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Abstract

Background Biliary tract cancers are rare aggressive malignancies typically diagnosed when the disease is metastatic or
unresectable, precluding curative treatment.

Objective We aimed to identify treatment guidelines, real-world treatment patterns, and outcomes for unresectable advanced
or metastatic biliary tract cancers in adult patients.

Methods Databases (MEDLINE, Embase, Cochrane Database of Systematic Reviews) were systematically searched between
1 January, 2000 and 25 November, 2021, and supplemented by hand searches. Eligible records were (1) treatment guidelines
and (2) observational studies reporting real-world treatment outcomes, for unresectable advanced or metastatic biliary tract
cancers. Only studies performed in the UK, Germany, France, Australia, Canada and South Korea were extracted, to moder-
ate the number of records for synthesis while maintaining representation of a wide range of biliary tract cancer incidences.
Results A total of 66 relevant unique full-text records were extracted, including 16 treatment guidelines and 50 observational
studies. Among guidelines, chemotherapies were most strongly recommended at first line (1L); the combination of gemcit-
abine and cisplatin (GEMCIS) was recommended as the standard of care in 1L. Recommendations for systemic chemotherapy
in the second line (2L) conflicted because of uncertainties around survival benefit. Guidelines on further lines of treatment
included a range of locoregional modalities and stenting or best supportive care without providing clear recommendations
because of data paucity. Fifty observational studies reporting real-world treatment outcomes were extracted, of which 25
(50%) and 9 (18%) reported outcomes in 1L and 2L, respectively; 22 (44%) reported outcomes for treatments described as
‘palliative’. In 1L, outcomes for systemic chemotherapy were most frequently described (23/25 studies), and GEMCIS was
the most common systemic chemotherapy used (10/23 studies) in line with guidelines. Median overall survival with 1L
systemic chemotherapy was < 12 months in most studies (16/23; range 4.7-22.3 months). Most 2L studies (10/11) described
outcomes for systemic chemotherapy, most commonly for fluoropyrimidine-based regimen (5/10 studies). Median overall
survival with 2L systemic chemotherapy was < 12 months in 5/10 studies (range 4.9-21.5 months). Median progression-
free survival was reported more rarely than median overall survival. Some studies with small sample sizes or specifically
selected patient populations (e.g. higher performance status, or patients who had already responded to treatment) achieved
higher median overall survival.

Conclusions At the time of this review, treatment options for unresectable advanced or metastatic biliary tract cancers confer
poor real-world survival. For over a decade, GEMCIS remained the 1L standard of care, highlighting the lack of therapeutic
innovation in this indication and the urgent unmet need for novel treatments with improved outcomes in this aggressive
condition. Additional observational studies are needed to further understand the effectiveness of currently available treat-
ments, as well as newly available therapies including the addition of immunotherapy in the evolving treatment landscape.

Extended author information available on the last page of the article

Published online: 26 September 2023 A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s11523-023-01000-5&domain=pdf
http://orcid.org/0000-0001-8850-9044
http://orcid.org/0000-0003-2666-0579

V. Peirce et al.

Real-world studies confirmed that most patients with
unresectable advanced or metastatic biliary tract cancer
only live for under or around 12 months.

The treatment most commonly used first after diagnosis
has remained the same for over 10 years.

Our research shows that there is an urgent need to find
better treatments for patients with unresectable advanced
or metastatic biliary tract cancer.

Since this review was conducted, new treatments have
become available, so future real-world studies should be
performed to show how well these new treatments work
in the real world.

1 Introduction

Biliary tract cancers (BTCs) comprise a group of rare and
aggressive malignancies that originate in the bile duct within
or outside the liver (intrahepatic cholangiocarcinoma [iCCA]
and extrahepatic cholangiocarcinoma, respectively), in the
gallbladder (gallbladder carcinoma) or in the ampulla of
Vater [1, 2]. Biliary tract cancer is considered a rare disease
and comprises < 1% of all human cancers, but its incidence
varies geographically [3] being lower in Europe and higher
in the Asia-Pacific and South American regions [4]. Geo-
graphic trends in the incidence are associated with regional
variations in risk factors, which include parasitic infections,
viral hepatitis and bile duct disorders such as primary scle-
rosing cholangitis [5, 6].

During the early stages of the disease, BTC is generally
asymptomatic [7]; this often results in a delayed diagnosis,
and up to 80% of patients are diagnosed with unresectable
or metastatic disease, which is associated with a significant
symptomatic, functional and health-related quality-of-life
burden [8—10]. Even among patients who are diagnosed at
an early disease stage, recurrence after surgical resection,
which is the most common curative approach, is highly
likely (i.e. up to ~ 80% within 2 years among patients with
resected iCCA) [11, 12].

For patients diagnosed with unresectable or metastatic
BTC, curative treatments are unavailable and outcomes with
available non-curative options are poor; the median overall
survival (mOS) with systemic treatment is typically < 12
months [13]. Furthermore the treatment landscape in this
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indication has seen little innovation in recent years: gem-
citabine and cisplatin have remained the standard of care
(SoC) in first-line (1L) treatment for over 10 years [14, 15],
with other platinum-based combinations and gemcitabine
monotherapy as alternative options [16, 17]. For patients
who are suitable for additional lines of treatment after pro-
gression, at second-line (2L), leucovorin calcium (folinic
acid), fluorouracil and oxaliplatin (FOLFOX) are options [2,
13, 16]. In addition, targeted treatments for tested mutations
and immune checkpoint inhibitors have been recommended
for some patients in the most recent guidelines [2, 16]. Other
options include best supportive care and active symptom
control, such as biliary drainage or stenting [9, 18].

Given that patients’ fitness and ability to tolerate sub-
sequent treatment deteriorate following progression on 1L
treatment, innovation among life-extending treatments at
1L is particularly important and patients have been recom-
mended to join phase III clinical trials in the past [2, 9, 19,
20]. Recently, durvalumab in combination with gemcitabine
and cisplatin has received US Food and Drug Administra-
tion [21] and European Medicines Agency approval [22] for
1L treatment of unresectable advanced or metastatic BTC
based on results from the TOPAZ-1 phase III trial, showing
statistically significantly improved overall survival (OS) and
progression-free survival (PFS) versus gemcitabine and cis-
platin [23]. It is now also recommended by updated National
Comprehensive Cancer Network and European Society for
Medical Oncology guidelines as 1L treatment in this indi-
cation [2, 24]. Other treatments are currently under inves-
tigation at 1L, and recently pembrolizumab in combination
with gemcitabine and cisplatin showed statistically improved
OS versus gemcitabine plus cisplatin in the phase III Key-
note-966 trial [25]. Additionally, phase III trials of pemi-
gatinib and futibatinib are ongoing [26, 27].

To our knowledge, no systematic review has broadly
explored real-world treatment patterns and outcomes in this
indication across treatment modalities, treatment lines and
BTC subtypes. Past reviews focussed on specific treatment
modalities [28-30], treatment lines [9, 31, 32] and BTC
subtypes [29] or analysed clinical trial data only [32, 33].
Therefore, this systematised review employed a broad sys-
tematic search strategy to identify treatment guidelines as
well as real-world treatment patterns and outcomes for unre-
sectable advanced or metastatic BTC, to explore the align-
ment between recommendations and real-world practice.
The systematised approach included a systematic search and
screening [34], while extraction and data synthesis focused
only on observational studies and guidelines from the UK,
Germany, France, South Korea, Australia and Canada, which
were selected to maintain representation of a wide range of
BTC incidences, aetiologies and treatment practices.
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2 Methods

The systematised review followed a systematic search and
screening approach as outlined by the Centre for Reviews
and Dissemination systematic review guidance. Results are
reported according to Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) recommenda-
tions [35, 36].

2.1 Eligibility Criteria

English language BTC treatment guidelines or observa-
tional studies were included if they provided information on
the treatment of adult patients diagnosed with unresectable,
unresectable advanced or metastatic BTC. Clinical practice
guidelines, consensus statements, expert opinions and obser-
vational or registry studies with ten or more patients were
included. Studies with fewer than ten participants and clini-
cal trials were excluded because of the limited quantitative
data available in small studies and the uncertainties associated
with findings of small studies and the focus on real-world

Table 1 PICOS inclusion and exclusion criteria

outcomes, respectively. Further information on study eligibil-
ity in terms of the population, intervention(s), comparator(s),
outcomes and study (PICOS) design is provided in Table 1.

2.2 Information Sources

Three electronic databases, including MEDLINE, Embase
and the Cochrane Database of Systematic Reviews, were
searched systematically for records published between 1 Jan-
uary, 2000 and 25 November, 2021 (for search strategies, see
Tables S1, S2 and S3 of the Electronic Supplementary Mate-
rial [ESM]). Additional hand searches of professional soci-
ety websites, national health technology assessment bodies
and policy agencies, and congresses (for 2019-21) were per-
formed to identify additional relevant records and guidelines
that are not yet available as full manuscripts or not published
in peer-reviewed journals. Furthermore, bibliographies of
relevant health technology assessment submissions and sys-
tematic reviews were searched to capture any publications
not identified in the systematic searches (see Table S4 of the
ESM for a full list of additional data sources).

Inclusion criteria

Exclusion criteria

Population

pCCA, dCCA and AA

Adult patients (aged > 16 years) diagnosed
with unresectable, unresectable advanced, or
metastatic BTC, including GBC, iCCA, eCCA,

Paediatric patients (aged < 16 years)

All other forms of GI cancers that are not classified as
BTC (e.g. colorectal cancer, oesophageal cancer, gastric
cancer)

Patients with non-metastatic resectable cancer, mixed popu-
lations and non-metastatic patients whose resectability
status is unreported

Interventions and comparators All interventions (licenced or unlicenced) or none* N/A

Outcomes Treatment strategy
Therapies used
Dosing

Number of cycles
Off-/on-label use

Rates of treatment

Real-world outcomes (e.g. PFS, OS, AEs)

Study design Clinical practice guidelines

Consensus statements from professional bodies/

associations
Expert opinions

PK
PD
Histological outcomes

Case series/case reports of < 10 patients
Clinical trials

Observational studies (cohort studies, cross-
sectional studies and case series of >10 patients)
or registry data documenting population-based

real-world outcomes in BTC

Date of publication Publication years 2000-21

Publication years < 2000

AA ampullary cancer, AB abstract, AEs adverse events, BTC biliary tract cancer, dCCA distal cholangiocarcinoma, eCCA extrahepatic chol-
angiocarcinoma, ECOG PS Eastern Cooperative Oncology Group Performance Status, GBC gall bladder carcinoma, GI gastrointestinal,

HCW healthcare workers, iCCA intrahepatic cholangiocarcinoma,

OS overall survival, pCCA perihilar/hilar cholangiocarcinoma,

PD pharmacodynamics, PFS progression-free survival, PK pharmacokinetics, RCTs randomised controlled trials, QoL quality of life

Interventions at any line of treatment were included. Outcomes were excluded if they were described by the authors as derived from populations
receiving mixed lines of therapy and no single treatment line was reported for > 70% of participants
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2.3 Study Selection

After an initial deduplication, titles and abstracts of the
remaining records were screened by two independent
reviewers to identify potentially relevant records. Disagree-
ments were resolved independently by a third reviewer. Full
texts of all remaining records were screened in the same
manner to identify eligible records for inclusion.

2.4 Data Extraction

Following systematic screening, data extraction from
included studies was approached selectively. Only out-
comes for the countries of interest, namely the UK, Ger-
many, France, South Korea, Australia and Canada reported
as part of multi- or single-country studies were extracted.
The countries were selected to maintain representation of a
wide range of BTC incidences across geographies. Follow-
ing this selection process, the majority of reports were found
to be from South Korea; to avoid skewing the extracted data
overly towards reports from South Korea, reports from South
Korea were reduced by prioritising for the most relevant
publications (e.g. peer-reviewed publications vs congress
publications and prospective vs retrospective studies).
Patient characteristics, study setting and design, intervention
and comparators, sample sizes and any numerical outcomes
were extracted by one researcher and checked for accuracy
independently.

2.5 Study Risk of Bias Assessment

Assessments of the risk of bias of observational studies were
performed as part of the data extraction using a customised
tool based on the Joanna Briggs Institute checklist for cross-
sectional studies [37]. Biliary tract cancer treatment guide-
lines were assessed using a tool adapted from the AGREE
II checklist [38].

2.6 Data Synthesis

Extracted records were summarised in a qualitative synthe-
sis. Results were grouped by treatment line, treatment type
and outcome, and pooled across BTC subtypes (although
subtype-specific data are available in the ESM). Treatment
type categories were developed post-hoc to accommo-
date the wide range of treatments captured in this review
(Table S5 of the ESM). These categories were designed to
be mutually exclusive to enable meaningful qualitative syn-
thesis; however, studies describing multiple treatments may
appear in multiple categories. Treatments were categorised
as 1L, 2L, third line (3L) or palliative (where no further
details on the line of treatment were provided) based on des-
ignation within original reports. Only mOS and mPFS were
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synthesised and reported here; for other measures of OS and
PFS (such as means and landmarks) and other outcomes
(such as response rates and adverse events), insufficient data
were available to enable a meaningful synthesis. Ranges of
mOS and mPFS were created from overall study populations
(excluding any subpopulations where larger populations
were available) where more than two independent reports
provided an outcome. Quantitative analyses or meta-analy-
ses were not performed in this review.

3 Results
3.1 Study Selection

The PRISMA diagram for the selection of eligible records
is shown in Fig. 1. Of 2885 initially identified records, 597
were reviewed as full texts and 212 met the inclusion crite-
ria (Table S6 of the ESM). Based on the selection criteria
described previously, 53 records were prioritised for extrac-
tion; additionally, 13 relevant records from hand searches
were identified for extraction, and 66 unique full-text records
were extracted. Lists of records excluded during full-text
screening and records that met inclusion criteria but were
not extracted are provided in Tables S7 and S8 of the ESM.

3.2 Study Characteristics

Table 2 summarises the characteristics of the 66 extracted
reports (50 observational studies, 16 guidelines). Nearly all
(n = 62) were published in 2011-21. Most reports were from
South Korea (n = 20), even though only a prioritised subset
of South Korean studies was extracted. Observational stud-
ies (n = 50; Table 2) were most commonly retrospective (n
= 46; n = 4 prospective reports) and described mixed BTC
type cohorts (n = 23) and provided data on 1L and pallia-
tive treatments (n = 25 and n = 22, respectively). Patient
cohorts most commonly included individuals with mixed
cancer stages (n = 37; i.e. including patients with and with-
out metastases). Most studies reported outcomes for sys-
temic chemotherapies (n = 32), including GEMCIS (n =
11), aggregate fluoropyrimidine-based (n = 6) and gemcit-
abine-based (n = 5) regimen; n = 11 studies only presented
outcomes for a mix of systemic chemotherapy regimen with-
out specific details on treatment components or proportions.
Demographics of patients included in observational studies
broadly matched the patient profile described in the BTC lit-
erature (Table S11 of the ESM). In 48 studies reporting age,
the median patient age was 64 years (median ages ranged
from 54 to 69 years) and men comprised a larger proportion
within study cohorts in 37 of 47 studies (median proportion
of men: 57%) [39].
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South Korean recommendation of low
priority, n=22
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n=137
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N=13
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Extracted

N=66 (66 unique records)

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of record selection process

Of 16 BTC treatment guidelines (Tables S12 and S13 of
the ESM), only four provided recommendations by subtype
while others provided general treatment guidelines for BTC.
Six guidelines covered general treatment and management,
two liver transplantation, one liver disease, and one guide-
line each focussed on specific treatments or circumstances,
including selective internal radiation therapy, proton beam
therapy, irreversible electroporation, surgery, care during
COVID-19, use of gemcitabine, and interventional or endo-
scopic care.

Quality assessments are presented in Tables S9 and S10
of the ESM. Observational reports on average only scored
2.0 of 5 possible points; guidelines on average scored 1.6 of
5 points (in both instances, higher scores indicate a lower
risk of bias). Assessment results were driven by incomplete
descriptions of inclusion criteria (66% of studies) and partic-
ipants (70%) and a lack of acknowledgement (80%) and miti-
gation (96%) of potential bias sources. Among the guide-
lines, most (94%) did not clearly describe relevant patient
groups, use systematic methods to identify evidence (87%)
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Table 2 Characteristics of extracted studies (N = 66)

Type of study, n (%)
Retrospective, cohort study
Retrospective, population based
Retrospective, cross-sectional
Prospective, observational study
Retrospective, patient series
Treatment guidelines

Year of publication, n (%)
2000-5

2006-10

2011-15

2016-21

Country, n (%)

International

UK

France

Germany

Australia

Canada

South Korea

Observational studies
Cancer subtype, n

Mixed BTC*
Mixed CCA?
iCCA

eCCA

GBC

AA
Treatment line, n
1L

2L

3L

Palliative

b

Cancer stage, n°
Metastatic
Unresectable

Mixed

Treatment typeS, n (%)
Systemic chemotherapy
Mixed systemic chemotherapy
GEMCIS

FP-based

Gem-based

GEMOX

GEMCARB
FOLFIRINOX

XP

Mixed systemic chemotherapy plus non-active treatment®

Mixed treatments’
Other (non-chemotherapy) treatments®

Non-active treatment®

42 (63.6)
2(3.0)
1(1.5)
4(6.1)
1(1.5)
16 (24.2)

1(1.5)
3(4.5)

27 (40.9)
35 (53.0)

11 (16.7)
6 (9.1)
12 (18.2)
9 (13.6)
2 (3.0)

6 (9.1)
20 (30.3)
n =50

7
37

32 (64)
16 (32)
11(22)
6 (12)
5(10)
12)
12)
12)
4(8)
3(6)
9(18)
15 (30)
10 (20)
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Table 2 (continued)

1L first line, 2L second line, 3L third line, AA ampullary cancer, BTC
biliary tract cancer, CCA cholangiocarcinoma, eCCA extrahepatic
cholangiocarcinoma, FOLFIRINOX a combination of 5-fluorouracil,
leucovorin, oxaliplatin and irinotecan, FP fluoropyrimidine, GBC
gallbladder carcinoma, Gem gemcitabine, GEMCARB a combination
of gemcitabine and carboplatin, GEMCIS a combination of gemcit-
abine and cisplatin, GEMOX a combination of gemcitabine and oxali-
platin, iCCA intrahepatic cholangiocarcinoma, N number, XP a com-
bination of capecitabine and cisplatin

#Some reports included additional subgroup data on specific cancer
types
Some reports included more than one line of therapy

“Reports were grouped as reported by original authors. “Unresect-
able” includes any patient populations that could not undergo surgical
resection and did not have metastases (i.e. may include patients with
unresectable locally advanced disease, or those who were deemed
unsuitable for resection for other reasons), “metastatic” includes
patient groups with metastases, and “mixed” includes patient groups
that included patients who were “unresectable” or “metastatic”, as
described above

4Some reports included more than one type of treatment

“Non-active treatment includes best supportive care or stenting that
was specifically noted in the 3 reports within that category. It is pos-
sible that patients who were only reported to receive mixed systemic
chemotherapies also received additional care without explicit report
by authors

fMixed treatment included systemic chemotherapy and chemoembo-
lisation, systemic chemotherapy and photodynamic therapy, systemic
chemotherapy and radiation therapy, systemic chemotherapy, radia-
tion therapy and palliative resection and unspecified non-surgical
treatments

£0ther (non-chemotherapy) treatments include radiation therapy,
associating liver partition and portal vein ligation for staged hepa-
tectomy, chemoradiotherapy, hepatic intraarterial/arterial systemic
chemotherapy, photodynamic therapy, chemoembolization, radioem-
bolization, radiofrequency ablation and palliative surgery

or describe methods to formulate guidelines (94%); none
clearly described inclusion criteria for selecting evidence.

3.3 Treatment Patterns and Outcomes
3.3.1 FirstLine

Of the 25 observational studies reporting 1L treatment out-
comes, in line with the guidelines most (n = 23) reported on
systemic chemotherapy, including GEMCIS (n = 10). How-
ever, somewhat in conflict with the guidelines, many other
types of systemic chemotherapy were reported at 1L, includ-
ing mixed systemic chemotherapies (n = 11), GEMOX (n =
1), GEMCARB (n = 1), XP (n = 4) and FOLFIRINOX (n
= 1) and aggregates of multiple types of systemic chemo-
therapy, described as gem- and FP-based regimen (n = 3 and
n = 2 respectively) [40—-64]. Notably, for IL GEMCIS, there
is variation in clinical practice regarding limiting treatment
to eight cycles or allowing additional cycles [55]. However,
of ten reports on 1L GEMCIS, five did not describe the
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intended duration of treatment with GEMCIS [49-51, 57,
58]. Three allowed treatment until progression [52, 56, 65],
one limited cisplatin to eight cycles but allowed gemcitabine
treatment until progression [53], and one compared eight
cycles of GEMCIS to GEMCIS treatment until progression
[55]. Although six studies reported treatment exposure data,
various units were used that limit comparison across stud-
ies; in the three studies that reported a median number of
cycles, this ranged from 3.5 to 5 (Table S14 of the ESM)
[49, 52, 54].

Among studies reporting on treatments other than
systemic chemotherapy, treatment modalities included
non-active treatment (best supportive care; n = 2), mixed
non-chemotherapy treatments (n = 3; including chemora-
diotherapy [CRTx, n = 1] and photodynamic therapy [PDT;
n = 2]) and mixed treatments (n = 3; including systemic
chemotherapy with radiotherapy [RT] and symptomatic care
[n = 1], and systemic chemotherapy with PDT [n = 2]) [43,
48, 56, 62, 63].

Median OS for 1L treatments was provided by 23 reports
and was generally poor, being < 12 months in 16 reports
(Fig. 2 and Table S11 of the ESM). No evaluated treatments
seemed to improve mOS consistently compared with oth-
ers in this treatment line, as outcomes for each treatment
generally exhibited wide overlapping ranges. Where at least
three mOS estimates were available across studies for a
type of treatment, mOS was 8.4-22.3 months for GEMCIS,
7.4—11.0 months for XP, 7.8—-14.6 months for gem-based
chemotherapies and 4.7-15.2 for mixed systemic chemo-
therapies (Fig. 2).

Importantly, some studies that achieved high mOS only
included small patient groups or selected for patients with a
higher performance status or who responded better to treat-
ment. Hyung et al. measured a mOS of 22.3 months for
GEMCIS; however, this study only included patients who
had not experienced progression after six to eight cycles
of GEMCIS and therefore may have responded well to the
therapy or were fitter overall than the general BTC popula-
tion [55]. Median OS for non-systemic chemotherapy-based
treatments trended higher compared with the overall sam-
ple, although results were only provided in two reports with
small patient numbers: Loveday et al. reported 16.4 months
with CRTx (n = 18 participants) and Gonzalez-Carmona
et al. reported 15 months with PDT (n = 34 participants)
[48, 62]. While most reports provided outcomes for mixed
BTC populations, available data for BTC subtypes were
broadly aligned with ranges generated for mixed BTC popu-
lations (Table S15 of the ESM).

Median progression-free survival for 1L treatments
was provided by ten reports (Fig. 2B), including GEMCIS
(n =4), GEMCARB (n = 1), GEMOX (n = 1), XP (n =
1), gem- and FP-based chemotherapies (n =2 and n = 1,
respectively), mixed systemic chemotherapies (n = 4) and

treatments other than systemic chemotherapy (neoadjuvant
chemoradiation ahead of intended liver transplantation; n
=1)[42, 44, 45, 47, 50, 52, 53, 55, 60, 62]. Where at least
three mPFS estimates were available across studies for a type
of treatment, mPFS was 4.1-12.5 months for GEMCIS and
2.7-9.2 months for mixed systemic chemotherapies. As for
mOS, no treatments appeared to consistently improve mPFS
over other treatments as outcomes for each treatment gener-
ally exhibited wide overlapping ranges (Fig. 2B; Table S11
of the ESM). Where provided, mPFS for subtypes were
broadly aligned with mixed BTC populations (Table S16
of the ESM). Studies reporting high mPFS typically co-
reported high mOS, and, as described above, generally had
small samples or selected specific patient populations. For
example, Hyung et al. reported mPFS of 12.5 months for
GEMCIS and Loveday et al. reported mPFS of 11.5 months
with CRTx [55].

3.3.2 Second and Third Line

Extracted BTC treatment guidelines did not provide clear
recommendations on 2L treatment. Unlike at 1L, recommen-
dations for 2L chemotherapies were supported by limited
evidence, or were recommended against [66, 67]. Multiple
lines of systemic chemotherapy were cautioned against by
two guidelines [66, 67], one guideline mentioned the use of
FP-based systemic chemotherapy, noting a lack of evidence
of benefit [68]. Guidelines further recommended enrolment
in clinical trials [3, 66, 69], and the use of targeted therapies
in biomarker-defined populations [3, 67] (Table S13 of the
ESM).

Eleven reports provided outcomes for 2L treatments
[44-47, 54, 55, 64, 70-73]. Despite the lack of clear guide-
line recommendations for chemotherapies at 2L, all reports
but one included systemic chemotherapy regimen (n = 10,
including mixed regimen n = 7, gem-based n = 2, FP-based
n = 5); the other report provided data on GEMOX hepatic
arterial infusion (HAI) [73]. No reports provided data on
targeted therapies.

Median OS for 2L systemic chemotherapy and GEMOX
HAI was provided by ten reports. Consistent with 1L,
mOS with 2L chemotherapy was poor (< 12 months in
five reports). Where at least three mOS estimates were
available across studies for a type of treatment, mOS was
5.2-12.7 months for mixed systemic chemotherapies and
4.9-20.0 months for FP-based chemotherapies (Fig. 3A
and Table S11 of the ESM). When compared with other
treatments, no treatments appeared to consistently improve
mOS as outcomes showed fairly wide ranges within and
across treatment types. While GEMOX HAI, gemcitabine
and oxaliplatin or capecitabine (categorised as gem-based)
and FOLFIRI with bevacizumab treatment (categorised as
FP-based) resulted in notably high mOS (20-21.5 months)
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Fig.2 Median overall survival
for first-line treatments (A)

and median progression-free
survival for first-line treatments
(B). BTC biliary tract cancer,
CCA cholangiocarcinoma,
eCCA extrahepatic cholan-
giocarcinoma, FOLFIRINOX a
combination of 5-fluorouracil,
leucovorin, oxaliplatin and
irinotecan, FP fluoropyrimidine,
GBC gallbladder carcinoma,
Gem gemcitabine, GEMCARB a
combination of gemcitabine and
carboplatin, GEMCIS a combi-
nation of gemcitabine and cis-
platin, GEMOX a combination
of gemcitabine and oxaliplatin,
iCCA intrahepatic cholan-
giocarcinoma, mOS median
overall survival, mPFS median
progression-free survival, XP

a combination of capecitabine
and cisplatin. Note: only out-
comes for overall populations
(excluding any outcomes for
subpopulations) are provided.
Marker sizes are proportional to
the number of study participants
in each study
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Fig. 3 Median overall survival

fog second-line treatments (A) A Gem-based
and median progression-free

survival for second-line treat-

ments (B). BTC biliary tract FP-based

cancer, FP fluoropyrimidine,
Gem gemcitabine, GEMCARB a
combination of gemcitabine and
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across three reports, these studies had small participant
numbers (n < 15 for all) [45, 72, 73]. The available (lim-
ited) subtype-specific data were aligned with those avail-
able for mixed samples (Table S13 of the ESM).

Six reports provided mPFS outcomes for 2L systemic
chemotherapy (n = 5 reports) and GEMOX HAI (n = 1;
Fig. 3B and Table S11 of the ESM). Systemic chemo-
therapy regimen included mixed systemic chemotherapies
(n = 4; 1.9-4.9 months) and FP-based therapy (n = 2).
No treatments appeared to consistently improve mPFS
(Fig. 3B). The two studies that described the highest mPFS
were two of the three small studies described previously
that reported high mOS, for FOLFIRI with bevacizumab
treatment and GEMOX HAI [72, 73].

Extracted BTC treatment guidelines did not make recom-
mendations on 3L treatment and the only identified outcome
for 3L treatments was in a study subgroup in which patients

@ o @ o0

mOS in months

@®Mixed BTC @Mixed CCA iCCA
® O o0 o @
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mPFS in months
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(n = 5) received mixed chemotherapy (mPFS 7.4 months)
[Table S11 of the ESM] [64].

3.3.3 Palliative Treatment

Because the intent of treatment for unresectable advanced
or metastatic BTC is not curative, all management of unre-
sectable advanced or metastatic BTC could be considered
palliative, including the 1-3L treatments described previ-
ously. Guidelines included a range of options as palliative
treatments, including various non-chemotherapy-based treat-
ments without a clear designation of a treatment line [66, 67,
69, 74-82] as well as treatments termed here as ‘non-active
treatments’ such as stenting and biliary drainage [3, 66, 67,
74,79, 83]. However, BTC treatment guidelines mentioned
the paucity of evidence of clear benefit for such treatments
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and did not make clear recommendations for treatment algo-
rithm and appropriate patient populations.

In line with this, across the extracted observational stud-
ies, 22 described the line of treatment as only ‘palliative’,
and therefore these reports are discussed separately from
studies designating a line of therapy. Of these reports, half
included therapies other than systemic chemotherapy (n =
11), eight palliative systemic chemotherapy (without speci-
fying line of therapy, including gem-based chemotherapies
[n = 1], GEMCIS [n = 1], mixed systemic chemotherapies
[n = 3], mixed systemic chemotherapies as well as non-
active treatment [n = 3]) and six mixed treatments [57, 65,
84—102]. In line with BTC treatment guidelines, non-active

Fig.4 Median overall survival A

.. Gem-based
for palliative treatments (A)
and median progression-free
survival for palliative treatments GEMCIS

(B). BTC biliary tract cancer,
CCA cholangiocarcinoma,
eCCA extrahepatic cholangio-
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GEMCIS a combination of gem-
citabine and cisplatin, GEMOX
a combination of gemcitabine
and oxaliplatin, iCCA intra-
hepatic cholangiocarcinoma,
mOS median overall survival,
mPFS median progression-free
survival. Note: only outcomes
for overall populations (exclud-
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treatments (including stenting and biliary drainage) were
reported in eight studies [57, 85, 86, 88, 93, 100, 102, 103].

Where reported (n = 18), mOS was poor: nine reports
showed median survival benefits < 12 months (Fig. 4A
and Table S11 of the ESM). Where at least three mOS
estimates were available across studies for a type of treat-
ment, mOS was 6.0-38.5 months for treatments other than
systemic chemotherapy, 7.8—-12.5 months for mixed sys-
temic chemotherapies, 5.6—13.7 months for mixed systemic
chemotherapies and non-active treatment, 17.9 months—not
reached for mixed treatments and 2.3—8.9 months for non-
active treatment. Median OS for the non-chemotherapy treat-
ments PDT/PDT and CTx, ALPPS and RFA were among the
highest of all extracted reports (Fig. 4A). However, studies
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® (J
o Do
10 20 30 40
mOS in months

@®Mixed BTC @®Mixed CCA (eCCA @iCCA @GBC

10 15 20 25 30 35

mPFS in months
@®Mixed BTC @iCCA @GBC



A Systematised Literature Review of Treatment Patterns and Outcomes in Unresectable BTC

of RFA and PDT/PDT and CTx had small sample sizes (n
< 15) and patients receiving RFA and ALPPS were younger
(predominantly < 65 years of age) and had comparatively
small tumour sizes [89, 94, 97]. Ranges for BTC subtypes
were broadly aligned with ranges for mixed BTC samples
(Table S15 of the ESM).

Only four reports provided mPFS outcomes for palliative
treatments, including treatments other than systemic chem-
otherapy (n = 2), gem-based chemotherapies (n = 1) and
GEMCIS (n = 1) [94, 101]. As observed for mOS, a rela-
tively small study (n = 13) of RFA in patients with small
tumours (< 3 cm) showed the highest mPFS among identi-
fied reports (Fig. 4B, Table S11 of the ESM) [94].

4 Discussion

This systematised review broadly assessed observational
treatment patterns and outcomes, unrestricted by treatment
type, for unresectable advanced or metastatic BTC. This
is a high unmet need indication owing to the aggressive
nature of the disease and the high likelihood of detection
only at an advanced stage, precluding curative treatment.
The review provides a unique perspective across treatment
modalities and lines using a systematic search approach; to
our knowledge, no other recent work has summarised real-
world treatment patterns for this cancer type across treat-
ment modalities.

4.1 Treatment Patterns and Outcomes

For 1L treatment of unresectable advanced or metastatic
BTC, clinical practice seems to be generally aligned with
treatment guidelines. GEMCIS has been the recommended
treatment and SoC for the past 10 years [14, 15], with
guidelines suggesting other chemotherapy regimen if an
alternative is required. In line with this, the vast majority of
1L studies reported outcomes for systemic chemotherapy,
frequently GEMCIS but several other regimen were also
evaluated. Furthermore, in line with the general perception
that unresectable advanced or metastatic BTC is associated
with poor survival outcomes, most studies reported mOS
< 12 months for 1L (and later line) treatments, highlight-
ing the need for novel treatments with improved outcomes.
Where outcomes for BTC subtypes were available, data
were broadly comparable. Notably, mOS and mPFS with
GEMCIS in observational studies were broadly aligned with
outcomes of the pivotal ABC-02 trial, which established
GEMCIS as 1L SoC in this indication [14].

Beyond 1L, guidelines provided relatively weak recom-
mendations because of limited evidence of benefit. At 2L,
guidelines highlighted targeted treatments for biomarker
defined populations but disagreed on the utility of multiple

lines of systemic chemotherapy. Despite all of this, all
but one 2L study evaluated systemic chemotherapy. This
may indicate that clinicians seek to further treat patients
who have progressed on 1L treatment but are fit enough to
tolerate further chemotherapy, despite limited evidence of
benefit, in recognition of the poor prognosis in this indica-
tion. Median OS of 2L treatments ranged from 4.9 to 21.5
months and was comparable across identified treatment
options and cancer subtypes. Unexpectedly, the ranges
of mOS at 1L and 2L were comparable, but this may be
explained by the study selection for patients fit enough
to receive further treatment upon progression after 1L.
As fewer patients are likely to tolerate additional lines of
therapy, this emphasises the importance of maximising the
range of effective 1L treatments.

Finally, this review identified substantial evidence for
treatments described as ‘palliative’, without specifying the
treatment line. The 1L and 2L chemotherapy treatments
discussed above can be considered palliative, as the intent
of treatment for unresectable advanced or metastatic BTC
is not curative, and guidelines also recommended the use
of various non-systemic chemotherapy-based treatments
in the palliative setting. This is reflected in the range of
palliative chemotherapy and non-chemotherapy treatments
evaluated in observational studies. Among palliative treat-
ments, mOS ranged from 2.9 months to not reached. This
broad range may reflect the palliative treatment subgroup
in this review likely includes a mix of treatment lines, pos-
sibly including 1L treatment.

4.2 Current Developments in This Indication

As this review only included reports published in or before
2021 from specific countries, guidelines from other coun-
tries (e.g. USA National Comprehensive Cancer Network)
and guidelines published since 2021 were not included. In
the most recent guidelines, durvalumab plus GEMCIS is
the recommended 1L treatment, based on the results of the
TOPAZ-1 trial in which durvalumab and GEMCIS treat-
ment resulted in significantly improved OS and PFS com-
pared with GEMCIS alone for patients with unresectable
advanced or metastatic BTC [2, 23, 24]. Further updates
are anticipated following the results of ongoing 1L phase
III trials [25-27]. Additionally, these guidelines provide
stronger 2L treatment recommendations: FOLFOX is con-
sidered SoC, and several targeted treatments are recom-
mended for patients with relevant mutations [2, 24]. As
the treatment landscape in unresectable BTC continues
to evolve, systemic chemotherapies may be altogether
replaced by alternative therapy options.
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4.3 Areas for Further Research

Data were lacking for some topics explored in this review.
We did not identify outcomes for 1L gemcitabine monother-
apy (an important treatment option for patients who cannot
tolerate 1L GEMCIS), and 2L FOLFOX and 2L targeted
treatments, which are important 2L therapies described in
most recent guidelines. Additionally, only limited report-
ing of PFS, response rates and safety data for any treatment
modality was identified. In particular, safety data were
reported sporadically and inconsistently across the extracted
studies, and more granular reporting of treatment toxicities
in future studies would provide a better picture of real-world
tolerability. Another gap highlighted by this review is treat-
ment effectiveness in BTC subtypes. Nearly half of the stud-
ies extracted in this review enrolled single BTC subtypes:
the fewest data were available for ampulla of Vater (the rar-
est BTC subtype) and gallbladder carcinoma, versus iCCA
and extrahepatic cholangiocarcinoma. Even when combin-
ing results from these studies with available subgroup data
from studies enrolling mixed BTC populations, a qualita-
tive synthesis of subgroup data was challenging owing to
few commonly reported outcomes across studies even for
iCCA and extrahepatic cholangiocarcinoma. Overall, addi-
tional observational studies are required to better understand
the real-world effectiveness and safety of currently avail-
able treatments, and newly available therapies such as dur-
valumab for BTC.

Last, research focused on the screening and diagnosis
of BTC will be fundamental to improving early detection
of BTC. This would reduce dependence on palliative treat-
ments for unresectable advanced or metastatic BTC and
enable patients to receive curative treatments.

4.4 Strengths and Limitations

This systematised review followed a systematic search and
screening approach following Centre for Reviews and Dis-
semination guidelines and is reported in line with PRISMA
guidelines to ensure methodological robustness. A wide
variety of relevant databases and an extensive time period
were used. In addition, hand searches of additional data
sources and congress abstracts published in the last 3 years
were conducted, to capture all available reports. However,
because of the broad search strategy, this review pragmati-
cally restricted the geographic scope of data extraction to
countries that were representative of a wide range of BTC
incidences and therefore not all available evidence has been
synthesised. Therefore, while this review identified few BTC
subtype-specific data, additional data for BTC subtypes may
be available from reports that were not extracted because
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of the restricted scope. A wider review of subtype-specific
treatment outcomes may be a subject of future research.

This review did not distinguish outcomes of metastatic
and unresectable patients as most reports provided mixed
populations. However, cancer stage may affect patient out-
comes and therefore introduce variability within and across
reports [104].

Data interpretation is further limited by the variability
of terminology used in reports and limitations posed by the
retrospective study design of most included reports. This
affects the description of the BTC stage and resectability, as
well as the treatment line and to a lesser extent study end-
points. To mitigate a lack of clear reporting, lines of treat-
ment were assigned by authors based on treatment recom-
mendations in the National Comprehensive Cancer Network
and European Society for Medical Oncology guidelines [2,
24].

This review did not perform any in-depth quantitative
analysis of data and can therefore only identify trends, but
not make definitive conclusions about treatment outcomes.
Given the study limitations described above, any quantitative
analysis would have considerable uncertainty.

5 Conclusions

Overall, the results of this first broad review of advanced
unresectable and metastatic BTC treatment patterns sug-
gest that real-world outcomes in this indication are poor.
Across identified treatments, none notably improves patient
mOS and mPFS at any treatment line. Furthermore, GEM-
CIS appears to be a mainstay of 1L treatment, despite its
introduction over a decade ago, indicating a lack of innova-
tion in the treatment landscape. This evidence highlights
the need for new treatments with improved effectiveness in
this aggressive condition. Immunotherapies and targeted
treatments, which now are being included in BTC treat-
ment guidelines, represent innovative treatment options in
this patient population. However, the effectiveness of these
therapies in the real world remains to be assessed in future
research.
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