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Role of '8FDG-PET in diagnosis (T), staging (N/M) and relapse
of BTC was assessed.

18EDG-PET is not recommended for diagnosis (T) in the
absence of cytology/histology.

18EDG-PET should be incorporated into current guidelines for
staging (N/M) and relapse.

18EDG-PET should be used for staging (N/M) if identification
of occult sites of disease will alter management.

18EDG-PET should be used to identify relapse if suspicion
remains following standard imaging.
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Lay summary

A positron emission tomography (PET
scan), using !8F-fluorodeoxyglucose
(8FDG), can help doctors identify areas
of cancer in the body by highlighting
“hot spots”. These hotspots may be
cancerous (true positive) but may also
be non-cancerous, like inflammation
(false positive). We show that PET scans
are useful to assess how far advanced the
cancer is (by assessing spread to lymph
glands and to other organs) and also to
identify if the cancer has recurred (for
example after surgery), thus helping doc-
tors to make treatment decisions. How-
ever, a biopsy is still needed for the initial
diagnosis of a biliary tract cancer, because
of the high chance of a “false positive”
with PET scans.
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Background & Aims: The role of '®F-fluorodeoxyglucose posi-
tron emission tomography ('®FDG-PET) in the diagnosis and
staging of patients with biliary tract cancers (BTCs) remains
controversial, so we aimed to provide robust information on
the utility of '®FDG-PET in the diagnosis and management of
BTC.

Methods: This systematic review and meta-analysis explored
the diagnostic test accuracy of '®FDG-PET as a diagnostic tool
for diagnosis of primary tumour, lymph node invasion, distant
metastases and relapsed disease. Subgroup analysis by study
quality and BTC subtype were performed. Changes in manage-
ment based on '®FDG-PET and impact of maximum standard-
ised uptake values (SUVmax) on prognosis were also assessed.
A random effects model was used for meta-analyses.

Results: A total of 2,125 patients were included from 47 eligible
studies. The sensitivity (Se) and specificity (Sp) of ®FDG-PET for
the diagnosis of primary tumour were 91.7% (95% CI 89.8-93.2)
and 51.3% (95% CI 46.4-56.2), respectively, with an area under
the curve (AUC) of 0.8668. For lymph node invasion, Se was
88.4% (95% CI 82.6-92.8) and Sp was 69.1% (95% CI 63.8-74.1);
AUC 0.8519. For distant metastases, Se was 85.4% (95% CI 79.5-
90.2) and Sp was 89.7% (95% (I 86.0-92.7); AUC 0.9253. For
relapse, Se was 90.1% (95% CI 84.4-94.3) and Sp was 83.5%
(95% CI 74.4-90.4); AUC 0.9592. No diagnostic threshold effect
was identified. Meta-regression did not identify significant
sources of heterogeneity. Sensitivity analysis revealed no change
in results when analyses were limited to studies with low risk of
bias/concern. The pooled proportion of change in management
was 15% (95% CI 11-20); the majority (78%) due to disease
upstaging. Baseline high SUVmax was associated with worse sur-
vival (pooled hazard ratio of 1.79; 95% CI 1.37-2.33; p <0.001).
Conclusions: There is evidence to support the incorporation of
I8EDG-PET into the current standard of care for the staging
(lymph node and distant metastases) and identification of
relapse in patients with BTC to guide treatment selection; espe-
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cially if the identification of occult sites of disease would change
management, or if diagnosis of relapse remains unclear follow-
ing standard of care imaging. The role for diagnosis of the pri-
mary tumour remains controversial due to low sensitivity and
18EDG-PET should not be considered as a replacement for patho-
logical confirmation in this setting.

Lay summary: A positron emission tomography (PET scan),
using '®F-fluorodeoxyglucose (18FDG), can help doctors identify
areas of cancer in the body by highlighting “hot spots”. These hot-
spots may be cancerous (true positive) but may also be non-
cancerous, like inflammation (false positive). We show that PET
scans are useful to assess how far advanced the cancer is (by
assessing spread to lymph glands and to other organs) and also
to identify if the cancer has recurred (for example after surgery),
thus helping doctors to make treatment decisions. However, a
biopsy is still needed for the initial diagnosis of a biliary tract can-
cer, because of the high chance of a “false positive” with PET
scans.

© 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction

Introduction to biliary tract cancer

Biliary tract cancers (BTCs) (including cholangiocarcinoma and
cancers of the ampulla of Vater and gallbladder) are considered
low-incidence malignancies, accounting for approximately 0.7%
of all malignant tumours in adults. However, data from the past
25 years suggest that, predominantly due to a rise in diagnosis
of intrahepatic cholangiocarcinoma, both incidence and mortal-
ity are increasing.!*

A minority of patients (around 20%) are diagnosed with early
stage disease when curative resection is possible.> Due to the
high risk of relapse after curative resection, adjuvant
chemotherapy is recommended.*® Unfortunately, more than
65% of patients are diagnosed with unresectable disease, which
is associated with a poor prognosis; the 5-year overall survival
rate for stage Il and IV are 10% and 0%, and palliative
chemotherapy is the only available treatment option.’ In
2010, the results of the phase IIl randomised NCRN ABC-02 trial,
established cisplatin and gemcitabine as the reference regimen
for first-line therapy of advanced BTC.” The potential role of
triple chemotherapy in the first-line setting is also being
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explored.® Based on the lack of quality evidence supporting
second-line chemotherapy after progression on the cisplatin
and gemcitabine combination,®'® clinical trials are ongoing
(e.g. ABC-06; NCT01926236, etc.). Development of new-
targeted therapies is also awaited.''~'*

Current pathway for diagnosis

Patients diagnosed with BTC commonly present with non-
specific symptoms; therefore, diagnosis is often challenging.
Patients with suspected BTCs are assessed with ultrasound
(US), contrast-enhanced computerised tomography (CT), and
magnetic resonance imaging (MRI)'°>~2° for tumour staging
(according to TNM?!) followed by biopsy or cytology (when fea-
sible) for confirmation of invasive malignancy. Based on the
information available, treatment is planned accordingly.

Although the current gold standard for diagnosis of malig-
nancy relies on pathology (histology/cytology), there are two
exceptions that would apply only when biopsies are repeatedly
non-diagnostic due to challenges of sample acquisition. First,
patients with suspected non-pathology-confirmed BTC may be
assumed to have a malignant diagnosis if there is evidence of
distant metastases. Secondly, the same may apply if benign
(i.e. no change/growth over time, no distant spread) or malig-
nant (progression, growth in size, distant spread) behaviour is
identified on follow-up.

Unfortunately, for some patients, the information provided
by the imaging techniques described above is still insufficient
for diagnosis and staging of BTC. '®F-fluorodeoxyglucose posi-
tron emission tomography (®FDG-PET) has been postulated as
an additional useful tool in selected situations which could
potentially provide useful information for patients who have
undergone the aforementioned tests.>**3

Potential role of positron emission tomography in BTC

PET is a highly sensitive imaging method used to detect metabolic
processes, usually employed for selected patients as an add-on test
following a specific diagnostic pathway. '®F-fluorodeoxyglucose
(8FDG) is a glucose analogue and a positron tracer. '®FDG-PET is
a method of imaging that utilises glucose metabolism to assess a
variety of physiological and disease processes. The use of stan-
dardised uptake values (SUVs) is common practice in clinical
oncology when reporting results of PET imaging.>* SUV provides
information regarding metabolic activity of the tumour. In oncol-
ogy, SUVs provide objective and normalised results adjusted to
potential variability introduced by factors such as patient size or
the amount of injected radiotracer. It is worth mentioning that
18EDG-PET usually (however not always) incorporates CT
(*8FDG-PET-CT) in order to correct signals according to attenua-
tion and to allow better anatomical localisation.

The role of '®FDG-PET in the staging and management of a
number of malignancies such as lymphoma, head and neck or
lung cancer has been previously defined.?*~%’

In contrast, the role of "®FDG-PET in BTC remains controver-
sial. One of the potential limitations of the use of '®FDG-PET in
patients with BTC may be the false positive results related to bil-
iary stenting, biliary sepsis and local infection, making the inter-
pretation of '®FDG-PET results challenging.?>2%%° Multiple small
retrospective and prospective series have suggested a potential
role for '"8FDG-PET in BTC diagnosis and staging.’®*' According
to the literature, the results of an '®FDG-PET scan may change
the treatment plan in around 20% of patients with resectable
BTCs, avoiding unnecessary non-curative resections,* with sig-

116

Cancer

nificant implications for individual patients, as well as for the
health economy. However, these findings have not been con-
firmed in larger series. '®FDG-PET has also been proposed to help
with the diagnosis of BTC relapse, but its role is not clear from
the available individual studies.**>* Based on these small data-
sets, some countries and centres utilise '®FDG-PET in the man-
agement of BTC,>® even though the statistical power of individ-
ual studies was not sufficient to change practice globally.
Therefore, '8FDG-PET is currently not used in routine clinical
practice. This systematic review and meta-analysis of available
studies aims to provide clinicians with more robust information
regarding the applicability of '8FDG-PET in addition to the cur-
rent standard of care imaging/diagnostic tests utilised (US/CT/
MR) in daily clinical practice for patients who have had previous
imaging/biopsy for suspected primary or relapsed BTC.

Material and methods

Objectives

This systematic review aimed to evaluate the diagnostic test
accuracy (DTA) of '8FDG-PET in addition to the current standard
of care imaging/diagnostic tests utilised (US/CT/MR) in the fol-
lowing areas: A) '8FDG-PET as diagnostic tool for primary
tumour (T) malignancy in patients with suspected BTC; this
could be of interest when a biopsy is not feasible. B) '®FDG-
PET as a tool for diagnosis of lymph node (N) and distant metas-
tases (M) which could provide information for staging and allow
better selection of patients with apparently resectable disease.
C) '"8FDG-PET as a tool for identification of relapsed disease.

In addition, the impact of '®FDG-PET in changing clinical
decisions (measured as percentage of participants in whom
the management changed based on the '8FDG-PET results)
and prognostic impact of baseline maximum SUV (SUVmax)
on survival (overall survival [OS], progression-free survival
[PFS] or disease-free survival [DFS]) in studies where this data
was available was assessed.

Search methods for identification of studies

This systematic review was registered in the PROSPERO data-
base, number CRD42018110366.°° A search (last updated on
19 September 2018) to identify eligible studies was undertaken
using the MEDLINE database;>” search strategy: “fdg pet biliary
tract OR ((18f fdg[MeSH Terms] AND Biliary tract[MeSH
Terms])) OR ((18f fdg[MeSH Terms] AND Gallbladder Neo-
plasms [MeSH Terms])) OR ((18f fdg[MeSH Terms] AND Cholan-
giocarcinoma [MeSH Terms])) OR ((18f fdg[MeSH Terms] AND
Ampulla of Vater [MeSH Terms])) ”. Abstract from ASCO>® and
ESMO> were also screened (search last updated on 20 Septem-
ber 2018); search strategy: “(FDG and cholangiocarcinoma) OR
(FDG and gallbladder) OR (FDG and biliary) OR (FDG and
ampulla) .

Potentially-eligible studies were selected from the 2 afore-
mentioned searches by reviewing the abstracts. All studies
meeting the inclusion criteria were included irrespective of year
or language of publication. If non-English articles were identi-
fied, those studies were included if the mandatory data was
available in the abstract; alternatively, authors were contacted
for further details.

Study eligibility
This systematic review and meta-analysis focused on BTC
(including cholangiocarcinoma, gallbladder and ampullary
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malignancies) studies. Prospective and retrospective studies
with data available for patients diagnosed with BTC were eligi-
ble. Case reports and review publications were excluded. The
following data was required for studies to be eligible for each
of the main objectives:

¢ DTA assessment: Eligible studies were required to provide
data that allowed the 2 x 2 table to be constructed (true
positive, false positive, false negative and true negative).
See further details in Supplementary Material 1. “Patient”
was the employed unit for the 2 x 2 tables. In studies
employing other units (such as for example “lesion”) data
per patient was extracted from the manuscript (if avail-
able); alternatively, authors were contacted, or studies
excluded if data per “patient” were unavailable.

¢ Impact on clinical management: Studies reporting data of
change in management measured as percentage of partic-
ipants in whom the management changed based on the
18EDG-PET results were eligible.

e Prognostic impact: Eligible studies were those reporting
data on impact of baseline SUVmax on survival (OS, PFS
or DFS) measured as hazard ratio (HR) or odds ratio
(OR) £ 95% confidence interval (CI) or p value.

If none of these figures were detailed in the abstract (if full
article was not available) or in the full article, studies were
deemed ineligible.

In addition to the above, eligible studies were required to
meet adequate criteria for the reference standard. For this sys-
tematic review, a pathology-proven malignancy (either by
cytology or histology) was considered to be the reference stan-
dard. Therefore, studies were excluded if the stated reference
standard was other than biopsy-proven cancer. See Supplemen-
tary Material 2 for further definition and exceptions to the ref-
erence standard. For prognostic factors and change in
management role, the reference standard definition for T, N or
M were applied according to whether patients with localised
(T/N) or metastatic (M) disease were included in that study.

The study selection process was summarised in a flow dia-
gram as per PRISMA criteria®®*! where reasons for exclusion
of studies were also recorded.

Data extraction and assessment of methodological quality
Data were extracted using predefined data collection tools (Sup-
plementary Material 3) by one of the authors (AL) and queries
discussed with a second author (JB); a third author acted as
an arbiter in the case of disagreement (JWV).

“Quality” was separated into “risk of bias” and “concerns
regarding applicability” following QUADAS-2 guidance.*? Defi-
nitions were predefined and included the 4 main domains: par-
ticipant selection, index test, reference standard, and flow and
timing (Supplementary Material 4). Authors agreed to score
the risk of bias as high or unclear if there was at least one 'no’
or 'unclear’ response to a signalling question for a given domain.

Statistical analysis and data synthesis

Descriptive analysis

Weighted mean and the 95% CI of age were calculated, weighted
according to the number of patients included in the studies
(analytic weighting). The same method was employed for com-
parison of SUVmax between cancer and non-cancer patients in
studies with such data reported. Student’s t test was used to
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compare SUVmax between groups. Stata v.12 software was
employed for this analysis.*®

DTA meta-analysis

Pooled sensitivity, specificity, positive likelihood ratio (LR+),
negative likelihood ratio (LR-) and diagnostic odds ratio (DOR)
for '8FDG-PET compared with reference standards were calcu-
lated for each one of the DTA endpoints and for each predefined
subgroup using Meta-DiSc v.1.4 software.** Together with
pooled results, 95% CIs and heterogeneity (in the form of the
inconsistency (I?) and heterogeneity p value) were reported.
Data was plotted graphically in forest plots and summary recei-
ver operating characteristic (SROC space); size of dots were pro-
portional to study size. In order to use data from all studies
found to be adequate for the DTA meta-analysis (including
those with value of “zero” in any cell), a value of “0.5” was
added into every 2 x 2 table cell.*

Since it was expected that the eligible manuscripts would
specify an explicit SUVmax cut-off for definition of “positive
or “negative” results and due to the fact that this threshold
was expected to vary between studies, analysis of diagnostic
threshold for BTC in each DTA endpoint was assessed by cal-
culating the Spearman correlation coefficient (rho) between
sensitivity and specificity (using Meta-Disk v.1.4 software**).
It was considered that the diagnostic threshold effect existed
if a strong inverse correlation (defined as rho below —0.4)
appeared.”> The hierarchical summary receiver operating
characteristics (HSROC) model was also employed for the
analysis with an HSROC curve estimation (using “Metandi”
command in Stata v.12 software®®);*® mean accuracy
(lambda) parameter was employed for interpretation of
HSROC results.*” In addition, if a minimum of 4 studies (min-
imum number of studies required by the “Metandi” command
in Stata v.12 software*®) were identified to report accuracy
data using a common SUVmax cut-off value, a bivariate
model was used to estimate pooled DTA measurements of
specific SUVmax cut-offs.

The random effects model rather than fixed effects model
was employed, since heterogeneity between studies was
expected to be present.

Pre-planned subgroup analyses for DTA meta-analysis
included analysis by primary tumour site (cholangiocarcinoma,
intrahepatic cholangiocarcinoma, extrahepatic cholangiocarci-
noma, hilar cholangiocarcinoma, gallbladder cancer and ampul-
lary malignancies) and DTA endpoints (identification of primary
tumour (T), regional lymph node (N), distant metastases (M) or
identification of relapse).

Formal reporting bias analysis for DTA was not performed
due to the inadequacy of the existing statistical method for its
assessment in such studies.

Change in patient management

The proportion of changes with exact 95% Cls was calculated for
each study. The Freeman-Tukey double arcsine transformation
was chosen for the calculation of pooled estimates and 95%
Cls.*34° Random effects pooled estimates were calculated in
order to take into account heterogeneity between estimates>®
using R-Studio v.8.1 software.”! Statistical heterogeneity
among studies was evaluated.”®> Reporting bias (including
publication bias) was assessed using funnel plots and the
asymmetry test.”*
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Prognostic role

Survival data was meta-analysed using the random effects mod-
els in the RevMan v.5 software.”* Heterogeneity (I? and p value)
and presence of reporting bias (including publication bias by
exploring funnel-plot asymmetry®*°>) were assessed.

Heterogeneity and sensitivity analysis

The study quality (defined as per predefined QUADAS?2 criteria)
was considered as a main source of heterogeneity and included
in the sensitivity analysis, in which analysis was repeated
including studies with low risk/concern (high quality) only. Sen-
sitivity analyses were performed for all predefined subgroup
analysis.

Other main sources of heterogeneity were investigated, such
as year of publication as a surrogate of PET imaging quality. The
year 2005 was used as the cut-off and publications before then
were compared with publications from 2005 (inclusive)
onwards to investigate this hypothesis. Other relevant variables
were included in subgroup analysis (in the case of data avail-
ability) such as: adequacy of the reference standard (rate of
patients with confirmed cancer or benign disease as per pathol-
ogy/cytology, radiology or follow-up results), rate of indetermi-
nate/uninterpretable results (situations in which even in the
presence of good quality imaging, PET findings are equivocal
or situations in which PET findings could not be interpreted

)
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due to low quality imaging), and methodological quality (PET
vs. PET-CT equipment, generation of equipment [PET camera],
type of crystal utilised by the PET camera, amount of FDG
injected, baseline glucose levels, prevalence of diabetes mellitus
in the reported population, protocol utilised for post injection
imaging [e.g. 60, 75 or 90 min], 2D vs. 3D reconstruction, utilisa-
tion of iodinated contrast, time of flight capability and the
employment of a SUVs threshold [if yes, which]).

In order to formally investigate potential sources of hetero-
geneity other than the diagnostic threshold effect (assessed by
the analysis of diagnostic threshold) and the impact of quality
(assessed by sensitivity analyses), meta-regression including
the above-mentioned co-variates was used (using Meta-Disk
v.1.4 software?*).°® Meta-regression was performed for the
whole BTC cohort including subgroups by DTA endpoint, but
not including subgroups by primary site.

Results

Results of the search

A total of 231 abstracts were screened; and 71 selected for full
text screening (Fig. 1). Of these 71 abstracts, 25 were excluded
due to the following reasons: i) One review paper;°’ ii) Five
studies did not report data for patients with BTC (data was pro-
vided together with other tumour types such as pancreatic can-

Records excluded (n = 160)

+ Case report (71)
* Review (23)
* Treatment related information (17)

« No "®FDG-PET (14)
* No BTC information (29)

* Basic research (6)

Full-text articles excluded (n = 25)

* Review (1)
» No BTC information (5)
* Results based on lesions (not patients) (3)

* Duplicated (1)
* Not enough data (14)

» No adequate reference standard (1)

c
o Records identified through Additional records (ASCO (n = 18),
_g MEDLINE database search ESMO (n = 15))
-“g (n =199) (n=33)
7}
=
J y
Records after duplicates removed
(n =231)
o
i=}
]
[
e
o
0 Records screened
(n =231)
Full text articles assessed
- for eligibility
= (n=71)
2
2
[}
Studies included in meta-
analysis
(n = 46)
°
@
°
=
©
=
Retrospective studies (23)
Prospective studies (9)

Unclear if retrospective/prospective (14)

Fig. 1. PRISMA diagram. '8FDG-PET, '®F-fluorodeoxyglucose positron emission tomography; BTC, biliary tract cancer; n number of studies.
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cer’® %! or liver cancer®?); iii) Data accuracy and/or 2 x 2 tables

were derived from a different unit other than patient (such as
number of lymph nodes affected) in 3 studies;**"°> iv) One
paper was excluded as it was a duplicate series®® already
included in this meta-analysis in the form of an updated
paper;®’ v) Fourteen papers were excluded due to lack of details
for determination of diagnostic accuracy,>*~7° extraction of
prognostic information’'~”? or other useful information;”*-5°
vi) Finally, one paper was excluded due to the reference stan-
dard not meeting eligibility criteria.®

Table 1. Eligible studies, study details and characteristics.

JOURNAL
OF HEPATOLOGY

A total of 47 eligible studies were included;??23:32:33.67.82-122
characteristics of each study are summarised in Table 1 and
Table S1. Most of these studies were retrospective (23 studies
retrospective; 9 prospective; in 14 studies the design was
unclear). Six studies included patients with advanced disease
due to start palliative treatment, 5 explored the role of '®FDG-
PET following resection, and 16 did so in the pre-operative set-
ting. A total of 19 studies included patients with all stages of
BTC. In total, 39 studies reported data on diagnostic accuracy,
13 for changes in management and 11 regarding prognosis.

Study Cancer status Country Data Study type DTA Manage- Survival BTC/ F/M Mean/median age,
[Ref] extracted info ment info Total years * SD (range)
from info patients
e Before surgery China Abstract Retrospective Yes  No Yes 39/39 28/38
9 Advanced stage, Korea Full text Prospective No No Yes 75/75 32/43 64 (46-83)
before treatment
s Before surgery Korea Full text  Retrospective No  No Yes 25/25 3/22 67 +6
121 Before surgery China Full text  Retrospective Yes  No No 30/49 -
e All stages China Abstract Retrospective  Yes  Yes No 65/65 =
86 Advanced stage, Korea Full text Retrospective  Yes No Yes 106/106 31/75 61
before treatment
2 All stages Turkey Full text  Retrospective Yes No No 22/22 B
17 After surgery India Full text  Retrospective Yes  No No 26/50 16/34 55+11
£ Advanced stage, Korea Full text Prospective No No Yes 48/48 14/34 61 (range 39-75)
before treatment
97 Before surgery Korea Full text Unclear Yes No No 53/53 28/25 62.4+10.0 (38-82)
28 Before surgery Korea Full text  Unclear No No Yes 78/78 22/42 61.3+10.7
67 All stages Spain Full text  Prospective Yes  Yes No 20/37 28/21 68.6+11.3
L All stages Korea Full text  Retrospective No  No Yes 61/61 29/32 68.5+8.9
84 Before surgery Taiwan Abstract  Prospective Yes No No 36/62 - (27-86)
<1 Before surgery Korea Abstract Unclear Yes No No 34/39 -
92 Before surgery China Abstract Retrospective  Yes No No 32/32 14/18 56
102 After surgery India Abstract Retrospective Yes  No No 42/62 34/15 52.5
83 Advanced stage, Germany Abstract Retrospective  Yes No No 47/64 -
before treatment
o After surgery Korea Full text  Retrospective Yes No No 34/50 13/37 60 (33-77)
16 Before surgery Netherlands  Full text ~ Retrospective Yes  Yes No 26/30 -
93 Advanced stage, Germany Full text  Unclear No No Yes 23/23 15/11
before treatment
99 Before surgery Japan Full text Unclear Yes No Yes 73/73 27/46 668
e All stages Korea Full text  Retrospective Yes  Yes No 82/99 41/58 67 (35-91)
122 Advanced stage, USA Full text  Prospective No No Yes 35/35 14/21 60 (25-82)
before treatment
22 After surgery Japan Full text Retrospective  Yes  Yes No 29/50 - 62 (47-82)
91 All stages Japan Full text ~ Retrospective Yes  No Yes 36/69 29/40 69 (46-84)
129 Before surgery Germany Full text  Retrospective Yes No No 12/17 6/11 62
s Before surgery Japan Full text  Unclear Yes  Yes No 27/27 12/15 64 (41-78)
23 Before surgery Korea Full text Prospective Yes No No 94/123 43/80 60 (28-78)
89 All stages USA Full text  Retrospective Yes  Yes No 87/93 -
A All stages Japan Full text  Retrospective Yes No No 29/37 B
109 All stages Korea Full text  Retrospective Yes  Yes No 46/54 20/34 59.2 +8.7
2 Before surgery Japan abstract Unclear Yes No No 3/12 E
85 After surgery Japan Full text  Unclear Yes No No 4/5 5/0 (50-69)
e All stages Italy Full text  Unclear Yes  Yes No 20/25 =
1o All stages Japan Full text  Unclear Yes No No 23/32 20/12 69.9 (34-83)
e2 All stages Switzerland  Full text Prospective Yes  Yes No 61/70 30/31 64 (35-81)
120 All stages Japan Full text  Prospective Yes  No No 21/30 -
14 All stages Germany Full text  Unclear Yes No No 14/22 10/10 63+14
15 Before surgery Spain Full text ~ Retrospective Yes  No No 5/16 11/5 67.75 (51-83)
22 All stages USA Full text  Unclear Yes  Yes No 40/50 16/20 63 (38-84)
130 All stages Korea Full text  Retrospective Yes  No No 21/2 10/11 57 (34-74)
Lol Before surgery Japan Full text  Retrospective Yes  No No 8/16 -
9% All stages Japan Full text  Unclear Yes No No 30/30 9/21 68 (21-82)
oY All stages Germany Full text  Unclear Yes  Yes No 13/15 6/9 58 (47-78)
100 All stages Germany Full text Prospective Yes  Yes No 26/34 11/15 63 (39-85)
BTC, biliary tract cancer; Ref, reference; DTA, diagnostic test accuracy; F, female; M, male; SD, standard deviation; info, information.
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Descriptive analysis

Data on a total of 2,125 patients who had '®FDG-PET imaging
were reported. Of these, 1,761 had a confirmed diagnosis of
BTC: ampullary cancer (n=129); cholangiocarcinoma (CCA)
(n=1,130; extrahepatic [eCCA] n =489, intrahepatic [iCCA]
n =333, hilar [hCCA] n=163, CCA subtype not specified
n = 145); gallbladder cancer (n=310); BTC subtype not speci-
fied (n=192). Of the studies reporting information on gender
distribution, 886 males and 627 females were identified. The
male/female ratio for the whole population was 3:2. Informa-
tion on age was available for 1,113 patients with BTC; weighted
mean age was 62.62 years (95% CI 62.38-62.85).

Methodological quality of included studies

Methodological quality assessed using QUADAS?2 is summarised
in Table S2. Most studies showed good quality, with low risk/
level of concerns. Lack of details available for the index test
("8FDG-PET) was the most frequent reason for unclear/high
risk/concern.

Diagnostic accuracy
A total of 39 individual studies reported DTA data on 1,416
patients and were included in the DTA meta-
analysis.22,23,32,33,67,82—87,89—92,94,96—102,105—1 12,114-121

SUVmax data was available for patients with and without
cancer in 49 and 14 studies, respectively. Weighted mean SUV-
max in patients with cancer was >5.6 for all subgroups analysed,
with standard deviation (SD) varying between 0.2 and 2.1
(Table S3). Contrary to this, in patients without cancer,
weighted mean SUVmax varied between 1.8 and 2.9 with SD
ranging between 0.2 and 0.4. For the subgroups of patients with
BTC in whom the primary tumour (T) was assessed, SUVmax
was significantly higher in patients with cancer compared to
non-cancer (6.2 [95% CI 5.2-7.2] vs. 2.8 [95% CI 2.2-34];
p =0.0001). Differences were also significant when the primary
tumour (T) of CCA (5.6 [95% CI 3.4-7.8] vs. 2.7 [95% CI 1.8-3.6];
p=0.0174) and eCCA (5.9 [95% CI 4.6-7.2] vs. 2.9 [95% CI 2.5-
3.3]; p=0.0108) patients were analysed. SUVmax within other
subgroups could not be compared because of the absence of suf-
ficient observations.

Diagnostic accuracy: diagnosis of primary tumour

A total of 30 studies reported DTA information in patients
with BTC for assessment of the primary tumour (T). Pooled
sensitivity and specificity were 91.7% (95% CI 89.9-93.2) and
51.3% (95% ClI 46.4-56.2), respectively (Fig. S1.1). The SROC
curve showed an AUC of 0.8668 (Fig. S1.1) with Lambda of
2.87 in the HSROC analysis (Table 2). Subgroups analyses
are provided in Table 2, which showed the lowest sensitivity
in ampullary malignancies (79.9%) and lowest specificity in
hCCA (21.9%) and eCCA (27.7%). Sensitivity analysis including
low risk/concern studies did not show a significant change in
DTA parameters.

Diagnostic accuracy: diagnosis of lymph node and distant
metastases

Data from 12 studies demonstrated that pooled sensitivity and
specificity were 88.4% (95% Cl 82.6-92.8) and 69.1% (95% CI
63.8-74.1), respectively; AUC 0.8519 (Fig. S1.2). When low risk/-
concern studies were analysed in sensitivity analysis, pooled
sensitivity did not change significantly (Table 2). The lowest
specificity was identified in patients with iCCA (48.9%).

120

Cancer

Diagnosis of distant metastases achieved the highest pooled
specificity (89.7% (95% CI 86.0-92.7) [pooled sensitivity 85.4%
(95% CI79.5-90.2); AUC 0.9253] in the 9 studies with data avail-
able (Fig. S1.3; Table 2).

Diagnostic accuracy: diagnosis of relapse

Seven studies reported information of diagnostic accuracy of
relapse for '8FDG-PET (Table 2). SROC analysis identified diag-
nosis of tumour relapse as having the highest AUC
(AUC =0.9592) (Fig. S1.4) compared to other subgroups anal-
ysed (Fig. S1.1, Fig. S1.2 and Fig. S1.3). Pooled sensitivity and
specificity were 90.1% (95% CI 84.4-94.3) and 83.5% (95% CI
74.4-90.4), respectively.

Diagnostic threshold analysis

No significant diagnostic threshold effect was identified in any
of the groups explored (Table 2). Only 3 studies were identified
to use the same SUVmax threshold; thus, bivariate analysis was
not performed.

Meta-regression

Despite multiple DTA parameters showing significant hetero-
geneity (Table 2), meta-regression did not identify that any of
the predefined heterogeneity factors significantly impacted on
the DOR (all p values >0.05; Table S4).

Impact on management

Thirteen individual studies, including data on
591 patients, reported data on management
change.22'32'33'67'89'90'94'100'105'109']16'”8'”9 Three eXplored the
pre-surgery setting, while 5 studies did so following surgery,
when relapsed disease was being investigated. Overall, the
pooled proportion of change in management (random effects
model) was 15% (95% CI 11-20) (Fig. 2A). Results did not vary
significantly when only low risk studies were explored [sensi-
tivity analysis; 11 studies; pooled proportion of change in man-
agement (random effects model) was 15% (95% CI 10-20].
Pooled change in management for studies done pre-surgery
and after resection (recurrence) was 17% (95% CI 9-25)
(Fig. 2B) and 14% (95% CI 8-21) (Fig. 2C), respectively. For the
majority (39/50; 78%) of patients in whom details regarding
the specific implication on management were provided, the
I8EDG-PET upstaged the disease with identification of previ-
ously unknown sites of disease. No significant reporting bias
was identified (Fig. S2).

Prognostic role of 5FDG-PET imaging

A total of 11 studies (including data on 1,081 patients) explored
the prOgnOStiC rOle Of 18FDG-PET.SG'88'9]'93'95'99'103'104'108']]3']22
Nine studies explored 0S.56:8891:95.99.103,104,108.122 asaline high
SUVmax was associated with worse survival (pooled HR of 1.79;
95% C11.37-2.33; p <0.001 (Fig. 3A)). When a study with unclear
bias'?® was removed (sensitivity analysis), results did not vary
significantly (pooled HR 2.16; 95% CI 1.49-3.12).

Impact on DFS and PFS was reported in 4 studies. The pooled
analysis of the 2 studies reporting on DFS showed no significant
impact of high SUVmax on DFS (HR 1.96; 95% CI 0.58-6.65;
p=0.28)1%113 (Fig. 3B). Higher SUVmax at baseline correlated
with worse PFS (HR 2.43; 95% CI 1.29-4.56; p =0.006)>1%3
(Fig. 3C).

No significant reporting bias was identified in either OS, DFS
or PFS (Fig. S2). Most of the studies explored the prognostic role
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Table 2. Diagnostic accuracy results by subgroups.

Primary Studies Ns Np Pooled Se (95% CI); Pooled Sp (95% CI); Pooled LR+ (95% CI); Pooled LR- (95% CI); Pooled DOR (95% CI); Diagnostic HSROC

site included 2 (p value) 2 (p value) 2 (p value) 2 (p value) 2 (p value) threshold lambda (95%

an

Diagnosis of primary tumour

BTC All studies 30 1,151 91.7 (89.8-93.2); 51.3 (46.4-56.2); 1.791 (1.368-2.343);  0.215 (0.159-0.293); 11.005 (6.993-17.321); Rho: 0.534 2.87 (1.99-

(Fig. S1) 68.9% (<0.001) 82.0% (<0.001) 94.3% (<0.001) 35.6% (0.029) 31.7% (0.051) p value: 0.002 3.75)

Low 24 986 91.9 (89.9-93.6); 50.0 (44.7-55.3); 1.838 (1.341-2.517); 0.198 (0.137-0.287); 11.383 (6.609-19.604); Rho: 0.362 3.08 (1.98-

bias/concern 65.6% (<0.001) 82.8% (<0.001) 95.1% (<0.001) 45.5% (0.009) 44.4%(0.011) p value: 0.082 4.19)

CCA All studies 21 848 95.7 (94.0-97.0); 38.1 (32.0-44.6); 1.442 (1.138-1.827); 0.139 (0.095-0.203); 13.460 (8.039-22.538); - -
16.1% (0.249) 78.7% (<0.001) 93.2% (<0.001) 0.0% (0.911) 2.9% (0.422)

Low 18 730 95.2 (93.2-96.7); 40.0 (33.5-46.7); 1.551 (1.163-2.069); 0.139 (0.094-0.205); 13.495 (7.443-24.468); - -
bias/concern 15.3% (0.271) 80.5% (<0.001) 94.7% (<0.001) 0.0% (0.801) 16.0% (0.262)

iCCA All studies 10 198 94.2 (90.1-97.0); 68.3 (51.9-81.9); 1.890 (1.229-2.905); 0.191 (0.106-0.347); 23.636 (8.701-64.206); - -
47.6% (0.046) 4.6% (0.398) 22.1% (0.240) 6.5% (0.382) 0.0% (0.949)

Low 9 188 94.2 (89.9-97.0); 70.5 (53.8-84.0); 2.042 (1.288-3.236);  0.180 (0.093-0.351); 25.499 (9.124-71.262); = =
bias/concern 53.4% (0.028) 0.0% (0.457) 16.4% (0.296) 16.9% (0.292) 0.0% (0.936)

eCCA Al studies 13 425 95.3 (92.6-97.3); 27.7 (20.5-35.9); 1.271 (0.993-1.628);  0.178 (0.103-0.310); 8.512 (3.819-18.973); - -
0.0% (0.488) 78.6% (<0.001) 90.1% (<0.001) 0.0% (0.674) 11.3% (0.332)

Low 12 379 94.8 (91.7-97.0); 27.5 (20.3-35.8); 1.262 (0.985-1.615); 0.189 (0.108-0.331); 7.964 (3.522-18.010); - -
bias/concern 0.0% (0.593) 80.3% (<0.001) 90.7% (<0.001) 0.0% (0.733) 12.4% (0.324)

hCCA All studies 8 130 91.9 (85.6-96.0); 21.9 (9.30-40.0); 1.063 (0.925-1.220); 0.319 (0.105-0.973); 3.660 (0.983-13.622); - -
0.0% (0.446) 0.0% (0.502) 0.0% (0.616) 0.0% (0.805) 0.0% (0.761)

Low 5 68 87.7 (77.5-94.4); 30.6 (11.5-56.3); 1.085 (0.817-1.441);  0.392 (0.105-1.458); 3.125 (0.659-14.818); = =
bias/concern 0.0% (0.643) 0.0% (0.510) 9.8% (0.350) 0.0% (0.560) 0.0% (0.476)

GBC All studies 11 158 88.4 (82.6-92.8); 72.3 (60.7-82.1); 2.084 (1.236-3.513);  0.272 (0.172-0.429); 10.177 (4.492-23.060); - -
27.4% (0.183) 58.0% (0.008) 58.5% (0.007) 0.0% (0.847) 0.0% (0.672)

Low 9 147 89.4 (83.4-93.7); 68.2 (54.2-80.1); 1.815 (1.069-3.084); 0.268 (0.160-0.449); 8.907 (3.599-22.044); - -
bias/concern 33.7% (0.148) 60.7% (0.009) 56.6% (0.018) 0.0% (<0.001) 0.0% (0.550)

AMP All studies 5 89 79.9 (69.9-87.7); 43.0 (28.0-59.0); 1.397 (0.587-3.324); 0.402 (0.243-0.666); 4.672 (1.723-12.671); - -
58.8% (0.046) 81.2% (<0.001) 86.4% (<0.001) 0.0% (0.482) 1.3% (0.399)
Low 4 53 86.4 (72.6-94.8); 13.6 (2.90-34.9); 0.993 (0.833-1.184); 0.651 (0.198-2.145); 1.727 (0.312-9.550);
bias/concern 59.2% (0.061) 28.8% (0.239) 0.0% (0.727) 0.0% (0.440) 0.0% (0.559)

Diagnosis of lymph node metastases

BTC All studies 12 240 88.4 (82.6-92.8); 69.1 (63.8-74.1); 2178 (10.307-3.631);  0.242 (0.107-0.545); 11.358 (4.247-30.375); Rho: 0.455 2.22 (0.86-

(Fig. S1) 60.9% (0.003) 81.8% (<0.001) 92.1% (<0.001) 63.4% (0.002) 49.0% (0.028) p value: 0.137 3.26)

Low 9 156 82.6 (73.5-89.6); 70.4 (64.8-75.6); 2.295 (1.492-3.530);  0.281 (0.118-0.671); 9.485 (3.483-25.830); Rho: 0.250 1.82 (0.92-

bias/concern 58.6% (0.013) 75.3% (<0.001) 77.1% (<0.001) 61.7% (0.008) 43.0% (0.081) p value: 0.516 2.73)

CCA All studies 6 83 72.7 (57.2-85.0); 70.3 (63.3-76.7); 2.218 (1.626-3.027); 0.397 (0.172-0.913); 5.470 (2.318-12.912); - -
52.9% (0.059) 70.5% (0.005) 25.9% (0.240) 30.1% (0.210) 0.0% (0.526)

Low 6 83 72.7 (57.2-85.0); 70.3 (63.3-76.7); 2.218 (1.626-3.027); 0.397 (0.172-0.913); 5.470 (2.318-12.912); - -
bias/concern 52.9% (0.059) 70.5% (0.005) 25.9% (0.240) 30.1% (0.210) 0.0% (0.526)

iCCA All studies 2 72 98.1 (89.7-100); 48.9 (33.7-64.2); 2.114 (0.281-15.899);  0.245 (0.029-2.049); 9.964 (0.827-120.04); = =
37.5% (0.206) 97.0% (<0.001) 94.1% (<0.001) 0.0% (0.776) 0.0% (0.395)

Low 1 6 n.a. n.a. n.a. n.a. n.a. - -

bias/concern

eCCA All studies 2 36 90.9 (58.7-99.8); 60.6 (48.3-72.0); 2.308 (1.615-3.300); 0.148 (0.023-0.967); 16.276 (1.958-135.26); - -
0.0% (0.924) 0.0% (0.374) 0.0% (0.414) 0.0% (0.853) 0.0% (0.762)

Low 2 36 90.9 (58.7-99.8); 60.6 (48.3-72.0); 2.308 (1.615-3.300); 0.148 (0.023-0.967); 16.276 (1.958-135.26); - -
bias/concern 0.0% (0.924) 0.0% (0.374) 0.0% (0.414) 0.0% (0.853) 0.0% (0.762)

(continued on next page)
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Table 2 (continued)

Primary Studies Ns Np Pooled Se (95% CI); Pooled Sp (95% CI); Pooled LR+ (95% CI); Pooled LR- (95% CI); Pooled DOR (95% CI); Diagnostic HSROC

site included 2 (p value) 2 (p value) 2 (p value) 2 (p value) 2 (p value) threshold lambda (95%

qI)

Diagnosis of lymph node metastases

hCCA All studies 2 18 55.6 (30.8-78.5); 63.0 (42.4-80.6); 1.407 (0.810-2.443); 0.693 (0.415-1.158); 2.867 (0.717-11.470); - -
61.1% (0.109) 83.9% (0.013) 2.2% (0.312) 0.0% (0.788) 0.0% (0.752)

Low 2 18 55.6 (30.8-78.5); 63.0 (42.4-80.6); 1.407 (0.810-2.443); 0.693 (0.415-1.158); 2.867 (0.717-11.470); - -
bias/concern 61.1% (0.109) 83.9% (0.013) 2.2% (0.312) 0.0% (0.788) 0.0% (0.752)

GBC All studies 2 51 93.8 (82.8-98.7); 70.4 (49.8-86.2); 3.621 (0.033-397.476); 0.087 (0.028-0.267); 37.197 (1.372-1008.3); - -
0.0% (0.720) 93.2% (<0.001) 97.2% (<0.001) 0.0% (0.521) 65.0% (0.091)

Low 1 17 n.a. n.a. n.a. n.a. n.a. - -

bias/concern

AMP All studies 1 11 n.a. n.a. n.a. n.a. n.a. - -
Low 0 0 n.a. n.a. n.a. n.a. n.a. - -
bias/concern

Diagnosis of distant metastases
BTC All studies 9 182 85.4 (79.5-90.2); 89.7 (86.0-92.7); 8.776 (1.005-76.623); 0.206 (0.117-0.360); 44.420 (14.964-131.86); Rho: -0.050 3.95 (2.41-
(Fig. S1) 53.2% (0.029) 89.1% (<0.001) 98.5% (<0.001) 53.4% (0.028) 58.6% (0.013) p value: 0.898 5.49)
Low 8 148 83.4 (76.5-89.0); 90.7 (87.0-93.6); 9.903 (0.642-152.807);  0.232 (0.1345-0.400); 42.549 (12.243-147.88); Rho: -0.238 3.99 (1.93-
bias/concern 48.5% (0.059) 90.0% (<0.001) 98.8% (<0.001) 48.9% (0.057) 63.2% (0.008) p value: 0.570 6.06)
CCA All studies 5 70 76.4 (64.8-85.8); 86.7 (80.5-91.5); 4.150 (0.606-28.433); 0.357 (0.239-0.532); 16.710 (5.645-49.467); - -
44.0% (0.129) 89.0% (<0.001) 96.8% (<0.001) 0.0% (0.477) 32.7% (0.203)
Low 5 70 76.4 (64.8-85.8); 86.7 (80.5-91.5); 4.150 (0.606-28.433); 0.357 (0.239-0.532); 16.710 (5.645-49.467); - -
bias/concern 44.0% (0.129) 89.0% (<0.001) 96.8% (<0.001) 0.0% (0.477) 32.7% (0.203)
iCCA All studies 1 9 n.a. n.a. n.a. n.a. n.a. - -
Low 1 9 n.a. n.a. n.a. n.a. n.a. - -
bias/concern
eCCA All studies 1 13 n.a. n.a. n.a. n.a. n.a. - -
Low 1 13 n.a. n.a. n.a. n.a. n.a. - -
bias/concern
hCCA All studies 2 15 72.7 (39.0-94.0); 77.5 (61.5-89.2); 2.595 (1.330-5.064); 0.399 (0.152-1.051); 7.229 (1.521-34.347); - -
0.0% (0.569) 52.1% (0.148) 0.0% (0.388) 0.0% (0.791) 0.0% (0.823)

Low 2 15 72.7 (39.0-94.0); 77.5 (61.5-89.2); 2.595 (1.330-5.064); 0.399 (0.152-1.051); 7.229 (1.521-34.347); - -
bias/concern 0.0% (0.569) 52.1% (0.148) 0.0% (0.388) 0.0% (0.791) 0.0% (0.823)

GBC All studies 4 81 91.1 (82.6-96.4); 82.4 (71.8-90.3); 4,992 (0.608-41.010); 0.121 (0.059-0.248); 48.032 (9.059-254.68); - -
0.0% (0.709) 85.0% (<0.001) 95.7% (<0.001) 0.0% (0.544) 43.0% (0.153)

Low 3 47 88.5 (76.0-65.9); 85.0 (72.1-93.5); 6.195 (0.094-409.908); 0.144 (0.064-0.322); 36.795 (2.427-557.84); - -
bias/concern 0.0% (0.869) 89.6% (<0.001) 97.5% (<0.001) 0.0% (0.531) 61.2% (0.076)

AMP All studies 0 0 n.a. n.a. n.a. n.a. na. - -
Low 0 0 n.a. n.a. n.a. n.a. n.a. - -
bias/concern

Diagnosis of tumour relapse
BTC All studies 7 150 90.1 (84.4-94.3); 83.5 (74.4-90.4); 4.304 (2.374-7.802); 0.131 (0.079-0.216); 42.903 (16.449-111.90);  Rho: -0.450 3.62 (1.40-
(Fig. S1) 0.0% (0.753) 23.8% (0.248) 37.3% (0.144) 0.0% (0.568) 20.4% (0.274) p value: 0.310 5.84)
Low 4 45 89.8 (77.8-86.6); 85.3 (68.9-95.0); 3.945 (1.135-13.710); 0.122 (0.048-0.311); 54.654 (11.874-251.56); Rho: -0.200 3.49 (-0.83
bias/concern 0.0% (0.716) 39.2% (0.177) 56.1% (0.077) 0.0% (0.647) 0.0% (0.394) p value: 0.800 to 7.81)
CCA All studies 3 42 84.0 (70.4-93.1); 71.1 (46.1-89.2); 2.806 (1.383-5.694); 0.233 (0.105-0.474); 13.081 (3.611-47.389); - -
0.0% (0.785) 0.0% (0.898) 0.0% (0.798) 0.0% (0.745) 0.0% (0.755)
Low 2 8 81.8 (48.2-97.7); 66.7 (9.40-99.2); 2.147 (0.457-10.088); 0.282 (0.046-1.721); 9.000 (0.120-192.79); - -
bias/concern 0.0% (0.511) 0.0% (0.668) 0.0% (0.568) 0.0% (0.463) 0.0% (0.482)

I[Ny [dIeaSay

I2oue)



n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

9.6% (0.293)

116.87 (14.192-962.47);

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.0% (0.384)

0.077 (0.025-0.231);

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.0% (0.345)

8.638 (2.343-31.848);

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.0% (0.480)

90.9 (70.8-98.9);

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.0% (0.519)

93.6 (82.5-98.7);

44
26
26

bias/concern
All studies
Low
bias/concern
All studies

Low
bias/concern

All studies
All studies
bias/concern
All studies
Low
bias/concern

Low
Low

iCCA
eCCA
hCCA
GBC
AMP

Interpretation of parameters provided: Se: represents the probability of having a positive ®FDG-PET if patient has BTC. Sp: represents the probability of having a negative '®FDG-PET if patient does not have BTC. LR+: represents how
many times increases the probability of having diagnosis of BTC if '®FDG-PET result is positive. Values greater than 1 increase the probability of BTC diagnosis. LR—: represents how many times increases the probability of having a
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using a previously defined SUVmax cut-off. However, the cut-off
employed varied between studies (range 4-9); see Fig. 3A,
Fig. 3B and Fig. 3C for further details.

Three studies reported the impact of changes in SUVmax fol-
lowing treatment. The study by Jo and colleagues® reported a
series of 75 patients with advanced BTC treated with cisplatin
and gemcitabine. Jo and colleagues showed that a reduction of
20% or higher in the SUVmax following 2 cycles of chemother-
apy was prognostic for better PFS (HR 3.35 for patients with les-
ser reduction in SUVmax; p = 0.002); impact on OS did not reach
statistical significance (HR 1.96; p = 0.082). The study by Zhu
and colleagues showed a worse OS and PFS in patients with
increased SUVmax (increase of 20% or higher) after 2 cycles of
gemcitabine, oxaliplatin and bevacizumab chemotherapy in a
series of 35 patients with advanced BTCs (OS: HR 10.12; 95%
Cl 2.41-42.53; p=0.002) (PES: HR 9.71; 95% CI 2.63-35.76; p
<0.0001).'%? The impact of SUVmax variations on OS following
treatment with liver embolisation was investigated in a series
of 23 patients,®® in this series changes in SUVmax did not corre-
late with survival in univariate COX regression (HR 0.56; 95% CI
0.15-2.13; p = 0.39).

Discussion

This systematic review and meta-analysis aimed to clarify the
role of '®FDG-PET in addition to the current standard of care
imaging/diagnostic tests utilised (US/CT/MR) in the manage-
ment of patients diagnosed with BTC. The results support the
use of '8FDG-PET, not only for diagnosis of lymph node (N)
and distant metastases (M), but also for assessment of relapsed
disease. This is supported by the significant change in manage-
ment identified in patients undergoing 'SFDG-PET, together
with the fact that identification of additional sites of disease
was the most likely finding impacting management. Based on
these findings, there seems to be enough data to incorporate
18FDG-PET into the patient pathway, especially for staging (N
and M) when identification of occult sites of disease would
change management (i.e. surgery/local therapies) and also for
assessment of tumour recurrence if other imaging shows equiv-
ocal findings (Fig. 4).

However, the role of '®FDG-PET for diagnosis of the primary
tumour (T) remains controversial, especially due to the limited
specificity and LR+ identified. Based on the pooled specificity
identified, '®FDG-PET findings should not be considered as a
replacement for pathological confirmation of BTC, since up to
half of patients without malignancy could have a false positive
result for a primary tumour with 'FDG-PET imaging (Fig. 4).
The only two exceptions for this would be for patients with iCCA
and ampullary malignancy, where a higher pooled specificity
was seen (even though it is worth highlighting that 95% Cls in
these subgroups were wide and still included the 50% within
them). The most likely explanations for low specificity in the
assessment of primary tumours could include, infection-
related false positives within the bile duct and likely co-
existence of biliary stents.

Even though the presence of a diagnostic threshold effect
could not be proven, it is well known that using a SUVmax for
identification of a malignant lesion is of use in clinical practice.
Most studies did not provide information of a threshold for SUV-
max, and thus different thresholds could not be compared in
this study. Despite this, the SUVmax provided for patients with
BTC was significantly higher than that reported for patients

diagnosis of BTC if '®FDG-PET result is negative. Values between 0 and 1 represent decrease in the probability of BTC diagnosis. DOR: describes the odds of a positive test results in patients diagnosed with BTC compared with the

odds of a positive test result in those without the disease.
gallbladder cancer; hCCA, hilar cholangiocarcinoma; HSROC, hierarchical summary receiver operating characteristic; I, inconsistency; iCCA, intrahepatic cholangiocarcinoma; LR+, positive likelihood ratio; LR—, negative likelihood

18EDG-PET, '8F-fluorodeoxyglucose positron emission tomography; AMP, ampullary malignancy; BTC, biliary tract cancer; CCA, cholangiocarcinoma; DOR, diagnostic odds ratio; eCCA, extrahepatic cholangiocarcinoma; GBC,
ratio; n.a., not applicable; Np, number of cancer patients included; Ns, number of studies eligible; Se, sensitivity; Sp, specificity. p value: heterogeneity p value; rho: Spearmen correlation coefficient.
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Fig. 2. Change in management. (A) Pooled proportion of change in management; (B) Change in management in the pre-surgical setting; (C) Change in

management in the post-surgical setting for assessment of relapse.

without cancer. Based on these results, SUVmax cut-offs
between 3.4 and 3.6 seemed most adequate for further studies
in this scenario, since they represented the lowest and highest
end of the 95% CI for delineation of benign from malignant
lesions. Significant differences in SUVmax between different
scenarios explored were not identified (T, N, M, Relapse), even
though this analysis may be limited by the number of observa-
tions. Thus, the aforementioned cut-off for SUVmax would hold
regardless of the scenario being investigated.

Multiple heterogeneity sources were explored, including PET
acquisition characteristics, risk of bias and other factors. No sig-
nificant impact on the accuracy of '®FDG-PET was identified for
any of the factors explored. Thus, differences in protocol acqui-
sition do not seem to impact performance, which could facili-
tate immediate incorporation of 'SFDG-PET into the patient
management pathway, since currently available protocols in
individual institutions could be utilised. Even though no differ-
ences in diagnostic accuracy were identified between PET and
PET/CT imaging; PET/CT imaging is expected to be superior for
lesion delineation and should therefore be employed whenever
available. In addition, image acquisition performed after 60 min
of tracer injection, which is considered to be current standard of
care, should be pursued in clinical practice.

The prognostic role of baseline SUVmax was confirmed in
this study. However, currently, clinical implications of high

124

SUVmax may be limited and further prospective randomised
studies adjusting treatment (i.e. surgery and type of chemother-
apy) according to '®FDG-PET SUVmax are required to assess its
real impact, before it is incorporated into the patient pathway
for this purpose. Based on these results, baseline '*FDG-PET
could be recommended for patients with this diagnosis until
further prospective studies assessing its role as a prognostic/
predictive factor become available.

The prognostic role of ®FDG-PET and its ability to inform
change in management have not been explored in any of the
other available meta-analyses in this scenario.'?> Other meta-
analyses and systematic reviews have explored the DTA of
18EDG-PET in patients with BTC. This current study concurs with
other recent meta-analyses exploring diagnostic accuracy in
gallbladder cancer.'?* In addition, other meta-analyses have
also suggested a superior diagnostic performance for primary
tumour for iCCA compared to other cholangiocarcinoma sub-
types, such as eCCA.'?° Diagnosis of the primary tumour
remains controversial and some authors have suggested caution
in this use, favouring its use for assessment of tumour relapse,
for example.!25:127

Limitations of the current work include significant variability
between studies, including, but not limited to, study design. In
addition, a significant number of the eligible studies had a ret-
rospective design and selection bias cannot be excluded. Many
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Fig. 3. Forest plot: survival analysis. Risk of bias and concern (following predefined definitions, see methods section) is specified for each study. Studies with
unclear/high risk are highlighted in red. (A) The effect of SUVmax on overall survival; (B) The effect of SUVmax on disease-free survival; (C) The effect of
SUVmax on progression-free survival. SUVmax, maximum standardised uptake values. (This figure appears in colour on the web.)

studies had missing data regarding SUVmax cut-off employed
for definition of “positive” findings, which also limited the anal-
ysis performed. It would have been of interest to assess whether
accuracy of '8FDG-PET for assessment of primary tumour (T)
varied according to the clinical context (i.e. suspicion of BTC in
patients with jaundice due to biliary obstruction, suspicion of
BTC in patients with radiological biliary stricture without jaun-
dice, suspicion of BTC in patients with intrahepatic mass and
extrahepatic metastasis); unfortunately, the absence of such
detail in the eligible studies made this analysis unfeasible. The
lack of individual patient data from each study used for pooled
analysis is another limitation worth mentioning. Despite these
limitations, this study was performed following a previously
defined protocol (designed before study identification and data
collection was started) with predefined reference standard cri-
teria, strengthening the findings and reducing any potential
inclusion bias. In addition, the quality of studies was carefully
addressed and included in the sensitivity analysis.

In conclusion, these findings support the incorporation of
18EDG-PET imaging in addition to the current standard of care
imaging/diagnostic tests utilised (US/CT/MR) in the initial
assessment for the presence of lymph node and distant metas-
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tases in patients with BTC since it may guide treatment (surgery
vs. palliative treatment) selection decisions. Its use in this set-
ting would be of particular interest if the identification of occult
sites of disease would change management (i.e. surgery/local
therapies). In addition, "8FDG-PET is a useful tool for confirma-
tion of disease relapse if diagnosis remains unclear following
standard of care imaging. On the contrary, results would not
support the use of '®FDG-PET for diagnosis of the primary
tumour in the absence of other disease sites or pathological con-
firmation, due to low specificity. The prognostic role of '8FDG-
PET and the impact of SUVmax on management requires further
investigation in prospective studies.
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Clinical presentation
Jaundice for cholangiocarcinoma and ampullary
malignancy. RUQ pain, weight loss, anaemia and/or
nausea for gallbladder malignancy

!

Blood test
Include: full blood count, biochemistry, liver profile,
coagulation screen, tumour markers (CEA, Ca19.9)

!

Endoscopy (for biliary stenting/biopsy-cytology)
ERCP with brushings and/or EUS (with FNA)
Percutaneous biopsy for tissue acquisition if required: US/CT guided

Objectives and questions addressed
Findings and conclusions

8FDG-PET does not replace
biopsy; not recommended for
diagnosis of T due to low Sp
(high rate of false positives)

Imaging Se 91.7% (95% Cl 89.8-93.2)
First assessment usually performed with abdominal US followed by: Sp 51.3% (95% Cl 46.4-56.2)
« CT scan (thorax, abdomen and pelvis, contrast enhanced scan)
* MR or MRCP (highly recommended in case of absence of metastatic disease, mainly for patient who 18FDG-PET recommended to
would be fit for surgery. Important for intrahepatic/hilar cholangiocarcinoma, for ampullary malignan- complete staging of N status if
cies and gallbladder cancer) identification of occult sites of
« Could "®FDG-PET be used for diagnosis of primary tumour (T) (in suspected biliary tract malignan- disease would change
cies when a biopsy is not feasible) and assessment of lymph node (N) and distant metastases (M)? management (i.e. surgery/local
therapies)
Se 88.4% (95% Cl 82.6-92.8)
Sp 69.1% (95% Cl 63.8-74.1)
Resectable Unresectable
Assessment of risk: Cardio-pulmonary Metal stenting (if appropriate) FDG-PET recommended to
exercise testing (CPET) Biopsy or cytological confirmation ; .
. h . . complete staging of M status if
Staging laparoscopy of malignancy (if not done previously) X S :
identification of occult sites of

disease would change

¥
management (i.e. surgery/local

therapies)
Adjuvant chemotherapy Palliative chemotherapy Se 85.4% (95% CI 79.5-90.2)
Adjuvant chemotherapy for RO/R1 If patient is fit enough for systemic Sp 89.7% (95% CI 86.0-92.7)

resected cancers only chemotherapy
Clinical trials (if available)

l

Follow-up
Thorax-abdomen-pelvis contrast
enhanced CT scan
Could ®FDG-PET be used for assessment
when disease relapse is suggested but
not confirmed by CT/MR?

Assessment of response and follow-up "®FDG-PET recommended to
Thorax-abdomen-pelvis contrast assess recurrent disease if
enhanced CT scan CT/MR not confirmatory
Se 90.1% (95% Cl 84.4-94.3)
Sp 83.5% (95% CI 74.4-90.4)

Pooled proportion of change in management was 15%; majority (78%) due to disease upstagi

Fig. 4. Current clinical pathway for the diagnosis of biliary tract malignancies (light blue sections) are shown jointly with the potential roles of
18EDG-PET explored (red sections) and main study findings and conclusions (dark blue sections). Blue light sections represent current clinical pathway.
Patients diagnosed with BTC commonly present with non-specific symptoms; therefore, diagnosis is challenging. Further diagnostic techniques may not be
utilised until patients develop jaundice or severe abdominal pain. The diagnosis is often suspected when a soft tissue mass or narrowing in the biliary tract is
identified on imaging studies such as US, CT, MR, or ERCP.'°~'” Biopsy or cytological diagnosis is recommended for confirmation of the suspected malignancy
and also for planning of further treatment.'® The techniques employed for confirmatory pathological diagnosis are EUS-guided-biopsy or FNA, ERCP guided
brushings or biopsy and percutaneous CT/MR-guided biopsy or FNA. Red sections represent the potential diagnostic role of '8FDG-PET. Three potential roles for
18EDG-PET in biliary tract cancer were explored in this systematic review: 1) diagnosis of primary tumour (T), 2) diagnosis of lymph node metastases (N), 3)
diagnosis of distant metastases (M) and 4) diagnosis of relapsed disease). Dark blue sections summarise main findings and conclusions derived from this study:
use of "®FDG-PET for assessment of N/M and relapsed disease is commended for selected patients, while the role for diagnosis of primary tumour (T) is limited.
BTC, biliary tract cancer; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; FNA, fine needle aspiration; R, resection margin;
US, ultrasound, RUQ, right upper quadrant; MRCP, magnetic resonance cholangiopancreatography, '8FDG-PET, '8F-fluorodeoxyglucose positron emission
tomography, CEA, Carcinoembryonic antigen; Ca19.9, carbohydrate antigen 19-9; Se, sensitivity; Sp, specificity. (This figure appears in colour on the web.)
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