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ABSTRACT @ oPeN AccESS

Background: Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) is a rare and heterogeneous primary
liver malignancy characterized by both hepatocytic and cholangiocytic differentiation. Its overlapping clinical,
radiological, pathological, and molecular features with hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (iCCA) create substantial diagnostic and therapeutic challenges. The absence of dedicated
international guidelines further complicates clinical decision-making.

Objective: To provide an up-to-date overview of the epidemiology, clinical and radiological characteristics,
histopathological and molecular diagnosis, staging, prognostic factors, and treatment strategies for cHCC-CCA.
Methods: This narrative review synthesizes current evidence on cHCC-CCA, focusing on epidemiology, imaging
characteristics, diagnostic approaches, histopathology, immunohistochemistry, molecular alterations, staging,
and therapeutic strategies for localized and advanced disease.

Results: Combined hepatocellular-cholangiocarcinoma accounts for approximately 1-5% of primary liver
tumors and occurs in both cirrhotic and non-cirrhotic livers. Imaging findings frequently overlap with HCC and
iCCA, and tumors may be misclassified as HCC, particularly when HCC-like features are present.
Histopathological evaluation remains essential for definitive diagnosis, as immunohistochemistry alone cannot
establish biphenotypic differentiation and biopsy sampling error remains an important limitation. Molecular
profiling demonstrates substantial heterogeneity, with alterations involving pathways associated with both HCC
and iCCA, including TP53, TERT, KRAS, PTEN, IDH1/2, FGFR2, ERBB2, BRAF, and CTNNB1. Surgical resection
remains the principal potentially curative treatment for localized disease, whereas the role of liver
transplantation remains uncertain. For unresectable or advanced disease, evidence supporting chemotherapy,
liver-directed therapies, targeted therapies, and immune checkpoint inhibitors is primarily retrospective, with
no randomized trials establishing a standard systemic treatment. Molecular profiling and artificial intelligence-
based approaches may improve tumor classification and treatment selection.

Conclusion: Combined hepatocellular-cholangiocarcinoma remains a diagnostically and therapeutically
challenging malignancy. Integration of imaging, pathological assessment, and molecular profiling is critical for
accurate diagnosis and personalized management. Although surgery remains the cornerstone for resectable
disease, optimal treatment for advanced cHCC-CCA remains undefined. Prospective studies and dedicated
clinical trials are urgently needed to establish evidence-based treatment strategies.

Keywords: mixed hepatocellular-cholangiocarcinoma; hepatocholangiocarcinoma; combined hepatocellular-
cholangiocarcinoma; primary liver cancer
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Introduction

Primary liver cancer (PLC) ranks as the sixth most common cancer and the third leading cause of cancer-
related death globally." It encompasses a diverse group of tumors with distinct risk factors, clinical
outcomes, and histological and molecular characteristics. The most prevalent types of PLC are
hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA), which differ substantially in
their epidemiology, biological behavior, diagnostic criteria, and therapeutic approaches. However, a subset
of primary liver neoplasms exhibits both hepatocytic and biliary differentiation, giving rise to tumors with
overlapping characteristics of HCC and iCCA. These biphenotypic tumors are rare, accounting for

approximately 1-5% of all PLCs.>*

Several terms have historically been used to describe this entity, including “mixed hepatocellular-

o

cholangiocarcinoma,” “mixed hepatobiliary carcinoma,” “hepatocholangiocarcinoma,” and “combined
hepatocellular-cholangiocarcinoma (cHCC-CCA).”>¢ The terminology has evolved alongside a better
understanding of the pathological and biological characteristics of these tumors, with cHCC-CCA currently
representing the preferred designation. Importantly, cHCC-CCA should be regarded as a distinct primary
liver malignancy rather than simply a coexistence of HCC and iCCA, as its diagnosis has important

implications for staging, prognosis, and treatment selection.

The age of onset, sex distribution, clinical presentation, and geographical prevalence of cHCC-CCA
resemble those of conventional HCC and iCCA. However, the clonal nature and cellular origin of these
tumors remain subjects of ongoing debate.*’-"° Like HCC and iCCA, cHCC-CCA is a heterogeneous group
comprising different histological patterns that may coexist within the same tumor.®'"'? This biological
heterogeneity contributes to substantial diagnostic challenges. Radiologically, cHCC-CCA may
demonstrate features characteristic of either HCC or iCCA, potentially leading to an incorrect preoperative
diagnosis and consequently influencing treatment selection. Histopathological diagnosis is also challenging,
particularly in biopsy specimens, because sampling of only one tumor component may result in
misclassification as either HCC or iCCA. These challenges highlight the importance of integrating clinical,
radiological, morphological, immunohistochemical, and, increasingly, molecular information in the
diagnostic evaluation of suspected cHCC-CCA.

The therapeutic management of cHCC-CCA remains particularly challenging because of its rarity, biological
heterogeneity, and the lack of prospective clinical trials specifically addressing this disease. Currently, there
are no internationally established guidelines dedicated exclusively to cHCC-CCA. Liver resection is
generally considered the standard potentially curative treatment for resectable disease, although the extent
of surgery must take into account tumor characteristics and the underlying hepatic function.” For patients
with advanced or unresectable disease, treatment strategies have largely been extrapolated from those
used for HCC or iCCA. Gemcitabine plus cisplatin chemotherapy, with the addition of an immune
checkpoint inhibitor such as durvalumab or pembrolizumab, is frequently considered in clinical practice
based on evidence from biliary tract cancer; however, the efficacy and optimal sequencing of these
approaches in cHCC-CCA remain uncertain."" Similarly, the potential role of molecularly targeted

therapies and immunotherapy in selected patients requires further investigation.

Medical Research Archives | https://doi.org/10.18103/mra.2026.0509 3



https://doi.org/10.18103/mra.2026.0509

THE EUROPEAN SOCIETY OF MEDICINE

Given these diagnostic and therapeutic uncertainties, a comprehensive understanding of the clinical,
radiological, pathological, and molecular characteristics of cHCC-CCA is essential for contemporary
oncology practice. This narrative review aims to provide oncologists with an up-to-date overview of the
epidemiology, clinical and radiological features, histological and molecular diagnosis, staging, prognostic
factors, and current treatment options for cHCC-CCA, while highlighting the major challenges and unmet

needs that should guide future research.

Epidemiology of Combined Hepatocellular-Cholangiocarcinoma:
The global incidence of cHCC-CCA is low—estimated at approximately 1-5% of all primary liver tumors—
although precise data are limited due to the disease’s rarity and the lack of standardized terminology.’

Similar to HCC, cHCC-CCA is more prevalent among white male patients over 65 years of age in Western
populations. However, it is associated with a poorer prognosis, resembling that of iCCA." Unfortunately,
diagnosis is often established at an advanced stage, with the most common sites of metastasis being, in
decreasing order of frequency, the regional lymph nodes, intrahepatic sites, and lungs."

Combined hepatocellular-cholangiocarcinoma can be diagnosed in patients with either cirrhotic or non-
cirrhotic livers. This differs from HCC, which is predominantly associated with cirrhosis, and iCCA, which is
more commonly diagnosed in non-cirrhotic patients. Furthermore, the incidence of hepatitis B or C
infections in patients with cHCC-CCA is comparable to that observed in patients with iCCA.%°

The incidence of cHCC-CCA among individuals with non-alcoholic fatty liver disease and alcohol-associated
liver conditions remains poorly defined, necessitating further investigation. Overall, the epidemiological
profile of cHCC-CCA appears to be intermediate between that of HCC and iCCA, reflecting shared risk
factors and clinical characteristics.”!

Radiologic Signatures of Combined Hepatocellular-Cholangiocarcinoma:

Combined hepatocellular-cholangiocarcinoma is a rare and histologically heterogeneous primary liver
malignancy characterized by both hepatocytic and cholangiocytic differentiation, and it has been
increasingly recognized in recent years.?

The radiological features of cHCC-CCA present overlapping imaging characteristics and largely depend on
the proportion of the HCC and iCCA components.?#% Accurate preoperative imaging diagnosis is
challenging but critical for management, especially given its more aggressive behavior and different

therapeutic implications compared to HCC or iCCA alone.

Combined hepatocellular-cholangiocarcinomas are known to occur in patients at high risk for HCC, and
there is a recognized risk that these tumors may mimic HCC on imaging. Current imaging-based criteria for
HCC diagnosis are grouped under the Liver Imaging Reporting and Data System (LI-RADS), which is a
standardized scheme for interpreting and reporting imaging features in computed tomography (CT) and

magnetic resonance imaging (MRI) studies in patients at risk for HCC.?+2%
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The radiologic appearance of cHCC-CCA can resemble either HCC or iCCA; therefore, it is often
misdiagnosed as one or the other.”’ The CT and MRI findings of the radiological features and LI-RADS

categories of these three primary liver cancers are summarized in Table 1.

Table 1. Comparison of radiological features of PLC.

Feature HCC cHCC-CCA iCCA
Common radiologic ®Non-peripheral * May show imaging e Peripheral arterial
features arterial phase features of either enhancement

hyperenhancement HCC or iCCA eProgressive

* Washout in portal or  eRadiologic centripetal

delayed phases appearance may vary enhancement

* Enhancing capsule

depending on

* Target appearance

eIntralesional fat dominant histological on hepatobiliary
* Mosaic architecture  component phase (EOB-MRI)
e Surface retraction

* Associated bile duct
dilation
LI-RADS category Commonly LR-5 or

LR-4

LR-M, LR-5, or LR-4 Commonly LR-M

HCC: hepatocellular carcinoma; cHCC-CCA: combined hepatocellular-cholangiocarcinoma; iCCA: intrahepatic
cholangiocarcinoma; LI-RADS: Liver Imaging Reporting and Data System

According to the 2018 version of the Liver Imaging Reporting and Data System,?® tumors with imaging
features of malignancy that are not specific to HCC are categorized as LR-M. Potretzke et al.?’ reported that
most cHCC-CCA cases present imaging features consistent with LR-M, based on CT or MRI analysis. In
contrast, a controlled comparative study by Jeon et al.*® using gadoxetate-enhanced MRI showed that about
37% of cHCC-CCAs were categorized as LR-4 or LR-5, rather than LR-M. When a hepatic lesion is
categorized as LR-5, it can be diagnosed as HCC without a biopsy; however, when categorized as LR-M, a
biopsy is recommended for confirmatory diagnosis.

The arterial enhancement pattern on CT or MRl is one of the most critical imaging features for distinguishing
HCC from other PLCs. HCCs often show non-peripheral (diffuse) enhancement in the arterial phase, whereas
iCCAs typically show peripheral (rim-like) enhancement. For cHCC-CCA, the most common arterial phase
enhancement pattern is peripheral enhancement.?#-133-3> However, approximately 40-59% of cHCC-
CCAs exhibit non-peripheral enhancement in the arterial phase.?%%727313235

The washout and capsular appearance are major features that, when present with non-peripheral
enhancement, are suggestive of HCC. These features are reported in 27-67% and 9-28% of cHCC-CCAs,
2221293235 cHCC-CCA  can LI-RADS 5 due to arterial

hyperenhancement (APHE) and washout, but atypical features—such as heterogeneity, lack of capsule, and

respectively. be misclassified as phase

delayed enhancement—should prompt reconsideration.

Although imaging appearances may overlap, certain features can help differentiate cHCC-CCA from HCC.

In particular, the enhancement pattern, biliary ductal dilation, and capsular retraction should raise suspicion
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for cholangiocarcinoma or combined hepatocellular-cholangiocarcinoma. Ancillary imaging features
suggesting a non-HCC malignancy should also be considered to reduce misdiagnosis. These so-called LR-
M features include targetoid appearance (peripheral arterial enhancement, peripheral washout, and delayed

central enhancement), marked diffusion restriction, and infiltrative morphology.

Potretzke et al.?’ reported that 54% (33/61) of cHCC-CCAs showed major features typical of HCC, but 88%
(29/33) of those also demonstrated at least one LR-M feature. Lee et al.*® reported that at least one LR-M
feature was observed in 94% (31/33) of cHCC-CCAs and 51% (34/66) of HCCs. It was suggested that cHCC-
CCA could be diagnosed with a sensitivity of 55% and specificity of 94% when the lesion exhibits three or
more LR-M features. Other recent studies have reported that 61% of cHCC-CCAs were classified as LR-M
and 23-36% as LR-5.%%%

The CT and MRI findings of cHCC-CCA and its differential considerations are summarized in Table 2.

Knowledge of tumor markers may improve diagnostic sensitivity. Combined hepatocellular-
cholangiocarcinoma tumors show substantially higher levels of carbohydrate antigen 19-9 (CA 19-9) than
HCC, and potentially higher levels of alpha-fetoprotein (AFP) than cholangiocarcinoma. Hence, even in
lesions with overlapping imaging features, the diagnosis may be suggested based on discordant imaging

and tumor marker elevation.

Table 2. Typical radiologic features of combined hepatocellular-cholangiocarcinoma.

Feature Typical Findings in cHCC-CCA Differential Considerations
Arterial Phase APHE in 50-70% (often Homogeneous  APHE in
Enhancement heterogeneous or rim-like) classic HCC

Washout Pattern
Fibrous Stroma
Retraction
Intralesional

Heterogeneity

/

Hepatobiliary Phase

(HBP)
DWI/ADC

Vascular Invasion
Satellites
Differential Pitfalls

/

Delayed washout in some; progressive
enhancement also frequent

Delayed  enhancement;  capsular
retraction in periphery

Heterogeneous morphology; necrosis,

hemorrhage, fibrosis common

Mostly  hypointense  on  HBP;
occasional heterogeneity
High signal on DWI; low ADC

(restricted diffusion)
Macrovascular invasion can occur;
satellite nodules in advanced stages

May mimic HCC, iCCA, or metastases

based on enhancement patterns

Progressive fill-in typical in
iCCA
Common in iCCA

More uniform appearance in
classic HCC
Similar to HCC and iCCA

Not specific — seen in many
malignant lesions

More common and extensive
in HCC

Enhancement dynamics and
patient history are key

HCC: hepatocellular carcinoma; cHCC-CCA: combined hepatocellular-cholangiocarcinoma; iCCA: intrahepatic
cholangiocarcinoma; DWI: Diffusion-Weighted Magnetic Resonance Imaging; ADC: Apparent Diffusion Coefficient

Diagnostic Challenges in Combined Hepatocellular-Cholangiocarcinoma:
Combined hepatocellular-cholangiocarcinoma presents a significant diagnostic challenge due to its rarity
and heterogeneous nature.”?® Initial diagnostic steps typically involve evaluating non-specific clinical
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symptoms, which often overlap with those of HCC and iCCA, such as abdominal pain, fatigue, and weight
loss. Concurrently, laboratory tests, including serum tumor markers like AFP and CA 19-9, are assessed.
However, these markers frequently exhibit low sensitivity and may be discordant with other findings, making

definitive diagnosis based solely on clinical presentation and serology unreliable.?'3840

Biopsy should be considered in patients presenting with atypical radiological findings and/or elevated CA
19-9 levels, particularly in the absence of a planned primary surgical approach. A biopsy is also warranted
if imaging exhibits features suggestive of HCC in a patient without cirrhosis, as this may uncover an

underlying cHCC-CCA. The indication for biopsy in cirrhotic patients requires case-by-case evaluation.?'

Given the limitations of clinical and serological indicators, histopathological evaluation remains crucial for
confirming a diagnosis of cHCC-CCA. While postoperative assessment of resected specimens is considered
the gold standard for definitive diagnosis, image-guided core needle biopsies are often necessary. A
significant challenge with biopsy is the potential for sampling error. A single biopsy may capture only a
limited portion of the tumor, potentially leading to an inaccurate diagnosis of either HCC or iCCA if only
one component is sampled. Obtaining multiple core needle biopsies from distinct areas of the tumor is

advisable to ensure adequate and representative tissue acquisition.?'/2841

To overcome existing diagnostic complexities, research is exploring advanced and integrated approaches.
Molecular characterization, including liquid biopsies that analyze circulating tumor DNA (ctDNA) or cell-free
DNA (cfDNA), holds promise for non-invasive detection and understanding of the tumor's genomic
landscape. These methods aim to identify unique molecular alterations specific to cHCC-CCA, which could
serve as novel biomarkers. Furthermore, the integration of molecular information, computational pathology
combined with artificial intelligence, and radiomics is being investigated to enhance diagnostic accuracy
and guide clinical decision-making.*? Figure 1 contains a flowchart of cHCC-CCA investigation.
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Figure 1. cHCC-CCA investigation flowchart.

hepatic lesion detected
in patient at risk for HCC

L. -
/- classify as LR-M -‘\1
- o - progressive centripetal
perform contrast enhanced enhancement
CT or MRI - target appearance
(assess enhancement an HBP (E08-MRI)
. pattems, LI-RADS category) ) = surface retraction
= biliary duct dilation
= recommend biopsy

l.\‘-_cunsider tumor marluzri/.l

arterial phase
hyperenhancement
[APHE)?

suggestive of ICCA or

{diffuse/glabal)
cHCC-CCA

peripheralirim-like
suggestive of HOC

=

washout

[portal/delayed phase)
and

enhancing capsule?

o] ]

Evaluate Ancillary LR-M features
- targetoid appearance
- marked diffusion restriction
- infiltrative marphalogy
= heterogeneity, necrosis, fibrosis
- capsular retraction
- biliary ductal dilation

absent

Absent (=3) Present (=3)
= likely HCC - suspect cHCC-CCA
- LR-4/LR-5 < LR-M {or reclassify from LR-5)
= may diagnose without = recommend biopsy
biopsy = check tumar markers

MNotes:

- ¢HCC-CCA often mimics HCC (~40-59% non-peripheral APHE) ar iCCA
= ~61% classified as LR-M, ~23-36% as LR-5

= biopsy if LR-M or atypical features

= multiple cores to avoid sampling ermor

= integrate with clinical history, turnor markers for higher sensitivity

HCC: Hepatocellular carcinoma; CT: Computed tomography; MRI: Magnetic resonance imaging; LI-RADS: Liver
Imaging Reporting and Data System; HBP: Hepatobiliary phase; EOB MRI: Gadolinium ethoxybenzyl
diethylenetriamine  pentaacetic acid-enhanced magnetic resonance imaging; APHE: Arterial phase
hyperenhancement; iCCA: Intrahepatic  cholangiocarcinoma; cHCC-CCA:  Combined  hepatocellular-

cholangiocarcinoma
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Morphologic and Molecular Pathology of Combined Hepatocellular-Cholangiocarcinoma:

Histology and immunoprofile

Combined hepatocellular-cholangiocarcinoma, according to the definition in the latest edition of the World
Health Organization (WHO), is a neoplasm with hepatocytic and cholangiocytic differentiation within the

same tumor.34

The cytoarchitectural and morphological characteristics are the same as those of the HCC and iCCA
patterns, and the transition between the two may be clear or poorly defined.* The hepatocytic pattern is
composed of cells with broad, granular cytoplasm, round nuclei, and evident nucleoli arranged in a plate-
like growth pattern, including trabecular, solid, or pseudoglandular formations. The cholangiocytic pattern
is an adenocarcinoma with various morphological patterns, including tubular, solid, and micropapillary
structures, characterized by large vesicular nuclei, sometimes with mucinous cells and abundant fibrous

tissue 21,43,44

Biphenotypic differentiation should be confirmed by the morphological patterns observed in hematoxylin
and eosin (HE) slides,* although in biopsies of metastatic sites, only one of the tumor components may be
present.”> Diagnostic confirmation based solely on immunohistochemistry (IH) is not valid, and the
biphenotypic aspect should be clearly evident in the HE slides, mainly because pure HCC may show
immunohistochemical markers of cholangiocytic differentiation, and pure ICC may show markers of
hepatocytic differentiation.*?'* There is no established minimum percentage (cut-off) of each component
for diagnosis in the medical literature, but the neoplasm must unquestionably contain both histological

components.**?

Some cHCC-CCA exhibit monotonous features between hepatocytes and cholangiocytes and are defined
as intermediate cell carcinoma (IMC). The neoplastic cells are small with scant cytoplasm, arranged in cords,
trabeculae, or occasional glandular-like structures within a fibrous stroma, with dual hepatocholangiocytic
expression by the |H method.42142

The latest edition of the WHO classification removes the stem/progenitor cell subtype from the cHCC-CCA
neoplasm, classifying this cell type only as a morphological characteristic found in c¢HCC-CCA
neoplasms.*#** Stem/progenitor cells are uniform and small, with scant cytoplasm and inconspicuous,
hyperchromatic nuclei, generally located at the interface between a nest of carcinoma and the adjoining
tumoral fibrous stroma. They are positive for markers such as SALL-4, Oct4, Sox-9, CD117, CD56, CD133,
EpCAM, EMA, Nestin, CK14, and CK19.2'434¢ These markers should be evaluated with caution, as many are

also markers of cholangiocytic differentiation.?’

Combined hepatocellular-cholangiocarcinoma displays mixed immunohistochemical features between HCC
(Hep-Par-1, AFP), arginase-1, glypican-3, polyclonal carcinoembryonic antigen (pCEA, canalicular), CD10
(canalicular), CK8, and CK18) and iCCA (CK7, CK19, and epithelial membrane antigen (EMA)). In addition,
Nestin is a characteristic diagnostic and prognostic marker of cHCC-CCA, with cases positive for Nestin
having a worse prognosis,®*'** although some studies have reported Nestin negativity in intermediate cell

carcinoma.*
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Molecular profile
The pathogenesis of cHCC-CCA remains undefined and is still under investigation in the medical literature,
primarily due to the rarity of the entity.**?** Currently, it is believed that HCC exhibits plasticity or undergoes

transdifferentiation during tumorigenesis.*

Various molecular studies have reported distinct findings; some show that cHCC-CCA has molecular
characteristics closer to HCC,** while others demonstrate a common clonal origin of the HCC and iCCA
components.*®? Some neoplasms have features more similar to iCCA (e.g., mutations in KRAS, BRAF, PTEN,
IDH1/2, ERBB2, FGFR2), whereas others show mutations typical of HCC (e.g., CTNNB1, pTERT).*

Genes commonly altered in cHCC-CCA include recurrent mutations in TERT (23-80%), TP53 (49-80%), cell
cycle genes (40%; CCND1, CCNE1, CDKNZ2A), receptor tyrosine kinase/Ras/PI3-kinase pathway genes
(55%; MET, ERBB2, KRAS, PTEN), chromatin regulators (20%; ARID1A, ARIDZ2), and Wnt pathway genes
(20%; CTNNB1, AXIN, APC). Among these, TP53, AXIN1, RB1, PTEN, ARID2, and BRD7 are significantly
mutated. Several studies have identified TP53 and TERT as the most frequently mutated genes in cHCC-
CCA, with TP53 mutations occurring significantly more often in ¢cHCC-CCA than in pure HCC or
iCCA‘37,43,44,48,49

Potential therapeutic targets among altered genes include BRCA2 (8.2%), ERBB2 (5.5%), IDH1 (4.1%), BRAF
(4.1%), FGFR2 (4.1%), and MET (2.7%), together accounting for 24.6% of cHCC-CCA cases. Biomarkers
predictive of immunotherapy response, such as tumor mutational burden (TMB) and microsatellite instability
(MSI), have low prevalence in this tumor type.*” A large cohort of 2,372 patients with HCC and 150 with
cHCC-CCA underwent comprehensive genomic profiling of more than 290 genes, including assessment of
tumor mutational burden (TMB) and microsatellite status. Potentially actionable alterations were identified
in 19.5% of HCC cases and 34.7% of cHCC-CCA. Compared with HCC, cHCC-CCA demonstrated
significantly higher frequencies of IDH1 (8.0% vs. 0.3%), IDH2 (2.7% vs. 0.04%), and FGFR2 (7.3% vs. 0.3%)

alterations.*

A molecular analysis of 35 cHCC-CCA, 38 HC), and 32 iCCA samples identified NOTCH1 and HESS as
potential biomarkers for molecular subclassification. cHCC-CCA tumors showed upregulated expression of
NOTCH1 and its downstream effectors (HES5, ASCL1, and HEST). According to NOTCH1 and HES5
expression levels, cHCC-CCA cases were categorized into three subgroups: Group 1 (Notch-inactivated;
low NOTCH1, variable HESS), Group 2 (Notch-responsive; high NOTCH1 and HESS), and Group 3 (Notch-
unresponsive; high NOTCH?1, low HES5). The Notch-responsive subgroup (Group 2) demonstrated the most
aggressive phenotype, characterized by increased vascular invasion and significantly shorter survival.”’

Recently, artificial intelligence (Al) has been explored to better classify these neoplasms, especially those
with unusual morphology that are difficult to characterize using HE and IH methods alone.***> Due to these
diagnostic challenges and the failure of genetic studies to distinctly classify these tumors as HCC or iCCA—
since many cHCC-CCAs share similar gene expression—Calderaro et al. demonstrated that Al could
categorize cHCC-CCA as either HCC- or iCCA-like, potentially refining diagnosis, prognosis, and clarifying

their genetic relationship.*” Another study employing an Al-driven machine learning model successfully

classified cHCC-CCA tumors into iCCA-like and HCC-like based solely on genomic profiles, achieving a
Medical Research Archives | https://doi.org/10.18103/mra.2026.0509 10
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sensitivity of 87.6% and specificity of 94.5%.%¢ The features of cHCC-CCA pathology are represented in

Figure 2.

Figure 2. Summary of cHCC-CCA pathology features.
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Staging Criteria and Prognostic Implications in Combined Hepatocellular-Cholangiocarcinoma:
Staging is an important predictor of survival for patients with PLC, and its accurate definition is essential for

selecting appropriate oncologic treatment.

Combined HCC-CCA is classified as an intrahepatic bile duct neoplasm and, therefore, shares the same
staging system used for intrahepatic cholangiocarcinomas and primary neuroendocrine carcinomas of the
liver.?'%2 Recent efforts have aimed to unify the terminology for this neoplasm. The tumor, node, metastasis
(TNM) staging system of the American Joint Committee on Cancer (AJCC), currently in its 8th edition, is
used for classifying this entity.>* (Table 3 and Table 4).

Important prognostic factors for cHCC-CCA included in the TNM staging system are multifocality, presence
of vascular invasion, large tumor size (>5 cm), and lymph node involvement.”” The TNM system offers
significant advantages over other existing staging systems, especially for rare diseases lacking specific
guidelines. First, it is based on a broad set of definitions that support universal application according to
modern imaging techniques. Additionally, it is guided by a continuous improvement process through
frequent reviews and updates,® leading to better prognostic accuracy and optimization of oncologic

outcomes.
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Table 3. 8th edition AJCC/UICC TNM definitions.

Category Definition
Primary Tumor (T) Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (intraductal tumor)
T1a Solitary tumor <5 cm without vascular invasion
T1b Solitary tumor >5 cm without vascular invasion
T2 Solitary tumor with intrahepatic vascular invasion or multiple

tumors, with or without vascular invasion

T3 Tumor perforating the visceral peritoneum
T4 Tumor involving local extrahepatic structures by direct
invasion
Regional Lymph Nx Regional lymph nodes cannot be assessed
Node (N)
NO No regional lymph node metastasis
N1 Regional lymph node metastasis present
Distant Metastasis (M) MO No distant metastasis
M1 Distant metastasis present

AJCC: American Joint Committee on Cancer; UICC: Union for International Cancer Control; TNM: Tumor, Node,

Metastasis.

It is important to emphasize that, given the limitations of using a staging system extrapolated from a
different pathology, the development of a dedicated staging model specifically for patients with mixed
hepatocellular-cholangiocarcinoma is necessary. Such a model would allow for better prognostic evaluation
and the adoption of more precise therapeutic strategies for this condition.®

Staging workup:

Given the poor prognosis of cHCC-CCA and the challenges in differential diagnosis, accurate pre-treatment
evaluation is essential, as it can significantly influence therapeutic decisions. Due to the rarity of the disease,
imaging features are poorly described in the literature. However, recognition of suggestive imaging findings
may allow for the identification of these tumors in the preoperative setting and guide the performance of
image-guided biopsies when indicated.
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Table 4. 8th edition AJCC staging groups.

TNM
Stage O Tis NO MO
Stage IA T1a NO MO
Stage IB T1b NO MO
Stage |l T2 NO MO
Stage llIIA T3 NO MO
Stage IIIB T4 NO MO
Stage IIIB Any T N1 MO
Stage IV Any T Any N M1

AJCC: American Joint Committee on Cancer; TNM: Tumor, Node, Metastasis.

Although no specific guidelines exist, staging evaluation with CT or MRI of the abdomen and pelvis, along

with chest CT to rule out distant metastases, is recommended.

Serologic markers, including CA 19-9 and AFP, are often evaluated when PLC is suspected. Although their
utility is somewhat controversial, these markers can be helpful in the initial assessment of patients.” The
simultaneous detection of elevated levels of both AFP and CA 19-9 is a strong indicator of a diagnosis of
cHCC-CCA.*

Precision and Multidisciplinary Approaches in the Treatment of Combined Hepatocellular-
Cholangiocarcinoma:
Early stage disease:

Resection

Unlike HCC and iCCA, the treatment strategy for cHCC-CCA has not yet been clearly established. A range
of therapeutic approaches has been explored. Tumors classified as cHCC-CCA often exhibit biological and
clinical features of both HCC and iCCA, such as hepatic and portal vein invasion (similar to HCC) and lymph
node metastasis, which also mirrors the behavior of iCCA. As a result, for non-cirrhotic patients without
distant metastasis, extensive liver resection accompanied by hilar lymph node dissection remains the

recommended approach.”® However, the impact of lymphadenectomy on overall survival (OS) is still
debated.>>*

For patients with underlying liver cirrhosis, a more conservative approach such as limited resection aimed
at preserving as much liver tissue as possible may be more appropriate to maintain postoperative liver
function.® Prognostic tools like the Child-Turcotte-Pugh and Model for End-Stage Liver Disease (MELD)
scores are commonly employed to estimate the risk of postoperative mortality following liver resection.®#’
Despite curative-intent resections, recurrence rates are high—approaching 80% at five years—and long-

term outcomes remain poor, with 5-year survival rates below 30%. (62-64) Comparative studies indicate
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that patients with cHCC-CCA generally fare worse after surgery than those with HCC, though their outcomes
tend to be better than those with pure iCCA—or, in some studies, even worse than iCCA in certain

contexts 62,63,65,66

In contrast, a retrospective study analyzing 673 surgical explorations for iCCA, HCC, and cHCC-CCA
revealed significant variation in OS. Median OS was reported as 17.6 months for iCCA, 26 months for cHCC-
CCA, 31.8 months for HCC with cirrhosis, and 37.2 months for non-cirrhotic HCC. Recurrence was common
across all groups, affecting 45% of mcHCC-CCA, 48.9% of non-cirrhotic HCC, 60.4% of iCCA, and 67.2%
of cirrhotic HCC cases. The presence of a cholangiocarcinoma component in cHCC-CCA appeared to

significantly influence survival outcomes.®’

Prognostic indicators associated with poorer outcomes include larger tumor size (>5 cm), presence of
satellite nodules, lymph node metastasis, multiple tumor foci, vascular and portal vein invasion, advanced
tumor stage, elevated CA 19-9 levels, absence of capsule formation, and surgical margins less than 2

cm .55,68—71

Liver Transplantation (LT)
The potential utility of liver transplantation (LT) for cHCC-CCA has been investigated, although data is
limited due to small patient cohorts, retrospective analyses, and the frequent postoperative discovery of
the cHCC-CCA diagnosis.

A retrospective study using the Surveillance Epidemiology and End Results (SEER) database analyzed
outcomes in 1,147 patients with HCC and 19 with cHCC-CCA who underwent LT. The 5-year OS rate was
significantly lower in the cHCC-CCA group (48%) compared to those with HCC (78%).”

A separate SEER-based analysis of 465 cHCC-CCA patients further supported these findings, showing worse
survival post-LT relative to HCC patients (41.1% vs. 67%, P<0.001). Moreover, in multivariate analysis, LT
did not outperform either major or minor hepatectomy in terms of survival benefit (hazard ratio (HR): 0.28,
0.25, and 0.29, respectively), suggesting hepatectomy may be the more effective option for this tumor

type.™

Additional studies have also reported poorer LT outcomes for cHCC-CCA. An analysis of the United
Network for Organ Sharing (UNOS) database, along with a smaller retrospective series, revealed
significantly lower 5-year survival (40% vs. 62%; p=0.002) and higher recurrence within the first year for
cHCC-CCA compared to HCC.”374

Finally, a systematic review compiling data from seven studies involving 121 cHCC-CCA patients concluded
that survival outcomes post-LT were suboptimal, advocating against LT as a standard treatment due to the

need to allocate organs to more favorable indications.””

Taking into account the current body of evidence, major hepatic resection remains the most effective
curative treatment for patients with resectable cHCC-CCA. The role of liver transplantation continues to be

uncertain and requires further investigation with refined patient selection and prospective studies.
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Nonsurgical treatment options

For patients with inoperable or recurrent cHCC-CCA, several nonsurgical therapies have been explored,
including transarterial chemoembolization (TACE), radioembolization, hepatic arterial infusion
chemotherapy, and various local ablative techniques. However, the evidence supporting the effectiveness

of these liver-directed approaches remains limited.>”’¢"

A retrospective study involving 79 patients with cHCC-CCA assessed outcomes in a subgroup of 18
individuals who underwent liver-directed treatments such as TACE, radioembolization, or hepatic arterial
infusion chemotherapy.”® Compared to those who underwent surgical resection, patients receiving these
therapies had more advanced disease characteristics: the average tumor size was larger (8.9 cm vs. 5.8 cm),
satellite lesions were more common (83% vs. 32%), and lymph node involvement occurred more frequently
(33% vs. 8%). Among these patients, the overall objective response rate (ORR) was 47%, with response rates
varying by modality—50% for radioembolization, 20% for TACE, and 66% for hepatic arterial infusion
chemotherapy. Median progression-free survival (PFS) was 8.3 months, while OS reached 16.0 months.”
Although the study's small sample size and retrospective design are notable limitations, the findings suggest
that liver-directed therapies may offer some benefit and could potentially serve as a bridge to surgical
resection in select patients.

Transarterial chemoembolization remains a commonly used palliative treatment for HCC and relies heavily
on the tumor's vascular supply for effective delivery of both embolic and chemotherapeutic agents.
However, cHCC-CCAs present unique challenges due to their histological complexity and typically lower
vascularity compared to HCCs, which may reduce the efficacy of TACE.”

Two small retrospective studies investigated the use of TACE in both primary unresectable and recurrent
cHCC-CCA cases. These studies concluded that treatment response and survival outcomes are closely
associated with tumor vascularity. In general, patients with cHCC-CCA had poorer outcomes compared to
those typically observed in HCC cases.*>””78

Advanced disease

Systemic Treatment

Over the past five years, the therapeutic landscape for both metastatic/unresectable HCC and iCCA has
undergone a profound transformation. In HCC, dual immunotherapy—either combining an anti-PD-1 or
anti-PD-L1 agent with an anti-CTLA-4 inhibitor or pairing an anti-PD-1/PD-L1 agent with an anti-
angiogenic—has become the standard of care for Child-Pugh A patients without contraindications.””®’
However, in the absence of robust data guiding second-line therapy following progression on
immunotherapy-based first-line regimens, most patients receive a tyrosine kinase inhibitor (TKI) such as

lenvatinib or sorafenib.®?

For cholangiocarcinoma, the combination of cisplatin, gemcitabine, and an anti-PD-1/PD-L1 inhibitor has
emerged as the preferred first-line treatment.”'® Meanwhile, targeted therapies are increasingly utilized in
later lines for patients with actionable genetic alterations, including IDH1 mutations, BRAF mutations, HER2

amplification, and FGFR2 fusions.®**" Nevertheless, the optimal therapeutic strategy for cHCC-CCA remains
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undefined, as no randomized clinical trial data are currently available to guide treatment decisions.
Furthermore, most retrospective studies report outcomes of patients treated with regimens no longer

considered the current standard of care.

In a retrospective analysis of an American cohort comprising 123 patients with cHCC-CCA, 68 received
systemic therapy. Among them, seven were treated with sorafenib, 41 received gemcitabine combined with
a platinum agent, 16 received gemcitabine alone or with a fluoropyrimidine, three were treated with
fluoropyrimidine alone, and one received erlotinib plus bevacizumab. Additionally, 11 patients underwent
liver-directed locoregional therapy.” The disease control rate (DCR) was lowest among those treated with
sorafenib (20%) and highest in the gemcitabine-plus-platinum group (78%). Despite this variation, median
OS among the 68 patients who received systemic treatment was 12.1 months, with no significant differences

observed between regimens.”

A similar pattern was observed in a Japanese retrospective study involving 36 patients with cHCC-CCA who
received systemic therapy. First-line treatments included gemcitabine and cisplatin in 12 patients, cisplatin
combined with fluoropyrimidines in 11, sorafenib in 5, and other therapies in 8. Overall, median OS and
PFS were 8.9 and 2.8 months, respectively, with an ORR of only 5.6%. Notably, patients treated with
gemcitabine and cisplatin experienced more favorable outcomes compared to those receiving sorafenib.”

A French study evaluated outcomes of gemcitabine plus platinum-based chemotherapy as first-line
treatment in 30 patients with unresectable cHCC-CCA between 2008 and 2017. Among them, 18 received
gemcitabine plus oxaliplatin (GEMOX), 9 GEMOX plus bevacizumab, and 3 gemcitabine plus cisplatin. The
ORR was 28.6%, with 50% stable disease and 21.4% disease progression at first imaging evaluation. Median
PFS and OS were 9.0 and 16.2 months, respectively.”

However, not all studies support the superiority of cisplatin and gemcitabine over sorafenib. A retrospective
Korean cohort study analyzing 254 patients with cHCC-CCA between 1999 and 2015 reported findings from
99 individuals who received systemic therapy. Among them, 62 patients were treated with sorafenib, while
37 received cytotoxic chemotherapy as first-line treatment. Median PFS and OS were 3.8 and 10.6 months,
respectively, with an ORR of 14.1%. Notably, no significant differences in outcomes were observed between
patients treated with sorafenib and those who received cytotoxic chemotherapy.”

Another French multicentric retrospective study assessed 83 patients with unresectable or metastatic cHCC-
CCA who received systemic therapy between 2009 and 2020. The authors compared outcomes between
25 patients treated with TKls and 54 patients who received platinum-based chemotherapy regimens. There
was no significant difference in median OS between TKls and chemotherapy (8.3 vs. 11.9 months, p = 0.86).
Even after adjusting for multiple patient and disease characteristics, the type of systemic therapy did not

significantly impact OS or PFS.7

In a retrospective cohort of 101 patients with cHCC-CCA treated in Europe between 2003 and 2022, 44
individuals received palliative systemic therapy.™ Of these, 25 were treated with cytotoxic chemotherapy,
while 19 received non-cytotoxic therapies, including 16 patients treated with sorafenib. No significant

differences were observed between cytotoxic and non-cytotoxic therapies regarding ORR (8% vs. 5%), DCR
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(24% vs. 21%), or median PFS (3.0 vs. 3.2 months). However, there was a trend toward improved median
OS favoring the cytotoxic chemotherapy group (15.5 months vs. 5.3 months, p = 0.052). Among the 44
patients who received systemic therapy, 20 went on to receive at least one subsequent line of treatment.™
In a subset of seven patients who received immune checkpoint inhibitors (ICls), two achieved a response,
and one had stable disease. Median OS from ICl initiation was 17.8 months. Among these patients, three
received atezolizumab plus bevacizumab, two were treated with nivolumab monotherapy, and two received
an anti-PD-1 agent combined with TACE."

Promising ICI activity in cHCC-CCA was also reported in an American retrospective study analyzing six
patients treated with ICls between 2017 and 2021. Among them, four received a PD-1 inhibitor alone, while
two received combination therapy with a CTLA-4 inhibitor. The ORR was notably high at 83.3%, including
one patient who achieved an initial complete response.?”’

Additionally, a case report described a 72-year-old male patient with metastatic hepatocholangiocarcinoma

who received pembrolizumab as third-line treatment and achieved a long-lasting complete response.”

A Chinese study conducted single-cell RNA sequencing (scRNA-seq) analysis using tissue specimens from
patients with cHCC-CCA, including 10 individuals with advanced disease who subsequently received a
combination of ICls and lenvatinib.” The study reported an ORR of 60% and a DCR of 90%. Furthermore,
it demonstrated that cHCC-CCA exhibits a higher degree of exhausted CD8+ T-cell dysfunction compared
to HCC and iCCA. In one patient, tumor samples were collected before and after ICl treatment, allowing
scRNA-seq analysis to explore immune cell dynamics. The study revealed significant shifts: lymphocyte
counts increased, myeloid populations declined, and tumor cells were no longer detectable post-
treatment.”” These findings highlight the dynamic immune microenvironment changes associated with ICl
therapy in cHCC-CCA.

Targeted therapies have been even less extensively studied in cHCC-CCA. A French study analyzed tumor
samples from 135 patients with either HCC or cHCC-CCA who had progressed on or failed to respond to
atezolizumab plus bevacizumab.’® These samples underwent whole-genome/exome and RNA sequencing
to identify actionable genomic alterations. Twenty patients benefited from genomic profiling after disease
progression and were subsequently offered targeted therapies matched to their molecular alterations based
on recommendations from a molecular tumor board. Among them, four had cHCC-CCA. One patient,
whose tumor exhibited CDK4 amplification, was treated with palbociclib and achieved a partial radiological
response lasting 16 months. Another patient, with high HER2 overexpression and a high homologous
recombination score, received trastuzumab plus olaparib, achieving stable disease at first imaging
assessment.'® These cases highlight the potential role of molecularly guided therapies in managing cHCC-
CCA.

To guide therapeutic decisions regarding cHHC-CCA, a treatment management strategy is proposed (Table
3).
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Transarterial chemoembolization; TARE: Transarterial radioembolization; HAIC: Hepatic Arterial Infusion
Chemotherapy; ORR: Objective response rate; TKI: Tyrosine kinase inhibitor; ICl: Immune checkpoint inhibitors

Conclusion:

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA) is a rare and heterogeneous primary liver
malignancy with epidemiological and biological features overlapping those of HCC and iCCA. It frequently
presents at an advanced stage and occurs in both cirrhotic and non-cirrhotic livers. Diagnosis remains
challenging because of overlapping radiological features and frequent misclassification by imaging systems
such as LI-RADS. Although AFP and CA 19-9 may provide supportive information, their limited specificity
requires integration with imaging and pathological findings. Histologically, cHCC-CCA is defined by the
coexistence of hepatocytic and cholangiocytic differentiation, with diagnosis relying primarily on
morphological assessment rather than immunohistochemistry alone.

Molecular profiling highlights the biological heterogeneity of cHCC-CCA, with genomic alterations
overlapping those observed in HCC and iCCA. Advances in molecular characterization and artificial
intelligence-based approaches may improve tumor classification, prognostic stratification, and identification
of potentially actionable alterations. For localized disease, surgical resection remains the main potentially
curative treatment, with the extent of resection determined by tumor characteristics and underlying liver
function. The role of liver transplantation remains controversial, while liver-directed therapies such as TACE
and radioembolization may provide benefit in selected patients, although evidence remains limited,

particularly in unresectable disease.

For advanced cHCC-CCA, no evidence-based standard of care has been established, and available data

are predominantly derived from retrospective studies with heterogeneous and often modest outcomes.
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Chemotherapy, TKls, immune checkpoint inhibitors, and molecularly targeted therapies have demonstrated
variable activity, with emerging evidence supporting immunotherapy and biomarker-driven approaches in
selected patients. Overall, the complexity and heterogeneity of cHCC-CCA underscore the need for
integrated radiological, pathological, and molecular assessment to enable more accurate diagnosis and
personalized treatment. Prospective studies and dedicated clinical trials are urgently needed to establish

standardized therapeutic strategies and improve outcomes in this rare and aggressive malignancy.
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