
• CCA hPCTS maintained viability and tissue architecture, including immune cell populations, for up to 
15 days ex vivo.

• SWATH-DIA proteomics identified a structured adaptive response to ex vivo culture. The greatest 
proteomic changes occurred between Day 0 and Day 7, with enrichment of metabolic reprogramming 
pathways, followed by relative proteome stabilisation from Day 3 onwards. This pattern is consistent 
with physiological adaptation rather than progressive tissue deterioration.

• Subtype-specific proteomic differences established at resection were maintained throughout culture, 
with 97.5% of iCCA vs pCCA differential proteins retaining directional consistency at Day 7, supporting 

the fidelity of hPCTS as a model of CCA subtype biology.
• Mass cytometry confirmed that major myeloid immune populations present in bulk CCA tumour 

tissue remain detectable in matched Day 7 hPCTS, with no significant compositional changes at n=5, 
supporting immune viability of the model.

• Ongoing GeoMx spatial profiling across a retrospective cohort of over 120 patients will contextualise 
these findings within long-term clinical outcomes and validate TME differences between subtypes. 
Together, these data position CCA hPCTS as a tractable platform for immune profiling and preclinical 
immunotherapy evaluation, in line with 2026 international consensus priorities for CCA research.
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Introduction
Cholangiocarcinoma (CCA) is an aggressive biliary 

tract malignancy classified by anatomical location 
into three subtypes: intrahepatic (iCCA), perihilar 
(pCCA), and distal (dCCA) (Fig. 1) 1. 

Five-year survival remains 5-10%, with 
approximately 70% of patients presenting with 
unresectable disease at diagnosis 2, 3. In England, 
CCA incidence now equals that of hepatocellular 
carcinoma 4.

The TOPAZ-1 and KEYNOTE-966 trials reported objective response rates of only 26.7% and 28.7% 
respectively for chemo-immunotherapy combinations, underscoring the need for improved disease 
models to guide therapeutic development 5, 6.

International CCA consensus statements in 2023 and 2026 identified precision-cut tissue slices as a key 
research priority for immunotherapy testing, with 98.6% expert agreement that further research into 
ex vivo culture models is needed to tailor therapeutic approaches 7,8. 

Human precision-cut tumour slices (hPCTS) preserve parenchymal and non-parenchymal cells in their 
native architecture, retaining the tumour microenvironment (TME), and represent a human-relevant 
platform for immune profiling and therapy testing.

Fig. 1) Anatomical location of CCA subtypes adapted from 1 

Multi-Omic Profiling of CCA Human Precision-Cut Tumour Slices
4)

Fig. 7) Gene set enrichment analysis (GSEA) 
of Hallmark pathways across CCA hPCTS 
proteomes over 15 days of ex vivo culture 
(iCCA n=5, pCCA n=5). Normalised 
enrichment score (NES) shown for all 
pairwise temporal contrasts; * FDR <0.05. 
CCA hPCTS exhibit a dynamic proteomic 
response to ex vivo culture, with the 
greatest pathway-level changes occurring 
between Day 0 and Day 7, followed by 
relative proteome stabilisation at later 
timepoints.

Fig. 4) CCA hPCTS sections at Days 0, 7, 
and 15. H&E (top); CK19 confirming 
biliary tumour phenotype; CD3 T cells; 
CD68 macrophages.
Fig. 5) CCA hPCTS viability over 15 days 
by MTS assay (n=17, ±SD, % of Day 0). 
No significant differences observed.
Fig. 6) Mean log2FC (iCCA vs pCCA) 
over 15 days for 80 Day 0 subtype 
differentially abundant proteins (DAPs) 
(FDR ≤0.05, |log2FC| ≥0.5; n=5 per 
subtype). iCCA-higher (blue) and 
pCCA-higher (orange) groups retain 
directional differences throughout. 
Shaded bands ±SE.

Tissue processed within 20 
minutes of surgical resection.

5 mm diameter, 250 µm thick 
hPCTS generated.

hPCTS collected at defined 
timepoints for histology, 
proteomics, and mass cytometry by 
time of flight (CyTOF) analysis. 
Metabolic viability assessed by MTS 
assay.

Data-independent acquisition 
proteomics (SWATH-DIA) performed on 
hPCTS lysates to quantify protein 
abundance over culture time and 
compare iCCA and pCCA subtypes.

A 35-marker metal-tagged antibody 
panel was applied to single-cell 
suspensions from bulk surgical 
resections and Day 7 hPCTS for CyTOF 
immune profiling.

Fig. 2) Sample collection and hPCTS generation 
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Fig. 3) Optimised CyTOF workflow

CyTOF: iCCA n=5, pCCA n=4, bulk tumour 
(Day 0) and matched Day 7 
hPCTS Proteomics: iCCA n=5, pCCA n=5,  
Days 0, 3, 7, 15 
Histology and IHC: iCCA n=5, pCCA n=5, 
H&E, CK19, CD3, CD68, Ki67, CC3, Days 0, 
3, 7, 11, 15

6)

Fig. 8) t-SNE of CD45+ cells from CCA tumour tissue profiled by mass cytometry (iCCA 
n=5, pCCA n=4; ~2.93M cells total; 5,000 cells per sample displayed). Each point 
represents one cell, coloured by immune population.
Fig. 9) Proportional abundance of CD45+ immune populations in matched iCCA bulk 
tumour (Day 0) and hPCTS (Day 7; n=5). Lines connect paired samples; no population 
reached FDR <0.05. Major myeloid populations are retained at Day 7.
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We are sincerely grateful to the patients and families who have donated samples for 
this research. Their generosity makes this work possible and helps advance our 
understanding of cholangiocarcinoma.
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