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Summary The management of hepatobiliary ma-
lignancies has undergone a profound transforma-
tion, shifting from an empiric, uniform systemic
approach to an increasingly stratified paradigm of
precision oncology. Advances in molecular char-
acterization, particularly through next-generation
sequencing (NGS), have identified actionable alter-
ations in a clinically relevant proportion of patients
with cholangiocarcinoma (CCC) and are increasingly
informing biomarker-driven treatment strategies in
hepatocellular carcinoma (HCC). This review summa-
rizes current clinical standards in molecular diagnos-
tics, with a focus on FGFR2 testing, the implications
of CTNNBI mutations for the immune microenvi-
ronment, and the emerging role of liquid biopsy in
monitoring clonal evolution and therapeutic resis-
tance.
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Introduction

For decades, biliary tract cancers (BTC) and hepato-
cellular carcinoma (HCC) were associated with poor
outcomes and limited systemic treatment options.
However, as presented at the 2026 OeGHO (Osterre-
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ichische Gesellschaft fiir Himatologie und Medizinis-
che Onkologie) meeting in Bregenz, the integration
of comprehensive molecular profiling into the early
diagnostic work-up has changed clinical decision-
making, particularly for patients with advanced BTC.
These malignancies are no longer approached as uni-
form disease entities; rather, they are increasingly
classified into molecularly defined subsets with direct
therapeutic implications. The current European Soci-
ety for Medical Oncology (ESMO) guidelines (interim
update 2025) recommend upfront molecular profiling
for patients with advanced BTC, reflecting the shift
toward biomarker-driven therapy as an established
clinical standard [1].

Cholangiocarcinoma (CCC): the paradigm of
targetable heterogeneity

Intrahepatic cholangiocarcinoma (iCCA) is one of the
most molecularly diverse gastrointestinal malignan-
cies. Up to 25% of patients with iCCA harbor poten-
tially actionable genetic alterations, requiring a diag-
nostic strategy that integrates histopathology, high-
quality tissue acquisition, and comprehensive molec-
ular testing [1].

FGFR2 alterations: navigating fusions and
rearrangements

The most prominent targets in iCCA are fibroblast
growth factor receptor 2 (FGFR2) alterations, identi-
fied in approximately 10-15% of cases. A critical diag-
nostic distinction must be made between fusions and
rearrangements.

@ Springer

Molecular diagnostics as the clinical standard in cholangiocarcinoma and hepatocellular carcinoma: a new...

JournalID: 12254 - ArticleID: 1120 - DispatchDate: 03.08.2026 - ProofNo: 1, p. 1


https://doi.org/10.1007/s12254-026-01120-4
http://orcid.org/0000-0002-0927-6498

short review

e FGFR2 fusions involve the joining of FGFR2 with
a partner gene, such as BICC1 or CCDCS6, result-
ing in a chimeric protein that drives constitutive
oncogenic signaling.

e FGFR2 rearrangements denote broader structural
changes, often detected by break-apart signals on
fluorescence in situ hybridization (FISH), which
may or may not generate a functional fusion tran-
script.

The choice of diagnostic modality is clinically rele-
vant. DNA-based next-generation sequencing (NGS)
is widely used, but it may fail to detect fusions when
breakpoints occur within large, repetitive intronic re-
gions outside the covered target intervals. RNA-based
NGS is particularly valuable because it interrogates
the spliced transcript, bypasses intronic complexity,
and confirms whether a detected rearrangement re-
sults in an expressed functional fusion. In compara-
tive series, RNA-based sequencing has identified ad-
ditional clinically relevant FGFR2 fusions that were
missed by DNA-based NGS [2]. Targeted therapy op-
tions for advanced/metastatic biliary tract cancer are
summarized in Fig. 1.

Resistance mechanisms and the role of liquid biopsy

Although selective FGFR inhibitors such as pemiga-
tinib can produce clinically meaningful responses, ac-
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quired resistance is common. Resistance is frequently
mediated by secondary FGFR2 kinase-domain muta-
tions, including V565 gatekeeper and N550 molecular-
brake alterations, which either reduce drug binding or
favor an active kinase conformation [2].

These resistance mechanisms are often polyclonal;
distinct metastatic deposits may harbor different sec-
ondary mutations. In this setting, liquid biopsy based
on circulating free DNA (cfDNA) has a specific clinical
advantage. Although plasma assays may be less sensi-
tive than tissue testing for the initial detection of large
FGFR2 fusions, they can capture spatial and temporal
heterogeneity during therapy, detect emerging resis-
tance clones noninvasively, and support selection of
subsequent FGFR-targeted strategies, including cova-
lent inhibitors such as futibatinib [3].

Beyond FGFR: IDH1, BRAF, and HER 2

Other established targets include IDH1 mutations,
found in approximately 10% of iCCA cases, for which
ivosidenib is a standard treatment option in previ-
ously treated disease, and BRAF V600E mutations,
which are targetable with combined BRAF/MEK inhi-
bition.

HER2 (ERBB2) is another clinically relevant target,
particularly in gallbladder carcinoma and extrahep-
atic cholangiocarcinoma. The absence of a univer-
sally standardized HER2 immunohistochemistry scor-
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ing system for BTC, analogous to those used in breast
or gastric cancer, remains a diagnostic challenge. Nev-
ertheless, pivotal trials such as HERIZON-BTC-01 with
zanidatamab have demonstrated durable responses in
pretreated HER2-positive BTC, supporting incorpora-
tion of HER2 testing into comprehensive molecular
assessment [1].

Hepatocellular carcinoma: from histology and
imaging to immunobiology

For many years, the diagnosis of hepatocellular carci-
noma (HCC) in clinical practice was commonly con-
firmed by ultrasound- or computed tomography (CT)-
guided biopsy when imaging was not diagnostic or
when histology was required. In contemporary prac-
tice, noninvasive imaging criteria, including LI-RADS,
permit an imaging-based diagnosis in appropriately
selected patients at risk of HCC, particularly when le-
sions meet LI-RADS 5 criteria. Thus, an imaging-only
diagnosis is a relatively recent and context-dependent
standard rather than a historical default. Neverthe-
less, the increasing use of immunotherapy and the de-
velopment of molecular biomarkers of response and
resistance have made histological and molecular anal-
ysis increasingly relevant for treatment selection, clin-
ical trial enrollment, and translational research.

The CTNNBT1 dichotomy: strong vs. weak activators

The Wnt/beta—catenin pathway, particularly muta-
tions in CTNNBI, is altered in 15-40% of HCC cases.
Recent evidence highlighted in Bregenz suggests that
the type and functional strength of CTNNB1 mutation
contribute to the tumor immune phenotype.

e Strong CTNNBI mutations: These involve the beta-
TrCP docking motif (D32-S37) or T41. They re-
sult in high-level Wnt/beta—catenin activation and
are associated with an immune-excluded, “cold”
tumor microenvironment, reduced T-cell infiltra-
tion, and primary resistance to immune check-
point inhibitor (ICI)-based regimens, including ate-
zolizumab/bevacizumab.

e Weak CTNNB1 mutations: Mutations at S45 pro-
duce lower levels of Wnt/beta—catenin activation
and appear to preserve a higher degree of immune-
cell infiltration.

This distinction is clinically relevant. It suggests that
CTNNB1-mutated HCC should not be considered
a homogeneous ICI-resistant category; rather, pa-
tients with strong Wnt/beta—catenin activation may
require alternative or combination strategies, includ-
ing investigational approaches that pair Wnt-pathway
inhibition with immune checkpoint blockade [4].

New targets: the FGFR4/FGF19 axis

Further development is also focused on the FGFR4
pathway, which can be activated by overexpression of
its ligand FGF19 in approximately 30% of HCCs. Se-
lective FGFR4 inhibitors such as irpagratinib are being
investigated, including in phase 2 studies in combina-
tion with atezolizumab (NCT05441475). This develop-
ment underscores the need for molecular testing to
identify FGF19 overexpression, FGF19 amplification,
or FGFR4 pathway activation as the field moves to-
ward more personalized second- and later-line ther-
apy in HCC [5].

Integrating molecular diagnostics into clinical
practice

The implementation of these standards requires
a multidisciplinary pathway. The molecular tumor
board has become a core component of gastrointesti-
nal oncology, bringing together medical oncologists,
pathologists, radiologists, molecular biologists, and
bioinformaticians to interpret complex NGS reports
and translate them into treatment recommendations.
The diagnostic workflow in 2026:

e Tissue biopsy: Required for CCC to confirm his-
tology and enable RNA/DNA NGS; in HCC, biopsy
should be considered when imaging is inconclusive,
when histology is clinically required, or when tissue
is needed for molecular characterization, clinical
trial eligibility, or translational biomarker analyses.

e Upfront comprehensive profiling: Large DNA/RNA
panels should include FGFR2, with RNA-based fu-
sion testing or RNA reflex testing, IDH1, BRAE
HER2/ERBB2, MSI/MMR status, and TMB where
clinically appropriate.

e Sequential liquid biopsy: At progression on targeted
therapy, cfDNA analysis can identify resistance mu-
tations and inform subsequent treatment selection.

Conclusion and future perspectives

The transition of molecular diagnostics from a pre-
dominantly research-based approach to a clinical
standard has altered the trajectory of hepatobiliary
oncology. In cholangiocarcinoma (CCC), the focus
has shifted toward more accurate detection of action-
able fusions and toward management of polyclonal
resistance. In hepatocellular carcinoma (HCC), the
suspected diagnosis will continue to rely primarily on
imaging in eligible patients, but the field is moving be-
yond imaging-based diagnosis and empiric treatment
toward biologically informed treatment selection, in-
cluding characterization of genetic drivers of immune
evasion and emerging actionable targets.

Looking ahead, integration of artificial intelligence
in pathology and radiology, together with refined
multi-omic liquid biopsy approaches, may further
improve the ability to deliver the right treatment to
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the right patient at the right time. For oncologists,
the message from Bregenz 2026 is clear: precision
diagnostics is no longer an adjunct to therapy; it is
the foundation of modern treatment decision-making
in hepatobiliary malignancies.
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