) <.001
No 16129 13722 2407
(72.27) (69.30) (95.67)
Yes 6189 6080 109 (4.33)
(27.73) (30.70)
Radiation, n(%) <.001
No 20210 18149 2061
(90.55) (91.65) (81.92)
Yes 2108 (9.45) 1653 (8.35) 455 (18.08)
Chemotherapy, n(%) <.001
No 11895 10427 1468
(53.30) (52.66) (58.35)
Yes 10423 9375 1048
(46.70) (47.34) (41.65)
Household income, n(%) <.001
< $55000 8778 7679 1099
(39.33) (38.78) (43.68)
< $55000 13540 12123 1417
(60.67) (61.22) (56.32)

3.2. Validation of the training and validation sets

The training cohort (consisting of 13,390 individuals) and the vali-
dation cohort (comprising 8,928 individuals) were allocated randomly
at a proportion of 3:2, with the chi-square test employed to ascertain
whether the distributions of the two cohorts differed. As shown in
Table 2, there were no significant differences in age, sex, race, marital
status, tumor size, tumor number, survival time, surgery, radiotherapy,
chemotherapy, or family income between the training cohort and the
validation cohort (p > 0.05) (Table 2). Thus, the training cohort versus
the validation cohort can be used for follow-up studies.

3.3. Analysis of independent prognostic factors for distant metastasis of
HCC

By univariate logistic regression analysis, we identified 10 prognostic
factors (P < 0.05) in the training cohort: sex, race, marital status, tumor
size, tumor number, survival time, surgery, radiotherapy, chemo-
therapy, and family income (Table 3). Multivariate logistic regression
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Table 2
General baseline characteristics of participants in the training and validation
cohorts.

Characteristics Overall Training Validation P
cohort cohort
n 22318 13390 8928
Age, Mean + SD 61.86 + 61.88 + 61.83 +£10.44  0.755
10.46 10.48
Sex, n (%) 0.574
Male 17087 10269 6818 (76.37)
(76.56) (76.69)
Female 5231 3121 2110 (23.63)
(23.44) (23.31)
Race, n(%) 0.416
White 15514 9269 6245 (69.95)
(69.51) (69.22)
Black 2731 1667 1064 (11.92)
(12.24) (12.45)
Others 4073 2454 1619 (18.13)
(18.25) (18.33)
Marital status, n(%) 0.329
Single 4968 2930 2038 (22.83)
(22.26) (21.88)
Married 11892 7147 4745 (53.15)
(53.28) (53.38)
Separated 473 (2.12) 276 (2.06) 197 (2.21)
Divorced 2895 1769 1126 (12.61)
(12.97) (13.21)
Widowed 2090 1268 (9.47) 822 (9.21)
(9.36)
Tumor size, Mean + SD 32.03 £ 31.80 £ 32.39 + 35.43 0.223
35.27 35.16
Total tumor number, 61.86 + 61.77 + 62.01 + 77.87 0.821
Mean =+ SD 77.49 77.25
Survival time, Mean + 1.20 + 1.20 + 0.50 1.19 + 0.51 0.517
SD 0.51
Surgery, n(%) 0.486
No 16129 9654 6475 (72.52)
(72.27) (72.10)
Yes 6189 3736 2453 (27.48)
(27.73) (27.90)
Radiation, n(%) 0.650
No 20210 12135 8075 (90.45)
(90.55) (90.63)
Yes 2108 1255 (9.37) 853 (9.55)
(9.45)
Chemotherapy, n(%) 0.557
No 11895 7158 4737 (53.06)
(53.3) (53.46)
Yes 10423 6232 4191 (46.94)
(46.7) (46.54)
Household income, n(%) 0.812
< $55000 8778 5258 3520 (39.43)
(39.33) (39.27)
< $55000 13540 8132 5408 (60.57)
(60.67) (60.73)

analysis revealed six independent prognostic factors: ethnicity, marital
status, tumor size, survival time, surgery, and radiotherapy, as detailed
in Table 3.

3.4. Construction and validation of the HCC nomogram

After logistic regression analysis, we constructed a nomogram that
included six statistically significant prognostic factors: ethnicity, marital
status, tumor size, survival time, surgery, and radiotherapy (Fig. 2A).
Additionally, an online network calculator was developed (http
s://wijxzl.shinyapps.io/DMHCC/) for flexible prediction of the risk of
distant metastasis in HCC patients based on the six identified factors.
The nomogram calibration curves of the training cohort and the vali-
dation cohort were verified to be in good agreement (Fig. 2B, C).
Meanwhile, the nomogram AUC values of the training cohort and the
control cohort were 0.82(95% CI 0.81 ~ 0.83) and 0.81 (95% CI 0.79 ~
0.82), respectively. (Fig. 3A). This fully illustrates that nomogram
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Table 3
Univariate and multivariate logistic regression.

Variables Univariate regression multivariate regression
OR (95%CI) P OR (95%CI) P

Age 1.00 (1.00 ~ 0.921
1.01)

Sex

Male 1.00 (Reference) 1.00 (Reference)

Female 0.76 (0.67 ~ <.001  0.91 (0.78 ~ 0.215
0.88) 1.06)

Race

White 1.00 (Reference) 1.00 (Reference)

Black 1.22 (1.04 ~ 0.015 1.06 (0.89 ~ 0.513
1.42) 1.26)

Others 1.00 (0.87 ~ 0.954 1.26 (1.07 ~ 0.005
1.16) 1.47)

Marital status

Single 1.00 (Reference) 1.00 (Reference)

Married 0.76 (0.67 ~ <.001  0.88(0.76 ~ 0.087
0.87) 1.02)

Separated 0.84 (0.57 ~ 0.376 0.87 (0.58 ~ 0.508
1.24) 1.31)

Divorced 0.89 (0.74 ~ 0.197 0.94 (0.78 ~ 0.539
1.06) 1.14)

Widowed 0.82 (0.67 ~ 0.063 0.77 (0.62 ~ 0.026
1.01) 0.97)

Tumor size 1.01 (1.01 ~ <.001 1.01 (1.01 ~ <.001
1.01) 1.01)

Total tumor 0.75 (0.66 ~ <.001  0.96 (0.84 ~ 0.601

number 0.86) 1.10)

Survival time 0.93 (0.92 ~ <.001  0.93(0.93 ~ <.001
0.94) 0.94)

Surgery

No 1.00 (Reference) 1.00 (Reference)

Yes 0.09 (0.07 ~ <.001  0.34(0.26 ~ <.001
0.12) 0.45)

Radiation

No 1.00 (Reference) 1.00 (Reference)

Yes 2.53(2.19 ~ <.001  2.65(2.26 ~ <.001
2.93) 3.10)

Chemotherapy

No 1.00 (Reference) 1.00 (Reference)

Yes 0.79 (0.71 ~ <.001  1.10(0.97 ~ 0.137
0.88) 1.24)

Household income

< $55000 1.00 (Reference) 1.00 (Reference)
< $55000 0.88 (0.79 ~ 0.019 1.03 (0.91 ~ 0.652
0.98) 1.16)

construction is reliable for predicting distant metastasis in HCC patients.

3.5. Assessment of the predictive accuracy of nomograms for clinical
applications

We found that HCC patients who developed distant metastasis had
significantly shorter overall survival (OS) than those who did not (P <
0.001) by analysing the training group’s Kaplan-Meier survival curves
(Fig. 4A); There was a similar trend between the two groups in terms of
the Kaplan-Meier survival curves for validation group. (P <0.001)
(Fig. 4B). Finally, we generated a DCA curve to show the clinical
application value of the nomogram, and this result revealed that a
threshold of approximately 0.02 ~ 0.4 resulted in the maximum benefit
range of the model (Fig. 4C, D).

4. Discussion

Distant metastasis is an important indicator of poor prognosis in HCC
patients and a critical factor in treatment selection and patient man-
agement [5,6]. Therefore, accurately predicting the risk of distant
metastasis in HCC patients is important for early intervention,
improving patient prognosis, and improving patient survival. In this
study, a convenient and reliable nomogram prediction model and a
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network calculator based on this model were constructed by identifying
six independent prognostic factors associated with distant metastasis:
ethnicity, marital status, tumor size, survival time, surgery, and radio-
therapy. This multifactorial criterion is more scientifically valid than
traditional HCC treatment decisions, which rely on biomedical measures
such as tumor size, tumor location, and liver function [17,18].

Ethnicity and marital status have previously been identified as social
and demographic prognostic factors for HCC [19], and they may influ-
ence disease progression and treatment response [20,21]. Hence,
incorporating both into the prediction model can increase the accuracy
and comprehensiveness of the prediction. In addition, HCC survival is
also affected by tumor size after resection, according to previous studies,
and many HCC prognostic systems use tumor size as an important var-
iable and can affect the survival time of HCC patients [22,23].
Furthermore, surgery has been proven to prolong the life of patients
with the greatest degree of effectiveness and reliability. Huang et al.,
[24,25], which is consistent with our current analysis of surgery as a
prognostic factor. Multivariate logistic analysis and KM survival curves
suggest that timely and effective surgical treatment can control distant
metastases and improve OS. Surprisingly, the choice of radiotherapy
seems to have failed to improve the prognosis of HCC patients, instead
increasing the risk of distant metastasis. We believe that the reason may
be that traditional radiotherapy techniques have difficulty precisely
targeting tumors in the liver, especially when there are important organs
near the tumor. This may lead to failure to eliminate tumor cells while
damaging healthy tissues and increasing treatment-related side effects
[26,27]. On the other hand, radiotherapy can affect the immune system
in the tumor microenvironment and may sometimes promote the for-
mation of an immunosuppressive environment, which may instead
favour the growth and distant metastasis of residual cancer cells [28,
29]. Unfortunately, we failed to confirm the relationship between
chemotherapy and distant metastasis. This may be because chemo-
therapy is uncertain in cancer treatment, and its safety needs to be
further evaluated [30,31].

The new nomogram we constructed was shown to have good
discrimination and calibration ability, suggesting that this model has
good promise in tumor surveillance and clinical decision-making. By
using this model, physicians can optimize treatment plans to provide
more intensive monitoring or early intervention for high-risk patients
while avoiding overtreatment of low-risk patients. In addition, we build
an easy-to-use digital prediction tool for users based on a network
calculator. By analysing the clinical characteristics and related risk
factors for HCC, the ability to predict the risk of distant metastasis of
HCC can be improved, and this information can provide the basis for the
development of individualized treatment and follow-up strategies.

While we evaluated the predictive performance of the nomogram
using internal validation methods, external validation is critical for
determining the effectiveness of the model in clinical applications. We
plan to conduct a prospective cohort study in the future to verify the
predictive performance of the model across different racial and ethnic
groups. We are actively seeking suitable partner institutions and data
sources to conduct this study.

Finally, although our findings suggest the potential of nomograms
for predicting distant metastasis in hepatocellular carcinoma patients,
several limitations exist. First, this was a retrospective cohort study
based on the SEER database and may have selection bias, and further
validation of the external validity of the nomograms needs to be per-
formed through multicenter, prospective studies in the future. Second,
our model included only clinical and pathological features, and future
studies could consider including more molecular markers to improve the
accuracy of the prediction. In addition, new treatments such as targeted
therapy and immunotherapy may modify risk factors for distant me-
tastases as treatment techniques advance. Therefore, nomogram models
need to be updated regularly to reflect the latest treatment patterns and
changes in patient populations.
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5. Conclusion
In summary, a nomogram model for predicting distant metastasis

was developed by integrating the epidemiological characteristics of HCC
patients from the SEER database. This model was further refined with

the incorporation of DCA curves, ROC curves, KM curves, network cal-
culations, and internal validations. Using our nomogram, surgeons and
oncologists can obtain accurate predictive information about a patient’s
risk of distant metastasis and optimize individual treatment.
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