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Abstract. The aim of the present study was to investigate the 
racial disparities in the presentation, treatment and survival 
time of patients with hepatocellular carcinoma (HCC) or 
intrahepatic cholangiocarcinoma (ICC) between Chinese 
and other racial groups from the Surveillance, Epidemiology, 
and End Results (SEER) database between January 1st 
2004, and December 31st 2013. Key covariates, including 
clinical presentation, treatment and survival time, were 
recorded and compared, demonstrating the racial differences. 
Kaplan‑Meier analysis and Cox regression models were 
performed to identify these disparities in survival time. A 
total of 30,954 patients were identified in the SEER database. 
Among these, 27,767 (89.7%) had HCC and 3,187 (10.3%) had 
ICC. In the HCC cohort, Chinese patients had the highest 
survival time. Compared with the mortality risk of Chinese 

patients, the mortality risk of Other Asian, non‑Hispanic 
white, Hispanic and African‑American patients increased 
by 16.8, 35.1, 28.3 and 33.3%, respectively. Compared with 
other groups, Chinese patients were more likely to present 
with localized stage, and without vascular invasion, adjacent 
invasion and metastasis. In the ICC cohort, the Chinese 
group had improved survival time, compared with the other 
groups following univariate analysis, although no significant 
differences were observed between Chinese and Other Asian 
and Hispanic patients following adjusting for contributing 
factors. Furthermore, there was no significant differences in 
the presentation between the groups, which differed from the 
HCC analysis. In conclusion, race/ethnicity was a significant 
independent prognostic factor in the HCC cohort, whereas it 
was not significant in the ICC cohort. The synergistic effect of 
contributing factors, including demographic, socioeconomic, 
biological and treatment differences, caused the racial disparity 
observed in primary liver cancer survival time.

Introduction

In 2012, it was reported that primary liver cancer (PLC) is one 
of the most common malignancy types and is a leading cause 
of mortality globally (1,2). Previously, a series of advanced 
surgical techniques and pharmacotherapy, including liver 
transplantation, loco‑regional therapy and sorafenib, have 
been implemented in medical practice to improve the survival 
time of patients with liver cancer (3‑6). However, in the United 
States between 1975 and 2012, the incidence and mortality of 
this disease continued to increase and was disproportionally 
distributed in the population (7).

Racial disparities in hepatocellular carcinoma (HCC) 
survival time have been confirmed in a number of studies (8‑11). 
Numerous studies, between 2006 and 2012, have demon-
strated that Asian patients have the highest survival time, 
while African‑American patients have the lowest survival 
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time (9,11‑13). Furthermore, it has been reported that between 
1988 and 2012, Asian patients, who were treated in the United 
States, have an increased probability of being treated via liver 
resection, compared with other racial groups (11,12). There 
are numerous contributing factors, including etiology, tumor 
stage and social economic status, affecting the racial dispari-
ties observed in PLC survival time (9,12,14). The mechanisms 
underlying factors affecting HCC survival time and their rela-
tive importance in disease progression remain undetermined.

The Asian population was reported as the fastest growing 
and most heterogeneous ethnic group in the USA between 1992 
and 2009 (15). There are numerous differences in the etiology, 
genetic characteristics, cancer susceptibility and living habits 
of the Asian subgroups (16,17). In 2012, it was reported that the 
Chinese population is one of the largest Asian subgroups and 
account for a large proportion of patients with HCC in the United 
States (1,18). Furthermore, previous studies have demonstrated 
that Chinese patients with colorectal and esophageal cancer have 
improved survival time, compared with patients of other racial 
groups (19,20). However, there are limited studies examining 
differences in HCC outcomes between Chinese patients and 
patients of other racial groups. Stewart et al (11) reported that 
compared with Caucasians, Chinese patients had reduced HCC 
cause‑specific mortality [hazard ratio (HR)=0.81; 95% confi-
dence interval (CI), 0.77‑0.86], although a detailed analysis 
with respect to clinical presentation, treatment and survival 
time was not provided. Intrahepatic cholangiocarcinoma (ICC) 
is the second most common PLC type and has been increasing 
in incidence and mortality over the last 10 to 20 years (21,22); 
however, limited studies investigating the racial disparities in 
ICC outcomes have been performed (21,23).

Therefore, in the present study, racial disparities in HCC 
and ICC survival time between Chinese patients and patients 
of other racial groups were retrospectively analyzed with the 
Surveillance, Epidemiology, and End Results (SEER) database 
between January 1st 2004, and December 31st 2013  (24). 
Furthermore, the racial disparities between Asian subgroups 
were analyzed.

Patients and methods

Database. Data from the SEER database, the largest public 
cancer database and sponsored by the National Cancer Institute, 
were retrospectively analyzed. The SEER program collects 
demographics, including age, sex and race/ethnicity, as well 
as clinical characteristics, including cancer stage, histology, 
primary therapy and survival time, in the USA from 1973. It 
is a population‑based database that includes ~28% of the USA 
population and multiple racial groups. The exact database used 
for the present analysis was the Incidence‑SEER 18 Registries 
Research Data + Hurricane Katrina Impacted Louisiana 
Cases, November 2015 Sub (1973‑2013 varying) (25) using the 
SEER*Stat 8.3.2 software (National Cancer Institute, Bethesda, 
MD, USA). Permission was received for the use of these data 
(SEER ID: 13724‑Nov 2015).

Patient selection. Patients who were histologically diagnosed 
as HCC or ICC between January 1st 2004, and December 
31st 2013 were included in the present study. Patients were 
excluded if they were <18 years of age, had a history of a prior 

malignancy, the cause of mortality was unknown (UNK), the 
follow‑up period was <1 month, or any key covariate data 
were incomplete or UNK, including diagnosis confirmation 
methods, age, marital status, histological stage, tumor size, 
residence and race/ethnicity.

Covariates. Key covariates with respect to baseline charac-
teristics, including year of diagnosis, age, sex, race/ethnicity, 
residence, marital status, household income, educational level, 
poverty, pathology, histological grade, tumor size, vascular and 
adjacent invasion, metastasis, cancer stage, serum α‑fetoprotein 
(AFP) level, fibrosis score and primary therapy were extracted 
from the database. Race/ethnicity was classified as non‑Hispanic 
White (NHW), Hispanic, African‑American or Chinese, as 
determined in the SEER database. Asian subgroups except 
Chinese were merged into ‘Other Asian’ for the overall analysis 
and subsequently categorized as Korean, Japanese, Vietnamese, 
Philippines Filipino or Other Minority for subgroup analysis. 
Treatment was categorized as radiation, resection, transplan-
tation, tumor destructive therapy (TDT), none or UNK. TDT 
included radio‑frequency ablation, laser therapy, photodynamic 
therapy, electrocautery and cryosurgery, as described in the 
SEER database (26). Data were extracted from the dataset with 
the reference of the SEER Coding and Staging Manual and 
Collaborative Staging System Manual (26).

Statistical analysis. Baseline demographic and clinical 
characteristics data were summarized with descriptive 
statistics in Tables  I and II. Continuous variables were 
presented as mean  ±  standard deviation. Comparison of 
baseline characteristics between races/ethnicities was 
calculated by one‑way analysis of variance, followed by 
Bonferroni's multiple comparison test, and the χ2 test.

The primary endpoints of the present study were the 
overall survival (OS) time and cause‑specific survival (CSS) 
time. Survival time was calculated from the date of diagnosis 
to the date of mortality. In the OS analysis, any cause of 
mortality was treated as an event. In the CSS analysis, an event 
was defined as mortality attributed to PLC. Survival time was 
estimated and compared using Kaplan‑Meier analysis and the 
log‑rank test.

Multivariate analysis was performed to evaluate the prog-
nostic power of variables for survival time. Variables were 
divided into three categories: i) Demographic factors, including 
age, sex, residence, race, marital status, household income and 
poverty; ii) tumor biological and clinical factors, including 
pathology, histological grade, tumor size, vascular inva-
sion, regional lymph nodes, distant metastasis, SEER stage, 
AFP level and fibrosis score; and iii)  treatment‑associated 
factors, including radiation, resection, transplantation, TDT, 
and none or UNK therapy. For the multivariate Cox model, 
for the process for selecting a category of variables in SPSS 
software, race/ethnicity was entered as block 1, the remaining 
demographic variables were entered as block 2, tumor 
biological and clinical variables were entered as block 3, and 
treatment‑associated factors were entered as block 4. Variables 
in blocks 2 and 3 were entered in a forward stepwise method 
using the Likelihood Ratio test to determine their impact on 
survival time (9). The HR changes for each group following 
the stepwise adjustment are depicted in forest plots.
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There are a number of missing values for categorical 
variables in the present study. Due to no significant differences 
being determined from the analysis of all cases and cases 
of known value, the missing values were separated into the 
subcategory ‘UNK’ and presented in Tables I and II.

P<0.05 was considered to indicate a statistically significant 
difference. Statistical analysis was performed by using SPSS 
Statistics software, version 22 for Windows (IBM Corp., 
Armonk, NY, USA) and GraphPad Prism software, version 7 
for Windows (GraphPad Software Inc., La Jolla, CA, USA).

Results

Baseline characteristics. According to the inclusion and 
exclusion criteria of the present study, 30,954 patients were 
identified in the SEER database from 2004 to 2013. There 
were 27,767 (89.7%) patients diagnosed with HCC and 3,187 
(10.3%) diagnosed with ICC. Tables I and II show the baseline 
demographic and clinical characteristics of the patients with 
HCC and ICC in the present study.

In the HCC group (Table I), 1,241 (4.47%) patients were 
Chinese, 13,867 (49.94%) were NHW, 3,654 (13.13%) were 
African‑American, 3,437 (12.38%) were Other Asian and 
5,577 (20.08%) were Hispanic. The mean age of Asian patients 
(including Chinese) was increased, compared with the other 
groups. African‑American patients had the lowest mean age, 
compared with the other groups. The sex ratio between the 
groups was not identical, with the NHW group having the 
highest proportion of males. Additionally, the Chinese group 
had the highest proportion of married patients and the lowest 
proportion of divorced patients. Of the Chinese patients, 
approximately 99.59% were living in rural areas. The household 

income of the Chinese group was significantly increased, 
compared with the other groups. Furthermore, the Chinese 
patients had a notably increased education level and a reduced 
poverty level. The proportion of localized stage, no vascular 
invasion, no adjacent invasion, no regional lymph node metas-
tasis and no distant metastasis was increased in the Chinese 
group, compared with the other groups. Chinese patients with 
HCC had a significantly increased probability of exhibiting 
no to moderate fibrosis, compared with the other groups. 
Additionally, Chinese patients had an increased probability of 
receiving surgical resection and had the lowest proportion of no 
or UNK treatment, compared with the other groups.

In the ICC group (Table II), there were 113 (3.55%) Chinese, 
2,093 (65.67%) NHW, 264 (8.28%) African‑American, 280 
(8.79%) Other Asian and 437 (13.71%) Hispanic patients. 
The mean age of the Chinese and other groups was similar, 
although African‑American patients had the lowest mean age. 
The sex ratio was similar in each group at approximately 1:1, 
which was different from the HCC group. The proportion of 
each characteristic for marital status, residence, household 
income, education level and poverty level in each group was 
similar to the HCC distribution; however, there was no signifi-
cant difference in differentiation grade, stage, tumor size, 
vascular invasion and metastasis among each group, which 
was different from the HCC data. Finally, Chinese patients 
had the highest proportion of surgical resection and the lowest 
proportion of no or UNK treatment.

Effect of race on PLC survival time. At the time of analysis, 
20,767 patients had succumbed, with 17,413 succumbing due 
to cancer. The study cohort was divided into the HCC and ICC 
groups for survival analysis. Fig. 1 depicts the OS and CSS 

Figure 1. The OS and CSS of patients with primary liver cancer according to race/ethnicity. (A) The OS of the HCC cohort. (B) The CSS of the HCC cohort. 
(C) The OS of the ICC cohort. (D) The CSS of the ICC cohort. OS, overall survival; CSS, cause‑specific survival; NHW, non‑Hispanic white; HCC, hepatocel-
lular carcinoma; ICC, intrahepatic cholangiocarcinoma.

https://www.spandidos-publications.com/10.3892/ol.2018.9550
https://www.spandidos-publications.com/10.3892/ol.2018.9550
https://www.spandidos-publications.com/10.3892/ol.2018.9550
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rates of different races in the two groups. In the HCC cohort, 
the Chinese patients had significantly increased OS and CSS, 
compared with the other groups (P<0.001; Table III). The OS 
and CSS of Other Asian patients were significantly increased, 
compared with the NHW, Hispanic and African‑American 
groups (P<0.001), but was reduced, compared with the 
Chinese group. African‑American patients had the lowest 
OS and CSS compared with other examined groups. In the 
ICC cohort, the Chinese group had significantly increased 
OS and CSS, compared with the other groups (P<0.05), 
but there was no significant differences between the other 
races (Fig. 1; Table IV).

Multivariate analysis of PLC CSS. To further determine 
the prognostic power of a number of demographic‑, 
socioeconomic‑, tumor‑ and treatment‑associated factors on 
racial disparities observed in survival time, forward stepwise 
multivariate analysis was performed to identify the HR 
changes between the Chinese group and the other groups. 
Figs. 2 and 3 show forest plots displaying the results from the 
multivariate Cox regression model of CSS for all groups in 
the present study (the Chinese group was set as the reference).

Fig. 2 depicts the results for the HCC group. There were 
significant differences between the Chinese group and the 
other groups, as demonstrated with univariate and multivariate 
analysis. Compared with the Chinese group, the mortality risk 

of the Other Asian (P<0.001; HR=1.310; 95% CI, 1.193‑1.438), 
NHW (P<0.001; HR=1.446; 95% CI, 1.329‑1.573), 
Hispanic (P<0.001; HR=1.470; 95% CI, 1.345‑1.607) and 
African‑American groups (P<0.001; HR=1.688; 95% 
CI,  1.540‑1.850) increased by 31.0, 44.6, 47.0 and 68.8%, 
respectively. Following adjusting for all other contributing 
factors, the mortality risk of the Other Asian (P=0.001; 
HR=1.168; 95% CI. 1.063‑1.282), NHW (P<0.001; HR=1.351; 
95% CI, 1.240‑1.472), Hispanic (P<0.001; HR=1.283; 
95% CI, 1.172‑1.404) and African‑American groups (P<0.001; 
HR=1.333; 95% CI, 1.213‑1.465) increased by 16.8, 35.1, 
28.3 and 33.3%, respectively. In the HCC cohort, age, tumor 
size, stage and treatment served important roles affecting the 
observed racial disparities in survival time.

Fig. 3 shows the results of the ICC group. There were signifi-
cant differences in the univariate analysis between the Chinese 
and the other groups. In the multivariate analysis, there was 
no significant difference between the Chinese group and the 
Other Asian (P=0.073; HR=1.284; 95% CI, 0.977‑1.687) and 
Hispanic groups (P=0.113; HR=1.235; 95% CI, 0.951‑1.605), 
although significant differences remained between the Chinese 
group and the African‑American (P=0.001; HR=1.594; 95% CI, 
1.208‑2.101) and NHW groups (P=0.039; HR=1.288; 95% CI, 
1.013‑1.639). Compared with the Chinese group, the mortality 
risk of the NHW and African‑American groups increased by 
28.8 and 59.4%, respectively. Treatment served an important 

Table IV. Univariate analysis of prognostic factors for overall and cause‑specific survival of intrahepatic cholangiocarcinoma by 
the log‑rank test.

	 OS	 CSS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Race/ethnicity	 Total	 Median (months)	 Log‑ranka	 P‑value	 Median (months)	 Log‑ranka	 P‑value

Overall	 3,187	 10			   11
Chinese	 113	 14			   16
NHW	 2,093	 10	 4.895	 0.027	 11	 5.343	 0.021
African‑American	 264	   8	 9.490	 0.002	   8	 10.069	 0.002
Other Asian	 280	   9	 5.017	 0.025	 11	 4.331	 0.037
Hispanic	 437	   8	 8.345	 0.004	   9	 8.667	 0.003

aSurvival was compared with the Chinese group. OS, overall survival; CSS, cause‑specific survival; NHW, non‑Hispanic white.

Table III. Univariate analysis of prognostic factors for OS and CSS of patients with hepatocellular carcinoma with the 
log‑rank test.

	 OS	 CSS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Race/ethnicity	 Total	 Median (months)	 Log‑ranka	 P‑value	 Median (months)	 Log‑ranka	 P‑value

Overall	 27,767	 17			   22
Chinese	 1,241	 34			   46
NHW	 13,867	 16	 114.253	 <0.001	 21	 74.836	 .000
African‑American	 3,645	 14	 200.141	 <0.001	 18	 140.375	 .000
Other Asian	 3,437	 20	 55.665	 <0.001	 27	 33.551	 .000
Hispanic	 5,577	 16	 122.820	 <0.001	 21	 78.138	 .000

aSurvival was compared with the Chinese group. OS, overall survival; CSS, cause‑specific survival; NHW, non‑Hispanic white.



ONCOLOGY LETTERS  16:  7102-7116,  20187110

role in racial survival disparities between the Chinese and the 
other groups.

Racial disparities of CSS in patients that received surgical 
resection. Surgery was the optimal method for curative 
therapy. The racial disparities among patients who received 
surgical resection was further analyzed. Fig. 4 shows the 
results from the univariate and multivariate analysis of the 
HCC and ICC cohorts. In the HCC cohort (Fig. 4A and B), 
Chinese, Other Asian and NHW patients demonstrated 
improved survival time, compared with the Hispanic and 
African‑American patients. There were significant differences 
between the Chinese group and the NHW (P=0.018), Hispanic 
(P<0.001) and African‑American (P<0.001) groups, although 
no significant difference was observed between the Chinese 
group and Other Asian group (P=0.149). Following adjustment 
for contributing factors, there was no significant difference 
between the Chinese group and the Other Asian (P=0.605; 
HR=1.064; 95% CI, 0.841‑1.345) and NHW groups (P=0.350; 

HR=1.113; 95% CI, 0.889‑1.393), whereas significant 
differences were observed between the Chinese group and 
the Hispanic (P=0.001; HR=1.525; 95% CI, 1.186‑1.962) and 
African‑American (P=0.004; HR=1.455; 95% CI, 1.128‑1.876) 
groups (Table V). Compared with the Chinese group, the 
mortality risk of the Hispanic and African American groups 
increased by 45.5 and 52.5%, respectively. Fig. 4C and D 
shows the ICC data distribution, and there were no significant 
differences between the Chinese group and the other groups 
in the univariate and multivariate analysis (Table V).

Racial disparities in CSS among Asian subgroups. The 
racial disparities for survival time among Asian subgroups 
in the present study cohort was further analyzed. In the HCC 
group, there were 1,241 (26.5%) Chinese, 434 (9.3%) Japanese, 
589 (12.6%) Korean, 759 (16.2%) Filipino, 1,193 (25.5%) 
Vietnamese and 462 (9.9%) ‘Other Minority’, including 
Indian, Pakistani, Kampuchean and Thai patients. In the ICC 
group, there were 113 (28.8%) Chinese, 36 (9.2%) Japanese, 

Figure 2. Forest plot displaying the estimated HR and 95% CI of ethnicity for the CSS of hepatocellular carcinoma from the multivariate Cox models of all 
groups. The Chinese group was set as the reference. The first HR in the bottom is the crude effect of race/ethnicity followed by HRs following adjusting for 
contributing variables in a forward stepwise method, in order to determine their impact on CSS. Chinese patients had significantly improved survival time, 
which was demonstrated with univariate and multivariate analysis in each group. HRs of (A) NHW, (B) African‑American, (C) Other Asian and (D) Hispanic 
patients. *P<0.05. HR, hazard ratio; CI, confidence interval; CSS, cause‑specific survival time; NHW, non‑Hispanic white; AFP, α fetoprotein.

https://www.spandidos-publications.com/10.3892/ol.2018.9550
https://www.spandidos-publications.com/10.3892/ol.2018.9550
https://www.spandidos-publications.com/10.3892/ol.2018.9550
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53 (13.5%) Korean, 96 (24.4%) Filipino, 37 (9.4%) Vietnamese 
and 58 (14.8%) Other Minority patients. Fig.  5 shows the 
mean CSS of the different ethnic groups in the present study. 
Primarily, the mean CSS of the HCC group was improved, 
compared with the ICC group.

Fig. 6 shows the results of the univariate and multivariate 
analysis in the Asian subgroups. The Chinese group had 
significantly improved survival time, compared with 
the Vietnamese (P=0.002), Japanese (P=0.001), Korean 
(P=0.009), Filipino (P<0.001) and Other Minority groups 
(P<0.001) in the HCC univariate analysis. However, no 
significant differences were observed among the Chinese 
group and the other subgroups except for the Other Minority 
group (P=0.004; HR=1.257; 95% CI, 1.077‑1.466) in the 
multivariate analysis (Table VI). For the ICC cohort, the 
univariate analysis indicated that the survival time of Chinese 
patients was significantly increased, compared with the Korean 

(P=0.029) and Other Minority (P=0.004) groups, whereas 
there were no significant differences between the Chinese 
group and the Japanese (P=0.377), Filipino (P=0.767) and 
Vietnamese (P=0.062) groups. In the multivariate analysis, 
there was a significant difference between the Chinese group 
and the Vietnamese group (P=0.043; HR=1.647; 95% CI, 
1.016‑2.670). No significant differences between the Chinese 
group and the other subgroups were determined (Table VI).

Discussion

PLC is one of the cancer types increasing in incidence and 
mortality in the USA over the past three decades  (1,2,7). 
Race/ethnicity has been confirmed as one of the independent 
risk factors affecting liver cancer survival time and thus 
has attracted the attention of numerous population‑based 
studies (14,19,27).

Figure 3. Forest plot displaying the estimated HR and 95% CI of ethnicity for the CSS of intrahepatic cholangiocarcinoma from the multivariate Cox models of 
all groups. The Chinese group was set as the reference. The first HR in the bottom is the crude effect of race/ethnicity followed by HRs following adjusting for 
contributing variables in a forward stepwise method, in order to determine their impact on CSS. (A) HR of NHW patients, where treatment was the only key 
factor. (B) HR of African‑American patients, where Chinese patients had significantly improved survival time, which was demonstrated with univariate and 
multivariate analysis. (C) HR of Other Asian patients, where marital status, tumor biological and clinical variables were the key factors. (D) HR of Hispanic 
patients, where treatment was the only key factor. *P<0.05. HR, hazard ratio; CI, confidence interval; CSS, cause‑specific survival time; NHW, non‑Hispanic 
white; AFP, α fetoprotein.
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Primarily, for PLC, Asian patients have an increased survival 
rate, compared with other groups, and African‑American 
patients have the lowest survival rate (4,27); however, the way 
this racial disparity is caused and the factors that contribute 
the most important roles remains controversial. A number of 
reports demonstrated that Chinese patients have improved 
survival outcomes for colorectal and esophageal cancer 
types (19,20), but whether this phenomenon occurs for PLC 
is UNK. Due to the high prevalence of PLC among the Asian 
population (1,28), it was necessary to investigate prognostic 
factors in Chinese and other Asian patients.

In the present study, the racial disparities in PLC were 
retrospectively analyzed between a Chinese group and other 
racial groups for the clinical presentation, treatment and 
survival time from a 10‑year cohort in the SEER database. 
It was demonstrated that the Chinese group had improved 
survival time, compared with the other groups in the HCC 

cohort, following univariate and multivariate analysis, and 
analyzed the significance of the contributing factors generating 
the racial disparities. The racial disparities in patients with 
ICC was also investigated and it was demonstrated that the 
Chinese group also had improved survival time, compared 
with the other groups, following univariate analysis, but 
following multivariate analysis this survival time benefit was 
not observed. It was confirmed that a synergistic effect of 
contributing factors, including demographic, socioeconomic, 
tumor biology and treatment, caused the racial survival 
disparity for PLC types.

The association between tumor biological factors and 
survival time has been widely investigated (29‑31). HCC and 
ICC are the two most common types of PLC. Primarily, tumor 
size, invasion, differentiation and stage are the dominant 
contributing factors for prognosis in HCC and ICC (29,30). 
However, due to the differences in etiology and carcinogenesis, 

Figure 4. Univariate and multivariate analysis of CSS for patients with HCC and ICC following surgery. The results of the univariate and multivariate analysis 
are presented as a Kaplan‑Meier curve and forest plotting, respectively. Forest plotting depicted the HR and 95% CI of each racial group, compared with the 
Chinese group, as a reference. (A) The Kaplan‑Meier curve for patients with HCC. (B) Forest plotting of CSS for patients with HCC. (C) The Kaplan‑Meier 
curve for patients with ICC. (D) Forest plotting of CSS for patients with ICC. *P<0.05. CSS, cause‑specific survival time; NHW, non‑Hispanic white; HR, 
hazard ratio; CI, confidence interval; ICC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma.

Table V. Multivariate analysis of survival time in HCC and ICC with liver resection.

	 HCC	 ICC
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Race/ethnicity	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI

Chinese		  1			   1
NHW	 0.350	 1.113	 0.889‑1.393	 0.577	 1.194	 0.641‑2.226
African‑American	 0.004	 1.455	 1.128‑1.876	 0.409	 1.352	 0.660‑2.770
Other Asian	 0.605	 1.064	 0.841‑1.345	 0.457	 1.302	 0.650‑2.608
Hispanic	 0.001	 1.525	 1.186‑1.962	 0.125	 1.683	 0.865‑3.276

HR, hazard ratio; 95% CI, 95% confidence interval; NHW, non‑Hispanic white; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma.
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there are significant differences in the tumor biological factors 
characteristics of HCC and ICC (21).

Vascular invasion has been confirmed as a key factor 
for tumor stage and survival time. Lee et al  (32) reported 
that vascular invasion was associated with a younger age, 
aggressive tumor behavior, poor liver function reserve and 
poor performance in daily activity, which negatively impacts 
HCC survival time. Patients with HCC vascular invasion are 
frequently diagnosed with an advanced stage in the Barcelona 
Clinic for Liver Cancer staging system (6). In the present 
study, Chinese patients had a reduced percentage of vascular 
invasion and adjacent HCC invasion, which may partially 
explain why Chinese patients had improved survival time. It 
was also determined that Chinese patients in the HCC group 
had an increased probability to exhibit poor differentiation and 
increased tumor size, which are associated with poor survival 
time (29); however, there was no significant difference in ICC 
vascular invasion among the Chinese and the other groups, 
although Chinese patients demonstrated an increased propor-
tion of adjacent invasion. These results were consistent with 
the survival analysis that indicated no significant differences 
among these groups following adjusting for contributing 
factors.

Demographic and socioeconomic factors also contribute 
to cancer survival  (17,33). Aizer  et  al  (34) reported that 
marriage was an important socioeconomic factor affecting 
cancer survival time. He et al (35) demonstrated that for PLC, 
married patients had the highest survival time, and widowed 
patients had the lowest. In the present study, the Chinese group 
had the highest proportion of being married, compared with 
the other ethnic groups in the HCC and ICC cohorts; there-
fore, marriage may have a positive effect on cancer prognosis. 
Married patients have an increased probability to receive 
timely detection and are more compliant with proper therapy 
recommendations, including surgery, chemotherapy and 
medications. Additionally, their spouses provide encourage-
ment and sufficient social and economic support for medical 
intervention and curative therapy. Marriage also has a positive 
impact on cardiovascular and endocrine function, cortisol 
level and immune function, which may improve the effects of 
cancer treatment and management (34).

Treatment was another dominant factor affecting survival 
time  (3,36). In the present study, Chinese patients had the 
highest proportion of resection and the lowest proportion of 

no or UNK treatment for the HCC and ICC cohorts. Surgical 
resection has been recognized as the optimal curative therapy 
method for early‑stage liver tumor types. The racial disparities 
among the Chinese patients who received surgical resections 
and patients of other races who received surgical resection were 
further analyzed. The results indicated that Chinese patients had 
improved survival time, compared with the other groups, in the 
HCC cohort following univariate analysis; however, following 
multivariate analysis, Chinese patients only had improved 
survival time when compared with African‑American and 
Hispanic patients. Additionally, there was no significant differ-
ence between the Chinese group and the NHW and Other Asian 
groups. Furthermore, there were no significant differences 
between the Chinese group and the other groups in the ICC cohort. 
Factors associated with racial disparities affecting liver cancer 
survival time following surgical resection are complex (3,37,38). 
For example, the majority of Asian patients with HCC had a 
hepatitis B virus (HBV) infection (5). Following virus screening 
and antiviral therapy, Chinese patients and other patients with 
HBV‑associated HCC frequently have an improved liver 
function, daily activity and exhibit less comorbidity, reducing 
the difficulty of surgical resection and management (37,39); 
however, NHW, Hispanic and African‑American patients 
frequently exhibit hepatitis C virus, non‑alcohol fatty liver 
disease and alcohol abuse, which are frequently accompanied 

Figure 5. Comparison of the mean survival time for patients with HCC and 
ICC in Asian and other racial groups. ICC, intrahepatic cholangiocarcinoma; 
HCC, hepatocellular carcinoma; NHW, non‑Hispanic white.

Table VI. Multivariate analysis of survival time among Asian subgroups.

	 HCC	 ICC
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Race/ethnicity	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI

Chinese
Japanese	 0.070	 1.158	 0.988‑1.356	 0.229	 1.364	 0.822‑2.263
Korean	 0.119	 1.118	 0.972‑1.286	 0.130	 1.401	 0.905‑2.167
Filipino	 0.061	 1.132	 0.994‑1.288	 0.495	 0.879	 0.608‑1.272
Vietnamese	 0.263	 1.068	 0.951‑1.200	 0.043	 1.647	 1.016‑2.670
Other minority	 0.004	 1.257	 1.077‑1.466	 0.340	 1.217	 0.813‑1.823

HR, hazard ratio; 95% CI, 95% confidence interval; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma.
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by cirrhosis, diabetes and obesity, resulting in disease manage-
ment difficulties. Additionally, race was significantly associated 
with treatment selection. Hoehn et al (37) reported that Asian 
and NHW patients with HCC had an increased probability of 
receiving curative therapy, including surgical resection and trans-
plantation, whereas African‑American patients had a reduced 
probability of receiving curative therapy. Stewart et al  (11) 
reported that Chinese, Korean and Japanese patients with HCC 
had an increased probability of receiving surgical treatment, 
compared with other Asian populations (11). Selecting an appro-
priate treatment is complex. Factors, including the disease itself, 
socioeconomic status, insurance status and social support, serve 
an important role in treatment selection; however, in the present 
study, these data were not available. Furthermore, although 
surgical resection was the only curative therapy method for liver 
tumor types, patients with ICC still had a poor prognosis, due to 
its low early detection rate and higher rate of mortality (22). No 
other studies reporting racial disparities in the survival time of 
patients with ICC have been reported previously. It is necessary 
to further investigate the risk and prognostic factors in the ICC 
cohort and their effect on different races.

Previous studies on racial disparities in liver cancer usually 
grouped Asian populations into one category and demonstrated 
that Asian patients had improved survival time, compared with 
other groups (12,37); however, the term ‘Asian’ encompasses 
numerous subgroups with different genetic characteristics, 
geographic origins and living habits, each of which has a 
different etiology, susceptibility and clinical presentation (16). It 
was necessary to investigate the racial disparities in survival time 
between Asian subgroups, which assisted in providing treatment 
strategies with increased precision for ethnic groups with 
different characteristics; therefore, the racial disparities among 
Asian subgroups were further analyzed. It was demonstrated 

that the Chinese group had improved survival time, compared 
with other Asian subgroups, following univariate analysis for 
the HCC and ICC cohorts, but the difference was not significant 
following adjusting for contributing factors. This result requires 
further confirmation, due to the small size of the Other Minority 
group in the present study.

There were a number of limitations to the present study. 
Firstly, this was a retrospective study, and a number of the 
contributing factors associated with prognosis were not 
included, due to the limited data in the SEER database. 
Therefore, the effects of etiology, comorbidity and chemo-
therapy on PLC survival time could not be evaluated, which 
introduces information bias and reduces the validity of multi-
factorial analysis. Secondly, not all patients in the present study 
had full data for each covariate, due to the characteristics of the 
SEER database. The SEER database is the only public data-
base that provides large samples for analysis, which allowed 
beneficial information to be obtained. Finally, the underlying 
mechanisms at the genetic and carcinogenic level could not be 
obtained from the SEER database. Nevertheless, to the best of 
our knowledge, the present study is the first to analyze racial 
disparities between Chinese patients and patients of other 
racial groups for PLC, and it provided beneficial information 
for clinical practice and future oncological studies.

In conclusion, the racial disparities in clinical presentation, 
treatment and survival time of PLC between a Chinese group 
and other racial groups was analyzed. It was demonstrated that 
Chinese patients had improved survival time, compared with 
other patients in the HCC cohort. Furthermore, the prognostic 
power of demographic, socioeconomic, tumor biological and 
treatment‑associated factors on PLC survival time was investi-
gated. Further study is required with a focus on the large‑scale 
analysis of genetic characteristics from different ethnic 

Figure 6. Univariate and multivariate analysis of CSS for patients from Asian subgroups with HCC and ICC. The results of the univariate and multivariate 
analysis were presented as a Kaplan‑Meier curve and forest plots, respectively. The forest plots depicted the HR and 95% CI of each racial group, compared 
with the Chinese group. (A) The Kaplan‑Meier curve for patients with HCC. (B) Forest plotting of CSS for patients with HCC. (C) The Kaplan‑Meier curve 
for patients with ICC. (D) Forest plotting of CSS for patients with ICC. *P<0.05. CSS, cause‑specific survival; HR, hazard ratio; CI, confidence interval; ICC, 
intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma.
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groups, in order to investigate the underlying mechanisms. 
Additionally, personalized therapy based on demographic and 
socioeconomic status is beneficial for improving the survival 
time of patients with PLC.
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