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Abstract

Background & Aims: Incidence rates for hepatocellular carcinoma (HCC) increased rapidly in
the United States (US) since the 1990s, but have plateaued or started to decrease in other
industrialized countries. It unclear if and when a similar trend will be observed in the US. We
examined trends in HCC incidence rates in the US by age, sex, and race/ethnicity of patients.

Methods: We calculated age-adjusted HCC incidence rates using data from the Surveillance,
Epidemiology, and End Results program of cancer registries from 1992 through 2015. We
estimated incidence rates by 10-year age group and used joinpoint regression to quantify the
magnitude and direction of trends, overall and by sex and race/ethnicity (non-Hispanic white, non-
Hispanic black, Hispanic, and Asian/Pacific Islander).

Results: HCC incidence increased by 4.8% per year from 1992 through 2010 (from 4.1 per
100,000 to 9.4 per 100,000) but then started to plateau (annual percent change, —0.7; 95% CI, 2.0
to 0.7). Incidence rates steadily increased among persons 60 years or older in all racial/ethnic
groups except Asian/Pacific Islanders 70-79 years old. In contrast, incidence rates decreased in
younger and middle-aged adults, in men and women of all races/ethnicities, beginning in the
mid-2000s. Rates decreased by 6.2% per year in persons 40-49 years old and by 10.3% per year in
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persons 50-59 years old. Annual decreases in incidence were larger among middle-aged blacks
(17.2% decrease per year since 2012) compared to adults of the same age inother racial/ethnic
groups.

Conclusions: In an analysis of data from the Surveillance, Epidemiology, and End Results
program of cancer registries from 1992 through 2015, we found the incidence of HCC to be
decreasing among younger and middle-aged adults in the US, regardless of sex or race or ethnicity.
It is unclear whether current decreases in incidence will reduce the burden of HCC in the future.
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Introduction

Liver cancer is a leading cause of cancer-related death worldwide.! Hepatocellular
carcinoma (HCC), the most common form of primary liver cancer, occurs most often in the
background of cirrhosis;? risk factors include hepatitis B (HBV) and hepatitis C (HCV) virus
infections, alcohol use, and nonalcoholic fatty liver disease (NAFLD). HCC incidence rates
have increased dramatically in the U.S. over the past three decades,3 4 but recent data

suggest rates may have plateaued or begun to decline in some European and Asian countries.
5

Decreasing rates in Asian countries may be due, in part, to reduced aflatoxin exposure,
improvements in HBV vaccination programs, and treatment for both HBV and HCV
infections.® Although HBV is the leading cause of HCC globally, HCV is the most common
risk factor for HCC in the U.S. and accounts for the largest increases in incidence since the
1990s.57 Efforts to increase HCV screening uptake among the high-risk baby boomer
cohort, combined with the use of direct-acting antivirals, has led to a greater number of
patients achieving sustained viral response, which has been shown to considerably reduce
HCC risk.8 However, despite declines in HCV infection, HCC rates are projected to continue
to rise in the U.S.,° given the aging population, increasing alcohol consumption,10 and
growing prevalence of obesity and fatty liver disease among younger adults.!! Trends in
HCC risk factors may also differ by race/ethnicity, and minority populations tend to have
higher prevalence of obesity and metabolic syndrome compared to whites.12 13 Therefore,
the cumulative effect of changes in prevalence of HCC risk factors may impact projected
incidence rates quite differently in population subgroups and over time.

Although prior studies have described trends in HCC incidence rates, to our knowledge, few
have examined age-related differences by race/ethnicity and sex, particularly among younger
and middle-aged adults (age < 60 years). In this study, we estimated HCC incidence rates
during 1992-2015 using population-based data from the Surveillance, Epidemiology and
End Results (SEER) program.
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We derived HCC incidence using data from the National Cancer Institute’s SEER program
of cancer registries from 1992 to 2015. SEER routinely collects information on patient
demographics and tumor characteristics for all cancers diagnosed in defined geographic
regions. SEER 13 registries include Atlanta, Connecticut, Detroit, Hawaii, lowa, New
Mexico, San Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles, San Jose-
Monterey, rural Georgia, and Alaska Native, representing approximately 14% of the U.S.
population. HCC was defined anatomically as located in the liver (International
Classification of Disease for Oncology, Third Edition [ICD-0-3] topography code C22) and
histologically as hepatocellular carcinoma (ICD-0-3 morphology codes 8170-8175). We
estimated age-adjusted (to the 2000 U.S. standard population) and age-specific (10-year age
groups) incidence using SEER*Stat (version 8.3.5) as incidence rates per 100,000 persons.
Corresponding 95% confidence intervals were calculated as modified gamma intervals.14

We used Joinpoint Regression Program (version 4.6.0) to quantify the magnitude and
direction of incidence trends, overall and by 10-year age group, allowing a maximum of four
joinpoints. The joinpoint model uses permutation analysis to fit a series of joined straight
lines on a logarithmic scale to observed rates.1® The slope of the line segment between
joinpoints is equivalent to the annual percent change (APC). Two-sided P values of less than
0.05 were considered to indicate statistical significance, whereby the APC is significantly
different from zero.

To account for differences by race/ethnicity and sex, we also conducted joinpoint analyses
(by 10-year age group) in four racial/ethnic groups and for men and women. Racial/ethnic
groups included: non-Hispanic white (white), non-Hispanic black (black), Hispanic, and
Asian/ Pacific Islander. Hispanic ethnicity is based on the NAACCR Hispanic/Latino
Identification Algorithm (version 2.2.1), which uses Spanish/Hispanic origin, last name,
maiden name, birthplace, and race to indirectly and directly assign ethnicity.16: 17 The
NAACR Asian Pacific Islander Identification Algorithm (version 1.2.1)18 uses a similar
combination of variables to classify cases as Asian/Pacific Islander.

Overall incidence trends

There were 51,188 incident HCC cases diagnosed among adults (ages 20-85+ years) during
the study period. The overall incidence rate was 7.7 per 100,000, increasing from 4.1 per
100,000 in 1992 to 9.5 per 100,000 in 2015 (incidence rate ratio [IRR] 2.32, 95% CI 2.16,
2.50).

Across all age groups, incidence increased by 4.8% per year from 1992 to 2010 (Figure 1).
Rates plateaued starting in 2010; although not statistically significant, the APC (-0.7, 95%
Cl -2.0, 0.7) suggested rates slightly decreased from 2010 to 2015.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Richetal.

Page 4

Trends by age

With the exception of the youngest age group (20-29 years), HCC incidence rates increased
during the 1990s and early 2000s (Figure 2). Incidence began to decline in middle-aged
adults in the mid-2000s, decreasing by 6.2% per year in adults age 40-49 years and by
10.3% per year in adults age 50-59 years. Specifically, rates decreased from 3.5 per 100,000
in 2006 to 2.0 per 100,000 in 2015 among the 40-49 year age group (IRR 0.57, 95% CI 0.45,
0.72). The 50-59 year age group experienced a similar decrease during this time period but
of larger magnitude (from 15.1 to 12.7 per 100,000; IRR 0.84, 95% CI 0.76, 0.93).

There were continued increases in incidence among adults older than age 60 years. From the
early 1990s through about 2010, incidence rates increased by 3.8% and 4.2% per year in
adults age 70-79 and 80-89 years, respectively. Starting in 2006, rates increased rapidly in
60-69 year olds by 6.6% per year. Increasing rates appeared to slow after 2010, particularly
for adults age =70 years; however, this trend was not statistically significant.

We observed a shift in the distribution of stage at diagnosis during the study period, with an
increasing proportion of patients detected at a localized stage across all age groups
(Supplementary Table 1). For example, in the 40-49 year age group, the proportion of cases
diagnosed as local stage increased from 30.7% in 1992-98 to 49.4% in 2006-15.

Trends by race/ethnicity

We observed similar incidence trends across race/ethnicity (Table 1, Supplemental Figures
1-4). Rates consistently decreased in adults ages 40-49 and 50-59 years starting in the
mid-2000s. These annual decreases in incidence were larger in middle-aged blacks
compared to adults of the same age inother racial/ethnic groups. For example, after 2012,
rates decreased among 50-59 year olds by 12.2% per year in non-Hispanic whites, 17.2%
per year in non-Hispanic blacks, 12.4% per year in Hispanics, and 8.3% per year in Asian/
Pacific Islanders. There were similar decreases in 40-49 year olds, but these declines
generally started earlier, around 2006. With the exception of Asian/Pacific Islanders age
70-79 years, incidence rates steadily increased among older (age =60 years) adults across all
racial/ethnic groups.

Trends by sex

We noted a similar pattern by sex (Table 2), whereby incidence rates decreased among men
and women in the 40-49 year age group starting in the mid-2000s. The rate of decline
appeared similar in the two groups (men: APC -6.7, 95% CI -8.7, —4.6; women: APC -8.3,
95% CI -14.8, —1.3). Rates decreased by 10.7% per year among 50-59-year-old men
starting in 2012. There was not a statistically significant decline in women of this age group,
however the APC (-6.3, 95% —17.6, 6.5) estimate is consistent with declining rates from
2011 to 2015.

Discussion

Contrary to the well-known increases in HCC incidence over the past three decades, we
observed a clear pattern of decreasing incidence rates among younger and middle-aged
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adults (age 40-49 and 50-59 years) in both men and women, and all racial/ethnic groups,
starting in the mid-2000s. Interestingly, decreasing rates were most prominent among non-
Hispanic blacks in this age group, a contrast with marked racial disparities in older ages,
among whom incidence rates have increased. Temporal trends in incidence likely reflect the
varying influence of risk factors involved in HCC pathogenesis, and possible differences in
mechanisms by age or race/ethnicity, raising questions about future disease burden.
Combined with changing demographics in the U.S., it is unclear whether the declining rates
observed among younger and middle-aged adults will persist or rates will increase in the
future as previously projected®.

Although many have reported increases in HCC incidence,® 19: 20 |ess attention has been
paid to decreasing rates after 2006, particularly among 40- and 50-year olds. We observed
decreases in this age group of about 10% per year, with even larger annual declines among
non-Hispanic blacks. This is in contrast to recent and alarming reports of rising incidence
rates of other gastrointestinal cancers (e.g., colorectal, gallbladder, and pancreatic) among
younger adults.?! The declines we observed in this age group occurred while incidence rates
have continued to increase in older adults and likely reflect population changes in chronic
HCV infection. Incidence rates have already begun to decline in other industrialized
countries where a large proportion of HCC diagnoses are related to HCV, including high-
income Asian-Pacific countries and Western Europe.5: 22 In the U.S., the aging of the baby
boomer cohort has resulted in increases in HCC incidence among older adults. Conversely,
the declines in HCC incidence among younger adults may be related to reductions in the risk
of transfusion-transmitted HCV infectionZ® and increased awareness of high risk behaviors
(e.g., needle sharing).2* In the future, efforts to improve HCV screening uptake and the
advent of new, highly effective HCV treatments may play a role in continued declines in
HCC incidence.

Consistent with others,* 20: 25 we observed increases in HCC incidence among older adults,
and incidence rates in this population were generally higher among racial/ethnic minorities
compared to non-Hispanic whites. Specifically, non-Hispanic blacks, Hispanics, and Asian/
Pacific Islanders had higher HCC incidence rates, perhaps because the prevalence of HCC
risk factors differs across these population subgroups. In our prior work, we have shown a
much higher proportion of blacks are diagnosed with HCV-related HCC, while a higher
proportion of whites and Hispanics have alcohol- or NASH-related HCC.26 Diagnostic
factors may also account for some of the observed increases in HCC incidence over time by
increasing case ascertainment, including increased HCC screening utilization over time2?
and improvements in imaging technology.28

Our findings point to a number of possible scenarios that may occur in the future. Small
changes in the relative presence or absence of risk factors, in the setting of changing
demographics in U. S., may substantially alter the burden of HCC. Continued efforts to
screen and treat viral hepatitis may result in further declines in incidence among younger
adults. Alternatively, although rates have decreased consistently in this population since the
mid-2000s, these declines may be thwarted by increases in metabolic syndrome (e.g.,
obesity, diabetes) and non-alcoholic fatty liver disease,!! particularly among Hispanics and
the youngest age group (age <40 years). Prolonged periods of exposure to obesity and
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insulin resistance, which now begin as early as childhood, may contribute to higher HCC
incidence rates in the future. Recent studies have similarly described increasing alcohol
consumption among younger adults, which may also contribute to increases in liver-related
morbidity and mortality.1%: 2% Further, the opioid crisis has led to dramatic increases in the
incidence of acute HCV infection related to injection drug use (increases of 133% since
2004),30 and the largest increases have occurred among young whites (age 18-39 years).
Although current HCC incidence rates in the youngest age groups remain low, increasing
prevalence of HCV infection may increase risk of HCC later in life. The complexity and
multifactorial nature of HCC pathogenesis, associated risk factors, and co-factors that
accelerate progression, underscore the difficulties in precisely predicting future HCC
incidence trends.

We acknowledge limitations of cancer registry data. Although our findings raise the
possibility that age-related differences in HCC incidence rates may be due to the underlying
etiology of liver disease, cancer registries do not systematically collect this information.
Additionally, we could not observe HCC incidence rates after direct-acting antivirals for
HCV became widely available in 2014 because of the time lag between diagnosis and
registry reporting. While we obtained detailed data stratified by race/ethnicity, the number of
American Indian/Alaskan Natives (Al/AN) with HCC was very small and thus not included
in our analyses. Lastly, the data reflect HCC incidence rates in adults age =20 years, and
incidence rates are low in the youngest age group, limiting our ability to draw definitive
conclusions in this subgroup.

In summary, we observed declining HCC incidence rates among younger and middle-aged
adults across all racial/ethnic groups, a contrast to continued increases observed among
adults over the age of 60 years. Differential incidence rates by age may be related to
differences in risk factors and underlying disease etiology, specifically HCV, which may
substantially differ by time period and race/ethnicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations

APC annual percent change

HBV hepatitis B virus

HCC hepatocellular carcinoma

HCV hepatitis C virus

IRR incidence rate ratio

NAFLD nonalcoholic fatty liver disease

SEER Surveillance, Epidemiology and End Result
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Background

Changes in the prevalence of risk factors for hepatocellular carcinoma (HCC) may impact
incidence rates differently in population subgroups and over time.

Findings

HCC incidence rates were previously increasing in all populations but started to plateau
in 2010. Although incidence rates continue to increase among older adults (age =60),
declines were observed among younger adults, in both men and women and all races/
ethnicities.

Implications for patient care

Changes in HCC incidence rates are related to the varying prevalence of risk factors,
which may differ by age, race/ethnicity, sex, and time period. Understanding trends in
HCC incidence can inform future resource needs and help target efforts for primary
prevention and early detection.
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Figure 1.
Annual percent change (APC) in age-adjusted incidence rates of hepatocellular carcinoma,

SEER 13, 1992 - 2015.
NOTE: An asterisk denotes the APC is statistically significantly different from zero (P
<0.05) using a two-sided test.
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Annual percent change (APC) in age-specific incidence rates of hepatocellular carcinoma,
SEER 13, 1992 — 2015.

NOTE: An asterisk denotes the APC is statistically significantly different from zero (P
<0.05) using a two-sided test. APC in 20-29 year age group could not be estimated because
the standard error was available and/or number of cases too small. Y-axis scale varies across
figures to demonstrate trend.
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