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Introduction. Cholangiocarcinoma (CCA) is an aggressive pri-
mary liver malignancy with increasing incidence worldwide,
particularly the intrahepatic subtype (iCCA). Although hepat-
ic fibrosis has been involved in CCA development, its role in
coagulation imbalance and cancer-associated thrombosis
(CAT) remains unclear.

Aim. This study investigated the relationship between ad-
vanced liver fibrosis, hemostasis activation, CAT, and clini-
cal outcomes in patients with iCCA.

Materials and Methods. Fifty patients with iCCA undergoing
curative liver resection were studied. Graft wedge biopsies
served as controls (n=10). Fibrosis was assessed on formal-
in-fixed, paraffin-embedded samples using the Ishak Fibro-
sis Score (IFS, 0-6). Expression of tissue factor (TF), factor
X (FX), fibrinogen, and von Willebrand factor (vWF) was as-
sessed by immunohistochemistry. As readout of CAT, portal
vein microthrombosis was quantified using Martius Scarlet
Blue staining. Association of TF expression with outcomes
was evaluated by Kaplan-Meier survival analysis. Immunoflu-
orescence analysis of TF and FX was performed on patien-
t-derived iCCA organoids (PDOs, n=10). Extracellular vesi-
cles (EVs) isolated from PDO culture media were character-

ized by flow cytometry (FC) using Calcein-AM, EpCAM-PE,
and Annexin V. TF levels in PDO supernatants were quanti-
fied by ELISA. EV-induced platelet activation was assessed
by FC using CD41, CD62P, and Annexin V.

Results. Compared with controls, iCCA patients exhibited a
procoagulant phenotype characterized by increased coagula-
tion activation. Patients with advanced fibrosis (IFS 4-5,
n=16) showed significantly higher TF, FX, vWF, and fibrino-
gen expression than those with IFS =3 (n=34). Fibrosis
severity correlated with TF expression by malignant bile
ducts and with the number of portal vein microthrombi
(p<0.05). High TF expression by malignant bile ducts was
significantly associated with reduced disease-free survival
and overall survival (logrank p<0.05). PDO analyses con-
firmed strong TF and FX expression, demonstrated TF re-
lease into culture supernatants, and showed that PDO-
derived EVs significantly promoted platelet activation.
Conclusions. Advanced hepatic fibrosis is closely associated
with CAT in patients with iCCA and is linked to increased
TF expression by malignant cholangiocytes, driving platelet
activation. By contributing to a prothrombotic tumor mi-
croenvironment, TF is associated with disease progression
and adverse clinical outcomes in iCCA patients.
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