
Copyright © 2026 by The Korean Liver Cancer Association.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

J Liver Cancer 2026;26(1):55-64
pISSN 2288-8128 • eISSN 2383-5001

https://doi.org/10.17998/jlc.2026.03.04

Review Article

Received   Feb. 15, 2026 • Revised   Mar. 2, 2026 • Accepted   Mar. 4, 2026

Corresponding author: Ik Jae Lee
Department of Radiation Oncology, Heavy Ion Therapy Research Institute, Yonsei Cancer Center, Yonsei University Health System, Yonsei University 

College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea

E-mail: ikjae412@yuhs.ac

The role of radiotherapy in the management of  
combined hepatocellular-cholangiocarcinoma:  

current evidence and future perspectives

Seo Hee Choi, Woong Sub Koom, Ik Jae Lee

Department of Radiation Oncology, Heavy Ion Therapy Research Institute, Yonsei Cancer Center, Yonsei University Health System, Yonsei University 

College of Medicine, Seoul, Korea

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) is a rare and highly aggressive hybrid malignancy characterized by a 
poor prognosis and high recurrence rates due to its dual histological nature. In the absence of established standard-of-care protocols, 
clinical management strategies are frequently extrapolated from the guidelines for its components, hepatocellular carcinoma and 
intrahepatic cholangiocarcinoma (iCCA). This review evaluates the evolving role of radiotherapy (RT) as an integral part of the multi-
disciplinary care for cHCC-CCA. Adjuvant RT may be considered for patients exhibiting high-risk pathological features, such as pos-
itive or close resection margins, lymphovascular invasion, and perineural invasion. For unresectable disease unfeasible for surgery 
or transarterial therapies, definitive RT using intensified doses, analogous to iCCA protocols, is employed to improve local control. 
High-precision modalities, particularly particle therapies such as proton or carbon ion RT, are emphasized as preferred options for 
delivering ablative doses while minimizing toxicity and preserving functional liver reserve. Furthermore, preliminary clinical evidence 
suggests a potential synergy between RT and immune checkpoint inhibitors, with reported cases demonstrating complete responses 
or successful conversion to curative-intent resection. While current evidence remains limited to retrospective cohorts and case se-
ries, the strategic integration of precision RT offers a rational pathway for optimizing outcomes in cHCC-CCA, necessitating further 
prospective validation. (J Liver Cancer 2026;26:55-64)
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INTRODUCTION

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) is 
a rare and aggressive primary liver malignancy, defined by the un-
equivocal histomorphological presence of both hepatocytic and 
cholangiocytic differentiation within a single tumor.1,2 Although 
its reported incidence ranges from 0.4% to 14.2% of primary he-
patic cancers, its clinical prognosis remains dismal. Outcomes for 
cHCC-CCA are frequently inferior to those of hepatocellular 
carcinoma (HCC) and often comparable to or even worse than 

those of intrahepatic cholangiocarcinoma (iCCA), with 5-year 
survival rates often failing to reach 30%.1-3

Surgical resection with regional lymphadenectomy currently 
offers the only potential chance for a cure; however, long-term 
survival is frequently compromised by high rates of locoregional 
recurrence and distant metastasis, with more than 60% of pa-
tients experiencing disease relapse even after curative-intent 
hepatectomy. For patients with unresectable disease, the current 
standard of care, gemcitabine and cisplatin-based systemic che-
motherapy, has reached a therapeutic plateau, providing limited 
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survival benefit with median overall survival (OS) typically re-
maining under 1 year. Consequently, there is an urgent clinical 
imperative to optimize locoregional control strategies to improve 
clinical outcomes.

The selection of appropriate adjuvant treatment options for 
cHCC-CCA is uniquely complicated by its biphenotypic nature, 
exhibiting features resembling both HCC and cholangiocarcino-
ma (CCA). As patients with cHCC-CCA experiencing poor 
survival and a heightened likelihood of distant metastasis may 
stand to benefit from adjuvant therapies, an essential prerequisite 
is the accurate evaluation and prediction of survival outcomes 
specific to this subtype. Although external beam radiotherapy 
(EBRT) is not yet universally established in cHCC-CCA man-
agement guidelines, emerging evidence from iCCA underscores 
that high-dose ablative radiotherapy (RT) and particle therapies, 
such as proton or carbon-ion RT, can significantly enhance local 
control and OS.

Given the biological similarities between the biliary compo-
nent of cHCC-CCA and iCCA, these radiotherapeutic modali-
ties warrant careful investigation through the extrapolation of ro-
bust data from iCCA, which is a specific subtype of the broader 
biliary tract cancer category. This review synthesizes current evi-
dence regarding the multifaceted role of RT in cHCC-CCA, 
ranging from adjuvant settings for high-risk resections to defini-
tive ablative treatments for advanced disease, and proposes thera-
peutic strategies by leveraging advances in nodal mapping and 
dose-escalation to support individualized clinical decision-mak-
ing.

THERAPEUTIC RATIONALE FOR 
RADIOTHERAPY

Overcoming the limitations of conventional locoregional 
therapies

Catheter-based locoregional therapies, including transarterial 
chemoembolization (TACE) and transarterial radioembolization 
(TARE), are established treatment options for advanced or recur-
rent HCC. However, the therapeutic efficacy of TACE and 
TARE might be constrained by the biological heterogeneity and 
variable vascularity of cHCC-CCA. Recent evidence indicates 
that the radiographic appearance and vascular profile of cH-
CC-CCA are largely determined by the predominant histologi-
cal component.2,4 While TACE demonstrates high response rates 
(approximately 85%) in hypervascular, HCC-dominant tumors, 
its efficacy drops precipitously to around 10% in hypovascular le-

sions, which typically exhibit CCA predominance or a dense fi-
brous stroma.5 Although TARE has emerged as a promising op-
tion for HCC and iCCA, as well as for cHCC-CCA, with re-
sponse rates reported between 55% and 60%,6,7 the lack of stan-
dardized treatment protocols and the reliance on arterial blood 
supply remain significant challenges. Consequently, the hypovas-
cular or desmoplastic regions within cHCC-CCA frequently 
evade the ischemic and cytotoxic effects of chemoembolization, 
leading to incomplete therapeutic responses. In contrast, RT de-
livers ionizing radiation that induces DNA damage largely inde-
pendent of the tumor's vascular architecture or embolic accessi-
bility. This modality offers a distinct advantage by providing a po-
tent cytocidal effect across both the hypervascular HCC and the 
relatively hypoperfused, desmoplastic CCA components, thereby 
addressing the intrinsic limitations of catheter-based therapies in 
these heterogeneous tumors.

Bridging the gap in microscopic disease control

The aggressive nature of the biliary component in cHCC-CCA 
manifests as a high propensity for microscopic infiltrative spread, 
which frequently eludes surgical clearance. Pathological hall-
marks such as lymphovascular invasion (LVI) and perineural in-
vasion are strong predictors of early locoregional failure and dis-
tant metastasis, with recent data identifying LVI as a predomi-
nant independent factor for poor survival.8-10 This prognostic im-
pact aligns with established evidence from iCCA, where vascular 
and perineural invasion are widely recognized as critical determi-
nants of recurrence and survival.11-15 Furthermore, the incidence 
of regional lymph node (LN) metastasis, reported to range from 
20% to 40% in cHCC-CCA compared to less than 5% in pure 
HCC, suggests that subclinical microscopic disease is often pres-
ent beyond the macroscopically resected area.15,16 To address these 
microscopic risk factors, RT provides a targeted cytocidal effect 
to sterilize potential zones of subclinical disease, thereby com-
pensating for the geographic limitations of surgical resection. 
Since regional LN involvement is an important predictor of short 
disease-free survival,17,18 RT serves as a rational spatial intensifier. 
By targeting these zones of microscopic persistence in the liver 
parenchyma and regional lymphatic basins, RT addresses the 
spatial limitations of surgery and the systemic focus of chemo-
therapy.
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Mitigating mortality from tumor-related liver failure

While distant metastasis is a significant concern in cHCC-CCA, 
local progression remains a critical driver of mortality. Evidence 
from iCCA cohorts indicates that approximately 70% of patients 
with unresectable disease succumb to tumor-related liver failure 
(TRLF), caused by biliary obstruction, vascular invasion, or ex-
tensive parenchymal replacement, rather than extrahepatic tumor 
burden.19-21 Consequently, liver-directed RT is hypothesized to 
provide a significant oncologic benefit by mitigating death due to 
TRLF.22-24 Retrospective analyses have demonstrated a clear 
dose-response relationship in this setting; ablative RT, defined as 
a biologically effective dose (BED10) >80.5 Gy, significantly pro-
longs median OS compared to conventional doses (23.7 vs. 12.8 
months).23 Importantly, the benefit of preventing TRLF extends 
even to patients with metastatic disease.25 Propensity-matched 
analysis revealed that definitive liver RT significantly reduced the 
rate of death attributable to TRLF compared to chemotherapy 
alone (47% vs. 82%). This local control translated into a substantial  
survival advantage, with median OS increasing from 9 months to 
21 months with the addition of RT. These findings suggest that 
controlling the dominant liver tumor is essential for altering the 
natural history of the disease, irrespective of metastatic status.

CURRENT GUIDELINES AND THE CLINICAL 
GAP IN cHCC-CCA MANAGEMENT

Current international guidelines, primarily established for biliary 
tract cancers, position RT as a critical option for specific high-
risk clinical scenarios. In the adjuvant setting, while the Ameri-
can Society of Clinical Oncology (ASCO) guidelines recom-
mend adjuvant capecitabine as the standard of care,26 both the 
National Comprehensive Cancer Network (NCCN)27 and the 
American Society for Radiation Oncology (ASTRO)28 guide-
lines provide conditional recommendations to consider adjuvant 
chemoradiotherapy (CRT) specifically for patients with adverse 
features, such as microscopically positive margins (R1) or region-
al LN metastases, to enhance local control. In the definitive set-
ting for unresectable disease, NCCN lists EBRT as a locoregion-
al treatment option, and ASTRO strongly supports the use of 
high-dose or ablative RT (e.g., stereotactic body radiotherapy 
[SBRT]) for liver-confined disease, where technically feasible 
and safe for adjacent organs, noting its association with improved 
survival compared to conventional doses. However, due to the 
rarity of cHCC-CCA, high-level evidence specific to this histo-
logic subtype remains virtually non-existent. A recent interna-

tional multicenter survey29 revealed that only 13% of expert cen-
ters have a specific treatment policy for cHCC-CCA, with most 
decisions relying on institutional preference. Consequently, thera-
peutic strategies for cHCC-CCA are currently extrapolated from 
the aforementioned iCCA guidelines, utilizing RT as a rational 
approach to address locoregional failure in both high-risk post-
operative and unresectable settings.

ADJUVANT RADIOTHERAPY FOR 
RESECTABLE DISEASE

Survival benefit in high-risk populations

While specific data for cHCC-CCA are limited, large-scale po
pulation-based analyses of iCCA provide compelling evidence 
for the survival benefit of adjuvant strategies, often delivered as 
concurrent CRT (CCRT), which serves as a benchmark for cH-
CC-CCA management. A surveillance, epidemiology, and end 
results analysis30 demonstrated that adjuvant RT significantly im-
proved median OS compared to surgery alone (11 vs. 6 months, 
P=0.014). Regarding the optimal treatment modality, a nation-
wide analysis of 599 patients31 suggested that concurrent CCRT 
was associated with a reduced mortality risk compared to chemo-
therapy alone (hazard ratio [HR], 0.67; P=0.001), with the clini-
cal benefit being most pronounced in patients with locally ad-
vanced disease or positive surgical margins.

Management of narrow or positive surgical margins

Achieving a wide negative margin (R0≥1 cm) is often challeng-
ing in cHCC-CCA due to the tumor’s anatomical proximity to 
major vascular structures. Retrospective and registry analyses con-
sistently demonstrate that adjuvant RT mitigates the oncologic 
risks associated with incomplete resection. Adjuvant CRT has 
been reported to significantly improve survival compared to che-
motherapy alone in margin-positive patients, regardless of stage 
(HR, 0.51-0.65).31 Similarly, National Cancer Database (NCDB) 
analyses found significant survival advantages for adjuvant thera-
py in R1/R2 resections, whereas no such benefit was observed in 
R0 cases with wide margins.32,33 For technically negative but nar-
row margins (<1 cm), evidence indicates that adjuvant RT can 
improve 3-year survival to levels comparable with wide-margin 
resection (55% vs. 65%), whereas narrow-margin resection alone 
yields significantly poorer outcomes (20%).34 These findings sup-
port the role of adjuvant RT in “sterilizing” the resection bed in 
margin-compromised cases.
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Role in node-positive and adverse pathologic features

While regional LN involvement is a known driver of poor out-
comes, adjuvant strategies have shown potential to alter this tra-
jectory. A meta-analysis35 of over 6,700 patients with biliary tract 
cancers concluded that adjuvant CRT offers a superior survival 
advantage over surgery alone, particularly for LN-positive and 
R1-resected populations. Supporting this, retrospective data36 for 
node-positive disease indicate that adjuvant RT can nearly dou-
ble the median OS compared to observation (19.1 vs. 9.5 months, 
P=0.011). Similarly, a large-scale analysis of the NCDB37 identi-
fied positive LNs status as a key predictor for adjuvant treatment 
benefit. Furthermore, in a nationwide Taiwanese cohort, Lin et 
al.31 demonstrated that adjuvant CCRT significantly reduced 
mortality risk in patients with stage III/IV disease (often driven 
by nodal involvement), with an adjusted hazard ratio of 0.55 
compared to chemotherapy alone.

Beyond nodal status, specific adverse pathologic features iden-
tified in the latest cHCC-CCA research warrant intensified ad-
juvant strategies. While Kim et al.38 reported that adjuvant CRT 
significantly improved recurrence-free survival in R0-resected, 
node-positive patients (HR, 0.44; P=0.036), recent findings by 
Chun et al.8 extend this rationale to LVI. In their cohort, LVI- 
positive cHCC-CCA patients exhibited a strikingly lower 5-year 
OS of 35.8% compared to 93.3% in LVI-negative cases. These 
data suggest that LVI, alongside tumor necrosis and elevated 
postoperative carbohydrate antigen 19-9, serves as a critical indi-
cator for adjuvant RT to eradicate microscopic residual disease 
and prevent early locoregional relapse.

DEFINITIVE AND ABLATIVE RADIOTHERAPY  
FOR UNRESECTABLE DISEASE

The dose-response relationship and ablative radiotherapy

Recent clinical evidence has established a definitive dose-re-
sponse relationship in iCCA, introducing the concept of ablative 
RT (A-RT) as a standard for overcoming the intrinsic radioresis-
tance of the biliary component, within safe dose limits for adja-
cent organs. A landmark retrospective analysis by Tao et al.39 
identified a BED10 of >80.5 Gy as a critical threshold for durable 
local control. Delivering doses above this threshold achieved a 
3-year OS of 73%, a substantial improvement compared to the 
38% observed with conventional doses. These single-institution 
findings have been validated by large-scale registry data; in an 
analysis of the NCDB encompassing 1,112 patients, De et al.23 

demonstrated that A-RT (BED10 ≥80.5 Gy) nearly doubled the 
median OS compared to conventional RT (23.7 vs. 12.8 months, 
P<0.001). Consistent with these findings, the multi-institutional 
KROG 20-02 study40 substantiated that an equivalent dose in  
2 Gy fractions (EQD2) of ≥60 Gy serves as a significant inde-
pendent prognostic factor for improved OS. A recent meta-anal-
ysis41 also demonstrated that A-RT is associated with a superior 
OS compared to conventional-dose RT (HR, 0.53).

This dose-dependent efficacy, which is drawn primarily from 
CCA experience in the absence of robust cHCC-CCA data, is 
consistently observed across modern high-precision modalities 
such as particle therapy capable of delivering such intensive doses 
while sparing healthy liver parenchyma (Table 1). High-dose 
proton beam therapy (PBT) has reported 2-year local control 
rates as high as 94% (median, 58 GyRBE),42 while hypofraction-
ated photon RT has yielded a 2-year local control (LC) of 93%.22 
Specifically, among patients treated with PBT, reaching higher 
dose thresholds has been linked to superior clinical outcomes: a 
BED >70 GyE was associated with significantly higher 1-year 
LC rates (83.1% vs. 22.2%, P=0.002),43,44 and an EQD210 ≥80 
GyE led to nearly doubled 2-year OS rates (23.8% vs. 13.2%). 
The Japan Carbon-Ion Radiation Oncology Study Group 
( J-CROS) reported that carbon-ion RT achieved a median sur-
vival of 14.8 months and a 1-year local control rate of 83% in un-
resectable iCCA patients, with a favorable toxicity profile. Simi-
larly, a recent meta-analysis45 underscored the superiority of par-
ticle therapy (proton/carbon) and SBRT over conventional ap-
proaches. The analysis revealed that particle therapy and SBRT 
achieved significantly higher 1-year survival rates (71.8% and 
59.2%, respectively) compared to conventional 3D-conformal 
RT (47.2%, P=0.0004), positioning ablative strategies as the pre-
ferred definitive locoregional treatment for unresectable disease. 
While these benchmarks are primarily derived from iCCA co-
horts, they provide a critical therapeutic framework for cH-
CC-CCA, where the cholangiocytic component often dictates 
the aggressive clinical course and relative resistance to non-abla-
tive therapies.

Role in metastatic disease

The benefits of definitive liver RT extend even to patients with 
iCCA with extrahepatic metastases (M1), challenging the tradi-
tional dogma that local therapy is futile in the metastatic setting. 
Controlling the dominant intrahepatic tumor burden is critical 
because local progression is a primary driver of mortality in this 
population. De et al.25 reported that definitive liver RT signifi-
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cantly reduced the incidence of death due to TRLF compared to 
chemotherapy alone (47% vs. 82%) and improved median OS 
from 9 to 21 months. This finding is corroborated by an NCDB 
analysis by Sebastian et al.,20 which found that adding liver-di-
rected therapy (surgery or RT≥45 Gy) to chemotherapy signifi-
cantly improved OS compared to chemotherapy alone (HR, 0.57; 
P<0.001). Given that the biliary component of cHCC-CCA fre-
quently leads to catastrophic complications such as obstructive 
jaundice or hepatic insufficiency, prioritizing intrahepatic control 
through RT is a rational strategy to prevent terminal liver failure, 
even in the presence of extrahepatic spread.

Downstaging and conversion to resectability

Beyond survival prolongation, integrating RT with systemic ther-
apy serves as a strategic bridge to curative surgery for initially un-
resectable disease.46 Specifically, Sumiyoshi et al.47 reported that 
71.4% of locally advanced iCCA patients achieved downstaging 
following CRT, with 80% of those reaching R0 resection status. 
Similarly, Cho et al.48 observed successful conversion in 12.5% of 

patients after concurrent CRT.  The KROG 22-02 study40 re-
cently substantiated the role of dose escalation in this setting. 
High-dose RT (EQD2≥60 Gy) combined with sequential gem-
citabine-cisplatin significantly improved resectability, achieving a 
28% conversion rate compared to 8.6% in the low-dose group 
and 0% with RT alone. Notably, patients who successfully under-
went curative resection following conversion achieved a 3-year 
OS of 75%, illustrating that effective downstaging can funda-
mentally alter the clinical trajectory. Given that achieving an R0 
margin represents the only definitive pathway to long-term sur-
vival for cHCC-CCA, these conversion strategies are particularly 
vital. High-dose RT can induce significant tumor regression in 
locally advanced disease, thereby expanding the eligibility for cu-
rative-intent surgery among patients initially considered for palli-
ative management only.

FUTURE PERSPECTIVE

A fundamental challenge in standardizing treatment for cH-
CC-CCA is its evolving pathological definition across successive 

Figure 1. Proposed radiotherapy target volume strategies for combined hepatocellular-cholangiocarcinoma (cHCC-CCA). The framework 
integrates biphenotypic biology by tailoring target volumes to anatomical recurrence patterns. In the adjuvant setting, the proposed frame-
work suggests an expansive clinical target volume (CTV) that may optionally incorporate elective nodal irradiation (ENI) to address the infil-
trative biliary component. This strategy targets high-risk nodal stations (e.g., stations 8 and 12) based on potential recurrence patterns, with 
laterality-based individualization, such as the celiac axis for left-sided tumors. For definitive cases, the strategy combines ablative-dose de-
livery to the primary tumor (HCC-like) with extended CTV for regional lymphatics (CCA-like). High-precision modalities (SBRT, PBT, and car-
bon-ion RT) are essential to maximize the therapeutic ratio by achieving robust locoregional control while preserving functional liver re-
serve. HCC, hepatocellular carcinoma; CCA, cholangiocarcinoma; SBRT, stereotactic body radiotherapy; PBT, proton beam therapy; RT, ra-
diotherapy.
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World Health Organization (WHO) classifications and its in-
herent biological ambiguity, which remains insufficiently under-
stood as to whether it behaves more similarly to HCC, iCCA, or 
a distinct entity. Due to this biological complexity and the pauci-
ty of disease-specific data, standardizing target volumes for cH-
CC-CCA remains a significant clinical challenge.

Refining radiotherapy target volumes for cHCC-CCA

A risk-adapted framework is proposed here, integrating anatomi-
cal recurrence patterns with the disease’s unique biphenotypic bi-
ology to move toward a hybrid targeting strategy (Fig. 1). Re-
garding the extent of the target volume, particularly in the adju-
vant setting, evidence from recent nodal mapping, most notably 
by Yang et al.,49 suggests that elective nodal irradiation should 
prioritize the common hepatic artery (station 8) and the hepato-
duodenal ligament (station 12), where recurrence rates frequently 
exceed 30%. However, the clinical benefit of elective nodal irradi-
ation remains a hypothesis-driven strategy. Given that the surviv-
al benefit of LN dissection is still a matter of controversy even 
within the iCCA literature, the necessity and impact of regional 
nodal coverage in cHCC-CCA, both in postoperative and locally 
advanced settings, require further prospective validation. Regard-
ing the specific margins of the target volume, in contrast to the 
focal margins utilized in HCC, a more expansive clinical target 
volume (CTV) is recommended, analogous to biliary cancer at-
lases,50 to address the infiltrative nature of the biliary component. 
This volume should be further individualized based on tumor lat-
erality;51 left-sided tumors may exhibit a higher propensity for 

spread toward the celiac axis and lesser curvature stations. For de-
finitive cases, a multifaceted approach is suggested: delivering ab-
lative doses to the primary tumor to overcome intrinsic radiore-
sistance, leveraging the dose-response relationship, while extend-
ing the CTV to include regional lymphatic echelons. This rep-
resents a strategic departure from the gross tumor volume-only 
approach common in HCC SBRT. Given the high prevalence of 
underlying cirrhosis in cHCC-CCA patients, this intensification 
must be balanced against the risk of radiation-induced liver dis-
ease. Consequently, advanced modalities such as PBT or car-
bon-ion RT may be uniquely suited to navigate this narrow ther-
apeutic window, preserving functional liver reserve and host im-
munity while achieving robust locoregional control.

Synergistic potential of immuno-radiotherapy in  
cHCC-CCA

While the systemic therapeutic landscape for cHCC-CCA re-
mains limited, the integration of RT with immune checkpoint 
inhibitors (ICIs) is being explored as a potential strategy to over-
come treatment resistance. Although large-scale prospective evi-
dence is currently lacking, preliminary case series52-54 have noted 
instances where SBRT combined with programmed cell death 
protein-1 inhibition facilitated complete remission or enabled 
conversion surgery for unresectable disease. Interestingly, these 
responses have been observed even in tumor mutational bur-
den-low or programmed cell death-ligand 1-negative cases, sug-
gesting a possible role for RT in sensitizing immune-cold micro-
environments. Mechanistically, it is hypothesized that RT may 

Table 2. Proposed indications and strategies for radiotherapy in cHCC-CCA

Disease status RT aim Indications and clinical considerations

Resectable Adjuvant Presence of high-risk features (analogous to iCCA)

Positive or close RM

LVI

PNI, tumor necrosis, or other high-risk nodal features

Unresectable Definitive Disease unfeasible for surgery, transplantation, or transarterial therapies (analogous to HCC)

Delivery of higher radiation doses (analogous to iCCA)

Technical options are IMRT, SBRT, or particle therapy (proton/carbon ion)

Metastatic Palliative Symptomatic management of lesions causing pain, biliary obstruction, or neurological deficits

Ablative/curative* Management of oligometastatic disease or durable intrahepatic local control†

As established standard protocols for cHCC-CCA are currently lacking, these clinical strategies are largely extrapolated from retrospective cohorts or management  
guidelines for HCC and iCCA.
cHCC-CCA, combined hepatocellular-cholangiocarcinoma; RT, radiotherapy; iCCA, intrahepatic cholangiocarcinoma; RM, resection margin; LVI, lymphovascular  
invasion; PNI, perineural invasion; HCC, hepatocellular carcinoma; IMRT, intensity-modulated radiotherapy; SBRT, stereotactic body radiotherapy.
*Selected cases; †Evidence for this setting remains limited.
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induce immunogenic priming by reprogramming the immune 
landscape and enhancing antigen presentation, thereby potential-
ly increasing sensitivity to ICIs.2,3 Results from ongoing trials in-
vestigating novel agents like camrelizumab are anticipated to 
clarify this paradigm.46 However, since the synergy of immu-
no-radiotherapy is still under evaluation even in pure HCC and 
iCCA, its application in cHCC-CCA, harboring both compo-
nents, involves even greater clinical uncertainty. Identifying the 
optimal systemic backbone remains a significant knowledge gap, 
emphasizing the need for prospective trials to resolve these com-
plexities.

CONCLUSION

In conclusion, cHCC-CCA is a rare hybrid malignancy for 
which no established standard treatment currently exists. Due to 
the lack of prospective evidence and standardized protocols, clin-
ical decisions regarding RT must be largely extrapolated from the 
management strategies of HCC and iCCA. As summarized in 
Table 2, RT remains a viable therapeutic option across the clini-
cal spectrum: it can be utilized as an adjuvant treatment for high-
risk surgical cases with features such as LVI or positive margins, 
as a definitive modality for unresectable disease unfeasible for 
surgery or transplantation, and as a palliative or curative-intent 
tool in metastatic settings. Moving forward, prospective trials are 
essential to establish high-level evidence and refine tailored 
dose-fractionation schemes based on specific tumor biology. Fur-
thermore, the investigation of RT in combination with immuno-
therapy and advanced particle therapies represents a promising 
future direction for achieving personalized and optimized care for 
patients with cHCC-CCA.
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