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Abstract

Biliary tract cancer (BTC) is a rare and aggressive malignancy that is anatomically classified as gallbladder cancer (GBC),
extra- and intra-hepatic cholangiocarcinoma (eCCA and iCCA) and ampullary cancer (AC). BTC is often diagnosed at an
advanced stage when treatment options are limited and patients have a poor prognosis, so the identification of new drug
targets is of critical importance. BTC is molecularly diverse and harbours different therapeutically actionable biomarkers,
including mouse double minute 2 homolog (MDM2), which is currently being investigated as a drug target. The aim of this
targeted review was to evaluate and synthesise evidence on the epidemiology of BTC and its subtypes in different geographic
regions and on the frequency of MDM2 amplifications in BTC tumours. Epidemiological studies (N = 33) consistently
demonstrated high incidence rates in South and Central Asia for BTC overall (up to 9.00/100,000) and for all subtypes, with
much lower rates in Europe and the US. Among the different types of BTC, the highest global incidence was observed for
CCA, mainly driven by iCCA (1.4/100,000), followed by GBC (1.2/100,000) and AC (0.18-0.93 per 100,000). Studies of
MDM?2 in BTC (N = 19) demonstrated variable frequency of MDM?2 amplification according to subtype, with consistently
high MDM?2 amplification rates in GBC (up to 17.5%), and lower rates in CCA (up to 4.4%). The results from this litera-
ture review highlight the geographic heterogeneity of BTC and the need for standardised clinicopathologic assessment and
reporting to allow cross-study comparisons.
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The incidence of biliary tract cancer (BTC) varies con-
siderably according to geography and anatomical sub-

type, with highest rates observed in South and Central

Asia and cholangiocarcinoma being the most common
subtype.

MDM2 represents one of several novel drug targets for
the treatment of BTC.

The prevalence of MDM?2 amplification varies accord-
ing to the anatomical subtypes of BTC, with the highest
amplification rates in gallbladder cancer (up to 17.5%).
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Fig. 1 Regions of the biliary tract. Primary tumour sites described
in this literature review involve the gallbladder (GBC [ICD-10 codes
C23.0/C23.9]), intrahepatic bile ducts (iCCA [ICD-10 code C22.1]),
extrahepatic bile ducts (eCCA [ICD-10 code C24.0] and ampullary
cancer [ICD-10 code C24.1]). Additional ICD-10 site codes for BTC
include ‘overlapping lesion of biliary tract’ (C24.8) and ‘biliary tract,
unspecified’ (C24.9). ICD-10 codes are as published by the World
Health Organization [2]. BTC biliary tract cancer, eCCA extrahepatic
cholangiocarcinoma, iCCA intrahepatic cholangiocarcinoma, ICD
International Classification of Disease

1 Introduction

Biliary tract cancer (BTC) comprises a heterogeneous
group of aggressive epithelial malignancies of the gall-
bladder and biliary tract, anatomically classified as gall-
bladder cancer (GBC), extra- and intra-hepatic cholangio-
carcinoma (eCCA and iCCA) and ampulla of Vater cancer,
also known as ampullary cancer (AC; Fig. 1) [1].

While BTC accounts for <1% of all human cancers, it
is the second most common primary hepatobiliary malig-
nancy following hepatocellular carcinoma [3]. Risk factors
for BTC are wide-ranging and vary across the different
histological subtypes. For CCA, the greatest risk factors
include choledochal cysts (odds ratios [ORs] for iCCA and
eCCA, respectively: 26.7 and 34.9), cirrhosis (ORs: 15.3
and 3.8), and bile duct stones (ORs: 10.1 and 18.6) [4].
In South-East Asian countries like Thailand, liver fluke
infection is a prominent risk factor for CCA, increasing the
risk by five- to six-fold [5]. GBC is associated with risk
factors such as irritation or inflammation of the gallblad-
der, including the presence of gallstones (OR: 23.8), which
are found in up to 84% of GBC patients [6]. Additionally,
chronic Salmonella Typhi carrier state can increase the
risk of GBC by four-fold [7]. The risk factors for AC have
been less extensively studied; however, conditions such
as diabetes mellitus, cholecystolithiasis (gallstones), and
chronic pancreatitis have been associated with increased
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risk (ORs: 4.8, 14.1 and 8.9, respectively) [8]. There are
no routine surveillance screenings for BTC in high-risk
populations [3, 9]. Furthermore, as the symptoms of BTC
are often non-specific, the disease is usually diagnosed at
an advanced stage when treatment options are limited [1,
10]. Patients with BTC therefore have a poor prognosis,
with 5-year survival rates of ~15% reported in the US [11,
12].

In addition to distinct anatomic and histologic subtypes,
BTC is molecularly diverse, displaying differences in gene
expression, tumour mutational burden, copy number altera-
tions, gene fusions and translocations [13—15]. Genomic
alterations vary in frequency among the anatomical subtypes
and include mutations (e.g., TP53, IDHI, BRAF and KRAS),
amplifications (e.g., ERBB2, MDM?2, CCNEI and MYC),
and gene fusions (e.g., those involving FGFR2) [15-17].
Importantly, the molecular characterisation of BTC has the
potential to benefit patients by facilitating the identifica-
tion of prognostic, predictive and therapeutically actionable
biomarkers [10, 14, 15]. Actionable biomarkers have been
detected in 15.0-39.1% of BTC samples, with frequency
varying according to primary site [16—18].

While other genomic alterations in BTC are well estab-
lished in the literature and have been covered in previously
published reviews, there is a paucity of synthesised evidence
on mouse double minute 2 homolog (MDM?2) amplifica-
tion in BTC [19-21]. As a primary negative regulator of the
tumour suppressor p53, MDM2 is regarded as an oncopro-
tein with a key role in the regulation of cell growth and apop-
tosis [22, 23]. Due to its role in p53 suppression, MDM?2
represents a promising novel drug target for the treatment
of several cancers, including BTC. MDM?2 amplification
promotes p53 depletion, leading to tumour cell prolifera-
tion, and has been detected in approximately 3.5-7.0% of
all cancers [23-27]. However, there is considerable variation
in the frequency of MDM?2 amplification across different
types of malignancies [25-27]. Brigimadlin (an MDM2-p53
antagonist) is currently under investigation for the treatment
of BTC in the phase II Brightline-2 trial (ClinicalTrials.gov
identifier: NCT05512377) [27]. Other inhibitors of MDM?2
are being evaluated in basket trials; these include miladem-
etan in the phase I MANTRA-2 trial (NCT05012397), in
which 8/39 patients (20.5%) have BTC, ASTX295 in a phase
I/II trial of solid tumour types and KT-253 in a phase I trial
of assorted malignancies including solid tumours (propor-
tion of patients with BTC not reported) [28—-31].

There are few detailed epidemiological studies of BTC,
and interpretation of such data is complex for a variety of
reasons. Understanding the epidemiology requires dedi-
cated pathology and radiographic assessments to define the
primary site of origin in BTC. Inaccuracies in estimating
incidence and prevalence may also arise out of pooling of
data for liver cancer and BTC, leading to the inclusion of
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hepatocellular carcinoma or other rare cancer types [3].
Inconsistent reporting of the topography and morphology
codes used to distinguish histologic subtypes of BTC can
further confound the results [3, 10]. Tracking changes in
BTC incidence over time may also be impacted by updates
in International Classification of Disease (ICD) codes [1].

The primary aim of this targeted review was to provide
both a qualitative synthesis of the evidence on the incidence
and prevalence of BTC and its subtypes in different geo-
graphic regions, as well as to clarify knowledge on the fre-
quency of MDM?2 amplification in BTC tumours.

2 Materials and Methods

Two targeted literature reviews were conducted to identify
evidence on (1) the incidence and prevalence of BTC overall
and by primary site, and (2) the proportion of BTC with
MDM?2 amplification.

2.1 Literature Searches

Searches were conducted in databases including Medline
and Embase and in the proceedings of international scientific
meetings including the American Society of Clinical Oncol-
ogy (ASCO), the European Society for Medical Oncology
(ESMO) and the Japanese Society for Medical Oncology
(JSMO). Searches included studies in humans published up
to 11 September 2023. For the review of the epidemiology of
BTC, the searches were limited to literature published after
1 January 2020. The applied search strategies were devel-
oped by a specialised librarian using a combination of index-
ing terms (Medical Subject Headings terms in MEDLINE
and Emtree terms in Embase), as well as free-text and con-
trolled vocabulary terms specific to each database (Tables
S11 and S12 in the electronic supplementary material
[ESM]). The search strategy for the epidemiology of BTC
included retrospective and prospective observational stud-
ies, while the search strategy for the proportion of BTC with
MDM2 amplification had no restrictions on study design.
No language or geographical restrictions were applied to
the searches before screening. In addition, epidemiological
and genetic databases including Surveillance, Epidemiol-
ogy, and End Results (SEER), International Agency for Can-
cer Research (IARC) via the Global Cancer Observatory
(Globocan) and MyCancerGenome were consulted for data
extraction.

2.2 Study Selection
Titles and abstracts were manually screened by one

researcher, and those which appeared relevant were screened
at full-text level. Studies published in the English language

containing epidemiological data on the prevalence and inci-
dence of BTC and/or anatomical subtypes of BTC, in the
following countries and regions of interest, were included:
the US, the EU-4 (France, Germany, Spain, Italy), the UK,
Nordic countries (Sweden, Norway, Finland, Denmark)
and Asia (China, Japan, South Korea, Taiwan and Thai-
land). Articles not adhering to these criteria were excluded
from further consideration; additional reasons for exclu-
sion included irrelevant study design (non-epidemiological
studies including incidental diagnoses, or case studies) and
studies focused on hepatocellular carcinoma. For MDM?2
amplification, articles published in English providing data
on the frequency of MDM?2 gene amplification in BTC and/
or anatomical subtypes of BTC were included, regardless
of the study country and design. Articles selected for inclu-
sion were validated by a second reviewer and discrepancies
were resolved by consensus. The process of including and
excluding studies has been summarised in Fig. 2. Data from
full-text articles were retrieved using a data extraction form
and a comprehensive quality check was performed to vali-
date the extracted data.

3 Results
3.1 Literature Search

The literature search identified 870 individual publications
in selected literature databases and conference proceedings.
Of these, 784 were excluded after screening and a further
42 were excluded after full-text analysis. Five additional
publications were identified through pragmatic web-based
searches and snowballing searches based on reference
lists of other relevant publications. Additional data were
extracted from the SEER, Globocan, and MyCancerGe-
nome databases. A total of 52 sources were included in the
qualitative analysis, of which 33 (63.5%) and 19 (36.5%)
contained data on BTC epidemiology and MDM?2 amplifi-
cation, respectively. The flowchart of the study selection is
shown in Fig. 2. A summary of the included publications is
shown in Table S1 and Table S2 (see ESM).

3.2 Incidence

In 2019, the global age-standardised rate (ASR) of incidence
for BTC (cases per 100,000 persons) was 2.5, based on data
collected as part of the Global Burden of Disease Study [32].
However, there is considerable variation in reported inci-
dence according to primary site, geographic region and sex
[33-35]. Incidence data for BTC among countries of interest
to this review are summarised in Table 1; global incidence
ranges inclusive of other countries are presented in Table S3
(see ESM).
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3.2.1 Global Incidence by Primary Site

Among the different types of BTC, the combined incidence
of iCCA and eCCA is highest, followed by GBC and AC [12,
36-38]. The incidence of CCA is mainly driven by iCCA;
during 2008 to 2012, the global annualised ASR ranged
from 0.26 to 2.80 for iCCA, compared with 0.08 to 2.24
for eCCA during the same time period (Table S3, see ESM)
[33]. More recent global data for iCCA in 2018 showed a
global incidence rate of 1.4 (Table S3) [34]. No global data
published since 2012 were identified for eCCA, reflecting
the smaller volume of data available compared with iCCA.

Global incidence data for GBC were available from one
source, which reported an ASR of 1.2 for 2020 (ranging
from 0.03 to 8.5; Table S3, see ESM) [39]. Similarly, data
on AC are generally scarce, with one international study
reporting data for 22 countries (2008-2012) showing that
AC has the lowest incidence rate of all types of BTC, with
ASRs ranging from 0.18 to 0.93 (Table S3) [40].

3.2.2 Incidence by Geographic Location
Geographically, the incidence of BTC varies widely
(Table S3, see ESM). Across the geographic regions

focused on in this review, locations with the highest inci-
dence of BTC were South and Central Asia, where BTC was
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estimated to account for 2.9% of all new cancer diagnoses
in 2018 [35].

Two studies using global data from 2008 to 2012, avail-
able from IARC, showed that, among the countries focused
on in this review, the highest incidence rates of iCCA (2.80
and 2.18) and eCCA (2.24 and 2.71) occurred in South
Korea (Table 1) [33, 40]. Other countries in Asia, Europe
and the US had considerably lower rates in these studies
(Table 1) [33].

Beyond this, there is a paucity of recent studies compar-
ing the incidence of eCCA by geography and few individual
studies describe country-specific data. Two studies from
Asia reported an ASR of eCCA of 4.1 in South Korea (2019;
Table 1) and 5.1/2.2 (male/female) in Japan (2016-2017;
Table S6, see ESM) [38, 46]. Two studies from Europe
report an ASR of eCCA of 0.94 in France (2018-2019) and
0.4/0.3 (male/female) in Finland (2013-2017; Table S5, see
ESM) [37, 47]. Three US-based studies reported incidence
rates of eCCA for different time periods, with consider-
able variation: 2.46 (2001-2017), 1.25 (2001-2015) and
0.74 (2000-2017; Table 1) [12, 42, 43]. The inconsistent
incidence rates across studies may be due to differences in
assessment dates, the population used for age standardisa-
tion, and the ICD-10/ICD-Oncology (0O)-3 site and morphol-
ogy codes used for data extraction (Table S2, see ESM).
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Table 1 Age-standardised incidence rates of BTC by geographic region of interest [12, 33, 34, 38-45]

Site Study Data year (s) Incidence (ASR/100,000)

Asia? Europe® [N

BTC Baria 2022 [40] 2008-2012 3.26 (CN) to 9.00 (KR) 1.99 (UK) to 3.59 (IT) 2.32
Koshiol 2022 [12] 2001-2015 5.04
Chen 2022 [41] 2019 2.01 (CN)

iCCA Florio 2020 [33] 2008-2012 0.63 (CN) to 2.80 (KR) 0.45 (NO) to 1.15 (UK) 0.78
Baria 2022 [40] 2008-2012 0.59 (CN) to 2.18 (KR) 0.68 (DE) to 1.01 (FR) 0.64
Rumgay 2022 [34] 2018 0.6 JP) to 5.2 (TH) 0.9 (NO) to 2.2 (UK) 1.1
Koshiol 2022 [12] 20012015 1.17
Tella 2023 [42] 20002017 1.07
Javle 2022 [43] 2001-2017 1.19
Hong 2022 [44] 1999-2019 2.7 (Korea)

eCCA Florio 2020 [33] 2008-2012 0.55 (CN) to 2.24 (KR) 0.29 (UK) to 0.74 (DE) 0.58
Baria 2022 [40] 2008-2012 0.93 (CN) to 2.71 (KR) 0.34 (UK) to 0.87 (IT) 0.57
Koshiol 2022 [12] 2001-2015 1.25
Tella 2023 [42] 2000-2017 0.74
Javle 2022 [43] 2001-2017 2.46
Kang 2022 [38] 2019 4.1 (KR)

GBC GLOBOCAN [39] 2020 1.2 (CN) to 2.9 (KR) 0.39 (NO/FR) to 0.89 (SE) 0.68
SEER-22 [45] 2020 1.1
Kang 2022 [38] 2019 2.4 (Korea)

AC Baria 2022 [40] 2008-2012 0.23 (CN) to 0.93 (KR) 0.34 (UK) to 0.45 (ES) 0.32
Koshiol 2022 [12] 2001-2015 0.76

AC ampullary cancer, ASR age-standardised rate, BTC biliary tract cancer, CN China, DE Germany, eCCA extrahepatic cholangiocarcinoma, ES
Spain, FR France, GBC gallbladder cancer, iCCA intrahepatic cholangiocarcinoma, IT Italy, JP Japan, KR South Korea, NO Norway, SE Swe-

den, TH Thailand, UK United Kingdom, US United States

1t should be noted that ranges reported for Asia and Europe are those for specific countries of interest to this review; Asian countries were
China, Japan, South Korea, Taiwan and Thailand. European ranges reflect data for France, Germany, Spain, Italy, the UK, Sweden, Norway, Fin-

land and Denmark

In contrast, several articles describe the incidence of
iCCA by geography, including a global study that published
the ASR of iCCA incidence for 2018 by country (Table 1;
Table S3, see ESM) [34]. The authors showed a high inci-
dence rate of iCCA in Asian countries (Thailand [5.2], South
Korea [3.3] and China [2.1]; Table 1, Table S3) [34]. Esti-
mates of the ASR of iCCA incidence in European countries
in 2018 ranged from 0.9 in Norway to 2.2 in the UK, and
the ASR of iCCA in the US was 1.1 (Table 1; Table S3)
[34]. For reasons that are unclear, estimates for the ASR of
iCCA incidence varied somewhat across different US-based
studies, which reported rates from 0.64 (2008-2012) to 1.19
(2001-2017) for iCCA (Table 1) [12, 40, 42, 43].

For GBC, incidence rates reported for 2020 varied greatly
among countries (Table S3, see ESM), ranging from 0.39 to
2.9 among countries focused on in this review (Table 1) [39].
Incidence rates were relatively high in Asia (ranging from
1.2 in China to 2.9 in South Korea), compared with Euro-
pean countries (ranging from 0.39 in Norway and France,
to 0.89 in Sweden), and the US (at 0.68) (Table 1) [39].

However, US-specific data for the same year (2020) avail-
able through the SEER database showed a higher ASR rate
of 1.1 (Table 1) [45].

Incidence rates of AC reported by one study (2008-2012)
were generally low across all regions of interest, with the
highest rates reported in Asia (ranging from 0.23 in China
to 0.93 in South Korea), followed by European countries
(from 0.34 in the UK to 0.45 in Spain), and the US with
0.32 (Table 1) [40].

3.2.3 Incidence by Sex

Data for BTC overall suggest a slightly higher incidence
in females (2.6) compared with males (2.4), but this trend
varies by primary site (Table S3, see ESM) [32]. Incidence
rates of CCA, for example, were typically higher among
males than females in the US, Asia, the EU-4, the UK and
in Nordic countries (Tables S3-S6, see ESM) [12, 34, 35,
43, 46-50]. Conversely, the incidence of GBC was generally
higher in females than in males in most countries (Tables
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S3-S6) [12, 35, 39, 51]. Exceptions included Thailand and
South Korea, where there was a higher incidence of GBC in
males compared with females, and Japan where GBC inci-
dence was similar between males and females (Table S6)
[39, 46, 50]. Data from a global study, as well as individual
studies from the US and Japan (Tables S3, S4, S6, see ESM),
showed higher incidence of AC among males than females
[12, 35, 40, 46].

3.2.4 Trends in Incidence

Studies reporting changes in the incidence of BTC over
time were generally focused on specific primary sites, with
the majority of studies reporting on either CCA or GBC. A
global study by Florio et al. reported an increase in incidence
of both iCCA and eCCA over time (1993-2012) (Table 2)
[33]. Furthermore, although taken from separate studies,
estimates of iCCA incidence in 2018 were generally higher
than those reported for 2008-2012, suggesting a continued
increase (Table S3, see ESM) [33, 34]. Among the coun-
tries focused on in this report, the largest annual percent-
age change (APC) in iCCA incidence rate between 1993
and 2012 occurred in China (11.1%), followed by Germany
(7.5%) and France (6.5%) (Table 2; Table S7, see ESM) [33].

An increase in the incidence of iCCA is also documented
by several US-based studies, which report an APC ranging
from 2.0% (1993-2012) to 9.3% (2013-2017) depending on
the study period and definitions used (Table S7) [12, 33, 43,
52-54]. Using data for 1993 to 2012, only a few countries,
including Japan, Thailand and Denmark, showed a slight
decrease in the incidence of iCCA (Table S7) [33].

In general, the global study by Florio et al. recorded rela-
tively small increases in the incidence of eCCA between
1993 and 2012 (Table 2, Table S7, see ESM) [33]. Excep-
tions included Thailand, with an APC of 8.8% and Italy,
with an APC of 4.0% (Table 2); results for the US showed
an APC of 2.4% for eCCA [33]. However, more recent data
(2013-2017) showing incidence trends for eCCA in the US
indicate a minimal negative APC of —2.0% (Table 2) [43].

Data on GBC incidence by sex from the Globocan data-
base show that incidence trends vary between countries
(Table S7, see ESM) [39]. Based on the most recent 5-year
period available, large decreases in GBC incidence in the
male population were observed in Norway (—5.5%) and
China (—2.7%) (Table S7) [55]. Among the female popula-
tion, there were large decreases in GBC incidence in Nor-
way (—11.5%), Italy (—5.7%) and Spain (—5.0%) (Table S7)
[55]. Large increases in GBC incidence were observed in the
male population in Northern Ireland (13.1%), Italy (5.0%)

Table 2 Temporal trends in the age-standardised incidence of BTC by geographic region of interest [12, 33, 36-38, 43-45]

Site Study Data year(s) Incidence trends (APC in ASR/100,000, %)
Asia Europe usS

BTC Koshiol 2022 [12] 2001-2015 +1.76
Rahman 2022 [36] 1993-2019 —0.13 (SE)

iCCA Florio 2020 [33] 1993-2012 —1.0 (TH); +11.1 (CN) —1.0 (DK); +7.5 (DE) +2.0
Rahman 2022 [36] 1993-2019 +1.7 (SE)
Koshiol 2022 [12] 2001-2015 +6.7
Javle 2022 [43] 2013-2017 +9.3
Hong 2022 [44] 2008-2019 —4.38 (KR)

eCCA Florio 2020 [33] 1993-2012 +1.4 (JP); +8.8 (TH) +2.0 (FR); +4.0 (IT) +2.4
Koshiol 2022 [12] 2001-2015 +0.72
Javle 2022 [43] 2013-2017 -1.97
Kang 2022 [38] 1999-2019 +0.76 (KR)

GBC SEER-22 [45] 2015-2019 -0.1
Koshiol 2022 [12] 2001-2015 -0.25
Rahman 2022 [36] 1993-2019 —2.82 (SE)
Kang 2022 [38] 1999-2019 —-0.87 (KR)

AC Koshiol 2022 [12] 2001-2015 Male: —0.14

Female: —0.08

Ghiringhelli 2023 [37] 2015-2019 Male: —14.6 (FR)

Female: —16.6 (FR)

AC ampullary cancer, APC annual percentage change, ASR age-standardised rate, BTC biliary tract cancer, CN China, DE Germany, DK Den-
mark, eCCA extrahepatic cholangiocarcinoma, FR France, GBC gallbladder cancer, iCCA intrahepatic cholangiocarcinoma, /7 Italy, JP Japan,

KR South Korea, SE Sweden, TH Thailand, US United States
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and France (4.5%) and in the female population in Thailand
(8.9%) and France (2.9%) (Table S7) [55].

Very few studies investigated trends in the incidence of
AC. Data from France show a sharp decline in the incidence
of AC in males (—14.6%) and females (—16.6%) between
2012 and 2019 (Table 2), while data for the US show much
smaller decreases between 2001 and 2015 (—0.14% in males
and —0.08% in females; Table 2) [12, 37].

3.3 Prevalence

While several articles reported on the incidence of BTC,
there were notably fewer studies reporting on prevalence.
Exceptions included one US-based study, in which the
10-year ASR of prevalence of BTC was reported for 2015
as 10.8 per 100,000 persons (Table S9, see ESM) [12]. One
study conducted in China (2019) recorded the 1-year preva-
lence of BTC as 2.40 per 100,000 persons (Table S10, see
ESM) [41].

The prevalence of CCA has been reported separately for
iCCA and eCCA in a small number of individual studies.
In the US, the 5-year prevalence (2007-2012) of iCCA and
eCCA were estimated as 0.98/100,000 and 2.96/100,000,
respectively (Table S9, see ESM) [43]. However, a second
US-based study reported a somewhat different pattern,
with 10-year prevalence rates in 2015 of 2.5/100,000 and
2.0/100,000 for iCCA and eCCA, respectively (Table S9)
[12].

For GBC, 5-year prevalence rates per 100,000 persons are
relatively high in Asia (with examples ranging from 2.3 in
China to 8.0 in South Korea), followed by Europe (examples
ranging from 1.1 in Norway and France to 2.9 in Finland)
and the US (1.7) (Table S8, see ESM) [39].

Limited data are available for AC; however, the 10-year
prevalence in the US (2005-2015) was estimated as 2.8 per
100,000 persons (Table S9, see ESM) [12].

3.4 Frequency of MDM2 Amplification

Data on the frequency of MDM2 amplification, based on
DNA analyses such as DNA sequencing, two-colour in situ
hybridisation and fluorescent in situ hybridisation, were
identified in 19 individual sources. However, only four
provided a definition of MDM2 amplification. A summary
of the included publications is presented in Table S2 (see
ESM).

Across the studies identified, the frequency of MDM?2
amplification varied considerably for BTC overall and the
individual primary sites (Fig. 3). The proportion of tumour
samples exhibiting MDM?2 amplification ranged from 3.4 to
10.0% for BTC overall [56—61]. Among the primary sites for
BTC, GBC had highest proportion of samples with MDM?2
amplification (10.9-17.5% of GBC samples contained the

alteration; N ranged from 40 to 554) [16, 25, 62, 63]. In
comparison, only 3.7% (N = 270) to 4.4% (N not reported)
of CCA samples exhibited MDM?2 amplification [64, 65].

Studies investigating iCCA reported large variation in
MDM?2 amplification frequency ranging from 1.1% to 6.0%
(N ranged from 92 to 6130) [16, 63, 64, 66, 67]. Interest-
ingly, in one study that reported on iCCA subtypes (small
and large duct iCCA), all MDM2 amplifications were iden-
tified in the large duct samples and none in the small duct
samples [63]. For eCCA, MDM2 amplification frequency
in one study ranged from 5% to 6.5% (N ranged from 62 to
178) [16, 63, 64, 68].

Across studies for AC, estimates for MDM?2 amplification
frequency varied greatly, ranging from 7.4 to 16.0% of AC
samples (N ranged from 45 to 54) [65, 69, 70].

3.5 Biliary Tract Cancer Classifications
and Definitions

The majority of studies identified in this review reported
the ICD-10/ICD-0O-3 topography codes used (Table S1,
see ESM). Studies describing the epidemiology of iCCA,
eCCA and GBC were generally consistent in their use of
ICD site codes. One exception was whether ACs and Klat-
skin tumours were included in the definition of CCA or

20
& 17.5
Pt 16.0
o
= 15
O
= 12.0
£ <
10.0

N
g 10 10.9
S
= 6.5
o 6.0 7.4
> I
9 5 4.4
o [ 5.0
= 34 37
o

0 1.1 0

BTC CCA iCCA iCCA iCCA eCCA GBC AC
LD SD

Fig.3 Range of MDM2 amplification frequency in BTC reported
across studies [56-59, 62-71]. No MDM2 amplifications were
detected in small duct iCCA (iCCA SD). Due to the different meth-
ods and definitions used in the individual studies, the comparison of
MDM?2 amplification frequencies should be made with caution. AC
ampullary cancer, BTC biliary tract cancer, CCA cholangiocarcinoma,
eCCA extrahepatic cholangiocarcinoma, GBC gallbladder cancer,
iCCA intrahepatic cholangiocarcinoma, LD large duct, MDM?2 mouse
double minute 2 homolog, SD small duct
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reported separately [12, 36, 42, 43]. Additionally, some stud-
ies included non-specific ICD-10 codes C24.8 (overlapping
lesion of biliary tract) and 24.9 (biliary tract, unspecified)
in the definition of cancer sites, making comparisons across
studies more difficult [12, 36, 47, 50, 72, 73]. Importantly,
however, six studies did not report ICD-10 topography
codes, and many studies did not report morphology codes,
which allow further delineation of the histologic type of the
tumour [74, 75]. Among the studies that did report morphol-
ogy codes, there was considerable variation in the codes
used to define the patient population. The identified vari-
ation in the topography and morphology codes used may
explain discrepancies in the results published by different
independent studies.

4 Discussion
4.1 Epidemiology of Biliary Tract Cancer

BTC is a rare and heterogeneous disease for which there is a
corresponding paucity of detailed epidemiological studies.
Given the poor prognosis of the disease, it is important to
understand its prevalence and identify temporal changes in
incidence, both for BTC overall and for individual primary
sites. In an effort to investigate this, we synthesised evidence
from epidemiological studies published between 1 January
2020 and 11 September 2023. Notably, data interpretation
and the ability to synthesise findings across studies were
hampered by inconsistencies in reporting of ICD and mor-
phology codes, and the populations used for age standardi-
sation (country-specific vs global) [12, 42, 43]. In particu-
lar, the inconsistent use of non-specific ICD-10 codes 24.8
(overlapping lesion of biliary tract) and 24.9 (biliary tract
unspecified) can lead to inaccurate reporting of incidence
and prevalence data. Conflicting reports on the incidence of
eCCA in the US include an annualised estimate of 0.74 per
100,000 in 2000-2017 in one study, while a second study
provides an annualised estimate for 2001-2017 of 2.46 per
100,000 (Table 1) [42, 43]. These studies appear to apply
different levels of stringency with respect to the definitions
of eCCA used (Table S2, see ESM).

Collectively, data support wide geographic variation in
the incidence of BTC anatomic subtypes. Incidence rates of
both CCA and GBC were highest in South and Central Asia
compared with other regions of the world [35]. Data on the
incidence of AC were sparse and inconclusive, with com-
paratively low incidence rates observed across all regions
of interest [40].

While further investigation in case-controlled observa-
tional studies is needed, elevated incidence of CCA and
GBC in parts of Asia is consistent with higher exposure to
certain risk factors including parasitic fluke infections, and
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a higher incidence of hepatolithiasis (bile duct stones) and
gallstones [76, 77]. The correlation between high incidence
of gallstones and GBC is already well documented in studies
from different countries in Asia and South America, notably
Chile, where rates of GBC among females are among the
highest in the world [40, 78].

When looking at differences in BTC incidence according
to sex, there was a global trend toward higher GBC inci-
dence in females compared with males, possibly related
to the higher prevalence of gallstones in females [78-80].
Interestingly, this trend differed in some Asian countries,
where rates of GBC were higher in males compared with
females (South Korea and Thailand, 2020), or were equiva-
lent between sexes (Japan, 2016-2017) [39, 46].

4.2 MDM2 Amplification in Biliary Tract Cancers

Genomic alterations, including those which are thera-
peutically actionable, vary in frequency among anatomic
subtypes of BTC [13-15]. Consequently, the coupling of
accurate clinical diagnostics to molecular profiling becomes
increasingly important [16]. The value of molecular profiling
according to primary site is already being realised through
the exploration of targeted therapies for the treatment of spe-
cific molecular subtypes of BTC, including aberrations in
FGFR2, IDHI, BRAF V600OE, HER?2 and RET [3, 13, 81].
MDM2 represents a novel drug target for the treatment of
BTC, with early phase trials already investigating MDM?2
inhibitors brigimadlin and milademetan in this indication
[28, 29]. This literature review found that the proportion of
tumours exhibiting MDM?2 amplification ranged from 3.4 to
10.0% for BTC overall [S6-61]. Among primary sites, high
rates of MDM?2 amplification were consistently observed in
GBC samples, while lower rates of MDM2 amplification
were seen in CCA samples; the frequency of amplification
in AC samples varied [62, 63, 69, 70]. However, comparing
these results should be done with caution, as the methods
used to assess genetic aberrations varied between studies,
there is significant risk for site-specific selection bias, and
only few publications provided the definitions of MDM?2
amplification used.

4.3 Limitations and Strengths of this Review

This review provides a synthesis of evidence on the epidemi-
ology of BTC and the frequency of MDM?2 amplification in
BTC tumours. Few literature reviews have been published on
this topic and therefore we believe that this research helps to
form a better understanding of the incidence and prevalence
of BTC and identify current evidence gaps.

As this was a targeted literature review, the objective
was to identify publications most relevant to the research
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questions, rather than to carry out a systematic and com-
prehensive review of all published literature. As such, the
retrieved evidence was not formally qualitatively appraised.
A review of the screening and data extraction process was
performed by a second researcher to mitigate study selec-
tion bias.

4.4 Evidence Gaps and Implications for Future
Research

This literature review identified very limited data for AC and
for the two subtypes of eCCA (distal CCA [dCCA] and peri-
hilar CCA [pCCA)). Differences in the molecular biology
of these tumour subtypes may impact their susceptibility to
therapy, and therefore an effort should be made to increase
our knowledge of subtype epidemiology [16].

Prevalence data are particularly limited compared with
data for incidence, with no prevalence data for CCA outside
of the US [43]. The broadest data set for prevalence was
obtained from IARC, which highlighted discrete regions of
relatively high 5-year prevalence of GBC in China, Japan
and South Korea, the UK, Norway and Finland (Table S4,
see ESM) [39].

With respect to MDM2 amplification, studies for BTC
often did not provide the definition used for amplification,
with few studies providing details regarding the copy num-
ber. The combination of differences in methods used to
determine amplification status and the absence of a common
definition for MDM?2 amplification limits our ability to com-
pare studies. The molecular heterogeneity seen by primary
tumour site should be explored further across large registry
studies that include comprehensive molecular profiling as a
clear opportunity for future research.

5 Conclusions

As the number of BTC cases continues to rise in some parts
of the globe, an understanding of disease risk factors, aetiol-
ogy and potential therapeutic avenues becomes increasingly
important. Although this review did not explore literature
on mortality, evidence supporting variation in the overall
survival rates of patients with BTC according to anatomic
subtype further emphasises the need for accurate epidemio-
logic data [16]. Going forward, consistent reporting of ICD
codes will be important for cross-study comparisons of data
for BTC.

The implementation of the 11th revision of the ICD cod-
ing system, which has been in effect since January 2022, is
being facilitated by the World Health Organization (WHO)
and gradually being adopted by 132 WHO Member States,
with 50 countries currently piloting the implementation and

14 countries now using ICD-11 coding for data collection
[82]. This updated coding system aims to provide a more
precise and rigorous approach to coding BTC, taking into
account the diverse topography and morphology of tumours
[83]. Standardising the clinicopathologic assessment and
reporting of BTC is important, as the clinical diversity of
anatomical BTC subtypes influences patient management
[3]. This is already reflected in clinical guidelines which
support the use of sensitive cross-sectional imaging and rou-
tine endoscopic evaluation to localise the primary cancer
site [3, 84].
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