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Background: This study aimed to identify the incidence, risk factors, and survival outcome associated 
with brain metastases (BM) in hepatocellular carcinoma (HCC) patients using a large-scale population-based 
cancer registry database.
Methods: Between 2010 and 2016, patients with BM from HCC were included using the Surveillance, 
Epidemiology, and End Results (SEER) program. The risk and prognostic factors for BM were recognized 
by multivariate logistic and Cox regression model analysis. The overall survival (OS) and cancer-specific 
survival (CSS) of HCC patients with BM were assessed using Kaplan-Meier curves with log-rank tests.
Results: A total of 141 (0.33%) HCC patients detected with BM were included for analysis. Younger age, 
tumor pathological undifferentiation, no surgery, radiation therapy, no chemotherapy, synchronous bone, 
or lung metastases were positively associated with BM in the HCC cohort. The median OS and CSS of the 
BM patients were 3 months, while the corresponding survival time in HCC patients without BM was 13 and  
23 months. Black race, tumor pathological undifferentiation, absence of chemotherapy, and concomitant 
lung metastases were independently associated with the worse survival.
Conclusions: Although the overall prognosis of patients with BM from HCC was extremely poor, a list of 
homogeneous and heterogeneous risk factors were found to be significantly associated with the occurrence 
and prognosis of BM in HCC patients. These relevant factors may provide more valuable references for 
individualized treatment in clinical practice.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide, as well as one of the most 
common lethal cancers (1). Despite many new advances 
in HCC treatment, such as novel surgical techniques, 
transcatheter arterial chemoembolization (TACE), liver 
transplantation, and radiofrequency ablation, recent 
reports showed that the 5-year survival rate of HCC is still 
below 20%, which remains lower than many other cancers 
(1,2). One of the causes related to high mortality is the 
extrahepatic metastatic spread of primary carcinoma cells, 
and the most frequent locations of distant metastases are 
lungs, bones, lymph nodes and adrenal glands (3,4).

Although the rate of extrahepatic metastases can reach to 
18.4% in newly diagnosed HCC patients, brain metastases 
(BM) are relatively rare, and it could dramatically worsen 
patients’ prognosis (5). According to previously statistical 
data, the incidence of BM occurs in about 0.2–2.2% of 
HCC patients with a median overall survival (OS) of 1– 
6 months (6-11). Results from a published population study 
showed that the 1-year OS and cancer-specific survival 
(CSS) was 5.9% and 6.3% in patients diagnosed with 
HCCBM (5). Among all HCCBM patients, most cases are 
located in supratentorial (11-13), other regions of metastatic 
HCC to the nervous system include skull (14,15), skull base 
(16,17), spine (14,18) and sella turcica (19), which lead to 
various nerve-related events. Recently, with the new drug 
sorafenib developed and shown to improve the outcome 
of advanced HCC, some investigators reported that the 
incidence of BM increased as more patients survived longer 
(20-22). However, most previous studies were based on 
relatively small sample size patients, lacking adequate 
data to account for HCCBM patients’ characteristics 
and prognosis on a population level. Therefore, it is of 
importance to identify potentially metastatic risk factors 
and survival prediction assessment methods of HCCBM 
for precisely clinical decision-making on a larger scale 
population.

In the present study, we aimed to assess the newest 
prevalence, risk factors and prognostic factors of initially 
diagnosed HCC patients with BM on the basis of the 
Surveillance, Epidemiology, and End Results (SEER) 
database. Furthermore, we perform stratified survival 
variables to analyze their influence on either OS or CSS. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1012).

Methods

Cohort population

Patients’ data were obtained from the SEER database, 
providing clinical incidence, treatment, and survival data 
on many tumors and covering nearly 36.7% of the US 
population according to the 2010 census. We got the 
database access permission before the research initiation, 
and he newly SEER*Stat software (version 8.3.6; National 
Cancer Institute, Bethesda, MD, USA) was used to collect 
and analyze related data from 2010 to 2016 due to no 
record of distant metastases before the year 2010. Then, 
within the SEER database, patients with age ≥18 years 
diagnosed primary HCC were finally included in our 
study. The histology/behavior of HCC were limited to 
“8170/3 hepatocellular carcinoma, not otherwise specified”, 
“8171/3 hepatocellular carcinoma, fibrolamellar”, 
“8172/3 hepatocellular carcinoma, scirrhous”, “8173/3 
hepatocellular carcinoma, spindle cell variant”, “8174/3 
hepatocellular carcinoma, clear cell type” or “8175/3 
hepatocellular carcinoma, pleomorphic type” based on 
International Classification of Diseases for Oncology-3 
(ICD-O-3). Exclusion criteria were as follows: (I) patients 
whose primary site were not in the liver; (II) patients with 
unknown BM; (III) patients with unknown survival time. 
The detailed process of population enrollment was shown in 
Figure 1, and patients were grouped by the existence of BM. 
The study conformed to the provisions of the Declaration 
of Helsinki (as revised in 2013).

The variables including age, sex, marital status, race, 
insurance status, pathological grade, surgery, radiation, 
chemotherapy, alpha-fetoprotein (AFP), bone metastases, 
intrahepatic metastases, lung metastases, BM, vital status, 
cause-specific death classification and survival time were 
used in the current study. The race is divided into white, 
black, others (American Indian/Alaska Native, Asian/Pacific 
Islander) and unknown. Surgery was classified as no surgery, 
surgery on primary site (including local treatment and 
liver resection) and unknown. Radiation was also applied 
for HCC. AFP level comprised of elevated, normal and 
unknown. OS and CSS were used to analyze the patients’ 
survival outcomes.

Statistical analysis

Descriptive statistics were used to summarize demographics, 
and a  chi-square test  was performed to compare 
categorical variables between cases with and without 
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BM as baseline clinical characteristics. The risk factors 
of HCCBM patients were measured by multivariate 
logistic regression analysis. The OS and CSS curves were 
evaluated by using the Kaplan-Meier method with log-
rank test. The prognostic factors related to OS or CSS 
were calculated using univariate and multivariable Cox 
proportional hazards regression models. Those variables 
with significant differences in univariate Cox regression 
models were included for further multivariate analysis. 
All of the statistical analyses were carried out using SPSS 
software version 23.0 (IBM Corp., Armonk, NY, USA) and 
statistically significant standard was P<0.05.

Results

Patients characteristics

As shown in Figure 1, a total of 43,310 patients with 
primary HCC from 2010 to 2016 were enrolled in our 
study, among of which 141 cases (0.33%) were presented 
with BM. The baseline clinical characteristics of primary 
HCC patients were displayed in Table 1. The median age 
of the entire cohort at diagnosis of HCC was 64 (range, 
18–102) years. No statistical significance was demonstrated 
in sex, marital status and race (P>0.05). However, other 
characteristics, including age, insurance status, pathological 
grade, surgery, radiation, chemotherapy, AFP, bone 

metastases, intrahepatic metastases and lung metastases, 
were shown significant differences between BM and non-
metastasis patients (P<0.05). HCCBM patients were found 
to receive less insurance, surgery and chemotherapy, but 
more radiation therapy.

Risk factors of HCCBM

As presented in Table 2, age at the diagnosis less than 
50 years (P=0.023), undifferentiated grade in pathology 
(P=0.016), no surgery (P=0.004), radiation therapy 
(P<0.001), no chemotherapy (P<0.001), bone metastases 
(P<0.001) and lung metastases (P<0.001) were associated 
with significantly higher risk for BM from HCC according 
to the results of multivariate logistic regression analysis. 
Other variables (sex, marital status, race, insurance status, 
AFP level and intrahepatic metastases) were found not to be 
significantly relevant with HCCBM (P>0.05).

Survival analysis

For the entire cohort study, the median follow-up time 
was 9 (interquartile range, 2–23) months. While for the 
HCCBM patients, the median follow-up time was 2 
(interquartile range, 0–6) months. The median OS for 
the HCCBM patients and HCC patients without BM was  
3 months [95% confidence interval (CI): 2.045–3.955] and 

Figure 1 Flowchart of patients enrollment process. HCC, hepatocellular carcinoma; SEER, Surveillance, Epidemiology, and End Results; 
BM, brain metastases.
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Table 1 Baseline characteristics of the patients with HCC

Characteristics
With BM,  

n (%)
Without BM,  

n (%)
P value

Age (years) 0.030

≤50 16 (11.3) 2,915 (6.8)

>50 125 (88.7) 40,254 (93.2)

Sex 0.118

Male 116 (82.3) 33,108 (76.7)

Female 25 (17.7) 10,061 (23.3)

Marital status 0.109

Married 57 (40.4) 21,052 (48.8)

Unmarried 77 (54.6) 19,778 (45.8)

Unknown 7 (5.0) 2,339 (5.4)

Race 0.467

White 99 (70.2) 29,866 (69.2)

Black 24 (17.0) 6,041 (14.0)

Others 17 (12.1) 7,026 (16.3)

Unknown 1 (0.7) 236 (0.5)

Insurance status 0.035

Insured 126 (89.4) 40,648 (94.2)

Uninsured 11 (7.8) 1,635 (3.8)

Unknown 4 (2.8) 886 (2.1)

Grade 0.013

Well differentiated 13 (9.2) 4,456 (10.3)

Moderately 
differentiated

22 (15.6) 6,928 (16.0)

Poorly differentiated 12 (8.5) 3,106 (7.2)

Undifferentiated 4 (2.8) 251 (0.6)

Unknown 90 (63.8) 28,428 (65.9)

Surgery <0.001

No surgery 135 (95.7) 32,586 (75.5)

Surgery 6 (4.3) 10,470 (24.3)

Unknown 0 (0.0) 113 (0.3)

Radiation <0.001

No 78 (55.3) 39,055 (90.5)

Yes 63 (44.7) 4,114 (9.5)

Table 1 (continued)

Table 1 (continued)

Characteristics
With BM,  

n (%)
Without BM,  

n (%)
P value

Chemotherapy <0.001

No 107 (75.9) 24,969 (57.8)

Yes 34 (24.1) 18,200 (42.2)

AFP <0.001

Normal 18 (12.8) 9,410 (21.8)

Elevated 75 (53.2) 25,055 (58.0)

Unknown 48 (34.0) 8,704 (20.2)

Bone metastases <0.001

No 85 (60.3) 41,383 (95.9)

Yes 51 (36.2) 1,721 (4.0)

Unknown 5 (3.5) 65 (0.1)

Intrahepatic metastases <0.001

No 122 (86.5) 42,546 (98.6)

Yes 10 (7.1) 478 (1.1)

Unknown 9 (6.4) 145 (0.3)

Lung metastases <0.001

No 85 (60.3) 40,593 (94.0)

Yes 52 (36.9) 2,366 (5.5)

Unknown 4 (2.8) 210 (0.5)

HCC, hepatocellular carcinoma; BM, brain metastases; AFP, 
alpha-fetoprotein.

13 months (95% CI: 12.677–13.323), while the median 
CSS for the groups of HCCBM patients and HCC patients 
without BM were 3 months (95% CI: 2.045–3.966) and  
23 months (95% CI: 22.345–23.655), respectively. 
Compared to the cohort without BM, the group of HCCBM 
patients demonstrated significantly shorter OS and CSS with 
a plummet of the survival curve in the first year (P<0.001, 
Figure 2). In all variables, pathological grade, chemotherapy 
and lung metastases had statistically significant difference 
in the OS curve using the log-rank test (P<0.05, Figure 3).  
For CSS, race, chemotherapy and lung metastases had 
significant impact on HCCBM patients (P<0.05, Figure 4).

Based on the  univar iate  and mult ivar iate  Cox 
proportional hazards regression model, black race, 
undifferentiation, no chemotherapy and lung metastases 
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Table 2 Multivariate logistic regression analysis of risk factors of 
BM from HCC

Variables OR 95% CI P value

Age (years)

≤50 Reference – –

>50 0.530 0.307–0.916 0.023

Sex

Male Reference – –

Female 0.787 0.501–1.236 0.299

Marital status

Married Reference – –

Unmarried 1.335 0.928–1.920 0.119

Unknown NA NA NA

Race

White Reference – –

Black 1.022 0.643–1.624 0.927

Others 0.782 0.458–1.335 0.367

Unknown NA NA NA

Insurance status

Insured Reference – –

Uninsured 1.702 0.894–3.241 0.106

Unknown NA NA NA

Grade

Well differentiated Reference – –

Moderately 
differentiated

1.138 0.564–2.296 0.719

Poorly differentiated 0.643 0.279–1.481 0.300

Undifferentiated 4.228 1.304–13.713 0.016

Unknown NA NA NA

Surgery

No surgery Reference – –

Surgery 0.283 0.121–0.663 0.004

Unknown NA NA NA

Radiation

No Reference – –

Yes 5.861 4.017–8.551 <0.001

Table 2 (continued)

Table 2 (continued)

Variables OR 95% CI P value

Chemotherapy

No Reference – –

Yes 0.449 0.301–0.670 <0.001

AFP

Normal Reference – –

Elevated 1.076 0.632–1.833 0.786

Unknown NA NA NA

Bone metastases

No Reference – –

Yes 4.006 2.665–6.022 <0.001

Unknown NA NA NA

Intrahepatic metastases

No Reference – –

Yes 1.421 0.701–2.882 0.329

Unknown NA NA NA

Lung metastases

No Reference – –

Yes 5.804 3.915–8.603 <0.001

Unknown NA NA NA

All factors with unknown data were removed from the multivariate 
logistic regression model. BM, brain metastases; HCC, 
hepatocellular carcinoma; OR, odds ratio; 95% CI, 95% 
confidence interval; AFP, alpha-fetoprotein; NA, not applicable.

were shown to be worse prognosis for HCCBM patients’ 
OS (P<0.05, Table 3). On the aspect of CSS, except for 
undifferentiated grade, the other three factors above were 
also demonstrated to cause higher mortality in HCCBM 
patients (P<0.05, Table 4).

As shown in Figure 5, undifferentiated grade, no 
chemotherapy and lung metastases were homogeneous risk 
factors for the incidence and prognosis of BM in HCC. 
Patients with age less than 50 years, no surgery, radiation 
therapy and bone metastases were prone to be associated 
with the development of BM, but not associated with OS 
and CSS of BM. Black race was significantly related to 
prognosis of HCCBM patients but could not predict the 
risk of BM.
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Figure 2 Kaplan-Meier survival curves for OS (A) and CSS (B) in HCC patients with or without BM. OS, overall survival; CSS, cancer-
specific survival; BM, brain metastases; HCC, hepatocellular carcinoma.

Figure 3 Kaplan-Meier survival curves for OS in patients with BM from HCC. (A) Pathological grade, (B) chemotherapy, (C) lung 
metastases. OS, overall survival; BM, brain metastases; HCC, hepatocellular carcinoma.
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Figure 4 Kaplan-Meier survival curves for CSS in patients with BM from HCC. (A) Race, (B) chemotherapy, (C) lung metastases. CSS, 
cancer-specific survival; BM, brain metastases; HCC, hepatocellular carcinoma.

Discussion

As far as we know, this is the biggest study based on 
population to explore the incidence, risk, and prognostic 
factors for HCCBM. In comparison with other primary 
tumor sources, like lung cancer (23) and breast cancer (24), 
or other extrahepatic metastases places, BM from HCC is 
relatively uncommon, which may be due to the low affinity 
of HCC for the central nervous system (CNS) and the 
rapid disease course and short survival time of patients with 
HCC, which decreases the probability of BM (18,25). Nam 
reported that 0.6% of 13,581 patients with HCC treated in 
Seoul St. Mary’s Hospital and Incheon St. Mary’s Hospital 
were diagnosed with BM between 1995 and 2017 (7). 
Another study also from South Korea showed that 1.1% of 
10,615 HCC developed BM from 1995 to 2011 (10). The 
epidemiological result of our study indicated that 0.33% 

of patients with HCC presented with BM, consistent with 
the prevalence rate in the other cohort research from Chen  
et al. (6). Nevertheless, according to the investigation 
carried out by Shao et al., the incidence of BM in advanced 
HCC patients could reach to 7% (21). This discrepancy 
might be due to the differences of enrolled patients: all 
cases in the work performed by Shao et al. were diagnosed 
with advanced stages of HCC, whereas cases included in 
other studies regardless of stage. However, there might be 
an underestimation in the current study based on the fact 
that some asymptomatic BM in HCC patients could have 
been unable to detect.

We then analyzed the risk factors of HCCBM based on 
multivariate logistic regression. Several risk factors were 
identified and needed to take notice, including the younger 
patient (≤50 years), tumor pathological undifferentiation, 
no surgery, radiation therapy, no chemotherapy, synchronal 
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Table 3 Univariate and multivariate Cox regression analysis of OS in patients with BM from HCC

Variables
Univariate analysis Multivariate analysis

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

Age (years)

≤50 Reference

>50 1.038 (0.604–1.785) 0.892

Sex

Male Reference

Female 1.317 (0.848–2.046) 0.221

Marital status

Married Reference

Unmarried 1.172 (0.817–1.681) 0.390

Unknown NA NA

Race

White Reference Reference

Black 1.669 (1.031–2.701) 0.037 1.703 (1.037–2.799) 0.036

Others 1.285 (0.737–2.240) 0.377 1.366 (0.759–2.459) 0.299

Unknown NA NA NA NA

Insurance status

Insured Reference

Uninsured 0.920 (0.465–1.817) 0.810

Unknown NA NA

Grade

Well differentiated Reference Reference

Moderately differentiated 1.014 (0.476–2.158) 0.972 1.341 (0.594–3.027) 0.481

Poorly differentiated 1.183 (0.496–2.823) 0.704 1.375 (0.558–3.391) 0.489

Undifferentiated 4.323 (1.315–14.215) 0.016 6.084 (1.756–21.086) 0.004

Unknown NA NA NA NA

Surgery

No surgery Reference

Surgery 0.509 (0.206–1.257) 0.143

Radiation

No Reference

Yes 0.809 (0.568–1.151) 0.239

Chemotherapy

No Reference Reference

Yes 0.523 (0.342–0.800) 0.003 0.572 (0.365–0.897) 0.015

Table 3 (continued)
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Table 3 (continued)

Variables
Univariate analysis Multivariate analysis

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

AFP

Normal Reference

Elevated 1.189 (0.695–2.034) 0.528

Unknown NA NA

Bone metastases

No Reference

Yes 0.758 (0.522–1.102) 0.147

Unknown NA NA

Intrahepatic metastases

No Reference

Yes 1.170 (0.609–2.244) 0.638

Unknown NA NA

Lung metastases

No Reference Reference

Yes 1.562 (1.081–2.257) 0.017 1.566 (1.073–2.228) 0.020

Unknown NA NA NA NA

All factors with unknown data were removed from the Cox and Kaplan-Meier model. OS, overall survival; BM, brain metastases; HCC, 
hepatocellular carcinoma; HR, hazard ratio; 95% CI, 95% confidence interval; AFP, alpha-fetoprotein; NA, not applicable.

bone or lung metastases. These significant predictors could 
be helpful for clinical decision-making on the potential 
of BM when encountering HCC patients with the above-
mentioned characteristics. For the radiation-treated patients 
or younger patients with a high frequency of BM, the 
reasons are not quite clear. However, it was also found that 
younger patients had a higher incidence of lung metastases 
in previous reports, which might be due to the potentially 
longer survival time and then more chance to develop 
metastases. Previous studies also indicated that HCCBM 
patients had a high proportion of synchronous extra-cranial 
metastases, with lung (32.6–94.8%) and bone (14.7–40.7%) 
ranking the first two common sites (7-10,18,22,26). An 
investigation worked by Seinfeld et al. found that some BM 
could be secondary to lung deposits in HCC patients (11). 
Therefore, magnetic resonance imaging (MRI), or at least 
computed tomography (CT) should be considered to be 
used to timely detect BM for these HCC patients with high 
risk factors, although there is still no study showed whether 
routing screening could prolong OS.

Patients with HCCBM usually have an extremely poor 
prognosis and quality of life. In our study, compared to the 
HCC patients without BM, the median OS and CSS of 
HCCBM patients had significantly shortened to 3 months, 
in line with the previous studies with a median OS of 1– 
6 months (6-11). Kim reported a parallelly median OS 
with 3 months in 95 HCCBM patients between January 
2000 and December 2011 (26). Yamakawa also reported 
a similarly median OS with 3.6 months in 15 Japanese 
patients from January 2003 to December 2012 (27). Another 
earlier research based on SEER showed that the median 
OS of 97 HCCBM patients was 2.4 months (6). Our study 
further demonstrated that HCC patients having BM with 
black race, tumor pathological undifferentiation, absence of 
chemotherapy, or presence of lung metastases significantly 
contributed to an unfavorable prognosis. According to the 
above-recognized factors, clinicians could approximately 
evaluate the survival and prognosis of HCCBM patients. 
Therefore, tumor undifferentiated grade, no chemotherapy 
and concomitant lung metastases were crucial factors for 
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Table 4 Univariate and multivariate Cox regression analysis of CSS in patients with BM from HCC

Variables
Univariate analysis Multivariate analysis

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

Age (years)

≤50 Reference

>50 0.941 (0.524–1.690) 0.839

Sex

Male Reference

Female 1.466 (0.912–2.357) 0.115

Marital status

Married Reference

Unmarried 1.251 (0.836–1.872) 0.275

Unknown NA NA

Race

White Reference Reference

Black 2.088 (1.257–3.466) 0.004 2.053 (1.230–3.429) 0.006

Others 1.526 (0.837–2.782) 0.168 1.497 (0.808–2.771) 0.200

Unknown NA NA NA NA

Insurance status

Insured Reference

Uninsured 1.159 (0.582–2.308) 0.674

Unknown NA NA

Grade

Well differentiated Reference

Moderately differentiated 1.007 (0.434–2.335) 0.987

Poorly differentiated 1.167 (0.446–3.051) 0.754

Undifferentiated 3.890 (1.003–15.092) 0.050

Unknown NA NA

Surgery

No surgery Reference

Surgery 0.632 (0.254–1.573) 0.324

Radiation

No Reference

Yes 0.903 (0.610–1.336) 0.609

Chemotherapy

No Reference Reference

Yes 0.541 (0.338–0.865) 0.010 0.590 (0.368–0.948) 0.029

Table 4 (continued)



2664 Lin et al. Incidence and prognosis of HCCBM

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):2654-2667 | http://dx.doi.org/10.21037/apm-20-1012

Table 4 (continued)

Variables
Univariate analysis Multivariate analysis

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

AFP

Normal Reference

Elevated 1.669 (0.848–3.287) 0.138

Unknown NA NA

Bone metastases

No Reference

Yes 0.812 (0.538–1.227) 0.324

Unknown NA NA

Intrahepatic metastases

No Reference

Yes 0.884 (0.385–2.030) 0.772

Unknown NA NA

Lung metastases

No Reference Reference

Yes 1.739 (1.158–2.613) 0.008 1.673 (1.106–2.531) 0.015

Unknown NA NA NA NA

All factors with unknown data were removed from the Cox and Kaplan-Meier model. CSS, cancer-specific survival; BM, brain metastases; 
HCC, hepatocellular carcinoma; HR, hazard ratio; 95% CI, 95% confidence interval; AFP, alpha-fetoprotein; NA, not applicable.

Figure 5 The homogeneous and heterogeneous risk factors for the incidence and prognosis of BM patients in HCC. The left circle was the 
risk factors for the development of BM. The right circle was the risk factors for the prognosis of BM patients. The intersection of two circles 
meant the homogeneous risk factors. BM, brain metastases; HCC, hepatocellular carcinoma; OS, overall survival; CSS, cancer-specific 
survival.

Risk factors:

Age ≤50 years

No surgery

Radiotherapy

With bone metastases

Prognostic factors for OS and CSS:

Black race

Undifferentiated grade

No chemotherapy

With lung metastases
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both predictive risk and prognosis.
Although different races had no impact on the risk 

for BM in HCC patients, the OS and CSS in the black 
population appeared significantly worse than white people. 
Jones found that survival among Blacks is the shortest after 
HCC diagnosis in a diverse sample of patients due to the 
possibility of lacking insurance or enough financial support, 
which could be barriers to many interventions, leading to 
receiving treatment at a more advanced tumor stage (28). 
Other investigations also revealed a similar result of shorter 
OS in black patients with HCC (29,30). Undoubtedly, the 
exact mechanism underlying this phenomenon still needs 
to be explored. AFP, an indicator that reflects the tumor 
burden, usually indicated significant for survival in the 
previous study (9,26); however, there was no difference in 
our research, which might be caused by more than one-
third of unknown cases in this data set.

Up to now, there are no guidelines on diagnosis and 
therapeutic strategy for HCCBM, owing to the rarity and 
poor prognosis of these patients. However, compared to 
metastatic tumor control, it is widely acknowledged that 
better-control of primary HCC lesion contributes to longer 
survival time because patients’ survival mainly relies on the 
condition of the liver function determined by intrahepatic 
tumor burden (7,31,32). Our study showed that surgery 
for HCC could decrease the risk of BM, but have no 
significant influence on patients’ prognosis. These may be 
due to the fact that the majority of patients did not receive 
surgery in this study, which most likely led to the difference 
compared with the reported data. Besides, it was evident 
that HCCBM patients undergoing chemotherapy survived 
longer in the present research. It is generally recognized 
that conventional chemotherapeutic drugs are challenging 
to access the brain due to the blood-brain barrier (BBB) 
and have no effect on improving OS for any subset of HCC 
(2,33,34). Consequently, we speculate that the prolonged 
survival caused by chemotherapy might be attributed to 
greater opportunity for patients to receive surgery or 
stereotactic radiosurgery (SRS) on BM, which was not 
provided in the SEER database. Further studies on how to 
improve the survival of HCCBM patients are still warranted 
in the future.

We recognize that this study has several important 
limitations. First, there is an inherent bias in any 
retrospective study that is inevitable. Second, the 
asymptomatic cases of HCCBM are not recorded in the 
SEER database, which may lead to an underestimation of 
the real incidence of BM. Third, details on the treatment 

modalities (i.e., surgery, radiotherapy, chemotherapy or 
immunotherapy) for primary tumor and metastatic brain 
lesions are not available in the SEER database, crucial for 
analysis. Finally, several critical prognostic factors, including 
performance status, systemic disease status, Child-Pugh 
class, etiology (hepatitis B, C, or alcohol), or the number 
of metastatic lesions, are unable to obtain from the SEER 
database. Therefore, it is still critical to confirm the findings 
of our study by prospective validation.

In conclusion,  through the above analysis ,  the 
incidence of BM in HCC patients is 0.33%. Despite the 
limitations, the present study provided the homogeneous 
and heterogeneous risk factors for HCCBM incidence 
and prognosis based on the SEER database. These factors 
could be potentially used as references for individualized 
treatment in clinical decision-making.
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