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Graphical Abstract

Burden of Mortality from Hepatocellular Carcinoma and Biliary Tract
Cancers in the United States, 2018-2023
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before and during the COVID-19 pandemic. In contrast, gallbladder
cancer-related mortality decreased during the study period.
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Study Highlights

o In this population-based US national study (n=18,527,426), annual mortality due to HCC decreased steadily before
and during the COVID-19 pandemic. While the mortality associated with intrahepatic cholangiocarcinoma and
ampulla of Vater cancer increased linearly, extrahepatic cholangiocarcinoma-related mortality remained stable dur-
ing the study. In contrast, mortality due to gallbladder cancer decreased steadily. Racial and ethnic minority indi-
viduals in the US have a disproportionately higher burden of mortality resulting from HCC and biliary tract can-
cers. Recent declines in HCC may be primarily due to declines among racial and ethnic minority individuals and
males.

Backgrounds/Aims: The trends in mortality of hepatocellular carcinoma (HCC) and biliary tract cancers stratified by
sex and race/ethnicity in the US continue to evolve. We estimated the sex- and race/ethnicity-based trends in HCC
and biliary tract cancers-related mortality in US adults with a focus on disease burden.

Methods: We performed a population-based analysis using the US national mortality records from 2018 to 2023. We
identified HCC and biliary tract cancer using appropriate ICD-10 codes. Temporal trends in mortality were calculated
by joinpoint analysis with annual percentage change (APC).

Results: Annual age-standardized mortality from HCC decreased steadily with an APC of —1.4% (95% confidence
interval [Cl] —2.0% to —0.7%). While there was a linear increase in intrahepatic cholangiocarcinoma-related mortality
(APC 3.1%; 95% Cl 1.2-4.9%) and ampulla of Vater cancer-related mortality (APC 4.1%; 95% Cl 0.5-7.9%),
gallbladder cancer-related mortality decreased (APC —1.9%; 95% CIl —3.8% to —0.0%). Decreasing trends in
mortality from HCC were noted in males, not females. HCC-related mortality decreased more steeply in racial and
ethnic minority individuals compared with non-Hispanic White individuals. Racial and ethnic differences in trends in
mortality for biliary tract cancers depended on the malignancy’s anatomical site.

Conclusions: While the annual mortality for HCC and gallbladder cancer demonstrated declining trends, ICC- and
AVC-related mortality continued to increase from 2018 to 2023. Although racial and ethnic minority individuals in the
US experienced disproportionately higher HCC and biliary tract cancer, recent declines in HCC may be primarily due
to declines among racial and ethnic minority individuals and males. (Clin Mol Hepatol 2024;30:756-770)

Keywords: Liver cancer; Cholangiocarcinoma; Gallbladder cancer; NVSS; Death

INTRODUCTION on data published in the Global Cancer Statistics 2020 re-
port, liver cancer is the sixth most prevalent cancer, with

Hepatobiliary cancers, which include hepatocellular car- the third highest mortality rate.! While liver and intrahepatic
cinoma (HCC) and biliary tract cancers, are associated bile duct cancers are not among the top 10 leading causes
with significant morbidity and mortality worldwide. Based  of new cancer cases in the United States (US) in 2024, it
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made the cut-off for the top 5 leading estimated cancer-re-
lated deaths in males and the top 7 estimated cancer-relat-
ed deaths in females.” The incidence of liver and intrahe-
patic bile duct cancer has stabilized in males, while rates
continue to increase in females by about 2% annually.”
Age-standardized mortality from HCC increased from 4.14
per 100,000 individuals in 2009 to 4.90 per 100,000 indi-
viduals in 2018, with an average increase of annual percent
change (APC) of 1.9% in the US.? Biliary tract cancers,
which include intrahepatic cholangiocarcinoma (ICC), ex-
trahepatic cholangiocarcinoma (ECC), gallbladder cancer,
and ampulla of Vater cancer (AVC), as a group, have a sig-
nificantly lower prevalence than HCC, but have a much
higher fatality, presumably associated with late diagnosis
at an advanced stage.*® A recent study showed that there
was a linear increase in mortality from ICC, but gallbladder
cancer-related mortality steadily decreased during the
same period between 2009 and 2017 in the US.® However,
there was a lack of up-to-date trends in mortality from HCC
and biliary tract cancers before and during the coronavirus
disease 2019 (COVID-19) pandemic (2018-2023). In addi-
tion, recent reports up to 2018 have demonstrated a con-
cerning higher mortality and steeper increasing trend in the
mortality of HCC and biliary tract cancers among racial and
ethnic minority individuals in the US.%” Furthermore, the
impact of the COVID-19 pandemic on HCC and biliary tract
cancers-related mortality stratified by race and ethnicity
and sex remains unknown. Therefore, there was an unmet
need to investigate whether the change in mortality rates
and trends in mortality due to HCC and biliary tract can-
cers among racial and ethnic minority individuals was not-
ed before and during the COVID-19 pandemic.

The deleterious effects of COVID-19 pandemic-related
resource reallocation may have been more pronounced in
vulnerable racial and ethnic minority patients with cancer,
resulting in an increase in all-cause mortality.® During the
early phase of the COVID-19 pandemic, the management
of COVID-19 was prioritized, which might have undermined
the care of patients with HCC and biliary tract cancers. The
inability to visit outpatient clinics for evaluation of early
symptoms, diagnosis, and treatment as a result of social
isolation or lockdowns may have negatively impacted the
mortality trends in HCC and biliary tract cancers during the
COVID-19 pandemic. Healthcare disruptions during the
COVID-19 pandemic may have amplified the widening
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gaps in healthcare inequalities.® A recent study showed
that non-COVID-19 excess deaths in the US during the
COVID-19 pandemic were 2 to 4 times higher in non-His-
panic Black, non-Hispanic Asian, and Hispanic males and
females compared with non-Hispanic White males and fe-
males. Therefore, the burden of the COVID-19 pandemic
on healthcare resources may have been detrimental and
contributed to increasing the mortality associated with
HCC and biliary tract cancers and further compounding the
disparities in medical care across races and ethnicities.
This study used the national mortality data from the Na-
tional Vital Statistics System (NVSS) to calculate contem-
porary trends in HCC and biliary tract cancer-related mor-
tality from 2018 to 2023 in the US. The aims of this study
were (1) to investigate contemporary trends in mortality for
HCC and biliary tract cancers and (2) to determine race
and ethnicity- and sex-specific trends in mortality for HCC
and biliary tract cancers.

MATERIALS AND METHODS
Study data

The NVSS released a provisional dataset including un-
derlying and multiple causes of death to provide near real-
time US national mortality data with quality through the
Wide-ranging Online Data for Epidemiologic Research
(WONDER) during the COVID-19 pandemic."" Contempo-
rary mortality status is available on WONDER at the na-
tional level from 2018 to 2023. The 2023 NVSS mortality
dataset is currently provisional. To examine the trends in
mortality rates due to HCC and biliary tract cancers based
on their anatomical site, stratified by sex or race and eth-
nicity in US adults aged =25 years before and during the
COVID-19 pandemic, we analyzed de-identified mortality
records from the NVSS with death certificates through
WONDER. Data for the population age <25 were unreliable
due to the small number of deaths and were therefore ex-
cluded from this analysis. We excluded this data from our
study because data for the “not stated” age category can-
not be combined with any other age-specified age group.
There are no exclusion criteria beyond age. The NVSS da-
taset encompasses over 99% of mortalities among US res-
idents in all 50 states and the District of Columbia.”” The
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NVSS dataset has coded the underlying cause of death
and multiple cause of death using the International Classifi-
cation of Diseases, Tenth Revision (ICD-10) based on the
death certificate reports. Multiple cause of death due to
HCC or biliary tract cancers is the total death count of indi-
viduals who had HCC or biliary tract cancers listed as mul-
tiple cause of death, which was combined with the underly-
ing cause of death and contributing causes of death.
Contributing cause of death were defined as individuals
without HCC or biliary tract cancers listed as the underlying
cause of death among individuals with HCC or biliary tract
cancers listed on the multiple cause of death. Because all
data are publicly available and de-identified, this study
does not require approval by the Institutional Review Board
at our institution.

Definitions of hepatocellular carcinoma and
biliary tract cancers

We defined individuals with HCC and biliary tract cancers
listed on the underlying or multiple cause of death. Multiple
cause of death due to HCC or biliary tract cancers was de-
fined as individuals who had HCC or biliary tract cancer
listed as multiple cause of death, which consisted of the
underlying cause of death or contributing causes. Using
the ICD-10 codes that have been published,**"" we de-
fined HCC based on the ICD-10 code (C22.0, C22.9).
Among individuals with HCC, we identified chronic hepati-
tis C virus (HCV) infection (B17.1, B18.2), metabolic-dys-
function-associated steatotic liver disease (MASLD; K76.0
and K75.81), chronic hepatitis B virus (HBV) infection (B16,
B17.0, B18.0, B18.1), and alcohol-related liver disease (ALD;
K70) using ICD-10 codes. We classified individuals with bil-
iary tract cancers based on the codes (C22.1, C23, C24.0,
C24.1). We identified ICC or ECC using the codes C22.1
and C24.0, respectively. We defined gallbladder cancer us-
ing the diagnostic code of C23. We defined AVC using ICD-
10 code of C24.1. We defined COVID-19 deaths as ICD-10
code U07.1 using the underlying cause of death or multiple
cause of death.

Race and ethnicity were stratified into five mutually exclu-
sive cohorts: Hispanic (who could be of any race), non-His-
panic American Indian or Alaska Native, non-Hispanic
Asian or Pacific Islander, non-Hispanic Black, and non-
Hispanic White."*"® Because data for the “not stated” His-
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panic origin category cannot be combined with any other
race and ethnicity categories, we excluded this data from
our analyses stratified by race and ethnicity. Data for the
non-Hispanic American Indian or Alaska Native were unre-
liable due to a small number of events due to biliary tract
cancers and, therefore, were excluded from the final analy-
sis for biliary tract cancer-related mortality stratified by race
and ethnicity. Statistics representing one through nine (1-9)
deaths by age group are suppressed in the provisional
mortality online database. Therefore, we were unable to in-
vestigate race and ethnicity- and sex-specific trends in
mortality in AVC due to a small number of events. In addi-
tion, COVID-19-related mortality in ECC, gallbladder can-
cer, and AVC could not be estimated due to a small num-
ber of events.

Statistical analysis

To calculate annual age-standardized mortality, we divid-
ed the number of HCC- and biliary tract cancer-related
deaths by the total US census population. We calculated
age-specific mortality per 100,000 persons by age group
(25—-34, 35-44, 45-54, 55-64, 65-74, 75-84, and =85
years), standardized to the age distribution of the 2010 US
standard population using the direct method. We described
the demographic characteristics of the study population
according to HCC and biliary tract cancers as frequencies
with percentages. Temporal mortality trends were deter-
mined using the National Cancer Institute’s joinpoint re-
gression program (version 4.9.1.0) with average APC and
the 95% confidence interval (Cl) during the study period.”
This regression fits a series of combined straight line(s) to
trend temporal data, which determines whether a single or
two trend segments best explain mortality because we set

one joinpoint at maximum in this study.®"

RESULTS
Patient characteristics

This study analyzed 18,527,426 deaths in US adults aged
>25 years from 2018 to 2023. The study population con-
sisted of 120,932 HCC-related deaths, 49,756 ICC-related
deaths, 5,968 ECC-related deaths, 12,935 gallbladder can-
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cer-related deaths, and 1,833 AVC-related deaths. Supple-
mentary Table 1 provides the demographic characteristics
of the study population. HCC was predominantly observed
in males (72.1%). The proportion of deaths from ICC, ECC,
and AVC had slightly higher proportions of males, whereas
more females were observed in terms of deaths from gall-
bladder cancer. Although the proportion of non-Hispanic
White individuals constituted the most prevalent race and
ethnicity in both HCC and biliary tract cancers, non-His-
panic Black individuals and Hispanic individuals with HCC
and gallbladder cancer represented approximately 15% of
deaths in the respective categories.

Age-standardized mortality for hepatocellular
carcinoma and biliary tract cancers

As indicated in Figure 1A and Table 1, the age-standard-
ized mortality from HCC (defined as underlying cause of
death) decreased from 7.95 per 100,000 persons in 2018 to
7.42 per 100,000 persons in 2023. Joinpoint analysis re-
vealed a statistically significant average APC decrease of
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—1.4% (95% CIl —2.0% to —0.7%) without any trend seg-
ment. When we defined HCC as multiple causes of death,
the age-standardized mortality due to HCC slightly in-
creased from 8.68 (2020) to 8.74 (2021) during the early
phase of the COVID-19 pandemic and decreased to 8.50
(2022) during the late phase of the COVID-19 pandemic.
The age-standardized HCC-related mortality, defined as
multiple cause of death, decreased with an average APC
of —0.8% (95% Cl —1.4% to —0.1%), which was slightly lower
than the average APC (-1.4%; 95% Cl —2.0% to —0.7%)
defined as underlying cause of death. When we assessed
the mortality trends based on contributing cause of death
due to HCC, we noted that the proportion of contributing
cause of death from HCC among individuals with HCC list-
ed on the multiple cause of death captured about 10.7%
before the COVID-19 pandemic and 12.9% during the early
phase of the COVID-19 pandemic. Contrary to decreasing
trends in the underlying cause of death due to HCC (APC
—1.4%; 95% Cl —2.0% to —0.7%), age-standardized HCC-
related mortality as the contributing cause of death sharply
increased before and during the early phase of the COV-
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Figure 1. Annual age-standardized mortality for hepatocellular
carcinoma and biliary tract cancers in the United States between
2018 and 2023. (A) Annual age-standardized mortality for hepato-
cellular carcinoma. (B) Annual age-standardized mortality for bili-
ary tract cancers defined underlying cause of death. (C) Annual
age-standardized mortality for biliary tract cancers defined multi-
ple cause of death. AVC, ampulla of Vater cancer; ECC, extrahe-
patic cholangiocarcinoma; GBca, gallbladder cancer; ICC, intra-
hepatic cholangiocarcinoma; HCC, hepatocellular carcinoma;
MCOD, multiple cause of death; UCOD, underlying cause of
death. 'P<0.05.
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ID-19 pandemic with an increase of APC of 9.7% (95% Cl
4.6% to 22.0% for 2018-2021; Fig. 2A) and remained sta-
ble during the late phase of COVID-19. As shown in Sup-
plementary Figure 1A, COVID-19-related mortality among
HCC as contributing cause of death peaked at 9.1% (COV-
ID-19 listed as underlying cause of death) in 2020 and 17%
(COVID-19 listed as multiple cause of death) in 2022. As
shown in Figure 3, age-standardized HCC-related mortality
due to HCV infection continuously decreased initially from
1.42 (2018) per 100,000 persons to 0.90 (2023) with an av-
erage APC of —-8.5% (95% CI —8.5% to —8.5%) without any
trend segment before and during the COVID-19 pandemic.
In contrast, there was a linear increase in the age-stan-
dardized HCC-related mortality from MASLD (APC 9.7%;
95% Cl 4.2% to 15.5%) without any trend segment before
and during the COVID-19 pandemic. There were no signifi-
cant trends in HCC-related mortality due to HBV and ALD.

Donghee Kim, et al.
Mortality from HCC and biliary tract cancers

The number of deaths due to ICC steadily increased from
7,459 in 2018 to 9,370 in 2023. The age-standardized mor-
tality due to ICC (defined as underlying cause of death) in-
creased from 2.97 (2018) per 100,000 persons and 3.04
(2019) before the COVID-19 pandemic and from 3.04 in
2020, 3.31 in 2021, to 3.49 in 2023 during the COVID-19
pandemic (Fig. 1B). There was a linear increase in the age-
standardized ICC-related mortality (APC 3.1%; 95% CI
1.2% 1o 4.9% as underlying cause of death; APC 4.0%;
2.4% to 5.7% for multiple cause of death) without any trend
segment. As shown in Figure 2B, age-standardized ICC-
related mortality, defined as contributing cause of death,
more steeply increased with an average APC of 15.0%
(95% Cl 11.2% to 19.0%) without any trend segment than
mortality defined as underlying cause of death (APC 3.1%;
95% Cl 1.2% to 4.9%). COVID-19-related mortality among
ICC listed as contributing cause of death peaked at 9.2%

Table 1. Age-standardized hepatocellular carcinoma and biliary tract cancer-related mortality rate and APC among US adults =25 years

in 2018-2023
No. deaths Average APC
(age-standardized mortality rate per 100,000 persons) (95% CI)
2018 2019 2020 2021 2022 2023 2018-2023
Underlying cause of death
Hepatocellular carcinoma 20,122 20,017 20,142 20,038 20,216 20,395 -1.4 (2.0, -0.7)*
(7.95) (772) (7.60) (7.59) (7.38) (7.42)
Intrahepatic cholangiocarcinoma 7,459 7,807 7,955 8,554 8,609 9,370 31(1.2,4.9)*
(2.97) (3.04) (3.04) (3.31) (3.22) (3.49)
Extrahepatic cholangiocarcinoma 925 966 988 1,037 1,033 1,004 0.4 (-1.5,2.4)
(0.37) (0.37) (0.37) (0.40) (0.38) (0.37)
Gallbladder cancer 2,174 2,130 2,258 2,118 2,077 2,158 -1.9 (-3.8, -0.0)*
(0.86) (0.82) (0.86) (0.82) (0.77) (0.79)
Ampullar of Vater cancer 267 266 294 286 318 371 41 (0.5, 7.9)*
(0.11) (0.10) (0.11) (0.11) (0.12) (0.14)
Multiple cause of death
Hepatocellular carcinoma 22,482 22,480 22,997 23,062 23,268 23,403 —-0.8 (1.4, -0.1)
(8.89) (8.67) (8.68) (8.74) (8.50) (8.52)
Intrahepatic cholangiocarcinoma 7,967 8,364 8,589 9,259 9,594 10,450 4.0 (2.4,5.7)"
(8.17) (3.26) (3.29) (3.58) (3.58) (3.89)
Extrahepatic cholangiocarcinoma 1,043 1,101 1,148 1,180 1,423 1,359 4.8 (1.8, 7.8)*
(0.41) (0.42) (0.43) (0.45) (0.53) (0.50)
Gallbladder cancer 2,327 2,294 2,439 2,288 2,291 2,372 -1.3 (3.0, 0.3)
(0.92) (0.89) (0.92) (0.88) (0.85) (0.87)
Ampullar of Vater cancer 291 294 336 332 360 409 4.9 (2.2,7.8)"
(0.11) (0.11) (0.13) (0.13) (0.13) (0.15)
APC, annual percentage change; Cl, confidence interval.
'P<0.05.
761
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(COVID-19 listed as underlying cause of death) and 17.9% The age-standardized ECC-related mortality remained
(COVID-19 listed as multiple cause of death) in 2021 (Sup-  stable from 2018 to 2023 (APC 0.4%; 95% CIl —1.5% to

plementary Fig. 1B). 2.4%). When we defined ECC as multiple causes of death
9 -
APC for 2018-2023: -1.4% (95% Cl -2.0 to -0.7)*
8
c
2
s 7
o
o
3
S 64
e
g
z %7
g
g 4
©
(0]
N
©
5 37
©
c
IS
& 2 APC for 2018-2021: 9.7% (95% Cl 4.6 to 22.0)*
2 APC for 2021-2023: -4.7% (95% Cl -13.7 to 3.4)
1 .
0 .
Underlying cause of death Contributing cause of death
Year

2018 w2019 m2020 m 2021 m 2022 m2023

APC for 2018-2023: 3.1% (95% Cl 1.2 to 4.9)*

1.5 4

Age-standardized mortality per 100,000 Person
n
1

0.5 - APC for 2018-2023: 15.0% (95% Cl 11.2 to 19.0)*

Underlying cause of death Contributing cause of death
Year

@ m 2018 m 2019 m 2020 = 2021 m 2022 m 2023

Figure 2. Age-standardized mortality due to hepatocellular carcinoma and intrahepatic cholangiocarcinoma as underlying or contributing
cause of death in the United States from 2018 to 2023. (A) Hepatocellular carcinoma. (B) Intrahepatic cholangiocarcinoma. APC, annual
percentage change; Cl, confidence interval. P<0.05.
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(Fig. 1C), age-standardized mortality increased significantly
from 0.43 (2020) to 0.53 (2022) during the COVID-19 pan-
demic (APC 4.8%; 95% Cl 1.8% to 7.8%) without any trend
segment. The age-standardized mortality from AVC steadi-
ly increased from 2018 to 2023 without any trend segment
(APC 4.1%; 95% CI 0.5% to 7.9% as underlying cause of
death; APC 4.9%; 95% CI 2.2% to 7.8% as multiple cause
of death). In contrast, the age-standardized mortality due
to gallbladder cancer (defined as underlying cause of
death) decreased from 0.86 (2018) per 100,000 persons to
0.79 (2023). Mortality due to gallbladder cancer steadily
decreased without any trend segment (APC —1.9%; 95% Cl

1.6 HCV: -8.5 (95% Cl -8.5 to -8.5)"
ALD: 0.4 (95% Cl -1.5t0 2.4)

1.4 1 MASLD: 9.7 (95% Cl 4.2 to 15.5)*
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Figure 3. Age-standardized mortality for hepatocellular carcinoma
stratified according to etiology in the United States between 2018
and 2023. ALD, alcohol-related liver disease; Cl, confidence inter-
val; HBV, hepatitis B virus infection; HCV, hepatitis C virus infec-
tion; MASLD, metabolic dysfunction-associated steatotic liver dis-
ease. P<0.05.
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—3.8% to —0.0% as underlying cause of death; —1.3%; 95%
Cl —-3.0% to 0.3% as multiple cause of death).

Age-standardized mortality for hepatocellular
carcinoma and biliary tract cancers by sex

When we analyzed mortality by sex, HCC, ICC, and
ECC-related mortality (defined as underlying cause of
death) in males was higher than in females (Tables 2, 3
and Figs. 4, 5). Regarding HCC (Table 2 and Fig. 4), de-
creasing trends in mortality due to HCC were noted in
males (APC —1.9%; 95% Cl —2.7% to —1.2%) without any
trend segment while these trends remained stable in fe-
males (APC 0.1%; 95% CI —0.7% to 0.9%). Increasing
trends in ICC-related mortality were similar between males
(APC 2.4%; 95% CI 0.7% to 4.1%) and females (APC 2.9%;
95% CI 0.2% to 5.7%, Table 3 and Fig. 5) without any trend
segment. Regarding ECC (Table 3 and Fig. 5), trends in
mortality remain stable in females and males. Gallbladder
cancer-related mortality in females was higher compared
to males, with decreasing trends in mortality that were
steeper in men (APC —2.2%; 95% CI —4.2% to —0.2%) than
in women (APC —1.6%; 95% Cl —3.7% to 0.6%, Table 3 and
Fig. 5) without any trend segment.

Table 2. Age-standardized hepatocellular carcinoma-related mortality rate and APC among US adults >25 years in 2018—2023

Age-standardized mortality rate Average APC
(per 100,000 persons) (95% Cl)
2018 2019 2020 2021 2022 2023 2018-2023
Hepatocellular carcinoma 7.95 7.60 7.59 7.38 7.42 -1.4 (-2.0,-0.7)"
Race and ethnicity
Non-Hispanic White 6.78 6.63 6.64 6.51 6.59 -0.6 (-1.1,-0.1)*
Non-Hispanic Black 11.20 10.79 9.87 9.32 9.15 9.36 -3.9 (-6.6, -1.0)*
Non-Hispanic Asian 9.68 9.27 9.25 8.52 8.34 -2.8 (4.3, -1.3)"
Non-Hispanic American Indian or Alaska Native 12.73 12.14 13.52 12.34 11.25 9.68 -4.7 (-9.8,0.7)
Hispanic 12.15 11.07 11.12 10.71 10.81 10.65 —2.2(-4.1,-0.3)
Sex
Male 12.63 12.27 11.95 1.71 11.46 11.51 -1.9 (-2.7,-1.2)*
Female 3.89 3.86 3.87 3.83 3.89 0.1 (-0.7,0.9)
APC, annual percentage change; Cl, confidence interval.
P<0.05.
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Age-standardized mortality for hepatocellular
carcinoma and biliary tract cancers by race and
ethnicity

Racial and ethnic differences in age-standardized HCC-
related mortality are shown in Table 2 and Figure 4. In
2018, compared with the other racial and ethnic groups,
non-Hispanic American Indian or Alaska Native individuals
had the highest mortality (12.73 per 100,000), followed by
Hispanic individuals (12.15), non-Hispanic Black individuals
(11.20) and non-Hispanic Asian individuals (9.68), and low-

est among non-Hispanic White individuals (6.78). While the
mortality due to HCC steadily decreased across all races
and ethnicities, the decline in the trends of HCC-related
mortality varied by race and ethnicity. Age-standardized
mortality decreased more steeply in non-Hispanic Ameri-
can Indian and Alaskan Native individuals (APC —4.7%;
95% Cl —9.8% to 0.7%), non-Hispanic Black individuals
(APC —3.9%; 95% CI —6.6% to —1.0%) and non-Hispanic
Asian individuals (APC —2.8%; 95% Cl —4.3% to —1.3%) fol-
lowed by Hispanic individuals (APC —2.2%; 95% Cl —4.1%
to —0.3%) and at the lowest rate in non-Hispanic White in-

Table 3. Age-standardized biliary tract cancer-related mortality rate and APC among US adults =25 years in 2018—-2023

Age-standardized mortality rate Average APC
(per 100,000 persons) (95% ClI)
2018 2019 2020 2021 2022 2023 2018-2023
Intrahepatic cholangiocarcinoma 2.97 3.04 3.04 3.31 3.22 3.49 3.1(1.2,4.9)
Race and ethnicity
Non-Hispanic White 2.92 2.98 3.01 3.21 3.19 3.42 3.1 (1.8, 4.4)
Non-Hispanic Black 3.03 2.82 3.07 3.30 3.37 3.48 3.8 (1.0, 6.6)"
Non-Hispanic Asian BI52 3.97 3.47 412 3.54 3.97 1.3 (-4.0, 6.8)
Hispanic 3.08 3.34 3.1 3.51 3.32 3.84 3.5(-0.3,7.4)
Sex
Male 3.38 3.46 3.43 3.60 3.57 3.88 2.4 (0.7, 4.0)"
Female 2.80 2.69 2.73 3.04 2.94 3.18 2.9(0.2,5.7)*
Extrahepatic cholangiocarcinoma 0.37 0.37 0.37 0.40 0.38 0.37 0.4 (-1.5,2.4)
Race and ethnicity
Non-Hispanic White 0.37 0.38 0.37 0.38 0.37 0.37 —-0.0 (1.1, 1.1)
Non-Hispanic Black 0.31 0.32 0.31 0.39 0.33 0.32 1.5(-4.6,7.9)
Non-Hispanic Asian 0.33 0.31 0.31 0.29 0.33 0.37 2.8(-0.4,6.1)
Hispanic 0.31 0.35 0.47 0.43 0.48 0.33 3.4 (-9.4,18.0)
Sex
Male 0.41 0.42 0.44 0.46 0.42 0.41 0.0 (-2.8,2.9)
Female 0.32 0.33 0.32 0.33 0.36 0.34 1.7 (0.5, 4.0)
Gallbladder cancer 0.86 0.82 0.86 0.82 0.77 0.79 -1.9 (-3.8, -0.0)*
Race and ethnicity
Non-Hispanic White 0.73 0.67 0.70 0.69 0.64 0.65 —2.1(-4.2,0.0)
Non-Hispanic Black 1.33 1.44 1.48 1.31 119 1.26 —2.8 (-7.1,1.7)
Non-Hispanic Asian 1.07 1.00 0.74 1.10 0.92 0.95 -1.2 (-11.0, 9.7)
Hispanic 1.20 1.27 1.36 1.00 1.15 1.26 -1.1(-8.6, 7.1)
Sex
Male 0.63 0.61 0.64 0.60 0.57 0.57 -2.2 (-4.2,-0.2)
Female 1.06 1.01 1.04 1.00 0.94 1.00 -1.6 (3.7, 0.6)
APC, annual percentage change; Cl, confidence interval.
P<0.05.
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dividuals (APC —0.6%; 95% Cl —1.1% to —0.1%) without any
trend segment.

Racial and ethnic differences in mortality for biliary tract
cancers depended on the malignancy’s anatomical site
(Table 3 and Fig. 5). In 2023, compared with the other ra-
cial and ethnic groups, non-Hispanic Asian individuals had
higher mortality rates for ICC (3.97 per 100,000 vs. 3.84 for
Hispanic individuals, and 3.48 for non-Hispanic Black indi-
viduals), for ECC (0.37 vs. 0.37 for non-Hispanic White in-
dividuals, and 0.33 for Hispanic individuals). Mortality relat-
ed to ICC increased steadily in non-Hispanic Black
individuals (APC 3.8%; 95% CI 1.0% to 6.6%) and non-His-
panic White individuals (APC 3.1%; 95% CI 1.8% to 4.4%)
with statistical significance. In contrast, age-standardized
mortality due to ECC remained relatively stable across
race and ethnicity. In 2023, compared with the other racial
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Figure 4. Annual age-standardized sex-based and race and eth-
nicity-based mortality for hepatocellular carcinoma in the United
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and ethnic groups, Hispanic individuals and non-Hispanic
Black individuals had higher mortality rates for gallbladder
cancer (1.26 vs. 0.65 for non-Hispanic White individuals).
The mortality for gallbladder cancer decreased steadily
across all races and ethnicities during the study period
without statistical significance (Table 3 and Fig. 5).

DISCUSSION

In this population-based national study, we estimated up-
to-date mortality trends in HCC and biliary tract cancers in
the US. Annual mortality due to HCC has decreased
steadily before and during the COVID-19 pandemic. While
the mortality associated with ICC and AVC increased lin-
early, ECC-related mortality remained stable during the
study. In contrast, mortality due to gallbladder cancer de-
creased steadily before and during the COVID-19 pandem-
ic.

Contrary to decreasing trends in the underlying cause of
death due to HCC, HCC-related mortality as the contribut-
ing cause of death sharply increased before and during the
early phase of the COVID-19 pandemic. Contributing cause
of death due to ICC increased more steeply than the un-
derlying cause of death due to ICC during the COVID-19
pandemic. COVID-19-related mortality among patients with
HCC consisted of up to 9% as the underlying cause of
death and 17% as the multiple cause of death. During the
COVID-19 pandemic, the inability to visit healthcare provid-
ers for the care of other diseases (cardiovascular disease,
extrahepatic cancer, etc.) and the increase in COVID-
19-related deaths may provide a plausible explanation for
the discrepancy between underlying cause of death and
multiple cause of death, which consisted of the underlying
cause of death or contributing causes. Although these data
suggested the impact of COVID-19 on mortality among in-
dividuals with HCC and ICC, further studies are needed to
determine the impact of COVID-19 on mortality in HCC and
biliary tract cancers.

Recent reports from the Surveillance, Epidemiology, and
End Results (SEER) dataset 1992-2018 and 2000-2019
showed that the incidence of HCC in the US began to de-
cline to start in 2015.*™ These data from the SEER data-
base were limited due to the unavailability of the etiology of
liver disease in patients with HCC."®'"® In comparison to the
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previous study that reported plateauing trends in mortality
due to HCC from 2009 to 2018,® this study showed a de-
crease in HCC-related mortality from 2018 to 2023. A pre-
vious study reported an increase in HCC-related mortality
due to HCV infection at an annual rate of 5.4% (95% CI

z 44
S c .___’_.__.__.—-—-—-—'_—'/.
5 o
: g 37 .\.—__‘/‘\‘/‘
oo
)
TS 2
(o)
°o
g5 1 Male: 2.4% (95% C1 0.7 to 4.1)*
o > Female: 2.9% (95% Cl 0.2 to 5.7)*
L
0 T T T T T T
2018 2019 2020 2021 2022 2023
Year
0 ~#-Male -# Female
1.0 4
2
8 ¢ 08+
g a Male: 0.0% (95% Cl -2.8 t0 2.9)
° & 06 - Female: 1.7% (95% CI -0.5 to 4.0)
o
58
Rl - e S
gg 04 - —
ST — —
»n O
o 0.2
[=2
<
0.0 T T T T T T
2018 2019 2020 2021 2022 2023
Year
0 & Male -# Female
2 _

Male: -2.2% (95% Cl -4.2 to -0.2)*
Female: -1.6% (95% CI -3.7 t0 0.6)

‘\t"‘_‘_\n\‘___,’—‘

Age-standardized mortality
per 100,000 Person
1

0 T T T T T T
2018 2019 2020 2021 2022 2023
Year
e -#-Male -+ Female

3.6% to 7.3%) from 2009 to 2014, followed by a decrease
from 2014 to 2018 in the annual rate of —-3.5% (95% ClI
-5.9% to —1.1%).® We found that HCC-related mortality
from HCV infection continuously decreased with an aver-
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demic. While HCV infection remains the leading etiology of
HCC in the US, the improvement in sustained virological
response due to direct-acting antiviral agents against HCV
infection has resulted in about 50—-80% risk reduction of
HCC in this subset.”>*' However, although the continued
decline in HCC-related mortality due to HCV infection may
offset rising rates of HCC-related mortality due to MASLD,
we noted that HCC-related mortality due to MASLD accel-
erated during the COVID-19 pandemic. In another study
using the SEER dataset, while the proportion of HCC diag-
nosed at stage 1 increased from 1992 to 2019, the propor-
tion of HCC diagnosed at stage 4 decreased.”” Therefore,
an overall improvement in the efficacy of HCV treatment
and early diagnosis may partly explain our results that
showed a decrease in age-standardized mortality from
HCC with an average APC decrease of —1.4% (95% CI
—2.0% t0 —0.7%).

The mortality rate due to HCC among males was over
3-fold higher than in females. Instead, we found decreasing
trends in mortality due to HCC in males, while these trends
remained stable in females. A recent study reported in-
creasing HCC incidence among females between 2014
and 2019 (APC 2.0%) compared to stable trends in inci-
dence among males (APC 0.0%) during the same period,”
which potentially mirrors the lack of decline in recent mor-
tality rates in females. A recent US multicenter study
showed that females had a significantly higher frequency
of MASLD as an etiology of HCC and noncirrhotic HCC
than males.® Stable trends in mortality in females may be
explained by a steady increase in HCC-related mortality
due to MASLD. Although cautious interpretation is needed
due to underestimation of MASLD, we noted a clue of a
steady increase in HCC-related mortality due to MASLD in
females (Supplementary Fig. 2). Further studies are need-
ed to provide further evidence.

We found that the racial and ethnic minority groups in the
US have a disproportionately higher burden of HCC-related
mortality. In comparison to the previously reported trends
in the incidence rates from five years ago,” our study
showed a markedly steeper decline in racial and ethnic mi-
nority groups-specific mortality trends associated with
HCC among non-Hispanic Black individuals, non-Hispanic
Asian individuals, and Hispanic individuals versus non-His-
panic White individuals. The continuing decrease in mortal-
ity associated with HCC was driven mainly by decreasing
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trends among racial and ethnic minority individuals and
males.

Early diagnosis of cholangiocarcinoma may be challeng-
ing due to multiple reasons, including hard-to-access/im-
age anatomical location, the silent clinical presentation with
late onset of symptoms, paucicellular nature, and lack of
consensus on surveillance strategies.* Consistent with the
increasing incidence rate,” the increasing trends in mortali-
ty due to ICC may be associated with late diagnosis and
limited treatment options following the diagnosis. In this
study, the racial and ethnic minority groups in the US were
noted to have a disproportionately higher burden of ICC-
and gallbladder cancer-related mortality. Additionally, we
observed a higher increasing trend in ICC-related mortality
in non-Hispanic Black individuals. Contrary to HCC or oth-
er biliary tract cancers, approximately two-thirds of deaths
due to gallbladder cancer occurred among females. We
noted a faster decrease in mortality due to gallbladder can-
cer in males than in females. Consistent with our study,
there were race and ethnicity-specific and sex-specific dif-
ferences in the incidence and survival of biliary tract can-
cers in the US.*®*® Future studies are needed to improve
our understanding of the specific root cause(s) associated
with race- and ethnicity-based differences in the mortality
of patients with HCC and biliary tract cancers.

The decreasing incidence of gallbladder cancer may be
associated with the concomitant increase in cholecystecto-
my for gallstone and gallbladder polyps, which are known
risk factors for gallbladder cancer.”*® Our study showed a
slight increase in gallbladder cancer-related mortality in
2020. Because most elective and emergency surgeries, in-
cluding cholecystectomy, were halted and delayed during
the COVID-19 pandemic,” gallbladder cancer-related inci-
dence and mortality may be affected during and after the
pandemic. Future studies are needed to confirm this hy-
pothesis.

The main strength of our study is that it includes an up-
to-date report of the national longitudinal mortality trends in
HCC and biliary tract cancers by sex or race and ethnicity.
This allowed us to evaluate population-based data and
gain a unique insight into mortality due to HCC or biliary
tract cancers based on sex and race/ethnicity. Because we
utilized the recent NVSS 2018—-2023 dataset, we were able
to investigate the contemporary burdens of HCC- and bili-
ary tract cancer-related mortality before and during the
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COVID-19 pandemic. However, the present study had sev-
eral limitations. First, the underlying or multiple cause of
death may be subject to underestimation and misclassifica-
tion. Such problems can be mitigated when analyzing
trends in which underestimation has been assumed to be
relatively constant over the study period. Second, regard-
ing low mortality from ECC, the current ICD-10 system did
not have any codes for specific perihilar and hilar cholan-
giocarcinoma.* Future ICD-11 should have clear codes for
perihilar and distal cholangiocarcinoma. Third, data for the
non-Hispanic American Indian or Alaska Native were unre-
liable due to a small number of events due to biliary tract
cancers and, therefore, were excluded from the final analy-
sis for biliary tract cancer-related mortality stratified by race
and ethnicity. We were also unable to investigate race and
ethnicity-specific or sex-specific trends in mortality due to
AVC because of a small number of events. In addition, CO-
VID-19-related mortality in ECC, gallbladder cancer, and
AVC could not be estimated due to a small number of
events. Fourth, the provisional dataset for 2023 national
mortality may be incomplete and likely not include all
deaths that occurred during a given period (accessed in
May 2024). This 2023 NVSS mortality provisional dataset
may be posed to reporting lag. Therefore, this result using
the 2023 NVSS mortality provisional dataset should be in-
terpreted cautiously. Fifth, the low mortality rates from
MASLD are consistent with significant underreporting of
this etiology on death certificates, leading to underestima-
tion of the true prevalence of MASLD by utilizing ICD
codes. In addition, we were unable to capture all etiologies
of chronic liver disease among individuals with HCC due to
the inherent limitation of this database based on death cer-
tificates. These limitations may be alleviated because these
underestimations were supposed to be constant during the
study period. Therefore, these results need to be interpret-
ed cautiously.

In conclusion, while overall HCC-related mortality tended
to decline after the introduction of potent antiviral agents,
ICC- and AVC-related mortality have increased steadily.
Recent declines in HCC may be primarily due to declines
among racial and ethnic minority individuals and males.
Mortality for ECC remained stable, while gallbladder can-
cer-related mortality constantly decreased before and dur-
ing the COVID-19 pandemic. In addition, racial and ethnic
minority individuals in the US have a disproportionately
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high burden of HCC and biliary tract cancer-related mortal-
ity. In the future, an attempt to formally study and more
clearly understand the reason(s) for the differences in mor-
tality among racial and ethnic minority individuals with
HCC and biliary tract cancers may help gain further insight
into crucial mechanistic pathways and/or gaps in linkage-
to-care.
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