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Abstract

Background: Hepatocellular carcinoma (HCC) remains one of the
leading causes of cancer-related fatalities despite early diagnosis and
treatment progress, creating a significant public health issue in the
United States. This investigation utilized death certificate data from
the Centers for Disease Control and Prevention Wide-ranging Online
Data for Epidemiologic Research (CDC WONDER) database to in-
vestigate HCC mortality patterns and death locations from 1999 to
2020. The objective was to analyze trends in HCC mortality across
different population groups, considering the impact of urbanicity.

Methods: In this study, death certificate data obtained from the CDC
WONDER database were utilized to investigate the trends in HCC
mortality and location of death between 1999 and 2020. The annual
percent change (APC) method was applied to estimate the average
annual rate of change during the specified timeframe for the relevant
health outcome. Furthermore, including data on the location of death
and geographic areas allowed us to gain deeper insights into the pat-
terns and characteristics of HCC and its impact on different regions.

Results: Between 1999 and 2020, there were 184,073 reported deaths
attributed to HCC, and data on the location of death were available for
all cases. Most deaths occurred during inpatient admissions (34.93%)
or at home (41.19%). The study also found that the highest age-ad-
justed mortality rate (AAMR) for HCC was observed among male
patients, particularly among those identified as Asian or Pacific Is-
lander. Variations in AAMR were determined based on the level of
urbanization or rurality of the area, with higher rates observed in more
densely populated and urbanized regions. In contrast, less urbanized
and populated areas experienced a profound increase in AAMR over
the past two decades.
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Conclusion: The HCC-related AAMRs have worsened over time
for most ethnic groups, except for Asian or Pacific Islanders, which
showed a reduction in APC despite having the worst AAMR. Al-
though rural and less densely populated areas have substantially
increased AAMR over the past two decades, more urbanized areas
continued to have higher AAMR rates.
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Introduction

Hepatocellular carcinoma (HCC) poses a significant public
health challenge in the United States, and it is projected to experi-
ence one of the most significant increases in prevalence by 2030
[1]. Worldwide, liver cancer will impact over 1 million people
annually by 2025 and will likely surpass 1,300,000 cases by 2040
[1, 2]. Its relevant importance is further emphasized by its rank
as the second most common cause of cancer-related deaths [3].
Cirrhosis represents a significant risk factor for both the incidence
and mortality of HCC, as the majority of patients with HCC have
underlying chronic liver disease [3, 4]. Even in the absence of
cirrhosis, conditions such as hepatitis B and metabolic dysfunc-
tion-associated steatohepatitis (formerly known as non-alcoholic
steatohepatitis or NASH) can lead to the development of HCC
[5]. Despite significant advancements in the treatment and pre-
vention of viral-related liver diseases, such as the implementation
of neonatal immunization [6] and the availability of direct-acting
antivirals (DAAs) to cure chronic infections [7], there remains
a concerning upward trend in the incidence of HCC. This sug-
gests that while there has been notable progress in managing vi-
ral liver diseases, other factors or mechanisms may contribute to
the persistent rise in HCC. The understanding of urbanicity and
its influences on developing HCC is currently limited. Wong et
al found that rural areas exhibited the steepest rise in HCC inci-
dence among US adults between 2004 and 2017 [8]. The causes
and effects are likely multifactorial, but the suboptimal access to
healthcare poses a major concern. Rural populations usually have
higher rates of poverty, more uninsured or underinsured patients,
and longer distances to specialized medical centers [9]. The dis-
tance to a liver transplant center has been shown to negatively im-
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pact the chances of getting on the waitlist, receiving a transplant,
and, hence survival [10]. Similar observations have been made in
other types of cancer, including colon and prostate cancer [9, 11].
Overall, identifying and addressing the unique challenges rural
populations face can help improve access to preventive care, ear-
ly diagnosis, and timely treatment. Furthermore, studying these
trends can provide valuable insights into the broader implications
of healthcare inequality and guide efforts to achieve more equita-
ble health outcomes across diverse populations.

Materials and Methods

This study utilized the Centers for Disease Control and Preven-
tion Wide-Ranging Online Data for Epidemiologic Research
(CDC WONDER) database [12]. The CDC WONDER data set
encompasses cause of death from death certificates from the 50
states and the District of Columbia. It has been previously used
in several studies to determine trends in mortality from various
pathologies. The study collected data from 1999 to 2020, spe-
cifically due to HCC as the primary cause of death. The cause of
death was identified using specific codes from the International
Statistical Classification of Disecases and Related Health Prob-
lems-10th Revision (ICD-10)-C22.0. The ICD-10 codes utilized
for HCC have consistently exhibited a positive predictive value
(PPV) and negative predictive value (NPV) of approximately
98% in previous studies, establishing them as a reliable and ro-
bust tool for assessing this patient population [13].

This retrospective observational study was exempt from
local institutional review board review. The study uses a dei-
dentified government-issued public use dataset and follows the
STROBE (Strengthening the Reporting of Observational Stud-
ies in Epidemiology) guidelines for reporting. The study was
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the Hel-
sinki Declaration.

The study gathered data on various mortality-related factors,
such as population size, year, location of death, demographics,
urban-rural classification, region, and states. Demographic in-
formation included age and race/ethnicity. At the same time, the
area of death was categorized into medical facilities (outpatient,
emergency room, inpatient, death on arrival, or status unknown),
home, hospice, and nursing home/long-term care facility. Race/
ethnicity was classified into Hispanic and non-Hispanic White,
African American, Asian, or Pacific Islanders. The data were
obtained from death certificates and have been used in previous
analyses of the WONDER database [14, 15].

The National Center for Health Statistics Urban-Rural
Classification Scheme assessment of the population was used
to define urban (large metropolitan area (population 1 mil-
lion), medium/small metropolitan area (population 50,000
- 999,999)), and rural (population < 50,000) counties per the
2013 US census classification, for the reporting the place of
death. According to the US Census Bureau definitions, regions
were classified into Northeast, Midwest, South, and West.

HCC-related crude and age-adjusted mortality rates
(AAMRs) per 100,000 persons were determined. The calcula-
tions were done for persons of all age groups. Crude mortality
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rates were determined by dividing the number of HCC-related
deaths by the corresponding US population of that year. As
previously done, AAMR was calculated by standardizing the
HCC-related deaths to the 2000 US population, with 95% con-
fidence intervals. To quantify annual national trends in HCC-
related mortality, the Joinpoint Regression Program (Joinpoint
V 4.9.0.0, National Cancer Institute, Bethesda, MD, USA) was
used to determine the annual percent change (APC) with 95%
CI in AAMR. This method identifies significant differences
in AAMR over time by fitting log-linear regression models
where temporal variation occurred.

The precise formula for calculating the age-adjusted rate
is as follows: Age-adjusted death rate = (Age-specific death
rate X Standard population weight) x 100,000

The age-specific death rate is the number of deaths for a
given age group divided by the population of that age group:
Age-specific death rate = Number of deaths in age group/Pop-
ulation of age group

The “standard population weight” for an age group is cal-
culated by dividing the population by the sum of the popula-
tions for all of the age groups in the query: Standard population
weight = Population for age group/Sum of age group popula-
tions for all age groups in query

Results

Annual trends for HCC-related AAMR

The AAMR per 100,000 population for HCC-related deaths
was observed to be 1.9 (95% CI: 1.8 - 1.9) in the year 1999 and
2.8 (95% CI: 2.7 - 2.8) in the year 2020. Over the entire period
from 1999 to 2020, the overall AAMR showed a statistically
significant APC increase of 1.92 (95% CI: 1.7-2.1) (Fig. 1).

HCC-related AAMR stratified by sex

Throughout the study period, men consistently exhibited high-
er AAMRs than women. The overall AAMR for men was 4.1
(95% CI: 4.0 - 4.1), while for women, it was 1.0 (95% CI: 1.0
-1.0). In 1999, the AAMR for men was 3.1 (95% CI: 3.0 - 3.2),
which increased to 4.5 (95% CI: 4.4 - 4.6) in 2020 (APC: 1.6;
95% CI: 1.1 - 2.0). Similarly, the AAMR for women in 1999
was 0.9 (95% CI: 0.8 - 0.9), which worsened to 1.2 (95% CI:
1.2 -1.3) in 2020 (APC: 1.45; 95% CI: 1.2 - 1.7) (Fig. 2).

HCC-related AAMR stratified by race/ethnicity

The AAMR for HCC, stratified by race/ethnicity, revealed
distinct patterns among different population groups. Among
these groups, the highest AAMR was observed among Asian
or Pacific Islander patients, with a rate of 4.5 (95% CI: 4.5 -
4.6) (Fig. 3b). The next highest AAMR was for Black patients
at 3.5 (95% CI: 3.5 - 3.5) (Fig. 3d), then American Indian or
Alaska Native patients at 3.3 (95% CI: 3.1 - 3.4) (Fig. 3a), and
finally, White patients at 2.1 (95% CI: 2.1 - 2.2) (Fig. 3e).
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Figure 1. The age-adjusted mortality rate (AAMR) for hepatocellular carcinoma (HCC) per 100,000 population exhibited a signifi-
cant upward trend over the two-decade study period in the USA for the general population, with the x-axis representing the year

and race, and the y-axis indicating the AAMR.

The AAMR for Asian or Pacific Islanders demonstrated
improvement over the study period, decreasing from 6.1 (95%
CIL: 5.5 - 6.6) in 1999 to 3.7 (95% CI: 3.5 - 4.0) in 2020, with
a significant APC of -2.6 (95% CI: -2.9 to -2.2). Conversely,
Black patients experienced a worsening AAMR, increasing
from 2.7 (95% CI: 2.5 - 2.9) in 1999 to 3.5 (95% CI: 3.4 - 3.7)
in 2020, with an APC of 1.7 (95% CI: 1.3 - 2.2). American
Indians or Alaskan Natives had an AAMR of 2.9 (95% CI: 2.0
- 4.0) in 1999, which rose to 4.1 (95% CI: 3.5 - 4.7) in 2020,
showing an APC of 2.34 (95% CI: 1.6 - 3.1). For White pa-
tients, the AAMR worsened from 1.6 (95% CI: 1.6 - 1.7) in
1999 to 2.6 (95% CI: 2.5 - 2.6) in 2020, with an APC of 2.3
(95% CI: 2.3 - 2.5). Similarly, the Hispanic population experi-
enced a worsening AAMR, increasing from 3.5 (95% CI: 3.2
-3.8)in 1999 to 4.0 (95% CI: 3.8 - 4.2) in 2020 (Fig. 3¢), with
an APC of 0.9 (95% CI: 0.5 - 1.2). These results demonstrate
significant variations in the AAMRs for HCC among different
racial and ethnic groups over the study period.

HCC-related AAMR stratified by geographic region

The AAMR was found to be higher in large metro and urban
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areas compared to more rural areas. The 2006 National Center
for Health Statistics (NCHS) Urban-Rural Classification was
utilized, categorizing the 3,141 US counties and county equiv-
alents into six groups, consisting of four metropolitan and two
nonmetropolitan categories (Table 1) [16].

The non-core metro area had an AAMR of 1.8 (95% CI:
1.8 - 1.9), the micropolitan area had an AAMR of 2.1 (95%
CI: 2.0 - 2.1), the small metro area had an AAMR of 2.2 (95%
CI: 2.2 - 2.2), the medium size metro had an AAMR of 2.5
(95% CI: 2.5 - 2.5), the large fringe metro had an AAMR of 2.2
(95% CI: 2.2 - 2.2), and the large central metro had the high-
est AAMR at 2.9 (95% CI: 2.9 - 3.0) (Figs. 4, 5). There is an
observed increase in AAMR in all geographic regions, with the
medium metropolitan, small metropolitan, and micropolitan
demonstrating the greatest increment over time, approaching
the large central metropolitan rates.

Discussion

In previous research, the Centers for Disease Control and
Prevention (CDC) WONDER database was employed to
scrutinize national trends in gender-specific and age-specific
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Figure 2. The age-adjusted mortality rate (AAMR) for hepatocellular carcinoma (HCC) is depicted separately for males and fe-
males on the graph. The y-axis represents the AAMR values, while the x-axis indicates the years from 1999 to 2020. There is an
observed increase in AAMR for men, rising from 3.1 in 1999 to 4.5 in 2020. Similarly, for women, the AAMR increased from 0.9
in 1999 to 1.2 in 2020, indicating an overall worsening trend in the AAMRs for both sexes.

mortality related to HCC in a cohort from 1999 to 2015 [17].
Subsequently, an additional investigation was introduced to en-
compass an updated analysis, explicitly focusing on assessing
trends in mortality related to hepatitis C virus (HCV) and non-
HCYV causes from 1999 to 2018 [18]. Our study encompasses
the most recent discoveries regarding the AAMR for various
ethnic groups, with a particular emphasis on investigating the
influence of urbanicity on the 20-year mortality data extracted
from the CDC WONDER database. The evaluation of the im-
pact of urbanicity on HCC has been previously explored in
studies. These investigations utilized various databases, such
as the National Inpatient Sample (NIS) database or Surveil-
lance, Epidemiology, and End Results (SEER) data to assess
this relationship [14, 15]. However, it is essential to note that
the periods covered in these studies were shorter, warranting
a more comprehensive and extended analysis to gain a more
thorough understanding of the trends [18].

Firstly, from 1999 to 2020, the AAMR per 100,000 popu-
lation for all HCC-related deaths increased significantly from
1.9t0 2.8, with an APC increase of 1.92. This rise was primarily
driven by the increase in AAMR among men, which increased
from 3.1 to 4.5. However, a statistically significant increase
was also observed among women, with the AAMR rising from
0.9 to 1.2 over the 20 years. These findings have been consist-
ent with previously reported studies [19, 20]. In general, males
are more prone to have metabolic (dysfunction)-associated
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fatty liver disease (MASLD)/metabolic dysfunction-associat-
ed steatotic liver disease (MASH), formerly known as non-
alcoholic fatty liver disease (NAFLD) and NASH [21], than
females. However, there is a notable shift in overall prevalence
after the age of 60 years, where females become significantly
more likely to suffer from MAFLD/MASH [22]. Although
there was no significant difference in survival between older
males and females [23], among younger individuals, women
demonstrated a survival advantage over men.

Males tend to exhibit a higher prevalence of viral hepa-
titis and related cirrhosis when compared to females, partly
due to androgen-related factors that can lead to increased viral
production and inflammation [24]. Conversely, estrogen has
been found to decrease interleukin-6 (IL-6)-mediated hepatic
inflammation and viral production, which may contribute to
the lower HCC incidence in females [25, 26]. Additional pro-
tection arises from the liver-specific gene CYP39A1, which
demonstrates hepatoprotective properties and is more preva-
lent in females [27]. Overall, the factors contributing to the
difference in HCC development between sexes are not fully
understood and are likely a result of a complex interplay in-
volving epigenetic influences, lifestyle, diet, behavioral fac-
tors, and hormonal differences [2, 28].

Secondly, among different racial and ethnic groups, Asian
or Pacific Islander patients had the highest AAMR at 4.5 (95%
CI: 4.5 - 4.6), followed by Black patients at 3.5 (95% CI:
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Figure 3. This illustration contains five graphs depicting the age-adjusted mortality rate (AAMR) within different ethnic groups.
The y-axis represents the AAMR values, while the x-axis indicates the years from 1999 to 2020. (a) AAMR for American Indian
or Alaska natives, which was 2.9 in 1999 and increased to 4.1 in 2020. (b) AAMR for Asian or Pacific Islanders, which declined
from 6.1 in 1999 to 3.7 in 2020. (c) AAMR for Hispanic or Latino individuals, which increased from 3.5 in 1999 to 4.0 in 2020. (d)
AAMR for Black or African American individuals, demonstrating an increase from 2.7 in 1999 to 3.5 in 2020. (e) AAMR for White
individuals, which increased from 1.6 in 1999 to 2.6 in 2020.
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Table 1. Classification Rules Used to Assign Counties to the Six Urbanization Levels of the 2006 NCHS Urban-Rural Classification
Adapted From Centers for Disease Control and Prevention (CDC) WONDER [16]

Urban-rural category Classification rules

Metropolitan

Large central metro®

Counties in a metropolitan statistical area of 1 million or more population: 1) that contain the entire population

of the largest principal city of the metropolitan statistical area or; 2) whose entire population resides in the largest
principal city of the metropolitan statistical area or; 3) that contain at least 250,000 of the population of any
principal city in the metropolitan statistical area

Large fringe metro
Medium metro
Small metro
Nonmetropolitan
Micropolitan Counties in a micropolitan statistical area

Noncore

Counties in a metropolitan statistical area of 1 million or more population that do not qualify as large central
Counties in a metropolitan statistical area of 250,000 to 999,999 population

Counties in a metropolitan statistical area of 50,000 to 249,999 population

Counties that are neither metropolitan nor micropolitan

aThere must be at least one large central county in each large metro area.

3.5 - 3.5), American Indian or Alaska Native patients at 3.3
(95% CI: 3.1 - 3.4), and White patients at 2.1 (95% CI: 2.1 -
2.2). Over the past two decades, the general trend has shown
a deterioration in AAMRSs across all subpopulations except
for Asian or Pacific Islanders. This observation aligns with
earlier research indicating that incidence rates are expected
to keep rising until at least 2030 in these subgroups [29]. The
notable decline in the incidence of HCC within the Asian/Pa-
cific Islander subpopulation can be predominantly attributed
to the substantial advancements made in hepatitis B virus
(HBV) vaccination programs and the overall improvement
in antiviral treatments, mainly nucleos(t)ide analogs (NAs),

for hepatitis B. The high AAMR previously observed in this
subpopulation was primarily driven by a greater prevalence
of HBV, which has now been addressed through these pro-
active measures [30, 31]. As mentioned earlier, the findings
were substantiated by a study investigating the effects of a
national hepatitis B immunization program in Taiwan [32].
The study demonstrated a notable decrease in HCC incidence
and a significant reduction in mortality following the im-
plementation of the vaccination program. This observation
carries profound significance as Asian Americans constitute
over 60% of the country’s chronic HBV infections [33] de-
spite their total population representing only 5% of the over-

AAMR Values Across Different Metro Categories Over Years
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Figure 4. The age-adjusted mortality rate (AAMR) for hepatocellular carcinoma (HCC) is illustrated as a trend over time for the
degree of urbanization. The y-axis represents the AAMR values per 100,000, while the x-axis indicates the years from 1999 to
2020.
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glance.

all population.

Regarding other ethnic populations, the American Indian
or Alaska Native subgroup had the highest AAMR in 2020,
reaching 4.1, with an APC of 2.34. The second-highest AAMR
of 4.0 was observed in Hispanic or Latino individuals, al-
though this subgroup displayed a milder increase in APC at
0.86 over the 20 years. African Americans experienced a nota-
ble surge in mortality until 2011, with an APC of 3.12, which
subsequently plateaued significantly over the last decade, with
an APC of 0.03, resulting in an AAMR of 3.5 in 2020. Lastly,
the White subgroup had an APC of 2.3, reaching an AAMR
of 2.6 in 2020. The observed stagnation in the last decade can
be partly linked to the introduction of DAAs and better acces-
sibility to HCC therapies among the population [34, 35]. Ad-
ditionally, the aging of the cohort of HCV-infected individuals,
coupled with other causes of death, has also contributed to this
plateauing phenomenon [36-38].

Thirdly, pertaining to the aspects of urbanicity and rural-
ity, our study corroborates the findings of previous investiga-
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tions that have examined the association between urbanici-
ty and HCC [8]. The CDC WONDER database entails the
NCHS Urban-Rural Classification Scheme for Counties to
examine the relationship between the level of urbanization
in residents’ locales and health indicators. For a consider-
able period, geographic location has been acknowledged as
a significant barrier to accessing healthcare, particularly in
terms of specialized medical services, which tend to be more
concentrated in urban settings [39]. Prior research found that
residents of rural areas have higher rates of obesity, physi-
cal inactivity, and cigarette smoking, which leads to overall
poorer health outcomes [40]. Other factors, such as social
isolation and poverty, which may be more prevalent in ru-
ral areas, were also associated with increased cancer-related
mortality [41]. This situation has had a noteworthy impact,
particularly in cancer care, due to the inherent challenges in
reaching surgical and medical resources, especially in rural
arcas [42]. In the case of rural patients with HCC, the longer
distance to a liver transplant center is negatively linked to
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the probability of undergoing a liver transplant and, conse-
quently, affects survival [43].

Our investigation has elucidated that the AAMR for HCC
witnessed a significant increase across all distinct categories
throughout the years. Particularly noteworthy was the substan-
tial surge in AAMR observed within the nonmetro categories
over a 20-year span, where the AAMR in the noncore and mic-
ropolitan areas rose from 1.4 to 2.8 and 1.5 to 3.3, respectively,
between 1999 and 2020. Comparable albeit smaller increases
were identified in the other categories, notably within the large
central and large fringe metro areas, showing an elevation
from 2.8 to 3.4 and 1.9 to 2.8 over the same two-decade period,
respectively (Figs. 4, 5).

These findings indicate a pronounced increase in AAMR,
particularly prominent in the micropolitan and noncore areas,
consistent with previous studies [8].

These findings illustrate that less urbanized areas (small-
medium metropolitan and micropolitan) are witnessing a nar-
rowing of the gap in the AAMR compared to their large central
metropolitan counterparts over time. Such an observation is
also accurate for other types of cancer. In the period 1999 -
2014, the AAMR for the five leading causes of death in the
United States (cancer is the second) were all higher in rural
population compared to urban areas [44].

A conceivable explanation for these findings may be
linked to the impact of residing in rural areas and the utiliza-
tion of healthcare services. Those living in rural areas face
unique challenges in accessing health information from pri-
mary care and specialist providers, coupled with an overall di-
minished access to specialists compared to urban counterparts
[45, 46]. Similarly, Rongey et al, in a study encompassing
more than 150,000 veterans, indicated that patients with HCV
residing in rural and highly rural areas were significantly less
likely to access HCV specialty care [47]. This can translate
to more advanced stages of the disease at the time of diagno-
sis, significantly reducing survival rates. Beyond the evident
structural differences, heightened rates of uninsurance and
cost burden, combined with limited health literacy leading to
reduced utilization of online health information, likely con-
tribute to this issue [45, 46]. The phenomenon, identified as
the “knowledge gap hypothesis”, postulates that individuals
with a higher socioeconomic status, more prevalent in urban
areas, tend to benefit more from newly disseminated health
information. This accentuates a discernible gap between them
and individuals with low socioeconomic statuses, a demo-
graphic more frequently encountered in rural areas [48, 49].
This hypothesis found validation in a study of over 200,000
individuals diagnosed with hepatitis C in which patients re-
siding in rural areas exhibited a lower likelihood of adhering
to DAA agents for hepatitis C treatment when compared to
individuals in urban areas [50].

To conclude, people residing in rural areas have seen a
noteworthy increase in AAMR related to HCC, reaching a
level comparable to that of their counterparts in large central
metropolitan areas over time. Addressing these trends requires
a comprehensive approach that fills knowledge gaps and en-
hances healthcare utilization and health literacy. Additionally,
healthcare providers must play a role in improving HCC sur-
veillance efforts [51].
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Limitation

The available dataset relies on information provided by health-
care providers, which could be prone to errors or inaccuracies,
particularly regarding critical variables like race and ethnicity.
Additionally, the limited availability of detailed information
on individual risk factors or potential confounding variables
that could impact the development or progression of HCC may
restrict the comprehensive exploration of intricate relation-
ships between variables. There are challenges associated with
categorizing diverse populations, such as the Pacific and Asian
Islander groups, as distinct subgroups within this classifica-
tion, as these subgroups might display varying outcomes in
mortality rates that cannot be captured.
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