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Abstract
Introduction: Biliary tract cancers (BTC) are rare and aggressive neoplasms. 
The current management of locally advanced or unresectable BTC is primarily 
based on chemotherapy (CHT) alone, linked to a median overall survival (OS) 
of approximately 12 months. However, international guidelines still consider 
concurrent chemoradiation (CRT) as an alternative treatment option. This study 
aims to review the current evidence on “modern” CRT for primary or recurrent 
unresectable BTC.
Materials and Methods: A comprehensive search was conducted on PubMed, 
Scopus, and Cochrane Library to identify relevant papers. Prospective or retro-
spective trials reporting outcomes after concurrent CRT of unresectable non-
metastatic, primary, or recurrent BTC were included. Only English-written 
papers published between January 2010 and June 2022 were considered.
Results: Seventeen papers, comprising a total of 1961 patients, were included 
in the analysis. Among them, 11 papers focused solely on patients with primary 
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1   |   INTRODUCTION

Biliary tract cancers (BTC) represent a significant clin-
ical challenge due to their rarity and aggressive nature, 
contributing to approximately 3% of all gastrointesti-
nal cancers.1 These malignancies originate within the 
biliary tree, with classifications including intrahepatic 
cholangiocarcinoma (ICC), hilar cholangiocarcinoma 
(HCCA), extrahepatic cholangiocarcinoma (ECC), and 
gallbladder cancer (GBC). A key obstacle in the man-
agement of BTC is the frequent late-stage diagnosis, 
which substantially limits treatment options and con-
tributes to the dismally low 5-year survival rates of 9%–
16%.2 This underscores the urgent need for improved 
therapeutic strategies.

At present, the primary treatment for advanced BTC 
involves chemotherapy (CHT), primarily using a com-
bination of gemcitabine and cisplatin.3,4 This regimen 
is linked to a median survival period of approximately 
12 months.3,4 Additionally, there is growing interest in 
exploring systemic therapies targeting specific molecu-
lar pathways involved in BTC.5,6 For cases that are un-
resectable or locally recurrent, international guidelines 
have proposed chemoradiation (CRT) as a viable alterna-
tive.7 In fact, the use of concurrent fluoropyrimidines- or 
gemcitabine-based CRT has shown promising results in 
terms of both efficacy and tolerability.8–11 However, there 
is a notable gap in the literature regarding optimal CRT 
target definition,12,13 and comprehensive international 
guidelines for CRT in BTC are yet to be established. 

Furthermore, evidence on the use of CRT specifically 
for locally recurrent BTC remains limited and somewhat 
fragmented.8,14,15

One of the most critical voids in the current under-
standing is the lack of randomized trials that directly 
compare CHT and CRT in the context of locally ad-
vanced BTC. This leaves a significant question un-
answered: does one treatment modality offer distinct 
advantages over the other? Moreover, the comparative 
efficacy and safety of CRT against other treatment mo-
dalities, such as best supportive care, stereotactic ra-
diotherapy, and transarterial-radioembolization, have 
not been sufficiently explored. Additionally, there is a 
scarcity of robust evidence guiding the optimal planning 
and delivery of CRT, including considerations for dose, 
fractionation, technique, and the integration of concur-
rent or adjuvant systemic therapies.

Given these gaps in knowledge, this study aims to 
conduct a comprehensive review of the existing liter-
ature on CRT in the context of primary or recurrent 
unresectable BTC. We will critically compare CRT out-
comes with those of other treatment options, seeking 
to determine whether specific CRT modalities—such 
as dose and fractionation, radiotherapy techniques, 
drug combinations, radiotherapy boost, and target 
definition—provide distinct advantages in terms of 
treatment efficacy and patient safety. This analysis is 
pivotal for informing future treatment guidelines and 
optimizing patient care in this challenging clinical 
area.

unresectable BTC, while two papers included patients with isolated local recur-
rences and four papers encompassed both settings. In terms of tumor location, 12 
papers included patients with intrahepatic, extrahepatic, and hilar BTC, as well 
as gallbladder cancer. The median CRT dose delivered was 50.4 Gy (range: 45.0–
72.6 Gy) using conventional fractionation. Concurrent CHT primarily consisted 
of 5-Fluorouracil or Gemcitabine. The pooled rates of 1-year progression-free 
survival (PFS) and OS were 40.9% and 56.2%, respectively. The median 1- and 2-
year OS rates were 63.1% and 29.4%, respectively. Grade ≥3 acute gastrointestinal 
toxicity ranged from 5.6% to 22.2% (median: 10.9%), while grade ≥3 hematological 
toxicity ranged from 1.6% to 50.0% (median: 21.7%).
Conclusion: Concurrent CRT is a viable alternative to standard CHT in patients 
with locally advanced BTC, offering comparable OS and PFS rates, along with an 
acceptable toxicity profile. However, prospective trials are needed to validate and 
further explore these findings.
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2   |   MATERIALS AND METHODS

The protocol for this analysis was registered in the 
PROSPERO international prospective register of system-
atic reviews on July 17 2020.16 We followed the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) methodology.17 The flowchart of 
paper selection is shown in Figure 1.

2.1  |  Bibliographic Search

We conducted a literature search in PubMed, Scopus, and 
Cochrane Library. We included retrospective and prospective 
papers published from January 2010 to June 2022, report-
ing outcomes after concurrent CRT for primary or recurrent 
BTC. Only English-written papers with a minimum of 10 
patients treated with concurrent CRT were considered. The 
search used keywords such as “biliary tract neoplasms,” “bil-
iary cancer,” “cholangiocarcinoma,” “radio-CHT,” “chemo-
radiotherapy,” and “chemoradiation.” The complete search 
strings are shown in Supplementary Material A.

2.2  |  Inclusion Criteria

Our research question was defined using the patient, inter-
vention, comparison, outcome (PICO) model,18 as shown 
in Figure  2. The primary outcome was overall survival 
(OS), while secondary outcomes were progression-free 
survival (PFS) and toxicity. Trials including metastatic 
patients or reporting on CRT in the adjuvant or neo-
adjuvant setting were excluded. Studies including patients 
with other abdominal cancers (hepatocellular carcinoma, 
ampullary or pancreatic adenocarcinoma) were excluded 
if the results were not differentiated based on the primary 
tumors. Systematic or narrative reviews, meta-analyses, 
guidelines, book chapters, studies on animal models, pre-
clinical studies, study protocols, and case reports were 
also excluded.

2.3  |  Study selection

Papers were independently screened by FMa and EG 
based on title and abstract. After removing duplicates, 

F I G U R E  1   Flowchart of paper 
selection according to PRISMA 2020 
diagram.

Records identified from:
Pubmed-Search (n = 409)
Scopus-search (n = 390)
Cochrane Library (n = 2)

Records removed before 
screening:

Records marked as ineligible 
by automation tools (Review, 
Letters, Editorials, Book 
Chapter) (n = 139)

Records screened
(n = 662)

Records excluded by human 
(other language, other topic, 
case reports, review)
(n = 604)

Reports candidates for full-text 
evaluation (n = 58)

Duplicate records removed 
(n = 21)

Reports assessed for eligibility
(n = 37)

Reports excluded:
Only abstract available (n = 2)
Same series of patients (n = 1)
Focused on other setting (n = 3)
Not differentiated results 
between groups (n = 8)
Review/letter to editors (n = 2)
Less than 10 patients in 
concurrent CRT group (n=3)
Results not explicitly reported
(n=1)Studies included in review

(n = 17)
Reports of included studies
(n = 17)

Identification of studies via databases and registers
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full-text evaluation was independently performed by SB 
and FMe. Any disagreements were resolved by a third 
author (AGM). Papers excluded from full-text evaluation 
with reasons for exclusion are listed in Supplementary 
material B.

2.4  |  Data analysis

Data on the included population (disease site and stage) 
and the delivered treatment (radiation dose and frac-
tionation, any boost, concurrent CHT) were collected. 
Outcomes included median and/or 1- to 5-year survival 
rates, median and/or 1- to 2-year PFS rates, and acute 
and late toxicity rates. The outcome analysis, based on 
actuarial OS and PFS, was performed only for the CRT 
population. Values including other subgroups were 
listed as not reported (NR) or marked separately. A 
meta-regression analysis was conducted between OS 
and radiation total dose and biologically effective dose 
(BED).

2.5  |  Quality assessment

We assessed the risk of bias using the ROBINS-I tool (risk 
of bias in non-randomized studies of intervention).19 Bias 
related to confounding factors, participant selection, inter-
vention classification, deviations from intended interven-
tion, missing data, outcome measurement, and selection 
of reported results were considered. Two authors (SB, 
FMa) independently ranked the included papers and re-
solved any disagreements through discussion. The results 
of this analysis were graphically reported using the robvis 
tool.20

3   |   RESULTS

3.1  |  Search results

A total of 17 papers were included in the analy-
sis,8,10,11,14,15,21–32 comprising a total of 1961 patients. 
Among these studies, two were prospective trials,21,23 
while the rest were retrospective. The patients were 
treated between 1991 and 2018. Twelve studies focused 
on patients with primary unresectable non-metastatic 
BTC,10,21–23,25–27,29–32 two studies included patients 
with isolated local recurrence,15,28 and four studies 
considered both settings.8,11,14,24 One study exclusively 
included patients with GBC,30 one study focused on 
ECC,15 one study analyzed only cases of HCCA,22 while 
two papers presented data on ICC.31,32 The remaining 
papers included a mixed population of patients with 
various types of BTC. The stage of disease was reported 
in 15 studies,8,10,11,14,15,21,22,24–30,32 with a median of 
69.6% of patients presenting with T3–4 tumor stage. The 
percentage of lymph node involvement was reported in 
11 papers,8,10,11,14,15,22,24,26–28,30,32 with a median of 46%. 
Table 1 provides further details on the characteristics of 
the patients. Five studies compared CRT with radiother-
apy (RT),11,14,15,22,28 while four studies compared CRT 
with CHT.23,30–32 One study compared definitive CRT to 
adjuvant and neoadjuvant CRT,27 one study compared 
CRT to best supportive care,26 and finally one study com-
pared CRT to transarterial radioembolization or stereo-
tactic RT.29 Among the publications reporting results on 
patients with locally advanced tumors, only one speci-
fied the version of the TNM classification used, which 
was the AJCC 6th edition.26 In the other publications, 
the stage classification was presented but the version 
of the TNM system used was not specified,10,21,25,29–32 
while in other no data on the stage classification were 
provided.22,23,27

3.2  |  Treatment

The CRT targets were described in 10 pa-
pers.8,10,11,14,15,21–23,25,28 Five studies10,11,15,22,25 defined the 
clinical target volume (CTV) as the sum of the gross tumor 
volume (GTV) and involved lymph nodes, while another 
five studies8,14,21,23,28 included the GTV and prophylactic 
nodal irradiation in the CTV. The planning target vol-
ume (PTV) was defined with an isometric expansion of 
the CTV by 10–20 mm in seven cases,8,14,15,22,23,25,28 and 
by 5 mm in two cases.10,21 One study defined an inter-
nal target volume.11 Photon-based RT was used in all 
studies except for one that used proton beams.11 The RT 
technique was reported in 11 papers,8,10,14,15,22–24,26–28 

F I G U R E  2   Research question framed in the PICO model.

P Population In patients with unresectable or 
locally recurrent biliary cancers

I Intervention is concurrent chemoradiation,

C Comparison compared with other available 
treatments,

O Outcome safe and effective in terms of 
patients’ outcomes?
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with three-dimensional conformal RT being used more 
frequently (10 studies),8,14,15,22–24,26,28 while two studies 
used both three-dimensional and intensity-modulated 
RT techniques10,27 and one study including also 2D tech-
nique (8). The median delivered dose was reported in 14 
papers,8,10,11,14,15,21–29 ranging from 45.0 to 72.6 Gy, with 
a median of 50.4 Gy. Conventional fractionation (1.8 or 
2.0 Gy per fraction) was used in all studies8,10,14,15,21–29,33 
except for one series with patients receiving 72.6 Cobalt-
Gray Equivalent (CGE) in 3.3 CGE/fraction.11 A brachy-
therapy boost was delivered in five studies8,10,24,25,27 to 
a median of 17.0% of the study population, while two 
studies used an intraoperative RT boost to 2%–18% of the 
enrolled population.24,25 The biologically effective dose 
(BED) ranged from 53.1 to 96.6 Gy (α/β = 10). Thirteen 
studies8,10,11,14,15,21–28 reported the concurrent CHT 
schedule, primarily based on 5-fluorouracil or gemcit-
abine, with some studies also using capecitabine8,10,15,27 
or 5-fluorouracil and leucovorin.28 Detailed treatment 
characteristics are provided in Table 2.

3.3  |  Outcomes

The median follow-up was reported in 13 stud-
ies10,11,14,15,22–24,27–32 and ranged between 9.0 and 
27.9 months (median 13.0 months). Median OS rates 
were reported in 13 studies8,10,11,21–26,29–32 and ranged 
between 9.6 and 20.0 months (median: 13.5 months). 
One-year OS was reported in four8,14,26,28 studies with 
rates ranging between 36.8% and 66.7% (median: 
63.1%). Two-year OS, reported in four studies,8,10,15,32 
ranged from 24.4% to 52.1% (median 29.4%). Two pa-
pers10,27 reported 16.0%27 and 20.0%10 3-year OS rates, 
respectively, while three papers10,26,27 reported 5-year 
OS rates, ranging from 0.0% to 7.9% (median: 1.9%). 
The median PFS was reported in six studies10,21–24,26 
with values ranging from 3.1 to 12.1 months (median: 
8.2 months). Three papers8,14,28 reported one-year PFS 
(median: 44.1%), while other three papers8,10,15 reported 
2-year PFS (median: 21.0%). A meta-regression analy-
sis was conducted on the impact of total dose and BED 
on OS, which showed no significant correlations, with 
a sample heterogeneity (I2 test) of 55.8% and 54.0%, re-
spectively. Finally, a Forrest plot and funnel plot of 1-
year OS ad 1-year PFS were created ad are reported in 
Figure 3 and Figure 4, respectively. The heterogeneity 
test showed statistically significant values for OS but 
not for PFS. Moreover, an asymmetry is evident from 
the examination of the funnel plots, both for PFS and 
for OS, suggesting the possibility of publication bias. 
The pooled rates of 1-year PFS and OS were 40.9% and 
56.2%, respectively.R
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3.4  |  Response and treatment failures

Tumor response was assessed using the RECIST crite-
ria34 in two studies.21,26 A partial response was observed 
in 19.8%26 and 27.8%21 of patients, while stable disease 
was seen in 69.8%26 and 72.2%21 of patients, respectively. 
Two papers11,28 reported data on local control (LC) with 
a 1-year LC rate of 88.0%11 and freedom from local pro-
gression rate of 70.0%.28 Three other papers10,22,27 reported 
local failures as crude rates of 17.0% and 62.0%,22,27 and 
a 2-year rate of local progression of 27.0%.10 Distant me-
tastases were reported as a crude value of 18.0%,22 and as 
a 2-year rate of 33.0% in another study.10 Finally, distant 
progression was reported as a crude value of 38.0% in one 
study.27

3.5  |  Toxicity

Acute toxicity was scored according to the Common 
Terminology Criteria for Adverse Events (CTCAE), or 
the RTOG scale.8 Acute gastrointestinal toxicity (Grade 
≥3) was registered in eight studies8,10,11,14,21–23,26 and 
ranged from 5.6% to 13.2% (median 10.9%). Seven pa-
pers8,11,21–23,26,28 found Grade ≥3 acute hematologic tox-
icity, ranging from 1.6% to 50.0% (median 21.7%). Late 
toxicity was generally not reported. Treatment outcomes 
are summarized in Table 3.

3.6  |  Comparisons

Considering the series enrolling patients with a single 
tumor site, the median OS is 12.9, 13.5, 18.4, and 12.7–
13.6 months in patients with ICC,31,32 GBC,30 ECC,15 and 
HCC,22 respectively. In terms of tumor site, series enroll-
ing only patients with local recurrence15,28 showed higher 
median OS values (17.2 months; range 16.0–18.4 months) 
than those composed exclusively of patients with lo-
cally advanced disease (13.2 months; range: 9.6–15.0 mo
nths).10,21–23,25,26,29–32 Four studies demonstrated a sig-
nificant benefit in terms of PFS and OS with CRT com-
pared to RT alone.11,15,22,28 However, one retrospective 
study with a small sample size of only 18 patients treated 
with CRT found no differences.14 Three studies reported 
significantly improved OS with CRT compared to CHT 
alone,30–32 while a phase II trial with slow enrolment and 
only 18 patients treated with CRT showed no differences.23 
Additionally, CRT was found to be superior to best sup-
portive care,26 equivalent to transarterial radioemboliza-
tion,29 and inferior to stereotactic RT29 in terms of OS. 
Notably, the superiority of stereotactic RT over CRT was 
observed in a series focusing only on ICC.29 Finally, two R
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studies analyzing the impact of RT dose found that a BED 
>59 Gy28 or >59.5 Gy10 correlated with better outcomes in 
terms of PFS and OS.

3.7  |  Quality assessment

Figures  5 and 6 display the traffic-light plot and 
the summary plot based on the risk of bias in non-
randomized studies of intervention (ROBINS-I) tool, 
respectively. The majority of the studies analyzed 
in this review had a moderate risk of bias, with only 
a few cases considered to have a serious risk. The 

domains that exhibited the highest risk of bias were 
“bias due to confounding” and “bias in classification 
of intervention.”

4   |   DISCUSSION

Our systematic literature review aimed to evaluate the 
differences between CRT and other treatments for locally 
advanced BTC. The key findings indicate that CRT offers 
promising results, with pooled rates of 1-year PFS and OS 
being 40.9% and 56.2%, respectively. Notably, the inci-
dence of grade ≥3 gastrointestinal toxicity was less than 

F I G U R E  3   Forrest plot and funnel plot 1-year OS.
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15% across all studies, underscoring CRT viability as a 
treatment option for these tumors.8,10,11,14,15,21–31

When comparing CRT with CHT, we observed differ-
ent outcomes. One study reported similar results for both 
treatments, while three studies highlighted better OS 
following CRT.23,29–31 Additionally, CRT seemed to offer 
superior PFS and OS compared to conventional fraction-
ated RT in three studies.11,22,28 However, one study with 
a small sample size showed no significant differences.14 
A separate study comparing CRT with stereotactic body 
radiation therapy (SBRT) reported better OS with SBRT, 

though it had certain limitations.29 This suggests that the 
choice between SBRT and CRT might depend on specific 
patient characteristics. For instance, ICC, located in the 
liver, might respond better to SBRT, whereas tumors near 
hollow organs or with regional lymph node metastases 
might benefit more from CRT.

Interestingly, the efficacy of CRT did not appear to 
be significantly influenced by the tumor site, as median 
survival was similar across ICC, GBC, and ECC.20,29,31,32 
Higher doses of CRT were associated with better out-
comes in two studies,10,28 yet our meta-regression analysis 

F I G U R E  4   Forrest plot and funnel plot 1-year PFS.
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did not show a significant effect of CRT dose on OS, likely 
due to limited variability in administered doses across the 
studies.

This study, however, has its limitations. Most in-
cluded studies were retrospective, and there was an 

absence of randomized controlled trials, which limits 
the strength of our conclusions. The funnel plot anal-
ysis suggested a risk of publication bias, and the in-
cluded studies were heterogeneous in terms of stage, 
tumor site, and treatment techniques. In particular, with 

F I G U R E  5   Risk of Bias in Non-
Randomized Studies—of Interventions 
(ROBINS-I) traffic-light plot.

F I G U R E  6   Risk of Bias in Non-Randomized Studies—of Interventions (ROBINS-I) summary plot.
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respect to tumor site, it is notable that patients with ECC 
presented a median OS of 18.4 months,15 which appears 
superior to that of patients with ICC, GBC, and HCC 
(12.7–13.6 months22,30–32). This variation underscores 
the importance of considering tumor site when evalu-
ating outcomes and the potential benefits of treatment 
modalities. Furthermore, our analysis revealed het-
erogeneous survival outcomes between series that in-
cluded only local recurrences15,28 and those with only 
locally advanced tumors,10,21–23,25,26,29–32 with a higher 
median survival observed in the former group (17.2 vs. 
13.2 months). Interestingly, this heterogeneity was sig-
nificant for OS but not for PFS, possibly due to the larger 
amount of data available for OS.

Furthermore, we must acknowledge that the previously 
reported comparisons between CRT and CHT are based 
on the evidence available during the period considered for 
analysis, when the standard CHT was represented by the 
combination of gemcitabine and cisplatin. However, two 
recent randomized trials have investigated the addition of 
immune checkpoint inhibitors (ICI) to standard CHT in 
advanced biliary cancer, demonstrating a modest but sig-
nificant improvement in OS.35

The TOPAZ-1 trial, with 685 patients, evaluated 
durvalumab (a PD-L1 inhibitor) combined with gemcit-
abine and cisplatin. The results showed a significant im-
provement in OS with durvalumab (12.8 vs. 11.5 months; 
hazard ratio 0.80; p = 0.021), along with better PFS and ob-
jective response rate (ORR), with similar toxicity between 
groups.36

Similarly, the KEYNOTE-966 trial studied pem-
brolizumab (a PD-1 inhibitor) in 1069 newly diagnosed 
patients, also in combination with gemcitabine and cis-
platin. Pembrolizumab significantly improved OS (12.7 vs. 
10.9 months; hazard ratio 0.83; p = 0.0034) and PFS (6.5 vs. 
5.6 months; p = 0.023) compared to placebo. Although the 
response rates were similar, the duration of response was 
longer with pembrolizumab. Survival benefits were con-
sistent across all biliary cancer subtypes, and pembroli-
zumab did not significantly increase toxicity, maintaining 
health-related quality of life.37

Unfortunately, it is challenging to compare the results 
of these studies with those in our review, as both studies 
enrolled both patients with locally advanced disease and 
metastatic patients. Furthermore, it should be noted that 
in both studies, patients with locally advanced disease 
were the minority (11.8%–13.9%) and that in one of the 
studies,36 no significant difference in terms of OS was re-
corded in the subgroup of non-metastatic patients.

An important consideration in advanced BTC is that 
OS is often affected by complications like biliary obstruc-
tions and cholangitis, not just disease progression. This 
underscores the importance of considering variations in 

treatment approaches and the management of cancer-
related complications across different centers.

In conclusion, our analysis supports the potential role 
of CRT in inoperable BTC. However, there is a need for 
further research to identify patients who might benefit 
most from CRT, to confirm the impact of CRT dose on out-
comes, and to determine the optimal treatment sequence. 
Considering the rarity of BTCs, conducting randomized 
studies in this field may be challenging. Alternative ap-
proaches like multi-center data sharing and predictive 
modeling could be valuable in individualizing therapy 
based on patient characteristics.
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