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Abstract

Background: Few population-based studies have examined incidence and mortality of cancers
of the biliary tract, including intrahepatic bile duct, extrahepatic bile duct, ampulla of Vater, and
overlapping or other lesion of the biliary tract in one study.

Methods: To further the understanding of recent rates of biliary tract cancers, we used
population-based data, to examine incidence and mortality during 2013-2017. We examined how
rates varied by sex, age, race/ethnicity, U.S. census region, and stage at diagnosis.

Results: Intrahepatic bile duct was the most common biliary tract cancer with an incidence
rate of 1.49 per 100,000 persons. Cancer incidence rates per 100,000 persons were 0.96 for
extrahepatic bile duct, 0.45 for ampulla of Vater, and 0.24 for overlapping or other lesion of the
biliary tract. Cancer death rates per 100,000 persons were 1.66 for intrahepatic bile duct and
0.45 for other biliary tract. Intrahepatic bile duct incidence and death rates were higher among
males than females, higher among Hispanic and Asian and Pacific Islander persons compared to
non-Hispanic Whites, and higher in the Northeast and in urban counties.

Conclusion: This report provides national estimates of these rare biliary tract cancers.
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Impact: Key interventions targeted to high-risk populations may help reduce incidence and
mortality of cancers of the biliary tract by improving primary prevention through strategies
to reduce tobacco and alcohol use, control overweight and obesity, and promote hepatitis B
vaccination and use of syringe service programs meant to curb the transmission of infectious
diseases such as viral hepatitis.
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Introduction

Cancer of the biliary tract arises from the biliary epithelium of the small ducts in the
periphery of the liver (intrahepatic) and the main ducts of the hilum (extrahepatic).
Extrahepatic biliary tract cancers include the ampulla of Vater, overlapping lesion of

the biliary tract, and “biliary tract, Not Otherwise Specified (NOS),” in addition to the
gallbladder and pancreatic biliary ducts.® These cancers are all rare and are often diagnosed
at late stage disease with poor prognosis.?

Risk factors for cancers of the biliary tract vary by anatomic site, and differences in
incidence and death rates may be observed.3 Known risk factors for intrahepatic and
extrahepatic bile duct cancer include primary sclerosing cholangitis and inflammatory bowel
disease.? Primary sclerosing cholangitis (PSC) is an autoimmune disease that results in
structuring of extrahepatic and/or intrahepatic bile ducts.® Some studies have identified
obesity, diabetes, heavy alcohol use, and smoking as risk factors for intrahepatic and
extrahepatic bile duct cancer as well.8 Hepatitis B virus (HBV) and/or hepatitis C virus
(HCV) infection, cirrhosis of the liver, and duodenal and gastric ulcers have also been
associated with bile duct cancer.®

Gallbladder cancer is a rare, lethal cancer and is the most common type of biliary tract
malignancy.’ In the United States, women have higher incidence and death rates of
gallbladder cancer than men.8 Risk factors for gallbladder cancer include a personal or
family history of gallstones, obesity, chronic infection and inflammation in the gallbladder,
and ill-defined genetic variants.2 While many liver cancer cases are related to HBV and
HCV infections, other behaviors and conditions that increase the risk of developing liver
cancer include obesity, tobacco use, excessive alcohol use, diabetes, and nonalcoholic fatty
liver diseases, including nonalcoholic steatohepatitis. 910

As previous studies have noted, studies often examine specific biliary tract cancer types,
such as only gallbladder cancer, intrahepatic bile duct cancer combined with liver cancer, or
examined biliary tract cancers with all anatomic sites combined.311 Therefore, calculations
of incidence rates for cancers of the biliary tract do not always present rates for each site
individually.12 To further the understanding of recent rates of biliary tract cancer, we used
data from the U.S. Cancer Statistics (USCS), covering the entire U.S. population, to examine
incidence and mortality during 2013-2017. We examined how site-specific rates varied by
sex, age, race/ethnicity, U.S. Census region, and stage of disease at diagnosis.
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Methods

Data Sources

Cancer Incidence Data.—Population-based incidence data are from the USCS, which
combines Centers for Disease Control and Prevention’s (CDC’s) National Program

of Cancer Registries (NPCR) and National Cancer Institute’s (NCI) Surveillance,
Epidemiology, and End Results Program (SEER) datasets.13 This combined dataset includes
cancer incidence data from central cancer registries reporting to NPCR or SEER from

all states and the District of Columbia. Data about all new diagnoses of cancer from
patient records at medical facilities such as hospitals, physicians’ offices, therapeutic
radiation facilities, freestanding surgical centers, and pathology laboratories are reported
to central cancer registries, which collate these data and use state vital records to collect
information about any cancer deaths that were not reported as cases. Incidence data met
USCS publication criteria, covering 100% of the U.S. population during 2013-2017.13

We selected all malignant cases of biliary tract cancer defined using /nternational
Classification of Diseases for Oncology, Third Edition (1ICD-0-3) diagnosed during 2013-
2017.14 We selected topography codes C22.1 for intrahepatic cancers, C24.0 for extrahepatic
cancers including distal bile duct and perihilar bile ducts, C24.1 for ampulla of Vater

cancer, and combined C24.8 (overlapping) and C24.9 (NOS) for overlapping and other
lesions of biliary tract. Liver cancers with ICD-0-3 topography code C22.0 and histology
codes 8160, 8161, 8180 were included as intrahepatic cancers as they are believed to

be intrahepatic in origin.1® Klatskin tumors with ICD-O-3 topography code C22.0 and
histology code 8162 were classified as extrahepatic cancers.1® Incidence data on liver cancer
(C22.0 excluding histology codes 8160, 8161, 8180) and gallbladder cancer (C23.9) were
examined as supplemental data as they are often grouped as being a part of the biliary tract.3

Mortality Data.—Mortality data during 2013-2017 are from CDC’s National Center for
Health Statistics’ National Vital Statistics System.16 Although more recent mortality data
are available, we used data collected from 2013-2017 to be consistent with the most recent
incidence data available. The International Classification of Diseases and Related Health
Problem 10th Revision was used to define deaths codes attributed to intrahepatic bile duct
cancer (C22.1), other biliary tract cancers (C24), liver cancer (C22.0), and gallbladder
cancer (C23).17

Population.—Age-specific analyses used these grouped categories: 0-49, 50-59, 6069,
70-79, and = 80 years. Youngest age group consisted of individuals aged 0-49 years due to
small case counts.

Race and ethnicity.—Race and Hispanic ethnicity data were collected separately and
combined in this analysis. To be compatible with available annual population estimates
used a denominators for the rates, we used standard methods to categorize race into 4
groups (White, Black, American Indian/Alaska Native, and Asian or Pacific Islander).18
Cases with unknown race were included in the “All Races” category but were not inlcuded
as separate category because population estimate is not available for unknown race. Then
we combined race and ethnicity information for five racial/ethnic groups: non-Hispanic
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White, non-Hispanic Black, non-Hispanic American Indian/Alaska Native, non-Hispanic
Asian/Pacific Islander, and Hispanic including all races.

Region.—States were grouped into four regions defined by the U.S. Census Bureau:
Northeast, Midwest, South, and West.19

Rural-urban status.—The U.S. Department of Agriculture Economic Research Service
2013 vintage rural-urban continuum classification scheme was used to categorize

county of residence at diagnosis as metropolitan (rural-urban continuum codes 1-3) or
nonmetropolitan (rural-urban continuum codes 4-9).20

Stage of disease at diagnosis.—Stage was classified using SEER Summary Stage
2000 for diagnosis years 2001-2003 and 2016-2017, Derived SEER Summary Stage 2000
for diagnosis years 2004-2014, and either SEER Summary Stage 2000 or Derived SEER
Summary Stage 2000 for diagnosis year 2015.21 Even though different staging schema were
used during the study time period, rules and staging criteria were the same characterizing
cancers as localized, regional, distant, or unknown stage. Analyses by stage excluded cases
that were diagnosed only by death certificate or autopsy (4.7% of cases).

Statistical Methods

Results

Incidence

Incidence and mortality rates.—We calculated overall average annual age-adjusted
incidence rates (IR) and mortality rates (MR) using SEER*Stat 8.3.6.22 Average annual rates
for 2013-2017 per 100,000 persons were age adjusted by the direct method to the 2000

U.S. standard population.23 Corresponding 95% confidence intervals (Cls) were calculated,
using the Tiwari method, as modified gamma intervals.24 To determine differences between
subgroups, incidence and mortality rate ratios (IRR and MRR, respectively) were calculated;
rates were considered statistically different if the 95% Cls of the rate ratios excluded one.2°
Rates and rate ratios were calculated by sex, age group, race/ethnicity, geographic region,
and stage. Statistical differences were not calculated for stage.

During 2013-2017, there were 28,343 intrahepatic bile duct cancer cases, 18,075
extrahepatic bile duct cancer cases, 10,382 ampulla of Vater cancer cases, and 4,540 cancers
of overlapping and other lesions of the biliary tract (Table 1) reported in the United States.
Intrahepatic bile duct was the most common site for biliary tract cancers with an incidence
rate of 1.49 per 100,000 persons. Incidence rate of extrahepatic bile duct cancer was 0.96
per 100,000 persons. Cancers of the ampulla of Vater and overlapping and other lesions

of the biliary tract were rare with an incidence rate of 0.45 and 0.24 per 100,000 persons,
respectively. Compared to females, males had higher incidence of intrahepatic bile duct
cancer (IR =1.69 per 100,000; IRR 1.27, 95% CI 1.24-1.30), extrahepatic bile duct cancer
(IR =1.19 per 100,000; IRR 1.50, 95% CI 1.45-1.55), ampulla of Vater cancer (IR = 0.70
per 100,00; IRR 1.56, 95% CI 1.50-1.62), and cancer of overlapping and other lesions of the
biliary tract (IR = 0.26 per 100,000; IRR 1.18, 95% CI 1.11-1.26).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2022 August 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ellington et al. Page 5

Hispanic (IR=1.72 per 100,000 persons) and non-Hispanic Asian/Pacific Islander
persons(IR=1.69 per 100,000 persons) had the highest incidence of intrahepatic bile duct
cancer, about 15%-17% higher than among non-Hispanic White. Compared to non-Hispanic
White persons (IR=1.47 per 100,000 persons), non-Hispanic Asian/Pacific Islander persons
had higher incidence rate of extrahepatic bile duct cancer (1.35 per 100,000 persons).

Individuals aged 80 years or older had the highest incidence of intrahepatic bile duct cancer
(8.17 per 100,000), extrahepatic bile duct cancer (7.97 per 100,000), ampulla of Vater cancer
(3.90 per 100,000), and cancer of overlapping and other lesions of the biliary tract (2.03

per 100,000 persons). Individuals living in rural areas had lower incidence of intrahepatic
bile duct cancer (1.43 per 100,000), extrahepatic bile duct cancer (0.92 per 100,000), and
ampulla of Vater cancer (0.54 per 100,000) compared to individuals living in urban areas
(1.55, 1.00, and 0.58 per 100,000, respectively).

During 2013-2017 there were 20,709 cases of gallbladder cancer and 140,364 cases of
liver cancer. The incidence rate of gallbladder cancer was 1.11 per 100,000 persons. The
incidence rate of liver cancer was 7.06 per 100,000 persons.

Stage

Stage at diagnosis varied for each cancer site. (Figure 1). Most cases of overlapping and
other lesions of biliary tract (65.0%) were diagnosed at distant stage. For cancers of the
extrahepatic bile duct and ampulla of Vater, 37.9% and 53.9% of cases were diagnosed at a
regional stage, respectively. For intrahepatic bile duct cancer, 27.7% of cases were diagnosed
at regional stage and 37.1% were diagnosed at distant stage. For gallbladder cancer 38.7%
of cases were diagnosed at regional stage and 44.4% were diagnosed at distant stage. For
liver cancer 48,1% of cases were diagnosed at localized stage and 25.2% were diagnosed at
regional stage.

Mortality

During 2013-2017, there were 31,391 deaths attributed to intrahepatic bile duct cancer and
8,390 deaths attributed to other biliary tract cancers (Table 2). Compared to females (MR

= 1.49 per 100,000 for intrahepatic bile duct cancer deaths and 0.45 per 100,000 for other
biliary tract cancer deaths), death rates were higher among males for intrahepatic bile duct
cancer (1.88 per 100,000; MRR 1.26, 95% CI 1.23-1.29) and other biliary tract cancer (0.51
per 100,000; MRR 1.28, 95% CI 1.22-1.33).

Compared to non-Hispanic whites (MR = 1.62 per 100,000), death rates for intrahepatic

bile duct cancer were higher among non-Hispanic Asian/Pacific Islanders (2.08 per 100,000;
MRR 1.28, 95% CI 1.22-1.34) and Hispanics (1.85 per 100,000; MRR 1.14, 95% CI 1.09—
1.18).

By age, individuals aged 80 years or older had the highest death rate of other biliary tract
cancers (4.72 per 100,000; MRR 156.24, 95% CI 138.64-176.63) compared to individuals
younger than 50 years of age (MR = 0.03 per 100,000).
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By U.S. Census region, individuals who lived in the South at the time of diagnosis had

the lowest rate of intrahepatic bile duct cancer deaths (1.50 per 100,000; MRR 0.82, 95%
Cl 0.79-0.85) compared to individuals living in the Northeast (MR = 1.84 per 100,000).
Individuals living in the Midwest (1.76 per 100,000; MRR 0.96, 95% CI 0.93-0.99) and
West (1.72 per 100,000; MRR 0.93, 95% CI 0.90-0.97) also had a lower death rate
compared to individuals living in the Northeast. Individuals living in the Midwest had a
higher death rate of other biliary tract cancers (0.48 per 100,000; MRR 1.08, 95% CI 1.01-
1.16) compared to individuals living in the Northeast (MR=0.44 per 100,000).

During 2013-2017 there were 10,932 deaths attributed to gallbladder cancer and 96,712
deaths attributed to liver cancer. Death rate of gallbladder cancer was 0.58 per 100,000
persons. Death rate of liver cancer was 4.92 per 100,000 persons.

Discussion

Using national data, this study found differences in incidence and mortality rates for cancers
of the biliary tract by sex, race/ethnicity, age, and U.S. Census region. This study also found
that 68.1% of cancer cases of the biliary tract were diagnosed at a late stage (regional and
distant), when treatment is less effective.

Higher incidence rates of intrahepatic bile duct cancer, extrahepatic bile duct cancer, and
ampulla of Vater cancer were observed among Hispanics (all races) and non-Hispanic Asian/
Pacific Islander persons, and a higher incidence rate of overlapping and other lesions of
biliary tract was observed among American Indian/Alaska Native persons. This is consistent
with previous studies that found higher rates for each anatomic site among American
Indian/Alaska Native, Asian/Pacific Islander, and Hispanic persons.12 Etiologic research on
cancers of the biliary tract suggests that risk factors vary by anatomic site.3 As previously
mentioned, obesity, diabetes, heavy alcohol use, and smoking have been identified as risk
factors for biliary tract cancers. Further epidemiologic studies that examine risk factors by
race/ethnic groups of cancers of the biliary tract may help explain observed differences in
incidence rates.

In this study, the number of deaths attributed to intrahepatic bile duct cancer were higher
than the number of reported incident cases of intrahepatic bile duct cancer. A review of
SEER cases found that the primary site for more than a third (38%) of cholangioarcinomas
was coded to liver rather than to intrahepatic bile duct; the authors suggest that if site

of origin cannot be determined during abstraction of cholangioarcinomas cases, that it be
assigned to intrahepatic bile duct.}1 For common cancer sites, there is good agreement
(=95%) between the cancer site reported as the underlying cause of death and the cancer site
recorded in the population-based cancer registry, but less agreement for some less common
sites, such as biliary tract cancers.28

Primary sclerosing cholangitis (PSC) is defined as chronic inflammation of the biliary duct
that ultimately results in fibrosis and structuring (narrowing of duct) of the intrahepatic
and/or extrahepatic bile ducts.2” Cholangiocarcinoma cases occurring in individuals with
PSC is found synchronously with the diagnosis of PSC in 20-30% of individuals and
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within 1 year in 50%.28 Individuals with PSC also have increased incidence of gallstones,
cholecystitis, gallbladder polyps, and gallbladder cancer.29 There is not consensus for an
evidence-based guideline for cholangiocarcinoma surveillance of individuals diagnosed with
PSC.30 However, one study suggests that surveillance for bile duct cancers in individuals
with PSC may lead to improved outcomes.2® A study examining individuals with PSC in

a surveillance program found those who were diagnosed with hepatobiliary cancer and in
the program had an earlier stage of cancer diagnosis, a lower 5-year risk of a cancer-related
adverse event (32% vs 75%), and significantly higher overall survival at 5 years (68% vs
20%) compared to patients that were not in the surveillance program.3!

Smoking, alcohol, and obesity have been associated as risk factors for intrahepatic

and extrahepatic bile duct cancer.® Tobacco-related cancers could be prevented by

reducing tobacco use through sustained, comprehensive, evidence-based tobacco prevention
and control interventions.32 Alcohol-control policies and alcohol screening and brief
intervention may reduce the prevalence of heavy and binge drinking.33 Community
strategies and clinical interventions may help prevent and control overweight and obesity
and may reduce the risk of cancer.34

There are several strategies for liver cancer prevention that also may be beneficial for the
prevention of other biliary tract cancers. The hepatitis B vaccine is recommended for all
infants at birth, children and adolescents younger than 19 years of age who have not yet
been vaccinated, and adults who may be at an increased risk of hepatitis B including those
requesting protection without acknowledgement of a specific risk factor. Adults at increased
risk for HBV infection include those with travel to certain countries, work exposure to
blood, high-risk sexual behavior, injection drug use, living situations that may increase
exposure to HBV infection, and certain medical conditions.3%36 Although there is no
hepatitis C vaccine, there is a cure, and CDC now recommends universal hepatitis C virus
screening for all U.S adults and all pregnant women during every pregnancy, except in
settings where the prevalence of HCV infection is <0.1%.37

Since 1998, CDC’s National Comprehensive Cancer Control Program (NCCCP) has
provided funding, guidance, and technical assistance that state, territorial, and tribal
programs use to design and implement comprehensive cancer control (CCC) plans.38 An
Institute of Medicine report in 2010 described several barriers to hepatitis B and hepatitis
C prevention and control efforts, including a lack of knowledge and awareness among
health care providers, populations at high risk, and the public.3° Additionally, a recent
CDC Vital Signs reported that the annual rate of reported acute hepatitis C tripled from
2009 to 2018, highlighting the need to improve viral hepatitis prevention in the United
States.*0 Since 2015, the NCCCP has been engaged in implementing key liver cancer
primary prevention and early detection and screening strategies around the promotion of
vaccination and screening for viral hepatitis to prevent liver cancer in high risk populations.
The United States Preventive Services Task Force recommends screening for hepatitis B
virus (HBV) infection in adolescents and adults at increased risk for infection.*!

Although this paper did not assess temporal differences in rates during the 5-year period,
a previous study examining incidence trends during 1999-2013 of cancers of the biliary
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tract found that incidence of intrahepatic and extrahepatic cancer increased among all adults
incidence of ampulla of Vater cancer increased among younger adults (18-44 years of
age).3The opioid crisis has increased the number of people who inject drugs in the United
States and has thereby contributed to the increased risk of HCV transmission observed over
the past decade.*? The opioid crisis in addition to nonalcoholic fatty liver disease, including
nonalcoholic steatohepatitis, as an emerging cause of liver failure, may be contributing
factors to the increases in liver cancer observed in the United States.%42 Key interventions
targeted to high-risk populations may help reduce prevalence of potential risk factors by
improving knowledge and awareness of risk factors and improving prevention through
hepatitis B vaccination, use of syringe service programs, and testing and treatment for
hepatitis C meant to curb the transmission of viral hepatitis.

The findings of this study are subject to three limitations. First, delays in cancer reporting
might contribute to an underestimate of recently reported incidence rates. Second, analyses
may be biased if race or ethnicity were misclassified. Reporting of race and ethnicity uses
data from medical records and death certificates, which might be inaccurate in some cases.
Methods are used to verify that this race ethnicity data are as accurate as possible. Third,
classification of cases and deaths coded to intrahepatic bile duct and liver cancer should

be interpreted with caution. A study by Polednak et al. suggested that some deaths in the
liver-biliary tract could be miscoded; they found that only 82% of people reported to have
died from liver cancer were confirmed to have a primary liver cancer diagnosis (potential
over-reporting) and some with a liver cancer diagnosis were coded as dying from another
cause (potential under-reporting). This study also suggested that deaths for intrahepatic bile
duct cancers tended to be overreported.43

This report provides national estimates of rare biliary tract cancers, which are often
diagnosed at late stage. Key interventions targeted to high-risk populations might help
reduce incidence and mortality of cancers of the biliary tract by improving prevention of
viral hepatitis through hepatitis B vaccination, use of syringe service programs, and testing
and treatment of hepatitis C. Evidence-based prevention programs for tobacco and alcohol
use, and community and clinical interventions for obesity may also be beneficial.
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Figure 1. Stage of diagnosis® for cancers of the biliary tract, gallbladder, and liverP- United
States® 2013-2017

The figure is a bar graph that shows percentage of cases diagnosed at each stage of diagnosis
for cases of intrahepatic bile duct cancer, extrahepatic bile duct cancer, ampulla of vater
cancer, overlapping lesions of the biliary tract & NOS cancer, gallbladder cancer and liver
caner during 2013-2017.

aStage was classified using SEER Summary Stage 2000 for diagnosis years 2001-2003 and
2016-2017, Derived SEER Summary Stage 2000 for diagnosis years 2004-2014, and either
SEER Summary Stage 2000 or Derived SEER Summary Stage 2000 for diagnosis year
2015.

b Cancers diagnosed by death certificate or autopsy report were excluded.

CStage of diagnosis data were compiled from cancer registries that meet the data quality
criteria for all invasive cancer sites combined, representing 100% of the U.S. population
during 2013-2017.
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Table 1.

Average age-adjusted incidence rates” in cancer of the biliary tract, gallbladder, and liver by sex, age, race/
ethnicity, and region- United Statesb 2013-2017

Intrahepatic Bile Duct Extrahepatic Bile Duct Ampulla of Vater
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IR (95% IRR (95% IR (95% IRR (95% IR (95% IRR (95%
Characteristic n Cl) Cl) n Cl) Cl) n Cl) Cl)
Total 28,343 1.49 18,075 0.96 10,382  0.45(0.44-
(1.47- (0.95- 0.46)
1.51) 0.98)
Sex
Female 13,598 1.33 1.00 8,131 0.78 1.00 4556  0.45(0.43- 1.00
(1.31- (referent) (0.76— (referent) 0.46) (referent)
1.35) 0.80)
Male 14,745 1.69 1.27 (1.24- 9,944 1.19 1.50 (1.45- 5,826 0.70 (0.68— 1.56 (1.50-
1.66- f 1.17- f 0.71 f
(1_72) 1.30) (1_22) 1.55) ) 1.62)
Race-ethnicity
White, non- 20,823 1.47 1.00 12,953 0.91 1.00 7,287  0.51(0.50- 1.00
Hispanic (1.45- (referent) (0.89- (referent) 0.53) (referent)
1.49) 0.92)
Black, non- 2,660 1.36 0.93 (0.89- 1,770 0.96 1.06 (1.01- 993 0.53(0.49-  1.03 (0.96-
Hispanic 1.31- f 0.92— f 0.56 1.10
P (1.41) 0.97) (1.01) 1.12) ) )
American 171 1.40 0.95 (0.81- 126 1.07 1.18 (0.97- 66 0.58 (0.45-  1.14(0.87-
Indian/Alaska (1.19- 1.11) (0.88- 1.42) 075) 1.46)
Native, non- 1.63) 1.28)
Hispanic
Asian or Pacific 1,497 1.69 1.15 (1.09- 1,140 1.35 1.49 (1.40- 653 0.74 (0.68-  1.43(1.32-
Islander, non- (1.65- f 1.27- f 0.80) f
Hispanic 1.78) 1.21) 1.43) 1.59) 1.56)
Hispanic 3,057 1.72 1.17 (1.12- 1,995 1.20 1.33 (1.26— 1,323 076 (0.72-  1.49 (1.40-
1.65- f 1.15- f 0.81 f
(1.78) 1.22) (1.26) 1.39) ) 1.58)
Age (yrs)
0-49 2,042 0.21 1.00 865 0.09 1.00 680 0.07 (0.06— 1.00
(0.20- (referent) (0.08- (referent) 0.07) (referent)
0.21) 0.09)
50-59 4,927 2.18 10.60 2,340 1.03 11.93 1,624  0.73(0.69- 10.56 (9.64—
(2.11- (10.06- (0.99- (11.03- 0.76) 1" 57)f
2.24) 11.17)f 1.08) 12.92)f
60-69 8,826 5.08 24.73 4,751 2.74 31.55 2,776 1.60 (1.54- 23.27
(4.97- (23.57- (2.66— (29.33- 1.66) (21.39-
5.18) 25.97)f 281) 33.97)f 25.35)f
70-79 7,637 7.81 38.06 5,287 5.44 62.73 2,962  3.04 (2.93- 44.33
(7.63- (36.23- (5.29- (58.35- 3.16) (40.76—
7.99) 39.99)f 5.59) 67.51)f 48.27)f
>80 4,911 8.17 39.80 4,832 7.97 91.95 2,340  3.90 (3.75- 56.85
(7.94- (37.78- (7.75- (85.49- 4.07) (52.15-
8.40) 41.94)f 8.20) 98.99)f 62.03)f
Region
Northeast 5,991 171 1.00 3,828 1.09 1.00 2,065  0.59 (0.57- 1.00
(1.66— (referent) (1.06— (referent) 0.62) (referent)
1.75) 1.13)
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Intrahepatic Bile Duct Extrahepatic Bile Duct Ampulla of Vater
IR (95% IRR (95% IR(95%  IRR (95% IR (95% IRR (95%
Characteristic n CI) Cl) n Cl) CI) n Cl) Cl)
South 6,422 1.57 0.92 (0.89- 3,820 0.93 0.85 (0.82— 2,275  0.56 (0.54-  0.95(0.89-
1.53- f 0.90— f 0.58 1.01
(1.61) 0.95) (0.96) 0.89) ) )
Midwest 10,249 1.44 0.84 (0.82— 6,202 0.88 0.81 (0.78- 3,615 0.52(0.50- 0.88(0.83-
141~ f 0.86— f 0.54 f
(1. 47) 0.87) (0_91) 0.84) ) 0.93)
West 5,681 1.34 0.79 (0.76— 4,225 1.02 0.93 (0.89- 2,427  0.59(0.56-  0.99 (0.93-
1.30- f 0.98— f 0.61 1.05
(1.38) 0.81) (1.05) 0.97) ) )
Rural/urban
Urban 24,060 1.55 1.00 15,277 1.00 1.00 8,783  0.58 (0.57- 1.00
(1.53- (referent) (0.99- (referent) 0.59) (referent)
1.57) 1.02)
Rural 4,277 1.43 0.92 (0.89- 2,796 0.92 0.92 (0.88— 1,597 054 (0.51- 0.93(0.88-
1.39- f 0.89— f 0.56 f
(1. 47) 0.95) (0.96) 0.96) ) 0.98)
Overlapping and other lesions of
biliary tract Gallbladder Liver
IR (95% IRR (95% IR (95% IRR (95% IR (95% IRR (95%
Characteristic n Cl) Cl) n CI) Cl) n CI) Cl)
Total 4,540 0.24 20,709 111 140,364  7.06 (7.02—
(0.23- (1.09- 7.10)
0.25) 1.12)
Sex
Female 2,313 0.22 1.00 13,976 1.35 1.00 34,588  3.32(3.28- 1.00
(0.21- (referent) (1.33- (referent) 3.36) (referent)
0.23) 1.38)
Male 2,227 0.26 1.18 (1.11- 6,733 0.81 0.60 (0.58- 105,776 11.33 3.41(3.37-
(0.25- f (0.79- f (11.26- f
0.27) 1.26) 0.83) 0.62) 11.40) 3.45)
Race-ethnicity
White, non- 3,244 0.23 1.00 12,830 0.90 1.00 84,375 571 (5.67- 1.00
Hispanic (0.22- (referent) (0.88- (referent) 5.75) (referent)
0.24) 0.91)
Black, non- 476 0.26 1.14 (1.03- 3,232 1.75 1.94 (1.87- 21,223 971 (9.57- 170 (1.67-
Hispanic 0.24- f 1.68- f 9.84 f
P (0.28) 1.26) (1.81) 2.02) ) 1.73)
American 46 0.42 1.87 (1.34- 204 1.82 2.02 (1.74- 1,748 13.01 2.28 (2.17-
Indian/Alaska (0.31- f (1.56- f (12.37- f
Native, non- 0.47) 2.53) 2.00) 2.33) 13.66) 2.39)
Hispanic
Asian or Pacific 193 0.23 1.02 (0.87- 1,066 1.23 1.37 (1.28- 9,984 10.99 1.92 (1.88-
Islander, non- (0.20- 1.18) (1.15- f (10.77- f
Hispanic 0.27) 1.31) 1.46) 11.21) 1.96)
Hispanic 552 0.32 1.43 (1.30- 3,248 1.89 2.10 (2.02- 22,285 11.86 2.08 (2.05-
(0.30- f (1.82- f (11.70- f
0.35) 157) 1.96) 2.19) 12.03) 2.11)
Age (yrs)
0-49 217 0.02 1.00 1,119 0.11 1.00 7,673  0.75(0.74- 1.00
(0.02— (referent) (0.11- (referent) 0.77) (referent)
0.02) 0.12)
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Intrahepatic Bile Duct Extrahepatic Bile Duct Ampulla of Vater
IR (95% IRR (95% IR(95%  IRR (95% IR (95% IRR (95%
Characteristic n CI) Cl) n Cl) CI) n Cl) Cl)
50-59 663 0.29 13.62 2,921 1.30 11.54 34,394 15.01 19.89
(0.27- (11.66- (1.25- (10.76- (14.85- (19.40-
0.32) 15_97)f 1.35) 12.38)f 15.17) 20_39)f
60-69 1,133 0.65 30.19 5,428 3.13 27.82 54,103 30.97 41.04
(0.61- (26.08- (3.04- (26.07- (30.71~ (40.07-
0.69) 35.09)f 3.21) 29.70)f 31.23) 42_04)f
70-79 1,288 1.33 61.50 6,074 6.25 55.61 28,057 28.59 37.89
(1.26- (53.20- (6.09- (52.16- (28.26- (36.94-
1.40) 71_?’g)f 6.41) 59.34)f 28.93) 38.87)f
=80 1,239 2.03 93.87 5,167 8.55 76.04 16,137 27.04 35.84
(1.91- (81.16- (8.31- (71.25- (26.63- (34.88-
2.14) 109.01)f 8.78) 81.21)f 27.47) 36.84)f
Region
Northeast 854 0.24 1.00 4,394 1.26 1.00 24,682  6.76 (6.67- 1.00
(0.23- (referent) (1.22- (referent) 6.84) (referent)
0.26) 1.30)
South 954 0.23 0.96 (0.87— 4,477 1.10 0.87 (0.84— 24,725 574 (5.67-  0.85(0.83-
0.22- 1.06 1.07- f 5.81 f
(0.25) ) (1.13) 0.91) ) 0.87)
Midwest 1,679 0.24 0.98 (0.90- 7,216 1.03 0.82 (0.79- 56,281  7.54 (7.48-  1.12 (1.10-
0.23- 1.07 1.00- f 7.61 f
(0.25) ) (1.05) 0.85) ) 1.13)
West 1,053 0.25 1.05 (0.95— 4,622 1.12 0.89 (0.85— 34,676  7.80(7.72-  1.15(1.14-
0.24— 1.15 1.08- f 7.88 f
(0.27) ) (1.15) 0.93) ) 117)
Rural/urban
Urban 3,836 0.25 1.00 17,659 1.16 1.00 120,140  7.40 (7.35— 1.00
(0.24- (referent) (1.14- (referent) 7.44) (referent)
0.26) 1.18)
Rural 702 0.24 0.94 (0.86— 3,042 1.01 0.87 (0.84— 20,177  6.49(6.39-  0.88 (0.86—
(0.22- 1.02) (0.98- f 6.58) f
0.25) 1.05) 0.91) 0.89)

Abbreviations: IR = incidence rate; IRR = incidence rate ratio; Cl = confidence interval.

aPer 100,000 standard population; overall rates were age-adjusted to the 2000 U.S. standard population.

Cancer incidence data were compiled from cancer registries that meet the data quality criteria for all invasive cancer sites combined, representing

100% of the U.S. population during 2013-2017.

c . .
Categories may not add to total because of rounding and because unknown values were excluded.

a,_ . . . . . .
Racial and ethnic groups are mutually exclusive. Hispanic persons can be any race. Rates are not presented as a separate category for those with

unknown or other race or unknown ethnicity.

e . . . . . .
The U.S. Department of Agriculture Economic Research Service 2013 vintage rural-urban continuum codes were used to categorize county
residence at time of cancer diagnosis as urban (codes 1-3) or rural (codes 4-9) (https://www.ers.usda.gov/data-products/rural-urban-continuum-

codes).

fSignificant at P<0.05.
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Average annual mortality rates” in cancer of the biliary tract, gallbladder, and liver by sex, age, race/ethnicity,
and region- United Statesb 2013-2017

Characteristic

n

Intrahepatic Bile Duct

IR (95% CI)

IRR (95% CI)

n

Other Bile Duct

IR (95% CI)

IRR (95% Cl)

Total 31,391 1.66 (1.65-1.68) 8,390 0.45 (0.44-0.46)
Sex
Female 15,454 1.49 (1.47-1.52) 1.00 (referent) 4,218 0.40 (0.39-0.41) 1.00 (referent)
Male 15,937 1.88 (1.85-1.91) 1.26 (1.23—1.29)f 4,172 0.51 (0.49 -0.53) 1.28 (1_22_1_33)f
Race-ethnicity
White, non-Hispanic 23,169 1.62 (1.60-1.65) 1.00 (referent) 6,392 0.44 (0.43-0.45) 1.00 (referent)
Black, non-Hispanic 3,054 1.62 (1.56-1.68) 1.00 (0.96-1.04) 773 0.43 (0.40-0.46) 0.97 (0.90-1.05)
American Indian/Alaska 203 1.75 (1.51-2.02) 1.08 (0.93-1.25) 42 0.38 (0.27-0.52) 0.87 (0.62-1.19)
Native, non-Hispanic
Asian or Pacific Islander, 1,782 2.08 (1.98-2.18) f 403 0.48 (0.44-0.53) 1.09 (0.98-1.21)
non-Hispanic 1.28 (1.22-1.34)
Hispanic 3,118 1.85(1.78-1.91) 114 (1.09—1.18)f 767 0.47 (0.43-0.50) 1.06 (0.98-1.14)
Age (yrs)
0-49 1,718 0.17 (0.16-0.18) 1.00 (referent) 300 0.03 (0.03-0.03) 1.00 (referent)
50-59 4,619 2.05 (1.99-2.11) 11.83(11.19-12.52) 858 0.38 (0.35-0.40) 12.48 (10.92-
14.29)f
60-69 8,855 5.10 (4.99 - 5.20) 29.47 (27.98-31.06) 1,947 1.12 (1.07-1.17) 37.10 (32.83-
42.06)"
70-79 8,847 9.09 (8.90-9.28) 52.56 (49.89-55.39) 2,383 2.46 (2.36-2.56) 81.41 (72.15-
92.15)f
280 7,352 12.15 (11.87- 70.25 (66.64-74.10) 2,902 4.72 (4.55 -4.89) 156.24 (138.64—
12.43) 176.63)f
Region
Northeast 6,453 1.84 (1.79-1.88) 1.00 (referent) 1,573 0.44 (0.42-0.46) 1.00 (referent)
South 7,231 1.76 (1.72-1.80) 0.96 (0.93_099))‘ 1,957 0.48 (0.46-0.50) 1.08 (1.01—1.16)f
Midwest 10,290 1.50 (1.48-1.53) 0.82 (0.79—0.85)f 2,961 0.44 (0.42-0.46) 1.00 (0.94-1.06)
West 7,183 1.72 (1.68-1.76) 0.93 (0.90—0.97)f 1,815 0.44 (0.42-0.46) 1.00 (0.93-1.07)
Rural/urban
Urban 26,691 1.70 (1.68-1.72) 1.00 (referent) 6,921 0.44 (0.43-0.46) 1.00 (referent)
Rural 4,700 1.49 (1.44-1.53) 0.87 (0.85—0.90)f 1,469 0.46 (0.44-0.48) 1.03 (0.98-1.10)
Gallbladder Liver
Characteristic n IR (95% ClI) IRR (95% CI) n IR (95% CI) IRR (95% CI)
Total 10,932 0.58 (0.57-0.60) 96,772 4.92 (4.89-4.95)
Sex
Female 7,362 0.71 (0.69-0.72) 1.00 (referent) 26,285 2.49 (2.46-2.52) 1.00 (referent)
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Intrahepatic Bile Duct

Other Bile Duct

Characteristic n IR (95% ClI) IRR (95% CI) n IR (95% CI) IRR (95% CI)
Male 3,563 0.44 (0.42-0.45) 0.62 (0.59—0.64)f 70,487 7.75 (7.69-7.81) 311 (3.07—3.16)f
Race-ethnicity
White, non-Hispanic 7,183 0.50 (0.49-0.51) 1.00 (referent) 61,443 0.51 (0.50-0.52)
Black, non-Hispanic 1,586 0.88 (0.84-0.93) 177 (1671 87)f 14,656 0.90 (0.85-0.95) 169 (1.66-1 72)f
American Indian/Alaska 105 0.99 (0.80-1.21) f 974 1.09 (0.881.32) f
Native, non-Hispanic 1.99 (1.61-2.42) 1.87 (1.75-2.00)
Asian or Pacific Islander, 585 0.70 (0.64-0.76) f 6,235 0.68 (0.63-0.75) f
non-Hispanic 1.39 (1.27-1.52) 1.72 (1.67-1.76)
Hispanic 1,443 0.88 (0.83-0.92) 175 (1.65—1.86)f 13,098 0.90 (0.85-0.95) 1.80 (1.76—1.84)f
Age (yrs)
0-49 424 0.04 (0.04-0.05) 1.00 (referent) 3,439 0.34 (0.33-0.35) 1.00 (referent)
50-59 1,242 0.55 (0.52-0.58) f 19,612 8.52 (8.40-8.64) 25.05 (24.15-
12.93 (11.57-14.48) P
25.98)
60-69 2,656 1.53 (1.47-1.59) f 33973 19.46 (19.25-19.67) 57.21 (55.23-
35.79 (32.29-39.76) f
59.27)
70-79 3,200 3.30 (3.19-3.41) f 21817 22.37(22.07-22.67) 65.66 (63.43-
77.13 (69.66-85.59) F
68.20)
280 3,403 5.59 (5.40-5.78) 130.75 (118.13 - 17,931  29.70 (29.26-30.14) 87.31 (84.16—
145.04)f 90.59)f
Region
Northeast 2,222 0.63 (0.60-0.66) 1.00 (referent) 15,459 4.23 (4.17-4.30) 1.00 (referent)
South 2,430 0.60 (0.57-0.62) 0.95 (0.89-1.00) 17,716 4.15 (4.08-4.21) 0.98 (0.96-1.00)
Midwest 3,701 0.55 (0.53-0.57) 0.87 (0.82—0.92)f 38,748 5.44 (5.39-5.50) 1.29 (1.26—1.31)f
West 2,445 0.59 (0.57-0.62) 0.94 (0.88—0.99)f 23,438 5.36 (5.29-5.43) 127 (1_24_1_29)f
Rural/urban
Urban 9,170 0.59 (0.58-0.60) 1.00 (referent) 81,283 4.96 (4.92-4.99) 1.00 (referent)
Rural 1,755 0.55 (0.53-0.58) 0.94 (0.89-0 gg)f 15,489 4.75 (4.67-4.82) f

0.96 (0.94-0.97)

Abbreviations: MR = mortality rate; MRR = mortality rate ratio; Cl = confidence interval.

aPer 100,000 standard population; overall rates were age-adjusted to the 2000 U.S. standard population.

bbData are from CDC’s National Center for Health Statistics National Vital Statistics System.

c . .
Categories may not add to total because of rounding and because unknown values were excluded.

a,_ . . . . . .
Racial and ethnic groups are mutually exclusive. Hispanic persons can be any race. Rates are not presented as a separate category for those with

unknown or other race or unknown ethnicity.

eThe U.S. Department of Agriculture Economic Research Service 2013 vintage rural-urban continuum codes were used to categorize county
residence at time of cancer death as urban (codes 1-3) or rural (codes 4-9) (https://www:.ers.usda.gov/data-products/rural-urban-continuum-codes).
Mortality data for rural-urban status were available for grouped years 2012-2016.

fSignificant at P<0.05
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