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1. Epidemiology and general features

CHOLANGIOCARCINOMA
(CCA)



Cholangiocarcinoma (CCA)

» Heterogeneous group of malignancies with features of biliary tract differentiation
= Second most common primary liver cancer; CCA incidence is increasing worldwide

Worldwide CCA incidence rates

Eastern countries (Thailand, China and S Korea: >6/100,000)

Western countries (<4/100,000)

CCA, cholangiocarcinoma; EH, extrahepatic; IH, intrahepatic; S, South.

Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2016



CCA

10-15% 3% 2%

Cancer-related
deaths

Underestimated: errors in diagnosis, coding and data retrieval

Liver tumours

Gl, gastrointestinal

Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020



Annual mortality

Worldwide CCA mortality rates

PERIOD
2000-2004 (2002)
2005-2009 (2007)
2010-2014 (2012)

| | <2 deaths
|| 2-4 deaths (per 100,000
B >4 deaths inhabitants)

|| Not applicable

DATABASES
World Health Organization (WHO)
Pan-American Health Organization

32 COUNTRIES?
(Europe, Americas, Asia and Oceania)

POTENTIAL CAUSES: increased knowledge/awareness, better diagnosis and increasing incidence

Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020



Risk factors
Unclear aetiology (>50%)

HIGH RISK? MODERATE RISK but
« Choledochal cysts HIGHLY PREVALENT!
» Gallstones » Alcoholic liver disease
» Cirrhosis » Type Il diabetes
 Biliary diseases (Caroli, PSC) » Tobacco use

* Virus (HBV, HCV) * MASLD/MASH

e Liver flukes (O. viverrini and
C. sinensis in Asia)

AGEZ median age = 66 years (75% >58 years)
GERMLINE MUTATIONSS34: BRCA1/2, ATM, BAP1 C—) TCCA risk (5% of cases)

1. Rodrigues PM,...,Banales JM. Annu Rev Pathol. 2021; 2. Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022; 3. Lin J, et al. Clin Cancer Res. 2019; 4. Maynard H, et al. Cancer 2020



GWAS in CCA

Coordinator: Dr. Lewis Roberts (Mayo Clinic, Rochester, USA)

= >3000 CCA ‘ SNPs (genotyping)
= >1000 GBC National Cancer Institute (NCI, USA)

Next: Validation Phase (on going)






Aspirin: preventive?

Xiong J, et al. Cancer Manag Res 2018

Systematic review and meta-analysis (9 studies)

12,535 CCAs
92,970,450 Controls

Aspirin:
ICCA (OR=0.33)

eCCA (OR=0.56)



Notas del ponente
Notas de la presentación
BACKGROUND:
Aspirin has been revealed to probably decrease the risk of cholangiocarcinoma (CCC), which, nevertheless, is of controversy. To this end, a systematic review and meta-analysis was performed to investigate the above-described association.
METHODS:
We thoroughly searched PubMed, EMBASE, and ISI Web of Science for relevant studies published prior to October 2017, followed by random-effects model for calculation of pooled ORs and corresponding 95% CIs. Additionally, subgroup and sensitivity analyses were carried out to confirm whether the outcomes were stable.
RESULTS:
Nine articles, consisting of 12,535 CCC patients and 92,97,450 healthy controls, were enrolled in this study. We demonstrated a significantly decreased risk of CCC in those using aspirin, with studies being heterogeneous (OR=0.69; CI=0.43-0.94; I2=97.4%). Moreover, this relationship was detected only in case-control studies (OR=0.65; 95% CI=0.38-0.93), rather than cohort studies (OR=0.94; 95% CI=0.70-1.27). Besides, in separated analysis of intrahepatic CCC and extrahepatic CCC, aspirin was more strongly correlated with a declined risk of intrahepatic CCC (OR=0.33, 95% CI=0.26-0.39; I2=93.6%) than the risk of extrahepatic CCC (OR=0.56, 95% CI=0.41-0.73; I2=0%).
CONCLUSION:
Collectively, the aspirin administration was correlated with a significant 31% decreased risk of CCC, particularly in the intrahepatic CCC.
KEYWORDS:
aspirin;



Aspirin: preventive?

The Asp-PSC trial
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"ISRCTN12358813; https://doi.org/10.1186/ISRCTN12358813"



https://doi.org/10.1186/ISRCTN12358813

Statins & CCA

Taiwanl

Case-control study (2002-2011)
3,174 CCAs and 3,174 Controls

1. Peng YC, et al. Br J Clin Pharmacol. 2015; 2. Liu Z, et al. Gut. 2019

e

UK?
Case-control study (1990-2017)
3,118 CCAs and 15,519 Controls

Statins
| CCArisk (12-20%)
More pronounced among long-term users



Notas del ponente
Notas de la presentación
The overall OR of statin use associated CCA was 0.80 and lowered for those with longer medications. 

AIMS:
Cholangiocarcinoma (CCA) is the second most common primary liver cancer in the world. Due to the lack of effective treatments, the survival rate of CCA is low and it is usually considered difficult to diagnose early. To date, no effective strategies for the prevention of CCA have been developed. Statins are cholesterol-lowering agents which possess pleiotropic properties and the use of statins may reduce cancer risk. The aim of the study was to investigate the effect of statin use on the risk of CCA.
METHODS:
We used nationwide insurance data to perform a case-control study including 3174 CCA patients diagnosed in 2002-2011 and 3174 propensity score matched controls. Odds ratios (ORs) and 95% confidence intervals (CI) were calculated to assess the association between CCA risk and statin use by type of statin and dose.
RESULTS:
Patients with CCA were slightly younger than controls with mean ages of 67.4 (SD 12.3) and 68.5 (SD 13.2) years (P = 0.001), respectively, and had less users of statins (22.7 vs. 26.5%, P < 0.001). The overall adjusted OR of statin use associated CCA was 0.80 (95% CI 0.71, 0.90) and lowered for those with longer medications. The OR ranged from 0.65 to 0.77. Stronger dose-response association was seen when using lovastatin.
CONCLUSIONS:
Statin use is associated with reduced risk of CCA and there is a dose-response relationship between the use of statins and risk of CCA.


GUT paper
To evaluate the association between statin use and risk of biliary tract cancers (BTC).
DESIGN:
This is a nested case-control study conducted in the UK Clinical Practice Research Datalink. We included cases diagnosed with incident primary BTCs, including cancers of the gall bladder, bile duct (ie, both intrahepatic and extrahepatic cholangiocarcinoma), ampulla of Vater and mixed type, between 1990 and 2017. For each case, we selected five controls who did not develop BTCs at the time of case diagnosis, matched by sex, year of birth, calendar time and years of enrolment in the general practice using incidence density sampling. Exposures were defined as two or more prescription records of statins 1 year prior to BTC diagnosis or control selection. ORs and 95% CIs for associations between statins and BTC overall and by subtypes were estimated using conditional logistic regression, adjusted for relevant confounders.
RESULTS:
We included 3118 BTC cases and 15 519 cancer-free controls. Current statin use versus non-use was associated with a reduced risk of all BTCs combined (adjusted OR=0.88, 95% CI 0.79 to 0.98). The reduced risks were most pronounced among long-term users, as indicated by increasing number of prescriptions (ptrend=0.016) and cumulative dose of statins (ptrend=0.008). The magnitude of association was similar for statin use and risk of individual types of BTCs. The reduced risk of BTCs associated with a record of current statin use versus non-use was more pronounced among persons with diabetes (adjusted OR=0.72, 95% CI 0.57 to 0.91). Among non-diabetics, the adjusted OR for current statin use versus non-use was 0.91 (95% CI 0.81 to 1.03, pheterogeneity=0.007).
CONCLUSION:
Compared with non-use of statins, current statin use is associated with 12% lower risk of BTCs; no association found with former statin use. If replicated, particularly in countries with a high incidence of BTCs, our findings could pave the way for evaluating the value of statins for BTC chemoprevention.



Aspirin and/or Statins: preventive?

Swedish population-based cohort

5.7 M people (without personal history of cancer )

2,160 individuals developed BTC
D Low-dose aspirin — NOT associated with CCA risk
— Statins +/- low-dose aspirin — | risk iCCA & eCCA
——
)
—

Marcano-Bonilla L, et al. Cancer Epidemiol Biomarkers Prev. 2022


Notas del ponente
Notas de la presentación
Methods: We used a population-based cohort of 5.7 million persons over age 18 without personal history of cancer (except nonmelanoma skin cancer), receiving at least one commonly prescribed drug between July 1, 2005, and December 31, 2012, from the Swedish Prescribed Drug Registry. Hazard ratios (HR) were calculated using age-scaled multivariable-adjusted Cox models.
Results: 2,160 individuals developed BTC. Low-dose aspirin was not associated with BTC risk [HR, 0.93; 95% confidence interval (CI), 0.81-1.07], iCCA (HR, 1.21; 95% CI, 0.93-1.57), eCCA (HR, 0.80; 95% CI, 0.60-1.07), or gallbladder cancer (HR, 0.87; 95% CI, 0.71-1.06). Statins were associated with lower risk of BTC (HR, 0.66; 95% CI, 0.56-0.78), iCCA (HR, 0.69; 95% CI, 0.50-0.95), eCCA (HR 0.54; 95% CI, 0.38-0.76), and gallbladder cancer (HR, 0.72; 95% CI, 0.57-0.91). For all BTC subtypes, combined low-dose aspirin and statins were not associated with lower risk than statins alone. NSAIDs were associated with higher risk of BTC and its subtypes. Metformin was not associated with BTC risk (HR, 0.98; 95% CI, 0.82-1.18), iCCA (HR, 1.06; 95% CI, 0.77-1.48), eCCA (HR, 1.15; 95% CI, 0.82-1.61), or gallbladder cancer (HR, 0.84; 95% CI, 0.63-1.11).
Conclusions: Statins were associated with a decreased risk of BTC and its subtypes. Low-dose aspirin alone was not associated with a decreased risk, and use of both was not associated with further decrease in risk beyond statins alone.



CHOLANGIOCARCINOMA 2 Natural course
(CCA)



Diagnosis

» Incidental finding (~25% of cases)

= Unspecific symptoms

()
'l»:f

Jaundice Fever Weight loss Fatigue Abdominal pain

Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020



Diagnosis

IMAGING?!? NON-SPECIFIC BIOPSY/CYTOLOGY?3
(CT, MRI, MRCP, PET) TUMOUR MARKERS?

(CA19-9, CEA)

CA, carbohydrate antigen; CCA, cholangiocarcinoma; CEA, carcinoembryonic antigen; CT, computed tomography; dCCA, distal CCA,;
ICCA, intrahepatic CCA; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; PET, positron-emission tomography.

1. Van Beers BE. HPB (Oxford). 2008; 2. Oihane E,..., Banales JM. Curr Drug Targets. 2017; 3. Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020



Classification

International Classification of Diseases, 11th Edition (ICD-11, 2019)*
Effective: January 2022

ANATOMICAL

ORIGIN?
Potential differences?

Etiopathogenesis
Risk factors

Incidence

Prognosis

CCA, cholangiocarcinoma; dCCA, distal CCA; iCCA, intrahepatic CCA; pCCA, perihilar CCA.

1. World Health Organization. International Classification of Diseases 11th Revision. Version 02/2022. https://icd.who.int/browsel11/l-m/en
(accessed July 2022); 2. Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020



https://icd.who.int/browse11/l-m/en

Database

Dr. Laura Izquierdo

ENSCCA
registry

AIM

Investigate the natural course of CCA and
its subtypes in hospitals from the ENSCCA

CA, carbohydrate antigen; CCA, cholangiocarcinoma; ECOG-PS, Eastern Cooperative Oncology Group performance status;
ENSCCA, European Network for the Study of CCA.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022



Serum tumour biomarkers — CA19.9 and CEA
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CA, carbohydrate antigen; CCA, cholangiocarcinoma; CEA, carcinoembryonic antigen; dCCA, distal CCA; iCCA, intrahepatic CCA,;
LAD, locally advanced disease; LD, local disease; MD, metastatic disease; pCCA, perihilar CCA.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022



Serum tumour biomarkers — CA19.9 and CEA

Note: CA19.9 (Lewis Ag A) is not expressed in 10% population (FUT3 fucosyltransferase deficiency)

CA, carbohydrate antigen; CEA, carcinoembryonic antigen; Cl, confidence interval; LAD, locally advanced disease; MD, metastatic disease;
OR, odds ratio.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022



Clinical management and survival

CCA (overall)

N=1,643

[
Surgery
n=827 (50.3%)

Database |
Stenting
n=228 (32.2%)
I

| |
RO R1
n=588 (35.8%) n=218 (13.3%)

Adjuvancy

Adjuvancy
n=75 (34.4%)

n=152 (25.9%)

A\ 4 A 4

Active palliative treatment
n=477 (29.0%)

Stenting
n=165 (35.0%)

R2
n=21 (1.3%)

Locoregional Chemotherapy
therapy n=430 (26.2%)

n=25 (1.5%)

|
BSC
n=339 (20.6%)
|

Stenting
n=207 (61.8%)

Adjuvancy
n=6 (26.6%)

A 4

Combined

therapy
n=22 (1.3%)

=~ GemCis: 330 (70.4%)
— Gem: 60 (12.8%)
— GemOx: 49 (10.4%)
+ Other: 30 (6.4%)

mOS (95% ClI):

mOS (95% ClI):

mOS (95% CI):
45.1 (37.3-52.9)
1l-year survival: 84.5%

3-year survival: 56.3%
5-year survival: 43.3%

mOS (95% CI):
24.7 (21.8-27.5)
1l-year survival: 81.1%

3-year survival: 29.4%
5-year survival: 13.7%

15.8 (5.1-26.5)

1l-year survival: 56.3%
3-year survival: 26.4%
5-year survival: n/a

10.6 (9.2-12.0)

1-year survival: 45.2%
3-year survival: 8.4%
5-year survival: 1.8%

mOS (95% ClI):
4.0 (3.2-4.8)
1-year survival: 18.8%

3-year survival: 1.5%
5-year survival: 0.5%

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022




Prognosis

Note: bold and red text signifies data of interest.

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; CA, carbohydrate antigen; CCA, cholangiocarcinoma;
CEA, carcinoembryonic antigen; Cl, confidence interval; dCCA, distal CCA; ECOG-PS, Eastern Cooperative Oncology Group performance status;
GGT, gamma glutamyltransferase; HR, hazard ratio; iCCA, intrahepatic CCA; ns, not significant; pCCA, perihilar CCA.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022



Post-surgical evaluation: Lymph node invasion
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Cl, confidence interval; ENSCCA, European Network for the Study of CCA; HR, hazard ratio; mOS, median overall survival;

N+, evidence of node invasion; NO, no evidence of node invasion; RO, null margin tumour resection; R1, microscopic residual disease tumour resection;

ref, reference datapoint.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022

NO N+
29.3 21.8
(23.1-35.5) (17.9-25.8)
1.88 3.02
(1.28-2.76)  (2.22-4.11)
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Clinical management and survival — CCA subtypes

licca

B pccA
B dcca

CCA, cholangiocarcinoma; dCCA, distal CCA; iCCA, intrahepatic CCA; ns, not significant; pCCA, perihilar CCA; RO, null margin tumour resection;
R1, microscopic residual disease tumour resection.

Izquierdo-Sanchez L,...,Banales JM. J Hepatol. 2022



Non CLD (n=2586)
CLD (n=853)

Manuscript under preparation



Dr. Leo Da
Fonseca

Dr. Laura Izquierdo

Fonseca L,...,Banales JM. Lancet Reg Health Am. 2024



Systemic therapies

First-line
(KEYNOTE-966)
GemCis+
Pembrolizumab

Harding JJ et al. J Hepatol. 2022




Immunotherapy — Monotherapy

» Low efficacy in BTC (CCA)

Modified from Shroff R, CCF 2022



Immunotherapy — Monotherapy in patients with MSI-H/dMMR

Pembrolizumab (anti-PD1)

Maio M, et al. Ann Oncol. 2022;33(9):929-938

Keynote-158 study

22/351 patients with CCA

Response rate: 40.9%
Duration of response: 30.6 mo
MmPFS: 3.5 mo

mOS: 19.4 mo




Immunotherapy — combination therapies (1st line)

TOPAZ-11 KEYNOTE-9662
Durvalumab (Anti-PD-L1) + GemCis Pembrolizumab (Anti-PD-1) + GemCis
vs Placebo + GemCis vs Placebo + GemCis

HR: 0.80; p=0.021 HR: 0.83; p=0.0034

Pembro + Gem + Cis

Placebo + Gem + Cis

1. Do-Youn Oh, et al. N Engl J Med-Evidence 2022; 2. Kelly RK, et al. Lancet 2023



CCA tumors — highly heterogeneous (mut level)

Frequencies of most common genomic alterations Frequency across CCA subtypes:
in CCA and potential targeted therapies? ICCA vs eCCA (p/dCCA)>?

+FGFR2 fusions
(10-15%) in iCCAs

1. Rodrigues PM,...,Banales JM. Annu Rev Pathol. 2021; 2. Borger DR, et al. The Oncologist 2012


Notas del ponente
Notas de la presentación
This heterogeneity is particularly relevant in iCCA compared to p/d tumors

Regarding the most frequent mutated genes, IDH1 mutations and FGFR2 fusions are specific for iCCA whereas mutations in KRAS or P53 are more frequent in p/d tumors


CCA tumors — actionable alterations

2"d [ine drugs for advanced BTC?

Precision medicine

(40% mutated genes are actionable)!
+ICls

BTC, biliary tract cancer

1. Kendre G, et al. J Hepatol. 2023; 2. Modified from Tella SH, et al. Lancet Oncol. 2020


Notas del ponente
Notas de la presentación
Targeted therapies has been approved in 2nd line for advanced BTC under progression with GEMCIS

Data from cBioportal:
KRAS mutated: 12.8% of patients of CCA
KRAS G12C: 0.75%


Targeted therapies — 2nd line

FGFR2-fusions IDH1-mut BRAFV600E _mut

Ivosidenib4

Pemigatinib?! : .
Dabrafenib + trametinib®
(BRAFi + MEKI)

Infigratinib?
NTRK-fusions ERBB2 mut/amplify
Larotrectenib® Pertuzumab + trastuzumab’
Futibatinib? (Anti-HER2 Abs)

1. Abou-Alfa GK, et al. Lancet Oncol. 2020; 2. Javle M, et al. Lancet Gastroenterol Hepatol. 2021; 3. Meric-Bernstam F, et al. Cancer Discov. 2022; 4. Abou-Alfa GK, et al. Lancet Oncol. 2020;
5. Drilon A, et al. N Engl J Med. 2018; 6. Subbiah V, et al. Lancet Oncol. 2020; 7. Javle M. Lancet Oncol 2021



Systemic therapies — 2nd line

ABC-06 (UK): Phase Il
CCA & GBC (n=162)

Fluorouracile + Oxaliplatine (FOLFOX) vs Observational

FOLFOX 6.2

Observational 5.3

Lamarca A et al. Lancet Oncol. 2021



Immunotherapy — next directions

Tim F. Greten, et al. Nat Rev Hepatol Gastroenterol. 2023
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3. Novel therapeutic strategies



Signaling pathways and molecular networks

CCA develpment, evolution and progression

CCA

KEY SIGNALING PATHWAYS
Inflammatory cytokines
Growth factors

NOTCH

WNT/B-catenin

HIPPO (YAP/TAZ)

Bile acids

Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020


Notas del ponente
Notas de la presentación
Distintas vías de señalización como… se ha visto desreguladas en CCA, contribuyendo a una proliferación descontrolada, supervivencia de las células tumorales, angiogénesis, invasión y metástasis, favoreciendo el desarrollo y progresión del tumor.



CCA — metabolic reprogramming

Dr. M. Ruiz de Gauna Prof. P. Aspichueta
(UPV/EHU) (IIS Biobizkaia)

PROTEOME

Ruiz de Gauna M,...,Banales/Aspichueta. Hepatology 2022



CCA —Increased lipid uptake
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CCA —energy source

Ruiz de Gauna M,...,Banales/Aspichueta. Hepatology 2022



Use of platinum-based drugs in cancer treatment

1in every 2 patients with cancer
Is currently being treated with
platinum derivatives



Notas del ponente
Notas de la presentación
Today, these therapies are employed in approximately 50% of all cancer cases, depending on the type and stage of the disease.


Evolution of approved platinum-based drugs over time

Kopacz-Bednarska A, Krél T. J Oncol. 2022; 72: 96-105

Cisplatin, Carboplatin & Oxaliplatin (worldwide approval)

Nedaplatin (Japan), Lobaplatin (China), Heptaplatin (Korea,
iriplatin (Japan)



Notas del ponente
Notas de la presentación
Since its approval in 1978, cisplatin has significantly transformed cancer treatment, becoming a key chemotherapeutic regime for various solid cancers like lung, breast, testicular, ovarian, and bile duct cancers.

Over the past 45 years, the landscape of platinum-based therapies has expanded with the addition of six more agents. Notably, oxaliplatin and carboplatin have received worldwide approval.


Cisplatin — clinical trials (in 2024)

= Cisplatin is still under investigation in multiple clinical trials: 1.255 (mostly Phase 2)

Clinicaltrials.gov


Notas del ponente
Notas de la presentación
Despite launched 45+ years ago, Cisplatin is still in clinical trial routine – There are c. 1.300 clinical trials using Cisplatin as of today, especially in Phase 2



Cisplatin —resistance

Major limitation in cancer treatment

1. Gonzalez Rajal A, et al. Elife. 2021; 2.Pogribny PI, et al. Cancer Cell Biology. 2010; 3. Atallah GA, et al. Int. J. Mol. Sci. 2023; 4. Pothuri B. Clin. Adv. Hematol. Oncol. 2023;
5. Gonzalez-Barrios R, et al. Cancers. 2022.


Notas del ponente
Notas de la presentación
It has been observed that 15-70% of patients treated with platinum drugs either go on to develop intrinsic resistance or acquire multidrug resistance rapidly






New chemotherapeutic agents — Aurkine (Basque: to find/against to)

Cisplatin Cisplatin Cisplatin

1,2-intrastrand 1,3-intrastrand 1,2-interstrand

Aurkine Aurkine

3’-inter+1,2-intrastrand 2’-inter+1,3-intrastrand

Prof. Fernando
Cossio
(UPV/EHU)

Dr. Ivan Rivilla
(DIPC)

Dr. Irene Olaizola
(IS Biogipuzkoa)


Notas del ponente
Notas de la presentación
cisplatin predominantly has two electrophilic positions, resulting mainly in intra-strand DNA crosslinks and subsequent single-strand DNA breaks. This mechanism, while effective, allows cancer cells to activate DNA repair mechanisms that can lead to drug resistance.

To overcome this limitation, we hypothesized that introducing an additional electrophilic position could yield a tri-electrophilic agent. Such a compound would be more likely to induce inter-strand crosslinks, potentially evading the DNA repair mechanisms designed to address intra-strand interactions. With this in mind, we designed and synthesized a new family of chemotherapeutic agents named Aurkines.





Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.




New chemotherapeutic agents — Aurkine

DNA Intercalation

& Binding

DNA rotation and
double-strand break

>

Aurkine 16

Aurkine 18



Notas del ponente
Notas de la presentación
Theory predictions





Aurkines completely disrupt the DNA structure

= |solated DNA from Escherichia Coli

AFM studies
(Atomic Force Microscopy)

Untreated am Cisplatin am Aurkine om

3

2

DNA

1 1
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DNA bending 1 1 DNA destruction


Notas del ponente
Notas de la presentación
First, we evaluated the bingind of Aurkine compounds with isolated DNA from Escherichia Coli by Atomic Force Microscopy and Transmission electron microscopy. 

AFM images showed that, after 10 minutes of incubation, CisPt induced some DNA bending, although the main structure of the DNA strand was preserved. In contrast, Aurkine 16 exerted a considerably different effect on DNA, disrupting its strand structure.

Moreover, transmision electron microscopy, showed marked differences between untreated DNA and DNA incubated with Aurkine showing a significant decrease in DNA density overtime, providing additional confirmation of the presence of DNA lesions. 



Aurkines promote apoptosis specifically in CCA cells
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we next evaluated their antitumoural effect on both CCA cells and NHCs, and compare it to cisplatin. To do so, we measured early and late cell death by Flow cytometry.  

In agreement with our previous findings, both cisplatin and Aurkines did not induce any significant cell death in NHCs. Nevertheless, both Aurkines demonstrated targeted selectivity towards tumour cells, promoting a greater early and late apoptosis in CCA cells compared to CisPt.



Aurkines promote apoptosis specifically in CCA cells

Early cell death (caspase-3)
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Considering the genotoxic and oxidative impact induced by Aurkine compounds, we next evaluated their antitumoural effect on both CCA cells and NHCs, and compare it to cisplatin. To do so, we measured early and late cell death by Flow cytometry.  

In agreement with our previous findings, both cisplatin and Aurkines did not induce any significant cell death in NHCs. In contrast, both Aurkines demonstrated targeted selectivity towards tumour cells, promoting a greater early and late apoptosis in CCA cells compared to CisPt.



Aurkines uptake by cancer cells
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To validate these findings, accumulation studies were carried out. In this experiment, control cells and cells overexpressing  OCT1, OCT3, OATP1A2 and CTR1 were exposed to Aurkines for 1 hour, and the intracellular accumulation of the compound was measured by HPLC-MS/MS. This confirmed that Aurkines were transported into cells through OCT1, OCT3, OATP1A2 and CTR1.
�



Aurkines inhibit CCA growth in vivo



No evidence of toxicity
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Importantly, our analysis of various biochemical parameters in the serum of treated mice, combined with their stable body weight, showed no signs of systemic toxicity during Aurkine administration. These findings reinforce the safety and efficacy of these compounds for treating CCA, presenting a safer alternative to conventional chemotherapy.
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Conclusions

» The incidence of CCA is increasing globally

Highly heterogenous (intra- & inter-tumor)

= |Imaging methods (CT/MRI) may suggest the diagnosis but are not conclusive (biopsy needed)

= Surgery with curative intent, including liver transplantation in selective cases, is still the only potential
curative options (but only ~30% candidates and high recurrence)

= 1tCA19.9: Disease stage (disseminated), Prognosis, Surrogate marker (treatment)

» Adjuvant chemotherapy: Capecitabine (6 months)

- Immunotherapy + GemCis
- Immunotherapy (MSI)

st |
1% line - GemCis

= Chemotherapy (Unresectable Tumors):

- FOLFOX
ond |ine { - FGFR2 inh; IDH1 inh
- others: BRAF mut; HER2 mut/amp: NTRK fus
» RECOMENDATION: tumor mutational profile (tissue/serum) at diagnosis!!
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