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Background: A previous study has examined the overall cancer statistics. However, more detailed statistics
regarding liver cancer have not been provided. We evaluated the incidence and mortality trends of liver and
intrahepatic bile duct cancer in the United States from 1975 to 2017 based on the data in the Surveillance,
Epidemiology, and End Results (SEER) database.

Methods: Age, gender, race, metastasis, tumor site, and tumor grade of patients were extracted from the
SEER database. Codes C22.0 and C22.1 of the International Classification of Disease for Oncology were
applied to identify patients with hepatocellular carcinoma (HCC) and/or intrahepatic cholangiocarcinoma
(ICC). Age-specified incidence, age-standardized incidence and mortality, 5-year relative survival, race-
specific accumulative incidence and mortality, and geographic-specific accumulative mortality were calculated
in different groups. Changes in trends of liver cancer incidence and mortality were assessed using Joinpoint
regression.

Results: The overall incidence increased significantly from 2.641/100,000 person-years in 1975 to
8.657/100,000 person-years in 2017 [average annual percent change (AAPC) =3.42, 95% confidence interval
(CI): 3.28-3.62, P<0.001]. The steepest incidence rate increase was observed in the 60-69-year-old age group
(AAPC =4.40, 95% CI: 4.10-4.70, P<0.001). Males exhibited a more rapid increase in cancer incidence, from
3.928/100,000 to 13.128/100,000 person-years (AAPC =3.41, 95% CI: 3.21-3.61, P<0.001), than females
[from 1.642/100,000 to 4.783/100,000 person-years (AAPC =3.03, 95% CI: 2.91-3.21, P=0.001)]. The
overall mortality rate increased from 2.808/100,000 person-years in 1975 to 6.648/100,000 person-years
in 2017 (AAPC =2.41, 95% CI: 2.29-2.51, P<0.001). The highest mortality rate was observed in Hawaii
(6.996/100,000 person-years).

Conclusions: The incidence and mortality rates of HCC and ICC increased from 1975 to 2017, especially
in males, non-Hispanic Blacks and older individuals. Comprehensive policy and control measures should be
implemented to reduce the burden of disease, particularly through health monitoring and intervention for

high-risk groups.
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Introduction

Liver cancer was the third most common cause of cancer
mortality globally in 2020, accounting for 8.3% of all
cancer deaths (1). The principal histologic type of liver
cancer is hepatocellular carcinoma (HCC), accounting
for up to 90% of primary liver tumors (2). Intrahepatic
cholangiocarcinoma (ICC), which involves malignant cells
arising from the epithelial cells of the intrahepatic bile
duct, is the second most common type of liver cancer (3).
In the United States (U.S.), the projected incidence of liver
and intrahepatic bile duct cancer in 2021 was 42,230 cases,
with an estimated 30,230 deaths (4). Although the highest
incidence was observed in Asia, the incidence trend in the
U.S. is increasing (5).

Several risk factors of HCC and ICC are modifiable,
such as exposure to aflatoxin, blue-green algal toxin,
ethanol abuse (alcohol), metabolic syndrome, obesity,
diabetes, non-alcoholic fatty liver disease (NAFLD), and
dietary factors (5,6). The hepatitis B and C viruses are also
strongly correlated with HCC, which can be prevented
by vaccination (7). Clinical diagnosis involves biomarker
evaluation of liver function, ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI), and
liver biopsy (2,8). The common treatments for early cancer
stages include antiviral treatment of hepatitis, surgical
resection, radiation, transarterial chemoembolization
(TACE), local radiofrequency ablation (RFA), and organ
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transplantation (6,8,9). At the advanced stage when the
aforementioned treatments are no longer appropriate,
sorafenib, a multi-kinase inhibitor, is regarded as the first-
line chemotherapeutic agent (10).

A previous study has examined the overall cancer
statistics (4). However, more detailed statistics regarding
liver cancer have not been provided. In this study, we
evaluated the incidence and mortality trends of liver and
intrahepatic bile duct cancer in the U.S. from 1975 to 2017
based on the data in the Surveillance, Epidemiology, and
End Results (SEER) database. Furthermore, the 5-year
survival was used to evaluate the mortality rate trends of
different cancer metastasis. Understanding the changing
trend of incidence and mortality of lung cancer can not
only improve people’s awareness of its risk, but also be
associated with health policies, which is conducive to
relevant departments to timely adjust relevant medical
security policies, implement health education and clinical
intervention. We present the following article in accordance
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-25/rc).

Methods
Study design and data source

This was a retrospective cohort study. SEER is a program
conducted by the National Cancer Institute (NCI), which
aims to provide cancer statistics to reduce cancer burdens
in the U.S. The information included in the cancer
registries is strictly handled to protect the confidentiality
of the participants (11). The International Classification of
Diseases for Oncology (ICD-O) 3" edition codes C22.0 and
C22.1 were used to identify HCC and ICC patients (12).
The 1969-2018 SEER was accessed to retrieve data for the
analysis; however, only the 1975-2017 SEER database was
utilized due to missing essential variables in the other SEER
years. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Data collection

Age, gender, race, metastasis, tumor site, and tumor grade
of patients were extracted from the SEER database. Four
cancer grades were determined using the variable “Grade”,
including grade I, grade II, grade III, and grade IV.
Metastasis, including localized, regionalized, and distant,
was based on the NCI’s definition (13). Localized indicated
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Figure 1 The liver cancer incidence trends of different age groups

from 1975 to 2017.

cancer that had not spread; regional referred cancer that
had spread to nearby lymph nodes, tissues, or organs; while
distant denoted cancer that had spread to a distant part of
the body.

Gender-, race-, metastasis-, site-, and grade-specific
analyses were performed to investigate the incidence. As for
the mortality rate, only gender- and race-specific analyses
were performed, as the other specific characteristics were
not collected when examining the mortality rate.

Statistical analysis

Age-specified incidence, age-standardized incidence
and mortality, 5-year relative survival, race-specific
accumulative incidence and mortality, and geographic-
specific accumulative mortality were calculated in different
groups. Changes in trends of liver cancer incidence and
mortality were assessed using Joinpoint regression. The
annual percent change (APC) was used to characterize the
trends of cancer rates over time (14). The APC, as well as
the average APC (AAPC), a summary measure of a trend
over a certain period, were calculated using the NCI’s
Joinpoint Regression Program (version 4.8.0.1, Statistical
Methodology and Applications Branch, Surveillance
Research Program, Division of Cancer Control and
Population Sciences, National Cancer Institute, Information
Management Services, Inc.) (15). The age-standardized
incidence and mortality rates, calculated by the NCI’s
SEER*Stat software (version 8.3.9) (16), were standardized
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to the U.S. standard population in 2000 and expressed
as per 100,000 persons. The APC in rates was quantified
using the NCI’s Joinpoint Regression Program (version
4.8.0.1). Other statistical tests were performed using the
SAS software 9.4 (SAS Institute, Inc., Cary, NC, USA). The
trend chart was plotted using GraphPad Prism software
(version 8.0.1, GraphPad Prism software, San Diego,
CA, USA). Mortality maps were drawn using the Apache
ECharts (Apache Software Foundation, Wilmington, DE,
USA). All statistical significance tests were two-sided, and
P<0.05 was considered statistically significant.

Results
Age-specified incidence

The liver cancer incidence trends of different age groups
from 1975 to 2017 are presented in Figure 1. From birth
to death, the incidence rate of liver cancer increased from
2.641/100,000 person-years to 8.658/100,000 person-years
(AAPC =4.48, 95% confidence interval (CI): 4.32-4.62,
P<0.001). The steepest incidence rate increase was observed
in the 60-69-year-old age group (AAPC =4.40, 95% CI:
4.10-4.70, P<0.001). The incidence was the most stable
from birth to 49 years old (AAPC =2.76, 95% CI: 1.96-3.46,
P=0.009), and increased slowly at 70 years and older (AAPC
=2.73, 95% CI: 2.53-2.93, P=0.010). A rapid increase in
liver cancer incidence was also observed in the 50-59-year-
old age group (AAPC =4.66, 95% CI: 3.96-5.26, P<0.001).

The APC of each joinpoint was displayed in Table 1. The
most substantial incidence increase from birth to death was
observed in 2001-2011, corresponding to an APC of 6.09.
From birth to 49 years, the incidence increased from 1975-
2005 (APC =5.22) but decreased from 2005-2017 (APC
=-4.01). At 50-59 years, a steep increase in cancer incidence
occurred in 1998-2007 (APC =10.28), while a sharp
decrease appeared in 2012-2017 (APC =-7.36). A rapid
increase was also observed in 1982-1996 (APC =5.01) and
2004-2017 (APC =6.85) in the 60-69-year-old age group.
For participants aged 70 years or older, the most significant
APC was 2.30 in 1991-2017.

Age-standardized incidence

Figure 2 and Table 2 demonstrate the age-standardized liver
cancer incidence trends. The overall incidence increased
significantly from 2.641/100,000 person-years in 1975 to
8.657/100,000 person-years in 2017 (AAPC =3.42, 95%
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Table 1 Age-specific trends of the liver cancer incidence in the U.S., 1975 to 2017
Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 AAPC
Incidence
Years APC Years APC Years APC Years APC Years APC  1975-2017
Age (years)
Birth to death 1975-1984 2.21* 1984-1998 5.15* 1998-2001 1.11  2001-2011 6.09* 2011-2017 1.92* 4.48*
Birthto 49  1975-2005 5.22* 2005-2017 -4.01* 2.76*
50 to 59 1975-1998 3.53* 1998-2007 10.28* 2007-2012 2.11  2012-2017 -7.36* 4.66*
60 to 69 1975-1982 0.60 1982-1996 5.01* 1996-2004 0.89 2004-2017 6.85* 4.40*
70+ 1975-1988 1.31* 1988-1991 10.71  1991-2017 2.30' 2.73*

The trends were analyzed using the Joinpoint Regression Program (version 4.8), allowing up to 5 joinpoints. *, the APC or AAPC was

significantly different from zero (P<0.05). AAPC, average annual percent change; APC, annual percent change.

CI: 3.28-3.62, P<0.001). The APC of each joinpoint was as
follows: 1975-1984 (APC =1.27), 1984-1998 (APC =4.76),
2001-2009 (APC =4.67), and 2009-2015 (APC =1.94).

The sex-specific and age-standardized incidence is
shown in Figure 2A4. Males exhibited a more rapid increase
in cancer incidence, from 3.928/100,000 person-years
to 13.128/100,000 person-years (AAPC =3.41, 95% CI:
3.21-3.61, P<0.001), than females [from 1.642/100,000
person-years to 4.783/100,000 person-years (AAPC =3.03,
95% CI: 2.91-3.21, P=0.001)]. The race-specific analysis
(Figure 2B) revealed a steeper elevation of cancer incidence
among non-Hispanic Blacks, from 4.740/100,000 person-
years to 11.286/100,000 person-years (AAPC =3.24, 95%
CI: 3.02-3.48, P<0.001) than non-Hispanic Whites [from
2.190/100,000 person-years to 7.608/100,000 person-years
(AAPC =3.58,95% CI: 3.42-3.83, P<0.001)].

As for metastasis (Figure 2C), the most substantial
increase was detected in localized cancer, 0.598 to 3.875
(AAPC =5.91, 95% CI: 5.49-6.32, P<0.001), followed
by regional cancer (AAPC =4.11, 95% CI: 3.82-4.43,
P<0.001) and distant cancer (AAPC =2.04, 95% CI: 1.91-
2.22, P=0.008). As shown in Figure 2D, the incidence of
secondary cancer increased from 0.140/100,000 person-
years to 1.556/100,000 person-years (AAPC =5.59, 95% CI:
5.29-5.94, P<0.001), while that of primary cancer increased
from 2.502/100,000 person-years to 7.102/100,000 person-
years (AAPC =3.12, 95% CI: 2.91-3.29, P=0.001).

Different tumor grades also displayed distinct changing
incidence patterns (Figure 2E). The incidence of grade
IT (AAPC =6.48, 95% CI: 5.72-7.18, P<0.001) tumors
increased most substantially, followed by grade I (AAPC
=3.71, 95% CI: 3.02-4.53, P<0.001) and grade III (AAPC
=3.45, 95% CI: 2.98-4.01, P<0.001) tumors. Although the
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incidence of grade IV was numerically decreasing, the trend
was not statistically significant.

Age-standardized mortality

The age-standardized mortality rate trend from 1975 to
2017 is illustrated in Figure 3 and Table 3. The overall
mortality rate increased from 2.808/100,000 person-
years in 1975 to 6.648/100,000 person-years (AAPC
=2.41, 95% CI: 2.29-2.51, P<0.001). The sex-specific
trend (Figure 34) indicated a significant increase in the
mortality rate of both sexes. The mortality rate of males
increased from 3.846/100,000 person-years in 1975 to
9.700/100,000 person-years in 2017 (AAPC =2.51, 95%
CI: 2.39-2.61, P<0.001). A less substantial increase was
observed in the female population, from 2.047/100,000
to 4.057/100,000 person-years (AAPC =1.92, 95% CI:
1.82-2.02, P=0.006). As shown in Figure 3B, the mortality
rate of the non-Hispanic Black population increased from
4.298/100,000 to 8.418/100,000 person-years (AAPC =1.84,
95% CI: 1.82-1.94, P=0.007). In the non-Hispanic White
population, the mortality rate elevated from 2.621/100,000
to 6.287/100,000 person-years (AAPC =2.48, 95% CI:
2.38-2.58, P<0.001).

S-year relative survival

Figure 4 displays the race-specific 5-year survival. The
overall 5-year survival of the study population was 22.2%,
with localized cancer (37.6%) showing higher survival rates
than those of regional (14.2%) and distant (3.9%) cancers.
The overall 5-year survival was 21.1% among non-Hispanic
Black participants; for these participants, the survival rates
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Figure 2 The age-standardized liver cancer incidence trends.

of localized, regional, and distant cancers were 35.8%,
12.8%, and 1.2%, respectively. As for non-Hispanic White
participants, the overall 5-year survival was 20.7%. Localized
cancer also exhibited the highest survival (35.1%) in all three
stages among non-Hispanic White participants. Similarly,
distant cancer showed the lowest survival in the non-Hispanic
White population (3.3%). Furthermore, the 5-year survival
of regional cancer among these participants was 14.4%.
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Race-specific accumulative incidence and mortality

Table 4 demonstrates the race-specific cumulative incidence
and mortality. The overall accumulative incidence was
306.53/100,000 person-years, with the accumulative
incidence of the non-Hispanic White participants
(241.63/100,000 person-years) being lower than that of non-
Hispanic Black participants (422.98/100,000 person-years).
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Table 2 Age-standardized trends of the liver cancer incidence in the U.S., 1975 to 2017
Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 Trend 6 AAPC
Incidence
Years APC Years APC Years APC Years APC Years APC Years APC 1975-2017

Overall 1975-1984 1.27* 1984-1998 4.76* 1998-2001 0.22 2001-2009 4.67* 2009-2015 1.94* 2015-2017 -2.48 3.42*
Gender

Male 1975-1984 1.64 1984-1998 4.60* 1998-2001 0.89 2001-2011 4.42* 2011-2017 -0.03 3.41*

Female 1975-1983 0.54 1983-1999 4.26* 1999-2002 -1.18 2002-2011 3.96* 2011-2017 1.37 3.03*
Race

White 1975-1987 1.59* 1987-1998 5.36* 1998-2001 -0.62 2001-2012 4.70* 2012-2017 0.51 3.58*

Black 1975-2002 2.91* 2002-2009 6.24* 2009-2017 0.00 3.24*
Site

Primary 1975-1984 1.21  1984-1998 4.32* 1998-2001 0.45 2001-2009 4.27* 2009-2015 1.62* 2015-2017 -3.31 3.12%

Secondary 1975-1981 11.20* 1981-1984 -8.80 1984-1997 9.82* 1997-2002 1.01  2002-2011 7.00* 2011-2017 2.29* 5.59*
Metastasis

Localized 1975-1990 1.38* 1990-1996 12.54* 1996-1999 4.52 1999-2007 8.34* 2007-2015 3.82* 2015-2017 -4.86 5.91*

Regional 1975-1993 3.02* 1993-1997 11.40* 1997-2000 0.47 2000-2005 6.17* 2005-2011 4.06* 2011-2017 -0.42 411

Distant 1975-1985 -0.42 1985-1999 3.43* 1999-2002 -2.25 2002-2017 2.53* 2.04*
Grade

I 1975-1990 5.58* 1990-1998 9.53*  1998-2008 3.03* 2008-2017 -2.50* 3.71*

I 1975-1992 7.75* 1992-2005 9.83* 2005-2012 4.10* 2012-2017 -1.87 6.48"

1] 1975-1995 5.49* 1992-2010 3.31* 2010-2017 -0.52 3.45*

\Y 1975-1986 -7.23* 1986-1999 4.11 1999-2017 -2.26* -0.65

The trends were analyzed using the Joinpoint Regression Program (version 4.8), allowing up to 5 joinpoints. *, the APC or AAPC is significantly different from
zero (P<0.05). AAPC, average annual percent change; APC, annual percent change based on incidence rates age adjusted to the standard population.
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Figure 3 The age-standardized mortality rate trend from 1975 to 2017.
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Table 3 Age-standardized trends of the liver cancer mortality rates in the U.S., 1975 to 2017

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 Trend 6 AAPC

Mortality
Years APC Years  APC Years APC Years APC Years APC Years  APC 1975-2017

Overall  1975-1980 0.17 1980-1987 1.99* 1987-1995 3.75* 1995-2007 1.89* 2007-2013 3.17* 2013-2017 0.65 2.41*
Gender
Male  1975-1985 1.50* 1985-1996 3.78* 1996-1999 0.31 1999-2013 2.66* 2013-2017 0.58 2.51*
Female 1975-1984 0.23 1984-1995 3.13* 1995-2008 1.17* 2008-2013 3.25* 2013-2017 1.32* 1.92*
Race
White 1975-1978 -1.23 1978-1987 1.65* 1987-1996 3.90* 1996-2000 0.54 2000-2013 2.78* 2013-2017 1.40* 2.48*
Black 1975-1988 0.77* 1988-1995 3.19* 1995-2000 0.29 2000-2013 2.49* 2013-2017 0.11 1.84*

The trends were analyzed using the Joinpoint Regression Program (version 4.8), allowing up to 5 joinpoints. *, the APC or AAPC is
significantly different from zero (P<0.05). AAPC, average annual percent change; APC, annual percent change based on mortality rates

age adjusted to the standard population.
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Figure 4 The race-specific 5-year survival.

The accumulative incidence, as well as the mortality rate,
was approximately two times higher in males than females
across all races. Also, the accumulative incidence of secondary
cancer (268.44/100,000 person-years) was substantially higher
than that of primary cancer (38.09/100,000 person-years).
Grade II tumors exhibited the highest accumulative incidence
(38.17/100,000 person-years).

Geograpbic-specific accumulative mortality

The mortality rate varied geographically, as summarized in
Figure 5. The highest mortality rate was observed in Hawaii
(6.996/100,000 person-years) and was comparatively low in
the middle-northern area of the U.S. (Figure 5A). The most

© Journal of Gastrointestinal Oncology. All rights reserved.

rapid increase was detected in Oregon state (AAPC =3.82,
95% CI: 3.22-4.12, P=0.021), while the slowest increase
was in Hawaii (Figure 5B).

Discussion
Global prevalence

In 2020, the incidence of liver cancer ranks sixth worldwide,
with approximately 906,000 new cases (17). Globally, the
risk of liver cancer is highest in Asian countries, particularly
in China and the Republic of Korea, and sub-Saharan Africa
(17,18). Although the current morbidity rate in the U.S.
is not as prominent as that in Asian countries, a significant
increase is projected due to aging and obesity (19,20). In
2030, the greatest increase in liver cancer incidence among
women is anticipated in the non-Hispanic Black American
population (4.0%). Non-Hispanic White American men are
projected to have the second highest increase in morbidity
(2.6%) (19). Our study revealed a substantial increase in
liver cancer incidence rate, from 2.641/100,000 person-
years in 1975 to 8.657/100,000 person-years in 2017, which
is consistent with the previous projection. The increase in
new liver cancer incidence in the U.S. is mainly attributed
to the immigration of infected persons from highly endemic
countries (21).

Pathophysiology

High heterogeneity is observed in the cellular morphology
and genetic landscape of liver cancers; for instance, catenin
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Table 4 Race-specific accumulated incidence and mortality rates in the U.S., 1975 to 2017

Variables All races Non-Hispanic Whites Non-Hispanic Blacks Others*
Incidence
Overall 306.53 241.63 422.98 1,078.19
Male 436.95 342.42 639.07 1,500.00
Female 181.35 144.63 224.52 660.46
Primary cancer
Primary 38.09 33.36 48.54 91.51
Secondary 268.44 208.27 374.44 986.67
Metastasis
Localized 98.64 76.8 134.46 364.58
Regional 68.52 51.21 104.69 266.90
Distant 53.97 42.41 81.15 181.38
Grade
I 26.75 20.93 37.7 94.81
I 38.17 30.41 51.91 131.1
I 27.39 21.29 36.71 102.89
v 3.56 2.96 4.15 11.29
Mortality rates
Overall 255.72 235.4 299.85 963.26
Male 338.46 306.91 425.61 1,322.09
Female 177.31 167.24 186.4 613.31

Rates are expressed per 100,000 population and age-adjusted to the 2000 U.S. standard population. Others* include American Indian/

Alaska Native, Asian/Pacific Islander.

Beta 1 (CTNNB1) mutated tumors are large, well-
differentiated, cholestatic, exhibit a microtrabecular and
pseudoglandular pattern, and do not have an inflammatory
infiltrate (22). Hepatocytes and hepatic progenitor cells
are the two main cell types that play essential roles in
hepatocarcinogenesis (23). In a mouse model, hepatic
progenitor cells, lineage-committed hepatoblasts, and
differentiated adult hepatocytes lead to tumorigenesis
through various cell-specific activation pathways (24).
Isolated hepatic progenitor cells are also able to produce
liver carcinomas similar to human HCC, highlighting the
tumor-initiating role of these cells (25). Adult hepatocytes
are another crucial cellular origin of HCC. Following
sequential genomic insults, hepatocytes can dedifferentiate
into precursor cells that transform into HCC cells and
transdifferentiate into biliary-like cells, which transform

into ICC (26).

© Journal of Gastrointestinal Oncology. All rights reserved.

Risk factors

Several risk factors have been established, including
hepatitis, alcohol intake, aflatoxin exposure, metabolic
diseases, and certain demographic characteristic (6,27,28).
The risk factors of liver cancer vary from region to region.
In the U.S., the main risk factors are listed below.

Hepatitis

Viral hepatitis infection, particularly the hepatitis B
virus (HBV), is the dominant risk factor for liver cancer
(29-31). The hepatitis virus is an enveloped, coated, double-
stranded DNA virus that replicates via reverse transcription.
Hepatitis viral infection may be acute, chronic, or long-
lasting, causing liver inflammation and damage (32). The
primary mode of infection of HBV, hepatitis C virus
(HCV), and hepatitis D virus (HDV) is through vertical
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Mortality Rates for Liver Cancers (1975-2017)
Data from SEER
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Figure 5 The geographic-specific accumulative mortality of liver cancer. AAPC, average annual percent change.

transmission (30,33,34), while the hepatitis A (HAV) and
hepatitis E (HEV) viruses are transmitted through fecal-oral
contact (35,36). HBV is the most common chronic infection
worldwide. Approximately 30% of the world’s population is
currently or previously infected (37). Since there is no cure
for chronic HBV infection currently, universal vaccination
is recommended by the World Health Organization
(WHO) (38). The timely screening, diagnosis, assessment
of disease severity, and antiviral treatment to reduce
the viral load are crucial for disease control. There are
862,000 ongoing cases of HBV in the U.S. Immigration

© Journal of Gastrointestinal Oncology. All rights reserved.

from endemic high-risk countries is the leading cause of
new cases in the the U.S. (39). Since HBV is commonly
non-symptomatic, the Center for Disease Control and
Prevention (CDC) estimates that 68% of HBV carriers are
not aware of the infection (40). Therefore, national routine
tests and screening are strongly recommended, particularly

for people with a high risk of infection (41).

Behavioral risk factors
The behavioral risk factors of liver cancer, such as alcohol
abuse, smoking cigarettes, and environmental exposure
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to aflatoxin, are highly modifiable (42-44). Alcohol abuse
is a key cause of liver disease worldwide (20). Alcohol
consumption stimulates the activity of cytochrome P450s,
which is an enzyme that mediates the production of
reactive oxygen species (ROS) in the liver. Heavy alcohol
consumption is associated with a 68-87% increased
risk of HCC and ICC (45). Due to its highly reactive
property, ROS induces oxidative stress and damages
cellular molecules (46). Moreover, alcohol consumption
acts synergistically with other factors, such as chronic liver
disease, hepatitis, and other behavioral factors (47).

The carcinogens derived from tobacco use are mainly
metabolized in the liver (48). The Liver Cancer Pooling
Project, a consortium consisting of 14 prospective cohort
studies, discovered a strong link between smoking and the
risk of HCC and ICC (45). The risk of HCC and ICC
increases 47-86% among smokers, as compared to non-
smokers. Aflatoxin, which is produced by fungi Aspergillus
flavus and A. parasiticus, is another carcinogenic toxin
associated with the risk of liver cancer. Food crops, such as
maize, peanuts, and corn, are common carriers of aflatoxin.
Approximately 14-19% of HCC cases are associated with
aflatoxin exposure (49).

Health conditions

Other health conditions may exacerbate or precede the
development of liver cancer, such as metabolic syndrome,
obesity, and diabetes (28). Obesity-induced steatosis is
believed to play a role in the development of HCC (50).
NAFLD often coexists with obesity and diabetes (51,52)
and is independently associated with the incidence of liver
disease (53). It is estimated that NAFLD accounts for 13—
38.2% of HCC cases in the U.S. (54).

Demographics

Similar to many other cancers, liver cancer risk increases
substantially among elderly individuals (5). In North
America, the median age of onset is 60 years and older (55).
In our study, the prevalence was higher, and the increasing
trend was steeper in older age groups compared to younger
age groups. Gender is another risk factor for liver cancer.
The morbidity and mortality are 2 to 3 times higher in
men than women. In 2020, the global incidence of liver
cancer was 2.31 times higher in men than women, while
the mortality rate was 2.28 times higher in men than
women (17). In the U.S., the estimated number of new cases
in 2021 was 29,890 among men and 12,340 among women,
corresponding to a male-to-female ratio of 2.42:1. The
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global mortality ratio of men to women in 2021 is expected
to be 2.04:1. The findings of our study are consistent with
those of previous studies, demonstrating a higher and more
rapid increase in the incidence of liver cancer.

Racial disparities in liver cancer incidence also exist in
the U.S. (56). The prevalence of liver cancer is the highest
among American Indian/Alaska Native (15.7%), followed
by Hispanics (13.5%), Asian/Pacific Islanders (12.6%),
non-Hispanic Blacks (11.0%), and non-Hispanic Whites
(7.1%) (4). Although the race and ethnicities in the SEER
database were not as specific as in the previous study, we
detected similar results regarding the incidence among non-
Hispanic Blacks and non-Hispanic Whites.

Limitations of the study

Certain variables, such as race, were not specified during the
data collection process. Therefore, a more specific subgroup
analysis was not performed. However, the findings of this
study allow for general interpretations of the incidence and
mortality rates of liver cancer in the U.S. Future studies
may examine the incidence and mortality rates from a more
comprehensive perspective and provide more detailed
information about a population with distinct characteristics.

Additionally, the morbidity and mortality statistics and
trends revealed in the current study provide a fundamental
guide for future research to examine the potential causes
of shifts in the incidence rate, such as healthcare system
infrastructure, environmental exposure, immigration, etc.
Adjustments in policies and the development of prevention
programs may be implemented to reduce the morbidity
and mortality of liver cancer. As for increasing morbidity
rates caused by immigration, a more comprehensive health
examination and complete vaccination may reduce the
morbidity of liver cancer. In states with high mortality,
establishing a screening program may assist in early
diagnosis and intervention before the clinical manifestation
becomes fatal.

Conclusions

The incidence of HCC and ICC increased from
2.641/100,000 person-years in 1975 to 8.657/100,000
person-years in 2017. The mortality rate increased from
2.808/100,000 person-years in 1975 to 6.648/100,000
person-years in 2017. The incidence and mortality rates
of males, non-Hispanic Blacks, and older individuals
exhibited a more rapid increase. Future studies may

7 Gastrointest Oncol 2023;14(1):312-324 | https://dx.doi.org/10.21037/jgo-23-25



322

focus on exploring the underlying reasons for incidence
and mortality shifts from 1975-2017, which will assist in
the adjustment of policy and the advancement of early
detection.
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