Lee et al. Radiation Oncology (2026) 21:13 Radiation Onco|ogy
https://doi.org/10.1186/s13014-025-02777-7

Check for
updates

Optimizing radiotherapy in unresectable or
metastatic intrahepatic cholangiocarcinoma:
systematic review and meta-analysis of the
literature
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Abstract

Background This systematic review and meta-analysis assessed the role of radiotherapy (RTx) in patients with
unresectable or metastatic intrahepatic cholangiocarcinoma (ICC).

Methods A systematic search of the MEDLINE, EMBASE, and Cochrane databases was conducted to identify relevant
studies published before November 2024. Meta-analyses were performed to assess the median overall survival (OS),
1-and 2-year OS rates, and local control (LC) rates in patients with unresectable or metastatic ICC treated with RTx.
For studies reporting hazard ratios (HR), OS was compared between patients receiving chemotherapy (CTx) with RTx
versus CTx alone and between dose-escalated and conventional-dose RTx. The toxicity outcomes of the included
studies were systematically reviewed.

Results Nine articles (n=1,792) were included in the analysis. Pooled analysis revealed a median OS of 15.59
months, with 1-year and 2-year OS rates of 69% and 38%, respectively. The one- and 2-year LC rates were 79% and
55%, respectively. Four studies comparing CTx with RTx versus CTx alone revealed that the combination group

had significantly improved OS (HR, 0.67). Additionally, dose-escalated RTx was associated with better OS than
conventional-dose RTx (HR, 0.53). Grade > 3 gastrointestinal toxicity occurred in 3.7% of patients, and grade 5 toxicity
was rare (0.3%).

Conclusions RTx, particularly with dose escalation or in combination with CTx, may provide survival benefits with
acceptable toxicity, supporting further prospective evaluations of unresectable or metastatic ICC.
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Background

Although complete surgical resection is generally con-
sidered the only potentially curative treatment for intra-
hepatic cholangiocarcinoma (ICC), most patients are
diagnosed at an advanced stage. Systemic chemotherapy
(CTx) is generally considered the standard of care for
patients with unresectable or metastatic ICC. Based on
evidence from recent prospective randomized phase 3
studies, a combination of gemcitabine, cisplatin, and dur-
valumab or gemcitabine, cisplatin, and pembrolizumab is
recommended for patients with unresectable and meta-
static biliary tract cancer [1, 2]. However, the prognosis
of this disease remains poor, with a median overall sur-
vival (OS) of less than 13 months.

External beam radiotherapy (RTx) for ICC is consid-
ered advantageous based on the hypothesis that it can
help achieve effective local tumor control and conse-
quently prolong OS [3], with several studies reporting
durable local control and improved OS in patients with
unresectable ICC treated with RTx [4—6]. The Ameri-
can Society for Radiation Oncology (ASTRO) guidelines
recommend RTx for unresectable ICC [7]. Despite the
lack of consensus, studies have demonstrated that CTx
combined with RTx improves survival compared to CTx
alone in metastatic ICC [8, 9]. Nevertheless, optimal
treatment strategies for unresectable and metastatic ICC
remain poorly established.

Regarding the level of evidence, previous studies have
indicated that the average outcomes of observational
studies tend to yield estimates comparable to those of
randomized controlled trials [10, 11]. Although high-
level studies in this field are warranted, a meta-analysis
may serve as an alternative approach to estimate com-
parative results, and a review of the available evidence
can provide valuable insights into the design of prospec-
tive trials, temporarily bridging the knowledge gap. Sev-
eral systematic reviews have examined the role of RTx in
biliary tract cancer [12, 13]; however, reviews specifically
focusing on unresectable and metastatic ICC are lacking.
The present systematic review and meta-analysis aimed
to evaluate the role of RTx in local control (LC) and OS
and assess its feasibility and survival benefits for unre-
sectable and metastatic ICC.

Methods

Literature search strategy

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [14]. The study protocol was registered in the Inter-
national Prospective Register of Systematic Reviews
(Registration No.: CRD42024613220). A comprehensive
search was conducted across the MEDLINE, EMBASE,
and Cochrane databases to identify all relevant studies
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published up to November 12, 2024. Our search strat-
egy included synonyms and related terminology for both
“intrahepatic cholangiocarcinoma” and “radiotherapy”
(Supplementary Text 1 in Additional file 1).

Selection criteria

Two investigators (JH and JI) independently reviewed
the titles and abstracts of the initial search results and
selected studies for full-text review. The inclusion crite-
ria were as follows: (a) patients diagnosed with primary
unresectable or metastatic ICC, (b) patients who received
RTx, and (c) studies that contained adequate data on out-
comes such as OS. The exclusion criteria were as follows:
(a) duplicate articles; (b) case reports, abstracts, letters,
editorials, reviews, or guidelines; (c) non-English full-
text articles; (d) studies that included resectable ICC; (e)
studies that included patients with extrahepatic cholan-
giocarcinoma or gallbladder cancer; and (f) studies that
included recurrent cholangiocarcinoma.

Data extraction

Any disagreements between the investigators were
resolved through discussion. When the data were insuf-
ficient to estimate outcomes (OS rate and hazard ratios
(HR)), individual survival data were extracted from
Kaplan—Meier graphs using Digitizelt software (version
2.5.9; I. Bormann, Braunschweig, Germany), followed by
reconstruction using the Guyot method [15].

Two investigators independently extracted and veri-
fied the descriptive data from the included studies. The
following study characteristics were extracted: age, sex,
disease stage, treatment method, follow-up duration, LC,
and OS.

Quality assessment

The methodological quality of the included studies was
evaluated using the Quality in Prognostic Studies tool
(QUIPS) (Supplementary Text 2 in Additional file 1)
[16]. Two investigators independently conducted the
assessments and resolved any disagreements through
discussion.

Statistical analysis
A random-effects model with DerSimonian—Laird esti-
mation was used to analyze the median OS. Effect sizes
were calculated as the natural logarithm of survival time,
and standard errors were derived from log-transformed
confidence intervals. Analyses were performed using
the inverse-variance weighting method, and heterogene-
ity across studies was assessed using the I? statistic [17].
Funnel plots and Egger’s tests were used to assess publi-
cation bias [18].

A meta-analysis of the proportions was performed
to analyze the 1-year and 2-year OS and LC rates. The
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number of events (surviving patients) and total sample
size were extracted from each study. A random-effects
model was applied using the inverse-variance method.
Effect sizes were calculated as logit-transformed propor-
tions, and study weights were assigned using the inverse-
variance weighting method.

A meta-analysis was performed if the study provided
survival data, comparing patients who received CTx
with RTx with those who received CTx alone. Similarly,
studies comparing a dose-escalated RTx group with a
conventional-dose RTx group were analyzed. A random-
effects meta-analysis was conducted for the HR analy-
sis. Effect sizes were calculated as natural logarithms
of the reported HR with standard errors derived from
log-transformed confidence intervals. Analysis was per-
formed using the inverse-variance weighting method.

All statistical analyses were performed using the R
4.4.1 software (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Characteristics of included studies

A total of 2,020 articles were identified through the
database search. After duplicate removal, 1,761 unique
records remained. Screening titles and abstracts reduced
the number of to 44 articles for full-text evaluation. Ulti-
mately, 9 studies [4—6, 8, 19-23] met the inclusion cri-
teria and were included in the review and meta-analysis
(Fig. 1). The characteristics of the included studies are
summarized in Tables 1 and 2 [4-6, 8, 19-23]. All nine
studies had a retrospective design.

Quality assessment and publication bias

The results of the quality assessment are summarized in
Supplementary Fig. 1 (Additional file 1). One study [20]
was assessed as having a moderate risk of bias due to
insufficient reporting on the consecutive enrollment of
patients. All studies exhibited a moderate risk of attrition
bias due to inadequate descriptions of loss to follow-up.
Additionally, one study [20] did not analyze multivari-
able prognostic factors, leading to a high-risk rating in
the confounding section of the study. Two studies [19,
21] lacked data regarding survival outcomes or HR,
resulting in a moderate risk rating for statistical analysis
and reporting. Publication bias was assessed using fun-
nel plots (Supplementary Fig. 2 in Additional file 1) and
Egger’s test. The funnel plot revealed no significant asym-
metry, indicating publication bias. Egger’s test for funnel
plot asymmetry yielded a p-value of 0.7919 (z = 0.2638),
indicating no significant publication bias.

Pooled estimates
The meta-analysis of OS from all nine studies reported
a median OS of 15.59 months (95% confidence interval
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(CI): 11.44-21.24, Fig. 2). One-year and two-year OS
rates were 69% (95% CI, 50-82%) and 38% (95% CI,
24—54%), respectively (Fig. 2).

An additional meta-analysis restricted to the four stud-
ies that exclusively enrolled MO patients was performed.
In this subgroup analysis, the pooled median OS was
14.02 months (95% CI, 8.3-23.67) (Fig. 3). The one-year
and two-year OS rates were 56% (95% CI, 38-72%) and
29% (95% CI, 13-53%), respectively (Fig. 3).

Four studies [4, 6, 8, 21] reported LC rates. One-year
and two-year LC rates were 79% (95% CI, 73-84%) and
55% (95% CI, 47-64%), respectively (Fig. 4).

RTx toxicity

Six articles reported grade 3 or higher gastrointesti-
nal toxicity [4, 6, 20-23]. Yamazaki et al. [22] included
patients with both intrahepatic and extrahepatic cholan-
giocarcinoma; therefore, a grade 3—4 gastrointestinal tox-
icity analysis was conducted based on five articles. Im et
al., Shimizu et al., and Zhang et al. [6, 21, 23] observed
grade 3—4 gastrointestinal toxicity in three patients, with
incidence rates of 2.6%, 8.1%, and 7%, respectively. In a
study by Tao et al. [4], two patients (2.5%) experienced
grade 3—4 gastrointestinal toxicity, which was suspected
to be related to RTx. An analysis of the five studies
revealed that grade 3—4 gastrointestinal toxicity occurred
in 11 of 300 patients (3.7%). An analysis of six studies fur-
ther suggested that grade 5 toxicity occurred in one out
of 368 patients.

Comparison of OS between CTx with RTx group and CTx
alone group

Four studies compared OS between the CTx with RTx
and CTx alone groups [5, 8, 19, 20]. In the present study,
the concurrent chemoradiotherapy and sequential CTx
and RTx groups from the study by Chang et al. [19] were
combined and defined as the CTx with RTx group. The
combination of CTx with conventional or ablative RTx
reported by De et al. [5] were grouped and defined as
the CTx with RTx group. The meta-analysis showed that
the CTx with RTx group had a HR of 0.67 (95% CI: 0.51—
0.89) compared to the CTx alone group (Fig. 5).

Comparison of OS between dose-escalated RTx group and
conventional-dose RTx group

Three studies [4—6] investigated the impact of RTx dose
on OS. Two studies [4, 5] classified patients into two
groups based on a biologically equivalent dose (BED) of
80.5 Gy, while one study [6] used an equivalent RTx dose
in 2 Gy fractions of 60 Gy (corresponding to a BED of
72 Gy) as the cutoff. In the present study, patients in the
higher radiation dose groups from the three studies were
classified into the dose-escalated RTx group, whereas
those in the lower dose groups were classified into the
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Fig. 1 Flowchart illustrating the study selection process

conventional-dose RTx group. The meta-analysis showed
that the dose-escalated RTx group had a HR of 0.53 (95%
CI: 0.39-0.73) compared to the conventional-dose RTx

group (Fig. 6).

Discussion

Although previous prospective studies have included
ICC, perihilar bile duct cancer, distal bile duct cancer,
and gallbladder cancer [1, 2, 24—26], the distinct biologi-
cal and clinical behaviors observed among these biliary
tract cancers highlight the need for separate evaluation
and tailored treatment approaches [27-29]. Notably,
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Author, year Institution (country) Study period Number of patients M stage, Number
of patients
Kim et al, 2013 National Cancer Center (South Korea) 2001-2012 92 MO: 43
M1:49
Taoetal, 2016 MD Anderson Cancer Center (USA) 2002-2014 79 MO: 63
M1:16
Chang etal, 2018 Taiwan Cancer Registry (Taiwan) 2006-2015 844 MO: 844
M1:0
Shimizu et al,, 2019 University of Tsukuba (Japan) 2001-2017 37 MO: 27
M1:10
Deetal, 2022 NCDB (USA) 2004-2018 *11,541 Not reported separately
Yamazaki et al.,, 2022 6 Multicenter (Japan) 2009-2019 68 MO: 68
M1:0
De et al, 2023 MD Anderson Cancer Center (USA) 2010-2021 281 MO0: 0
M1: 281
Zhang et al, 2023 Naval Military Medical University (China) 2016-2018 43 MO: 43
M1:0
Im et al,, 2024 6 Multicenter (South Korea) 2001-2021 116 MO: 116
M1:0

NCDB, National Cancer Database

* Data presented are sourced from the population-level National Cancer Database registry, and not a single-center study

Table 2 Characteristics of included studies related to treatment details

Author, year Treatment group, RTx total dose, RTx fractions, RTx modality,
Number of patients Median or mean (range) Median (range) Number of patients
Kim et al, 2013 CTx+RTx: 25 44.7 Gy (25-60 Gy) Not reported Not reported separately
CTx. 67
Taoetal, 2016 CTx+RTx: 79 58.05 Gy (35-100 Gy) (3-30) 3DCRT or IMRT: 54
Particle therapy: 25
Chang et al, 2018 CTx+RTx: 422 60 Gy 30 Not reported
CTx:211
Shimizu et al,, 2019 RTx+CTx: 37 72.6 Gy (46.4-74 Gy) 22 (10-37) Particle therapy: 37
De et al, 2022 CTx+RTx: 941 Not reported Not reported Not reported
CTx: *10,600
Yamazaki et al., 2022 RTx+CTx: 68 72.6 Gy (60-77 Gy) 22 (10-38) Particle therapy: 68
De et al, 2023 CTx+RTx: 61 62.5 Gy Not reported Not reported
CTx: 220
Zhang et al,, 2023 RTx: 43 40 Gy (24-50 Gy) (3-6) 3DCRT or IMRT: 43
Im et al,, 2024 RTx+CTx: 116 50 Gy (30-75 Gy) 25 (4-30) 3DCRT or IMRT: 110

Particle therapy: 6

CTx, Chemotherapy; RTx, Radiotherapy; 3DCRT, Three-dimensional conformal radiotherapy; IMRT, Intensity-modulated radiotherapy;

* Data presented are sourced from the population-level National Cancer Database registry, and not a single-center study

although dose-escalated RTx has been shown to be
beneficial in terms of LC and OS in patients with ICC,
whether similar benefits exist in patients with extrahe-
patic cholangiocarcinoma remains unclear [30]. There-
fore, we conducted a meta-analysis exclusively on ICC,
excluding extrahepatic cholangiocarcinoma and gallblad-
der cancer. Nine retrospective studies investigating RTx
in patients with unresectable or metastatic ICC were
included. The pooled median OS was 15.59 months (95%
CI: 11.44-21.24), with 1-year and 2-year OS rates of 69%
and 38%, respectively. Four studies reporting LC out-
comes demonstrated favorable 1-year and 2-year LC rates
of 79% and 55%, respectively. Grade 3—4 gastrointestinal

toxicity occurred in 3.7% of the patients in the five stud-
ies included, and one case (0.3%) of grade 5 toxicity was
reported in six studies.

Systemic CTx alone remains the standard treatment
for patients with unresectable metastatic ICCs. Given the
historically high rate of distant metastases in unresect-
able and metastatic intrahepatic ICC [4, 6, 22, 31-33],
the added benefit of adding RTx to CTx has remained
controversial. Although many patients with unresectable
and metastatic ICC eventually develop distant metasta-
ses, inadequate local tumor control often leads to sig-
nificant morbidity. Local tumor progression often leads
to obstruction of the biliary system, infiltration into the
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(A) Median overall survival

Study Total number Weight os 95% Cl
Chang, 2018 422 12.9% 7.80 [6.80; 8.94]
Kim, 2013 25 12.6% 3 9.30 [7.73;11.19]
Zhang, 2023 43 6.2% - 12.00 [4.88;29.54]
Shimizu, 2019 37 8.2% —— 15.00 [7.76;28.99]
De, 2022 941 12.9% . 3 15.40 [13.63; 17.40]
Im, 2024 116 12.1% ——il— 18.10 [13.98; 23.43]
De, 2023 61 12.4% —— 21.00 [16.98; 25.97]
Yamazaki, 2022 68 10.7% ————  23.00 [15.28; 34.63]
Tao, 2016 79 12.0% —l—— 30.00 [22.90; 39.31]
Random effects model 100.0% i | 15.59 [11.44; 21.24]

Heterogeneity: 1 = 94.4%, t° = 0.1887, p < 0.0001 ' ! '
0 10 20 30 40
Median Survival Time (months)

(B) 1-year overall survival rate

Study Total number Weight 1yr-OS rate 95% ClI
Chang, 2018 422 11.7% . 3 0.34 [0.30; 0.39]
Kim, 2013 25 10.4% —— 0.32 [0.15; 0.54]
Zhang, 2023 43 11.0% —— 0.51 [0.35; 0.67]
Shimizu, 2019 37 10.9% ——— 0.59 [0.42;0.75]
De, 2022 941 11.7% 0.93 [0.92; 0.95]
Im, 2024 116 11.5% —- 0.66 [0.56; 0.74]
De, 2023 61 10.7% i —i- 0.85 [0.74; 0.93]
Yamazaki, 2022 68 11.2% —— 0.72 [0.60; 0.82]
Tao, 2016 79 10.9% — 0.87 [0.78; 0.94]
Random effects model 1792 100.0% o contt 0.69 [0.50; 0.82]

Heterogeneity: 1 = 98.1%, t° = 1.2919, p < 0.0001 ' ' ' ' ' '
0 02 04 06 08 1
1-Year Survival Rate

(C) 2-year overall survival rate

Study Total number Weight 2yr-0S rate 95% ClI
Chang, 2018 422 11.7% && 0.09 [0.06; 0.12]
Kim, 2013 25 87% —M—— | 0.12 [0.03; 0.31]
Zhang, 2023 43 10.9% —i— 0.35 [0.21; 0.51]
Shimizu, 2019 37 10.8% —— 0.41 [0.25; 0.58]
De, 2022 941 12.0% = 0.70 [0.67;0.73]
Im, 2024 116 11.6% —— 0.41 [0.32; 0.50]
De, 2023 61 11.3% —i— 0.43 [0.30; 0.56]
Yamazaki, 2022 68 11.4% —— 0.47 [0.35; 0.60]
Tao, 2016 79 11.5% i —il— 0.61 [0.49;0.72]
Random effects model 1792 100.0% e —contt 0.38 [0.24; 0.54]

Heterogeneity: 1 = 97.6%, 1° = 0.9824, p < 0.0001 ' ' | | | |
0 02 04 06 08 1
2-Year Survival Rate

Fig. 2 Forest plots display the overall survival outcomes across analyzed studies. Presented as (A) median, (B) 1-year, and (C) 2-year overall survival in the
analyzed studies
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Study Total number Weight os 95% CI
Chang, 2018 422 29.9% 7.80 [6.80; 8.94]
Zhang, 2023 43 16.0% - 12.00 [4.88;29.54]
Im, 2024 116 28.4% —— 18.10 [13.98; 23.43]
Yamazaki, 2022 68 25.7% ————  23.00 [15.28; 34.63]
Random effects model 100.0% 14.02 [ 8.30; 23.67]
Heterogeneity: /> = 93.9%, 1° = 0.2343, p < 0.0001 ' ' ' '
0 10 20 30 40

Median Survival Time (months)

(B) 1-year overall survival rate

Study Total number Weight 1yr-OS rate 95% ClI
Chang, 2018 422 27.1% 3 0.34 [0.30; 0.39]
Zhang, 2023 43 23.2% —— 0.51 [0.35; 0.67]
Im, 2024 116 25.7% —- 0.66 [0.56; 0.74]
Yamazaki, 2022 68 24.0% — 0.72 [0.60; 0.82]
Random effects model 649 100.0% e 0.56 [0.38; 0.72]
Heterogeneity: I° = 94.7%, ©° = 0.4782, p < 0.0001 ! ! ! ' ' '

0 02 04 06 08 1

(C) 2-year overall survival rate

1-Year Survival Rate

Study Total number Weight 2yr-0OS rate 95% ClI
Chang, 2018 422 256% & 0.09 [0.06; 0.12]
Zhang, 2023 43 24.0% — 0.35 [0.21; 0.51]
Im, 2024 116 25.5% —— 0.41 [0.32; 0.50]
Yamazaki, 2022 68 24.9% C— 0.47 [0.35; 0.60]
Random effects model 649 100.0% et — 0.29 [0.13; 0.53]
Heterogeneity: I° = 96.5%, v = 1.0210, p < 0.0001 ! ! ! ' ' '

0 02 04 06 08 1

2-Year Survival Rate

Fig. 3 Forest plots display the overall survival outcomes in studies exclusively enrolling MO patients. Presented as (A) median, (B) 1-year, and (C) 2-year

overall survival

adjacent vasculature, and ultimately, liver failure. There-
fore, in the absence of category 1 evidence, the need
for local treatment has been increasingly advocated in
patients with unresectable and metastatic ICC. Previous
studies have suggested that both RTx and surgical resec-
tion can mitigate the risk of liver failure and potentially

enhance OS [3, 9]. Several retrospective studies have
demonstrated that the combination of CTx and RTx is
associated with improved OS compared to CTx alone,
suggesting a potential synergistic effect of local and sys-
temic therapies in the management of unresectable and
metastatic ICC [8, 19, 20, 34, 35]. The results of this
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Study Total number Weight 1yr-LC rate 95% ClI
Im, 2024 116 47.3% —- 0.75 [0.66; 0.83]
De, 2023 61 22.4% —— 0.80 [0.68; 0.89]
Tao, 2016 79 27.9% —— 0.81 [0.71; 0.89]
Shimizu, 2019 37 24% | —*= 0.97 [0.86; 1.00]
Random effects model 293 100.0% - 0.79 [0.73; 0.84]
Heterogeneity: 1 = 52.6%, t° = 0.0061, p = 0.0966 ' ! ! ! ' '
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(B) 2-year local control rate

1-Year Local Control Rate

Study Total number Weight 2yr-LC rate 95% Cl
Im, 2024 116 31.7% —- 0.59 [0.50; 0.68]
De, 2023 61 24.2% —i— 0.52 [0.39; 0.65]
Tao, 2016 79 27.4% —— 0.46 [0.34; 0.57]
Shimizu, 2019 37 16.7% —— - 0.68 [0.50; 0.82]
Random effects model 293 100.0% e 0.55 [0.47; 0.64]
Heterogeneity: I° = 51.7%, t> = 0.0617, p = 0.1020 ! ! ! ! !

0 02 04 06 08 1

2-Year Local Control Rate

Fig. 4 Forest plot illustrating the local control rates across the analyzed studies. (A) 1-year and (B) 2-year local control

Study

HR 95% CI

De, 2023

0.45 [0.33; 0.62]

Kim, 2013
De, 2022
Chang, 2018

Random effects model

. 0.66 [0.41; 1.06]
- 0.70 [0.65; 0.75]
. —M— 0.89 [0.75: 1.05]

'-'-'T— 0,67 [0.51; 0.89]

Heterogeneity: /° = 80.3%, t° = 0.0641, p = 0.0016
02 04 06 08 1
Hazard Ratio (HR)

Fig. 5 Forest plot comparing the overall survival between patients treated with chemotherapy plus radiotherapy group versus chemotherapy alone

meta-analysis also confirmed that combining CTx with
RTx significantly improved OS compared to CTx alone
(HR 0.67, 95% CI: 0.51-0.89). These findings further indi-
cate that the integration of systemic CTx and RTx may
lead to better outcomes in patients with advanced ICC.

Recent advancements in RTx techniques, such as inten-
sity-modulated RTx, respiratory motion management,
adaptive RTx, and image-guided RTx, have enabled the
safe delivery of high-dose, potentially ablative radiation
to inoperable liver tumors, including large lesions [7, 36].
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Fig. 6 Forest plot comparing the overall survival between the dose-escalated group and conventional-dose group

Previous studies have reported that dose-escalated RTx
can help achieve high LC rates in patients with unresect-
able or recurrent ICC, with 2-year LC rates ranging from
93% to 94% [33, 37]. Three studies reported that patients
with unresectable and metastatic ICC who received
dose-escalated RTx exhibited more durable LC and OS
than those treated with lower doses, and multivariate
analysis also revealed a significant association between
dose-escalated RTx and improved OS [4-6]. Based on
the meta-analysis of these three studies, dose-escalated
RTx was associated with improved OS compared with
conventional-dose RTx (HR 0.53, 95% CI: 0.39-0.73).
These findings highlight the pivotal role of LC in ICC and
support the need to investigate aggressive RTx strategies
across all disease stages.

Gastrointestinal toxicity remains a significant concern
in patients with ICC receiving RTx. Only one death (0.3%)
attributed to RTx was reported in six studies. The patient
developed duodenal perforation and subsequent liver
failure more than three years after receiving dose-esca-
lated RTx [22]. This meta-analysis of five studies found
a 3.7% incidence of grade 3—4 gastrointestinal toxicity,
indicating that RTx-related acute and late gastrointestinal
toxicities were within an acceptable range. In a study by
Tao et al,, biliary stenosis occurred in seven patients, with
six cases attributed to tumor progression [4]. One case
each of biliary stenosis and one case of gastric bleeding
were considered potentially related to RTx. Three other
studies reported adverse events, including one case each
of gastrointestinal bleeding, gastrointestinal obstruction,
and biliary stenosis, as well as three cases of biliary tract
infections and three cases of elevated liver enzyme lev-
els [6, 21, 23]. In clinical practice, radiation oncologists
must endeavor to deliver dose-escalated RTx within the
tolerance limits of critical normal organs using advanced
techniques to minimize treatment-related toxicity.

Given the globally increasing mortality due to ICC [38],
clinicians are increasingly encountering elderly patients

or those with poor medical status who may not be suit-
able candidates for curative surgical resection or cyto-
toxic CTx in real-world clinical settings. RTx alone is
often considered a feasible treatment option for elderly
patients or those with compromised health status. How-
ever, evidence regarding the clinical outcomes of RTx
alone in patients with ICC is currently limited. One study
reported that among patients aged > 75 years with ICC of
all stages, those who received RTx with or without other
treatment modalities had a median OS of 14 months [39].
Among the nine studies included in this meta-analysis,
three reported the outcomes of RTx alone [5, 7, 23]. The
meta-analysis of RTx alone in patients with unresectable
and metastatic ICC demonstrated a median OS of 12.36
months (95% CI, 10.64—-14.35), with 1- and 2-year OS
rates of 50% (95% CI, 45-55) and 33% (95% CI, 28-37),
respectively. In patients with advanced biliary tract can-
cer, the median OS was 12.8 months with durvalumab
(TOPAZ-1) and 12.7 months with pembrolizumab (KEY-
NOTE-966), both in combination with gemcitabine and
cisplatin [1, 2]. Although a direct comparison between
the TOPAZ-1 and KEYNOTE-966 trials is not feasible,
the outcomes of RTx alone may be comparable. The
ASTRO guidelines suggest that RTx alone should be con-
sidered in patients who are not suitable candidates for
CTx [7]. RTx should be considered a primary treatment
option for patients with advanced ICC, including elderly
patients for whom curative surgical resection or cyto-
toxic CTx is not feasible.

Although RT offers effective LC and potential survival
benefits in unresectable and metastatic ICC, distant fail-
ure outside the irradiated field remains a major clinical
concern. In patients with advanced biliary tract cancer,
the addition of immunotherapy to gemcitabine and cis-
platin CTx has demonstrated superior efficacy compared
to gemcitabine and cisplatin alone [1, 2]. Recent advances
in molecular profiling have revealed the genetic hetero-
geneity of ICC, leading to the identification of several
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actionable mutations. Key molecular targets, such as
fibroblast growth factor receptor 2 fusions and isocitrate
dehydrogenase-1 mutations, have been identified and are
currently targetable with approved therapies [40, 41]. The
combination of dose-escalated RTx with gemcitabine and
cisplatin and immunotherapy or targeted therapy may
be a promising treatment strategy for improving clini-
cal outcomes; however, to the best of our knowledge, no
studies have investigated this approach. Further research
is required to determine the optimal combination of
novel systemic therapies and RTx for the treatment of
unresectable and metastatic ICC.

This meta-analysis had several inherent limitations,
primarily stemming from the retrospective nature and
heterogeneity of the included studies. All studies were
retrospective, which introduces the risk of selection bias
and confounding factors that cannot be fully controlled.
Furthermore, there was significant variability across stud-
ies in terms of tumor characteristics, treatment intent,
RTx dose and fractionation schedules, CTx regimens,
and sequencing of CTx and RTx. The lack of standardized
definitions for unresectable ICC [42, 43] and inconsistent
indications for RTx may have further affected the com-
parability of the results. In addition, due to the inclusion
of patients who received diverse multimodal treatments,
it was not possible to determine the specific impact of
RTx or CTx on survival outcomes. Moreover, in the com-
parison between CTx with RTx and CTx alone, a poten-
tial selection bias related to disease burden cannot be
excluded. Meaningful subgroup analyses or meta-regres-
sion based on metastatic extent were not feasible because
the included studies did not report or define whether M1
patients were oligometastatic versus widely metastatic.
Moreover, the small number of eligible studies made
any such analyses statistically underpowered and likely
to yield unreliable results. These limitations underscore
the need for prospective, well-designed randomized con-
trolled trials with more homogeneous patient popula-
tions and standardized reporting to validate the findings
of this study and clarify the true impact of disease burden
on the comparative effectiveness of RTx combined with
CTx.

Conclusion

Our findings from this meta-analysis suggest that com-
bining dose-escalated RTx with CTx may be beneficial
for select patients with unresectable and metastatic ICC.
However, large-scale randomized controlled trials are
required to validate these findings.
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