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BACKGROUND AND AIMS: Biliary tract cancer (BTC) consists
of a group of hepatic and perihepatic tumors that are in close
proximity but are anatomically different, including gallbladder
cancer (GBC), cholangiocarcinoma (extrahepatic and intra-
hepatic [ICC]), and ampulla of Vater cancer (AVC). Most
epidemiologic research has focused on 1 or more anatomic
subtypes, or does not differentiate BTC from hepatocellular
carcinoma or other primary liver cancers. Here, we provide
a descriptive update on global incidence and mortality rates
for BTC, overall and by anatomic subtypes. METHODS:
Age-standardized rates (per 100,000 person-years) were
derived from the International Agency for Research on Cancer,
Cancer Incidence in Five Continents, Volume XI (2008-2012;
22 countries), and the World Health Organization Mortality
Database (2006-2016; 38 countries). RESULTS: BTC incidence
varied by country, with the highest in Chile (14.35) and the
lowest in Vietnam (1.25). Mortality rates for BTC were highest
for the Republic of Korea (11.64) and lowest for the Republic of
Moldova (1.65). BTC mortality rates increased over time in 24
of 34 countries. Patients aged >75 years had 5-10 times higher
mortality rates than the overall BTC rate in all countries. In
most countries, incidence rates were highest for GBC, and
mortality rates highest for ICC, while both were lowest for AVC.
Females had and died from GBC more frequently than males.
For ICC, extrahepatic cholangiocarcinoma, and AVC, males
trended toward higher incidence and mortality rates.
CONCLUSION: The increasing incidence and mortality trends
reported here indicate a need for improved prevention and
treatment for all BTC subtypes.

Keywords: Biliary Tract Neoplasms; Epidemiological Studies;
Patient-Focused Care; Public Health

Introduction

B iliary tract cancer (BTC) comprises a diverse group
of epithelial hepatic and perihepatic malignancies
that emerge from the biliary tree. The anatomic subtypes
comprise gallbladder cancer (GBC), cholangiocarcinoma
(both extrahepatic [ECC] and intrahepatic [ICC]), and
ampulla of Vater cancer (AVC)." Considered a rare cancer in
most of the world, incidence of BTC and its subtypes varies
greatly between geographic regions. It is diagnosed most

frequently in East Asian and South American countries and
is associated with risk factors such as liver fluke infection,
chronic liver disease, inflammatory biliary tract diseases,
obesity, and tobacco and alcohol use, depending on sub-
type.” ° Due to the asymptomatic behavior of BTC, diagnosis
most frequently occurs at advanced stages of disease, when
treatment options are limited.” The 5-year survival rate for
the United States (US) and European patients with BTC is
less than 20%.%’

Few studies compare the epidemiology of BTC across all
subtypes, and even fewer do so across multiple global re-
gions. In studies that have reported data from multiple
countries, the focus is often limited to only 1 or 2 anatomic
subtypes, multiple BTC subtypes are grouped and reported
as one, or BTC is not differentiated from hepatocellular
carcinoma or other types of primary liver cancer.'®** Torre
et al*! previously reported global trends in BTC mortality;
however, data collection was limited to GBC and other and
unspecified cancers of the biliary tract, notably excluding
ICC. Results were reported for the combined BTC group,
giving no insights into global mortality rates for specific
disease subtypes.'’ Similarly, Ouyang et al'® recently re-
ported on global BTC burden but did not stratify the results
by anatomic location, and ICC was excluded from the ana-
lyses. As classification coding systems have evolved to
better define BTC subtypes, analysis of data coded with
older versions may lead to misinterpretation of previous
disease incidence rates.'* However, it is evident from
existing literature that BTC subtypes have differing risk
factors, prognoses, and outcomes after treatment and that
epidemiologic trends should be discussed separately, as
well as together, to facilitate comparisons with other
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biliary tract cancer; ECC, extrahepatic cholangiocarcinoma; GBC, gall-
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cer’s Cancer Incidence in Five Continents, Volume XI; ICC, intrahepatic
cholangiocarcinoma; WHO, World Health Organization.
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studies.”>° Thus, there is a need to define accurate epide-
miologic trends that will allow specific risk factors to be
identified, guiding experts in implementing policies to
improve diagnosis and survival. Here, we performed a
cross-sectional study of incidence and mortality data from 2
international databases to analyze trends in overall BTC
and each anatomic subtype, by country, region, gender, and
age. To our knowledge, this is the first report combining
data on worldwide incidence and mortality of all BTC
subtypes per the International Classification of Diseases,
Tenth Revision.

Methods
Study Design and Data Sources

Incidence estimates of BTC were extracted on December 02,
2019, from the International Agency for Research on Cancer’s
Cancer Incidence in Five Continents, Volume XI (IARC CI5-XI).
IARC CI5-XI combines high-quality cancer incidence data for
diagnoses made between 2008 and 2012 from 343 population-
based cancer registries in 65 countries.'? Countries with inci-
dence data obtained postmortem, or from patients with an
unknown diagnosis year, were excluded. Data by ethnicity and
race were not available from IARC CI5-XI. Data regarding the
incidence of BTC in the US population from 2008 to 2012 were
obtained from the US National Program of Cancer Registries,
which collects cancer occurrence, treatments, and outcomes
representing 97% of the US population.'”

BTC mortality data were obtained from the World Health
Organization (WHO) Mortality Database, which collects annual
mortality data, including age, gender, and cause of death, from
member states’ death registration systems.'® Cross-sectional
mortality rates for 2006-2016 were compiled, and countries
were excluded if there were <5 years of data on both patients
with BTC and the general population and if they reported
<85% death registration coverage in the most recent period.
Quality of mortality data is shown in Table A1.

Patients diagnosed with any primary BTC (according to the
International Classification of Diseases, Tenth Revision) in
IARC CI5-XI or in the WHO Mortality Database were included
in the analysis (Table A2). Patients with BTC diagnoses per the
International Classification of Diseases for Oncology, Third
Edition, were obtained from the US National Program of
Cancer Registries (Table A2). As BTC is extremely rare in
young adults and children,'” only patients aged >20 years
were included. All data were collected, deidentified, and made
publicly available by the respective database organizations; as
such, institutional review board approval was not required for
this study.

All authors had access to the study data and reviewed and
approved the final manuscript.

Statistical Analysis

All analyses were performed in R 4.0.2 or Microsoft Excel.
For both mortality and incidence, data were evaluated for all
BTCs, and for each BTC anatomic subtype, by geography and
gender. Mortality data were also evaluated by age. All rates
were age-standardized and reported per 100,000 person-years.
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Figure 1. Incidence of BTC (A) overall and (B) for subtypes, by
country, from 2008 to 2012. ASR, age-standardized
rate; AVC, ampulla of Vater Cancer; BTC, biliary tract cancer;
ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder
cancer; ICC, intrahepatic cholangiocarcinoma; NOS, not
otherwise specified.

Incidence and mortality rates were adjusted to the 1960 Segi
World Standard Population,** consistent with recent mortality
analyses in BTC.">'! Rates based on <15 BTC cases or deaths
were excluded. In IARC CI5-XI, the number of cases and cor-
responding person-years at risk are directly available for each
age group for the BTC subtypes ICC and GBC and all other BTC
types (all C24); however, to calculate the age-standardized rate
for AVC, ECC, and “not otherwise specified,” we assumed the
same age distribution of cases.

The relative mortality rate is the ratio of age-standardized
mortality rate for patients aged 75+ years and those aged be-
tween 20 and 75 years. Temporal trends of BTC mortality rates
were analyzed by estimating annual percent change using the
weighted least squares method.
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Table 1. Incidence Rates of BTC Subtypes, by Country and Gender, 2008-2012

ECC ICC GBC AVC

Country M F M F M F M F

Argentina 0.12 0.10 0.68 0.55 1.69 2.36 0.16 0.19
Australia 0.67 0.44 0.74 0.55 0.52 0.94 0.43 0.25
Brazil 0.51 0.40 0.51 0.46 0.64 1.27 0.40 0.32
Bulgaria 0.42 0.24 0.42 0.24 0.69 1.39 0.32 0.18
Canada 0.83 0.58 0.51 0.45 0.54 0.89 0.43 0.28
Chile 0.38 0.45 0.28 0.24 5.05 13.75 0.92 0.72
China 1.01 0.85 0.70 0.47 1.07 1.63 0.27 0.19
France 0.80 0.42 1.32 0.76 0.45 0.64 0.52 0.34
Germany 0.98 0.56 0.80 0.59 0.48 0.85 0.53 0.31
Hong Kong 0.99 0.55 0.72 0.62 0.84 0.99 0.55 0.32
India 0.13 0.11 0.51 0.38 0.98 1.96 0.53 0.34
Italy 1.06 0.73 0.88 0.59 0.81 1.23 0.50 0.30
Japan 3.68 1.85 0.90 0.49 1.96 1.89 0.61 0.32
Poland 0.1 0.13 0.47 0.47 0.80 217 0.51 0.32
Republic of Korea 3.81 1.89 3.10 1.41 2.99 2.83 1.16 0.75
Spain 0.89 0.49 0.88 0.57 0.66 0.96 0.63 0.30
Switzerland 0.72 0.51 0.97 0.73 0.39 0.63 0.51 0.23
Thailand 1.50 0.72 2.26 1.28 0.71 1.03 0.49 0.39
Turkey 0.57 0.39 0.35 0.28 0.55 1.04 0.57 0.33
United Kingdom 0.37 0.31 0.76 0.69 0.34 0.68 0.42 0.28
United States 0.68 0.47 0.72 0.57 0.47 0.82 0.40 0.25
Vietnam 0.10 0.10 0.18 0.14 0.33 0.42 0.29 0.15

Rates are age-standardized and reported as cases per 100,000 person-years.

AVC, ampulla of Vater cancer; BTC, biliary tract cancer; ECC, extrahepatic cholangiocarcinoma; F, female; GBC, gallbladder

cancer; ICC, intrahepatic cholangiocarcinoma; M, male.

Results
Incidence Rates

BTC Overall. Twenty-two countries met the criteria
for inclusion: diagnoses recorded prior to death, year of
diagnoses known, and rates based on >15 BTC cases. BTC
incidence rates (cases per 100,000 person-years) varied
widely, ranging from 12.42 in Chile to 1.12 in Vietnam
(Figure 1A). Countries in the Asia-Pacific region and South
America had overall higher incidence rates (Asia-Pacific,
1.12-9.00; South America, 2.73-12.42) than European and
North American countries (Europe, 2.00-3.59; North
America, 2.33-2.35) (Figure 1A). Similarly, within the
United States, the BTC incidence rate was 1.3-fold higher for
Asian-Americans than that for the general US population
(2.99 vs 2.33).

ECC. The highest ECC incidence rate was in the Re-
public of Korea, with a rate of 2.71, and lowest in Vietnam
and Argentina (0.10 and 0.11, respectively) (Figure 1B and
Table A3). In Bulgaria, France, Germany, Hong Kong, Japan,
the Republic of Korea, and Thailand, incidence of ECC in
males was about twice higher than that in females (Table 1).

ICC. ICC incidence rate was highest in the Republic of
Korea (2.18) and lowest in Vietnam (0.16) (Figure 1B and
Table A3). ICC incidence in males was approximately twice

as high as that in females in Bulgaria, France, Japan, the
Republic of Korea, and Thailand (Table 1).

GBC. GBC was the most common subtype of new BTC
cases in 16 (73%) countries (Figure 1B and Table A3). GBC
incidence was highest in Chile, with a rate of 9.68, which
was over 3 times greater than the second highest GBC
incidence rate (Republic of Korea, 2.90). Females trended
toward higher incidence of GBC than males, with 10 coun-
tries having rates up to 2 times greater, and rates in Chile
and Poland being around 3 times greater (Table 1).

AVC. AVC had the lowest incidence of all subtypes in
17 countries (77%) (Figure 1B and Table A3). AVC inci-
dence rates were highest in the Republic of Korea (0.93) and
lowest in Argentina (0.18). For AVC, a trend of higher inci-
dence in males was observed in all countries except
Argentina, where the incidence was similar between males
and females (Table 1).

Mortality

BTC Overall. Thirty-four countries met the criteria
for inclusion (>5 years of data on both patients with BTC
and the general population, and >85% death registration
coverage), and all were in either the Asia-Pacific or Euro-
pean regions. The highest BTC mortality rate (deaths per
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Figure 2. Mortality rates for BTC (A)
overall, (B) overall in patients aged
>75 years, and (C) for subtypes, by
country, from 2006 to 2016. ASR,
age-standardized rate; AVC, ampulla of
Vater Cancer; BTC, biliary tract cancer;
ECC, extrahepatic cholangiocarcinoma;
GBC, gallbladder cancer; ICC, intra-
hepatic cholangiocarcinoma; NOS, not
otherwise specified.

100,000 person-years) of 11.64 occurred in the Republic of
Korea, and the lowest rate of 1.65 was in the Republic of
Moldova (Figure 2A). In all countries, elderly patients (aged
>75 years) had much higher BTC mortality rates than the
overall population (Figure 2B and Table A4). The Republic
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of Korea had the highest (130.92) and the Republic of
Moldova the lowest (9.06) BTC mortality rate for elderly
patients. The relative mortality rate increase per 100,000
person-years for elderly patients, compared with all pa-
tients, was highest for Japan (20.33) and lowest in the
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Table 2. BTC Mortality Rate Change for All Countries Included in the Analysis

Country Earliest year ASR Latest year ASR APC

Australia 2006 2.82 2016 3.43 2.20 A
Austria 2006 4.27 2016 4.07 0.03 -
Belgium 2006 2.80 2016 2.94 1.06 A
Bulgaria 2006 1.10 2015 2.08 5.92 A
Croatia 2006 4.89 2016 4.97 0.22 A
Cyprus 2006 2.45 2016 2.80 1.43 A
Czech Republic 2006 7.06 2016 5.52 —2.51 v
Denmark 2006 2.55 2015 3.52 3.87 A
Estonia 2006 0.44 2016 0.61 3.25 A
France 2006 3.06 2014 3.38 1.55 A
Georgia 2006 0.74 2015 2.05 16.84 A
Germany 2006 4.08 2016 4.10 0.49 A
Hungary 2006 5.37 2016 4.81 —-1.33 v
Iceland 2006 3.77 2016 0.66 —22.79 v
Ireland 2007 3.75 2015 3.88 1.54 A
Israel 2006 2.44 2016 2.21 -0.29 v
Italy 2006 4.28 2015 4.15 -0.18 v
Japan 2006 8.12 2016 6.59 —2.01 v
Latvia 2006 0.91 2015 2.83 15.10 A
Lithuania 2006 2.38 2016 3.76 5.35 A
Malta 2006 2.85 2015 3.62 —0.63 v
Netherlands 2006 2.35 2016 3.69 4.65 A
New Zealand 2006 3.41 2013 3.53 0.59 A
Norway 2006 2.22 2016 3.17 3.52 A
Poland 2006 4.24 2016 3.97 —-0.99 v
Portugal 2007 3.25 2016 4.42 3.78 A
Republic of Korea 2006 3.62 2016 11.22 3.67 A
Republic of Moldova 2006 0.89 2016 1.32 1.58 A
Romania 2006 2.29 2016 2.53 1.41 A
Slovakia 2006 3.21 2014 6.47 10.26 A
Spain 2006 3.61 2015 3.96 1.12 A
Sweden 2006 4.43 2016 4.16 -0.30 v
Switzerland 2006 3.27 2013 3.42 —0.09 A\ 4
United Kingdom 2006 2.59 2016 3.83 4.01 A

A , Mortality rate increased in the specified time period; ¥, mortality rate decreased in the specified time period; —, little to no

change in the mortality rate in the specified time period (<+0.1 APC).

APC, annual percent change; ASR, age-standardized rate; BTC, biliary tract cancer.

Republic of Moldova (6.55) (Table A4). Elderly patients
(aged >75 years) had strikingly high BTC mortality rates,
compared with the overall population, in all countries (P <
.001) (Figure 2B and Table A5). Higher-than-average mor-
tality rates in multiple BTC subtypes were observed for
Japan and the Republic of Korea.

BTC mortality rates increased over time for 24 of the 34
countries (71%) (Table 2). Georgia had the greatest increase
(16.84%), and Iceland the greatest decrease (—22.79%) in
annual BTC mortality rate (Table 2).

ECC. The ECC mortality rate in Japan was the highest
of all 34 countries studied and was 6 times greater than
the average rate of all countries (3.37 vs 0.57). Males had
higher ECC mortality than females in 28 countries (82%)
(Table 3).

ICC. Of the BTC subtypes, ICC had the highest mortality
rate in 25 of the 34 countries (74%), with 7 of those
exhibiting rates of >2 (Figure 2C). The Republic of Korea
had the highest ICC mortality rate (4.24) (Figure 2C). ICC
mortality was higher in males, than in females, in 33
countries (97%) (Table 3).

GBC. In the remaining 9 countries for which ICC mor-
tality was not the highest, the GBC mortality rate was
highest in all (26%), with 7 of the countries exhibiting
mortality rates of >2 (Figure 2C). The Republic of Korea had
the highest GBC mortality rate (3.24) (Figure 2C). GBC
mortality rates were higher in males in 4 countries (12%)
(Table 3).

AVC. AVC had the lowest mortality rate in 21 countries
(62%) (Table A5) and was higher for males in 33 countries
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Table 3. Mortality Rates of BTC Subtypes, by Country and Gender, 2006-2016

ECC ICC GBC AVC

Country M F M F M F M F

Australia 0.16 0.11 2.65 2.14 0.44 0.83 0.12 0.06
Austria 1.23 0.91 2.95 1.94 0.70 1.27 0.34 0.23
Belgium 0.20 0.11 2.35 1.77 0.33 0.52 0.19 0.14
Bulgaria 0.23 0.27 0.35 0.33 0.96 1.32 0.23 0.05
Croatia 1.15 0.68 1.69 1.13 2.02 3.14 0.65 0.42
Cyprus 0.38 0.22 2.59 1.52 0.51 0.70 0.29 0.34
Czech Republic 0.87 0.64 0.97 0.72 2.14 BN5! 0.44 0.23
Denmark 0.28 0.36 1.23 1.20 0.33 0.47 0.17 0.13
Estonia 0.70 0.32 1.51 0.96 0.40 1.07 0.61 0.43
France 0.15 0.09 2.87 1.73 0.32 0.49 0.28 0.16
Georgia 0.06 0.07 1.34 0.55 0.60 0.80 0.17 0.10
Germany 1.18 0.89 2.03 1.42 0.74 1.39 0.31 0.19
Hungary 1.27 0.98 0.72 0.48 1.67 2.92 0.56 0.34
Iceland 0.83 0.59 1.59 217 0.86 0.53 1.34 0.34
Ireland 0.20 0.19 3.26 2.92 0.45 0.97 0.13 0.08
Israel 0.10 0.09 1.67 1.54 0.34 0.74 0.20 0.15
Italy 0.42 0.26 1.65 1.09 0.89 1.43 0.34 0.20
Japan 5.35 2.69 1.98 1.05 2.49 2.57 0.53 0.31
Latvia 0.67 0.39 1.05 0.87 0.39 0.69 0.44 0.26
Lithuania 0.53 0.38 1.17 0.95 0.64 1.22 0.47 0.31
Malta 0.52 0.67 2.50 1.18 0.90 0.63 0.44 0.40
Netherlands 0.71 0.59 1.58 1.18 0.43 0.77 0.21 0.16
New Zealand 0.43 0.27 2.07 1.75 0.53 1.10 0.34 0.33
Norway 0.16 0.11 1.74 1.63 0.28 0.49 0.16 0.11
Poland 0.25 0.22 0.26 0.22 1.31 3.45 0.64 0.38
Portugal 0.69 0.43 2.47 1.30 0.50 0.64 0.47 0.23
Republic of Korea 4.60 2.27 6.37 3.39 3.76 3.51 0.75 0.49
Republic of Moldova 0.22 0.15 0.49 0.37 0.51 0.82 0.25 0.18
Romania 0.50 0.37 0.65 0.38 0.99 0.95 0.15 0.10
Slovakia 0.57 0.66 1.11 0.65 217 4.03 0.43 0.23
Spain 0.15 0.08 2.80 1.70 0.59 0.90 0.37 0.18
Sweden 1.06 1.19 1.12 1.01 0.72 1.74 0.16 0.11
Switzerland 0.53 0.49 217 1.72 0.43 0.89 0.31 0.18
United Kingdom 0.11 0.08 2.67 2.49 0.38 0.79 0.16 0.11

Rates are age-standardized and reported as cases per 100,000 person-years.

AVC, ampulla of Vater cancer; BTC, biliary tract cancer; ECC, extrahepatic cholangiocarcinoma; F, female; GBC, gallbladder
cancer; ICC, intrahepatic cholangiocarcinoma; M, male.

(97%) (Table 3). In Bulgaria and Iceland, the AVC mortality
rate was about 4 times greater for males than for females.

Discussion

This analysis combines incidence and mortality of
overall BTC, and its anatomic subtypes, into one report for
the first time. Overall, our analysis is consistent with past
studies showing variation of BTC incidence and mortality
across countries and regions, with generally higher rates in
Asia and South America than in Europe and North Amer-

ica.>>'%11 Across most countries, GBC accounted for the
greatest number of new cases, whereas ICC was the most

frequent cause of death among the BTC subtypes. BTC
mortality increased during the defined time period in the
majority of countries analyzed. These findings differ from
the study by Torre et al,"’ in which mortality caused by
gallbladder and other types of BTC decreased in most
countries, including the Republic of Korea and several
countries in Europe, which had increased mortality in this
analysis. These discrepancies may be attributed to the
exclusion of ICC data from the study of Torre et al'" as ICC
had the highest mortality rate in the majority of countries in
the present study. Furthermore, Bertuccio et al'® found that
from 2002 to 2012, ICC mortality increased globally while
ECC mortality decreased, further highlighting the impor-
tance of differentiating between BTC subtypes in global
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epidemiological studies. The mortality rate of BTC was
approximately 5- to 10-fold higher in elderly patients than
the overall BTC mortality rate in each country, which may
coincide with diagnosis of BTC subtypes averaging in the
sixth and seventh decades of life."®'? In addition, comor-
bidity in elderly patients may limit curative treatment op-
tions, and therefore have an adverse effect on patient
outcomes.”’

The higher BTC incidence and mortality rates observed
in Asian countries compared with other regions is consis-
tent with well-known infection-related risk factors. Hepati-
tis B and C viral infections are prevalent in many Asian
countries and associated with an increased risk of ICC.*"**
ECC and ICC incidence is high in East Asian countries, where
infection with liver flukes, a well-established risk factor, is
endemic.” Although we report the BTC incidence rate in
Thailand as one of the highest among the countries included
in this analysis, a recent study showed a decrease in chol-
angiocarcinoma incidence between 2002 and 2013 in a
northern Thailand province, which coincided with preventa-
tive measures concerning liver flukes.”* ECC and ICC had the
top 2 incidence rates for Thailand in our analysis, indicating
that it is still an important driver of BTC development.

Comorbidities such as obesity, nonalcoholic fatty liver
disease, and diabetes may also contribute to the risk of
developing BTC,”>*% and their increasing prevalence may
contribute to high BTC incidence.””?° A meta-analysis of
observational studies found that body mass index status of
overweight and obese patients was associated with
increased risk of ECC and GBC,?® while a different study
suggested that diabetes and obesity increased the risk of
ICC.*” Nonalcoholic fatty liver disease is associated with
increased risk of ICC.?® In addition, data from 26 pooled
prospective studies demonstrated that smoking increased
risk of all subtypes of BTC, except GBC, with observed dose-
response effects for smoking pack-years, duration, and in-
tensity.” Meanwhile, alcohol consumption was associated
with ICC, with evidence of a dose-response trend.® This
study highlights how each subtype may be vulnerable to
specific risk factors and emphasizes the value of separating
epidemiologic data by subtype in order to better understand
disease etiology.

Variation of incidence and mortality of overall BTC and
its subtypes is also partly driven by genetic predisposition.
Gallstones are linked to GBC development,31 as evidenced in
Chilean native females (approximately 50% gallstone
prevalence and 27/100,000 cancer incidence) compared
with white American females (approximately 17% and
2/100,000).% This is especially striking, as GBC is a rare
cancer worldwide, yet in Chile, it was the number one cause
of cancer death in females (2003-2007).>* On the other
hand, the high incidence of GBC in India is disproportionate
to the low prevalence of gallstones in the country, and the
geographic variation in incidence consistent with the route
of the Ganges river indicates that other risk factors may be
involved, such as soil and water contamination by industrial
wastes, agricultural runoff, and human sewage.34 Asian
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countries included in our analysis had high overall BTC
incidence rates, which can be explained by these environ-
mental factors. However, the higher rates found in Asian
populations may not be entirely geographic, as Asian-
Americans also suffered higher BTC incidence than the
overall US population, as reported here.

A higher incidence and mortality rate for GBC was
observed for females vs males in most countries, consistent
with prior studies.>'" In nearly all countries in this analysis,
AVC incidence and mortality were higher in males. Less
epidemiologic information is available to determine the
potential risk factors for AVC, as it is often considered part
of ECC or GBC.

While we selected countries providing sufficient-quality
data, with population sizes large enough to limit excessive
random variation issues, difficulties controlling the quality
of the data collected by each nation are evident. For
example, data on China in the WHO Mortality Database are
based on very low coverage and sampling. Certain countries
known to have high BTC incidence, such as Chile and
Thailand, are missing from the mortality data collection,
limiting our ability to link incidence and mortality. Dis-
crepancies in incidence between neighboring countries with
similar socioeconomical environments, for example,
Thailand and Vietnam, also highlight reporting issues.
Variation in diagnostic techniques could partially explain
the differences in BTC subtypes, with better classification
of different forms of intrahepatic neoplasms available in
some countries.’® Additionally, countries with previously
reported high incidence (Bolivia, Peru, Laos, Cambodia,
Vietnam)®>*° did not have high rates (Vietnam), or did not
meet the inclusion criteria (Bolivia, Peru, Laos, Cambodia)
in this analysis, which could be due to poor quality of
incidence data. A final limitation of this analysis is the lack
of survival data provided by the databases, which can
inform the effectiveness of treatments used across
countries.

Accurate diagnosis of BTC is challenging due to
geographic differences in diagnostic strategies, access to
resources, and anatomic location; also, misdiagnosis be-
tween intrahepatic BTC and hepatocellular carcinoma may
result in miscalculation of global incidences.*”*® In addition,
inaccurate or delayed diagnosis of BTC contributes to poor
patient outcomes, as therapeutic options are limited and
surgery is less frequently an option at late stages of dis-
ease.”” Improved diagnosis of BTC is also relevant to ad-
vances in targeted treatment as BTC subtypes may respond
differently to treatments as suggested by studies showing
that some subtypes have targetable molecular alterations.*’
This is especially relevant, since targeted therapies have
recently shown remarkable results in biomarker-selected
patient populations,*** a potential which could be exploi-
ted in combination with the more recent proposed schemas
of immunotherapy.*°

In conclusion, the reported incidence and mortality
rates, including the overall increase in mortality rates,
highlight an existing unmet need for improved prevention
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of, and treatment for, BTC. These findings may provide
important public health guidance for intervention strategies
and the development of therapeutics related to geographic
groups with differing BTC rates.

Supplementary Materials

Material associated with this article can be found in the
online version at https://doi.org/10.1016/j.gastha.2022.04.
007.
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