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O1.1 
 
Characterization of a CTC cell line derived from a breast tumour mouse 
xenograft 
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!ōǳƝƴ1, Clotilde Costa1,2Σ !ƴŀ .ŜƭŜƴ 5łǾƛƭŀ-LōłƷŜȊ1Σ wŀŦŀŜƭ [ƽǇŜȊ-[ƽǇŜȊ1,2,3, wƻōŜǊǘƻ tƛƷŜƛǊƻ1,2 
1Translational Medical Oncology Group, Oncomet. Health Research Institute of Santiago De Compostela (idis), 
2/L.9whb/Σ /ŜƴǘǊƻ ŘŜ LƴǾŜǎǘƛƎŀŎƛƽƴ .ƛƻƳŞŘƛŎŀ Ŝƴ wŜŘ /łƴŎŜǊΣ 3Medical Oncology Service. University Hospital of 
Santiago de Compostela (CHUS) 

 
BACKGROUND: Breast cancer (BC) is the most frequent tumour type in women. Approximately, 90 % of 
cancer-related deaths are due to metastasis. Circulating Tumour Cells (CTCs) and CTC-clusters have the 
potential to seed metastasis and their presence in peripheral blood of metastatic BC patients is associated 
with a worse outcome. Nevertheless, the limited number of CTCs, and especially CTC-clusters, isolated 
from liquid biopsy samples requires the development of in vitro and ex vivo CTC models to comprehend 
their role in the metastatic cascade.  
 
METHODS: An orthotopic-BC murine model was generated using the triple-negative BC cell line MDA-MB-
231eGFP-Luc. CTCs were isolated from a blood drawn collected by cardiac puncture with the EasySepϰ 
Mouse T Cell Isolation Kit and put in culture under low-attachment conditions with Mammocult. mCTC 
cells were functionally characterised by in vitro assays, such as migration, invasion and soft agar 
colonogenesis assays, as well as by in vivo assays using zebrafish embryos. Furthermore, the 
transcriptomes of mCTC and parental cells were analysed by RNAseq. 
 
RESULTS: We established a CTC cell line derived from the BC mouse xenograft (mCTC). mCTC line grows in 
culture as cell aggregates/clusters. Unlike parental cells, cultured under the same conditions, mCTC shows 
unlimited cell culture passaging and viability after cryopreservation. Preliminary functional 
characterisation of mCTC shows differences in some phenotypic traits typically related to metastatic 
potential, such as colonogenesis, adhesion, migration and invasion compared to parental cells. In vivo data 
from zebrafish xenografts also show an enhanced metastatic capacity. Moreover, a transcriptomic analysis 
ǊŜǾŜŀƭŜŘ мсфс ŘƛŦŦŜǊŜƴǘƭȅ ŜȄǇǊŜǎǎŜŘ ƎŜƴŜǎ ό59Dύ ōŜǘǿŜŜƴ Ƴ/¢/ ŀƴŘ ǇŀǊŜƴǘŀƭ ŎŜƭƭǎ όŦŎ җнΣ Ǉ ǾŀƭǳŜ ғ лΦлрύΦ 
The GO analysis of DEGs with significant differences revealed an involvement in biological processes and 
molecular functions, including cell adhesion, cell surface receptor signalling pathway, and extracellular 
matrix binding. 
 
CONCLUSION: We have developed a CTC/CTC-cluster model from the CTCs of a BC mouse xenograft. This 
mCTC cell line has shown preliminary differences compared to parental cell line. Therefore, mCTC could 
potentially mimic CTC/CTC-cluster biology and physiology in a more realistic manner, compared to in vitro 
CTC models which are directly generated from BC cell lines. 
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O1.2 
 
Individual patterns of circulating tumor cell dynamics and outcome in 
patients with HER2-negative metastatic breast cancer treated with 
eribulin ς results from the phase II DETECT IVb trial 
Thomas W. P. Friedl1, Tanja Fehm2Σ ±ƻƭƪƳŀǊ aǸƭƭŜǊ3, Andreas Schneeweiss4, Sabine Riethdorf5, 
Peter A. Fasching6, Franziska Meier-Stiegen2, Amelie de Gregorio7, Arkadius Polasik1, Marie 
Tzschaschel1, Klaus Pantel5, Andreas Hartkopf1, Brigitte Rack1, Wolfgang Janni1, Fabienne 
Schochter1 
1Department of Gynecology and Obstetrics, University Hospital Ulm, 2Department of Gynecology and Obstetrics, 
Heinrich-Heine-¦ƴƛǾŜǊǎƛǘȅ 5ǸǎǎŜƭŘƻǊŦΣ 3Department of Gynecology, University Medical Center Hamburg-Eppendorf, 
4National Center for Tumor Diseases, University Hospital and German Cancer Research Center Heidelberg, 5University 
Medical Center Hamburg-Eppendorf, Institute of Tumor Biology, 6Department of Obstetrics and Gynecology, Friedrich-
Alexander University Erlangen-bǸǊƴōŜǊƎΣ 7SLK-Kliniken Heilbronn GmbH, Department of Gynecology and Obstetrics 

 
BACKGROUND: Eribulin is a non-taxane microtubule inhibitor that showed a survival benefit in pretreated 
metastatic breast cancer (MBC) patients. Circulating tumor cells (CTCs) are a known prognostic marker, 
but their role in predicting response to therapy is less clear. Here we report individual patterns of CTC 
dynamics in patients with MBC treated with eribulin in the clinical phase II trial DETECT IVb and describe 
associations between CTC dynamics and clinical outcome. 
 
PATIENTS AND METHODS: Patients with HER2-negative MBC were screened for CTCs within the DETECT 
ǎǘǳŘȅ ǇǊƻƎǊŀƳ ǳǎƛƴƎ ǘƘŜ /Ŝƭƭ{ŜŀǊŎƘϯ ǘŜŎƘƴƻƭƻƎȅ όaŜƴŀǊƛƴƛ {ƛƭƛŎƻƴ .ƛƻǎȅǎǘŜƳǎΤ .ƻƭƻƎƴŀΣ LǘŀƭȅύΦ /¢/-positive 
patients with exclusively HER2-negative CTCs and either triple-negative tumors or hormone receptor-
positive tumors with an indication for chemotherapy were eligible for the DETECT IVb study and received 
single-ŀƎŜƴǘ ŎƘŜƳƻǘƘŜǊŀǇȅ ǿƛǘƘ ŜǊƛōǳƭƛƴ όI![!±9bϯύ ŦƻǊ мн ƳƻƴǘƘǎ ƻǊ ǳƴǘƛƭ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴΣ 
unacceptable toxicity, or withdrawal from the study for any other reason. The primary endpoint was 
progression-free survival (PFS), and secondary endpoints included CTC clearance rate, overall survival and 
safety.  
 
RESULTS: Data on at least four CTC measurements during the course of the study were available for 20 
patients with a median of 4.5 CTCs (range 1 ς 340) at screening. Study treatment was terminated 
prematurely in 19 (95%) of these patients (in 16 patients due to disease progression, in 3 patients due to 
toxicity) and median PFS was 5.6 months (95% CI 3.9 ς 7.3 months). We report and describe individual 
patterns of CTC dynamics and clearance rates based on repeated CTC assessments in selected patients. In 
addition, we evaluate associations between CTC dynamics, CTC clearance rates and clinical outcome to 
elucidate both individual variability and emerging general patterns. 
 
CONCLUSION: The data on individual patterns of CTC dynamics during the course of chemotherapy in 
patients with MBC might help to further clarify the potential role of repeated CTC measurements as a tool 
for treatment monitoring in MBC. 
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O1.3 
 
Drug efficacy on CTCs from triple negative breast cancer patients using 
TetherChip technology 
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Athanasios Kotsakis5,6, Catherine Alix-Panabieres7, Stuart S Martin2, Galatea Kallergi1 
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Biology, University of Patras, 2Department of Pharmacology, University of Maryland School of Medicine, 3Oncology 
Unit, ST Andrews General Hospital of Patras, 4Hellenic Oncology Research Group (HORG), 5Laboratory of Oncology, 
Faculty of Medicine, School of Health Sciences, University of Thessaly, 6Department of Medical Oncology, University 
General Hospital of Larissa, 7Laboratory of Rare Human Circulating Cells (LCCRH), Department of Cellular and Tissular 
Biopathology of Tumors, University Medical Centre, Montpellier, France. EA2415 - Help for Personalized Decision: 
Methodological Aspects, University Institute of Clinical Research, Montpellier University 

 
BACKGROUND: Metastasis, responsible for approximately 90% of breast cancer patient deaths, is more 
crucial than primary tumor growth. Microtentacles (McTN) formation plays a significant role in metastasis. 
Triple-negative (TN) breast cancer subtype is highly aggressive, and there is a limitation in targeted 
therapies, creating an urgent need for new biomarkers. This study aimed to isolate live circulating tumor 
cells (CTCs) from TNBC patients and assess their metastatic capacity, McTN formation, and expression of 
potential biomarkers (GLU, VIM, PD-L1, and CTLA-4) following treatment of Vinorelbine (an FDA-approved 
drug). 
 
METHODS: CTCs from 20 TNBC patients, (13 were early stage and 7 had metastatic disease) were isolated 
and cultured for 4-5 days. Vinorelbine-induced apoptosis was evaluated based on the detection of M30-
positive cells. Biomarker expression was identified by immunofluorescence staining and VyCap analysis. 
Observation of McTNs has been performed via Wheat Germ Agglutinin (WGA) staining. 
 
RESULTS: Interestingly, our protocol using TetherChips analysis, resulted in a significant increase (p < 
лΦллмύ ƻŦ /¢/ǎΩ ƴǳƳōŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ /¢/ǎ ƻōǘŀƛƴŜŘ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ōƭƻƻŘ ŎƻƭƭŜŎǘƛƻƴ ƛƴ ŎȅǘƻǎǇƛƴǎ 
samples. Moreover, the comparison of the expression patterns of the examined biomarkers between these 
two approaches showed no significant differences, indicating that the culture conditions preserved the 
phenotypic characteristics of CTCs without inducing alterations in cell physiology. Vinorelbine treatment 
(1 h) on live TNBC patients' CTCs induced apoptosis (p = 0.010) and significantly reduced GLU and PD-L1 
expression (p < 0.001). However, there was no significant change in VIM and CTLA-4 expression. McTN 
formation was observed in all cancer cell lines and TNBC patients' CTCs, which was disrupted after 1 h of 
Vinorelbine treatment. 
 
CONCLUSION: Vinorelbine treatment potentially have anti-metastatic effect in TNBC patients by disrupting 
McTNs in CTCs. It also induces apoptosis and reduce the expression of GLU and PD-L1. Moreover, 
TetherChips appear to be a promising tool for functional analysis and real-time investigation of drug effects 
on isolated, cultured CTCs. 
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O1.4 
 
Detection of circulating CD133+CXCR4+ metastasis-initiating cells can 
predict therapy efficacy and prognosis of chemotherapy-treated lung 
cancer patients 
Giuseppe Lo Russo2, Beninato Teresa2, Rita Leporati2, Fabio Murianni1, Melissa Balsamo1, Antonia 
Martinetti2, Luca Roz1, Gabriella Sozzi1, Giulia Bertolini1 
1Unit of Epigenomics and Biomarkers of Solid Tumors, Fondazione IRCCS Istituto Nazionale dei Tumori, 2Medical 
Oncology, Fondazione IRCCS Istituto Nazionale dei Tumori 

 
BACKGROUND: Non-Small Cell Lung Cancer (NSCLC) cells co-expressing the stemness marker CD133 and 
CXCR4, SDF-1 chemokine receptor, represent metastasis initiating cells (MICs) that are spared and primed 
by cisplatin. By longitudinal monitoring of circulating tumor cells (CTC) in blood of NSCLC patients 
undergoing platinum-based neoadjuvant therapy, we aim at evaluating the effect of cisplatin on CXCR4 
axis activation/metastatic spread of CD133+CXCR4+MIC to define novel predictive biomarkers. 
 
PATIENTS AND METHODS: Sixty patients with stage IIIa NSCLC were enrolled and PBMC and plasma 
samples were stored at baseline, end of chemotherapy, after surgery/progression. Exploiting a marker-
independent strategy based on Parsortix+DEPArray technologies, at each time point we isolated single CTC 
from cryopreserved PBMC of n=12 patients who progressed during therapy (PD) and in n=18 
chemosensitive patients, of which n=12 underwent surgical tumor resection. Single CTCs were 
characterized for the expression of CD133 and CXCR4 (MIC markers) and PDL-1 and confirmed by CNA 
analysis by LowPass seq.  
 
RESULTS: At baseline, PD patients showed a higher number of CTC and in particular of CXCR4+ CTC 
compared to responder patients (n=10 vs n=4 CXCR4+CTC, p=0.01). Consistently with activation of CXCR4 
axis, plasmatic levels of SDF-1 cytokine was significantly higher in PD-patients. Detection of n>5 CXCR4+ 
CTC before treatment was associated with a poorer OS: median 17 vs 33 months (p=0.01). At the end of 
therapy, detection of n>1 CD133+CXCR4+ MIC was associated with a shorter PFS: 5 vs 17 months (p=0.002), 
irrespectively of treatment response, whereas total number of CTC was not prognostic. Finally, detection 
of n>1 MIC CTC after surgery was correlated with a significant decrease in DFS: 8 vs 21months (p=0.005). 
Circulating MIC expressed significantly higher levels of PD-L1 compared to total CTC, indicating their 
increased immunosuppressive potential. No correlation with PD-L1 expression in tissue biopsy was found. 
 
CONCLUSIONS: Our data suggest that 1) activation of CXCR4/SDF-1 axis may predict chemoresistance; 2) 
presence of n>1 MIC after chemotherapy is a risk factor for tumor recurrence and 3) for shorter DSF after 
surgery; 4) circulating PD-L1+MIC might can be exploited to select patients who may benefit most from 
combination strategy with immunotherapy. 
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O1.5 
 
Preoperative mutational analysis of Circulating Tumor Cells (CTCs) and 
plasma-cfdna provides complementary information for early prediction of 
relapse: a pilot study in early-stage non-small cell lung cancer 
Athina Markou1, Dora Londra1, Dimitra Stergiopoulou1, Ioannis Vamvakaris2, Konstantinos 
Potaris3, Ioannis Pateras4, Athanassios Kotsakis5, Vasilis Georgoulias6, Evi Lianidou 
1National and Kapodistrian University of Athens, 2Department of Pathology; 'Sotiria' General Hospital for Chest Diseases, , 
3Department of Thoracic Surgery, 'Sotiria' General Hospital for Chest Diseases, ,42nd Department of Pathology, Medical School, 
National and Kapodistrian University of Athens, "ATTIKON" General Hospital of Athens, , 5Department of Medical Oncology, University 
General Hospital of Larissa, , 6First Department of Medical Oncology, Metropolitan General Hospital of Athens 

 
PURPOSE: We assessed whether preoperativemutational analyses of circulating tumor cells (CTCs) and 
plasma-cfDNA could be used as minimally invasive biomarkers and as complimentary tools for early 
prediction of relapse in early-stage non-small -cell lung cancer (NSCLC). 
 
EXPERIMENTAL DESIGN: Using ddPCR assays, hotspot mutations of BRAF, KRAS, EGFR and PIK3CA were 
identified in plasma-cfDNA samples and size-based enriched CTCs isolated from the same blood samples 
of 49 early-stage NSCLC patients before surgery and in a control group of healthy blood donors (n= 22). 
Direct concordance of the mutational spectrum was further evaluated in 27 patient-matched plasma-
cfDNA and CTC-derived DNA in comparison to tissue-derived DNA. 
 
RESULTS: The prevalence of detectable mutations of the four tested genes was higher in CTC-derived DNA 
than in the corresponding plasma-cfDNA (38.8% and 24.5%, respectively).The most commonly mutated 
gene was PIK3CA, in both CTCs and plasma-cfDNA at baseline and at the time of relapse. Direct comparison 
of the mutation status of selected drug-responsive genes in CTC-derived DNA, corresponding plasma-
cfDNA and paired primary FFPE tissues clearly showed the impact of heterogeneity both within a sample 
type, as well as between different sample components. The incidence of relapse was higher when at least 
one mutation was detected in CTC-derived DNA or plasma-cfDNA compared with patients in whom no 
mutation was detected (p =0.023). Univariate analysis showed a significantly higher risk of progression (HR: 
2.716; 95% CI, 1.030-7.165; p =0.043) in patients with detectable mutations in plasma-cfDNA compared 
with patients with undetectable mutations, whereas the hazard ratio was higher when at least one 
mutation was detected in CTC-derived DNA or plasma-cfDNA (HR: 3.375; 95% CI, 1.098-10.375; p =0.034). 
 
CONCLUSIONS: Simultaneous mutational analyses of plasma-cfDNA and CTC-derived DNA provided 
complementary molecular information from the same blood sample and greater diversity in genomic 
information for cancer treatment and prognosis. The detection of specific mutations in ctDNA and CTCs in 
patients with early-stage NSCLC before surgery was independently associated with disease recurrence, 
which represents an important stratification factor for future trials. 
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O2.1 
 
Exploring the clinical application of liquid biopsy technologies for 
cerebrospinal fluid analysis 
Bernhard Polzer 
Fraunhofer-institute for Toxicology and Experimental Medicine Item-r 

 
Currently, one in four deaths is caused by cancer, mainly as a result of systemic spread and metastatic 
disease. An initially successful therapy is often followed by a relapse of the disease after a few months 
only. Monitoring of genetic alterations during systemic cancer disease at close intervals could thus help in 
recognizing the development of resistance at an early stage and in selecting the most appropriate therapy 
for each patient. For this, we developed a platform using single cell technologies to follow the genetic 
evolution of systemic cancer and generate patient-derived models. Moreover, we focus on pushing the 
liquid biopsy concept beyond blood samples to other body fluids e.g. cerebrospinal fluid to advance 
predictive biomarkers for patients with leptomeningeal metastasis or primary brain cancer. By this 
approach, we aim to support the development of tailored strategies for defined clinical questions and 
individual patients. 

  



 

Session 2: Liquid Biopsy Beyond CTC and ctDNA | September 21st, 2023, 14:00 - 15:00  

O2.2 
 
Integrating microfluidics with droplet PCR for detecting circulating tumor 
cells and circulating tumor DNA for cancer treatment monitoring  

Hugh Fan, Pablo Dopico1, Zhijie Yang2, Yang Zhang1, Thomas George1 
1University of Florida, 2Atila Biosystems 

 
We report the integration of microfluidics with droplet digital polymerase chain reactions (ddPCR) for 
detecting circulating tumor cells (CTCs) and circulating tumor DNA (ctDNA).  Our microfluidic devices 
combine filtration and immunoaffinity for CTC isolation from peripheral blood samples of cancer patients. 
These devices contain a serpentine main channel and an array of lateral microfilters. The key difference of 
our devices from the conventional filtration devices is that our filters are not in the direction of the main 
flow. The unique design of the device layout leads to a two-dimensional flow that allows the majority of a 
sample to pass by while all cells have opportunities to interact with filters, resulting in larger throughput, 
reduced cell clogging, and increased purity of cells isolated.  Another advantage of our devices is that a 
series of filter sizes can be created in one device to accommodate different CTC diameters, which is difficult 
to achieve in traditional filtration devices.  Our devices are further functionalized by immobilizing 
antibodies on the surfaces of microfilters to combine filtration with immunoaffinity for high-efficiency CTC 
isolation.  For ctDNA analysis, we have employed ddPCR, which was carried out using the Atila KRAS 
Multiplex Mutation Screening Kit and BioRad ddPCR Supermix while droplets were generated using a 
BioRad QX200 Droplet Generator. The number of droplets with mutant KRAS and wild-type KRAS were 
enumerated. We have explored our platform for detecting CTCs, ctDNA, and cell-free DNA (cfDNA) in blood 
samples from both pancreatic and colorectal cancer patients. In one clinical trial for resectable pancreatic 
ductal adenocarcinoma (PDAC) patients, CTCs were detectable in all patients (100%) at some points during 
treatment, but only 50% of patients had detectable CTCs before the start of chemotherapy. Using ddPCR 
to analyze peripheral blood samples, KRAS mutations were detected in 71% of patients during anticancer 
therapy, but only in 29% patients prior to treatment. Overall, the majority of circulating biomarkers (81% 
for CTCs and 91% for ctDNA) were detected in blood samples collected after the start of neoadjuvant 
therapy and before surgery.   
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A cfDNA methylation-based approach for the detection of tumour tissue-
of-origin in Cancers of Unknown Primary 
Alexandra Clipson1, Alicia-Marie Conway1,2,3, Simon P. Pearce1, Steven M. Hill1, Francesca Chemi1, 
Dan Slane-Tan1, A S Md Mukarram Hossain1, Daniel J. White1, Matthew G. Krebs2,3, Caroline Dive1, 
Natalie Cook2,3, Dominic G. Rothwell1 
1Cancer Research UK Cancer Biomarker Centre, 2Division of Cancer Sciences, Faculty of Biology, Medicine and Health, 
The University of Manchester, 3The Christie NHS Foundation Trust, Manchester Academic Health Science Centre 

 
BACKGROUND: Cancers of Unknown Primary (CUP) comprise a heterogeneous group of metastatic cancers 
where the primary site remains undetectable. It is a clinical unmet need carrying a poor prognosis and 
limited efficacious treatment options. Precision medicine approaches are hampered in CUP by limited 
access to targeted or immunotherapies without a primary tumour diagnosis. Predicting tissue-of-origin 
(TOO) molecularly could help resolve this, with tissue acquisition barriers mitigated via liquid biopsies. 
Here, we present the first reported application of a blood-based TOO assay in a CUP cohort.  
 
METHODS: A machine learning classifier, termed CUPiD, has been developed using publicly available DNA 
methylation data with accurate TOO predictions across 29 tumour classes. A methyl-binding domain 
protein-based methylation enrichment has been integrated into a novel Next Generation Sequencing 
(NGS) library preparation method (T7-MBD-seq) to generate genome-wide cfDNA methylation profiles 
from 143 cfDNA samples from patients with 13 known cancer types, 41 cfDNA samples from patients with 
CUP and 27 non-cancer controls to validate the performance of CUPiD. Targeted NGS on a panel of 641 
genes was also performed to identify potentially actionable alterations within the CUP cohort. 
 
RESULTS: CUPiD was tested in cfDNA samples from patients with known tumour types, with overall 
sensitivity of 87.1% and specificity of 97.9%. CUPiD predictions were made for 78.0% of CUP cases, of which 
71.9% were clinically consistent with a subsequent or suspected primary tumour diagnosis. Furthermore, 
CUPiD predictions were made in 6/8 patients where no primary was ever suspected, exemplifying the 
potential of TOO molecular profiling in the most uncertain cases.  
cfDNA mutational profiling identified at least one mutation in 82.5% of CUP samples, with 7 patients 
(17.1%) harbouring alterations that are potentially actionable with a known primary tumour diagnosis.  
For 15/41 patients initially treated as CUP a subsequent primary tumour diagnosis was possible, although 
median time to this was 7.1 months (range 0.4-47.2 months) demonstrating the impact this approach could 
have in accelerating diagnosis if implemented at the time of initial suspected cancer diagnosis.  
 
CONCLUSIONS: Combining CUPiD with cfDNA mutation data demonstrates potential diagnosis re-
classification and/or treatment change in this hard-to-treat cancer group. 
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Epigenomic reprogramming of circulating tumor cells is associated with 
the development of therapy resistance in colon cancer 

Aida Bao-Caamano1,2Σ bƛŎƻƭłǎ /ƻǎǘŀ-Fraga1,2,7, Laure Cayrefourcq3,4, Aitor Rodriguez-
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tŀƴŀōƛŝǊŜǎ3,4,9,11, !ƴƎŜƭ 5ƝŀȊ-lagares1,2,7,10,11 
1Epigenomics Unit, ONCOMET Group, Health Research Institute of Santiago de Compostela (IDIS), CHUS, 2University of 
Santiago de Compostela (USC), 3Laboratory of Rare Human Circulating Cells, University Medical Center of Montpellier, 
4CREEC, MIVEGEC, University of Montpellier, CNRS, IRD, 5Roche-Chus Joint Unit, ONCOMET, IDIS, 6Liquid Biopsy Analysis 
Unit, ONCOMET, IDIS, 7CIBERONC, ISCIII, 8ONCOMET, IDIS, CHUS , 9European Liquid Biopsy Society (ELBS), 10Department 
of Clinical Analysis, CHUS, 11Contributed equally to the work 

 
BACKGROUND: Therapy resistance is a major limitation for treatment efficacy in colorectal cancer. 
Circulating tumor cells (CTCs) and epigenetic modifications, such as DNA methylation, are involved in the 
development of acquired resistance during treatment. The aim of this work was to characterize the DNA 
methylation landscape of colon CTCs during cancer progression and the development of therapy 
resistance.  
 
METHODS: We analyzed nine permanent colon CTC-derived cell lines, which were collected at baseline 
(CTC-MCC-41) and during treatment and cancer progression (CTC-MCC-41.4 and CTC-MCC-41.5 [A-G]) from 
peripheral blood samples of a patient with metastatic colon cancer. The DNA methylome of these nine CTC 
lines was analyzed by EPIC arrays. The association between methylation and expression pattern of these 
CTC lines was also evaluated. Methylation and expression levels were confirmed with pyrosequencing and 
RT-qPCR.  
 
RESULTS: CTCs originated during therapy resistance showed a different global DNA methylation profile 
than CTCs before treatment, that was characterized by the presence of a more hypomethylated pattern 
during resistance. Most of the methylation differences observed were distributed in CpG-poor regions. 
Part of the differences were also located in CpG islands, shore regions and promoters. We identified a 
distinctive DNA methylation signature that clearly differentiated the CTCs before treatment and the 
resistant clones. Of note, the genes involved in this signature were associated with relevant cancer 
pathways including PI3K/AKT, MAPK, Wnt signaling and metabolism. Several epigenetically deregulated 
genes associated with the resistance of CTCs were identified.  
 
CONCLUSIONS: This study describes the epigenomic landscape of therapy-resistant CTCs, providing a novel 
DNA methylation signature and mechanisms of resistance, as well as potential biomarkers and therapeutic 
targets for colon cancer. 
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O2.5 
 
Liquid biopsy in colorectal cancer - Beyond the targeted analysis of single 
variants 
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1MGZ ς Medizinisch Genetisches Zentrum, 2Medizinische Klinik und Poliklinik IV, Campus Innenstadt, Klinikum ŘŜǊ ¦ƴƛǾŜǊǎƛǘŅǘ 
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Neukoelln, 11Department of Oncology, Vivantes Auguste-Viktoria-Klinikum, 12Department of General, Visceral, Thoracic and Endocrine 
Surgery, Klinikum Garmisch-Partenkirchen, Teaching Hospital, Ludwig Maximilian University Munich, 13Department of General, 
Visceral and Thorax Surgery, Klinikum Ingolstadt, 14Department of General, Visceral, Vascular and Transplant Surgery, University 
Hospital Munich, Ludwig-aŀȄƛƳƛƭƛŀƴǎ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aǳƴƛŎƘΣ /ŀƳǇǳǎ DǊƻǖƘŀŘŜǊƴ 

 
BACKGROUND: Liquid biopsy for non-invasive disease monitoring of cancer patients is progressing towards 
routine clinical practice. So far, the main focus is on circulating tumor DNA (ctDNA) analysis, targeting 
actionable somatic hotspot variants to guide treatment decisions. Here, we developed a method for the 
untargeted analysis of ctDNA based on whole-genome sequencing (WGS) providing a promising tool for 
real-time monitoring of treatment response and the early detection of recurrence. 
 
METHODS: We established Liquid biopsy Fragmentation, Epigenetic signature and Copy Number Alteration 
analysis (LIFE-CNA) using WGS with ~6x coverage in 259 plasma samples collected from healthy individuals 
and colorectal cancer (CRC) patients. 
 
RESULTS: Using a panel of controls consisting of 55 self-reporting healthy individuals, we established 
distinct cutoffs for the detection of ctDNA based on global and regional fragmentation patterns, 
transcriptionally active chromatin and somatic copy number alterations for the analytical validation of LIFE-
CNA. This enabled the accurate prediction of ctDNA in 81% of patients with localized and in 94% of patients 
with metastatic disease at the time of primary diagnosis. Further, by adding a machine learning classifier 
to our workflow, whch combines global and regional cfDNA fragmentation, we were able to increase the 
accurate prediction of ctDNA presence (93% of patients with localized and 94% of patients with metastatic 
disease at diagnosis). By following individual patients treated with surgery and/or chemotherapy 
throughout their course of disease, we observed that changes in ctDNA signals reliably predicted response 
or progression as a result of resistance to treatment up to 5 months prior to clinical manifestation in 77% 
or 100% of patients, respectively. 
 
CONCLUSION: We developed and validated a sensitive and cost-effective method for untargeted ctDNA 
detection at the time of diagnosis or recurrence, as well as for treatment monitoring, expanding the 
advantages of liquid biopsy. Our approach is applicable to a wide range of cancer patients, and with minor 
adjustments in the bioinformatics analysis, LIFE-CNA can be easily extended to all tumor entities. The high 
sensitivity and cost-effectiveness of our approach form the basis for the implementation of LIFE-CNA into 
clinical practice. 
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O3.1 
 
Moving towards global harmonization of liquid biopsy frameworks and 
standards: The BLOODPAC Experience 
Lauren Leiman1, Phillip J. Febbo2, Robert L. Grossman3, Peter Kuhn4, Anne-Marie Martin5, Jake 
Vinson6 
1BLOODPAC, 2Illumina, 3University of Chicago Center for Translational Data Science, 4University of Southern California, 
5GSK, 6Prostate Cancer Clinical Trials Consortium 

 
The Blood Profiling Atlas in Cancer (BLOODPAC) is a consortium focused on accelerating the development 
and validation of liquid biopsy assays. We have published four critical articles establishing standards and 
frameworks for assay validation and implementation which have seen substantial community uptake.  Our 
membership is composed of over sixty organizations within academia, industry, government, and the 
nonprofit sector, all of which contribute to the BLOODPAC Data Commons. 
 
Lƴ ƻƴŜ ƻŦ ƻǳǊ ŦƛǊǎǘ ǇǳōƭƛŎŀǘƛƻƴǎΣ ŜƴǘƛǘƭŜŘ άaƛƴƛƳǳƳ ¢ŜŎƘƴƛŎŀƭ 5ŀǘŀ 9ƭŜƳŜƴǘǎ ŦƻǊ [ƛǉǳƛŘ .ƛƻǇǎȅ 5ŀǘŀ 
{ǳōƳƛǘǘŜŘ ǘƻ tǳōƭƛŎ 5ŀǘŀōŀǎŜǎέ όнлнлύΣ ǿŜ ŘŜŦƛƴŜŘ ŀ ƭƛǎǘ ƻŦ ŀǘǘǊƛōǳǘŜǎ ǎǳƎƎŜǎǘŜŘ ŦƻǊ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǘƻ 
ensure that data can be pooled and analyzed across studies to further research efforts.   
 
.[hh5t!/Ωǎ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǘƘŜ ¦{ CƻƻŘ ŀƴŘ 5ǊǳƎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ όC5!ύ ƭŜŘ ǘƻ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ 
άDŜƴŜǊƛŎ tǊƻǘƻŎƻƭǎ ŦƻǊ ǘƘŜ !ƴŀƭȅǘƛŎŀƭ ±ŀƭƛŘŀǘƛƻƴ ƻŦ bŜȄǘ-Generation Sequencing-.ŀǎŜŘ Ŏǘ5b! !ǎǎŀȅǎέ 
(2020). Our open feedback period for this protocol has recently ended, and we are revising the document 
to ensure it remains relevant as the field evolves. We are also drafting a supplement covering blood tumor 
mutational burden (bTMB) applications and creating a new protocol for molecular residual disease (MRD) 
at ǘƘŜ C5!Ωǎ ǊŜǉǳŜǎǘΦ .[hh5t!/ Ƙŀǎ ŀƭǎƻ ŀŘǾŀƴŎŜŘ ƳŜǘƘƻŘǎ ŦƻǊ ƛƴǘŜǊ-assay comparison through our study 
ǘƛǘƭŜŘ ά/ƻƴǘǊƛǾŜŘ aŀǘŜǊƛŀƭǎ ŀƴŘ ŀ 5ŀǘŀ {Ŝǘ ŦƻǊ ǘƘŜ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ [ƛǉǳƛŘ .ƛƻǇǎȅ ¢ŜǎǘǎΣέ ǇǳōƭƛǎƘŜŘ ǘƘƛǎ ȅŜŀǊΦ 
 
Looking to the future of the field, BLOODPAC recently published a roadmap describing challenges and 
opportunities for the clinical use of blood-ōŀǎŜŘ ŎŀƴŎŜǊ ǎŎǊŜŜƴƛƴƎ ŜƴǘƛǘƭŜŘ ά.[hh5t!/Υ /ƻƭƭŀōƻǊŀǘƛƴƎ ǘƻ 
chart a path towards blood-based screening for early ŎŀƴŎŜǊ ŘŜǘŜŎǘƛƻƴέ όнлннύΦ hǳǊ ǿƻǊƪƛƴƎ ƎǊƻǳǇǎ ŀǊŜ 
spearheading initiatives such as creating an early detection and screening lexicon aimed at bringing the 
international community together through standardized language. 
 
.[hh5t!/Ωǎ ƭƻƴƎ-term goal is to facilitate international regulatory standards for diagnostic testing with 
liquid biopsy. Through the harmonization of guidelines we hope to accelerate global regulatory approval 
for patient benefit. In the short term, members are working to obtain input on current BLOODPAC 
deliverables from our international partners, and we look forward to serving as a resource and champion 
for the global liquid biopsy community.  
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O3.2 
 
A nanoparticle priming agent increases the sensitivity of liquid biopsies 

Maria Carmen Martin Alonso1, Shervin Tabrizi1,2,3, Kan Xiong2, Timothy Blewett2, Sahil Patel1,2,3, 
Zhenyi An2, Sainetra Sridhar2, Ahmet Bekdemir1, Doug Shea2, Ava Amini1,4, Jesse Kirkpatrick1, 
Justin Rhoades2, Todd R. Golub2, J. Christopher Love1, Viktor A. Adalsteinsson2, Sangeeta N. 
Bhatia1 
1MIT, 2Broad Institute of MIT and Harvard, 3Massachussetts General Hospital, 4Microsoft Research New England 

 
BACKGROUND: Liquid biopsies, such as the analysis of circulating tumor DNA (ctDNA) from blood, have 
garnered significant attention to empower precision oncology. However, sensitivity continues to be 
inadequate for broad incorporation into clinical practice. A major barrier to ctDNA detection is its rapid 
clearance by liver macrophages that results in ultra-low recovery of ctDNA from a blood draw. To push 
beyond ctDNA detection limits, we present a first-in-class liquid biopsy priming agent that consists of 
nanoparticles that transiently occupy macrophages, attenuating the uptake of cell free DNA (cfDNA) and 
thus boosting the recovery of ctDNA from a later blood draw (Fig.1a). 
 
METHODS: Empty liposomes composed of cholesterol (50 mol%) and 1 of 3 different lipids (50 mol%) were 
prepared using the lipid film rehydration method (diameter 220 to 270nm). We first assessed how 
liposome pre-treatment of the macrophage cell line, J774, affected cfDNA uptake in vitro. Upon identifying 
a liposome formulation that inhibited cfDNA uptake, we dissected its mechanism of action in vivo in 
healthy mice. To determine whether liposomes could improve the performance of ctDNA tests, we 
designed ctDNA assays tracking 2000 mutations in two different tumor models and performed ctDNA 
testing on blood sampled pre- or 1h-post liposomes or PBS administration. 
 
RESULTS: In vitro, the more negatively charged liposomes inhibited the uptake of cfDNA by macrophages 
in a dose-dependent manner. In healthy mice, liposomes decreased the clearance and transiently 
increased the recovery of cfDNA from a blood draw. We confirmed that liposomes rapidly accumulate in 
the liver and that macrophages are necessary for cfDNA half-life extension. After selecting a liposome dose 
of 100mg/kg in a flank-tumor model, we tested our approach in a lung-metastasis model (Fig.1b). In this 
model, liposomes increased the recovery of ctDNA by up to 60-fold (Fig.1c). Enhancing ctDNA recovery 
improved both the molecular profiling of tumors as well as the sensitivity of the ctDNA diagnostic assay 
from 0% to 75% at low tumor burden (Fig.1d), allowing for detection of smaller tumors.  
 
CONCLUSION: We envision that priming agents will improve the utility of ctDNA tests and spark interest in 
developing agents for other biomarkers.  
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O3.3 
 
Blood tumour mutational burden as a predictor of response to 
immunotherapy in melanoma 

Aaron Beasley1,2, Tindaro Giardina3, Anna Reid1,2, Luisa Pinnel1,2, Ashleigh Stewart4,5, Lydia Warburton1,6, 
Russel Diefenbach4,5, Richard Scolyer5,7,8,9, Georgina Long5,7,8,10,11, Michael Millward12, Benhur 
Amanuel2,3,13, Elin Gray1,2,14, Helen Rizos6,7,14 
1Centre for Precision Health, Edith Cowan University, 2School of Medical and Health Sciences, Edith Cowan University, 3Anatomical 
Pathology, PathWest Laboratory Medicine, QEII Medical Centre, 4Faculty of Medicine and Health Sciences, Macquarie University, 
5Melanoma Institute Australia, The University of Sydney, 6Department of Medical Oncology, Fiona Stanley Hospital, 7Tissue Pathology 
and Diagnostic Oncology, Royal Prince Alfred Hospital and NSW Health Pathology,, 8Charles Perkins Centre, The University of Sydney, 
9Faculty of Medicine and Health, The University of Sydney, 10Department of Medical Oncology, Northern Sydney Cancer Centre, Royal 
North Shore Hospital, 11Department of Medical Oncology, Mater Hospital, 12School of Medicine and Pharmacology, The University of 
Western Australia, 13School of Biomedical Science, University of Western Australia, 14Contributed equally 

 
BACKGROUND: In melanoma, high tumour mutational burden (TMB) has been shown to be predictive of 
response to immunotherapy. Assessment of TMB has traditionally required a tissue sample, and in this 
project, we evaluated the utility of blood TMB (bTMB), based on circulating tumour DNA (ctDNA), as a less 
invasive biomarker approach that better represents the genomic heterogeneity of the tumour. 
 
METHODS: We analysed plasma samples collected from 66 metastatic melanoma patients prior to the 
commencement of immunotherapy. Libraries were prepared using the TruSight-Oncology-500-ctDNA 
ŀǎǎŀȅ όLƭƭǳƳƛƴŀύ ŀƴŘ ŀƴŀƭȅǎŜŘ ŀǎ ǇŜǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ Lƴ ŀŘŘƛtion, 15 matching tumour 
samples were also analysed for TMB (tTMB). We further assessed an asymptotic transformation of bTMB 
to correct for ctDNA abundance using the following formula: aTMB=bTMB/(1-0.99*e -̂(FA)). 
 
RESULTS: ¢ƘŜǊŜ ǿŀǎ ŀ ƳƻŘŜǊŀǘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ō¢a. ŀƴŘ ǘ¢a. όˊҐлΦпмΣ ǇҐлΦмоΣ ƴҐмрύΦ 9ȄŎƭǳŘƛƴƎ 
patients with <1% ctDNA fractional abundance (FA) led to a significant association between bTMB and 
ǘ¢a. όˊҐлΦуоΣ ǇҐлΦллуоΣ ƴҐфύΣ ƘƻǿŜǾŜǊΣ ǘƘƛǎ ƭŜŘ ǘƻ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻf 40% of patients. Correcting for low 
Ŏǘ5b! C!Σ ǿŜ ŀƎŀƛƴ ƻōǎŜǊǾŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ¢a. ŀƴŘ ǘ¢a. όˊҐлΦттΣ ǇҐлΦлллтоΣ ƴҐмрύ 
ǿƛǘƘƻǳǘ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ǇŀǘƛŜƴǘ ƴǳƳōŜǊǎΦ tŀǘƛŜƴǘǎ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ΨŎƭƛƴƛŎŀƭ ōŜƴŜŦƛǘΩ όƴҐпмΣ 
complete/partial/stable-ǊŜǎǇƻƴǎŜ ҔсƳƻύ ƻǊ Ψƴƻ-ŎƭƛƴƛŎŀƭ ōŜƴŜŦƛǘΩ όƴҐнрΣ ǇǊƻƎǊŜǎǎƛǾŜ ŘƛǎŜŀǎŜκǎǘŀōƭŜ-
ǊŜǎǇƻƴǎŜ ғсƳƻύ ōŀǎŜŘ ƻƴ ŀ ǇŀǘƛŜƴǘΩǎ ōŜǎǘ ǊŜǎǇƻƴǎŜΦ ²Ŝ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ 
the levels of bTMB between the two groups in the full cohort (p=0.0661), whereas removing patients with 
<1% FA (bTMB, p=0.00599) and correcting for low ctDNA levels (aTMB, p=0.0312) showed significantly 
ƘƛƎƘŜǊ ¢a. ƛƴ ǘƘŜ ŎƭƛƴƛŎŀƭ ōŜƴŜŦƛǘ ƎǊƻǳǇΦ !¦wh/ ŀƴŀƭȅǎƛǎ ƻŦ ō¢a.Σ ō¢a. җм҈ !CΣ ŀƴŘ ŀ¢a. ǊŜǾŜŀƭŜŘ 
moderate (AUC=0.64), strong (AUC=0.78), and moderate (AUC=0.66) performance. At maximal Youdens 
ƛƴŘŜȄΣ ō¢a. җм҈ !C ƘŀŘ ŀ ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŘ ǎǇŜŎƛŦƛŎƛǘȅ ƻŦ лΦср ŀƴŘ лΦуо ŦƻǊ ǇǊŜŘƛŎǘƛƴƎ ǊŜǎǇƻƴǎŜ ŀǘ ŀ ǘƘǊŜǎƘƻƭŘ 
of 36 mutations/Mb. 
 
CONCLUSION: bTMB is an attractive, minimally invasive biomarker for predicting immunotherapy 
ǊŜǎǇƻƴǎŜΦ wŜǎǘǊƛŎǘƛƴƎ ŀƴŀƭȅǎƛǎ ǘƻ ǇŀǘƛŜƴǘǎ җм!C ƻǊ ŎƻǊǊŜŎǘƛƴƎ ŦƻǊ Ŏǘ5b! ƭŜǾŜƭǎ ƎǊŜŀǘƭȅ ƛƳǇǊƻǾŜǎ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ 
predict treatment response. Future studies combining TMB with other clinical-/biomarkers might be of 
great benefit to the prediction of response to immunotherapy. 
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O3.4 
 
Genomic landscape and survival analysis of ctDNA άƴŜƻ-RAS wild-ǘȅǇŜέ 
patients with originally RAS mutant metastatic colorectal cancer 

Chiara Nicolazzo1, Valentina Magri2, Luca Marino3, Francesca Belardinilli1, Federica Di 
Nicolantonio4, Gianluigi De Renzi1, Salvatore Caponetto2, Michela De Meo1, Giuseppe Giannini1, 
Daniele Santini2, Enrico Cortesi2, Paola Gazzaniga1 
1Lab. Liquid Biopsy, Department of Molecular Medicine, Sapienza University of Rome, 2Department of Radiology, 
Oncology and Pathology, Sapienza University of Rome, 3Department of Mechanical and Aerospace Engineering, 
Sapienza University of Rome, 4Department of Oncology, University of Torino 

 
BACKGROUND: ¢ƘŜ ǘŜǊƳ άƴŜƻ-RAS wild-ǘȅǇŜέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎǿƛǘŎƘ ǘƻ w!{ ǿƛƭŘ-type disease in plasma 
circulating tumor DNA (ctDNA) from originally RAS mutant colorectal cancers. Consistently, the hypothesis 
to re-determine RAS mutational status in ctDNA at disease progression in RAS mutant mCRC opened to a 
new perspective for clinically-based selection of patients to be treated with EGFR inhibitors. Currently, the 
ƎŜƴƻƳƛŎ ƭŀƴŘǎŎŀǇŜ ƻŦ άƴŜƻ-RAS wild-ǘȅǇŜέ ƛǎ ǳƴƪƴƻǿƴΦ ¢Ƙƛǎ ƛǎ ŀ ǇǊƻǎǇŜŎǘƛǾŜ ǎǘǳŘȅ ŀƛƳŜŘ ǘƻ ƛƴǾŜǎǘƛƎate 
clinical and genomic features associated with RAS mutation clearance in a large cohort of RAS mutant 
mCRC patients who converted to RAS wild- type in liquid biopsy at failure of first-line treatments. 
Secondary aim was to investigate the long term progƴƻǎǘƛŎ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ άǘǊǳŜ ƴŜƻ-RAS wild- ǘȅǇŜέΦ  
 
PATIENTS AND METHODS: 70 patients with stage IV RAS mutant colorectal cancer were prospectively 
enrolled. Plasma samples were collected at progression from first-line treatment. RAS/BRAF mutations in 
plasma were assessed by qPCR. In RAS/BRAF wild-type samples, ctDNA was used to generate libraries using 
a 17 genes panel whose alteration has clinical relevance. To investigate the prognostic significance of RAS 
mutation clearance, test curves for PFS and OS were represented by Kaplan-Meier estimator plot and Log-
rank test.  
 
RESULTS: ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ŘŜǘŜŎǘŜŘ ŀŎǘƛƻƴŀōƭŜ Ƴǳǘŀǘƛƻƴǎ ƛƴ άƴŜƻ-RAS wild- ǘȅǇŜέ ǿŜǊŜΥ tLYо/! 
(35.7%); RET (11.9%); IDH1 (9.5%); KIT (7%); EGFR (7%); MET (4.7%); ERBB2 (4.7%); FGFR3 (4.7%). Both OS 
and post-ǇǊƻƎǊŜǎǎƛƻƴ ǎǳǊǾƛǾŀƭ ǿŜǊŜ ƭƻƴƎŜǊ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ άƴŜƻ-RAS wild-ǘȅǇŜέ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘƻǎŜ ǿƘƻ 
remained RAS mutant (p<0.001 for both).  
 
CONCLUSIONS: De-novo-ǘŀǊƎŜǘŀōƭŜ Ƴǳǘŀǘƛƻƴǎ ƻŎŎǳǊŜŘ ƛƴ ŀ ƭŀǊƎŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ άƴŜƻ-RAS wild-ǘȅǇŜέΣ ōŜƛƴƎ 
PIK3CA the most commonly detected. RAS mutation clearance in ctDNA is associated with long- term 
improvement of overall survival.  
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O3.5 
 
PLCRC-PROVENC3 study: Prognostic value of post-surgery liquid biopsy 
circulating tumor DNA in stage III colon cancer patients 

Carmen Rubio-!ƭŀǊŎƽƴ1, Ingrid Franken2, Steven Ketelaars1, Sietske van Nassau2, Suzanna 
Schraa2, Lana Meiqari2, Victor Velculescu3, Samuel Angiuoli4, Andrew Georgiadis4, David Riley4, 
Christopher Greco4, Daan van den Broek5, Cornelis Punt6Σ ±ŜŜǊƭŜ /ƻǳǇŞ7, Miriam Koopman2, 
Jeanine Roodhart2, Gerrit Meijer1, Mark Sausen4, Geraldine Vink2,8, Remond Fijneman1 
1The Netherlands Cancer Institute, Dept of Pathology. , 2Department of medical oncology, University Medical Center 
Utrecht, Utrecht University, 3Johns Hopkins University School of Medicine., 4Personal Genome Diagnostics (Labcorp), 
5The Netherlands Cancer Institute, Dept of Laboratory Medicine., 6Julius Centre, University Medical Centre. , 
7Amsterdam University Medical Centres, Location VU medical center, Department of Epidemiology and Biostatistics., 8 
Department of Research and Development, Netherlands Comprehensive Cancer Organisation 

 
BACKGROUND: Surgery followed by adjuvant chemotherapy (ACT) is standard of care in stage III colon 
cancer. However, only 15-20% of the patients truly benefit from ACT because 55% was cured by surgery 
alone and 25-30% develop recurrences despite ACT. Post-surgery circulating tumor DNA (ctDNA) is a 
biomarker for minimal residual disease, which may facilitate stratification of stage III colon cancer patients 
for ACT treatment decisions.  
 
The aim of this study is to determine the prognostic value and clinical validity of post-surgery ctDNA-testing 
in stage III colon cancer patients. 
 
METHODS: 236 stage III colon cancer patients treated with ACT were included in the PROVENC3 study. 
Blood was collected pre-surgery, post-surgery and post-ACT. Tumor-informed detection of plasma ctDNA 
was performed through integrated whole genome sequencing (WGS) analyses of formalin-fixed paraffin-
embedded tumor tissue DNA (80x), germline DNA (40x), and plasma cell-free DNA (30x). Outcome 
measurement is time to recurrence (TTR).  
 
RESULTS: Results from 124 patients (median follow up: 31 months) show a worse TTR of ctDNA-positive 
patients [HR: 4.7, 95%CI: (2,37-9,3), p<0.001]. 64% of the ctDNA positive, and 21% of the ctDNA negative 
patients experienced a recurrence. 40% of the patients who experienced a recurrence were ctDNA positive 
post-surgery.. TTR was significantly different per ctDNA status, with a shorter median TTR for ctDNA-
positive compared to ctDNA-negative patients (7.7 vs 13.1 months). Final results from the complete cohort 
with median follow up of 41 months will be presented in September 2023. 
 
CONCLUSIONS: Post-surgery ctDNA detection by WGS is a strong prognostic biomarker in stage III colon 
cancer patients. Importantly, part of the ctDNA-positive patients did not experience a recurrence and were 
likely cured by ACT. Approximately 60% of the recurrences were not detected by post-surgery ctDNA-
testing. Ultimately, the results of this study will be used to model and design a ctDNA-guided interventional 
trial in stage III colon cancer patients, to reduce futile ACT and its associated negative side-effects. 
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O3.6 
 
KRAS and GNAS mutations in cell-free DNA and in circulating epithelial 
cells in patients with intraductal papillary mucinous neoplasms ς an 
observational pilot-study regarding the risk of progression to pancreatic 
cancer 

Christine Sophia Nitschke1,2,3Σ aŀǊƛŜ ¢ǀƭƭŜ1,2, Mara R. Goetz1, Jolanthe Kropidlowski2, Jakob R. 
Izbicki1, Klaus Pantel2, Faik G. Uzunoglu1, Harriet Wikman2 
1Department of General, Visceral and Thoracic Surgery, University Hospital Hamburg-Eppendorf, 2Institute of Tumor 
Biology, University Hospital Hamburg-Eppendorf, 3Mildred Scheel Cancer Career Center 

 
BACKGROUND: Intraductal papillary mucinous neoplasms (IPMN) belong to the pancreatic cystic benign 
neoplasms, of which some may progress into an invasive ductal pancreatic adenocarcinoma (PDAC). IPMNs 
are further divided into main and branch duct IPMN. For main duct IPMN, malignant progression into PDAC 
is about 40-92% in lifetime. 
Our study evaluates the suitability of KRAS and GNAS mutated cell-free DNA (cfDNA) and circulating 
epithelial cells (CECs) as biomarkers for risk stratification in IPMN. 
 
METHODS: We collected peripheral EDTA blood samples from patients who underwent surgery to remove 
main duct IPMN (n=19) or patients who are under clinical surveillance for branch duct IPMNs (n=18). All 
blood samples were processed for cfDNA isolation, before being screened for KRAS and GNAS mutations 
via digital-droplet PCR. A size-based cell separation system (ParsortixTM) was used to identify CECs.  
 
RESULTS: Overall, KRAS mutations were found in 19% and GNAS mutations in 22% of cfDNA. Among the 
patients with main duct IPMNs, which qualified for a surgical removal, the detection of KRAS mutations 
was 21% and of GNAS mutations 37%. Among the patients with branch duct IPMN, KRAS mutations were 
observed in 17% and GNAS mutations in 6%. Especially GNAS mutations in cfDNA were significantly more 
often observed in main duct compared to branch duct IPMN (p=0.042). Overall, 47% of main duct and 17% 
of branch duct IPMN showed either KRAS or GNAS mutations in cfDNA. In our cohort, no CECs could be 
detected. 
 
CONCLUSIONS: In summary, especially the prevalence of GNAS mutations is higher in the group of main 
duct IPMN patients who underwent surgery ς compared to conservatively managed branch duct IPMN -, 
which reflects the correlation of the mutations with potential for increased malignant progression and its 
potential to guide future-decision making on surgery. The results of this preliminary pilot-study justify 
future studies focusing on GNAS and on additional liquid biopsy markers.  
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O4.1 
 
Distribution and prognostic value of tumor-derived extracellular vesicles 
(td-EVs) in different subtypes of metastatic breast cancer (MBC) 

Eleonora Nicolo1,2,3, Laura Munoz-Arcos1, Paolo D'Amico4, Youbin Zhang4, Lorenzo Gerratana5, 
Mara Serafini1, Letizia Pontolillo1, Amanda Strickland1, Maroua Manai1,4, Nadia Bayou1, Andrew 
Davis6, Jeannine Donahue1,4, Huiping Liu4, William Gradishar4, Ami Shah4, Giuseppe Curigliano2,3, 
Carolina Reduzzi1,4, Massimo Cristofanilli1,4 
1Department of Medicine, Division of Hematology-Oncology, Weill Cornell Medicine, 2Division of New Drugs and Early 
Drug Development, European Institute of Oncology IRCCS, 3Department of Oncology and Hemato-Oncology, University 
of Milan, 4Robert H. Lurie Comprehensive Cancer Center, Department of Medicine-Hematology and Oncology, Feinberg 
School of Medicine, Northwestern University, 5Department of Medical Oncology, Centro di Riferimento Oncologico di 
Aviano (CRO) IRCCS, 6Washington University in St. Louis School of Medicine 

 
BACKGROUND: Elevated tumor-derived extracellular vesicles (td-EVs) have been associated with poor 
outcome in MBC patients however, their prognostic value within different BC subtypes is unexplored. This 
study aimed to validate the prognostic role of tdEVs within defined subset of BC.  
 
METHODS: This study retrospectively analyzed 355 patients with MBC enrolled at Northwestern University 
(Chicago, IL) between 2016 and 2021 (NU16B06 trial). Baseline blood samples were processed using the 
/Ŝƭƭ{ŜŀǊŎƘϯ ǎȅǎǘŜƳΤ ǘƘŜ ƻǇŜƴ ǎƻǳǊŎŜ !//9t¢ ǎƻŦǘǿŀǊŜ ǿŀǎ ŀǇǇƭied to automatically enumerate tdEVs 
[cutoff points: <20 (low), 20-тф όƛƴǘŜǊƳŜŘƛŀǘŜύΣ ŀƴŘ җул όƘƛƎƘύϐΦ !ǎǎƻŎƛŀǘƛƻƴǎ ƻŦ ǘŘ9±ǎ ǿƛǘƘ ƻǾŜǊŀƭƭ ǎǳǊǾƛǾŀƭ 
(OS) was tested in the overall population (OvP) and in different BC subtypes.  
 
RESULTS: The distribution of patients by BC subgroup and the respective td-EVs count is shown in Table 1. 
The median OS for patients with low, intermediate, and high tdEVs were 45, 25 and 11 months respectively 
(p<0.001). TdEVs were significantly associated with OS in inflammatory BC (p<0.001). No prognostic role 
was observed among patients with invasive lobular BC (ILC) (p=0.56). Baseline tdEVs count was significantly 
associated with OS in all biomarker subtypes of BC; among HER2+ BC patients who received anti-HER2 
therapy (n=50, 72%) this difference was not statistically significant (p=0.45).  
 
CONCLUSIONS: This study confirms the strong prognostic value of tdEVs in MBC. IBC had fewer tdEVs 
compared to non-IBC, probably due to the predominant lymphatic spread of IBC, and their prognostic 
significance is maintained. The tdEVs count is higher in ILC than in non-special-type and a higher tdEVs 
cutoff could be considered for ILC patients. The potential different implication in HER2-positive patients 
receiving targeted therapy need to be further explored.  
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O4.2 
 
Plasma microRNAs to choose the immunotherapy strategy in PD-[мҗрл҈ 
NSCLC patients: introducing the Ark randomized clinical trial 
Mattia Boeri, Claudia Proto 
Fondazione IRCCS Istituto Nazionale dei Tumori 

 
Advanced NSCLC patients showing long-lasting response to immune checkpoint inhibitors as single agent 
(ICI-SA) were commonly observed especially among patients with PD-[мҗрл҈Φ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ 
combination of ICI and chemotherapy (ICI+CHT) represents the best option for PD-L1<50% NSCLC patients. 
PD-L1 as predictive marker is still suboptimal and additional tumor or host related factors might improve 
patients stratification. In this respect, microRNAs released into the bloodstream by tumor, stromal and 
hematopoietic cells, are promising biomarkers. We previously reported that the plasma microRNA 
signature classifier (MSC) is able to indentify high-risk patients (MSC-H), who do not respond to ICI-SA 
regardless of PD-L1 expression. Here we present the results obtained in a cohort of NSCLC patients treated 
with ICI-SA or ICI+CHT to evaluate the predictive value of MSCs and allowed the design of a prospective 
clinical study. 
 
Overall, 106 NSCLC patients treated in first line with ICI-SA (PD-[мҗрл҈Σ ƴҐпнΤ t5-L1<50%, n=31) or ICI+CHT 
(all PD-L1<50%, n=33) were included in the observational study. The plasma microRNA profile was 
prospectively evaluated by RT-qPCR using custom made miRCURY-LNA (Qiagen) plates or TaqMan 
microfluidic cards (ThermoFisher) containing probes for the 24 microRNAs of interest. The disease control 
rate (DCR) was considered as primary end-point. The ARK trial (EudraCT n.2022-502253-34) was designed 
and approved according to EU Clinical Trial Regulation 536/2014. 
 
MSC-H/PD-[мҗрл҈ ŀƴŘ a{/-H/PD-L1<50% subjects treated with ICI-SA showed a DCR equal to 20% and 
25%, respectively. On the other hand, in MSC-H/PD-L1<50% subjects treated with ICI+CHT the estimated 
DCR was 75%. On the basis of these results we designed the Ark phase II study clinical trial, enrolling PD-
[мҗрл҈ b{/[/ ǇŀǘƛŜƴǘǎ ŜƭƛƎƛōƭŜ ŦƻǊ ŦƛǊǎǘ ƭƛƴŜ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ L/LΦ Lƴ ǘƘŜ ǇǊŜǎŎǊŜŜƴƛƴƎ ǇƘŀǎŜΣ ǘƘŜ a{/ Ǌƛǎƪ 
level is established and at least 26 MSC-H patients are randomized 1:1 to receive ICI-SA (control-arm) or 
ICI+CHT (experimental-arm). PBMC and, whenever available, tumor tissue samples are also collected at 
multiple time-points for the characterization of immune subpopulations by multiplex flow-cytometry, IHC 
and digital spatial profiling. 
 
In conclusion, MSC-H/PD-[мҗрл҈ b{/[/ ǇŀǘƛŜƴǘǎ ŀǇǇŜŀǊ ǘƻ ōŜƴŜŦƛǘ ƳƻǊŜ ŦǊƻƳ L/LҌ/I¢ ǘƘŀƴ ŦǊƻƳ L/L-SA. 
The Ark clinical trial will provide further insights in this regard. 
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O4.3 
 
Diagnostic cell-free miRNA Signatures Found in Plasma and Urine of 
Sporadic Renal Cell Carcinoma Patients 
Matias Bustos1, Josh Gotlieb2, Suyeon Ryu3, Warren Allen4, David Krasne4, Timothy Wilson2, 
Jennifer Linehan2, Dave Hoon1,3 
15ŜǇŀǊǘƳŜƴǘ ƻŦ ¢Ǌŀƴǎƭŀǘƛƻƴŀƭ aƻƭŜŎǳƭŀǊ aŜŘƛŎƛƴŜΣ {ŀƛƴǘ WƻƘƴΩǎ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜ ό{W/Lύ ŀǘ tǊƻǾƛŘŜƴŎŜ {ŀƛƴǘ WƻƘƴΩǎ IŜŀƭǘƘ 
Center (SJHC), 25ŜǇŀǊǘƳŜƴǘ ƻŦ ¦ǊƻƭƻƎƛŎ hƴŎƻƭƻƎȅΣ {ŀƛƴǘ WƻƘƴΩǎ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜ ό{W/Lύ ŀǘ tǊƻǾƛŘŜƴŎŜ {ŀƛƴǘ WƻƘƴΩǎ IŜŀƭǘƘ 
Center (SJHC), 35ŜǇŀǊǘƳŜƴǘ ƻŦ DŜƴƻƳƛŎ {ŜǉǳŜƴŎƛƴƎ /ŜƴǘŜǊΣ {ŀƛƴǘ WƻƘƴΩǎ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜ ό{W/Lύ ŀǘ tǊƻǾƛŘŜƴŎŜ {ŀƛƴǘ 
WƻƘƴΩǎ IŜŀƭǘƘ /ŜƴǘŜǊ ό{WI/ύΣ 45ŜǇŀǊǘƳŜƴǘ ƻŦ {ǳǊƎƛŎŀƭ tŀǘƘƻƭƻƎȅΣ {ŀƛƴǘ WƻƘƴΩǎ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜ ό{W/Lύ ŀǘ tǊƻǾƛŘŜƴŎŜ {ŀƛƴǘ 
WƻƘƴΩǎ IŜŀƭǘƘ /ŜƴǘŜǊ ό{WI/ύ 

 
BACKGROUND: There has been a rise in the percentage of patients being diagnosed with renal cell 
carcinoma (RCC). The main problem is the lack of routine diagnostic biomarkers for RCC patients. This 
retrospective study aims to identify cell-free microRNA (cfmiR) signatures in urine and plasma samples that 
can be utilized as biomarkers for the diagnosis of sporadic RCC patients. 
 
METHODS: Normal and tumor tissue, plasma, and urine samples (n=221) from 56 sporadic RCC patients 
and normal healthy donors (NHDs) were profiled for 2,083 miRs using the Next-Generation Sequencing-
based HTG EdgeSeq miR Whole Transcriptome Assay. DESeq2 (FC |1.2|, FDR <0.05) was performed to 
identify differentially expressed (DE) miRs. The miR found were validated using the TCGA database. All 
miRs/cfmiRs were assessed for specificity and sensitivity in all specimen types. 
 
RESULTS: We first analyzed the RCC tissue samples and found several miRs DE. The top 10 most DE miRs 
(miR-106b-3p, miR-122-5p, miR-155-5p, miR-210-3p, miR-224-5p, miR-34a-5p, miR-34a-3p, miR-592, miR-
629-5p, and miR-885-5p) distinguished RCC tissues from remote normal kidney (RNK) or benign kidney 
lesion (BKL) tissue samples. However, some of these miRs were identified as RCC subtype-specific miRs 
(e.g., miR-122-5p), while other miRs were specific for all the RCC histological subtypes (miR-106b-3p, miR-
629-5p, and miR-885-5p). In addition, higher miR-155-5p levels were associated with high-risk metastasis 
RCC tumors (>3 centimeters). All miRs found in RCC tissues were validated using the TCGA database. 66 
cfmiRs found in plasma were consistently detected and significantly upregulated in urine of RCC patients, 
but not in the respective NHD biofluids. Compared to urine, plasma samples from RCC patients showed 
higher concordance with RCC tissue samples. Specific cfmiRs were detected in urine and plasma, 
demonstrating the utility of cfmiR for RCC detection. MiR-1275 was found upregulated in all tumors tissue, 
plasma, and urine RCC samples compared to NHDs biofluids or RNK/BKL. 
 
CONCLUSIONS: This integrative study found diagnostic cfmiRs for RCC patients in urine and plasma; all of 
which were detected in our RCC tissue cohort and validated using TCGA datasets. The cfmiR signatures 
found in plasma and urine were shown to have diagnostic utility for different RCC histological subtypes. 
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O4.4 
 
Dramatic impact of blood collection tube and RNA purification method on 
extracellular RNA transcriptomes 
Jasper Anckaert1,2, Francisco Avila Cobos1,2,4, Anneleen Decock1,2, Philippe  Decruyenaere1,2,8, Jill  
Deleu1,2, Katleen  De Preter2,4, Olivier De Wever2,3, Jilke De Wilde1,2,4, Bert Dhondt2,3,9, Thibaut  
5ΩƘǳȅǾŜǘǘŜǊ1,2, Celine  Everaert1,2,4, Carolina  Fierro5, Hetty H. Helsmoortel1,2, An  Hendrix2,3, Eva  
Hulstaert1,2,10, Jan  Koster7, Scott Kuersten16, Tim R. Mercer17,18, Pieter Mestdagh1,2,5, Annelien 
Morlion1,2, Nele Nijs5, Justine Nuytens1,2, Annouck Philippron2,11,12, Thomas Piofczyk5, Franco 
Poma-Soto1,2, Kathleen Schoofs1,2,4, Gary P. Schroth16, Olivier Thas13,14,15, Eveline Vanden Eynde1,2, 
Jo Vandesompele1,2,5, Tom Van Maerken1,2,19, Ruben Van Paemel1,2,4,6, Kimberly Verniers1,2, Jasper 
Verwilt1,2, Nurten Yigit1,2 
1OncoRNALab, Center for Medical Genetics, Department of Biomolecular Medicine, Ghent University, 2Cancer Research Institute Ghent 
(CRIG), 3Laboratory of Experimental Cancer Research, Ghent University, 4TOBI lab, Center for Medical Genetics, Department of 
Biomolecular Medicine, Ghent University, 5Biogazelle, 6Department of Pediatrics, Ghent University Hospital, 7Center for Experimental 
and Molecular Medicine (CEMM), Amsterdam University Medical Centers, University of Amsterdam, 8Department of Hematology, 
Ghent University Hospital, 9Department of Urology, Ghent University Hospital, 10Department of Dermatology, Ghent University 
Hospital, 11Lab for Experimental Surgery, Ghent University, 12Department of Gastrointestinal Surgery, Ghent University Hospital, 
13Data Science Institute (DSI), Interuniversity Institute for Biostatistics and Statistical Bioinformatics (I-BioStat), Hasselt University, 
14Department of Applied Mathematics, Computer Science and Statistics, Ghent University, 15National Institute of Applied Statistics 
Research Australia (NIASRA), University of Wollongong, 16Illumina, 17Australian Institute of Bioengineering and Nanotechnology, 
University of Queensland, 18Kinghorn Centre for Clinical Genomics, Garvan Institute of Medical Research, 19Department of Laboratory 
Medicine, AZ Groeninge 

 
BACKGROUND: The use of blood-based extracellular RNA (cell-free RNA; exRNA) as clinical biomarker 
requires the implementation of a validated procedure for sample collection, processing, and profiling. So 
far, no study has systematically addressed the pre-analytical variables affecting transcriptome analysis of 
exRNAs. In the exRNAQC study, we evaluated ten blood collection tubes, three time intervals between 
blood draw and downstream processing, and eight RNA purification methods using the supplier-specified 
minimum and maximum biofluid input volumes.  
 
METHODS: The impact of these pre-analytics on deep transcriptome profiling of both small and messenger 
wb! ŦǊƻƳ ƘŜŀƭǘƘȅ ŘƻƴƻǊǎΩ ǇƭŀǎƳŀ ƻǊ ǎŜǊǳƳ ǿŀǎ ŀǎǎŜǎǎŜŘ ŦƻǊ ŜŀŎƘ ǇǊŜ-analytical variable separately and 
for interactions between a selected set of pre-analytics, resulting in 456 extracellular transcriptomes. 
Making use of 189 synthetic spike-in RNAs, the processing and analysis workflow was controlled.  
 
RESULTS: When comparing blood collection tubes, so-called preservation tubes do not stabilize exRNA 
well, and result in variable RNA concentration and sensitivity (i.e., the number of detected RNAs) over time, 
as well as compromised reproducibility. We also document large differences in RNA purification kit 
performance in terms of sensitivity, reproducibility, and observed transcriptome complexity, and 
demonstrate interactions between specific blood collection tubes, purification kits and time intervals. Our 
results are summarized in 11 performance metrics that enable an informed selection of the most optimal 
sample processing workflow for a given experiment.  
 
CONCLUSIONS: In conclusion, we put forward robust quality control metrics for exRNA quantification 
methods with validated standard operating procedures (SOPs), representing paramount groundwork for 
future exRNA-based precision medicine applications. 
 
Abstract submitted on behalf of the exRNAQC Consortium. Authors are listed in alphabetical order.  
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O4.5 
 
Extracellular vesicle-derived RNA profiling predicts melanoma response to 
immunotherapy 
Elin Gray1, Leslie Calapre1, Michael Clark1, Lidia Medhin1, Lidia Warburton2, Aaron Beasley1, 
Adnan Khattak2, Michael Millward3, Tarek Meniawy4, Jason Waithman5, Katie Meehan3 
1Edith Cowan University, 2Fiona Staley Hospital, 3The University of Western Australia, 4Sir Charles Gairdner Hospital, 
5Telethon Kids Institute 

 
BACKGROUND: Biomarkers that predict long-lasting responses to immune checkpoint inhibitors (ICI) are 
critical to improving the clinical outcomes of melanoma. Plasma-derived extracellular vesicles (EVs) and 
their capacity to carry tumour-specific molecular cargo could serve as a relevant biomarker.  
 
METHODS: We carried out a retrospective discovery study in 17 melanoma patients with plasma samples 
collected prior to commencing ICI with the anti-PD-1 antibody pembrolizumab. Patient radiographic partial 
or complete response was determined by PET scans and based on iPERCIST criteria. Plasma EV-derived 
wb! ǿŀǎ ǎŜǉǳŜƴŎŜŘ ŀƴŘ ǘǊŀƴǎŎǊƛǇǘǎ ŜƴǊƛŎƘŜŘ ƛƴ ǊŜǎǇƻƴŘŜǊǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘΦ /ǳǎǘƻƳ ¢ŀǉaŀƴϯ ǉt/w ŀǎǎŀȅǎ 
were developed for orthogonal validation and further validation of the gene signature in an independent 
cohort of 28 melanoma patients treated with ICI. 
 
RESULTS: Transcriptome analysis of circulating EVs identified a set of 21 genes associated with response 
to treatment. The gene signature was validated in an independent cohort of 50 melanoma patients using 
custom qRT-PCR assays. ROC curve analysis demonstrated a high predictive value for the gene signature in 
the validation cohort with an AUC of 0.94, sensitivity 92%, specificity 98% and positive predictive value of 
98%. Notably, gene ontology analysis associated this gene signature with B-cell activation. Similar genes 
have been previously reported to be upregulated in tumour tissues of melanoma, lung cancer and renal 
carcinoma patients responsive to ICB and found to be associated with the presence of intratumoral tertiary 
lymphoid structures.  
 
CONCLUSIONS: Overall, our preliminary results highlight EV-derived RNA profiling as a new opportunity 
for a liquid biopsy to predict response to ICI and potentially guide treatment decision-making in melanoma. 
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O4.6 
 
A multiparameter liquid biopsy-based approach allows longitudinal 
tracking of cutaneous melanoma dynamics and early resistance to 
treatment 
Maria Chiara Scaini1, Cristina Catoni1, Cristina Poggiana1, Jacopo Pigozzo2, Luisa Piccin2, Kevin 
Leone1, Ilaria Scarabello1, Antonella Facchinetti1,3, Chiara Menin1, Lisa Elefanti1, Stefania 
Pellegrini1,3, Valentina Aleotti1, Riccardo Vidotto1, Francesca Schiavi4, Alessio Fabozzi5, Vanna 
Chiarion-Sileni2, Antonio Rosato1,3 
1Immunology and Molecular Oncology Unit, Veneto Institute of Oncology IOV-IRCCS, 2Oncology Unit 2, Veneto Institute 
of Oncology, IOV-IRCCS, 3Department of Surgery, Oncology and Gastroenterology, Oncology Section, University of 
Padova, 4Familiar Cancer Clinic and Oncoendocrinology, Veneto Institute of Oncology, IOV-IRCCS, 5Oncology Unit 3, 
Veneto Institute of Oncology IOV-IRCCS 

 
BACKGROUND: Melanoma heterogeneity is an obstacle in metastatic disease management. Although the 
advent of targeted therapy has significantly improved patient outcome, the occurrence of resistance 
makes monitoring of the tumor genetic landscape mandatory. Liquid biopsy could represent an important 
biomarker to track the evolution of the disease in real time. Thus, we aimed to correlate liquid biopsy 
dynamics with treatment response/progression by devising a multiplatform approach applied to 
longitudinal monitoring. 
 
METHODS: We exploited Next Generation Sequencing (NGS), digital PCR, and CellSearch platforms to 
analyze circulating tumor DNA (ctDNA) trend and circulating melanoma cell (CMC) count, together with 
their customized genetic and copy number variation analysis. The approach was applied to 50 samples 
from 17 stage IV melanoma patients treated with BRAF/MEK inhibitors, followed up to 24 months.  
 
RESULTS: BRAF mutations were detected in the plasma of 82% of patients. There was a significant 
difference in ctDNA amount at baseline in responders versus non-responders/early progressing patients 
(p=0.039). Moreover, a cut-off able to discriminate complete/partial responders from non-responders was 
identified. The cutoff was also able to discriminate early progressing patients independently from the type 
of response (p=0.035). Undetectable BRAF-mutant ctDNA at the first treatment observational point 
correlated with best overall survival (OS) (p=0.024), and lack of BRAF-mutant ctDNA clearance up to the 
first 6 months of treatment correlated with non-response or early progression (p=0.015). Single nucleotide 
variants (SNVs) known or suspected to confer resistance were identified in 60% of patients. The sensitivity 
and specificity of the custom NGS panel were 96% and 100%, respectively, for MAFs down to 1% 
(PPV:100%, NPV:89%). Moreover, the number of baseline cfDNA SNVs correlated with progression free 
survival (PFS) (p=0.041). Finally, CMCs confirmed to be a prognostic biomarker, as the presence of 1 or 
more CMCs correlated with worse PFS (p=0.001) and OS (p=0.003). 
 
CONCLUSIONS: This work provides proof-of-principle of the power of this approach and paves the way for 
a validation study aimed at evaluating early ctDNA-guided treatment decisions in stage IV melanoma. The 
NGS-based molecular profile complemented the analysis of ctDNA trend and, together with CMC analysis, 
revealed to be useful in capturing tumor evolution.  
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TG1 
 

Ovarian cancer detection in home-collected cervicovaginal samples and 
urine 
Birgit Wever1,2, Mirte Schaafsma1,2,3, Maaike Bleeker1,2, Yara van den Burgt1,2, Rianne van den 
Helder1,2,3, Christianne Lok3, Frederike Dijk2,4, Ymke van der Pol1,2, Florent Mouliere1,2, Norbert 
Moldovan1,2, Nienke van Trommel3, Renske Steenbergen1,2 
1Amsterdam UMC, location Vrije Universiteit Amsterdam, Department of Pathology, Amsterdam, The Netherlands, 
Amsterdam, The Netherlands, 2Cancer Center Amsterdam, Imaging and Biomarkers, Amsterdam, The Netherlands , 
Amsterdam, The Netherlands, 3Antoni van Leeuwenhoek/Netherlands Cancer Institute, Department of Gynecologic 
Oncology, Center of Gynecologic Oncology Amsterdam, Amsterdam, The Netherlands, Amsterdam, The Netherlands, 
4Amsterdam UMC, location University of Amsterdam, Department of Pathology, The Netherlands, Amsterdam, The 
Netherlands 
Background 

 
Ovarian cancer is the deadliest gynecological malignancy worldwide, mostly due to frequent diagnosis at 
late-stage. Simple and non-invasive methods for earlier and accurate detection are urgently needed. Here, 
we explored whether ovarian cancer can be detected in home-collected urine and cervicovaginal self-
samples, and clinician-taken cervical scrapes by DNA methylation and copy number analysis.  
 
METHODS 
A total of 428 samples (home-collected urine and cervicovaginal self-samples, and clinician-taken cervical 
scrapes) of 110 healthy controls and 54 patients with benign (n=25) or malignant (n=29) ovarian masses 
were analyzed. Different urine fractions were examined (full void urine, urine supernatant, and urine 
sediment). All samples were tested for nine methylation markers by quantitative methylation-specific PCR. 
Copy number analysis was performed on a subset of urine samples (n=25) by shallow whole-genome 
sequencing.  
  
RESULTS 
Three markers were significantly elevated in full void urine of ovarian cancer patients as compared to 
healthy controls (p=0.008-0.022) of which two were also discriminatory in cervical scrapes (p=0.001-0.004). 
A significant difference between benign and malignant ovarian masses was observed for one marker in the 
urine sediment (p=0.024). Methylation levels in cervicovaginal self-samples did not discriminate between 
the groups. Copy number changes were identified in 17% of urine samples. 
 
CONCLUSIONS 
This study provides first proof of concept that urine yields increased methylation levels of ovarian cancer-
associated genes and contains ovarian cancer-derived DNA as demonstrated by copy number analysis. Our 
findings encourage further development of urine biomarkers for ovarian cancer detection. 
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Detecting circulating tumor DNA in whole blood samples and dried blood 
spots from cancer patients 
Maria Neofytou1,2, Dr Angela An1,2, Dr Constanza Linossi3,5, Dr Wendy Cooper1,2, Dr Hui Zhao1,2, 
Dr Christopher Smith1,2, Dr Davina Gale1,2, Prof Rebecca C Fitzgerald2,5, Dr Simon Pacey2,3, Dr 
Richard Baird2,3, Pippa Corrie2,3, Dr Amit Roshan1,2,4, Prof Nitzan Rosenfeld1,2 
1Cancer Research UK Cambridge Institute, Cambridge, United Kingdom, 2Cancer Research UK Major Centre 
Cambridge, Cancer Research UK Cambridge Institute, Cambridge, United Kingdom, 3Department of Oncology, 
University of Cambridge, , United Kingdom, 4Department of Plastic & Reconstructive Surgery, Cambridge University 
Hospitals NHS Trust, Cambridge, United Kingdom, 5Early Cancer Institute, Department of Oncology, Hutchison 
Building, , Cambridge, United Kingdom 

 
Background: Liquid biopsy efforts to detect circulating tumor DNA (ctDNA) have focussed on plasma 
derived from the blood of cancer patients. Plasma collection requires several milliliters of whole blood in 
EDTA tubes, trained personnel, and specific equipment to isolate the plasma prior to -улϲ/ ǘŜƳǇŜǊŀǘǳǊŜ 
storage. Plasma extraction is done within a few hours to avoid genomic DNA contamination and can only 
be delayed, up to 14 days, using specialised collection tubes but comes at an additional cost. Therefore, 
isolation of high-quality cfDNA is both time-consuming and costly. Here, we explore the possibility of 
detecting ctDNA in whole blood and dried blood spots from cancer patients without the need for plasma 
extraction.  
 
Methods: We identified archival blood samples collected >10 years ago from melanoma patients. DNA was 
extracted from various volumes of whole blood ranging from 1ml down to 50ul (representing a drop of 
blood). To investigate the potential of directly detecting ctDNA in dried blood spots we collected finger 
prick samples from patients with several late-stage cancers. Libraries generated from extracted DNA were 
submitted for paired-end, shallow whole genome sequencing (sWGS). Using in-house bioinformatic 
pipelines, we analysed sWGS data for somatic copy number aberrations (SCNAs) and compared to data 
from tumour tissue from the same patient. An estimate of tumour fraction (TF) was derived from 
iChorCNA.  
 
Results: We detected SCNAs in archived whole blood reflective of the copy number alterations in matched 
plasma cfDNA and tumor tissue. In addition, analysis of ctDNA levels in serially collected dried blood spots 
during treatment revealed changes in TF reflecting tumour progression or response. 
 
Conclusion: Our data show that ctDNA can be detected from whole blood without plasma extraction in 
advanced cancers and opens the potential for detecting tumor DNA in any archived blood collection. In 
addition, our finding of ctDNA in finger prick samples from cancer patients holds substantial promise as a 
minimally invasive diagnostic method in minimal residual disease and monitoring treatment response. 
Compared to existing protocols based on plasma cfDNA, the proposed process is novel, simple, does not 
need a phlebotomist, and requires minimal volume of blood. 
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Validation of extracellular vesicle PD-L1 and radiomics model for 
prediction of durable response to immunotherapy in patients with 
advanced non-small cell lung cancer 
Diego de Miguel Perez1,2, Priyadarshini Mamindla3, Murat Ak3, Alessandro Russo2,4, Vishal 
Peddagangireddy3, Mehmet E Er3, Serafettin Zenkin3, Muthukumar Gunasekaran2, Luis Lara-
Mejia5, Francesco Buemi4, Feliciano Barron5, Sunjay Kaushal2, Andres F Cardona6, Aung  Naing7, 
Vincenzo  Adamo4, Oscar  Arrieta5, Rivka R Colen3, Christian  Rolfo1,2 
1Center for Thoracic Oncology, Tisch Cancer Institute, Icahn School Of Medicine At Mount Sinai, New York, United 
States, 2Marlene and Stewart Greenebaum Comprehensive Cancer Center, University of Maryland School of Medicine, 
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Background: Immune-checkpoint inhibitors (ICIs) showed unprecedent efficacy in the treatment of 
patients with advanced non-small cell lung cancer (NSCLC). However, not all patients manifest clinical 
benefit since tissue PD-L1, the standard-of-care biomarker, has low predictive accuracy. PD-L1 is also 
expressed in plasma extracellular vesicles (EVs), where it can also inhibit the anti-tumor immune response 
or bind to specific ICIs antibodies in the circulation. Furthermore, radiomics consist in the analysis of 
computerized tomography (CT) images into quantitative data to understand tumor heterogeneity and 
microenvironment. Here, we aimed to validate the role of these minimally invasive biomarkers at 
predicting the response to ICIs in patients with NSCLC.  
 
Methods: Three cohorts of patients were enrolled, cohort 1 included 27 patients receiving ICIs, cohort 2 
with 17 patients undergoing ICIs + chemotherapy (ChT), and cohort 3 with 13 patients treated with ChT. 
Plasma samples were collected before treatment and at 3rd cycle, EV were isolated by ultracentrifugation, 
and EV PD-[м ŘȅƴŀƳƛŎǎ όɲ9± t5-L1) was analyzed by immunoblot. A total of 400 radiomic features were 
evaluated in target and non-target lesions in baseline CT scans. Durable responses were assessed in CT 
scans at the 6-у ǘǊŜŀǘƳŜƴǘ ŎȅŎƭŜ όнмҕо ǿŜŜƪǎύ ǳǎƛƴƎ w9/L{¢ ǾмΦм όCƛƎǳǊŜ мύΦ  
 
Results: LƴŎǊŜŀǎŜŘ ɲ9± t5-L1 during treatment were associated with to ICIs (cohort 1 & 2) but not to 
response to ChT (cohort 3). Combination with radiomics improved the predictive accuracy particularly in 
cohort 1 (Figure 2). These biomarkers outperformed tissue PD-L1 and were unspecific for response to 
Docetaxel. When all patients receiving ICIs were evaluated, non-ǊŜǎǇƻƴŘŜǊǎ ǎƘƻǿŜŘ ƘƛƎƘ ɲ9± t5-L1 + 
Radiomics (p=0.002) while those undergoing chemotherapy showed no differences (p=0.199). Moreover, 
ICI patieƴǘǎ ǿƛǘƘ ƘƛƎƘ ɲ9± t5-L1 + Radiomics showed higher tumor change during treatment (p=0.002) 
while tissue PD-L1 was not associated with tumor response or change in lesion size (p<0.05) (Figure 3). 
 
Conclusions: ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎƘƻǿŜŘ ǾŀƭƛŘŀǘŜŘ ŜǾƛŘŜƴŎŜ ƻŦ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ɲ9± t5-L1 and radiomics as 
a highly accurate minimally-invasive biomarker for predicting response to ICIs. This multiparametric 
approach outperformed the current standard-of-care tissue PD-L1 and showed promising potential for the 
stratification of patients to receive ICIs. 
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Paracrine interactions between Cancer-associated fibroblasts (CAFs) and 
colorectal Circulating Tumor Cells (CTCs)  
Jihane Boubaker-Vitre1,2, Guillaume Belthier1, Nolwenn Barbier1Σ !ƴŘǊŜƠ ¢ǳǊǘƻƛ3Σ /ŞŘǊƛŎ .ƻǊƛŜǎ2, 
Julie Pannequin1 
1Physiology and Cancer Department, Signaling, Plasticity and cancer, Functional genomic Institute (IGF), 2AGV 
discovery, 3¢ǳƳƻǊ aƛŎǊƻŜƴǾƛǊƻƴƴŜƳŜƴǘ ŀƴŘ wŜǎƛǎǘŀƴŎŜ ǘƻ ǘǊŜŀǘƳŜƴǘΣ Lƴǎǘƛǘǳǘ ŘŜ wŜŎƘŜǊŎƘŜ Ŝƴ /ŀƴŎŞǊƻƭƻƎƛŜ ŘŜ 
Montpellier (IRCM) 

 
Circulating tumor cells (CTCs) are tumor cells that shed from the primary tumor and intravasate into the 
peripheral blood circulation system in order to further invade distant organs to form metastasis. Previous 
studies have demonstrated that CTCs do not travel in the bloodstream alone, but rather are accompanied 
by clusters of immune or stromal cells such as platelets cells or cancer associated fibroblasts (CAFs). CAFs 
are a complex and abundant cell type within the tumor microenvironment involved in the growth, invasion, 
and chemoresistance of cancer cells. This collective migration unit enhances tumor cell survival and 
colonization in distant organs.  
 
The aim of the present study is to decipher the paracrine interactions between CAFs and colorectal CTCs 
in vitro. To do so, a conditioned medium (CM) has been collected following a 48hrs co-culture of CAF and 
patient derived CTC. Viability/toxicity, apoptosis assays as well as phenotypic characterization have been 
performed following incubation of CM with CTCs. A secretome of the CM has as well been performed to 
identify novel secreted candidates involved in the interaction between CAFs and CTCs.  
 
Our results demonstrate that CM significantly improves CTC viability and has no effect on apoptosis. 
However, CM decreases significantly cancer stem Cell (CSCs) properties (high in CTCs). These results 
suggest that CTC phenotype could be modified from CSCs to progenitors (high proliferative capacity). A 
CSC fate assay confirmed this hypothesis. Finally, amongst all the proteins detected, the secretome analysis 
enabled us to identify an interesting candidate: Stanniocalcin (STC2), a glycoprotein hormone described as 
a regulator of malignant tumor progression and presented as a potential candidate to trigger metastasis. 
Further experiments are needed to decipher CTC phenotype changes, from CSC to progenitor, and to 
evaluate the impact of STC2 on CTC survival. Overall, this study paves the way to decipher key interactions 
between CTCs and other population of the tumor microenvironment, namely the CAFs.   
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Circulating cancer-associated fibroblasts in prostate cancer patients  
Richell Booijink1, L.W.M.M. Terstappen1,2, Jaco Kraan3, John Martens3, Ruchi Bansal1 
1Translational Liver Research, Medical Cell BioPhysics, University of Twente, 2Department of General, Visceral and 
Pediatric Surgery, Heinrich-IŜƛƴŜ ¦ƴƛǾŜǊǎƛǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ 5ǸǎǎŜƭŘƻǊŦΣ 33Department of Medical Oncology, 
Erasmus MC Cancer Institute, University Medical Center Rotterdam 

 
BACKGROUND: Solid tumors heavily depend on their tumor microenvironment (TME) for tumor 
progression and growth. In prostate cancer (PCa), the most abundant cell type in the TME is cancer-
associated fibroblasts (CAFs), which highly influence tumor progression, invasion, drug resistance and 
metastasis. In the field of liquid biopsies, many studies focus on the important role of circulating tumor 
cells (CTCs) in tumor progression and metastasis. Given the dependency of PCa cells on their surroundings, 
we hypothesized the presence of fibroblasts -besides CTCs - in the circulation of prostate cancer patients. 
Therefore, in this study, we explored the presence of circulating CAFs (cCAFs) in Diagnostic Leukapheresis 
(DLA) products obtained from metastatic castratioƴ ƴŀƠǾŜ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όƳ/bt/ύ ǇŀǘƛŜƴǘǎΦ  
 
METHOD: /bt/ ǇŀǘƛŜƴǘǎ ǿƛǘƘ җ о /¢/ ǇŜǊ тΦр Ƴƭ ƻŦ ōƭƻƻŘΣ ŀǎǎŜǎǎŜŘ ōȅ ǎǘŀƴŘŀǊŘ /Ŝƭƭ{ŜŀǊŎƘ ŀƴŀƭȅǎƛǎΣ ǿŜǊŜ 
included for DLA. CTCs and cCAFs were enumerated in DLA aliquots of 2*10e8 cells in 18 mCNPC patients. 
CTCs were enumerated using CellSearch and cCAFs by fluorescence activated cell sorting (FACS) after 
immunofluorescence labeling with Fibroblast Activated Protein (FAP)-APC, epithelial adhesion molecule 
(EpCAM)-PE and CD45-FITC.  
 
RESULTS: CTC ranged from 0-7463 (mean 610, SD 1753) and cCAF defined as FAP+ EpCAM- CD45- from 25-
793 (mean 314, SD 198). cCAF showed morphology consistent with fibroblast phenotype and were stained 
positive for the fibroblast markers collagen 1 and vimentin. Live cCAF were sorted using FACS and 
characterized for collagen 1 secretion after 24 hours of activation using transforming growth factor beta 
(TGF-ʲύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǿŜ ŀƴŀƭȅȊŜŘ ŀƴŘ ǎƻǊǘŜŘ C!tҌ9Ǉ/!aҌ/5пр-  ranging from 0-422 (mean 62, SD  104) 
and FAP+EpCAM-CD45+ from 0-5618 (mean 677, SD  1270), where we saw distinct differences in cell 
morphology between the three subtypes. Interestingly, only FAP+EpCAM-CD45+ cells correlate with CTC 
ƴǳƳōŜǊ όwч Ґ лΦфмύΦ 
 
CONCLUSIONS: This study suggests the presence of circulating fibroblasts in mCNPC patients. However, 
further analysis of these cells is needed to evaluate their appearance in an age-matched controls to 
elucidate their function and whether or not they have genetic aberrations similar to the tumor cells.  
 
  



 

Poster Session 1: Basic research in liquid biopsies |  September 20th, 2023, 16:00 - 17:00  

PP003 
 
Elucidating the role of circulating tumor microemboli (CTM) applying organ 
on chip technology and in vitro models of homo- and heterotypic CTM  
.ŀǎ CŀōŜǊΣ aŀǊƭƻǿŜ bƻƭƭΣ {ŞǾŜǊƛƴŜ [Ŝ DŀŎΣ Kirsten Pondman 
1Applied Microfluidics for BioEngineering Research, Faculty of Electrical Engineering, Mathematics and Computer 
Science 

 
BACKGROUND: Only an infinitesimal fraction of CTCs is successful in establishing metastasis due to their 
exposure to shear-stress, loss of communication, clearance by the immune system and poor ability to cross 
blood vessel walls. CTMs (circulating tumor microemboli), consisting of tumor cells and supporting cells 
like immune cells, platelets, and fibroblasts, have a higher metastatic potential (1) since they are better 
equipped to survive in the circulation and cross the endothelial barriers. However, because CTMs are 
extremely rare, elucidating mechanisms by which they survive blood flow and possibly benefit from the 
presence of supporting cells, is challenging.  
 
METHODS: To gain more knowledge about CTMs and how their composition helps them survive in blood 
flow and cause cancer spreading we prepare artificial CTMs with tailorable compositions. Next, we perfuse 
them in a microfluidic platform that mimics the bone vasculature to eventually investigate the role of each 
cell type in supporting and protecting CTCs in the circulation, during interaction with endothelial cells, and 
extravasation. 
 
RESULTS: Homo- and heterotypic breast cancer CTMs, containing only breast cancer cells and a co-culture 
with human mammary fibroblasts or neutrophil-like cells (figure 1) with characteristics similar to those 
found for in vivo CTMs were produced. Characterization of these CTMs lead to new  insights into the 
adhesion proteins involved and the role neutrophils play in stimulating epithelial mesenchymal transition 
(EMT) in CTMs. A novel continuous perfusion system was designed and employed to characterize the 
survival and changes (EMT) of homo- and heterotypical CTMs. 
 
CONCLUSIONS: We established a novel technique to create artificial CTMs, with exact and tunable 
composition, which enables us to study their behavior in flow and interactions with a bone endothelium. 
Our research will ultimately lead to a better understanding of the role of (components of) CTMs, which is 
essential to identify new potential therapeutic targets.  
1. Aceto N, et.al. (2014) Circulating tumor cell clusters are oligoclonal precursors of breast cancer 
metastasis Cell 158(5) 1110ς1122 
 
Figure 1: Artificial circulating tumor microemboli. A) homotypical MCF-7; B) Heterotypical MCF-7 with 
single HL-60 neutrophil; C) Heterotypical MCF-7: neutrophil 1:1. 
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TTLL11 induced tubulin glutamylation promotes metastatic phenotypes 
Keyata Thompson1, Julia Ju1, Chenchen Handler2, Katarina Chang1, Makenzy Mull1, David Annis1, 
Megan Stemberger1, Darin Gilchrist1, Giuliano Scarcelli2, Stuart Martin1, Michele Vitolo1 
1University Of Maryland Baltimore, 2University Of Maryland  

 
BACKGROUND: Tubulin posttranslational modifications (PTMs) can selectively control microtubule (MT) 
stability and/or MT-interacting proteins to have significant effects on cell function and behavior. One such 
PTM is glutamylation which is generated by the enzymatic addition of one or more glutamate residues as 
branched peptide chains to the C-ǘŜǊƳƛƴŀƭ ǘŀƛƭǎ ƻŦ ʰ- ŀƴŘκƻǊ ʲ-tubulin. While other tubulin PTMs including 
detyrosination and acetylation are elevated in patient tumors, associated with poor prognosis and are 
support mechanisms of tubulin-driven microtentacles (McTNs) which promote metastatic phenotypes, the 
impact of tubulin glutamylation in cancer is unknown. Since tubulin PTMs can shift the dynamic balance of 
MT and actomyosin networks, this project tests the hypothesis that tubulin tyrosine ligase-like 11 (TTLL11) 
induced tubulin glutamylation enhances cell metastatic phenotypes.  
 
METHODS: This study uses a combination of bioinformatic analysis, TTLL11 inducible cell lines, Western 
blot analysis and immunofluorescence. We use our tethering chip technology to secure detached cells, 
mimicking circulating tumor cell (CTC) environment, in place for microscopic analysis and Brillouin 
microscopy to measure cellular stiffness of detached cells. 
 
RESULTS: There are 9 mammalian tubulin tyrosine ligase-like (TTLL) glutamylases and 6 cytosolic 
carboxypeptidases (CCPs). However, our bioinformatic analysis shows only the overexpression of TTLL11 
in ER-negative and triple-negative breast cancers (TNBC) significantly correlates with a worse patient 
survival. We also shown the overexpression of TTLL11 in multiple cell lines induces tubulin glutamylation, 
promotes microtentacle formation, and shifts cellular stiffness. 
 
CONCLUSIONS: Excess tubulin glutamylation stiffens MT filaments which can shift the dynamic equilibrium 
of MT growth, assembly and association with other cytoskeletal filaments (ie, actin, intermediate 
filaments), impairing necessary structural interaction. We have previously shown that an increase in McTNs 
correlates with a lower cellular stiffness, and in most cancers, including breast cancer, a lower cell stiffness 
correlates with higher cell motility, enhancing metastatic potential. This study is the first to show tubulin 
glutamylation enhances McTNs and lowers cellular stiffness.  
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Tubulin-based microtentacles aid in heterotypic neutrophil-CTC 
interactions 
Julia Ju1,2, Keyata Thompson1, Megan Stemberger1,3, Michele Vitolo1,4,5, Stuart Martin1,2,4,5,6 
1Marlene and Stewart Greenebaum Comprehensive Cancer Center, University of Maryland School of Medicine, 
2Graduate Program in Molecular Medicine, University of Maryland School of Medicine, 3Graduate Program in 
Biochemistry and Molecular Biology, University of Maryland School of Medicine, 4Department of Physiology, University 
of Maryland School of Medicine, 5Department of Pharmacology, University of Maryland School of Medicine, 6United 
States Veterans Affairs, VA Maryland Health Care System 

 
BACKGROUND: Circulating tumor cells (CTCs) travel through the vasculature to seed secondary sites and 
serve as direct precursors of metastatic outgrowth for many solid tumors.  Heterotypic cell clusters form 
between CTCs and white blood cells (WBCs) and recent studies report that a majority of these WBCs are 
neutrophils in both patient and mouse models. Our lab discovered that CTCs produce tubulin-based 
protrusions, microtentacles (McTNs), which promote reattachment, retention in distant sites during 
metastasis and formation of tumor cell clusters. Neutrophil-CTC clusters help CTCs survive the harsh 
vascular environment to promote successful metastasis, however, the specific mechanism of this 
interaction is not fully understood. 
 
METHODS: HL-60 cells transfected with Bcl-2 were differentiated using 1.3% DMSO into neutrophils, 
confirmed by flow cytometry, and used on day 7 for all experiments. TetherChip, a microfluidic device 
patented by our lab, was used to visualize and quantify McTN formation and clustering efficiency. The 
xCELLigence system was used to measure and quantify all migration and attachment assays. Neutrophils 
were isolated from whole blood of mice using red blood cell lysis buffer and tethered onto TetherChips. 
 
RESULTS: Utilizing TetherChip technology, we found that mature neutrophils also produce McTNs 
ŎƻƳǇƻǎŜŘ ƻŦ ŘŜǘȅǊƻǎƛƴŀǘŜŘ ŀƴŘ ŀŎŜǘȅƭŀǘŜŘ ʰ-tubulin and vimentin. Neutrophil McTNs aid in phenotypes 
associated with metastatic behaviors such as cluster formation, migration, and reattachment, which were 
all suppressed with the FDA-approved tubulin-depolymerizing agent, Vinorelbine. Co-culturing neutrophils 
and tumor cells increased migration compared to each cell type individually. 
 
CONCLUSIONS: CTC-neutrophil clusters are known to have higher metastatic efficiency, and by 
demonstrating for the first time that neutrophils also form McTNs, we reveal a new possible mechanism 
for how neutrophils interact with CTCs. Taken together, this work highlights that targeting microtentacles 
on neutrophils to inhibit cluster formation or disrupting existing clusters with FDA-approved anti-
microtubule therapies could significantly reduce metastatic phenotypes to improve patient prognosis and 
yield more successful clinical outcomes. 
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IȅŘǊƻƎŜƴ ǇŜǊƻȄƛŘŜ ƛƴŘǳŎŜǎ ʰ-tubulin detyrosination and acetylation and 
impacts CTC metastatic phenotypes of microtentacles, clustering and 
reattachment 
Megan Stemberger1, Julia Ju2, Keyata Thompson3, Trevor Mathias2, Michele Vitolo3,4,5, Stuart 
Martin1,2,3,5,6 
1Graduate Program in Biochemistry and Molecular Biology, University of Maryland School of Medicine, 2Graduate 
Program in Molecular Medicine, University of Maryland School of Medicine, 3Marlene and Stewart Greenebaum 
Comprehensive Cancer Center, University of Maryland School of Medicine, 4Department of Physiology, University of 
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BACKGROUND: Reactive oxygen species are highly elevated in the breast tumor microenvironment.  
Hydrogen peroxide (H2O2) production is implicated in the mechanism of action of many existing 
chemotherapies, however preclinical and clinical studies have established that broad microtubule-
stabilization increases the presence of circulating tumor cells (CTCs).  Several lines of evidence suggest 
H2O2 mediates breast carcinogenesis and metastasis, though the molecular mechanism is poorly 
understood.  
 
METHODS: H2O2 treatment effects were studied in MCF10A, MCF7 and MDA-MB-231 cell lines using 
immunoblotting, immunofluorescence, and cell viability assays.  TetherChip technology was utilized to 
capture free-floating cells for analysis of microtentacle formation and composition by blinded scoring and 
immunofluorescence.  Cellular reattachment was examined using the xCelligence system, and cell 
clustering efficiency using TetherChip.  Calcium signaling experiments were performed using the 
FLEXStation plate reader, fluorescence microscopy, and immunoblotting.  
 
RESULTS: One-ƘƻǳǊ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ нрл˃a Iнhн ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŘǳŎǘƛƻƴ ƻŦ ʰ-tubulin 
detyrosination and acetylation.  H2O2 induced the formation of tubulin-based microtentacles in MCF10A 
and MDA-MB-231 cells, which were enriched in detyrosinated and acetylŀǘŜŘ ʰ-tubulin.  However, the 
H2O2-induced microtentacles did not functionally promote metastatic phenotypes of cellular 
reattachment or homotypic cell clustering.  Mechanistically, H2O2 treatment led to a significant, dose-
dependent elevation of cytoplasmic calcium in MCF10A cells.  H2O2-ƛƴŘǳŎŜŘ ʰ-tubulin post-translational 
modifications were found to be dependent on calcium, as the effects were abrogated by calcium chelation.  
 
CONCLUSIONS: Detyrosinated- and acetylated- -htubulin are established poor prognostic markers in breast 
cancer.  We report here that elevated H2O2 in the tumor microenvironment likely contributes to 
ƳƛŎǊƻǘŜƴǘŀŎƭŜ ŦƻǊƳŀǘƛƻƴ ǘƘǊƻǳƎƘ ƛƴŘǳŎǘƛƻƴ ƻŦ ǘƘŜǎŜ ʰ-tubulin modifications, and demonstrate for the first 
time that microtentacle formation can be separated from the functions to promote reattachment and 
clustering.  In line with previous mechanotransduction studies, we report that H2O2 induces an elevation 
of cytoplasmic Ca2+, revealing a potential mechanism for how deregulated signals in the primary tumor 
microenvironment may facilitate adaptation of cancer cells to ignore mechanical signals and efficiently 
metastasize as CTCs.   
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Prolonged Effect of Hypoxia in Breast Cancer Cells 
Aidan Moriarty1,2,3, Oihana Iriondo2,3, Desirea Mecenas2,3, Yilin Li2,3, Remi Klotz1,2,3, Yonatan 
Amzaleg2,3, Min Yu1,2,3 
1Department of Pharmacology, University of Baltimore School of Medicine, 2Department of Stem Cell Biology and 
Regenerative Medicine, Keck School of Medicine of the University of Southern California, 3USC Norris Comprehensive 
Cancer Center, Keck School of Medicine of the University of Southern California 

 
Metastasis is the main cause of tumor-related mortality in breast cancer patients. Improving our 
understanding of the metastatic cascade is imperative to improve patient outcomes. Circulating tumor 
cells (CTCs) are critical players in the metastatic cascade. CTCs are shed from primary and metastatic 
tumors into the circulation, where a small subset of metastasis-initiating CTCs will go on to colonize distant 
tissues and form new metastases. The molecular mechanisms that promote survival through the harsh 
conditions of the circulatory system in this subset of CTCs are still not well characterized, although research 
indicates these cells have acquired adaptive properties induced by factors in the tumor microenvironment 
(TME), including hypoxia. However, previous hypoxia research has primarily focused on signaling changes 
that occur when cancer cells are in the hypoxic TME and does not account for long-term changes that may 
occur once cancer cells re-enter normoxia, such as when they metastasize. Our research in patient-derived 
CTC lines has indicated that certain transcriptional changes are maintained after cells leave hypoxia, and 
that these post-hypoxic cells maintain a higher metastatic potential compared to cells not exposed to 
hypoxia. Taking an un-biased approach to define changes in hypoxia-exposed breast cancer cells upon 
reoxygenation, we performed bulk RNA-Seq on a luminal breast cancer cell line, MCF7, and a basal breast 
cancer cell line, MDA-MB-231, in various oxygen conditions over time. We found that a subset of genes 
that were differentially expressed in hypoxic conditions were maintained as up- or down-regulated after 
ŎŜƭƭǎ ǿŜǊŜ ǊŜƻȄȅƎŜƴŀǘŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ŀ άƘȅǇƻȄƛŎ ƳŜƳƻǊȅέΦ /ǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ƛƴ ƻǳǊ ƭŀō ƛǎ ƻƴ-going to 
understand the epigenetic changes that may be responsible for this hypoxic memory, along with functional 
assays to understand the consequences of hypoxic memory in CTC biology and metastasis. Finally, we have 
designed a dual-reporter hypoxia-tracking system to validate our findings in vivo. This research will 
improve our understanding of the prolonged influence of hypoxia on metastatic potential of CTCs in breast 
cancer patients and has the potential to inform future therapeutic strategies.   
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Circulating tumor cells and rapid lung metastases in novel TNBC in vivo 
model. 
Lucia Kucerova1,2, Jana Plava2, Svetlana Miklikova2 
1Translational Research Unit of the NCI and the Faculty of Medicine, Comenius University, 2Cancer Research Institute, 
Biomedical Research Center SAS 

 
BACKGROUND: Metastatic dissemination remains the main reason for high cancer mortality of women 
diagnosed with breast cancer. Even though tumour cell dissemination via circulating tumour cells (CTC) 
which are released from the primary site is very ineffective process, distant metastases appear in 46% of 
triple-negative breast cancer (TNBC) patients corresponding to the disease aggressiveness. Laboratory 
models for functional testing which mimic the spread of metastatic cells are needed for efficient 
investigation of the underlying mechanisms and therapeutic intervention. 
 
METHODS: Human fluorescently labelled TNBC cell line MDA-MB-231 was used to inject 
immunocompromised mice. Tumour cells from lung metastases were isolated, propagated  and repeatedly 
injected intravenously. Subsequently, metastatic cells from lungs and circulating tumour cells were 
detected and analysed.  
 
RESULTS: Here, we describe novel isogenic variants LMC3 and CTC3 of TNBC model cell line MDA-MB-231. 
No significant changes were detected in proliferation, cytoskeletal organization or chemoresistance in 
newly derived cells. However, these variants have increased migration potential, altered expression 
profiles, and elevated tumorigenic potential. We observed upregulation of MMP9 and downregulation of 
CDH11, CST7, CXCR4 and TNFSF10 gene expression from in the Tumour Metastasis Gene Array.  We 
identified 5 upregulated genes - COL6A1, COL6A2, MMP9, SPARC, SSP - and 11 downregulated genes - 
ADAMTS1, COL12A1, COL15A1, COL8A1, ECM1, FN1, ICAM1, ITGB5, MMP11, THBS1 and THBS2 in Human 
Extracellular Matrix and Adhesion Molecules Array. Moreover, cell line CTC3 readily produces metastases 
in the lungs and bone marrow, as confirmed by histological examination, and detectable viable circulating 
tumour cells in the blood within 3-4 weeks post inoculation as confirmed by live-cell imaging.  
 
CONCLUSION: This model enables rapid in vivo screening of candidate strategies limiting CTC levels in the 
blood thus potentially decreasing metastatic dissemination. It may be exploited for mechanistical studies 
to unravel molecules and signalling pathways contributing to CTC presence in the blood and hence tumour 
dissemination. 
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Subpopulations of CTCs in metastatic breast cancer patients with different 
metastatic sites 
Evgeniya Grigoryeva1,2, Luibov' Tashireva2,3, Marina Zavyalova3, Nataliya Popova4, Vladimir 
Perelmuter3 
1The Laboratory of Molecular Therapy of Cancer, Cancer Research Institute, Tomsk National Research Medical Center, 
Russian Academy of Sciences, 2The Laboratory of Molecular Oncology and Immunology, Cancer Research Institute, 
Tomsk National Research Medical Center, Russian Academy of Sciences, 3The Department of General and Molecular 
Pathology, Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 4The 
Department of Chemotherapy, Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy 
of Sciences 

 
BACKGROUND: Circulating tumor cells (CTCs) represent a phenotypically heterogeneous population, with 
significantly higher numbers in patients with advanced breast cancer. The aim of the study was to evaluate 
the CTCs with stem and EMT features in metastatic breast cancer patients with metastasis to the bones, 
lungs and liver. 
 
METHODS: The prospective study included 39 breast cancer patients with stage T2-4N0-3M0-1, admitted 
for treatment to Cancer Research Institute, Tomsk NRMC. CTC phenotypes assessment was carried out by 
flow cytometry (Novocyte 3000, ACEA Biosciences, San Diego, CA, USA) using monoclonal antibody 
cocktail. 
 
RESULTS: The mean CTCs count in patients without metastases in the follow-up period was 19.92 (8.715-
35.4825) cells/ml. In breast cancer patients with metastases in different organs e content was as follows: 
33.615 (17.43-70.965) cells/ml in patients with combined bone and liver metastases, 19.505 (14.94-24.07) 
cells/ml in patients with lung metastases, and 134.46 (102.92-166) cells/ml in patients with bone 
metastases.  
In patients without metastases and with combined bone and liver metastases, most of the CTCs were 
represented by cells without features of stemness and EMT (CD44-CD24-N-cadherin-CD133-ALDH-). While, 
in patients with isolated metastases to the lungs and bones, the greatest number of CTCs did not have EMT 
features but were characterized by the presence of the stem features, CD44+CD24- and CD133+ positive 
expression, respectively. Comparison of the number of CTCs, taking into account the stem and EMT 
features between patients without metastases and with metastases revealed a number of differences. In 
patients with combined metastases to the bones and liver, the number of CTCs with EMT and various 
manifestations of stemness was increased (p<0,0001). Whereas, in patients with isolated bone metastases, 
the number of CTCs both with and without features of stemness and EMT was increased (p<0,0001). 
 
CONCLUSION: The number of CTCs and presence of stem and EMT features in breast cancer patients 
significantly varies depending on metastatic sites. Presumably, there are such effective pre-metastatic 
niches in some organs that colonizing CTCs do not need to have a pronounced metastatic potential to form 
metastasis.  
 
The study was supported by the Russian Science Foundation (grant #21-15-00140).  
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Circulating tumor cells and megakaryocytes in metastatic breast cancer 
Cvetka Grasic Kuhar1, Jernej Silvester2, Marina Mencinger1, Tanja Ovcaricek1, Maja Cemazar3,4, 
Simona Miceska5, Ziva Modic3, Masa Bosnjak3, Anamarija Kuhar5, Tanja Jesenko3, Veronika 
Prevodnik Kloboves5,6 
1Department of Medical Oncology, Institute of Oncology Ljubljana, 2Faculty of Medicine Ljubljana, University of 
Ljubljana, 3Department of Experimental Oncology, Institute of Oncology Ljubljana, 4Faculty of Health Sciences, 
University of Primorska, 5Department of Cytopathology, Institute of Oncology Ljubljana, 6Faculty of Medicine, 
University of Maribor 

 
BACKGROUND: Liquid biopsy is becoming an important source of novel prognostic biomarkers for different 
metastatic cancers, including metastatic breast cancer. Circulating tumor cells (CTCs), tumor cells which 
diverge from the primary tumor distant metastases and enter the circulation, can be found in the blood of 
20% of breast cancer patients. Therefore, the number of circulating tumor cells is an independent 
prognostic factor.  
 
METHODS: We performed a prospective non-interventional study in metastatic breast cancer to evaluate 
the presence of CTCs, CTC clusters and megakaryocytes. Fifty-nine breast cancer patients with different 
subtype were included; 64.4% belonged to luminal A/B-like, 20.3% were HER2-positive and 15.3% triple-
negative. Median age of patients was 60.4 years. CTCs were isolated using size-based microfluid technology 
tŀǊǎƻǊǘƛȄϯ ό!ƴƎƭŜΣ ¦YύΦ  
 
RESULTS: !ǘ ƭŜŀǎǘ ƻƴŜ /¢/ ǿŀǎ ǇǊŜǎŜƴǘ ƛƴ тфΦт҈Σ ŀƴŘ җр /¢/ǎ ƛƴ орΦн҈ ƻŦ ǇŀǘƛŜƴǘǎΦ /¢/ ŎƭǳǎǘŜǊǎ ǿŜǊŜ 
ǇǊŜǎŜƴǘ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ җр /¢/ǎ ƻƴƭȅ όƛƴ мфΦн҈ ƻŦ ǘƘŜƳύΣ ŀƴŘ ƳŜƎŀƪŀǊȅƻŎȅǘŜǎ ƛƴ рн҈ ƻŦ ŀƭƭ ǇŀǘƛŜƴǘǎΦ ¢ƘŜ 
presence of CTC clusters and megakaryocytes was positively associated with CTC count. Megakaryocytes 
in the peripheral blood of cancer patients is an unusual finding.  
 
CONCLUSIONS: We observed that patients with a high number of circulating tumor cells more often had 
clusters and megakaryocytes. This observation was independent from the breast cancer subtype.  
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Epithelial-like features of CD45-EpCam- circulating cells in healthy donors 
and breast cancer patients 
Liubov Tashireva, Evgeniya Grigoryeva, Vladimir Alifanov, Elena Andryuhova, Olga Bragina, 
Nadezhda Cherdyntseva, Vladimir Perelmuter 
Cancer Research Institute, Tomsk National Research Medical Center 

 
BACKGROUND: Patients with epithelial cancers often have epithelial cells in their blood that also express 
keratins, E-cadherin or/and EpCAM. Liquid biopsies are a non-invasive way to detect and monitor these 
epithelial cells in blood and used as biomarkers for cancer prognosis and to individualize treatment. But it 
is known epithelial cells can be detected in blood of healthy donors. At this moment there are no clear 
data on the composition of epithelial cells in the blood of healthy donors and breast cancer patients. 
Methods. The prospective study included 15 breast cancer patients with stage T2-4N0-3M0-1, admitted 
for treatment to Cancer Research Institute, Tomsk NRMC and 8 healthy donors. Circulating epithelial cells 
phenotypes assessment was carried out by flow cytometry (Novocyte 3000, ACEA Biosciences, San Diego, 
CA, USA) using anti-CD45, EpCAM, Cytokeratin 7/8, pan-Cytokeratin, E-cadherin and Mucin-1 antibody. 
 
RESULTS: The CD45-EpCAM+ circulating cells count in the peripheral blood of healthy donors was 5.85 
(3.80-6.24) cells/ml, while in breast cancer patients the number was significantly higher (16.38 (11.31-
81.90) cells/ml (p=0.002)). Taking into account the existence of EpCAM-negative tumor cells (Miki Y. et al., 
2021; Mikolajczyk S. et al., 2011), we evaluated the presence of such epithelial markers as Cytokeratin 7/8, 
pan-Cytokeratin, E-cadherin and Mucin-1 in CD45-EpCAM- cells. The frequencies of all possible phenotypes 
of CD45-EpCAM- cells taking into account four additional epithelial markers in donors and breast cancer 
patients did not differ. At the same time, there was a difference in the number of cells with positive E-
cadherin expression at the tendence level. The number of panCK-CK7/8-E-cadherin+Mucin-1+ and panCK-
CK7/8-E-cadherin+Mucin-1- was higher in donors, namely, 36.25 (16.46-112.60) cells/ml and 223.30 
(119.25-391.40) cells/ml (p=0.057). While in breast cancer patients the number was 4.30 (0.80-23.40) 
cells/ml and 79.60 (15.20-164.60) cells/ml (p=0.065). 
 
CONCLUSION: The knowledge of which epithelial cells are present in the blood of healthy donors and 
breast cancer patients will allow the identification of pathogenic epithelial markers. By excluding possible 
interference from epithelial cells present in the normal state, this will increase the value of measuring 
circulating tumor cells in cancer patients. The study was supported by the Russian Science Foundation 
(grant # 23-15-00135). 
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Circulating tumor cells in melanoma: a potential biomarker in early stages? 
Melanie Rammer1,2, Judith Arvanitakis1Σ [ŜƻƴƘŀǊŘ {ǘǀŎƪƭ1, Helmut Kehrer1, Eva Mittermayr1, Lisa 
Lugmayr1, Katharina Priglinger1, Victoria Pernsteiner1Σ aŜǘǘŜ qǊǎƪƻǾ !ƎŜǊōŋƪ3,4, Ali Salanti3,4, 
Gerald Webersinke2, Norbert Sepp1 
1Department of Dermatology, Ordensklinikum Linz Elisabethinen, 2Laboratory for Molecular Genetic Diagnostic, 
Ordensklinikum Linz Barmherzige Schwestern, 3Department of Immunology and Microbiology, University of 
Copenhagen, 4VarCT Diagnostics 

 
BACKGROUND: Melanoma represents one of the most malignant forms of skin cancer. Early diagnosis has 
proven critical to reduce risk of metastasis. Additionally, there is a need to further stratify patients at higher 
risk also in early stages, as progression occurs in 10% of patients with local disease at initial diagnosis. As 
an additional biomarker, liquid biopsy emerged as minimally invasive approach to depict metastatic 
potential as well as tumor heterogeneity. While more insight was gained on circulating tumor DNA (ctDNA), 
the role of circulating tumor cells (CTCs) still remains to be enlightened, especially regarding early stage 
melanoma. 
 
METHODS: Patients receiving medical care at time of initial diagnosis were prospectively enrolled to the 
study from 2020 to 2023. For bead-based enrichment of CTCs from blood samples, a recombinant malaria 
protein (rVAR2), targeting oncofetal chondroitin sulfate expressed on the surface of tumor cells, was 
utilized. In order to account for the heterogeneity in melanoma, we chose an enhanced staining cocktail 
for fluorescent CTC detection, including tumor initiating cell markers in addition to established melanoma 
markers. Relapse-free survival was compared between patients with one or more CTCs at initial diagnosis 
versus those without detected CTCs. Likelihood ratio test and cox regression analysis were applied to 
establish associations. 
 
RESULTS: In 26 out of 145 (18%) patients (AJCC I-IV) CTCs were detected at time of initial diagnosis. 
Regarding the cohort of patients with AJCC stage I-II and at least 3 months of follow-up (mean 13 months, 
range 3-31), CTCs were observed in 21 out of 93 (23%) samples. CTC detection was significantly associated 
with unfavorable clinical outcome (likelihood ratio test p<0.05). 
 
CONCLUSIONS: Detection of CTCs in blood at initial diagnosis of melanoma patients with localized disease 
seems to be associated with unfavorable clinical outcome. This will be interesting to compare with ctDNA 
data, as well as to validate over an increased time of follow-up. It would underline the role of early tumor 
cell dissemination for metastatic manifestation. CTC assessment may represent a valuable additional 
biomarker to facilitate risk stratification of early stage melanoma patients to improve personalized 
treatment approaches.  
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Evaluation of MCT1 on circulating tumor cells in patients with non-small 
sell lung cancer 
Karolina Mangani1, Evangelia Pantazaka1, Athina Markou2, Athina Christopoulou3, Athanasios 
Kotsakis4, Vassilis Georgoulias5, Galatea Kallergi1 
1Laboratory of Biochemistry and Metastatic Signaling, Division of Genetics, Cell and Developmental Biology, 
Department of Biology, University of Patras, Patras, Greece, 2Analysis of Circulating Tumour Cells Lab, Laboratory of 
Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, Athens, Greece, 
3Oncology Unit, ST Andrews General Hospital of Patras, Patras, Greece, 4Department of Medical Oncology, University 
General Hospital of Larissa, Larissa, Greece, 5Hellenic Oncology Research Group (HORG), Athens, Greece 

 
BACKGROUND: Non-small cell lung cancer (NSCLC) is the most common subtype of lung cancer, accounting 
for approximately 85% of lung cancer cases. NSCLC, when diagnosed at advanced stages, is characterized 
by poor prognosis and survival. Monocarboxylate transporters 1 and 4 (MCT1 and MCT4) play a crucial role 
in cellular metabolism, as they are responsible for the transportation of lactate and other monocarboxylic 
acids across the plasma membrane. This function is very important in tumor cells, as it can further regulate 
cell survival and proliferation, particularly under hypoxic conditions. We have previously demonstrated 
that MCT4 is overexpressed in circulating tumor cells (CTCs) isolated from NSCLC patients, suggestive of a 
potential role in metastasis. In order to elucidate the relationship between CTCs and the metabolic aspect 
of cancer, we aimed to investigate the expression of MCT1 in CTCs derived from NSCLC patients and its 
potential association with clinical outcome. 
 
METHODS: Fifty-three NSCLC patients at baseline were enrolled in the current study. CTCs were isolated 
using the ISET system and triple immunofluorescence experiments were performed, using CK, MCT1 and 
CD45 antibodies. MCT1 expression in CTCs was assessed by confocal laser scanning microscopy and 
statistical analysis was performed using SPSS software. 
 
RESULTS: CTCs were detected in 27 out of 53 (51%) NSCLC patients. CK expression was characterised as 
high or low, with the most frequent phenotype among CK positive patients being the 
CKHIGH/MCT1+/CD45- (85%). The phenotypes CKLOW/MCT1+/CD45- and CKLOW/MCT1-/CD45- had a 
percentage of 30% and 19%, respectively, while CKHIGH/MCT1-/CD45- showed the lowest percentage 
(7%). Most of the isolated CTCs had the CKHIGH/MCT1+/CD45- phenotype with a mean percentage of 70%, 
while only a small number of CTCs per patient were CKHIGH/MCT1-/CD45- (5%). Survival analysis revealed 
that the CKLOW/MCT1-/CD45- phenotype was related to poorer one-year overall survival (OS12m, Kaplan-
Meier analysis: log-rank, p<0.001; Cox regression: p=0.01, HR=3.698) and OS (Kaplan-Meier analysis: log-
rank, p=0.029). 
 
CONCLUSIONS: a/¢м ǿŀǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ b{/[/ ǇŀǘƛŜƴǘǎΩ /¢/ǎ ŀǘ ōŀǎŜƭƛƴŜ ŀƴŘ Ƴŀȅ 
constitute an interesting biomarker, relevant to cancer progression. However, further analysis in a larger 
cohort of patients is required to clarify its potential significance in clinical practice.  

 
  



 

Poster Session 1: Basic research in liquid biopsies |  September 20th, 2023, 16:00 - 17:00  

PP014 
 
Detection of Delta-Like protein 3 in circulating tumor cells from small cell 
lung cancer patients 
Zoltan Simandi, Thai Bui, Steven Hepburn, Richard Del Mastro 
Menarini Silicon Biosystems Inc. 

 
BACKGROUND: Delta-like protein 3 (DLL3) is a propitious therapeutic target for small cell lung cancer 
(SCLC), with several DLL3-targeted therapies currently in clinical trials. However, monitoring DLL3 
expression and the efficiency of the drug-treatment in SCLC patients during therapy is challenging. 
Detection of DLL3 in circulating tumor cells (CTCs) from liquid biopsy represents a potentially minimally-
invasive approach for monitoring disease progression and response to therapy.  
 
METHODS: ! ŎǳǎǘƻƳƛȊŜŘ /9[[{9!w/Iϯ /·/ ŀǎǎŀȅ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǘƘŀǘ Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘŜǘŜŎǘ 
DLL3 in CTCs from SCLC patients' blood that has been preserved in the CellSaveϰ blood collection tube for 
up to 96 hours and ǇǊƻŎŜǎǎŜŘ ƻƴ ǘƘŜ /9[[{9!w/Iϯ ǇƭŀǘŦƻǊƳΦ ¢ƘŜ ŀǎǎŀȅ ƛƴǾƻƭǾŜǎ ǘƘŜ ǳǎŜ ƻŦ ƳŀƎƴŜǘƛŎ 
nanoparticles coated with antibodies specific to the epithelial cell adhesion molecule (EpCAM) to capture 
the EpCAM+ CTCs. After capture, the cells are stained with fluorescently labeled anti-cytokeratin, DAPI, 
anti-CD45, and anti-DLL3.  
 
RESULTS: The results demonstrate high sensitivity, selectivity, and specificity of the assay using negative 
and positive control lung cancer cells spiked into blood collected from healthy donors. Moreover, the assay 
successfully detects DLL3 in CTCs from SCLC patients. 
 
CONCLUSIONS: The assay has potential clinical utility for detecting DLL3 in CTCs and monitoring the 
patient's response to therapy in clinical trials. This approach represents a promising pathway for advancing 
the prognosis and treatment of patients with SCLC. 
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Circulating tumor cells in head and neck squamous cell carcinoma have 
different properties depending on the expression of targeted epithelial-
related markers 
Kazuaki Chikamatsu, Shota Ida, Yuichi Tomidokoro, Masaomi Motegi 
Department of Otolaryngology-Head and Neck Surgery, Gunma University Graduate School of Medicine 

 
BACKGROUND: The most widely used method for circulating tumor cell (CTC) detection is immunoaffinity-
based detection, which relies on targeted epithelial-related markers. However, it may cause the loss of 
some CTCs due to the heterogeneity of targeted antigens on CTCs. In this study, we compared molecular 
characteristics of CTCs distinguished by the expression of targeted epithelial-related markers.  
 
METHODS: CTCs isolated by density gradient separation and CD45-negative selection methods were 
confirmed for the expression of three epithelial-related markers (EPCAM, EGFR, and MET) by RT-PCR. The 
CTC-positive samples were then analyzed for the expression of 7 epithelial-mesenchymal transition-related 
(VIM, CDH1, CDH2, SNAI1, ZEB1, ZEB2, and TWIST1) and 2 immunoregulatory (CD274 and PDCD1LG) genes. 
Furthermore, we investigated the relationship between the presence or absence of each targeted antigen 
expression on CTCs and clinical factors. 
 
RESULTS: Forty-eight of the 78 patients with head and neck squamous cell carcinoma who were positive 
for at least one epithelial-related markers were enrolled as CTC-positive patients in this study. Of 48 
patients, 38 (79.2%), 17 (35.4%), and 27 (56.3%) were positive for EPCAM, EGFR, and MET, respectively. 
Patients with EPCAM+ CTCs had significantly advanced stage compared to those with EPCAM- CTCs 
(p=0.010). CTCs expressing each epithelial-related marker exhibited different molecular profiling from CTCs 
not expressing each epithelial-related marker. Notably, EGFR+ CTCs revealed significantly lower expression 
of VIM, CDH2, and ZEB1 genes and higher expression of CDH1 gene than EGFR-CTCs. Moreover, patients 
with EGFR+ CTCs showed poorer progression-free survival (p=0.0182) compared to those with EGFR- CTCs. 
 
CONCLUSIONS: Taken together, our results indicated that biological properties of CTCs are different 
depending on targeted epithelial-related molecules used for CTCs isolation. For truly implementation of 
CTCs in liquid biopsy, further understanding of CTC-based technologies and the heterogeneity of CTCs is 
essential.   



 

Poster Session 1: Basic research in liquid biopsies |  September 20th, 2023, 16:00 - 17:00  

PP016 
 
Assessment of Prostate Specific Membrane Antigen (PSMA) expression in 
ƳŜǘŀǎǘŀǘƛŎ /ŀǎǘǊŀǘƛƻƴ bŀƠǾŜ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ όmCNPC) patients 
Eshwari Dathathri1, Khrystany Isebia2, Frank Coumans1, Fikri Abali1, Ruchi Bansal1, Leon 
Terstappen1,3, Paul Hamberg4, Ronald de Wit2, Jaco Kraan2, Martijn Lolkema2,5, Afroditi Nanou1, 
John Martens2 
1Department of Medical Cell Biophysics, Faculty of Science and Technology, University of Twente, 2Department of 
Medical Oncology, Erasmus MC Cancer Institute, University Medical Center, 3Department of General, Visceral and 
Pediatric Surgery, Heinrich-IŜƛƴŜ ¦ƴƛǾŜǊǎƛǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ 5ǸǎǎŜƭŘƻǊŦΣ 4Department of Oncology, Franciscus 

Gasthuis & Vlietland hospital, 5Amgen Inc.  

 
INTRODUCTION: PSMA expression on cancer cells is essential for PSMA-targeted applications to be 
effective. This study investigates PSMA expression on individual circulating tumor cells (CTCs) and tumor-
derived extracellular vesicles (tdEVs) derived from peripheral blood (PB) of mCNPC patients to determine 
inter- and intra-patient heterogeneity in PSMA expression and identify relation to treatment response 
assessed through a change in CTC counts.  
 
METHODS: PSMA expression was determined using CellSearch on CTCs and tdEVs derived from 7.5 mL PB 
of 117 mCNPC patients. CTCs were immunomagnetically enriched targeting EpCAM and stained with CK-
PE, PSMA-AF488, CD45-APC, and DNA-DAPI. The samples were scanned using CellTracks Analyzer II and 
ƛƳŀƎŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǳǎƛƴƎ ǘƘŜ άCǳƭƭ 5ŜǘŜŎǘƛƻƴέ ǇǊƻŎŜǎǎƻǊ ƛƴ ǘƘŜ ƻǇŜƴ-source Automated CTC 
Classification Enumeration and PhenoTyping (ACCEPT) software. Gates were set to identify CTCs and tdEVs 
that are CK+/PSMA+, CK+/PSMA-, and CK-/PSMA+. In 49 of 117 patients, CTCs were determined six months 
after androgen deprivation therapy(ADT) initiation.  
 
RESULTS: We analyzed CTC and tdEV counts and their CK and/or PSMA expression from 117 CNPC patients. 
CTC counts ranged from 0-1174 (median 12) with 41% of patients with <10 CTCs and 4% with 0 CTCs. tdEV 
counts ranged from 7-3759 (median 100) and were 0.5 to 125 (median 7.88) fold higher than CTC counts. 
The percentage of CK+/PSMA+, CK+/PSMA- and CK-/PSMA+ ranged from 0-100% (median 25), 0-100% 
(median 20), 0-100% (median 25) in CTCs and 0-25% (median 2.38), 0-97% (median 17.65), 2-100% (median 
79) in tdEVs, respectively. A significant correlation in the percentage of PSMA positivity between CTCs and 
ǘŘ9±ǎ ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻ Ґ лΦспΣ ǇғлΦллмύ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘŘ9±ǎ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ t{a! ŜȄǇǊŜǎǎƛƻƴ ƛƴ 
patients with low CTCs. In 78% of patients, a complete CTC response was observed (0 CTC) post-therapy, 
16% showed partial CTC response (1-5 CTCs), and 6% showed low or no response (>5 CTCs). CTC treatment 
response did not relate to PSMA expression. 
 
CONCLUSIONS: PSMA positivity in patients was observed for CTCs and tdEVs irrespective of CK positivity 
(CK+/-). A large intra and inter-heterogeneity of PSMA expression was observed, and PSMA expression 
showed no relation to CTC treatment response.  
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CXCR4, JUNB, and PD-L1 expression in circulating tumor cells (CTCs) 
isolated from prostate cancer patients 
Argyro Roumeliotou1, Areti Strati2, Foteini Chamchougia1, Anastasia Xagara3, Athina 
Christopoulou4, Emmanouil Kontopodis5, Ioannis Drossitis5, Nikolaos Androulakis5, Filippos 
Koinis3, Athanasios Kotsakis6, Evi Lianidou2, Galatea Kallergi1 
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Kapodistrian University of Athens, Athens, Greece, 3Faculty of Medicine, School of Health Sciences, University of 
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BACKGROUND: Several studies have shown that CXCR4 and JUNB are implicated in cancer cell migration, 
invasion, and metastasis. The PD-1/PD-L1 axis protects cancer cells from the attack of the immune system. 
High expression of CXCR4, JUNB and PD-L1 in CTCs derived from breast and lung cancer patients indicates 
worse prognosis. In the current study, we investigated, in RNA and protein levels, the CXCR4, JUNB, and 
PD-L1 status in CTCs isolated from metastatic prostate cancer patients. 
 
METHODS: Forty-seven patients with metastatic prostate cancer were enrolled in this study. CTCs isolation 
was performed using Ficoll density gradient. Two triple immunofluorescence stainings were performed for 
the identification of (CK)/PD-L1/CD45, and CK/CXCR4/JUNB phenotypes, using VyCAP microscopy. In 25/47 
patients we further performed  RNA analysis using RT-qPCR for CK19, JUNB, CXCR4, PD-L1, and B2M 
(reference gene) gene expression. CK19, PD-L1, and B2M mRNA expression was based on previously 
developed and validated RT-qPCR assays while novel RT-qPCR assays were developed and validated in 
terms of analytical sensitivity and specificity for CXCR4 and JUNB mRNA transcripts. 
 
RESULTS: Seventeen out of 47 patients (36%) were positive for CTCs in CK/PD-L1/CD45 staining and 18 out 
of 47 (38%) in CK/CXCR4/JUNB staining. The most common phenotype was the (CK+/PD-L1+/CD45-): 11 
out of 17 patients (65%). Furthermore, the most frequent phenotype regarding the CK/CXCR4/JUNB 
staining was the (CK+/CXCR4+/JUNB+): 12 out of 18 patients  (67%), while the less frequent phenotype was 
the (CK+/CXCR4-/JUNB+): 3 out of 18 (17%). The (CK+/CXCR4+/JUNB-) phenotype was correlated to worse 
progression-free survival (Cox regression: p=0.038). Molecular analysis revealed that 4/25 (16.0%) samples 
were positive for CK-19, 7/25 (28.0%) were positive for JUNB, 11/25 (44.0%) were positive for CXCR4 and 
12/25 (48.0%) were positive for PD-L1. In the majority (3/4, 75%) of CK19 positive samples at least one of 
JUNB, CXCR4, or PD-L1 was also expressed. 
 
CONCLUSION: CXCR4, JUNB, and PD-L1 were overexpressed in CTCs from patients with metastatic prostate 
ŎŀƴŎŜǊΦ /·/wп ŜȄǇǊŜǎǎƛƻƴ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ ǇŀǘƛŜƴǘǎΩ ƻǳǘŎƻƳŜΦ CǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ǿƛƭƭ ŎƭŀǊƛŦȅ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǊƻƭŜ 
of these biomarkers in prostate cancer progression and metastasis. 
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New single cell characterization of CTCs and THCs isolated in patients with 
CU  
Carolina Rubio1,2,3, Jose Carlos Casalvilla-5ǳŜƷŀǎ4, Ignacio A. Reina1,2,3, Iris Lodewijk1,2,3, Esther 
Montesinos1, Omaira Alberquilla1, Rebeca Sanchez-5ƻƳƝƴƎǳŜȊ1, aŀǊǘŀ wƻŘǊƝƎǳŜȊ-Izquierdo2, 
/ŀǊƳŜƴ DƽƳŜȊ2Σ CŞƭƛȄ DǳŜǊǊŜǊƻ2, Daniel Castellano2,3Σ 9ŘǳŀǊŘƻ [ƽǇŜȊ-Collazo4, Jesus Paramio1,2,3, 
aŀǊǘŀ 5ǳŜƷŀǎ1,2,3 
1Center for Energy, Environmental and Technological Research (CIEMAT), 2University Hospital 12 de Octubre, 3Network 
Biomedical Research Center Consortium (CIBER), 4Research Institute of the Hospital de la Paz (IdiPaz) 

 
BACKGROUND: Urothelial cancer (UC) is one of the most frequent tumors worldwide. This oncological 
disease requires extensive follow-up times as more than 70% of the initially treated cases recur and about 
50% of these cases progress into advanced disease. Metastatic disease lowers the survival rate close to 6% 
and is the major cause of UC-related deaths. The presence of circulating tumor cells (CTCs) provides 
alternative mechanisms to better understand the metastatic process. In this context, the presence of CTCs 
and/or tumor hybrid cells (THCs) in blood has been correlated with worse prognosis for survival and 
resistance to conventional therapies. The existence of CTCs that, additional to being positive for EpCAM or 
CK, co-express CD45 and/or myeloid markers has been reported in various scientific journals. We are 
ŎǳǊǊŜƴǘƭȅ ŜǾŀƭǳŀǘŜŘ /¢/ǎ ŀƴŘ ¢I/ǎ ǇǊŜǎŜƴŎŜǎ ƛƴ ¦/ ǇŀǘƛŜƴǘǎΩ ōƭƻƻŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜƛǊ ŎƻǊǊŜƭŀǘƛƻƴ ǘƻ ŘƛǎŜŀǎŜ 
prognosis. 
 
METHODS: We have generated THCs in vitro by co-culturing UC cell lines with human macrophages and 
evaluated molecular features such as cytokine production by flow cytometer and molecular markers by 
RT-qPCR. We are currently carrying out cytomic analysis of PBMCs with Spectral Flow Cytometry and 
multiplex cytokine assay (Legenplex) from immunotherapy treated patients with a longitudinal 
experimental design.  
  
RESULTS: Within the evaluation on UC THCs we have found that this cells are enriched for stemness 
markers such as NANOG, and SOX2 as well as for miR302. We also observed an increased expression of 
PDL1. In order to find out if this cells correlates with clinical parameters and to evaluate the changes in the 
immune landscape of patients treated with immunecheckpoint inhibitors. We have evaluated 20 blood 
samples from 6 UC patients diagnosed with a high risk to recurrence and progression according to the 
international guidelines. Samples were collected and analysed previous to each treatment and compared 
to baseline and regarding their response to treatment.  
 
CONCLUSIONS: Liquid biopsy have proven to be the best way to obtain a general picture of tumor 
behaviour and we have seen that combining soluble biomarkers to CTCs and THCs could be a better way 
to obtain more clinically relevant information.   
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Liquid Biopsy by means of gene-gene fusions as biomarkers for early 
diagnosis of Glioblastoma Multiforme 
Olawumi Giwa, Gidi Baum, Milana Frenkel-Morgenstern 
1Cancer Genomics and Biocomputing of complex diseases, Azrieli Faculty of Medicine,Bar-Ilan University 

 
INTRODUCTION: Fusions or chimeric transcripts are a result of the slippage of exons or introns from two 
different genes. These fusions can be generated by mechanisms such as cis-splicing, trans-splicing, and 
chromosomal aberrations. Over the years, the fusions were discovered to be biomarkers and therapeutic 
targets in cancers. Thus, identifying and validating fusion transcripts from cancers may aid in Precision 
Medicine. Liquid biopsy is a non-invasive diagnostic technique that uses circulating cell-free DNA (cfDNA) 
with an exciting potential for real-time molecular profiling of patients. This approach includes the analysis 
of circulating nucleic acids that are shed from primary tumors and their metastatic sites into the peripheral 
blood. 
 
MATERIALS AND METHODS: In this study, we intend to validate special fusions in glioblastoma using 
several different methods such as targeted deep sequencing using hybridization panels, Polymerase Chain 
Reaction (PCR) assays, and Sanger sequencing of PCR product/s from the cfDNA. It will help us to 
understand the sensitivity and specificity of the targeted sequencing method for fusion detection and 
biomarkers potential for glioblastoma diagnostics. Furthermore, we will use the liquid biopsy technique to 
follow patients' response to therapy by measuring cfDNA levels at different time points, as well as 
investigate the effect of therapeutic intervention and changes in the cfDNA levels in the cancer cell line 
medium.  
 
RESULT AND DISCUSSION: We developed a computational method for detecting unique human chimeras 
called Chimeric Transcripts in High-throughput sequencing data (ChiTaH). This was validated further using 
molecular biology techniques such as PCR and Sanger sequencing. We also performed a correlation 
analysis between cfDNA concentration and MRI parameters in glioblastoma tumor progression to follow 
ǇŀǘƛŜƴǘǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜǊŀǇȅΦ !ŦǘŜǊ ǾŀƭƛŘŀǘƛƴƎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘǿƻ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŎƘƛƳŜǊƛŎ ƎŜƴŜǎ ƛƴ ŀ 
glioblastoma cell line using PCR and Sanger sequencing, our recent findings demonstrated the 
effectiveness of the ChiTaH in novel fusions identification. We also discovered a low negative correlation 
between cfDNA concentration and MRI parameters that will be further investigated. 
Conclusion: Validated fusions can be used for novel drug targets and Precision Medicine for cancer patients 
ŀǎ ŘǊǳƎ ǘŀǊƎŜǘǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǎǳǊǾƛǾŀƭ ƻǳǘŎƻƳŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ 
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The metabolic cargo of extracellular vesicles informs about glioblastoma 
multiforme immunomodulation 
Vivi Bafiti1, Minos-Timotheos Matsoukas2, Sotiris Ouzounis1, Vasiliki Zolota3, Dimitrios 
Kardamakis4, Theodora Katsila1 
1Institute of Chemical Biology, National Hellenic Research Foundation, 2Department of Biomedical Engineering, 
University of West Attica, 3Department of Pathology, School of Medicine, University of Patras, 4Department of 
Radiation Oncology, University of Patras Medical School 

 
BACKGROUND: The aberrant activation of the CARD11-BCL10-MALT1 (CBM) signalosome complex has 
been associated with NF-kB signaling-dependent neoplasms, such as glioblastoma multiforme (GBM) and 
MALT-dependent immunodeficiencies. Herein, we mine the chemical space for MALT1 allosteric inhibitors 
as the MALT1-dependent cleavage of HOIL1 modulates canonical NF-kB signaling, while the protease 
activity of MALT1 itself also controls NF-kB signaling. Extracellular vesicles (EVs) play a key role in GBM 
immunomodulation. We aim to decipher GBM bioenergetics via metabolomics of EVs after disrupting the 
CARD11-BCL10-MALT1 signalosome complex through MALT1 allosteric inhibitors. 
 
METHODS: To identify MALT1 allosteric inhibitors, we employed a modular strategy; a. pharmacophore-
based virtual screening, b. molecular docking-based virtual screening, both on a commercially available 
database of 7 million compounds and c. drug repurposing on existing approved and investigational drugs. 
Upon data filtering, data analysis was performed with Datawarrior v.5.2.1 with clustering and similarity on 
the basis of the FragFP descriptor. Blood-brain barrier permeability was predicted by LightBBB. Datasets 
were enriched by drug repurposing data coming from DrugBank (~8.5k drugs).  EVs were isolated from a 
panel of established and characterized GBM cell lines derived from GBM patient surgical samples: U3005, 
U3024, and U3028, cultured in 3D spheroids, upon treatment with candidate allosteric inhibitors. An in-
house fully automated framework was employed for the segmentation and quantification of EVs in 
fluorescence microscopy images. In addition, a mass spectrometry-based untargeted metabolomic 
analysis on GBM-derived EVs was performed.  
 
RESULTS: Virtual screening results were filtered based on scoring, blood-brain barrier permeability, and 
chemical diversity. Out of the final 13,178 candidate allosteric inhibitors, 55 chemical entities survived all 
strict criteria, while 48 of them were selected for screening. Bioenergetic profiling suggests a key role in 
immunomodulation for amino acid metabolism, lipid metabolism, TCA cycle, and energy metabolism as 
well as redox homeostasis. 
 
CONCLUSIONS: GBM immunotherapy is challenged by tumor heterogeneity, limited immunogenicity, and 
its immunosuppressive microenvironment. MALT1 allosteric inhibition serves a dual complementary role 
to treatment strategies while tumor-derived profiling of EVs holds great promise as a versatile source of 
companion biomarkers. 
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Tumor-indicative potential of exosomal surface proteins for liquid-biopsy 
diagnostics of oral squamous cell carcinoma  
Ute Warnecke-Eberz1, Max Cronauer1, Matthias Zirk2, Johannes Buller2, Birgit Gathof3, Christiane 
J Bruns1, Max-Philipp Lentzen2 
1General, Visceral, Tumor and Transplantation Surgery, University Hospital of Cologne, 2Oral, Craniomaxillofacial and 
Plastic Surgery, University Hospital of Cologne, 3Transfusion Medicine, University Hospital of Cologne 

 
BACKGROUND: The incidence of oral squamous cell carcinoma (OSCC) increases, especially in younger 
patients. Procaryotic and eucaryotic living cells secrete extracellular vesicles (EVs) as part of cell-to-cell 
communication crossing the border of kingdoms. Exosomes, a distinct type of EVs, are taken up from 
circulation by recipient cells. Tumor-derived exosomes may modulate and transform cells of the tumor 
microenvironment. Since earlier detection of tumor cells is essential for prognosis, we aim to exploit 
exosomal surface proteins as tumor-indicative markers for liquid biopsy diagnostics. 
 
METHODS: We examined exosomal protein characterization techniques: Time-resolved 
immunofluorescence (TRIFIC) applying Nanotracking analysis (NTA) for quality control of EV isolations, and 
ExoView arrays (Nanoview, GB) visualizing single serum-exosomes without prior isolation.  
 
RESULTS: Serum-exosomes of OSCC patients compared to gender and age-matched healthy blood donors 
were analyzed for tumor-indicating markers on their surfaces. Higher concentrations of antibody-captured 
exosomes as well as increased total particle counts in tumor pŀǘƛŜƴǘǎΨ ǎŜǊŀΣ ŀƴŘ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ 
exosomal CD9 have been observed comparing patients to healthy blood donors. Exosomes have been 
captured by tetraspanines CD9, CD63, CD81, and tumor-associated proteins Survivin and Caveolin-1 for 
characterization on ExoView arrays. EMMPRIN, EpCAM, Survivin, Caveolin-1 were localized on exosomal 
surfaces without significant difference between tumor and healthy.  
 
Claudin-4 has been identified as a tumor-indicative exosomal surface marker candidate. Co-localization of 
Claudin-4 with CD9 and Survivin on exosomal surfaces of single exosomes has been visualized by ExoView 
arrays. 
 
CONCLUSIONS: Capture of exosomes via the identified surface protein Claudin-4 may allow the 
discrimination of tumor-derived exosomes from the heterogeneous pool of serum-exosomes of different 
origins in tumor patients. This will simplify the identification of tumor-associated surface proteins in 
process of designing a liquid biopsy-based tumor-indictive signature.   
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Baseline low extracellular vesicle miRNA-30c and presence of autophagic 
CTCs predict chemoradiotherapy resistance and poor outcomes in patients 
with locally advanced non-small cell lung cancer 
Diego de Miguel Perez1, Francisco Gabriel Ortega2, Rosario Guerrero Tejada4, Christine B Peterson5, 
Alessandro Russo6, Andres F Cardona7, Jose Antonio Lorente2,3, WƻǎŜ 9ȄǇƽǎƛǘƻ IŜǊƴłƴŘŜȊ4, Maria Jose 
Serrano2,8, Christian Rolfo1 
1Center for Thoracic Oncology, Tisch Cancer Institute, Icahn School Of Medicine At Mount Sinai, 2Liquid biopsy and Cancer Interception 
group, GENYO, Centre for Genomics and Oncological Research, Pfizer/University of Granada/Andalusian Regional Government, 
3Laboratory of Genetic Identification, Legal Medicine and Toxicology Department, Faculty of Medicine, University of Granada, 
4Radiation Oncology Department, Virgen de las Nieves University Hospital, Ibs Granada., 5Biostatistics, The University of Texas MD 
Anderson Cancer Center., 6Medical Oncology Unit, A.O. Papardo & Department of Human Pathology, University of Messina., 7Luis 
Carlos Sarmiento Angulo Cancer Treatment and Research Center (CTIC) / Foundation for Clinical and Applied Cancer Research 
(FICMAC) / Molecular Oncology and Biology Systems Research Group (Fox-G), Universidad El Bosque., 8Integral Oncology Division, 
Virgen de las Nieves University Hospital. 

 
BACKGROUND: Concomitant chemotherapy and radiotherapy is the standard treatment for patients with 
unresectable locally advanced non-small cell lung carcinoma (LA-NSCLC), however, resistance is developed 
early and outcomes are poor due to the lack of predictive biomarkers. Autophagy up-regulation has been 
proposed as a mechanism of resistance to chemoradiation and liquid biopsy has emerged as a minimally 
invasive source of biomarkers such as circulating tumor cells (CTCs) and extracellular vesicles (EVs) which 
have a promising potential to reveal the tumor status over time. Here, we aim to investigate the role of 
autophagic CTCs and EV miRNAs as biomarkers for autophagy activation and development of 
chemoradiation resistance in advanced NSCLC patients. 
 
METHODS: Prospective blood samples from 38 LA-NSCLC patients were collected before, during and after 
chemoradiotherapy (Figure 1A). CTCs were immunomagnetically isolated and the autophagic marker LC3B 
was analyzed. EVs were isolated by ultracentrifugation and specific EV-miRNAs were evaluated. 
Autophagy, viability, and miR-30c levels were analyzed in chemoradiation in vitro. 
 
RESULTS: Low pretreatment levels of EV-miR-375, miR-200c, miR-30c identified non-responders with an 
area under the curve of 86% (Figure 1B). Decrease of these EV miRNAs levels were associated with an 
increase of autophagic CTCs during treatment (p<0.05). Low EV miR-30c and presence of autophagic-CTCs 
were also independent predictive biomarkers for shorter relapse-free survival and overall survival (Figure 
1C). Then, in vitro experiments revealed that chemoradiation activated autophagy and decreased levels of 
miR-30c. When miR-30c mimics were added, treatment-induced autophagy was inhibited and cellular 
viability was decreased, while the opposite process was observed when adding the miR-30c inhibitor 
(Figure 1D). Moreover, when miR-30c was packaged and added to these cells undergoing chemo or 
radiotherapy, autophagy was drastically reduced in comparison to controls (Figure 1E).  
 
CONCLUSIONS: These results demonstrated that EV-miRNAs, in particular miR-30c, were involved in 
autophagy modulation as a mechanism of resistance to chemoradiotherapy manifested also by the 
presence of autophagic-CTCs. Thus, EV miR-30c and autophagic CTCs are promising biomarkers for the 
stratification and monitoring of stage III NSCLC patients undergoing chemoradiation, who could also 
potentially benefit from novel combinatorial therapies with autophagy inhibitors. 
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Gene therapy approach mediated by pancreatic tumor cell-secreted 
extracellular vesicles in the treatment of pancreatic cancer  
Verona Buocikova1, Valentina Gajdosikova1, Jana Jakubechova2, Ursula Altanerova2, Marina 
Cihova1, Bozena Smolkova1, Cestmir Altaner2 
1Cancer Research Institute, Biomedical Research Center, Slovak Academy of Sciences, 2St. Elisabeth Cancer Institute, 
Stem Cell Preparation Department 

 
BACKGROUND: Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest types of cancer, with only 
a 12% survival rate. Surgical resection is only possible for a small percentage of patients, while conventional 
chemoradiotherapy has limited efficacy. It is mainly due to the poorly vascularized dense stroma, causing 
the formation of an impenetrable barrier reducing chemotherapy efficacy. One of the broadly applied 
systems of the gene-directed enzyme prodrug therapy relies on the yeast cytosine deaminase::uracil 
phosphoribosyl transferase (yCD::UPRT) fusion gene converting nontoxic 5-fluorocytosine (5-FC) into 
cytotoxic 5-fluorouracil. The extracellular vesicles (EVs), easily penetrating through the tumor stroma and 
engineered to carry mRNA of the yCD::UPRT fusion gene, represent an innovative approach for tumor-
targeted PDAC therapy. 
 
MATERIAL AND METHODS: Two PDAC cell lines, BxPC-3 and MIA PaCa-2, were transduced with the 
yCD::UPRT transgene. The conditioned media (CM) from both transduced (CD+) and non-transduced cells 
were collected, and EVs were isolated by the ExoQuickϰ Exosome Isolation Kit (System Biosciences). The 
size distribution and concentration of EVs were measured by the NanoSight NS500 Instrument (Malvern 
Instruments Ltd.). The qPCR method was used to detect yCD::UPRT transgene mRNA expression in the 
isolated EVs. Finally, the biological activity of freshly isolated CD+EVs and CD+CMs was determined in vitro. 
 
RESULTS: The retroviral transduction led to the expression of the desired transgene in all CD+ cells. The 
mean size of isolated EVs ranged between 86 nm ς 120 nm, and their average concentration ranged 
between 5.30E+10 and 1.14E+11 particles/ml. Moreover, the expression of yCD::UPRT transgene was 
confirmed in all CD+PDAC cell-derived EVs. The ExoQuickϰ isolated CD+EVs in combination with 5-FC had 
a weak effect on PDAC cell viability, while treatment with CD+CM in combination with 5-FC significantly 
decreased the cell viability in studied PDAC cell lines. 
 
CONCLUSIONS: Our study provides evidence for the potential use of PDAC cell-secreted EVs as a gene 
therapy approach for the treatment of PDAC. However, it also highlights the need for alternative methods 
for EVs isolation, as the ExoQuickϰ method employed in this study resulted in poor biological activity of 
isolated EVs.  
 
This work was financially supported by project APVV-20-0143. 
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Introducing the concept of cellular tumor residual disease (CTRD) in early 
breast cancer (EBC): circulating tumor cells (CTCs), dual-positive cells (DPs), 
and tumor-derived extracellular vesicles (tdEVs) 
Eleonora Nicolo1,2,3, Laura Munoz-Arcos1, Paolo D'Amico4, Youbin Zhang4, Lorenzo Gerratana5, 
Mara Serafini1, Letizia Pontolillo1, Amanda Strickland1, Maroua Manai1,4, Nadia Bayou1, Andrew 
Davis6, Jeannine Donahue1,4, Huiping Liu4, William Gradishar4, Ami Shah4, Giuseppe Curigliano2,3, 
Carolina Reduzzi1,4, Massimo Cristofanilli1,4 
1Department of Medicine, Division of Hematology-Oncology, Weill Cornell Medicine, 2Division of New Drugs and Early 
Drug Development, European Institute of Oncology IRCCS, 3Department of Oncology and Hemato-Oncology, University 
of Milan, 4Robert H. Lurie Comprehensive Cancer Center, Department of Medicine-Hematology and Oncology, Feinberg 
School of Medicine, Northwestern University, 5Department of Medical Oncology, Centro di Riferimento Oncologico di 
Aviano (CRO) IRCCS, 6Washington University in St. Louis School of Medicine, St. Louis 

 
BACKGROUND: CTCs are an independent prognostic factor in metastatic (MBC) and EBC. Also, tdEVs 
predict clinical outcome of MBC patients. Recent evidence showed clinical significance of those CTCs co-
expressing cytokeratin and CD45 (i.e. DPs) in MBC. The distribution and significance of DPs and tdEVs in 
EBC is unexplored. Our study aimed at evaluating a multi-parametric CTRD (i.e. the presence of tumor-
derived cells/vesicles) to better stratify the risk of recurrence in EBC patients.  
 
METHODS: This study retrospectively analyzed 38 patients with EBC treated at Northwestern University 
between 2016-2021. Blood samples were collected close to surgery (T1, end of neoadjuvant or before 
starting adjuvant treatment) and/or longitudinally during adjuvant/follow-up (F). Samples were processed 
using the CellSearch system. CTCs and DPs were manually enumerated. The ACCEPT software was applied 
ǘƻ Ŏƻǳƴǘ ǘŘ9±ǎ όǇƻǎƛǘƛǾƛǘȅ ŎǳǘƻŦŦҗнлύΦ ¢ƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ŎƛǊŎǳƭŀǘƛƴƎ ŎŜƭƭǳƭŀǊ-based analytes and 
event-free survival (EFS, from surgery to recurrence or death) was tested. 
 
RESULTS: Of the 38 patients, 90% had stage III BC, 17 were diagnosed with inflammatory BC (45%), 18(48%) 
had HER2+BC, and 7(18%) had triple-negative BC. Median follow-up was 30 months (2-70 months). T1 
ǎŀƳǇƭŜ ǿŀǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ нт ǇŀǘƛŜƴǘǎΥ пόмр҈ύ ƘŀŘ җм/¢/Σ сόно҈ύ ƘŀŘ җн5tǎ όƻŦ ǿƘƛŎƘ н ŀƭǎƻ ƘŀŘ /¢/ǎύΣ 
ƴƻƴŜ ƘŀŘ җнлǘŘ9±ǎΦ tŀǘƛŜƴǘǎ ǿƛǘƘ /¢/ǎ ƘŀŘ ǎƘƻǊǘŜǊ ƳŜŘƛŀƴ9C{ όнм ƳƻƴǘƘǎ Ǿǎ ƴƻƴ ǊŜŀŎƘŜŘύΣ ŀƭǘƘƻǳƎƘ ǘƘŜ 
ŘƛŦŦŜǊŜƴŎŜ ǿŀǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΦ 5tǎ όŎǳǘƻŦŦ җнύ ǿŜǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǿƻǊǎŜ ƳŜŘƛŀƴ9C{ όму 
months vs not reached, p=0.04). Interestingly, the 2 patients presenting both DPs and CTCs had a 
ǇŀǊǘƛŎǳƭŀǊƭȅ ǎƘƻǊǘ ƳŜŘƛŀƴ9C{ ƻŦ с ƳƻƴǘƘǎΦ !ƳƻƴƎ ǇŀǘƛŜƴǘǎ ǿƛǘƘ C ǎŀƳǇƭŜǎ ǿƘƻ ƘŀŘ җн ȅŜŀǊǎ ƻŦ Ŧƻƭƭƻǿ-up 
or recurrence/death (n=18), 4 out of 5(80%) with CTCs and/or DPs positivity at any timepoint had an event; 
among those negative for both biomarkers, 3 out of 13(23%) had disease recurrence/death (p=0.026).  
 
CONCLUSIONS: This study suggests CTRD, defined by detection of CTCs and/or DPs, helps to stratify risk of 
recurrence in EBC. TdEVs do not seems to be elevated in EBC. Our findings suggest the need to further 
investigate the new concept of CTRD that, together with MRD by ctDNA, could be used to individualize 
adjuvant treatment in EBC patients. 
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Circulating histone signature of human advanced stage solid malignancies 
Desislava Tsoneva 
Research Institute, Medical University of Varna, Bulgaria 

 
BACKGROUND: Cancer is the 2nd leading cause of death worldwide, accounting for more than 20 million 
deaths every year. The high mortality is due to the fact that malignancies are often detected at an advanced 
stage when the disease is no longer restricted to the primary affected organ. The golden standard 
diagnostic tool for solid malignancies is tissue biopsy, an invasive procedure that captures only a small 
section of the cancer heterogeneity, requires a significant processing time, and has associated risks. There 
is an urgent need to provide novel non-invasive approaches to detect and monitor the disease. We propose 
here a novel, fast, liquid biopsy approach based on circulating histones and histone complexes detected in 
the plasma of adult solid cancer patients. 
 
METHODS: A total of 37 adult oncology patients diagnosed with non-small cell lung cancer (NSCLC) (n=15, 
mean age=65), colorectal cancer (CRC) (n=14, mean age=63), or breast cancer (n=7, mean age=63), and 14 
healthy adult individuals were recruited. All oncology patients were diagnosed with stage III or stage IV of 
the respective malignancy. Blood samples were collected prior to any treatment scheduled for the patient. 
Circulating histones (H2A, H2B, H3, H4, macroH2A1.1, and macroH2A1.2) were measured individually, as 
dimmers, and as nucleosomes in patient plasma samples by ImageStreamX technology. We collected bright 
field and fluorescent images for 20 000 objects for each sample and analyzed the preliminary results using 
the ImageStreamX-coupled software IDEAS.  
 
RESULTS: We found a significant elevation in nucleosome levels in all cancer types compared to healthy 
individuals. Interestingly, while H2A/H2B/H3/H4 and macroH2A1.2/H2B/H3/H4 nucleosomes were 
elevated in NSCLC, CRC, and breast cancer, compared to healthy individuals, macroH2A1.1/H2B/H3/H4 
ƴǳŎƭŜƻǎƻƳŜǎ ǿŜǊŜ ŘǊŀǎǘƛŎŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛƴ b{/[/ ŀƴŘ /w/ όǇ Җ лΦллмύΣ ōǳǘ ƴƻǘ ƛƴ ōǊŜŀǎǘ ŎŀƴŎŜǊ 
patients. Furthermore, elevated levels of H3-H4 histone dimer were detected in plasma samples of CRC 
and, most significantly, in NSCLC patients, compared to healthy controls. 
 
CONCLUSIONS: The results indicate that circulating histone complexes are differentially detected in the 
plasma of patients with solid malignancies and might hold diagnostic value for rapid and non-invasive pan-
cancer detection and monitoring. 
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ctDNA can infer Homologous Recombination Deficiency in mCRPC patients 
Georgios Vlachos1,2, Tina Moser1, Thomas Bauernhofer3, Ellen Heitzer1,2 
1Institute of Human Genetics, Diagnostic & Research Center for Molecular BioMedicine, Medical University of Graz, 
2Christian Doppler Laboratory for Liquid Biopsies for Early Detection of Cancer, Medical University of Graz, 3Department 
of Internal Medicine Graz, Division of Oncology, Medical University of Graz 

 
BACKGROUND: Recently, poly ADP ribose polymerase inhibitors (PARPi) were approved for the treatment 
of homologous recombination deficient (HRD) prostate cancer (PCa). HRD is usually assessed from tissue 
biopsies, which in metastatic PCa are often difficult to obtain. Since circulating tumour DNA (ctDNA) can 
be used as a tumour surrogate, ctDNA might be a promising alternative to select eligible patients for PARPi 
treatment. 
 
METHODS: Aneuploidy (mFast-seqS) and copy number alterations (ichorCNA) were used to select patients 
with an elevated plasma tumour fraction. A targeted gene panel was designed, enriching genes involved 
in the pathway. The accuracy of the assay was determined using synthetic oligonucleotides (sensitivity 
0.5%VAF), and 147 samples from 131 patients were sequenced. Longitudinal urine samples from 2 patients 
(n = 9) were used, to examine whether the alterations could be detected in this analyte as well. sWGS was 
performed in these samples in order to determine genomic instability as a consequence of the HRD 
phenotype. 
 
RESULTS: Out of the 131 mCRPC patients that were sequenced, 33 (25.19%) harboured a non-benign 
alteration in a classical HR gene, excluding tumour suppressor genes involved in cell cycle regulation. 
Frequently altered genes included BRCA2 (14.5%), ATM (13.0%), BRCA1 (9.38%) and CHEK2 (8.33%). At 
least one tumour suppressor gene was altered in 58 patients (44.27%). There were 42 (32.06%) patients 
that had no alterations detected in cfDNA. Deletions of the second allele were detected in 28 patients 
(21.37%). The urine samples were concordant with the plasma samples, exhibiting a lower VAF. High levels 
of GIS were detected in 17 patients (12.97%), while 16 (12.21%) exhibited medium levels. 
 
CONCLUSION: Our data indicate that the causes and the consequences of the HRD phenotype in mCRPC 
patients can be detected in tumour-derived nucleic acids present in plasma and urine. Therefore, ctDNA 
and ucfDNA may hold promise in the clinical management of prostate cancer, in the context of PARPi 
treatment.  
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6-Color crystal digital PCR for the high-plex detection of 10 ESR1 mutations 
and AKT1 E17K in breast cancer 
Stavroula Smilkou1, Aliki Ntzifa1, Dimitra Stergiopoulou1, Myrtille Remy2, Quentin Blache2Σ /ŞŎƛƭŜ 
Jovelet2, Allison C. Mallory2, Evi Lianidou1 
1Analysis of Circulating Tumor Cells Lab, National and Kapodistrian University of Athens, 2Stilla Technologies 

 
INTRODUCTION: ESR1 mutations have emerged as a key mechanism of resistance to endocrine therapy in 
estrogen-receptorςpositive (ER+) breast cancer, thus detection of ESR1 mutations is crucial to monitor 
during patient treatment. We evaluated a novel 12plex breast cancer assay for the detection of 10 ESR1 
mutations and AKT1 E17K in plasma cell-free DNA (cfDNA) using 6-color Crystal Digital PCRϰ όƴŀƛŎŀϯ 
system, Stilla Technologies, France). We further compared the results with our previously reported ESR1 
NAPA assay for D538G, Y537S, Y537C and Y537N mutations (Stergiopoulou et al, Cancers, 2021). 
 
PATIENTS AND METHODS: Using the 6-color Crystal Digital PCRTM breast cancer 12plex assay, we analyzed 
35 plasma cfDNA samples from ER+ breast cancer patients and 10 plasma cfDNA from healthy donors (HD). 
We also analyzed the same cfDNA samples using the ESR1 NAPA assay.  
 
RESULTS: The Stilla 6-color breast cancer assay revealed in 5/35 (14,3%) ER+ cfDNA samples the AKT1_E17K 
and ESR1 D538G mutations. ESR1 D538G was detected in 4/35 ER+ cfDNA samples with the ESR1 NAPA 
assay. Direct comparison between Crystal Digital PCRϰ and the ESR1 NAPA assay revealed a high 
concordance (97.1%) for 34/35 samples tested, for the detection of the D538G mutation, and with a higher 
sensitivity for the Stilla 6-color breast cancer assay. The ESR1 mutations Y537S, Y537C and Y537N were not 
detected by either method in any of the plasma-cfDNA samples. No AKT1 E17K or ESR1 mutations were 
detected in cfDNA from HD plasma. 
 
CONCLUSIONS: ¢ƘŜ ƴŀƛŎŀϯ ǎȅǎǘŜƳ мнǇƭŜȄ 9{wм ŀǎǎŀȅ ƛǎ ǉǳŀƴǘƛǘŀǘƛǾŜΣ ƘƛƎƘƭȅ ǎŜƴǎƛǘƛǾŜ ŀƴŘ Ŝŀǎȅ ǘƻ ǇŜǊŦƻǊƳ 
using plasma-cfDNA samples. The use of highly multiplexed Crystal Digital PCRϰ shows great promise for 
clinical utility for ER+ breast cancer patient monitoring. 
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CTC quantification and molecular characterization by digital PCR 
5łǾƛŘ Yƛǎ1Σ !ōƛƎŞƭ .ŀƭƭŀ1Σ tŞǘŜǊ IǳƴȅŀŘƛ1Σ {ȊƛƭłǊŘ ¢ƽǘƘ2, Lidia Ines Haffaressas2Σ !ƴŘǊłǎ CǸǊŜŘƛ2,3, 
hǊǎƻƭȅŀ .ƛǊƽ1 
1Clinomics Europe Ltd., 2Drug Resistance Research Group, Institute of Enzymology, Research Centre for Natural 
Sciences, Budapest, Hungary, 3Microsystems Laboratory, Institute of Technical Physics and Materials Science, Centre 
for Energy Research 

 
BACKGROUND: Circulating tumor cells (CTCs) represent a rare population of cells that have been shed 
from a tumor into the bloodstream and are responsible for initiating metastases at distant sites. CD-
Primeϰ is a Lab-on-a-Disc platform that uses fluid-assisted separation technology. This efficient, user-
friendly, and cost-effective technology enables rapid, deformability and size-based enrichment of CTCs 
from whole blood with high purity. Our work presents how digital PCR (dPCR) can complement existing 
approaches in the field to detect multiple types of alterations in blood from cancer patients and highlights 
how these findings may broaden our vision of cancer diagnosis, prognosis, and therapy in the context of 
precision medicine. 
 
METHODS: Three ovarian cancer (OVCAR-3, OVCAR-5, IGROV-1) and two skin cancer (SK-MEL28, A-431) 
cell lines were used for spiking experiments. 5-cells/sample-diluted cell suspension was incubated with 
Calcein-AM and the exact cell number was determined by live cell fluorescence imaging before spiking. 
¢ƘŜ ŎƻǳƴǘŜŘ лκрκмлκмлл ŎŜƭƭǎ ǿŜǊŜ ǎǇƛƪŜŘ ƛƴǘƻ о ƻǊ фƳ[ ƻŦ ƘŜŀƭǘƘȅ ŘƻƴƻǊǎΩ ōƭƻƻŘΦ /¢/ ŜƴǊƛŎƘƳŜƴǘ ǇǊƻǘƻŎƻƭ 
was operated by a fully automatic CD-PRIME device and FAST-Auto disc. DNA and RNA were extracted 
from membrane-captured cells. Gene expression study with lineage-specific marker panels and somatic 
mutations analysis were performed on nanoplate-based digital-PCR by absolute quantification. The 
selection of markers was based on literature data and in silico analysis.  
 
RESULTS: All cDNA/DNA from spiking samples were of excellent quality based on RT-qPCR measurements 
ŦƻǊ ʲ-actin (ACTB) and GAPDH. CTC samples were positive depending on cell count for cell-line-specific 
epithelial, ovarian, and melanocyte-specific markers. We have validated functional lineage-specific 
markers for highly sensitive detection and enumeration of ovarian and melanoma CTCs. BRAF V600E, TERT 
C250T, and KRAS G12V mutation were also detected in SK-MEL28, A-431, and OVCAR5 spiking experiments 
in CTCs by CD-PRIME and qPCR/dPCR. 
 
CONCLUSIONS: Based on these results, by applying CD-Prime combined with dPCR technology, the limit of 
detection (LOD) is 0.5 CTC/mL of whole blood. The new method was able to accurately distinguish between 
low (5,10) and high (100) CTC count samples based on CTC-specific transcriptomic analysis. Selected mRNA 
markers (cancer-specific mRNA panel) will be tested on clinical samples. 
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Development and analytical validation of a highly sensitive and specific 
ddPCR drop-off assay and a COLD-PCR assay for the detection of AR 
mutations in plasma-cfDNA of metastatic castration resistant prostate 
cancer (mCRPC) patients 
Dora Lodra1, Athina Markou1, Martha  Zavridou1, Evangelos Bournakis2, Gerasimos  
Makrigiorgos3, Evi Lianidou1 
1.Analysis of Circulating Tumor Cells, Lab of Analytical Chemistry, Department of Chemistry, National and 
Kapodistrian University of Athens, Athens, Greece, 2Oncology Unit, 2nd Department of Surgery, Aretaieio Hospital, 
Medical School, National and Kapodistrian University of Athens, Athens, Greece, 3Department of Radiation Oncology, 
Dana Farber Cancer Institute and Brigham and Women's Hospital, Harvard Medical School, Boston, United States 

 
BACKGROUND: AR mutations are related for resistance to androgen deprivation therapy (ADT). Detection 
of AR mutations is important for evaluating disease progression and response to treatment. The aim of the 
present study was to develop and analytically validate two screening assays for three of the most common 
AR mutations (F877L, T878A, H875Y) in liquid biopsy samples: a) a novel drop-off droplet digital PCR 
(ddPCR) assay and b) COLD-PCR assay for the detection of the same mutations. 
 
MATERIALS & METHODS: New primers and probes were designed in silico for the simultaneous detection 
of F877L, T878A and H875Y mutations of AR. The experimental conditions were optimized, and both assays 
were analytically validated. The developed assays were tested in 49 cfDNA samples from patients with 
metastatic castrationςresistant prostate cancer (mCRPC) and 17 cfDNAs from healthy donors (HD). Direct 
comparison of the results derived by both assays in these clinical samples was performed.  
Results: Both assays are highly sensitive (0.5%) and highly specific (0/17: 0%). In plasma-cfDNA of patients 
with mCRPC, AR mutations were detected in 8/49 (16%) samples using COLD-PCR and in 7/49 (14.3%) using 
drop-off ddPCR. Direct comparison of the developed screening assays has shown high concordance 
(83.6%), while the combination of these two assays increased the sensitivity of the detection of AR 
mutations in plasma-cfDNA (12/49 24.5%).  
 
CONCLUSIONS: Drop-off droplet digital PCR (ddPCR) and COLD-PCR are robust, cost-effective, highly 
sensitive and highly specific screening tools for AR mutations. The clinical performance of the developed 
AR mutation screening assays will be evaluated prospectively in CTCs and corresponding plasma-cfDNA in 
a large number of mCRPC patient samples. 
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Development and validation of a novel dual-drop-off ddPCR assay for the 
simultaneous detection of ten hotspot PIK3CA mutations  

Dimitra Stergiopoulou1, Stavroula  Smilkou1, Vasilis  Georgoulias2, Loukas  Kaklamanis1, Evi 
Lianidou Lianidou1, Athina  Markou1 
1Analysis of Circulating Tumor Cells, Laboratory of Analytical Chemistry, Department of Chemistry, National and 
Kapodistrian University of Athens, Athens, Greece, 2First Department of Medical Oncology, Metropolitan General 
Hospital, Athens, Greece, 3Department of Pathology, Onassis Cardiac Surgery Center, Athens, Greece 

 
INTRODUCTION: Breast cancer is the leading cause of cancer-related deaths in women worldwide. 
Approximately 40% of patients with HR -positive, HER2-negative breast cancer have activating mutations 
in the PIK3CA gene. The aim of our study was to develop and validate a highly sensitive, specific, cost-
effective, and reproducible dual-drop-off droplet digital PCR (ddPCR) assay for the simultaneous detection 
of ten hotspot mutations of PIK3CA in plasma-cfDNA.  
 
METHODS: We first evaluated the analytical specificity, sensitivity, limit of blank, repeatability, and 
reproducibility of the assay. We further applied this assay in 11 gDNA and 18 plasma-cfDNA samples from 
healthy donors (HD) and in 35 plasma-cfDNA samples from metastatic breast cancer patients. Twenty-two 
ER+ breast carcinoma tissue samples (FFPEs) were also analyzed for the validation of the developed assay 
and results were compared with the FDA-ŀǇǇǊƻǾŜŘ /ƻōŀǎϯ tLYо/! aǳǘŀǘƛƻƴ ¢Ŝǎǘ ƪƛǘ όwƻŎƘŜ 5ƛŀƎƴƻǎǘƛŎs) 
 
RESULTS: The developed dual-drop-off droplet digital PCR (ddPCR) assay simultaneously detects seven 
mutations in exon9 and three in exon20, and is highly sensitive (analytical sensitivity: 0.5%) and specific. 
The comparison study in 22 FFPE samples with the FDA-clŜŀǊŜŘ /ƻōŀǎϯ tLYо/! Ƴǳǘŀǘƛƻƴ ŀǎǎŀȅ όwƻŎƘŜύ 
showed a concordance of 77.3% and 81% for exon9 and exon20, respectively. Discrepancies could be 
explained by the fact that the drop-off assay is more sensitive. Using this assay, we detected PIK3CA 
mutations in 9/35(26%) plasma-cfDNA samples in exon 9 and in 9/35(26%) in exon 20. Direct comparison 
of the developed assay with ARMS-PCR for E545K, and H1047R, performed in the same plasma samples 
revealed a 63% concordance. Discrepancies could be explained by the fact that the drop-off assay detects 
more mutations than the ARMS-PCR. 
 
CONCLUSIONS: The developed assay is cost-effective and can reliably and simultaneously detect ten 
hotspot PIK3CA mutations in plasma-cfDNA. The clinical performance of the assay will be further evaluated 
in liquid biopsy samples. 
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Droplet digital PCR analysis of circulating tumor DNA in molecular 
diagnostics of colorectal cancer patients  

YŀǘŜǌƛƴŀ hƴŘǊłǑƪƻǾł1,2, Matous Cwik3,4, Ondrej Horky5, Jitka Berkovcova5, Michal Uher1, Jitka 
Holcakova1, Martin Bartosik1, Tomas Kazda4,6, Igor  Kiss3,4, Roman  Hrstka1,4 
1Research Centre for Applied Molecular Oncology (RECAMO), Masaryk Memorial Cancer Institute , Brno, Czech 
Republic, 2Department of Biochemistry, Faculty of Science, Masaryk University, Brno, Czech Republic, 3Department of 
Comprehensive Cancer Care, Faculty of Medicine, Masaryk University, Brno, Czech Republic, 4Department of 
Comprehensive Cancer Care, Masaryk Memorial Cancer Institute and Faculty of Medicine, Masaryk University, Brno, 
Czech Republic, 5Department of Pathology, Masaryk Memorial Cancer Institute, Brno, Czech Republic, 6Department of 
Radiation Oncology, Masaryk Memorial Cancer Institute, Brno, Czech Republic 

 
The diagnosis, treatment and monitoring of cancer are very complex procedures, highly dependent on 
identification of malignant tissue and associated biomarkers. Liquid biopsy represents a type of biopsy 
containing various components including circulating tumor DNA (ctDNA) and offers a non-invasive 
approach for monitoring of patients with cancer. The aim of this study was to confirm that droplet digital 
PCR (ddPCR) is a sufficiently sensitive and specific method for the detection of colorectal cancer (CRC). This 
was done through analysis of ctDNA in the blood of patients with suspected cancer. We carried out a 
concordance biomarker analysis of 64 patients focused on the determining mutations of KRAS, BRAF and 
NRAS genes. The ctDNA obtained from liquid biopsy was tested by ddPCR and the results were compared 
with the data acquired by sequencing of DNA isolated from tumor tissue archived in formalin fixed paraffin 
embedded blocks. The sensitivity of ddPCR to determine KRAS gene mutation was 75% and the specificity 
reached 82.5%. The overall sensitivity and specificity for finding any of mutations mentioned above were 
64.9% and 61.8%, respectively. The results of this study indicate that the ddPCR analysis of ctDNA can be 
considered as an additional approach in molecular diagnosis of patients with CRC. 
 
Keywords: Liquid biopsy; CRC; ddPCR; mutations; biomakers 
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Dƭƻōŀƭ ƘȅǇƻƳŜǘƘȅƭŀǘƛƻƴ ƛƴ ŜǎƻǇƘŀƎŜŀƭ ŀŘŜƴƻŎŀǊŎƛƴƻƳŀ ŀƴŘ .ŀǊǊŜǘǘΩǎ 
esophagus: a ddPCR assay in liquid biopsy 
Elisa Boldrin1, Alice Volpato2, Maria Assunta Piano1, Rita Alfieri3, Monica Franco4, Annalisa 
Masier4, Stefano Realdon4, Tiziana Morbin4, Genny Mattara3, Maria Raffaella Biasin2, Antonio 
Rosato1,5, Antonio Scapinello2, Pierluigi Pilati3, Alberto Fantin4, Matteo Curtarello1 
1Immunology and Molecular Oncology Diagnostics Unit, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy, 
2Anatomy and Pathological Histology Unit, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy;, 3Surgical Oncology 
of Digestive Tract Unit, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy;, 4Gastroenterology Unit, Veneto Institute 
of Oncology IOV-IRCCS, Padova, Italy;, 5Department of Surgery Oncology and Gastroenterology, University of Padova, 
Padova, Italy 

 
BACKGROUND: Esophageal Adenocarcinoma (EADC) prognosis is still poor and the preneoplastic condition 
ƻŦ .ŀǊǊŜǘǘΩǎ ŜǎƻǇƘŀƎǳǎ ό.9ύ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀƴ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪ ƻŦ ŘŜǾŜƭƻǇƛƴƎ 9!5/ ǘƘǊƻǳƎƘ ŀ 
carcinogenesis sequence that proceed from metaplasia-low grade dysplasia (LGD) to high grade dysplasia 
όID5ύ ŀƴŘ Ŧƛƴŀƭƭȅ 9!5/Φ /ƭƛƴƛŎŀƭ ǎǘŀƎƛƴƎ ŘƻŜǎƴΩǘ ŀƭƭƻǿ ŀŎŎǳǊŀǘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ƴŜƻŀŘƧǳǾŀƴǘ ǘǊŜŀǘƳŜƴǘ 
response and survival, indeed there is the rational to investigate other prognostic/predictive molecular 
biomarkers. Hypomethylation of Long Interspersed Nuclear Element 1 (LINE-1) sequences emerged as a 
frequent epigenetic alteration in tumor carcinogenesis. The aim of this study was to evaluate, through a 
liquid biopsy approach, if global hypomethylation is an early event in EADC carcinogenesis and to verify if 
there are differences between global hypomethylation frequencies in the EADC, HGD and BE samples. 
 
METHODS: We investigated cell free DNA (cfDNA) of 60 patients, 21 with EADC, 20 with HGD and 19 with 
BE disease stable for at least 4 years of follow-up. cfDNA samples were analyzed for LINE-1 methylation 
level by digestion of genomic and cfDNA with a methylation-sensitive enzyme, followed by digital droplet 
PCR (ddPCR). Twenty cfDNA of healthy control were included to set up the cut-off to consider a sample 
hypomethylated. 
 
RESULTS:ddPCR in cfDNA showed that 33.3% of EADC were hypomethylated. Interestingly, also HGD and 
BE samples were hypomethylated with a frequency of 15% and 10.5%, respectively. Preliminary results in 
few patients followed longitudinally indicate that methylation level correlates with clinical outcome. In 
particular, one patient who received a diagnosis of EADC, was hypomethylated before surgery and 
hypomethylation was maintained stable at progression occurred one year after resection. Two patients, 
one EADC and one HGD, hypomethylated at the diagnosis, turned to normal methylation level after 
surgery/mucosectomy.  
 
CONCLUSIONS: Global methylation level seems to be an early event during EADC carcinogenesis and this 
biomarker could possibly integrate other molecular biomarkers to detect EADC or dysplasia. Longitudinal 
cases results suggest further investigation in more samples to verify if this biomarker could be used to 
integrate patient monitoring. 
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Fully automated cell-free DNA extraction from up to 8 ml plasma enables 
sensitive mutation detection with digital PCR and next-generation 
sequencing 
Siegfried Hauch1, Simon Hertlein1, Annika Voets1, Julius Albers1, Zhong Wu2, Martin 
Schlumpberger1, Markus Sprenger-Haussels1 
1Qiagen GmbH, 2Qiagen Sciences  

 
BACKGROUND: Cell-free DNA (cfDNA) is found in blood, urine and other body fluids and is commonly 
characterized as extracellular DNA fragments shorter than 1000 bp. cfDNA is an important analyte for 
screening and treatment monitoring e.g. in cancer research. Since cfDNA is present in very low amounts, 
there is a need for large input volumes leading to higher sensitivity of rare mutation detection and for high 
degree of automation to increase sample throughput. The new EZ1&2 ccfDNA process uses magnetic beads 
to enable efficient purification of this cfDNA from 1-8 ml human plasma in 35-75 minutes processing time. 
No manual pre-treatment or pre-enrichment is needed and up to 24 samples can be processed in parallel 
resulting in eluates ready-to-use for downstream applications such as qPCR, dPCR, fragment length analysis 
and NGS. 
 
METHODS: Plasma from healthy donors was extracted using the new EZ1&2 ccfDNA Kit and cfDNA yield 
and quality was determined using Qubit, qPCR, dPCR and fragment length analysis in comparison to other 
cfDNA extraction solutions. cfDNA material with defined mutations was spiked into healthy donor plasma 
and EZ1&2 ccfDNA-purified eluates were analyzed for detection of variants with allele frequencies (VAF) 
below 0.5 % using dPCR. Furthermore, using SeraCare Reference material, the new QIAseq Targeted cfDNA 
Ultra Panel was evaluated for low VAF detection using eluates from the EZ1&2 ccfDNA kit. 
 
RESULTS: ccfDNA can be isolated efficiently using the EZ1&2 ccfDNA Kit from 1-у Ƴƭ ǇƭŀǎƳŀ ƛƴ ŜƛǘƘŜǊ тр ҡƭ 
ƻǊ пл ҡƭ Ŝƭǳǘƛƻƴ ǾƻƭǳƳŜǎ ǿƛǘƘ ƴƻ ŘƛǎŎŜǊƴƛōƭŜ ƛƴƘƛōƛǘƻǊȅ ŜŦŦŜŎǘǎ ƛƴ vǳōƛǘΣ ǉt/wΣ Řt/wΣ ŦǊŀƎƳŜƴǘ ƭŜƴƎǘƘ 
analysis or NGS-based methods. This fully automated cfDNA extraction method proved to be equal or 
better than other cfDNA extraction methods and enabled the detection of VAFs as low as 0.1 % in dPCR 
and NGS. 
 
CONCLUSIONS: Our novel fully automated system provides robust and fast cfDNA extraction in as little as 
35 minutes from up to 24 samples. This bench-top sized solution showed equal or better performance in 
comparison to alternative methods including crucial detection of rare mutations. 
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Assessing recovery rates of mesenchymal and epithelial pancreatic tumor 
cells using the Parsortix system 
Nele Vandenbussche1,4, Bram Parton1,4, Tijs Merckaert3,4, Charlotte Fieuws1,4Σ [ǳƜǎ !ōǊŜǳ ŘŜ 
Carvalho2, Frederik Berrevoet2, Kris Gevaert3,4, Kathleen Claes1,4 
1Center for Medical Genetics, Ghent University, 2Department of General and Hepatico-Pancreatico-Biliary Surgery and 
Liver Transplantation, Ghent University Hospital, 3Center for Medical Biotechnology, VIB-UGent, 4Department of 
Biomolecular Medicine, Ghent University 

 
BACKGROUND: Circulating tumor cells (CTCs) are cancer cells that enter the circulatory system and form 
distant metastases. CTCs are shown to be strongly associated with poor survival and therapy failure and 
thus present an opportunity to monitor disease. Parsortix is a size-based microfluidic system for CTC 
enrichment, which was recently FDA approved for CTC detection in metastatic breast cancer patients. The 
suitability of the Parsortix instrument for the isolation of pancreatic CTCs has not been previously 
investigated. The aim of our study is to determine the recovery rates of the Parsortix instrument for 
different pancreatic cancer cell subtypes.  
 
METHODS: Three pancreatic cancer cell lines were used in this study: CAPAN-1, PANC-1 and MIA-PaCa-2. 
An in-depth proteome analysis was performed using data-independent acquisition (DIA)-mass 
spectrometry (MS) to identify differentially expressed proteins. In addition, we stained each cell line with 
a different CellTracker dye and spiked them into blood from healthy donors. We processed the samples 
using the Parsortix system and determined the recovery rates by quantifying the number of cancer cells in 
the separation cassette using fluorescence microscopy. 
 
RESULTS: MS analysis identified a total of 6590 proteins in all cell lines. By evaluating levels of currently 
used protein markers for Epithelial Mesenchymal Transition (EMT) such as EpCAM, cytokeratin and 
vimentin, we were able to characterize CAPAN-1, MIA-PaCa-2, and PANC-1 as epithelial, mesenchymal and 
intermediate cells respectively. 
The three cell lines were fluorescently labeled for marker-independent detection in the Parsortix. Our 
preliminary results suggest that MIA-PaCa-2 (mesenchymal cells) may have a lower recovery rate (36%) 
with the Parsortix system compared to CAPAN-1 (epithelial cells) (41%). The overall recovery rates were 
also lower than expected compared to current literature. Additional experiments are ongoing to confirm 
these findings.  
 
CONCLUSIONS: Overall, our study highlights the importance of evaluating the recovery rates of different 
CTC subtypes to develop more effective methods for capturing the heterogeneity of CTCs in liquid biopsies. 
Further experiments are needed to confirm the Parsortix system's ability to enrich mesenchymal CTCs as 
effectively as epithelial CTCs in patients with pancreatic cancer. 
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Optimising the isolation and enumeration of circulating tumour cells in 
patients with resectable lung cancer using the Parsortix PR1 system 
Volga M Saini1, Ezgi Oner1, Sinead Hurley1, Siobhan Nicholson2, [ƻǊǊŀƛƴŜ hΩ5ǊƛǎŎƻƭƭ3, Stephen 
Finn2, Gerard Fitzmaurice4, Kathy Gately1 
15ŜǇŀǊǘƳŜƴǘ ƻŦ /ƭƛƴƛŎŀƭ aŜŘƛŎƛƴŜΣ ¢Ǌƛƴƛǘȅ ¢Ǌŀƴǎƭŀǘƛƻƴŀƭ aŜŘƛŎƛƴŜ LƴǎǘƛǘǳǘŜ ό¢¢aLύΣ ¢Ǌƛƴƛǘȅ /ƻƭƭŜƎŜ 5ǳōƭƛƴ ϧ {ǘ WŀƳŜǎΩǎ 
Hospital, 2IƛǎǘƻǇŀǘƘƻƭƻƎȅΣ {ǘ WŀƳŜǎΩǎ IƻǎǇƛǘŀƭΣ 3School of Pharmacy and Pharmaceutical Sciences & Trinity Biomedical 
Sciences Institute, Trinity College Dublin, 4/ŀǊŘƛƻǘƘƻǊŀŎƛŎ ǎǳǊƎŜǊȅΣ {ǘ WŀƳŜǎΩǎ IƻǎǇƛǘŀƭ 

 
BACKGROUND: Recurrence rates for non-small cell lung cancer (NSCLC) even after curative-intent surgery, 
the current standard of care, remain high at 24% in stage I NSCLC and 50% overall. Approximately 45% of 
operable patients will develop recurrence within 8ς18 months due to the initial dissemination of tumour 
cells.  Circulating tumour cells (CTCs) are emerging as a promising prognostic biomarker in lung cancer (LC) 
and CTC enumeration may be used to identify patients who are at a high risk of disease recurrence and 
who may benefit from follow-up screening. In this study, the Parsortix system was evaluated, a microfluidic 
label-independent technology that isolates CTCs (epithelial and/or mesenchymal) based on their size and 
resistance to compression.  
 
METHODS:  In this initial pilot study, 10 early-stage LC patients who underwent surgery were screened. 
Peripheral blood samples were prospectively collected from LC patients during surgery (pulmonary vein 
blood samples also collected at baseline) and on subsequent follow-ups (3 days and 6 weeks after surgery).  
CTCs were isolated and analysed using the Parsortix system at these timepoints for longitudinal analysis. 
CTCs were identified by immunofluorescent in-cassette staining using a combination of epithelial (pan 
cytokeratin) and mesenchymal markers (vimentin). Captured CTCs were enumerated, analysed and 
ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǇŀǘƛŜƴǘǎΩ ŎƭƛƴƛŎƻǇŀǘƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛƴŎƭǳŘƛƴƎ ǘǳƳƻǳǊ ǎƛȊŜΣ ǎǘŀƎŜΣ ƘƛǎǘƻƭƻƎȅ ŀƴŘ 
gender. 
 
RESULTS:  CTCs expressing epithelial, mesenchymal or both markers (pan cytokeratin-positive/vimentin-
positive/CD45-ƴŜƎŀǘƛǾŜύ ǿŜǊŜ ŜƴǳƳŜǊŀǘŜŘΦ ! ǘǊŜƴŘ ǿŀǎ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǇŀǘƛŜƴǘǎΩ /¢/ Ŏƻǳƴǘǎ ŀƴŘ ǘƘŜƛǊ 
clinical-pathological data such as tumour size and the type of surgical procedure.   
 
CONCLUSION: Our results show heterogeneity in the epithelial to mesenchymal transition (EMT) status of 
CTCs from patients with resectable LC. If traditional epithelial label-dependent CTC capture methods were 
used, these CTCs could have been missed. Furthermore, patient CTC counts were correlated with their 
surgery type, for example, if it was a robotic or video-assisted thoracoscopic surgery. Detection of CTCs 
prior to and post-surgery may have prognostic potential, but future research is required. Overall, the 
Parsortix system can effectively capture CTCs from blood of LC patients and could have an application in 
the clinical setting.  
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Deep learning for Circulating Tumor Cell (CTC) identification with the 
CELLSEARCH system: performance and survival analysis 
Luca Biasiolli1, Pietro Ansaloni1Σ bƛŎƻƭƼ DŜƴǘƛƭƛ1, Ramona Miserendino1, Giulio Signorini1, Frank 
Coumans2, Afroditi Nanou2, Leon Terstappen2,3, Gianni Medoro1 
1Menarini Silicon Biosystems, 2Department of Medical Cell BioPhysics, Faculty of Science and Technology, University of 
Twente, 3Department of General, Visceral and Pediatric Surgery, Heinrich-Heine University, University Hospital 
5ǸǎǎŜƭŘƻǊŦ 

 
BACKGROUND: /¢/ ŜƴǳƳŜǊŀǘƛƻƴ ƛƴ ōƭƻƻŘ ǎŀƳǇƭŜǎ ǿƛǘƘ /9[[{9!w/Iϯ ƛǎ ŀ ǇǊƻƎƴƻǎǘƛŎ ōƛƻƳŀǊƪŜǊ ƛƴ 
metastatic breast, prostate and colorectal cancer (full intended use documents.cellsearchctc.com). CTC 
identification is performed by visual assessment, which is time-consuming and potentially affected by 
subjective interpretations. Recently, we developed a Deep Learning (DL) algorithm for automated CTC 
identification in CELLSEARCH images (research use only).  
This study aims to assess 1) CTC classification performance and 2) prognostic performance of the proposed 
DL method compared to human reviewers. 
 
METHODS: The training set contained 13469 CTCs and 35792 non-CTC images from 115 breast, 123 
prostate and 81 colorectal cancer samples. 10 reviewers, qualified for CTC image analysis, performed blind 
labeling of a separate test-set: CELLSEARCH gallery images from 26 breast and 28 prostate cancer samples. 
The Ground Truth (GT) was generated by 3 experienced reviewers by majority voting, identifying 1182 CTCs 
out of 5352 gallery images.  
1) Accuracy and F1 metrics were used to rank the performance of DL and 7 reviewers on the test-set. 
2) Prognostic performance of DL and 1 reviewer was estimated on 131 castration-resistant prostate cancer 
patients (CRPC). 
 
RESULTS: 1) On the test-set, DL reached top human-level performance ranked by accuracy or F1 (Table1). 
!ǇǇƭȅƛƴƎ ǘƘŜ ǾŀƭƛŘŀǘŜŘ ŎǳǘƻŦŦ ό/¢/җрύΣ 5[ ƘŀŘ ǇŜǊŦŜŎǘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ D¢ ƻƴ ŦŀǾƻǊŀōƭŜκǳƴŦŀǾƻǊŀōƭŜ 
prognosis (accuracy=100%; F1=100%), whereas most reviewers had lower accuracy=94.4-100% and 
F1=91.4-100%. 
2) DL had 93.4% agreement with the reviewer on favorable/unfavorable prognosis of the 131 CRPC 
patients. Hazard ratio (HR) of Overall survival (OS) using baseline log-transformed CTC as a continuous 
variable was 1.57 (95% CI:1.35-1.84) for the reviewer and 1.63 (95% CI:1.36-мΦфрύ ŦƻǊ 5[Φ ¦ǎƛƴƎ /¢/җр ŦƻǊ 
favorable/unfavorable prognosis, HR of OS was 2.49 (95% CI: 1.64-3.78) for the reviewer and 2.93 (95% CI: 
1.90-4.53) for DL.  
 
CONCLUSION: DL performed better than most reviewers and reduced data processing time. HR results 
suggest DL can perform similarly to or better than human reviewers in predicting OS. In conclusion, DL can 
be used to identify CTCs, removing human subjectivity from the review process and maximizing 
standardization among different research centers.  
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Apoptotic sensitivity assessed on single-cell level using TetherChip 
microfluidic device 
Darin Gilchrist1,2,3, Megan Stemberger3, David Annis3, Julia Ju1,3, Makenzy Mull1,3, Katarina 
Chang1,3, Keyata Thompson3, Michele Vitolo3, Stuart Martin3 
1Molecular Medicine Graduate Program, University of Maryland School of Medicine, 2Medical Scientist Training 
Program, University of Maryland School of Medicine, 3Department of Pharmacology, University of Maryland School of 
Medicine 

 
BACKGROUND: Circulating tumor cells (CTCs) transit through the harsh, non-adherent microenvironments 
of the bloodstream and lymphatics, where over 99% of CTCs perish.  However, a small CTC population 
survives due to an acquired resistance to apoptotic cell death. To overcome the technical challenges of 
studying non-adherent cells, our lab developed a microfluidic tethering device formulated on a transparent 
nanosurface with a polyelectrolyte multilayer and terminal lipid tether to spatially immobilize free-floating 
cells. Our lab has leveraged TetherChip to study CTC metastatic phenotypes, including microtentacle 
formation and cell clustering, at the single-cell level. 
 
METHODS: This project tests the hypothesis that apoptotic sensitivity of non-adherent tumor cells 
ƛƳƳƻōƛƭƛȊŜŘ ǿƛǘƘ ¢ŜǘƘŜǊ/ƘƛǇ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ǇǊŜŘƛŎǘ ŀ ǇŀǘƛŜƴǘΩǎ Ǌƛǎƪ ƻŦ ƳŜǘŀǎǘŀǘƛŎ ǇǊƻƎǊŜǎǎƛƻƴΦ bƻƴ-
tumorigenic MCF-10A breast epithelial cells and metastatic MDA-MB-231TD cells were loaded onto 
TetherChips in nutrient-starved, non-adherent conditions to compare anoikis response to cell 
tumorigenicity. Cells were imaged with microscopy over 24 hours to assess morphological changes 
including membrane blebbing and nuclear condensation by phase contrast and fluorescence caspase 
activation assay. To reinforce TetherChip findings, the conditions were replicated in low-attach tissue 
culture plates and immunoblot analysis was performed for expression levels of apoptotic markers, cleaved-
Caspase-3 and cleaved-PARP.  
 
RESULTS: Exposure to the non-adherent TetherChip microenvironment revealed that MCF-10A cells were 
more sensitive to anoikis than the more tumorigenic MDA-MB-231TDs. Membrane blebbing and nuclear 
condensation occurred hours earlier in MCF10A cells than in the MDA-MB-231TDs. By 24 hours, over half 
of the MCF-10A population was dead or detached from the lipid tether, likely due to loss of membrane 
integrity, whereas the MDA-MB-231TD population maintained a greater percentage of live cells, with some 
undergoing cellular division. Caspase activity initiated earlier in MCF-10As and produced a higher 
fluorescence intensity than MDA-MB-231TDs, indicating early commitment to cell death via apoptosis. 
Immunoblot analysis showed elevated expression of cleaved-Caspase-3 and cleaved-PARP. 
 
CONCLUSIONS: These data establish that the apoptotic phenotypes of MCF-10A breast epithelial cells and 
MDA-MB-231TD metastatic breast tumor cells can be studied in the non-adherent TetherChip 
microenvironment and correlated to tumorigenicity level. Translating this proof-of-concept to clinical 
diagnostics could help assess patient CTC apoptotic sensitivity to determine metastatic risk. 
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Enrichment of circulating tumor cells with microfluidics 
Anna Terrazzan1, Tomasz Kaminski2, Francesca Pia Carbone1, Pietro Ancona1, Nicoletta Bianchi1, 
Jeffrey Palatini3, Stefano Volinia1 
1Department of Translational Medicine, University of Ferrara, 2Department of Molecular Biology, Institute of 
Biochemistry, Faculty of Biology, University of Warsaw, 3Genomics Core Facility, Centre of New Technologies, University 
of Warsaw 

 
BACKGROUND: There are different technical protocols and commercial platforms for Circulating Tumor 
Cells (CTCs) isolation but there is still great uncertainty about their effectiveness due to the potential 
diversity in the CTC molecular phenotypes. We aim to identify any marker which might be used in the 
characterization and purification of CTCs from patients. 
 
METHODS: For this purpose, we performed a range of microfluidics experiments to create an efficient 
workflow to isolate tumor cells from human blood. We designed and produced chips of 
Polydimethylsiloxane for the size-based isolation of larger cells, like CTCs. The technology employs fluidic 
ŦƻǊŎŜǎ ǘƻ ŎǊŜŀǘŜ ƳǳƭǘƛǇƭŜ ǾƻǊǘƛŎŜǎ ƛƴ ǘƘŜ ŘŜǾƛŎŜΩǎ ǊŜǎŜǊǾƻƛǊǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǘǊŀǇ ƭŀǊƎŜǊ ŎŜƭƭǎ ǿƘƛƭŜ 
smaller particles (like blood cells) remain in the main stream. We used blood from healthy donors spiked 
with MDA-MB-231 cells, a triple-negative breast cancer (TNBC) cell line, to reproduce the conditions for 
ǎƻǊǘƛƴƎ /¢/ǎ ŦǊƻƳ ¢b./ ǇŀǘƛŜƴǘǎΩ ōƭƻƻŘΦ !ŦǘŜǊ ǘƘŜ ƛƴƧŜŎǘƛƻƴ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴ ƛƴǘƻ ǘƘŜ ŘŜǾƛŎŜΣ ŎŜƭƭǎ ǿŜǊŜ 
collected, enumerated under a fluorescent microscope, and seeded on a 24-well plate to assess the 
viability during the following days. 
 
RESULTS: We calculated the capture efficiency as the ratio between the number of tumor cells recovered 
(output) and the total tumor cells spiked into diluted blood (input). After just one trapping cycle, the 
experiments with 100X and 40X diluted blood recovered 30% of the total spiked cells while experiments 
with 20X and 10X diluted blood had a lower capture efficiency (20%), probably due to cell-cell collision and 
higher red blood cells viscosity. Re-infusing the liquid waste from the first experiment (up to 6 times) can 
improve the capture efficiency. Finally, after 4 days the recovered cells were viable and proliferating as the 
unsorted cells. 
 
CONCLUSIONS: CTCs represent a powerful candidate for monitoring the impact of treatment on the 
evolution of cancer with minimally invasive techniques. Our aim is to apply this protocol on TNBC patients 
to enable single-cell molecular analysis. For these reasons, we are going to characterize isolated CTCs using 
a droplet-based single-cell sequencing protocol (VASA-seq) which might unlock the complete 
transcriptome of these cells.  
 

 
 
 
 



 

 
 
 

  



 

Poster Session 2: Novel Technologies in liquid biopsies |  September 21st, 2023, 16:00 - 17:00  

PP039 
 
Circulating tumor cell capture performance of different particles on a 
Halbach magnet-based flow-through immunomagnetic CTC enrichment 
system 
Peng Liu, Sitian He, Pieter Hart, !ƭƭƻƠǎŜ Ǿŀƴ Kleef, Stan Boxum, Michiel Stevens, Pascal Jonkheijm, 
Leon Terstappen 
University Of Twente 

 
BACKGROUND: In most (metastatic) cancer patients the number of Circulating Tumor Cells (CTCs) obtained 
through the immunomagnetic processing of blood samples is very low, posing a challenge for 
comprehensive tumor characterization. The number of CTCs available for characterization can be increased 
by the use of Diagnostic LeukApheresis (DLA). Immunomagnetic CTC enrichment from these large samples 
requires highly selective magnetic particles. To select the best magnetic particle, we have compared the 
characteristics and performance of various commercially available streptavidin-coated magnetic particles 
in combination with our previously reported Halbach magnet array-based flow-through immunomagnetic 
CTC enrichment system.  
 
METHODS: Eight commercially available streptavidin-coated magnetic particles were first characterized 
using SEM, DLS, and Zeta potential analysis. Next, their capture efficiency and the amount of non-specific 
binding were determined. For this, we spiked cells from the low EpCAM-expressing PC3-9 cell line and the 
high EpCAM-expressing LNCaP cell line into healthy blood samples. After labeling with biotinylated anti-
EpCAM antibodies capture was performed using our flow-through system together with the various 
streptavidin-coated magnetic particles. Captured tumor cells as well as non-specifically captured healthy 
cells were enumerated by flow cytometry. 
 
RESULTS: SEM imaging revealed large differences in size, ranging from 50 nanometers to 2.8 microns, and 
morphology, spherical to highly irregular, depending on the fabrication technology (Figure 1). DLS results 
concur with SEM imaging when it comes to the nano-sized particles, but deviate for the micro-sized 
particles, while Zeta potentials range from neutral to around -40mV. With both cell lines, the MojoSortϰ 
Streptavidin Nanobeads, BioMagnetic solutions FerroSelectϰ Ferrofluid and MagVigenϰ Streptavidin 
showed the highest capture efficiencies by far, indicating that particles sized 200-300 nm exhibited the 
best performance in this enrichment system. Although their nonspecific capture for WBC is also somewhat 
higher, (ranging from 1.44% to 3.06%), these particles still result in the highest enrichment factor.  
 
CONCLUSIONS: Using our previously reported flow-through enrichment system a large difference in 
capture performance among commercially available streptavidin-coated particles was found, with the best 
performance for particles sized around 200-300nm.  
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Development of a microfluidic device for the early diagnosis and follow-up 
of patients with pancreatic neuroendocrine tumors 
Bozena Smolkova1, Julie Earl2, Agapi Kataki3, Vita Rovite4Σ {ŀƴŘǊŀ ¢ŀƳŀǊƎƻ 5ƝŀȊ5, IŜƴŀǊ aǳƷƻȊ5, 
Manousos Konstadoulakis3Σ aŀǊƝŀ Laura Garcia-Bermejo2, Alfredo Carrato2, Joerg Schrader6,7, 
Alena Gabelova1, Yvonne Kohl8, Thorsten Knoll8 
1Biomedical Research Center, Slovak Academy of Sciences, 2wŀƳƽƴ ȅ /ŀƧŀƭ IŜŀƭǘƘ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ Lw¸/L{Σ /ǘǊŀΦ 
Colmenar Viejo, 3School of Medicine, National and Kapodistrian University of Athens, 4Latvian Biomedical Research and 
Study Centre, Ratsupites, 5Bioquochem Company, Edificio CEEI- tŀǊǉǳŜ ¢ŜŎƴƻƭƽƎƛŎƻ ŘŜ !ǎǘǳǊƛŀǎΣ 6Department of 
Medicine, Klinikum Nordfriesland, 7Department of Medicine, University Medical Center Hamburg-Eppendorf, 
8Fraunhofer Institute for Biomedical Engineering IBMT 

 
BACKGROUND: Pancreatic neuroendocrine tumors (PNETs) present considerable challenges in clinical 
management due to limited knowledge of their biological behavior and delayed diagnosis. Circulating 
tumor cells have emerged as promising biomarkers for PNETs, indicating an early stage of metastasis 
through the bloodstream. Our objective was to establish a repository of genetically characterized tumors 
and identify essential PNET-specific biomarkers crucial for the development of an innovative 
nanotechnology-based microfluidic device for early detection and follow-up of PNET patients. 
 
METHODS: The collaborative efforts of the "NExT" consortium resulted in the development of a 
microfluidic cartridge with a silicon-based micro-hole array chip for the positioning of individual cells from 
a cell suspension. The microfluidic cartridge was installed in a holder consisting of a CNC-milled aluminium 
frame and a 3D-printed plastic cover. This cover was placed directly on an elastomer sealing to ensure a 
tight seal with the silicon chip. This configuration created a fluidic module with a channel underneath the 
chip with the micro-hole array and a reservoir above the membrane. Negative pressure (ranging from 5 to 
15 mbar) was applied to the channel, allowing the gentle positioning of cells from the reservoir onto the 
micro-holes of the membrane, made from silicon nitride. The developed microfluidic cartridge with the 
integrated silicon micro-hole chip was used in conjunction with a fluorescence microscope (Olympus IX-
81) and a vacuum unit for cell suction onto the micro-holes. Optimization experiments were performed 
using the pancreatic cell lines NT-38 and NT-3. 
 
RESULTS & CONCLUSIONS: The development of the micro-hole array chip and its integration into the 
microfluidic cartridge mark significant milestones in this project. These advancements lay the foundation 
for further experimentation and optimization. This collaborative project brings together universities, 
research organizations, hospitals, and SMEs with the goal of advancing our understanding of PNETs 
biology, improving minimally-invasive liquid biopsy biomarkers, and providing PNET patients with timely 
and sensitive detection as well as more effective therapeutic strategies.  
 
Acknowledgment: This research was funded by TRANSCAN-2 program ERA-NET JTC 2017 within the project 
NExT and Horizon 2020 research and innovation program under grant agreement No 857381 / VISION, 
COST Action CA2116, APVV-20-0143 and APVV-21-0197.   
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Flow-based immunomagnetic enrichment increases the capture efficiency 
of tumor cells with a low number of EpCAM antigens 
Michiel Stevens1, Afroditi Nanou1, Frank Coumans1, Anouk Mentink1, Khrystany Isebia2, Jaco 
Kraan2, John Martens2, Leon Terstappen1 
1Department of Medical Cell BioPhysics, Faculty of Science and Technology, University of Twente, 2Department of 
Medical Oncology, Erasmus MC Cancer Institute 

 
INTRODUCTION: The enumeration and characterization of circulating tumor cells (CTC) are hampered by 
the low number of cells detected in most patient settings. Here we evaluated whether the relatively high 
magnetic strength of the immunomagnetic flow-through separation device (FETCH) increases the capture 
of cells expressing low number of EpCAM antigens spiked in blood and CTC in Diagnostic LeukApheresis 
ό5[!ύ ǇǊƻŘǳŎǘǎ ƻŦ ƳŜǘŀǎǘŀǘƛŎ /ŀǎǘǊŀǘƛƻƴ bŀƠǾŜ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ ǇŀǘƛŜƴǘǎ όƳ/bt/ύΦ 
 
METHODS: Four different prostate cancer cell lines with EpCAM expression ranging from 9,000 to 770,000 
were spiked into blood samples from healthy donors and processed using FETCH as well as regular 
CellSearch using identical staining reagents and image analysis. Peripheral blood samples from 23 mCNPC 
patients were processed with CellSearch and aliquots of leukapheresis samples were processed with both 
CellSearch and FETCH. Using aliquots from six patients the use of FETCH with less immunomagnetic EpCAM 
ferrofluids was tested while aliquots from four patients were used to evaluate the processing of 10-fold 
larger DLA samples using FETCH.  
 
RESULTS: In the enrichment of cells from the two high EpCAM-expressing cell lines from blood no 
difference in recovery was noted between FETCH and CellSearch (all ~80%). However, the recovery of the 
two low-expressing cell lines was only 19% and 13% with CellSearch, while recovery with FETCH was 
approximately 60%. The CTC retrieved from patient standard aliquots of DLA sample using FETCH was 
similar compared to CellSearch, and did not decrease when using down to 10% of the regular volume of 
immunomagnetic EpCAM ferrofluids. Using the regular volume of immunomagnetic EpCAM ferrofluids 
used in peripheral blood CellSearch a 10-fold higher volume of DLA product could be processed using 
FETCH, yielding a mean 56-fold increase in CTC compared to peripheral blood CellSearch.  
 
CONCLUSION: Our optimized flow-through separation method showed a clear improvement compared to 
the CellSearch system in capturing low EpCAM-expressing cells from the blood. For the capture of CTC from 
mCNPC leukapheresis samples only 10% of the capture reagents are needed, resulting in a higher final 
sample purity without CTC loss. Processing of 10-fold larger DLA sample resulted in a 56-fold increase in 
CTC. 
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Marker independent Labyrinth-based rapid circulating tumor cells 
isolation in patients with colorectal carcinoma for metastasis evaluation 
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BACKGROUND: Colorectal cancer (CRC) is the second most common cause of cancer-related death in both 
genders. Patients with metastatic disease require surgical excision with adjuvant 
chemotherapy/radiotherapy/immunotherapy. Conventional radiography (CT, MRI, and PET) is less 
sensitive for early detection of metastasis. EpCAM-based liquid biopsy is also less sensitive due to the loss 
of epithelial markers in cancer cells during the invasion and metastasis. To overcome these we used 
marker-independent Labyrinth-based CTCs isolation from peripheral blood in CRC patients. 
 
METHODS: CTCs were isolated using Labyrinth devices from pre and postoperative peripheral blood 
samples of CRC patients. Control samples were obtained from patients with non-neoplastic intestinal 
diseases and healthy volunteers. CTCs were demonstrated by Papanicolaou (Pap) stain cytosmears, pan-
cytokeratin (Pan-CK), and T-Plastin (PLS3).  
 
RESULTS: Blood samples of 106 consecutive CRC patients were processed, and samples of 6 cases were 
ƘŜƳƻƭȅǎŜŘΦ ¢ƘŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜ ǊŀƴƎŜŘ ŦǊƻƳ мр-75 (median 45) years with M: F=1.6:1. CTCs detected in 34% 
of patients, out of which 8.8% were in pediatric age groups. CTCs was detected by Pap stain in 26.3% of 
stage I, 43.2% of stage II, 32% of stage III, and 29.4% of stage IV (p-0.018). CTC was found in 38.1% of 
patients with metastasis and 31.2% of patients without metastasis. Pan-CK was positive in 29% of cases 
and PLS3 in 18% of cases. Pan-CK was positive in 47% of stage IV disease and 25.9% of patients with stage 
I-III, whereas PLS3 was positive in 18.5% of patients with stage I-III and 17.6% of stage IV patients. 
Immunodeficiency signals present in 57.1% of metastasis patients and 32.6% in non-metastatic CRC 
patients. 
 
CONCLUSION: Labyrinth-based CTC isolation is a robust technique for early metastasis diagnosis in patients 
with colorectal carcinoma. CTCs can be detected in about one-third of patients in the early stages of the 
disease. Immunofluorescence could be an adjunct technique for CTCs detection. This method should be 
used in routine practice for metastasis evaluation, monitoring, and treatment of CRC patients. 

 



 

 
  



 

Poster Session 2: Novel Technologies in liquid biopsies |  September 21st, 2023, 16:00 - 17:00  

PP043 
 
A biomarker platform technology for the isolation of Circulating Tumor 
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The capture, enumeration, and characterization of Circulating Tumor Cells (CTCs) promises minimally 
invasive real-time early cancer detection and predicts the response to potential treatment approaches. 
However, despite numerous research efforts, there is still an urgent unmet need for the reliable detection 
of rare CTCs, especially at an early stage of the disease. Here, we report the development of an in vivo 
ŘƛŀƎƴƻǎǘƛŎ ǘƻƻƭ ǘƘŀǘ ŎŀǇǘǳǊŜǎ ƘƛƎƘŜǊ ȅƛŜƭŘǎ ƻŦ /¢/ǎ ŦǊƻƳ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘΩǎ ōƭƻƻŘ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǾŜntional 
liquid biopsy approaches. The BMProbeϰ will overcome prevailing bottlenecks of liquid biopsies by 
specifically capturing CTCs in a less invasive non-destructive manner, allowing downstream molecular 
analysis of these rare cells.  
 
The BMProbeϰ is inserted into the cubital vein (forearm) to isolate CTCs, which are extremely rare in blood 
circulation, even in metastatic patients (1-10 CTCs/ml). To address this limitation, we designed the 
BMProbeϰ with a revolutionary and proprietary geometry that optimizes blood screening. A 
biocompatible polymer and antibodies coat the surface of the BMProbeϰ to capture rare cells from the 
peripheral venous blood. As a result, this minimally invasive approach screens up to 350 mL of blood (50x 
more than alternative ex vivo methods), capturing CTCs, but also circulating tumor DNA (ctDNA) and 
extracellular vesicles. After removal, the BMProbeϰ is washed, and the captured cells are fixed for 
molecular characterization, including immunostaining and genomic analysis. 
 
We performed ex vivo experiments using blood samples from cancer patients, namely Non-Small Cell Lung 
/ŀƴŎŜǊ όb{/[/ύΣ ŀƴŘ ƘŜŀƭǘƘȅ ƛƴŘƛǾƛŘǳŀƭǎΦ IŜǊŜΣ ǿŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ŎŀǇǘǳǊŜŘ /¢/ǎ ŦǊƻƳ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘǎΩ 
samples using BMProbesϰ coated with different antibodies. Key observations from this study provided a 
comprehensive understanding of the correlation between CTC detection and cancer diagnosis. Currently, 
we are initiating clinical trials for the application of the BMProbeϰ in prostate cancer patients in 
collabƻǊŀǘƛƻƴ ǿƛǘƘ {ŀƛƴǘ WƻƘƴΩǎ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜ ό/!Σ ¦{!ύ ŀƴŘ /ƘŀǊƛǘŞ .ŜǊƭƛƴ όDŜǊƳŀƴȅύΦ 
 
Employing our revolutionary approach will aid clinicians in stratifying patients by risk and making informed 
ŘƛŀƎƴƻǎǘƛŎ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ŘŜŎƛǎƛƻƴǎΣ ǘƘǳǎ ƛƳǇǊƻǾƛƴƎ ǇŀǘƛŜƴǘǎΩ ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜǎΦ   
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Collection and proliferation of CTCs- An in vitro study with a cell probe  
Sophia Krakowski1, Paul Geus1, Gabi Bondzio2, Nina Baar2, Felix Hehnen1, Ulrich Kertzscher1 
1CƘŀǊƛǘŞ ς ¦ƴƛǾŜǊǎƛǘŅǘǎƳŜŘƛȊƛƴ .ŜǊƭƛƴ, 2INVICOL GmbH 

 
BACKGROUND: Lung cancer is the leading cause of cancer deaths worldwide. The earlier it is detected, the 
better the chances of recovery. However, current diagnostic methods face a number of limitations. The 
need for a new method for early detection, staging and monitoring is therefore high. To overcome these 
limitations, circulating tumour cells (CTCs) can be used as biomarkers, but since they are extremely rare in 
blood (1-10 CTCs/mL) their detection remains a technical challenge. Therefore, an in vivo probe was 
developed. It is a medical grade stainless steel wire that can be coated with different antibodies to bind 
the CTCs to the probe. Compared to existing approaches, the probe is capable to screen a large blood 
volume of about 400 mL within 30 minutes in vivo. 
An exploratory in vitro study is presented to determine the functionality of the probe. In addition, the vital 
detachment of the cells for proliferation is investigated in order to perform drug tests.  
 
Methods: To investigate the functionality of the coating, three probes with different antibody-coating and 
one negative control were placed in a flow system for 30 minutes to simulate the in vivo approach. Then, 
the cells bound to the probe were examined under a fluorescence microscope.  
The probes have been tested in the blood of 10 stage III-IV lung cancer patients before starting therapy 
and 10 healthy individuals as a control group. The antibodies considered were EpCAM, Folate and 
Vimentin.  
 
RESULTS: The in vitro study shows a correlation between tumour disease and the number of bound cells. 
On median, the results of the tumor patients and the control group differ significantly.  
 
CONCLUSIONS: The probe is able to collect CTCs in vitro from the blood of cancer patients. Therefore, it 
has the potential to make an important contribution to early diagnosis, detection of minimal residual 
disease and monitoring of progression and tumour therapy. Current investigations are focusing on the 
detachment of living cells for drug testing. Also, a subsequent study is planned to validate the in vivo 
functionality. 
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Quantification of circulating tumor cells from whole blood using silicon 
microchips 
Michael Knapp1, Matthias Ege1Σ {ŀƳƛǊ YŀŘƛŏ1, Astrid Lux1Σ CǊŀƴȊ [ŅǊƳŜǊ1, Nils Paust2, Roland 
Zengerle2, Jochen Hoffmann1 
1Robert Bosch Gmbh, 2University of Freiburg, Department of Microsystems Engineering - IMTEK 

 
BACKGROUND: Circulating tumor cells (CTCs) are the seeds of metastasis responsible for most cancer-
related deaths. Quantification and characterization of CTCs holds great potential for early detection of 
metastasis, individualized tumor therapy and monitoring. State-of-the-art systems mostly lack high 
sensitivity, are not applicable to different tumor types, or are hard to automate and integrate into a single 
miniaturized device with Point-of-Care capability. We present a novel system for isolation-free CTC 
quantification based on silicon microchips. 
 
METHODS: We use an isolation-ŦǊŜŜ ŀǇǇǊƻŀŎƘ ǊŜǉǳƛǊƛƴƎ ƻƴƭȅ нлҡ[ ǿƘƻƭŜ ōƭƻƻŘΦ ¢ƘŜ ǎŀƳǇƭŜ ƛǎ ŘƛƭǳǘŜŘ мΥр 
ƛƴ ŀƴ ŜǊȅǘƘǊƻŎȅǘŜǎ ƭȅǎƛǎ ōǳŦŦŜǊ ŀƴŘ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ŀ ƳƛŎǊƻŦƭǳƛŘƛŎ мллҡƭ ǎŜŘƛƳŜƴǘŀǘƛƻƴ ŎƘŀƳōŜǊ ǿƛǘƘ ŀ 
structured silicon microchip at the bottom (Figure1). During a 20min stationary phase, all nucleated cells 
sediment into the wells at the ground due to gravity. Buffer exchange and cellular staining can be achieved 
ōȅ ΨƳƛŎǊƻŦƭǳƛŘƛŎ ŘŜŎŀƴǘƛƴƎΩ ǿƘƛŎƘ ƳƛƳƛŎǎ ŀ ƳŀŎǊƻǎŎƻǇƛŎ ŎŜƴǘǊƛŦǳƎŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭƛǉǳƛŘ ǾƻƭǳƳe above the 
microchip is displaced with an immiscible air phase, whereas the cells stay in the microwells. Subsequent 
filling of the chamber with the desired fluid enables rapid diffusive exchange in each microwell within a 
few seconds. Decanting and refill can be repeated to provide multiple wash steps or to perform an on-chip 
fixation/permeabilization/staining protocol. By optical detection and classification of the cells the count of 
epithelial CTCs can be determined (Figure2). 
 
RESULTS: By combining silicon microchips with microfluidic decanting, high cell recovery rates >95% could 
be realized for different sample species. In contrast with classical macroscopic processing by centrifuge, 
remarkably inconsistent and high cell losses with WCwҐолΦфҕмфΦр҈ ƻŎŎǳǊǊŜŘΦ !ƴ ŜȄŜƳǇƭŀǊȅ ƻƴ-chip 
protocol with HCT-116 cells could successfully be proven by positive staining for intracellular cytokeratin 
markers after fixation and permeabilization (Figure3). 
 
CONCLUSION: Our results show that microfluidic sample processing provides a low-loss approach of high 
sensitivity for the quantification of CTCs. The introduction of microfluidic decanting makes the system 
adaptable to a wide variety of assays by using different detection reagents, allowing it to be used as a 
modular platform technology for the detection of CTCs in different tumor types with Point-of-Care 
capability in the future. 
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Training an automated circulating tumor cell classifier when the true 
classification is uncertain  
Afroditi Nanou1, Nikolas Stoecklein3, Daniel Doerr4, Christiane Driemel3, Leon Terstappen1,3, 
Frank Coumans1,2 
1Medical Cell BioPhysics, University of Twente, 2Decisive Science, 3Department of General, Visceral and Pediatric 
Surgery, Heinrich-IŜƛƴŜ ¦ƴƛǾŜǊǎƛǘȅΣ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ 5ǸǎǎŜƭŘƻǊŦΣ 4Institute for Medical Biometry and Bioinformatics, 
Heinrich Heine University 

 
BACKGROUND: Circulating tumor cells (CTC) and tumor-derived Extracellular Vesicles (tdEV) loads are 
prognostic of survival in carcinoma patients. The current method of CTC enumeration relies on operator 
review, unfortunately has moderate inter-operator agreement (Fleiss kappa 0.60) due to difficulties in 
classifying CTC-like events (1).  
 
METHODS: We compared operator review, ACCEPT automated image processing (2), and refined the 
output of a deep learning algorithm (3) to identify CTC and tdEV for the prediction of survival in patients 
with metastatic and non-metastatic cancer. Three deep learning refinement approaches were pursued: 1. 
Operator Labeled (OL-CTC), 2. Designed Decision tree (DD-CTC), and 3. Automatic contrast maximization 
CM-CTC of events detected in cancer and in benign samples (CM-CTC). We used 418 samples from benign 
diseases, 6293 from non-metastatic breast, 2408 from metastatic breast, and 698 from metastatic prostate 
cancer to train, test, optimize and evaluate CTC and tdEV enumeration.  
 
RESULTS: For CTC identification, the CM-CTC performed best on metastatic/non-metastatic breast cancer 
respectively with a hazard ratio for overall survival (HR) of 2.6/2.1 versus 2.4/1.4 for operator CTC and 
1.2/0.8 for ACCEPT-CTC. For tdEV identification, CM-tdEV performed best with an HR of 1.6/2.9 versus 
1.5/1.0 with ACCEPT-tdEV. Conclusions In conclusion, even though contrast maximization does not utilize 
domain knowledge for the enumeration of CTC and tdEV, it outperforms two approaches reliant on such 
knowledge. 
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Genomic profiling of single cancer cells using the single-cell IMPACT assay 
Clara Chaiban1, Isabell Blochberger1, Jonas Grote2, Thomas Ragg2, Adithi Ravikumar 
Varadarajan3, Jens Warfsmann3, Christoph Klein1,3, Zbigniew Czyz1 
1Experimental Medicine and Therapy Research, University of Regensburg, 2Quantiom Bioinformatics GmbH & Co. KG, 
3Division of Personalized Tumor Therapy, Fraunhofer ITEM-R 

 
BACKGROUND: Genomic profiling of CTCs holds the promise of identifying critical genomic alterations that 
guide therapy-decision making even years after removal of primary tumors by analyzing disease-driving 
cells directly.  Consequently, novel methods are needed to enable accurate and reliable mutational 
profiling of single cells. To meet this need, we adapted the MSK-Lat!/¢ϯ ŀǎǎŀȅΣ ŀƴ C5!-approved 
diagnostic tool for Integrated Mutation Profiling of Actionable Cancer Targets, to analyze single-cell 
genomes. We demonstrate the performance of the new workflow in a series of benchmarking experiments 
using well-established cell lines. 
 
METHODS: Single-cell IMPACT (scIMPACT) assay was conducted on single cells and cell pools amplified by 
Ampli1 WGA. Subsequently, targeted sequencing with the scIMPACT assay was conducted. We optimized 
our laboratory protocols and employed an in-house developed machine learning algorithm to account for 
WGA associated bias. The sample collective was divided into two groups used to train and validate our 
workflow. The first collective, comprised of sequencing libraries prepared from MDA-MB-453, BT474, 
BT549 and ZR-75.1, was utilized to train and adapt the workflow to single-cell applications. The second 
collective, comprised of matched tumor and normal cell lines (HCC1395/HCC1395BL, respectively) was 
utilized to validate the performance of the workflow.  
 
RESULTS: Somatic alterations could be detected in all WGA products matching well with the corresponding 
profiles of bulk DNA samples and published data, although evidence of genetic heterogeneity was found 
at the single cell level. To evaluate the performance of the scIMPACT workflow, we analyzed two 
independent datasets. Analytical validation demonstrated 92% sensitivity and 96% specificity (AUC=0.98) 
across all samples of the training dataset. Comparable results were obtained with the validation cohort 
(sensitivity 84%, specificity 96%, AUC=0.90) indicating general applicability of our workflows for 
independent datasets. 
 
CONCLUSIONS: We have successfully adapted the IMPACT assay to single-cell analysis. The output of the 
pipeline provides CNV profiles and detects mutations with high specificity and sensitivity in DNA derived 
from single cells and cell pools. The scIMPACT assay can be directly implemented in the genomic profiling 
of CTCs. 
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Combined genome and targeted proteome analysis of single cells 
Zbigniew Tadeusz Czyz1, Atieh Alyasin1, Catherine Botteron2, Christoph Klein1,2 
1Experimental Medicine and Therapy Research, University of Regensburg, 2Division of Personalized Tumor Therapy, 
Fraunhofer ITEM-R 

 
INTRODUCTION: The simultaneous analysis of genotype and phenotype information of very rare single 
cells would enable addressing important biological and diagnostic questions particularly in cancer. Here 
we introduce a novel genome and proteome (G&P) analytic workflow, a multi-omics method 
experimentally combining comprehensive analysis of single-cell DNA and targeted profiling of protein 
expression in single cells. As a proof of concept, we demonstrate the capability of the method to quantify 
copy number of the ERBB2 gene alongside with protein expression levels of HER2, phospho-HER2 and 
cytokeratin 8/18/19 in single cells. 
 
METHODS: The G&P workflow utilizes antibodies conjugated with DNA oligonucleotides designed to 
enable their amplification alongside the single-cell genome utilizing whole genome amplification (WGA). 
Here, we utilized antibodies targeting cytokeratin 8/18/19, HER2 and phospho-HER (Tyr1248). 
Performance of each DNA-conjugated antibody was assessed by immunofluorescence staining in a variety 
of breast cancer cell lines (MDA-MB231, MDA-MB453, BT474 and MCF7) and sample types. Stained cells 
were isolated by manual micromanipulation and subjected to WGA. Protein expression levels, derived 
from quantification of the amplified DNA tags, were measured by qPCR. Shallow whole genome sequencing 
was employed to facilitate genome-wide profiling of copy number variations (CNVs) and assess copy 
number of the ERBB2 locus. 
 
RESULTS AND DISCUSSION: We successfully developed and tested a G&P workflow allowing parallel 
genome-wide CNV profiling and quantification of three target proteins. The G&P protocols were optimized 
to decrease the non-specific background signal as well as to normalize the quantification of protein 
expression levels. We validated our workflow by analyzing cells derived from cell lines exhibiting distinct 
levels of HER2 and phospho-HER2 expression as well as different DNA copy numbers of the ERBB2 gene. 
As no interference of genome and protein-tag-derived DNA was noticed, the proteomic analysis appears 
only limited by the costs for multiple DNA-tagged antibodies. 
 
CONCLUSION: Our novel, multiplex G&P technique is capable of generating multiparametric measurement 
linking DNA copy numbers and expression levels of selected proteins of interest. The method is optimized 
for analysis of single cells from rare cell populations and is readily translatable to analysis of circulating 
tumor cells (CTCs) and disseminated cancer cells (DCCs). 
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CTC characterization by multiplex mRNA in situ hybridization and machine 
learning-assisted classification for longitudinal monitoring of drug 
resistance in metastatic prostate cancer 
Lilli Bonstingl1,2, Katja Sallinger1, Margret Zinnegger2, Christina Skofler2,3, Christine Ulz2,3, Karin Pankratz1, 
Elisabeth Pritz1, Corinna Odar1, Michael Gruber1Σ !ƴŀǘƻƭ .ƻǊǊłǎ-Cherrier4, Visnja Somodi4, Thomas Kroneis1, 
Thomas Bauernhofer4, Amin El-Heliebi1 
1Division of Cell Biology, Histology and Embryology, Gottfried Schatz Research Center, Medical University of Graz, 2Center for 
Biomarker Research in Medicine (CBmed), 3Diagnostic and Research Center for Molecular BioMedicine, Diagnostic and Research 
Institute of Pathology, Medical University of Graz, 4Division of Oncology, Department of Internal Medicine, Medical University of Graz 

 
BACKGROUND: In situ padlock probe technology can be used to enumerate circulating tumor cells (CTCs) 
and detect mRNA-based resistance markers. Until now, the main challenges were time-intensive manual 
evaluation of in situ data and meeting the high sensitivity and specificity-requirements. To boost 
sensitivity, specificity, and informative value, we developed a novel multiplex in situ approach to visualize 
11 different CTC and hematopoietic markers and implemented automated image analysis combined with 
machine learning-assisted cell classification to increase feasibility. 
 
METHODS: We visualized a panel of epithelial, prostate cancer (PC)-specific, neuroendocrine, 
mesenchymal, and hematopoietic mRNA markers using in situ hybridization and semiautomated image 
ŀƴŀƭȅǎƛǎ ό/ŜƭƭtǊƻŦƛƭŜǊύΦ .ŀǎŜŘ ƻƴ ƘŜŀƭǘƘȅ ŘƻƴƻǊǎΩ ōƭƻƻŘ ǎŀƳǇƭŜǎ ŀƴŘ ǘǿƻ t/ cell lines, we trained a random 
forest classifier to identify CTCs with supervised machine learning (CellProfiler Analyst). For manual expert 
revision of the classified cells, we implemented an interactive image gallery. Finally, we analyzed 7 CTC-
enriched blood samples of 3 patients with advanced metastatic PC and compared our findings to clinical 
parameters and AdnaTest results.  
 
RESULTS: The trained classifier recognized 69% of manually confirmed patient CTCs. False-positive and 
false-negative CTCs were easily spotted and annotated during expert revision in the interactive image 
gallery. The workflow identified CTCs with epithelial, mesenchymal, and/or neuroendocrine markers, 
revealed inter- and intrapatient heterogeneity, and captured both single CTCs and CTC clusters. We 
detected several treatment-relevant transcripts, i.e., PSMA (FOLH1), AR-V7, DLL3, and SLFN11. The analysis 
of five longitudinal samples of one patient revealed dynamic changes in the CTC profile associated with 
treatment changes. A temporary loss of PC-specific and epithelial markers under docetaxel treatment was 
observed, while a population of potential CTCs with high VIM expression and a tendency towards cluster-
formation emerged. Overall, CTC in situ analysis was concordant with AdnaTest results and clinical 
parameters. 
 
CONCLUSION: Our in situ approach visualizes and characterizes CTCs without antibody staining and detects 
predictive markers on mRNA-level. It proved suitable for capturing single CTCs and CTC clusters with 
epithelial, mesenchymal, neuroendocrine, or mixed phenotypes and can be used for longitudinal 
monitoring. Assessment of in situ-stained samples is feasible with machine learning-assisted classification 
and our interactive image gallery. 
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Highly specific CTC detection assay: a double-exclusion biomarker 
approach  
Paulina Piairo1,2, Adriana Carneiro1,3,4Σ [ǳƝǎ [ƛƳŀ3Σ [ƻǊŜƴŀ 5ƛŞƎǳŜȊ1,2 
1International Iberian Nanotechnology Laboratory, 2RUBYnanomed Lda, 3IPO Porto Research Centre (CI-IPOP), Instituto 
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BACKGROUND: Cancer is a leading cause of death worldwide and metastatic disease is a primarily 
responsible for poor survival [1]. CTCs can provide valuable real-time insights into tumour heterogeneity 
and clonal evolution, making them a useful tool for early diagnosis and patient monitoring [2]. However, 
the low concentration of CTCs in blood and the lack of universal cancer-specific markers make their 
isolation and detection challenging. After isolation, CTCs are typically identified by immunocytochemistry 
using positive biomarkers such as Cytokeratin (CK) and exclusion biomarkers like CD45. However, some 
white blood cell (WBC) populations can express low levels of CD45 and stain non-specifically for CK, 
increasing their risk of misclassification as CTCs [3]. The purpose of this study was to improve CTC detection 
and enumeration by introducing a second exclusion biomarker, CD15, to exclude interfering WBCs 
populations thus eliminating false positives.  
 
METHODS: Whole blood samples were processed using the RUBYchipTM, a microfluidic device for 
unbiased isolation of CTCs, and exclusion rate was evaluated by immunocytochemistry. Different CK and 
CD45 antibodies were tested to optimise the specificity of the assay.  
 
RESULTS: This study demonstrated that granulocyte subpopulations express low levels of CD45 and stain 
non-specifically for CK, misidentifying them as CTCs. However these cells, were shown to strongly express 
CD15, allowing them to be identified as WBCs and excluded from CTC classification. False positive rates 
were reduced to 0.2 % by combining a highly specific CD45 antibody with a CD15 antibody. The inclusion 
of a better performing CK antibody further improved assay specificity and robustness, resulting in complete 
absence of false positives. The study emphasizes the importance of a thorough exclusion criteria and high 
antibody specificity in CTC immuno-assays for accurate identification of CTC candidates and unequivocal 
exclusion of interfering white blood cell subpopulations.  
 
CONCLUSION: This study demonstrated how misidentifying granulocyte subpopulations can lead to 
inaccurate CTC evaluation. However, using highly specific and high-performance antibodies, as well as 
including a second exclusion biomarker, can improve CTC detection and enumeration, allowing for a more 
comprehensive clinical application of CTCs.  
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Investigating the translational potential of circulating tumor cells in 
ƳŜǘŀǎǘŀǘƛŎ ōǊŜŀǎǘ ŎŀƴŎŜǊ ǘƘǊƻǳƎƘ ǎƛƴƎƭŜ ŎŜƭƭ оΩ wb!-sequencing 
Tania Rossi1, Sara Bandini1, Giulia Gallerani2, Erika Bandini1, Ivan Vannini1, Meropi Plousiou1, 
Michela Palleschi3, Giovanni Martinelli4, Lorenzo Gerratana5, Francesco Fabbri1, Paola Ulivi1 
1Biosciences Laboratory, IRCCS Istituto Romagnolo Per Lo Studio Dei Tumori (IRST) "Dino Amadori", 2Department of 
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Romagnolo per lo Studio dei Tumori (IRST) "Dino Amadori", 4Scientific Directorate, IRCCS Istituto Romagnolo per lo 
Studio dei Tumori (IRST) "Dino Amadori", 5Department of Medical Oncology, Centro di Riferimento Oncologico di Aviano 
(CRO) IRCCS 

 
BACKGROUND: Circulating tumor cells (CTCs) are a type of liquid biopsy capable of recapitulating the full 
cancer biological system, representing a promising real-time biological readout of disease evolution. Here, 
we aim at investigating the transcriptomic profile of CTCs from 9 luminal metastatic breast cancer (MBC) 
patients at single-cell level and to identify gene expression signatures associated with clinical parameters.  
 
METHODS: CTCs were enriched from blood using RosetteSep CTC Enrichment cocktail, and incubated with 
antibodies targeting epithelial (EpCAM, E-cadherin) and leukocyte (CD45) markers. Hoechst33342 was 
used for nuclear staining. DEPArray NxT was used for phenotypic analysis and live single-cell recovery. 
[ƛōǊŀǊƛŜǎ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ǳǎƛƴƎ vL!ǎŜǉ ¦t· оΩ ¢ǊŀƴǎŎǊƛǇǘƻƳŜ ƪƛǘ ŀƴŘ ǎŜǉǳŜƴŎŜŘ ƻƴ LƭƭǳƳƛƴŀ aƛ{ŜǉΦ /[/ 
Genomics Workbench was used for bioinformatic and statistical analysis. Enrichr was used for enrichment 
analysis. 
 
RESULTS: A median of 9 CTCs (2-31) were found in 7/9 patients (77,8%). CTCs (n=13) from 2 patients with 
progressive disease (PD) compared to CTCs (n=24) from 5 non-PD patients had overexpression of genes 
associated with BC progression (NEAT1, BRD4), while genes involved DNA break-repair were 
downregulated (BRCA2, XRCC5, HMGB1). Enriched terms in CTCs from PD patients, were associated with 
homologous recombination and DNA damage response (Wikipathways; Figure 1). CTCs (n=15) from 3 
patients with bone metastasis compared to CTCs (n=22) from 4 patients with metastasis at other sites 
harboured overexpression of genes reported to be involved in improved migration (CDC42, ARF6, TMSB10) 
as well as in metastatic osteotropism (S100A4, VAPA). Terms associated with VEGFA-VEGFR2 signaling 
ǇŀǘƘǿŀȅ ό²ƛƪƛǇŀǘƘǿŀȅǎΤ CƛƎǳǊŜ нύ ŜƳŜǊƎŜŘ ŀǎ ŜƴǊƛŎƘŜŘ ƛƴ .a ǇŀǘƛŜƴǘǎΩ /¢/ǎΦ ¢ƘǊƻǳƎƘ ǘǊŀƴǎŎǊƛǇǘƻƳƛŎ 
analysis, we suggest that double negative cells (CD45-/EpCAM-/E-cadherin-) identified in a patient might 
be non-canonical CTCs (Figure 3).  
 
CONCLUSION: Our results, although hypothesis generating, suggest the potential of CTCs- based 
transcriptomics in MBC patients for a granular real-time characterization, providing new insights on the 
clinical- biological evolution of MBC and mechanisms of metastatic cascade and organotropism. The 
combined phenotypic and transcriptomic analysis is a novel approach to shed light on non-canonical CTC 
populations. Once confirmed on a large case series, this type of investigation would represent an important 
approach to improve personalized medicine.  
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A multicolor flow cytometry panel for the determination and in-depth 
characterization of circulating tumor cells in patients with breast cancer 
Susanne M. Pfrommer1Σ {ƛƳƻƴŜ tǀǎŎƘŜƭ2, !ƴŘǊŞ YƻŎƘ3, Sara Y. Brucker3, Stella E. Autenrieth1 
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Medical Faculty, Flow Cytometry Core Facility, 3¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǸōƛƴƎŜƴΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ hōǎǘŜǘǊƛŎǎ ŀƴŘ DȅƴŜŎƻƭƻƎȅ 

 
BACKGROUND: Despite complete surgery, breast cancer (BC) can recur years after primary diagnosis, 
suggesting that cancer cells persist in a dormant state at distant sites. Circulating tumor cells (CTCs), a 
surrogate for this minimal residual disease (MRD), can be detected in the blood and express prognostic 
ŀƴŘ ǇǊŜŘƛŎǘƛǾŜ ƳŀǊƪŜǊǎ ǘƘŀǘ ŀǊŜ ǘŀǊƎŜǘǎ ƻŦ ƳƻŘŜǊƴ ǎȅǎǘŜƳƛŎ ǘƘŜǊŀǇƛŜǎΦ /Ŝƭƭ{ŜŀǊŎƘϯ ƛǎ ǘƘŜ ƻƴƭȅ C5!-
approved system for enumerating CTCs in patients with BC. The system detects cytokeratin+ epithelial cell 
adhesion molecule (EpCAM)+CD45- CTCs. However, it cannot detect CTCs undergoing an epithelial-to-
mesenchymal transition, which is a hallmark of tumor spread (cytokeratin-EpCAM- CTCs), or CTCs forming 
clusters with white blood cells (WBC) (CD45+ CTCs). Thus, there is a need for a faster and qualitatively 
improved detection and in-depth characterization of CTCs in BC to facilitate treatment options for these 
patients.  
 
METHODS: Spectral flow cytometry is an emerging technology that simultaneously determines various 
extracellular and intracellular markers using fluorescently-labeled antibodies combined with cellular 
autofluorescence. As CTCs are highly autofluorescent, this feature is very useful for their detection. We 
have established a full-spectrum flow cytometry panel with 33 antibodies detecting classical CTC, 
epithelial, mesenchymal markers, and markers for various WBC-CTC clusters. This panel was used to 
characterize CTCs in pleural effusion and peripheral blood (PB) samples of patients with metastatic BC 
(MBC) and healthy donors as control.  
 
RESULTS: Unsupervised data analysis, including dimensionality reduction (UMAP) and clustering 
(Phenograph), revealed clusters corresponding to the major circulating immune cell populations, clusters 
of classical cytokeratin+EpCAM+CD45- CTCs, further subpopulations of CTCs, and WBC-CTC clusters in MBC 
patients. Using this panel revealed, in general, an interindividual heterogeneity as the CTC clusters from 
different patients showed different phenotypes.  
 
CONCLUSIONS: The established spectral flow cytometry panel characterizes different CTC phenotypes 
within pleural effusion and PB of patients with MBC, reflecting an inter- and intraindividual heterogeneity 
of CTCs. Our approach allows us to characterize CTCs for more accurate response prediction to standard 
therapy and to evaluate the combination of biomarkers for advanced targeted treatment strategies.  
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Measuring antigen expression of cancer cell lines and circulating tumor 
cells 
Anouk Mentink1, Khrystany T. Isebia2, Jaco Kraan2, Leon W.M.M. Terstappen1, Michiel Stevens1 
1Medical Cell BioPhysics, University of Twente, 2Medical Oncology, Erasmus MC 

 
BACKGROUND: Cell lines are frequently used to evaluate circulating tumor cell (CTC) enrichment 
technologies. For technologies using immunomagnetic enrichment, the target such as EpCAM needs to be 
expressed at similar densities as the real CTC. The EpCAM expression of CTCs needs to be known, but also 
the EpCAM expression of cell lines at different institutions and at different timepoints is important. Due to 
the low frequency of CTCs we used diagnostic leukapheresis (DLA) for enrichment. 
 
METHODS: EpCAM expression on cultured tumor cells obtained from multiple institutions was determined 
by flow cytometry. Capture efficiency was also measured for one of the cell lines using the CellSearch 
system. DLA aliquots of two hundred million leukocytes of 13 metastatic castration-sensitive prostate 
cancer (mCSPC) patients were depleted from leukocytes and were stained with Hoechst, CK, PSMA, CD45, 
CD16 and EpCAM and measured by quantitative flow cytometry. 
 
RESULTS: A large variation in the antigen expression of identical cell lines cultured at different institutions 
was found, resulting in PC3 recoveries with the CellSearch system ranging from 12 up to 83%. The average 
EpCAM expression on PC3 was 11,481 and on LNCaP 728,738 molecules per cell. EpCAM expression on 
mCSPC CTC defined as Hoechst+, CD45-, CD16-, CK+ and PSMA+ ranged from 35 to 89,534 (mean 24,993) 
molecules per CTC. 
 
CONCLUSIONS: We conclude that large differences in capture efficiency can occur while using the same 
cell line. To closely resemble real CTCs from mCSPC patients, a cell line with a relatively low EpCAM 
expression should be used, and its expression should be monitored frequently. 

 
 
  



 

Poster Session 2: Novel Technologies in liquid biopsies |  September 21st, 2023, 16:00 - 17:00  

PP054 
 
Analysis of circulating tumor cells and circulating free RNA in small-cell 
lung cancer using qPCR and immunofluorescence detection 
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Hauptmann-Repitz2, Oliver Illini2, Maximilian Hochmair2, Michael Bernhard Fischer3, Esther 
Weiss4, Robert Zeillinger1, Eva Obermayr1 
1Molecular Oncology Group, Department of Obstetrics and Gynecology, Comprehensive Cancer Center, Medical 
University of Vienna, 2Department of Respiratory and Critical Care Medicine, Karl Landsteiner Institute of Lung 
Research and Pulmonary Oncology, Klinik Floridsdorf, 3Department of Blood Group Serology and Transfusion 
Medicine, Medical University of Vienna, 4OncoLab Diagnostics 
 

BACKGROUND: Small-cell lung cancer (SCLC) is characterized by a high number of circulating tumor cells 
(CTCs). However, the detection of CTCs can be impaired by poor recovery of the isolation, which typically 
precedes the detection by various methods. Here we aimed at finding optimal experimental conditions in 
terms of CTC recovery by the application of different CTC isolation and detection methods. Furthermore, 
we evaluated circulating free tumor RNA (cfRNA) in the same patients. 
 
METHODS: Peripheral blood samples from 74 SCLC patients were processed using the microfluidic 
Parsortixϰ (PX) technology (Angle plc. GEN3D6.5 separation cassette) together with or without a 
preamplification step. 21 further blood samples were processed with PX (GEN3D4.5 separation cassette) 
technology and the Oncoquick (OQ, Greiner Bio-One) density gradient centrifugation in parallel to enrich 
the CTC. CTC-related transcripts (CHGA, DLL3, SYP, EpCAM, CK19) were analyzed with qPCR. The transcript 
panel was  analyzed in cfRNA isolated using the QIAamp ccfDNA/RNA Kit (QIAGEN). CTCs were also 
enumerated using nPACϰ immunofluorescent staining reagents and analyzed with the nCyteϰ platform 
(AxonDx). Healthy donors were included to investigate background signal and calculate a threshold for 
positive patient samples. 
 
RESULTS: The pre-amplification step increased the detection of positive patient samples by 3.8 fold from 
16.2% to 60.8%. Using our CTC marker panel for SCLC detection, we observed a higher positivity rate after 
OQ (76.0%) than after PX (52.0%) enrichment, and an even lower positivity rate in cfRNA (28.6%). More 
than 3 CTCs were detected in 71.4% by immunostaining. All patients with at least 11 CTCs were positive 
with at least two CTC-related transcripts investigated by qPCR. A lower concordance between 
immunostaining and cfRNA, as well as with immunostaining and qPCR (OQ/PX) was observed in patients 
with lower CTC counts.  
 
CONCLUSIONS: Our results indicate a high concordance of qPCR and immunostaining depending on cell 
counts. We conclude from the samples with lower cell counts that the qPCR-based could have additive 
value compared to the immunostaining-based detection, and furthermore allows the detection of a variety 
of markers simultaneously. The detection of CTC-related markers in plasma cfRNA could be a promising 
tool for liquid biopsy analyses. 
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Enrichment of plasma extracellular vesicles (EVs) in cancer patients: 
comparison of EpCAM-based and CD47-based captures 
Giulia Bregola1, Martina Masotti2, Martina Moras2, Valentina Mattei2, Francesco Picardo1, bƛŎƻƭƼ 
Manaresi1, Francesca Fontana1 
1Menarini Silicon Biosystem, 2Alten Life Sciences Division 

 
BACKGROUND: Extracellular vesicles (EVs) produced by cancer cells are involved in tumorigenesis, tumor 
progression and metastasis and represent a promising tool for liquid biopsy. We recently described a multi-
target approach based on the CellMagϰ technology (Menarini Silicon Biosystems, MSB) enabling the 
combined enrichment of EpCAM+ CTCs and plasma EpCAM+ EVs (Bregola et al, AACR 2023 poster 
presentation). As CD47 is known to play a relevant role in tumor immune evasion and is located on 
exosomes, the same workflow was tested in parallel with anti-CD47 ferrofluid-conjugated antibody to 
enrich plasma CD47+ EVs, and compare the two EVs sub-populations by molecular analysis. 
 
METHOD: Whole blood was collected in two CellRescueϰ tubes from n= 5 stage III/IV cancer patients (n=3 
prostate; n=2 breast) and n=2 healthy donors. Per each donor the blood samples were mixed and split into 
new tubes to minimize sampling differences. Combined plasma EpCAM+ EVs and CTCs  enrichment was 
performed from one tube, as described before1; plasma CD47+ EVs were enriched from the other tube 
with CellMagϰ Epithelial CTC Kit and anti-CD47 capture ferrofluid (MSB, custom production). CTCs were 
counted at the CellTracks Analyzer II; plasma EVs were analyzed by Transmission Electron Microscopy 
(TEM) and miRNA analysis (Real-time PCR, TaqManϰ Advanced miRNA Human Serum/Plasma panel). 
 
RESULTS: All samples had 0 CTCs. Extracellular microvesicles were observed by TEM in two patients and 
one control with both captures. Endogenous hsa-miR-16-5p was detected in all samples, with lower 
abundance in EpCAM+ EVs. One control and two patients were screened for n=188 miRNAs. With EpCAM 
ŎŀǇǘǳǊŜ ŀ ƘƛƎƘŜǊ ǇŜǊŎŜƴǘŀƎŜ ƻŦ Ƴƛwb!ǎ ǿŀǎ ŦƻǳƴŘ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ƘŜŀƭǘƘȅ ŘƻƴƻǊ όҒол҈ ǾǎΦ 
мт҈ύΤ ǿƛǘƘ /5пт ǘƘŜ ŘŜǘŜŎǘƛƻƴ ǊŀǘŜ ǿŀǎ Ғрл҈ ōƻǘƘ ƛƴ ǇŀǘƛŜƴǘǎ ŀƴŘ ŎƻƴǘǊƻƭΦ Ҕрл҈ ƻŦ Ƴƛwb!ǎ ŦƻǳƴŘ ƛƴ 
patients with EpCAa ǿŜǊŜ ƴƻǘ ŘŜǘŜŎǘŜŘ ƛƴ ǘƘŜ ƘŜŀƭǘƘȅ ŘƻƴƻǊΣ ǾŜǊǎǳǎ ƻƴƭȅ Җмр҈ ǿƛǘƘ /5птΦ ¢ƘŜ ǘǿƻ 
captures showed minimal overlap of patient-specific miRNAs. 
 
CONCLUSIONS: Preliminary data presented here suggest that EpCAM and CD47 enrich different plasma 
EVs subpopulations. EpCAM-based capture is potentially more specific for plasma tumor-derived EVs 
enrichment wrt CD47, however further investigations are needed. 
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Impact of reference materials for analytical performance evaluation of 
liquid biopsy NGS assays 
Ariane Hallermayr1,2,3, Thomas YŜǖƭŜǊ1,3, Ben Liesfeld4, Samuel Bernstein4, Verena Steinke-
Lange1,2,3, Teresa M. Neuhann1, Julia MA Pickl1,2,3, Elke Holinski-Feder1,2,3 
1MGZ ς Medizinisch Genetisches Zentrum, 2Medizinische Klinik und Poliklinik IV, Campus Innenstadt, Klinikum der 
¦ƴƛǾŜǊǎƛǘŅǘ aǸƴŎƘŜƴΣ 3European Liquid Biopsy Society, 4Limbus Medical Technologies GmbH 

 
BACKGROUND: Liquid biopsy (LB) enables the non-invasive analysis of genetic tumor variants in circulating 
free DNA (cfDNA) in plasma to support personalized treatment. The majority of cancer patients present 
with actionable tumor variants with variant allele frequencies (VAFs) <1%. Therefore, accurate analytical 
validation of LB assays at the lower end of the measurement scale is mandatory, especially regarding the 
In Vitro Diagnostic Regulation (IVDR). Selection of appropriate reference materials is the first and key 
prerequisite for this purpose. We tested three commercially available reference materials for their 
suitability to be used for LB NGS assay validation. First, background noise was determined, which is critical 
for accurate assessment of specificity and sensitivity. Second, the similarity of the reference materials to 
native cfDNA was evaluated. 
 
METHODS: NA24385-based wild-type (WT) cfDNA reference materials from SensID, Coriell, and SeraCare 
and 19 patient samples were analyzed using Duplex Sequencing-based LB NGS assay. 
 
RESULTS: To investigate the background noise of the three different WT reference materials, which are 
important for the evaluation of specificity, the number of variants <0.1% VAF was determined and 
compared to patient samples. In both SensID and Coriell materials, <0.1 variants/kb were detected, 
whereas in SeraCare materials, 16.9 variants/kb were detected. For comparison, <0.1 variants/kb were 
detected in the 15 patient samples. Accordingly, both the SensID and Coriell materials showed very low 
background noise at low VAFs, which are in the same range as the signals observed in patient samples and 
are therefore highly suitable for specificity determination. 
To test the closeness of agreement with native cfDNA, DNA profiles and library yields of reference materials 
were compared to patient samples. The SeraCare cfDNA reference material more closely resembled native 
cfDNA than SensID and Coriell materials, allowing for more accurate development of experimental 
protocols. 
 
CONCLUSION: In summary, careful consideration of commercially available reference materials is required 
for performance evaluation of LB NGS assays. While reference materials with well-defined variants are 
preferable for determining specificity, reference materials that closely resemble native cfDNA aid in the 
development of experimental protocols. 
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Overcoming technical biases in cfRNA-based liquid biopsies 
[ƭǳŎ /ŀōǵǎ1, Sonia Belmonte1Σ /Ǌƛǎǘƛƴŀ ¢ǳƷƛ1, Julien Lagarde1, Phil Sanders1, Joao Curado1, Esther 
Lizano2, Jennifer Perez-Boza1 
1Flomics SL, 2Institute of Evolutionary Biology (UPF-CSIC), Department of Medicine and Life Sciences, Universitat 
Pompeu Fabra 

 
BACKGROUND: Liquid biopsies have become increasingly important diagnostic tools for early-stage cancer 
detection during the last decade due to their high sensitivity and minimal invasiveness.  
Plasma cell-free RNA (cfRNA) is a rich source of information, including biomarkers for the early detection 
of cancer.  
cfRNA-based biomarker identification requires a robust and reproducible pipeline for RNA isolation and 
next generation sequencing (NGS), combined with bioinformatic pipelines for NGS data processing and 
analysis.  
Since the cfRNA-based liquid biopsy field is still young, various technical limitations still need to be 
resolved. Overcoming these issues will improve the reproducibility of this approach and generate high 
confidence biomarkers for early cancer diagnosis. 
The goal of this project is to optimise all the steps in the pipeline to define a standard protocol for cfRNA 
analysis.  
 
METHODS: We obtained blood from various donors and tested different protocols and kits for many steps 
in the pipeline, such as blood collection, RNA isolation, and library preparation. 
We evaluated different in-vitro and in-silico methodologies using quantitative and qualitative analysis 
methods at the RNA and cDNA library levels. 
We built a custom bioinformatics pipeline to process cfRNA-Seq data from liquid biopsies. Using a variety 
of Quality Control (QC) statistics (including several innovative metrics developed in house), we were able 
to perform an extensive comparative analysis of the cfRNA profiles observed across the tested 
experimental conditions. 
 
RESULTS: We identified the optimal kit or protocol at each stage of the pipeline for the generation of high 
quality cfRNA-Seq libraries.  
Analysis of the NGS data using the optimised bioinformatic pipeline revealed that the optimised steps of 
the pipeline provide a substantial improvement in the quality of cfRNA-derived sequencing data.  
 
CONCLUSIONS: We have identified and optimised critical steps in the cfRNA-Seq experimental pipeline and 
conclude that protocol variations have a large impact on the final cfRNA profile. 
The optimization of the bioinformatics pipeline was crucial to obtaining relevant QC metrics that allowed 
us to choose the optimal protocol at each stage. 
This optimised pipeline has great potential for the identification of high confidence biomarkers for 
multicancer early detection, which will accelerate treatment and improve patient outcomes.  
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Reporting of pre-analytical variables in RNA-focused blood plasma studies: 
a prerequisite for quality assessment and replication 

/ŞƭŜǎǘŜ ±ŀƴ 5ŜǊ {ŎƘǳŜǊŜƴ1, Dr. Philippe Decruyenaere1,5, Francisco Avila Cobos1,2, Jill Deleu1,2, 
Hetty Hilde Helsmoortel1,2, Eva Hulstaert1,2,3, Annelien Morlion1,2, Kathleen Schoofs1,2,6,7, Eveline 
Vanden Eynde1,2, Kimberly Verniers1,2, Jo Vandesompele1,2,4, Anneleen Decock1,2 
1Department of Biomolecular Medicine, Ghent University, 2OncoRNALab, Cancer Research Institute Ghent (CRIG), 
3Department of Dermatology, AZ Sint-Blasius, 4CellCarta, 5Department of Hematology, Ghent University Hospital, 
6Translational Oncogenomics and Bioinformatics Lab, Cancer Research Institute Ghent (CRIG), 7Center for Medical 
Biotechnology, VIB-UGent 

 
BACKGROUND: Blood-derived liquid biopsies are appealing biomaterials for various purposes in many 
medical disciplines as they offer a wide spectrum of analytes to be studied, including extracellular RNA 
(cell-free RNA; exRNA). The outcome of exRNA measurements is greatly influenced by pre-analytical 
variables, stressing the importance of disclosing pre-analytic variables in publications to enable adequate 
interpretation and comparison of research results. The aim of this review is to chart to what extent pre-
analytics are currently documented in the exRNA literature to pinpoint potential shortcomings and to 
improve future reporting.   
 
METHODS: To this purpose, 100 publications on exRNA purified from blood plasma were reviewed for 
annotation of 22 encoded pre-analytical variables associated with blood collection, plasma preparation 
and RNA purification.   
 
RESULTS: In general, our results show that pre-analytics are poorly documented in literature, with only 6 
out of 22 variables sufficiently described in more than half of the publications, including the blood 
collection tube anticoagulant, plasma storage temperature, RNA purification method and plasma input 
volume for RNA purification. Considering all variables, the percentage of variables reported in each 
publication ranges from only 1.0% to 13.6% (median of 7.0%).  
 
CONCLUSIONS: Our results highlight the current lack of documenting pre-analytic variables in exRNA 
studies. We provide a reporting checklist that can be used for exRNA-based studies, hereby promoting the 
systematic reporting of relevant variables and enabling reliable interpretation, replication and 
standardization of future liquid biopsy studies.  
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Sensitive detection of circulating tumor DNA using targeted capture 
sequencing in advanced HR+/HER2- breast cancer patients 
Nadia Dandachi1,3, Lara Pancheri1Σ bƛƴŀ 5ƻōǊƛŏ1, Ricarda Graf2, Eva Valentina Klocker1, Christoph 
Suppan1, Philipp Jakob Jost1, Ellen Heitzer2,4,5, P Marija Balic1,6 
1Division of Oncology, Department of Internal Medicine, Medical University of Graz, 2Institute of Human Genetics, 
Diagnostic, and Research Center for Molecular Biomedicine, Medical University of Graz, 3Research Unit Epigenetic and 
Genetic Cancer Biomarkers, Medical University of Graz, 4BioTechMed-Graz, 5Christian Doppler Laboratory for Liquid 
Biopsies for Early Detection of Cancer, 6Research Unit Translational Breast Cancer, Medical University of Graz 

 
BACKGROUND: Real-time treatment response monitoring and early treatment resistance detection are 
crucial in managing metastatic breast cancer patients. Circulating tumor DNA (ctDNA) analysis emerges as 
a dynamic tool for such treatment monitoring. In this interim analysis of an ongoing study, we tested the 
performance of a commercial 77-gene panel assay (AVENIO ctDNA Expanded Kit, Roche Diagnostics) to 
identify genetic alterations in multiple genes, possibly associated with treatment resistance or disease 
progression. 
 
METHODS: To this end, we have collected 89 plasma samples from 81 metastatic HR+/HER2- breast cancer 
patients before starting 1st or 2nd line treatment. To date, we have analyzed 67 samples from 59 patients 
using the AVENIO assay. In addition, we employed a high-resolution SiMSen-seq assay (SSS) to screen for 
11 PIK3CA hotspot mutations. Additionally, to approximate the tumor fractions within the plasma samples, 
we utilized the mFAST-SeqS method. 
 
RESULTS: Using the AVENIO kit, somatic mutations in 56 genes could be identified in 63/67 (94%) samples 
with a median of 3 variants (range 1-20) per sample. The most frequently mutated genes included PIK3CA 
(48%), followed by TP53 (27%), ESR1 (22%), AR (18%), EGFR (15%), MET (15%), SMAD4 (13%), RB1 (12%), 
BRCA1 (10%) and BRCA2 (10%). The median variant allele frequency (VAF) was 0.8% (range 0.1-79.8). 
Furthermore, we found an excellent concordance rate of 95.4% (62/65 samples) between the AVENIO and 
the SSS assay in detecting PIK3CA hot spot mutations, confirming the high sensitivity of the panel 
ǎŜǉǳŜƴŎƛƴƎ ŀǎǎŀȅΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ±!C ƻŦ {{{ ŀƴŘ !±9bLh ǿŜǊŜ ƘƛƎƘƭȅ ŎƻǊǊŜƭŀǘŜŘ ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻ Ґ лΦфоΣ Ǉ 
< 0.001). In addition, 30/67 (45%) samples had z-ǎŎƻǊŜǎ җ оΣ indicating elevated tumor fractions (>5%), 
which was a strong predictor for progression-free survival (HR 2.7; 95%CI, 1.4-5.6; P= 0.005). 
 
CONCLUSION: The AVENIO ctDNA Expanded Kit enables sensitive and comprehensive molecular profiling 
of ctDNA, facilitating the identification of actionable genomic alterations and thus improving the effective 
precision treatment in patients with metastatic breast cancer. 
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Ultrasensitive detection of BRAF oncogene together with S100B tumor 
biomarker in early stages of malignant melanoma 
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Pesta6, Jindra Windrichova2, Vlastimil Woznica4, Kristyna Pivovarcikova7, Tomas Fikrle8, Katerina 
Houfkova6, Mahyar Sharif Bakheri1,6, Rashmi Negi1, Filip Janku3 
1Department of Histology and Embryology and Biomedical Center, Faculty of Medicine in Pilsen, Charles University, 
2Department of Immunochemical Diagnostics, University Hospital Pilsen, 3Department of Investigational Cancer 
Therapeutics, The University of Texas MD Anderson Cancer Center, 4Department of Plastic Surgery, University Hospital 
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BACKGROUND: Adjuvant targeted therapy and immunotherapy significantly improve long-term outcomes 
in resected melanoma, however that is associated with significant costs and also the risk of potential 
toxicity. The aim of this study was to evaluate the utility of a liquid biopsy to identify patients at high risk 
of melanoma recurrence after primary surgery that might be suitable candidates for modern adjuvant 
therapy. 
 
METHODS: 80 patients with stage I to III malignant melanoma were enrolled in this prospective study. 
Peripheral blood sampling was performed preoperatively, postoperatively, and then at regular follow-up 
visits. An ultrasensitive digital PCR (ddPCR) method based on the detection of BRAFV600E-mutated 
circulating tumor DNA (ctDNA) from tumor tissue (FFPE) and blood samples was developed and validated. 
The conventional tumor biomarker S100B was determined in pre- and postoperative blood samples. 
 
RESULTS: BRAFV600E mutations were detected in 47.2% of tumor tissue samples. BRAF oncogene was 
detected in 37.7% and 25.9% of ctDNA samples collected before and after surgery, respectively. High 
expression of S100B was present in 52.1% and 50.8% of preoperative and postoperative samples, 
respectively. Patients with BRAFV600E oncogene detected in ctDNA after surgery compared with patients 
with wild-type BRAF (wtBRAF) experienced higher risk of melanoma recurrence (HR 3.333; P < 0.001), 
shorter median disease-free survival (DFS; 39.4 vs. 69.6 months; P = 0.004), and also shorter overall survival 
(OS; 50.3 vs. 79.63 months; P = 0.001). The combined presence of the BRAFV600E oncogene and high 
S100B levels in early postoperative blood draws best predicted the risk of disease recurrence (HR 6.446; P 
< 0.015), shorter DFS (25.9 vs. 65.1 months; P = 0.005) and OS (30.1 vs. 71.2 months; P = 0.001), compared 
with wtBRAF and low S100B levels. 
 
CONCLUSIONS: Ultrasensitive ddPCR can detect ctDNA in pre- and postoperative blood samples from 
patients with resectable malignant melanoma. The presence of the BRAFV600E oncogene in postoperative 
samples allows identification of patients at high risk of disease recurrence who might be suitable 
candidates for modern anticancer adjuvant therapy. The best results in predicting the risk of recurrence 
were achieved when ctDNA approach was combined with the conventional tumor biomarker S100B. 
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Evaluation of a novel assay based on highly selective cooperative primers 
for the detection of EGFR mutations in plasma cfDNA of NSCLC patients 
under osimertinib treatment 
Aliki Ntzifa1, Jana  Oliveriusova Kent2, Masen  Chad Christensen2, Athanasios  Kotsakis3, Vassilis  
Georgoulias4, Evi  Lianidou1 
1Analysis of Circulating Tumor Cells Lab, Lab of Analytical Chemistry, Department of Chemistry, National and 
Kapodistrian University of Athens, Athens, Greece, 2Co-Diagnostics Inc, Salt Lake City, UT, United States of America, , , 
3Department of Medical Oncology, General University Hospital of Larissa, Larissa, Greece, 4Hellenic Oncology 
Research Group (HORG), Athens, Greece 

 
BACKGROUND: Longitudinally monitoring of EGFR mutant NSCLC patients through ctDNA analysis 

could reveal valuable information on patients under osimertinib (AZD9291; Astra Zeneca, UK) treatment. 
We evaluated a novel assay for the detection of EGFR mutations in plasma cfDNA of NSCLC patients under 
osimertinib treatment, based on highly selective cooperative primers.  
 
METHODS: 47 patients with EGFR mutant NSCLC were treated with osimertinib in the context of a 
multicenter Phase II clinical study (NCT02771314). 2mL of plasma were used for cfDNA extraction using 
the the QIAamp DSP Circulating NA Kit (Qiagen). A multiplex CoPrimer assay for the detection of EGFR 
L858R, G719S and V769-D770insASV mutations and four monoplex CoPrimer assays for the detection of 
EGFR exon19 deletion dE746 - A750, S768I, L861Q and T790M mutations, all based on specifically designed 
cooperative Primers (CoPrimers; Co-Diagnostics Inc, SLC, Utah, US) were evaluated. Real time PCR was 
used for detection (MicPCR; Bio Molecular Systems, Australia). Synthetic plasma reference materials 
containing EGFR mutations at known MAF (5%, 1%, 0.1% and 0%) (Horizon Discovery) were used for assay 
evaluation. The assays were further evaluated by analyzing 81 plasma-cfDNA samples from NSCLC patients: 
a) 44 before treatment and b) 37 at progression of disease. Results were compared to the FDA approved 
Ŏƻōŀǎϯ ǘŜŎƘƴƻƭƻƎȅ. We further analyzed 56 plasma-cfDNA samples from the same patients at different 
time points: a) after one month of osimertinib initiation and b) after regular treatment cycles. 
 
RESULTS: Our results using the Horizon synthetic plasma reference materials, revealed that the CoPrimer 
assays could detect the lowest minor allele fraction available (0.1 %) for T790M, dE746 - A750, L858R and 
V769-D770insASV EGFR mutations. Direct comparison between CoPrimer assays and the cobas EGFR assay 
revealed a high concordance for the tested EGFR mutations except for G719S and T790M. In 17 patients, 
EGFR mutations were detected in plasma-cfDNA samples obtained during osimertinib treatment before 
the onset of PD predicting the efficacy of osimertinib. 
 
CONCLUSIONS: Allele-specific PCR CoPrimer assays exhibit specificity and sensitivity that is typically 
required for rare allele analysis in liquid biopsy samples. Our results emphasize the importance of using 
highly specific and sensitive assays to longitudinally monitor NSCLC patients through ctDNA analysis during 
treatment and predict early resistance to osimertinib.  
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Development of analysis workflows for urinary cell-free DNA in malignant 
disease 
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BACKGROUND: Urinary cell-free DNA (ucfDNA) is expected to improve the sensitivity of liquid biopsy 
approaches by proximal sampling. However, due to its extremely high fragmentation, ucfDNA is a high 
demanding analyte. Here we evaluated workflows for ucfDNA in three cancer types including metastatic 
prostate cancer (mPC), colorectal cancer (mCRC) and breast cancer (mBC). 
 
METHODS: Matching blood and urine specimen were collected from 135 mPC (samples n=?),8  mCRC 
(samples  n=36), and 8 mBC patients (samples  n=27). cfDNA was extracted using the QIAsymphony 
Circulating DNA Kit. For mPC samples shallow whole genome sequencing (sWGS) was used to infer genome 
wide copy number alterations and tumor fractions (iTF). mCRC samples were analyzed using a hybrid-
capture based approach enriching 17 genes. For mBC a high-resolution 4plex amplicon approach (SiMSen-
Seq) targeting 11 PIK3CA hotspots mutations was used.  
 
RESULTS: Our data demonstrated that sWGS as well as hybrid capture based enrichment is feasibly for 
ucfDNA. Using an iTF cut-off of 4%, tumor-derived cfDNA could be detected in 54/135 (40.0%) of urine 
samples from mPC patients, of which 23 (42.6%) had also ctDNA detected in corresponding plasma with 
highly concordant copy number profiles. In addition, in 23/135 (23.7%) cases ctDNA was detected in 
plasma only. In mCRC patients, sequence analysis revealed a full concordance between urine and plasma 
for putative germline variants. However, since the use of <50ng input material led to high signal-to-noise 
ratio, we adjusted the limit of detection for ucfDNA to 0.5% at which tumor-derived DNA was detected in 
only one patient. In mBC patients, SiMSen-Seq library analysis failed in most urine samples, and no PIK3CA 
mutation could be detected, most likely due to the fact that the amplicon size of SiMSen-Seq is optimized 
for cfDNA from plasma. 
 
CONCLUSION: Due to the high fragmentation and low concentrations, ucfDNA workflows need to be 
optimized and adopted. Yet, our data shows that multiple analysis approaches are feasible in ucfDNA and 
that urine can provide complementary information about a patient's tumor that may be missed in plasma. 
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Leveraging liquid biopsy and genetic barcoding to assess heterogeneity in 
triple-negative breast cancer 
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Del Mastro2,8 
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BACKGROUND: Despite the potential of liquid biopsy as a non-invasive tool for precision medicine, it's 
unclear if detectable Circulating Biomaterials (CBMs) can fully reflect a tumor's complexity or just some 
subclones. This is critical when studying highly heterogeneous tumors, like triple-negative breast cancer 
(TNBC). This study aims to assess the clonal representation of CBMs: circulating tumor cells (CTCs), 
extracellular vesicles RNA (evRNA), and circulating tumor DNA (ctDNA), using genetic barcoding and 
patient-derived TNBC xenografts 
 
METHODS: ¢b./ ŎŜƭƭǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǇŀǘƛŜƴǘǎΩ ǊŜǎŜŎǘŜŘ ǘǳƳƻǊǎ ǿŜǊŜ ǘǊŀƴǎŘǳŎŜŘ ǿƛǘƘ ŀ ƭƛōǊŀǊȅ ƻŦ ǾŜŎǘƻǊǎ 
bearing degenerate sequences (barcodes) to uniquely label each cell. The barcoded cultures were then 
xenotransplanted into immunodeficient mice. Once the xenografts reached a diameter of 15mm, the mice 
were euthanized, tumor masses explanted, and CBMs retrieved from the mice's blood/plasma. In details: 
CTCs were recovered by negative enrichment and selected by DEPArray; evRNA, was obtained by 
ultracentrifugation followed by TRIzolϰ Plus RNA Purification; ctDNA was extracted via QIAamp DNA Micro 
Kit. For DNA and RNA extraction from tumor masses, RNeasy micro kit and Qiamp DNA micro kit were 
used, respectively. Tumor masses RNAseq profiling was performed using Lexogen - CORALL Total RNA-Seq 
Kit and Illumina high output NextSeq reagents. 
 
RESULTS: Results from xenografts obtained from 4 patients indicate that the majority of the genetic 
material retrievable via liquid biopsy is ctDNA. Crucially, clonal analysis by NGS has shown that ctDNA 
accurately reflects the primary tumor's heterogeneity. Main tumor clones are efficiently detected, and 
even subclones comprising as little as 1% of the total tumor have a 50% likelihood of being identified. 
Transcriptomic analysis explanted tumor masses revealed a peculiar mesenchymal and pro-metastatic 
signature, overexpressed by tumors releasing higher amounts of ctDNA. Clonal analyses CTCs and evRNA 
are still in progress.  
 
CONCLUSIONS: This study provided a reliable measure of TNBC subclone detection through ctDNA 
analysis. Our findings suggest that, given the efficient identification of small subclones, ctDNA liquid biopsy 
can effectively manage the high intra-tumoral heterogeneity of TNBC. Moreover, we discovered a 
mesenchymal, prometastatic gene expression pattern positively correlated with ctDNA release. 
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Performance evaluation and clinical validation of a clinically feasible 
circulating tumor cells detection system by whole cell MALDI fingerprint in 
osteosarcoma  
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Sasimol Udomruk1,2, Sutpirat Moonmuang1, Songphon Sutthitthasakul1, Petlada 
Yongpitakwattana1, Jisnuson Svasti6,7, Voraratt Champattanachai6,7, Dumnoensun 
Pruksakorn1,2,8, Parunya Chaiyawat1,2 
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Biochemistry, Faculty of Medicine, Chiang Mai University, 4Pediatric Translational Research Unit, Department of Pediatrics, Faculty of 
Medicine Ramathibodi Hospital, Mahidol University, 5Division of Epidemiology, Department of Environmental and Public Health 
Sciences, University of Cincinnati College of Medicine , 6Laboratory of Biochemistry, Chulabhorn Research Institute, 7Applied Biological 
Science Program, Chulabhorn Graduate Institute, Chulabhorn Royal Academy, 8Department of Orthopedics, Faculty of Medicine, 
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BACKGROUND: Osteosarcoma is a bone malignancy with a high tendency for metastasis, which is the 
leading cause of death. The presence of circulating tumor cells (CTCs) in blood reflects tumor alteration in 
real time and metastases. However, identifying CTCs is hindered by their infrequency in the bloodstream 
and the contamination of white blood cells (WBCs). Osteosarcoma CTCs with a mesenchymal cell type 
could not be detected using standard detection methods, such as EPCAM-positive CTC isolations. Here, we 
aim to develop a novel platform by coupling negative selection CTC enrichment and MALDI-TOF-MS for 
detecting CTCs in osteosarcoma samples. 
 
METHODS: To generate a mass spectral profile (MSP) database, we performed MSP of normal cells, 
carcinoma and sarcoma cell lines, patient-derived osteosarcoma cell lines (PDCs) and osteosarcoma blood 
samples using MALDI-Biotyper software. The sensitivity and specificity of the analytical platform were 
tested by using human blood samples spiked with osteosarcoma cell lines and enriched with CD45-positive 
depletion. We used the MALDI-Biotyper to detect the CTCs in osteosarcoma blood samples based on the 
logarithmic score calculated from the MSP of individual samples.  
 
RESULTS: The sensitivity of MALDI-TOF MS for CTC identification was 10 to 100 spiked cells of 
osteosarcoma cell lines against a high background of 400,000 WBCs. MALDI-TOF-MS pattern analysis 
enabled the differentiation of osteosarcoma cell lines from other cancer types and normal blood cells. CTCs 
were detected in blood samples from six of seven osteosarcoma patients at the time of diagnosis. The 
MSPs of CTCs-enriched osteosarcoma samples were highly concordant with the MSPs of the osteosarcoma 
cells with high MALDI-log prediction scores. Two of these samples achieved a high score indicating high 
ŎƻƴŦƛŘŜƴŎŜ όǎŎƻǊŜǎ җ нΦлύ ƛƴ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ƻǎǘŜƻǎŀǊŎƻƳŀ ŎŀǎŜǎΣ ǿƘƛƭŜ ǘƘŜ ƻǘƘŜǊǎ ǿŜǊŜ ƛƴ ǘƘŜ 
intermediate confidence range (scores 1.70-1.99). Most of the MSPs of CTC-enriched osteosarcoma 
samples resembled their PDC counterparts.  
 
CONCLUSIONS: Our combination technique has been demonstrated to be a feasible platform for the 
identification of circulating osteosarcoma cells. We demonstrate the proof-of-concept that this workflow 
might be used to detect circulating cancer cells in cancer patients with a rapid and easy operation.  
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Early detection of colorectal cancer using liquid biopsies and cell-free RNA-
Seq 
/Ǌƛǎǘƛƴŀ ¢ǳƷƝ ƛ 5ƻƳƝƴƎǳŜȊ1Σ [ƭǳŎ /ŀōǵǎ CƻǊƴŀǎ1, Sonia Belmonte1, Marc Weber1Σ WŜƴƴƛŦŜǊ tŞǊŜȊ-
Boza1, Julien Lagarde1, Esther Lizano1,2Σ Wƻńƻ /ǳǊŀŘƻ1 
1Flomics Biotech Sl, Barcelona, Spain, 2IBE-UPF, Barcelona, Spain 
 

BACKGROUND: Colorectal cancer (CRC) is a prevalent and deadly type of cancer, being the third most 
common type of cancer in both women and men globally.  Half of the CRC cases are diagnosed in late 
stages when the chances of recovery go from 90% (stage I and II) to 64% (stage III) and 8% (stage IV). 
Current diagnostic methods include Fecal Immunochemical Tests (FITs). FITs have low sensitivity and 
specificity, making them suboptimal non-invasive diagnostic methods. With cancer being a major global 
health concern, advancements in liquid biopsy-based cfRNA profiling could potentially revolutionize 
screening and improve patient outcomes. This project aims to develop a high-throughput diagnostic 
method for colorectal cancer, using liquid biopsies and cell-free RNA (cfRNA) profiling. 
 
METHODS: Plasma samples were collected from 61 patients with CRC (mainly stage I and II), 15 patients 
with colon adenomas (benign, sometimes pre-malignant tumor), and 17 healthy donors. After RNA 
isolation and cDNA library preparation, next-generation sequencing (ND{ύ ǿŀǎ ǳǎŜŘ ǘƻ ǇǊƻŦƛƭŜ ǘƘŜ ǎŀƳǇƭŜǎΩ 
transcriptomes. A best-practice data processing pipeline was used to quantify gene expression. Gene 
quantification profiles were then used to train several different types of machine learning models, which 
created a classification method based on a patient score to classify them as "cancer" or "non-cancer". 
 
RESULTS: Over 15,000 genes were detected in the cfRNA of patients and controls, with 56 of them 
differentially expressed between the two groups. After testing various machine learning model iterations 
with different filtering criteria, a signature consisting of the combined relative abundance of 8 genes with 
specific weights was defined. This signature had a sensitivity of 85% and specificity of 100% in the test 
cohort, with all control samples correctly classified. The overall accuracy of the classifier was 90.4%. 
 
CONCLUSION: The proposed signature in this study offers a promising alternative to current screening 
methods for CRC patients. These results represent the initial steps towards the development of a more 
accurate and sensitive method, aimed at earlier detection to improve patient diagnosis and cure rates.  
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CIrculating TUmor CELls (CTCs) and circulating tumor DNA (ctDNA) in 
breast cancer patients (CITUCEL): a prospective study  
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Sciutto1, Francesca Poggio1, Benedetta Conte1, Eva Blondeaux4, Franca Carli5, Giorgia Anselmi3, 
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1UOC Clinica di Oncologia Medica, IRCCS Ospedale Policlinico San Martino, 2Department of Internal Medicine (DIMI), 
University of Genova, Italy, 3UOC Molecular Diagnostics, IRCCS Ospedale Policlinico San Martino, 4UOC Epidemiologia 
Clinica, IRCCS Ospedale Policlinico San Martino, 5UOC Surgical Pathology, IRCCS Ospedale Policlinico San Martino, 
6Department of Surgical Sciences and Integrated Diagnostic DICD; University of Genova 

 
BACKGROUND: Despite the improvements of adjuvant treatment options, approximately 20-30% of 
women initially diagnosed with early-stage breast cancer (BC) will develop metastatic disease. Liquid 
biopsy retrievable biomarkers could be potentially implemented in clinic for better treatment 
personalization. The aim of the CITUCEL study was to evaluate Circulating Tumor Cells (CTCs) and 
Circulating Tumor DNA (ctDNA) as a tool to monitor treatment response and predict outcome in early BC 
patients receiving (neo)adjuvant treatments and to correlate their mutational profiles with the 
corresponding tumor tissue. 
 
METHODS: CTCs were recovered from whole blood by immunomagnetically negative selection followed 
by cell labelling for epithelial, mesenchymal and pan-leukocyte antigens. CTCs analysis was performed by 
DEPArrayTM System and their mutational profiles were analysed by NGS molecular tagging technology on 
the Ion Torrentϰ platform using the Oncomine Breast cfDNA V2.0. ctDNA was extracted from plasma using 
ccfDNA LV kit (Promega) and its mutational characterization was determined in NGS with the Oncomine 
panel; ctDNA fragmentation (cfDI index) was evaluated by Agilent TapeStation 2200. Primary tumor tissue 
mutational profiles were performed in NGS using a custom comprehensive panel of 291 amplicons 
distributed within 20 genes. 
 
RESULTS: A total of 54 patients were enrolled in the study (32 in neo-adjuvant, 22 in adjuvant setting). 
Preliminary analysis showed no significant difference in CTCs counts and ctDNA amount before and after 
treatment in the 2 cohorts and no significant correlation was evident with the clinico-pathological 
variables. Remarkably, in the neo-adjuvant setting a lower CTCs count at baseline correlated with 
pathological complete response (p=0.036). This correlation was not found considering the EpCAM positive 
CT/ǎ ƻƴƭȅΦ /ǘ5b! ŦǊŀƎƳŜƴǘŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ƛǎ ƻƴƎƻƛƴƎΦ aǳǘŀǘƛƻƴŀƭ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ пм ǇŀǘƛŜƴǘǎΩ 
tumor tissues: alterations (among which the most frequent were found in TP53 and PI3KCA genes) have 
been detected in 22 patients and approximately 40 % were also found in baseline ctDNA and/or CTCs.  
 
CONCLUSIONS: Our preliminary results suggest that EpCAM independent CTCs analysis could provide 
prognostic information in early BC setting and that the use of a pre-designed targeted panel may be helpful 
to trace BC mutational profile in a practical, feasible, and cost-effective way.  
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Circulating tumor cells in metastatic breast cancer patients treated with 
chemo-immunotherapy 
bƛƪƻƭŀƛ YǊŀƎǄŜ !ƴŘǊŜǎŜƴ1,2, !ƴŘǊŜŀǎ IŀƎŜƴ wǄǎǎŜǾƻƭŘ1,2, Elin Faye Borgen3, Cecilie Bendigtsen  
Schirmer3Σ .ƧǄǊƴŀǊ DƛƭƧŜ4, Marius Stensland4Σ wŀƎƴƘƛƭŘ {ǄǊǳƳ Cŀƭƪ5, Randi Ruud Mathiesen6, Hege 
Giercksky  Russnes3,7,8, Jon Amund Kyte1,2Σ .ƧǄǊƴ bŀǳƳŜ6,8 
1Department of Clinical Cancer Research, Oslo University Hospital, 2Department of Cancer Immunology, Institute for 
Cancer Research, Oslo University Hospital, 3Department of Pathology, Oslo University Hospital, 4Department of 
Hematology and Oncology, Stavanger University Hospital, 5Oslo Centre for Biostatistics and Epidemiology, Oslo 
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BACKGROUND: The value of circulating tumor cells (CTCs) in metastatic breast cancer (mBC) is well 
established, while data on CTCs in patients receiving cancer immunotherapy is limited. Thus, two mBC 
cohorts testing combinations of immuno- and chemotherapy (chemo) were studied. 
 
METHODS: Patients enrolled in the phase IIb trials ICON (hormone receptor-positive HER2-negative; 
HR+HER2-) and ALICE (triple-negative; TNBC) were analyzed for CTC-presence at baseline, 4 weeks and end 
of treatment (EOT) with CellSearch. Both trials randomized patients 2:3 to pegylated liposomal doxorubicin 
and cyclophosphamide alone (CTC-analyzed: ICON n=22/ALICE n=12) or combined with ipilimumab and 
nivolumab (CTC-analyzed: ICON, ipi-nivo-chemo, n=28) or atezolizumab (CTC-analyzed: ALICE, atezo-
chemo n=20). Programmed death ligand-1 (PD-L1) expression on CTCs was assessed in a subset of patients 
(intensity-scored, positivity-ŎǳǘƻŦŦΥ ŜȄǇǊŜǎǎƛƻƴ ƛƴ җмл҈ ƻŦ /¢/ǎύΦ  
 
RESULTS: The CTC-positive proportion at baseline was lower in TNBC patients compared to HR+HER2- 
ǇŀǘƛŜƴǘǎ ōȅ ōƻǘƘ җн ŀƴŘ җр /¢/-cutoffs (24% vs 53%, p=0.049 and 14% vs 50%, p=0.010, respectively). CTC-
presence was associated with bone metastases (p<0.001), but inversely related to lung metastases 
(p=0.011). At baseline, CTCs were not associated with progression-free survival (PFS) in any of the cohorts. 
In the TNBC atezo-ŎƘŜƳƻ ŎƻƘƻǊǘΣ ǘƘŜ ǎǳōǎŜǘ ǿƛǘƘ җр /¢/ǎ ƘŀŘ ǳƴŦŀǾƻǊŀōƭŜ ƻǾŜǊŀƭƭ ǎǳǊǾƛǾŀƭ όh{Τ Iw рΦрΣ 
95%CI 0.99-30.3, p=0.027). At week 4, all atezo-chemo-ǘǊŜŀǘŜŘ ¢b./ ǇŀǘƛŜƴǘǎ ǿƛǘƘ җн /¢/ǎ ƘŀŘ tC{ ғс 
months, while all (3/3) with PFS >12 months had <2 CTCs. This pattern was not observed for TNBC chemo-
only patients. Among HR+HER2- patients receiving ipi-nivo-chemo with <2 CTCs at 4 weeks, favorable OS 
(HR 0.24, 0.07-0.88, p=0.020) and PFS was indicated (HR 0.41, 0.14-1.26, p=0.109). Ipi-nivo-chemo-treated 
HR+HER2- patients who progressed with no detectable CTCs at EOT had markedly improved OS versus CTC-
positive patients (HR 8.0, 1.04-61.7, p=0.018). This pattern was not observed for chemo-only HR+HER2- 
patients. Five of thirteen CTC-positive patients had PD-L1 positive CTCs at baseline (staining-ƛƴǘŜƴǎƛǘȅ җнҌύΦ 
These patients had an unfavorable OS trend (HR 3.7, 0.95-14.5, p=0.045).   
 
CONCLUSIONS: Although the small sample-size limits the interpretation, measuring CTCs 4 weeks into 
therapy may predict treatment failure from chemo-immunotherapy. Undetectable CTC-levels despite 
ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴ ƻƴ ƛƳƳǳƴƻǘƘŜǊŀǇȅ Ƴŀȅ ƛƴŘƛŎŀǘŜ άŎŀǊǊȅ-ƻǾŜǊέ ǎǳǊǾƛǾŀƭ ōenefit. 
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Comparison of ctDNA fraction and mutational profiles of plasma samples 
of HR+/HER2-low and HR+/HER2-0 advanced breast cancer patients 
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1Division of Oncology, Department of Internal Medicine, Medical University of Graz, 2Institute of Human Genetics, 
Diagnostic and Research Center for Molecular Biomedicine (Austria), Medical University of Graz, 3Research Unit 
Epigenetic and Genetic Cancer Biomarkers, Medical University of Graz, 4BioTechMed-Graz, 5Christian Doppler 
Laboratory for Liquid Biopsies for Early Detection of Cancer, 6Research Unit Translational Breast Cancer, Medical 
University of Graz 

 
BACKGROUND: Despite the substantial progress in systemic treatment of hormone receptor 
positive (HR+) breast cancer, a significant proportion of patients has dismal prognosis. A meaningful 
proportion of these patients has HER2-low disease. Circulating tumor DNA (ctDNA) profiles between HER2-
low and HER2-0 have not yet been comprehensively investigated. We hypothesize that ctDNA profiles may 
distinguish HER2-low from HER2-0 patients. 
 
METHODS: 67 plasma samples from metastatic breast cancer patients (HR+/HER2-low, n=53; HR+/HER2-
0, n=14) were collected either before starting 1st line or 2nd line treatment. Tumor fractions were assessed 
using an untargeted aneuploidy screening and expressed as z-scores (mFAST-SeqS). The mutational 
landscape of ctDNA was established using a 77-gene panel (AVENIO ctDNA Expanded). Tumor fractions, 
the number of somatic variants and variant allele frequencies (VAF) were compared between HER2-low 
and HER2-0 patients.  
 
RESULTS: Patients from the HER2-low group had significantly higher z-scores compared to those from the 
HER2-0 group (median 3.22 vs. 1.65, rank-sum p-value 0.025). The median average VAF was 2.2% (range 
0.2%-38.6%) for the HER2-low group and 1.3% (range 0.2%-13.5%) for the HER2-0 group, and the median 
highest VAF was 4.7% (range 0.2%-79.8%) and 3.4% (range 0.2%-29.8%), respectively. For the HER2-low 
group, the median number of detected variants was 3 (range 1-20), with a median of 2 clonal (range 0-9) 
and 1 subclonal (range 0-19). For the HER2-0 group, the median number of detected variants was 5 (range 
1-12), with a median of 3 clonal (range 1-4) and 1 subclonal (range 0-8). 
 
CONCLUSIONS: This is our first report in the overall analysis of the differences between HR+/HER2-low and 
HR+/HER2-0 patients. So far, our results suggest a significant difference between the tumor fractions of 
the two compared groups. The mutational landscape will be shown in detail. Further investigations are 
needed to elucidate and establish the distinct features of HER2-low breast tumors. 
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Evolution of PIK3CA, PTEN and TP53 mutations in matched tissue and 
plasma samples at primary diagnosis and the subsequent time of 
metastatic relapse in breast cancer patients 
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BACKGROUND: Tumor evolution is a challenge for therapy decision making. In this regard, ESR1 mutations 
are described to occur more frequently in metastatic breast cancer (BC) patients compared to BC patients 
with no metastases. However, little is known about the mutation prevalence within other genes in the non-
metastatic versus metastatic BC situation. Here, we aim to identify the evolution of PIK3CA, PTEN and TP53 
mutations in tumor tissue and matched plasma samples of BC patients at primary diagnosis and at their 
subsequent time of metastatic relapse. 
 
PATIENTS AND METHODS: The cohort consisted of 13 BC patients from whom tumor tissue and plasma 
were available at both, the non-metastastic and metastatic, stages. Maximum of plasma volume (1mlς7ml) 
ǿŀǎ ǳǎŜŘΦ ¢ƛǎǎǳŜ ƳƛŎǊƻŀǊǊŀȅǎ ǿŜǊŜ ƳŀŎǊƻŘƛǎǎŜŎǘŜŘ ǘƻ млҡƳ CCt9 ǘǳƳƻǊ ǘƛǎǎǳŜ ǎƭƛŘes. Cell-free DNA and 
FFPE tumor DNA were isolated via the automated EZ2-Connect with the EZ1&2 ccfDNA Kit and the EZ1&2 
DNA FFPE UNG Kit and quantified via qPCR with the Investigator Quantiplex Pro Kit. Mutation analysis will 
be conducted on the QIAcuity Digital PCR System. For the analysis of two hot-spot mutations, each of them 
in PIK3CA, PTEN and TP53, three dPCR reactions will be necessary. The minimal input and limit of detection 
for the six assays will be established before analysis of the 52 patients samples. Consumables were supplied 
by QIAGEN (Hilden, Germany). 
 
RESULTS: Plasma cfDNA concentration at primary diagnosis and at the subsequent time of metastatic 
relapse was comparable with a mean cfDNA yield of 67 ng (2ng-461ng). However, higher plasma cfDNA 
concentration was detected for those metastatic patients not responding to the therapy compared to 
metastatic patients showing a stable disease. Mean FFPE DNA yield was 998 ng (12ng-5522ng). Mutations 
analysis is currently underway and results will be presented at the meeting. 
 
CONCLUSIONS: With the precious matched plasma and tissue from the same BC patients at primary 
diagnosis and at the later timepoint of metastatic relapse, we will here identify the dynamics of hot-spot 
mutations within three genes. Knowledge about the mutational tumor evolution might help deciding for a 
successful targeted therapy in the different clinical BC stages. 
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Liquid biopsy in the management of breast cancer patients 
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The diagnostic characterization of high-risk breast cancer (BC) is still sub-optimal with a high percentage 
of patients who can relapse and with limited personalization of therapies. Therefore, there is great interest 
in new minimally invasive indicators of therapeutic response and disease recurrence within the liquid 
biopsy (LB). 
 
Our objective is to evaluate the information provided by LB in BC. In particular, CTCs was evaluated using 
CellSearch methodology in patients with HER2+ or triple negative breast carcinomas (TNBC) undergoing 
neoadjuvant chemotherapy. Forty-five patients will be recruited, with a blood sample taken at diagnosis 
(T1) and one after the end of chemotherapy but before surgery (T2). The CTCs number in T1 is compared 
with that in T2 and then correlated with the pathological response, complete (pCR) or partial (pPR), 
examined by post-surgery histological exam. 
 
Twenty-two patients have been recruited so far. In fifteen patients CTCs was evaluated only in T1, which 
precedes the start of neo-adjuvant therapy, so a correlation between CTCs number and pathological 
response is not yet possible. However, in seven patients (6 HER2+ and 1 TNBC) it has been possible to 
evaluate the CTCs number in both T1 and T2, after about 6 months of neoadjuvant treatment. In two 
patients the number of CTCs in T2 had decreased (from 1 to 0) while another two were devoid of CTC both 
before and after therapy. In all these four cases a pCR could be observed. For the remaining tree patients, 
in two cases the number of CTCs was 1 both before and after therapy and in one (the only TNBC case) was 
0 at T1 but 1 at T2. All these tree cases were associated with a pPR. 
 
The results obtained, even if still on a very limited series, indicate an association between CTCs number 
and the pathological response to neoadjuvant therapy. Based on this, we intend to make a third sample 
for the evaluation of CTCs only in patients who have a pPR and therefore require an adjuvant treatment. 
This may provide information on the effect of treatment about whose effectiveness there are no indicators 
other than radiological screening. 
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Phenotypic characterization of Disseminated Tumor Cells (DTCs) isolated 
from the bone marrow of triple negative breast cancer patients 
Anastasios Tolios1, Vasilis Vardas1, Sabine Kasimir-Bauer2, Vassilis Georgoulias3, Galatea Kallergi1 
1Lab of Biochemistry and Metastatic Signaling, Department of Biology, University of Patras, Patras, Greece, 
2Department of Gynecology and Obstetrics, University Hospital Essen, Essen, Germany, 3Hellenic Oncology Research 
Group (HORG), Athens, Greece 

 
BACKGROUND: Triple Negative Breast Cancer (TNBC) is the most aggressive breast cancer subtype. TNBC 
presents the most breast cancer ς related deaths, while the need for new biomarkers is urgent due to the 
dearth of targeted therapies available for these patients. Bone marrow is the leading site for metastases 
in TNBC disease. Disseminated Tumor Cells (DTCs) that harbor the bone marrow are detected frequently 
in breast cancer patients at primary diagnosis. A study published by Bauer et al. showed that Circulating 
Tumor Cells (CTCs) expressing PSMA indicate worse outcome in patients with primary, non-metastatic 
TNBC. This study aims to evaluate PSMA expression in DTCs of primary TNBC patients isolated from their 
bone marrow, before and after neo-adjuvant treatment, in order to establish PSMA as a new prognostic 
and therapeutic target for the treatment of the disease. 
  
METHODS: Bone marrow samples from 20 primary TNBC patients before therapy were stained using CK, 
PSMA and CD45 antibodies. Biomarker expression was identified by VyCAP analysis. Results were 
statistically analyzed with IBM SPSS Software.  
 
RESULTS: DTCs were detected in 14 out of 20 patients (70%). Among them, 88% of DTCs had high CK 
expression. Furthermore, PSMA+ DTCs were observed in 14 out of 20 (70%) of the patients, whereas PSMA- 
DTCs were detected in only 4 out of the 20 patients (20%). Notably, the percentage of DTCs expressing the 
phenotype CK+PSMA+CD45- was 96%. In terms of intensity, 70% of patients exhibited high PSMA 
expression and 55% of patients demonstrated low PSMA expression. Remarkably, 75% of all DTCs found in 
ǘƘŜ ǇŀǘƛŜƴǘǎΩ samples had high PSMA expression, 22% of DTCs had low PSMA expression and 3% of DTCs 
had negative PSMA expression. 
 
CONCLUSIONS: To the best of our knowledge, this is the first study addressing PSMA expression in DTCs 
ƻŦ ¢b./ ǇŀǘƛŜƴǘǎΦ wŜǎǳƭǘǎ ǎƻ ŦŀǊ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƘƛƎƘ t{a! ŜȄǇǊŜǎǎƛƻƴ ƛǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ¢b./ ǇŀǘƛŜƴǘǎΩ 5¢/ǎΣ 
providing useful biomarkers that are also potentially reƭŜǾŀƴǘ ǘƻ ǇŀǘƛŜƴǘǎΩ ƻǳǘŎƻƳŜΦ  
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Presence and clinical impact of circulating and disseminated tumor cells in 
PAM50 intrinsic subtype-characterized early breast cancer patients 
Hege Oma Ohnstad1, Elin Borgen2, Maria Christine Rypdal2, Cecilie Bendigtsen Schirmer2, Ellen 
Schlichting4,5, Gry Aarum Geitvik3, Hege Elisabeth Giercksky Russnes2,3,4Σ .ƧǄǊƴ bŀǳƳŜ1,4 
1Department Of Oncology, Oslo University Hospital, 2Department of Pathology, Oslo University Hospital, 3Department 
of Cancer Genetics, Oslo University Hospital, 4University of Oslo, 5Section for Breast and Endocrine Surgery, Oslo 
University Hospital 

 
BACKGROUND: Circulating tumor cells (CTCs) in blood and disseminated tumor cells (DTCs) in bone 
marrow are established prognostic factors in early breast cancer (EBC). However, studies of CTCs and DTCs 
with gene expression signature-based subclassification of EBC are limited. Here we present such results 
from patients in the Oslo1-study classified by the Prosigna-test. 
 
METHODS: The Oslo1-study (n=920) included EBC patients for DTC/CTC-analysis at surgery (1995-1998). 
CTCs were detected in blood using a multi-marker quantitative PCR-based assay (PMID:21672237). DTCs 
were detected in bone marrow by immunocytochemical analysis using anti-cytokeratin antibodies 
(AE1/AE3)(PMID:12972522). From this cohort, primary tumors from 653 patients were analyzed by 
Prosigna-test (PAM50/ROR-score)(Nanostring platform)(PMID:29137653). Follow-up status was available 
for analysis of distant disease-free (DDFS) and breast cancer-specific survival (BCSS)(median FU 7.1 and 
16.6 years, respectively). Correlation- and survival analyses were performed. 
 
RESULTS: Of the 653 patients, 52.2% had luminal A, 26.5% luminal B, 10.6% HER2-enriched and 10.7% 
basal-like tumors. Among the luminal patients (A/B)(n=514), 39.1% were categorized as ROR-score low-
risk, 22.2% intermediate-risk and 38.7% high-risk. DTC- and CTC-status were available for 628 and 591 
patients, respectively; 13.1% with DTC-presence and 8.6% with CTC-presence. DTC/CTC-positivity 
according to subtypes was for luminal A 11.9%/6.5%, luminal B 9.5%/10.1%, HER2-enriched 24.6%/16.1% 
and basal-like 16.9%/7.8%. Among all patients, both DTC- and CTC-presence were associated with poor 
DDFS (DTCs: HR 2.0(95%CI 1.3-3.1); CTCs: HR 2.3(1.4-3.7)) and BCSS (DTCs: HR 1.8(1.2-2.7); CTCs: HR 
1.7(1.01-2.7)). According to intrinsic subtypes, significant difference in DDFS was only observed for luminal 
B patients (DTCs: HR 2.8(1.4-5.8); CTCs: HR 2.2(1.0-5.0). Only DTC-status reached significance for BCSS (HR 
2.3(1.1-4.7)). Among the luminal A/B patients combined, only those with high-risk ROR score had reduced 
DDFS survival both by DTC- and CTC-presence (HR 3.1(1.7-5.6)/HR 2.4(1.1-5.2)), whereas only DTC-status 
was prognostic for BCSS (high-risk ROR score: HR 2.6(1.5-4.6)). In multivariate analyses of the luminal A/B 
patients both DTCs and CTCs added prognostic information to the other clinicopathological factors for 
DDFS, but not significantly for BCSS. 
 
CONCLUSION: Presence of DTCs and CTCs was associated with poor survival primarily among the luminal 
B patients with high ROR score. The prognostic information diminished with longςterm observation.  
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Prognostic impact of CK+/CD45+ circulating cells across breast cancer 
subtypes 
Carolina Reduzzi1, Eleonora Nicolò1, Lorenzo Gerratana2, Laura Munoz Arcos1, Paolo D'Amico3, 
Youbin Zhang3, Mara S Serafini1, Letizia Pontolillo1, Amanda K Strickland1, Maroua Manai1, Nadia 
Bayou1, Andrew Davis4, Jeannine Donahue1, Huiping Liu3, William J Gradishar3, Ami N Shah3, 
Massimo Cristofanilli1 
1Weill Cornell Medicine, 2Universita` degli Studi di Udine, 3Northwestern University, 4Washington University in St Louis 
School of Medicine 

 
BACKGROUND: Circulating cells expressing both epithelial (EPCAM and/or cytokeratins, CK) and leukocyte 
markers, called dual-positive (DP) cells, have been reported in various tumor types. Some studies 
suggested they are fusion hybrids between tumor and immune cells, but their clinical and biological 
meaning is still unclear. We previously showed that DPcells are prognostic in patients with advanced breast 
cancer (ABC), particularly in those with <5 conventional circulating tumor cells (CTCs, CK+/CD45-). 
 
METHODS: This retrospective analysis was performed on 330 patients with hormone-receptor(HR)+/HER2-
, HER2+, and triple-negative (TN) ABC enrolled at Northwestern University between 2016-2021. Blood 
samples (7.5 ml) were collected at diagnosis or beginning of a new treatment line and analyzed for CTC 
and DPcells detection using the CellSearch platform.  
 
RESULTS: Among 167 patients with HR+/HER2- ABC, DPcells were detected in 72 (43%), but their presence 
ǿŀǎ ƴƻǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻǾŜǊŀƭƭ ǎǳǊǾƛǾŀƭ όh{ύΦ ¢Ƙƛǎ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ŀƭǎƻ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ җр /¢/ǎ ό/¢/Ҍύ ŀƴŘ 
with <5 CTCs (CTC-). In the HER2+ cohort, 35/75 (47%) pŀǘƛŜƴǘǎ ǇǊŜǎŜƴǘŜŘ 5tŎŜƭƭǎ ŀƴŘ ǘƘƻǎŜ ǿƛǘƘ җо 5tŎŜƭƭǎ 
(DPcell+, n=9) had shorter OS, although the association was not statistically significant (medianOS= 24.4 
months vs. not-reached, p=0.095). Combining DPcells and CTCs, DPcell+/CTC+ patients experienced the 
shortest medianOS (20.7 months vs. not-reached for DPcell+/CTC-, DPcell-/CTC+ and DPcell-/CTC-, 
ǇҐлΦлннύΦ Lƴ ǘƘŜ ¢b ŎƻƘƻǊǘΣ 5tŎŜƭƭǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ƛƴ пмκуу όпт҈ύ ǇŀǘƛŜƴǘǎΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ җо 5tŎŜƭƭǎ ǿŀǎ 
associated with shorter OS (7.2 vs. 17.1 months, p=0.024), but this was confirmed only in CTC- patients 
(7.1 vs. 18.3 months p=0.017). Also in this subtype, DPcell+ patients had the shortest medianOS, followed 
by CTC+/DPcell- and CTC-/DPcell- patients (medianOS= 7.1, 9.2, 15.9 and 18.3 months for DPcell+/CTC-, 
DPcell+/CTC+, DPcell-/CTC+ and DPcell-/CTC-, p=0.026).           
 
CONCLUSIONS: DPcells have a different prognostic impact across BC subtypes. They seem to be more 
relevant in TN and HER2+ than HR+/HER2- subtypes and in patients with <5 CTCs. DPcells might therefore 
constitute an alternative dissemination mechanism, with greater impact in those tumors with a low 
abundance of CTCs (such as TN and HER2+ BC). More studies are needed to validate and better understand 
these preliminary results in larger cohorts.   
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The SURVIVE-HERoes trial ς a secondary adjuvant treatment intervention 
study with trastuzumab deruxtecan in breast cancer patients with HER2-
positive/HER2-low tumors and molecular relapse as detected using a 
ctDNA-based liquid biopsy approach 
Kerstin Pfister1, Thomas W. P. Friedl1, Sophia T.  Huesmann1, Franziska Mergel1, Angelina Fink1, 
Tatjana Braun1, Forca Mehmeti1, Natalie Uhl1, Karin Koretz2Σ tŜǘŜǊ aǀƭƭŜǊ2, Tanja Fehm3, Volkmar 
aǸƭƭŜǊ4, Klaus Pantel5, Brigitte Rack1, Andreas Hartkopf1,6Σ [ƛǎŀ ²ƛŜǎƳǸƭƭŜǊ1, Wolfgang Janni1 
1Department of Gynecology and Obstetrics, University Hospital Ulm, 2Department of Pathology, Ulm University 
Hospital, 3Department of Gynecology and Obstetrics, Heinrich-Heine-¦ƴƛǾŜǊǎƛǘȅ 5ǸǎǎŜƭŘƻǊŦΣ 4Department of 
Gynecology, University Medical Center Hamburg-Eppendorf, 5Institute of Tumor Biology, University Medical Center 
Hamburg-Eppendorf, 65ŜǇŀǊǘƳŜƴǘ ƻŦ DȅƴŜŎƻƭƻƎȅ ŀƴŘ hōǎǘŜǘǊƛŎǎΣ ¢ǸōƛƴƎŜƴ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ 

 
BACKGROUND: In the new era of highly effective antibody drug conjugates (ADCs), secondary adjuvant 
treatment for breast cancer patients at a high risk of relapse has the potential of becoming a favorable 
treatment option. In particular, the ADC trastuzumab deruxtecan (T-5·ŘΤ 9ƴƘŜǊǘǳϯύ Ƙŀǎ ǎƘƻǿƴ ǇǊƻƳƛǎƛƴƎ 
efficacy not only in patients with HER2-positive but also with HER2-low metastatic breast cancer (mBC) 
and is currently being tested in the post-neoadjuvant setting for patients with non-pCR (pathological 
complete remission). However, the key for successfully applying ADCs as secondary adjuvant treatment is 
the identification of patients that will benefit most at this stage. The detection of minimal residual disease 
(MRD) using liquid biopsy may offer a promising approach for patient selection, but the efficacy of such a 
secondary adjuvant treatment approach has yet to be evaluated in a randomized clinical trial. 
 
TRIAL DESIGN: The SURVIVE HERoes study is a randomized, open label comparative Phase III trial for 
patients with intermediate to high-risk HER2-positive or HER2-low (IHC 1+ or 2+, FISH negative), hormone 
receptor positive or negative, early breast cancer, who have completed primary breast cancer therapy and 
participate in the large breast cancer surveillance trial SURVIVE. Upon molecular relapse, as assessed based 
on a positive ctDNA result (using a tumor-informed ctDNA testing approach), patients will be randomized 
(2:1 allocation) to treatment with T-DXd versus standard of care, and ctDNA levels will be repeatedly 
measured based on regular blood sampling. The primary objective is the comparison of ctDNA clearance 
rates 6 months after randomization between the two study arms. Secondary objectives include the 
comparison of invasive disease-free survival, distant disease-free survival, overall survival, safety and 
quality of life. 
 
CONCLUSIONS: The SURVIVE HERoes trial is a proof of principle study with the aim to establish the efficacy 
of secondary adjuvant treatment with the ADC T-DXd in patients with HER2-positive/HER2-low breast 
cancer who are at high risk of relapse, as evidenced by detection of ctDNA in the blood. If successful, this 
trial could pave the way for a treatment shift towards early intervention with secondary adjuvant targeted 
therapies following liquid-biopsy based MRD detection. 
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The SURVIVE-study ς a randomized phase 3 liquid-biopsy based breast 
cancer surveillance trial 
Kerstin Pfister1, Thomas W. P.  Friedl1, Franziska Mergel1, Tatjana Braun1, Angelina Fink1, Forca 
Mehmeti1, Natalie Uhl1, Karin Koretz2Σ tŜǘŜǊ aǀƭƭŜǊ2, Tanja Fehm3Σ ±ƻƭƪƳŀǊ aǸƭƭŜǊ4, Klaus 
Pantel5, Andreas Hartkopf1,6, Brigitte Rack1, Wolfang Janni1Σ [ƛǎŀ ²ƛŜǎƳǸƭƭŜǊ1, Sophia T.  
Huesmann1 
1Department of Gynecology and Obstetrics, University Hospital Ulm, 2Department of Pathology, Ulm University 
Hospital, 3Department of Gynecology and Obstetrics, Heinrich-Heine-¦ƴƛǾŜǊǎƛǘȅ 5ǸǎǎŜƭŘƻǊŦΣ 4Department of 
Gynecology, University Medical Center Hamburg-Eppendorf, 5Institute of Tumor Biology, University Medical Center 
Hamburg-Eppendorf, 65ŜǇŀǊǘƳŜƴǘ ƻŦ DȅƴŜŎƻƭƻƎȅ ŀƴŘ hōǎǘŜǘǊƛŎǎΣ ¢ǸōƛƴƎŜƴ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ 

 
BACKGROUND: After completion of primary therapy for early breast cancer, current guidelines restrict 
routine surveillance in breast cancer survivors to clinical surveillance and breast imaging. This is based on 
the results of two large cohort studies conducted in the 1990s, which demonstrated no improvement in 
overall survival in patients who underwent intensified screening for distant metastases. Thus, Screening 
for distant metastases is currently initiated only in patients with specific symptoms. 
 
TRIAL DESIGN: The SURVIVE study, funded by the German Federal Ministry of Education and Research, is 
the first large randomized breast cancer surveillance trial to investigate the potential survival benefit of 
intensified breast cancer follow-up based on liquid biopsies. The trial enrolled its first patient in December 
2022 and is designed as a double-blinded, controlled phase 3 superiority trial in which 3,500 patients with 
intermediate-to-high-risk early breast cancer are randomized 1:1 to guideline-based standard follow-up 
surveillance versus intensified, liquid-biopsy-guided surveillance. The liquid-biopsy-guided surveillance 
arm involves regular and repeated testing of patients for standard tumor markers, including CA27.29, CA 
125, and CEA, as well as for circulating tumor cells and circulating tumor DNA based on blood samples 
collected at first 3-month, then 6-month intervals. Pre-specified abnormal findings of any of the liquid 
biopsy markers indicative of minimal residual disease trigger staging examinations, which include a CT scan 
of the chest and abdomen and a SPECT. In the event of disease recurrence, the patient receives guideline-
based diagnostic measures and treatment. Otherwise, the patient continues liquid-biopsy-based tumor 
marker testing and, if applicable, will be available for interventional trials.  
The two primary objectives of the SURVIVE study are to determine whether intensified, liquid-biopsy-
guided breast cancer surveillance leads to better overall survival or an overall lead-time effect compared 
to the standard surveillance arm. Secondary objectives include the evaluation of invasive disease-free 
survival, distant disease-free survival, breast cancer-specific survival, and quality of life. 
 
CONCLUSIONS: The SURVIVE study is a long-awaited breast cancer surveillance trial based on promising 
liquid biopsy markers, which ς if successful - will lead to a paradigm shift in the current follow-up care of 
medium and high-risk early breast cancer survivors. 
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cfDNA-based cancer subclassification of colorectal and breast tumors 
using DNA methylation features from an NGS-based liquid biopsy profiling 
system 
Catalin Barbacioru, Scott Shell, Denis Tolkunov, Andrew Gross, Shile Zhang, Justin Odeggard, 
Han-Yu Chuang 
Guardant Health 

 
BACKGROUND: Tumor-specific DNA methylation patterns are well-described in human malignancies. The 
ŜȄƛǎǘŜƴŎŜ ƻŦ ǘƘŜ Ψ/ǇD ƛǎƭŀƴŘ ƳŜǘƘȅƭŀǘƻǊ ǇƘŜƴƻǘȅǇŜΩ ό/Latύ ƛƴ ŎƻƭƻǊŜŎǘŀƭ ŎŀƴŎŜǊ ό/w/ύ ŀƴŘ ōǊŜŀǎǘ ŎŀƴŎŜǊ 
(BC) were previously described in tissue studies where CIMP subtypes were associated with molecular and 
clinical features. In this study, we substantiated the ability to identify CIMP subtypes using a methylation-
based liquid biopsy profiling system to recapitulate the subtypes observed from tissue-based testing. 
  
METHODS: Methylation scores from the GuardantINFINITYϰ methylation-based liquid biopsy panel were 
generated using a training set of 676 CRC and 1016 BC plasma samples. Genomic profiles and the status of 
main driver mutations known to correlate with CIMP profiles were also generated for each sample using 
the genomic panel portion of GuardantINFINITY, which reports somatic alterations in >750 genes. Tumor 
fraction-independent methylation regions that had significant signal were ranked according to their 
variability across the training set. The methylated regions that ranked in the top 100-300, depending on 
the cancer indication, were selected as CIMP regions to generate liquid biopsy-based CIMP profiles. 
aŜǘƘȅƭŀǘƛƻƴ ōŜǘŀ ǾŀƭǳŜǎ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ LƭƭǳƳƛƴŀϯ LƴŦƛƴƛǳƳϯ IǳƳŀƴaŜǘƘȅƭŀǘƛƻƴпрл .ŜŀŘ/ƘƛǇ ŦǊƻƳ ǘƘŜ 
TCGA were used to validate the CIMP-based methylation scores across the selected genomic regions of 
cfDNA.   
  
RESULTS: Unsupervised clustering was pursued using the methylation scores from the selected CIMP 
regions for each tumor indication. CRC samples showed two significant CIMP profiles that correlated to 
BRAF and KRAS mutational status (p-values < 0.0001). BC samples showed CIMP profiles that correlated to 
HR and HER2 status (p-values < 0.0001). The same selected epigenomic regions specific to each tumor type 
also showed hypermethylation patterns similar to tissue-based TCGA data. 
  
CONCLUSIONS: This body of work demonstrates that CIMP profiles previously generated from tissue-based 
methylation profiling can be recapitulated from a methylation-based liquid biopsy NGS test.  This allows 
the characterization of CIMP profiles for CRC and BC patients to be accomplished using a convenient and 
non-invasive liquid biopsy approach.  Limitations to this study resulted from the profiling of a pre-selected 
patient population.  Further validation of liquid biopsy-based CIMP profiling of these tumor indications 
from an unselected patient population is warranted. 
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Novel urine liquid biopsy biomarker panel ProstAssure (TTC3, H4C5 and 
EpCAM) to detect prostate cancer in men 
Menglang Yuan1,2, Marcio Moschovas3, Roshane Perera3, Bongyong Lee1,2, Alexandra Miller2, 
Ernest Amankwah1,2, Rudramani Pokhrel1,2, Christian Pavlovich1, Guru Sonpavde4, Vipul Patel3, 
Ranjan Perera1,2 
1Johns Hopkins University School of Medicine, 2Johns Hopkins University, 3AdventHealth Global Robotics Institute, 
4AdventHealth Cancer Institute 

 
Prostate Cancer (PCa) is a leading cause of cancer deaths among US men. Several advisory groups 
recommend against screening for PCa with the Prostate-Specific Antigen (PSA) test because of its high 
false-positive rate. Hence, accurate non-invasive diagnostic biomarkers are necessary to detect PCa and 
differentiate aggressive from indolent disease. In this case-control study, we collected voided urine (50ml) 
from 107 pre and post-prostatectomy men with PCa and 97 healthy men as controls. We isolated RNA 
from exfoliated cells and debris shed into urine. We used advanced computational and machine-learning 
approaches to identify and validate candidate RNA biomarkers. We identified the combination of two RNA 
markers (TTC3, H4C5) and one corresponding protein marker (EpCAM) in urine as potential biomarkers for 
PCa detection. This panel demonstrated 99% sensitivity and 100% specificity and outperformed the post-
digital rectal examination PCA3 urinary RNA marker. The predictive accuracy of the binary cutpoint for 
predicting the Gleason score (<8 vs. 8-млύ ŀƴŘ t{! ƭŜǾŜƭ όғп ƴƎκƳƭ Ǿǎ җп ƴƎκƳƭύ ǿŀǎ ŜȄŎŜƭƭŜƴǘ ŦƻǊ ŜŀŎƘ ƻŦ 
these biomarkers. This panel of three urine-based biomarkers (TTC3, H4C5, EpCAM) is a promising 
noninvasive liquid biopsy tool to distinguish men with PCa from healthy men, and further prospective 
validation is warranted.  
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Association between gastrointestinal microbiome and metastatic 
melanoma immunotherapy treatment outcome 
Ana Erman1,2Σ aŀǊƛƧŀ LƎƴƧŀǘƻǾƛŏ1,2Σ YŀǘƧŀ [ŜǎƪƻǾǑŜƪ1,2Σ ¦ǊǑŀ [ŀƳǇǊŜƘǘ ¢ǊŀǘŀǊ3Σ aŀǑŀ .ƻǑƴƧŀƪ3, 
Simona Miceska4, Veronika Kloboves Prevodnik4Σ aŀƧŀ 2ŜƳŀȌŀǊ3, Janja Ocvirk1,2, Tanja Mesti1,2 
1Department of Medical Oncology, Institute of Oncology Ljubljana, 2Medical Faculty, University of Ljubljana, 
3Department for Experimental Oncology, Institute of Oncology Ljubljana, 4Department of Cytopathology, Institute of 
Oncology Ljubljana 

 
Melanoma immunotherapy is a rapidly developing field that focuses on using the body's own immune 
system to fight melanoma. In recent years, researchers have explored the potential role of the microbiota 
in influencing the effectiveness of immunotherapy and identifying biomarkers of treatment response. The 
microbiota has been shown to play a critical role in modulating immune responses and shaping the tumour 
microenvironment. Studies have shown that certain microbial compositions can influence the efficacy of 
immunotherapy in melanoma patients. Certain bacteria have been associated with a favourable response 
to immunotherapy, while others have been associated with treatment resistance. The identification of 
biomarkers based on the microbiota aims to predict a patient's response to immunotherapy and thus 
enable personalised treatment strategies. The aim of this prospective study is therefore to investigate the 
response to first-line immunotherapy in patients with disseminated melanoma in Slovenia and to 
distinguish which patients benefit from immunotherapy and which do not, as well as to identify potential 
biomarkers markers with predictive and prognostic significance. We will collect stool samples for the 
microbiome before starting treatment and then at intervals of 12 and 28 weeks or when needed (e.g. when 
the condition worsens, when neurological symptoms appear, etc.). From stool samples, we will determine 
microbiome composition using biodiversity sequencing and correlate the results with treatment response. 
So far, 18 patients have been enrolled in the study. The results of this study will provide the basic 
information about the microbiome as a prognostic or predictive marker in the immunotherapy treatment 
of disseminated melanoma. 
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Determination of IFNgama and PDL1 signatures in tissue and blood plasma 
of patients with disseminated melanoma treated with immunotherapy 
aŀǊƛƧŀ LƎƴƧŀǘƻǾƛőΣ YŀǘƧŀ [ŜǎƪƻǾǎŜƪΣ !ƴŀ 9ǊƳŀƴΣ Ursa Lampreht Tratar, Masa Bosnjak, Simona  
Miceska, Veronika Kloboves Prevodnik, Maja Cemazar, Janja Ocvirk, Tanja Mesti 
Institute Of Oncology Ljubljana 

 
Immunotherapy with PD1 and CTCL4 inhibitors in the treatment of patients with disseminated melanoma 
has revolutionised prognosis and survival, increasing expected survival from less than 12 months to 40 
months or more. However, the effect of immunotherapy is much more complex and the outcome 
unpredictable as response to immunotherapy varies from 30-40%. More than two thirds of patients 
develop immune-related side effects. In approximately 10%, the response to immunotherapy manifests as 
pseudoprogression where there is a transient discrepancy between the clinical and radiological response 
and the actual response, The aim of this prospective study is to evaluate the response to first-line 
immunotherapy in patients with disseminated melanoma in Slovenia and to differentiate which patients 
benefit from and which patients do not benefit from immunotherapy, and to identify potential molecular 
markers of predictive and prognostic significance. We will collect tumour samples for RNA isolation from 
the tumour prior to treatment, and blood prior to the start of treatment and then at intervals of 12 and 28 
weeks or as needed (e.g. on worsening of the condition, on onset of neurological symptomatology, etc.) 
for cfRNA isolation from plasma. The expression of IFN gamma and PDL1 will be determined in tumour and 
plasma samples. Also, the IFN gamma level in blood at the protein level will be determined by ELISA. IFN 
signature and PDL1 levels in tissue will then be correlated with clinical response to treatment. We will 
monitor the dynamics of IFN-gamma and PDL1 RNA expression and IFN-gamma protein levels by liquid 
biopsy from blood before treatment and at imaging-confirmed response to treatment or disease 
progression. Finally, we will correlate the data obtained by liquid biopsy with the IFN signature of the 
primary tumour and the clinical response to treatment. So far, 18 patients have been enrolled in the study. 
The results of this study protocol will provide the basis for distinguishing patients who benefit from first-
line immunotherapy from those who do not, and for identifying potential macroscopic and molecular 
markers of predictive and prognostic significance. 
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Longitudinal monitoring of copy number variations in cell-free DNA of 
stage IV melanoma patients receiving adjuvant immune checkpoint 
inhibitor therapy 
Mateo Gasser1,2, Florian Janke1,2,3, Arlou Kristina Angeles1,2,3, Simon Ogrodnik1,2, Elisabeth Livingstone5, 
Lisa Zimmer5, Jessica Hassel6, Antje Sucker5,7, Dirk Schadendorf5,7Σ WǸǊƎŜƴ .ŜŎƪŜǊ1,4,7Σ IƻƭƎŜǊ {ǸƭǘƳŀƴƴ1,2,3,7 
1German Cancer Research Center (DKFZ), 2National Center for Tumor Diseases (NCT), 3Translational Skin Cancer Research (TSCR), 
Department of Dermatology and West German Cancer Center, University of Medicine Duisburg-Essen, 3German Center for Lung 
Research (DZL), TLRC Heidelberg, 5Department of Dermatology, Universisty Hospital Essen, 6Department of Dermatology, University 
Hospital Heidelberg, 7German Cancer Consortium (DKTK) 

 
BACKGROUND: Stage IV melanoma patients post-surgical/radiation treatment with no evidence of disease 
(NED) demonstrate poor survival. IMMUNED (Livingstone 2022, Lancet) was the first randomised, double-
blind, placebo-controlled phase 2 clinical trial to address the therapeutic need in these patients by 
comparing the benefit provided by adjuvant nivolumab monotherapy or nivolumab plus ipilimumab with 
a placebo control group. They reported prolonged recurrence-free (RFS) and overall survival for the 
double-therapy compared with placebo. Here, we analysed genome-wide copy number variations (CNVs) 
in longitudinally collected plasma samples of patients recruited within IMMUNED. 
 
METHODS: Cell-free DNA (cfDNA) was isolated from 176 longitudinally collected plasma samples of 36 
IMMUNED patients (double-therapy, n=10; monotherapy, n=14; placebo, n=12) and 50 healthy donors. 
CfDNA samples were analysed by shallow whole genome sequencing (2x genome coverage), followed by 
in silico size selection to enrich for tumour-derived cfDNA and CNV determination with ichorCNA v.0.3.2. 
 
RESULTS: Tumour DNA fractions (TFx), as a numeric representation of CNVs, in patient plasma were low 
and showed no significant deviation from healthy control TFx (Mann-Whitney U, p=0.97). We defined 
patient samples exceeding the 0.95 TFx quantile of our healthy cohort as TFx-positive. Applying this 
criterion, we detected CNVs in 27/176 plasma samples and 13/36 of patients. Univariate cox regression 
showed no significant association between RFS and TFx-positivity at baseline or at any time point during 
treatment (log-rank, p=0.60 and p=0.90, respectively). However, we observed a trend when comparing the 
median RFS of patients with a TFx-positive vs. -negative sample at baseline (108 and 338.5 days, 
respectively). This also holds true for patients with at least one TFx-positive sample at any time point vs. 
those with none (128 and 340 days, respectively). 
 
CONCLUSIONS: The low TFx in this patient population is in line with the therapy response shown in the 
IMMUNED trial and the NED status. However, it is noteworthy that plasma at time of recurrence was only 
available for 3 patients. For this reason, plasma from a further cohort of 20 patients with unresected 
advanced melanoma receiving immunotherapy will be analysed at baseline and progression to validate the 
association between low TFx and favourable clinical response. 
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Test the clinical significance of melanoma-derived EVs positive for PD-L1 
as a predictive biomarker for stage III/IV melanoma patients undergoing 
immunotherapy 
Cristina Catoni1, Cristina Poggiana1, Jacopo Pigozzo2, Antonella Facchinetti1,3, Luisa Piccin2, Kevin 
Leone1, Alessio Fabozzi2, Vanna Chiarion-Sileni2, Antonio Rosato1,3, Maria Chiara Scaini1 
1Immunology and Molecular Oncology Unit, Veneto Institute of Oncology IOV-IRCCS, 2Melanoma Oncology Unit, Veneto 
Institute of Oncology, IOV-IRCCS, 3Department of Surgery, Oncology and Gastroenterology, Oncology Section, 
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BACKGROUND: !ƭǘƘƻǳƎƘ ƛƳƳǳƴƻǘƘŜǊŀǇȅ Ƙŀǎ ǊŜǾƻƭǳǘƛƻƴƛȊŜŘ ƳŜƭŀƴƻƳŀ ǇŀǘƛŜƴǘǎΩ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘŜǊŜ ƛǎ 
an urgent need to find useful biomarkers to follow disease evolution and response to therapy. In this view, 
Extracellular Vesicles (EVs) have been emerging as a promising biomarker giving their established role in 
tumor progression, with specific regard to the critical role in tumor escaping from immune surveillance. 
 
METHODS: Twenty stage III/IV melanoma patients, treated with PD-1 inhibitors (nivolumab/ 
pembrolizumab) have been enrolled and followed up to 24 months. A longitudinal screening at different 
timepoints (39 samples) has been applied to explore the usefulness of PD-L-positive circulating melanoma-
derived EVs in monitoring patient response. Melanoma EVs were counted and characterized directly from 
a few microliters of diluted patient plasma, taking advantage of the ExoView platform, an innovative 
technology that immunocaptures tetraspanins positive EVs and, then, evaluates the presence of EV 
surface-specific antigens through a well-defined cocktail of antibodies (CD146, Mart1, PD-L1).   
 
RESULTS: The ExoView detection specificity was demonstrated by measuring EVs derived from three non-
small cell lung cancer (H441, H1975, H1563) and two melanoma (SK-MEL28, A375) cell lines for which 
differences in the expression of several biomarkers (CD146, Mart1, PD-L1) were already known. Then, the 
pre-treatment level of total circulating PD-L1-positive EVs derived from melanoma cells (Mart1+/CD146+) 
was analyzed. Higher levels were found in non-responders when compared to those found in responders. 
Moreover, an increase of   melanoma PD-L1-positive EVs was observed during treatment in responding 
patients, which could suggest an ongoing active T cell response and an attempt of the tumor to suppress 
it. 
 
CONCLUSIONS: This pilot study provides proof-of-principle of the possibility to directly analyze EVs in the 
whole plasma with no need of previous purification, thus avoiding issues related to the EV isolation and 
contamination. Moreover, we identified a specific subpopulation of circulating melanoma EVs, i.e. those 
PD-L1 positive, as a possible biomarker able to discriminate non-responders from responders. More needs 
to be done in this direction, because the whole cohort and the number of responders have to be 
implemented. Moreover, besides PD-L1, other surface EV proteins may also get involved in 
immunosuppressive effects by cancer or immune cells. 
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Treatment response monitoring and identification of acquired resistance 
mechanisms using cell-free DNA-based next-generation sequencing on 
non-small cell lung cancer patients 
Paul van der Leest1, Pim Rozendal1, Hanneke Kievit2, Idris Bahce3, Michiel Pegtel3, Harry Groen2, 
Ellen Heitzer4Σ [Şƻƴ Ǿŀƴ YŜƳǇŜƴ1, Jeroen Hiltermann2, Ed Schuuring1 
1Department of Pathology, University of Groningen, University Medical Center Groningen, 2Department of Pulmonary 
Medicine, University of Groningen, University Medical Center Groningen, 3Department of Pathology, Cancer Center 
Amsterdam, Amsterdam UMC, VU University, 4Institute of Human Genetics, Diagnostic & Research Center for Molecular 
BioMedicine, Medical University of Graz 

 
BACKGROUND: In absence of actionable genetic alterations, advanced non-small cell lung cancer (NSCLC) 
patients are generally treated with immune checkpoint inhibitors (ICIs) as monotherapy or in combination 
with chemotherapy. While treatment with ICIs can achieve long-lasting therapeutic responses in a subset 
of patients, current predictive biomarkers do not sufficiently discriminate responders from non-
responders. Molecular tumor profiling using circulating tumor DNA (ctDNA) recently demonstrated its 
utility in the detection of predictive markers and longitudinal response monitoring in advanced NSCLC. In 
this study, we investigated the predictive value of ctDNA dynamics for treatment efficacy and occurrence 
of possible resistance-related genomic aberrations through serial plasma ctDNA sequencing.  
  
METHODS: This study included advanced NSCLC patients (n=20) who achieved tumor response on mono-
ICI therapy with a duration of at least 3 months and eventually displayed tumor progression. Blood samples 
were collected prospectively before treatment initiation (t0), 1-2 months after the start of treatment (t1), 
after three months of treatment or at least three months prior to image-confirmed tumor progression (t2), 
and at the time of image-confirmed tumor progression (t3). Circulating cell-free DNA (ccfDNA) was 
analyzed for molecular aberrations using the AVENIO ctDNA Expanded kit. Sequencing of the peripheral 
blood mononuclear cells (PBMCs) allowed the identification of clonal hematopoiesis (CH)-related variants. 
CtDNA dynamics of recurring and acquired tumor-related variants were evaluated following international 
interpretation guidelines applied in routine molecular diagnostics.  
  
RESULTS: Based on preliminary results, in total 269 ctDNA variants were identified across twenty 
metastatic NSCLC patients. Of 17/20 patients (85%), the ctDNA dynamics based on the mutant copies/mL 
of plasma correlated with radiological response according to RECIST v1.1 criteria. Remarkably, the three 
patients in whom the ctDNA levels remained stable at disease progression survived an extra 37-70 weeks 
without alteration of treatment. In 13/20 patients (65%), 40 novel ctDNA variants were detected at disease 
progression. The relationship between these variants and the mechanisms of acquired resistance to ICI 
treatment are currently being investigated.  
  
CONCLUSIONS: Longitudinal monitoring of ctDNA in plasma using next-generation sequencing from 
advanced NSCLC patients on mono-ICI therapy enables the prediction of disease progression. Moreover, 
comprehensive testing can identify putative resistance-related ctDNA variants.  
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Discriminative tools for small cell lung cancer based on extracellular 
vesicles and circulating tumor cells 

Dimitris Papakonstantinou1, Argyro Roumeliotou1, Evangelia Pantazaka1, Athanasios Nasir 
Shaukat2, Athina Christopoulou3, Angelos Koutras4, Foteinos Ioannis Dimitrakopoulos4, Vassilis 
Georgoulias5, Athanasios Kotsakis6, Constantinos Stathopoulos2, Ass.Prof. Galatea Kallergi1 
1University of Patras, Lab of Biochemistry and Metastatic Signaling, University of Patras, 2Department of Biochemistry, 
School of Medicine, University of Patras, 3Oncology Unit, ST Andrews General Hospital of Patras, 4Clinical and Molecular 
Oncology Laboratory, Division of Oncology, Department of Medicine, Medical School, University of Patras, 5Hellenic 
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BACKGROUND: Small Cell Lung Cancer (SCLC) represents a highly aggressive and metastatic malignancy 
characterized by rapid tumor growth and an unfavorable prognosis. Given the limited surgical options due 
to the prevalence of unresectable tumors in SCLC patients, the identification of reliable liquid biopsy 
biomarkers assumes paramount significance. Our research group showed that overexpression of JUNB 
όǘǊŀƴǎŎǊƛǇǘƛƻƴ ŦŀŎǘƻǊύ ŀƴŘ /·/wп όŎƘŜƳƻƪƛƴŜ ǊŜŎŜǇǘƻǊύ ƛƴ ōǊŜŀǎǘ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘǎΩ /ƛǊŎǳƭŀǘƛƴƎ ¢ǳƳƻǊ /Ŝƭƭǎ 
(CTCs), is associated with clinical outcome. Extracellular Vesicles (EVs) hold significant prognostic value for 
a plethora of cancers, such as breast, prostate, and lung. This study aims to develop a novel protocol for 
the parallel assessment of the aforementioned biomarkers in CTCs and EVs derived from SCLC patients. 
 
METHODS: CTCs from 52 SCLC patients were isolated using Ficoll density gradient. Cytospins were stained 
using CK, JUNB, and CXCR4 antibodies. Slides were analyzed with VyCAP platform and ACCEPT software. 
Plasma EVs derived from the same patients and 10 healthy donors (HDs) were isolated using the EXO-tǊŜǇϯ 
kit. EVs were characterized by transmission electron microscopy, Western blot, and RNA-sequencing. 
 
RESULTS: CTCs were detected in 35 out of 52 SCLC patients (67%). Out of those patients, most of them 
harbored JUNB-positive (91%) and CXCR4-positive CTCs (74%). SCLC patients with protein EV 
overexpression of both JUNB and CXCR4 showed a statistically significant difference compared to the same 
expression in HDs ((PJUNB = 0.001 & PCXCR4 = 0.01). In addition, ROC analysis indicated that protein 
overexpression of both JUNB (c-statistic = 0.94) and CXCR4 (c-statistic = 0.89) in the EVs of SCLC patients 
revealed a very high discriminative ability between patients and HDs. Finally, CXCR4 overexpression in EVs 
was correlated with the presence of CTCs (rho = 0.442, p = 0.001), CXCR4+ CTCs (rho = 0.424, p = 0.002), 
and with the CK+/JUNB+/CXCR4+ phenotype (rho = 0.366, p = 0.008). RNA-seq analysis in EVs revealed 130 
differentially expressed microRNAs, implicated in TP53, G1/S transition, and AKT-mediated pathways.  
 
CONCLUSIONS: Simultaneous analysis of both CTCs and EVs could unveil possible diagnostic or prognostic 
biomarkers and provide potential therapeutic targets, such as JUNB and CXCR4 for SCLC patients. 
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Exosomal plasma metabolites and miRNAs:  an unobserved clue for 
predicting relapse in patients with early-stage NSCLC 
Vivi Bafiti1, Eleni Thanou2, Sotiris Ouzounis1, Athanasios Kotsakis3, Vasilis Georgoulias1, Evi 
Lianidou2, Theodora Katsila1, Athina Markou2 
1Institute of Chemical Biology, National Hellenic Research Foundation, Athens, Greece, 2Lab of Analytical Chemistry, 
Department of Chemistry, National and Kapodistrian University of Athens, Athens, Greece, 3Department of Medical 
Oncology, University General Hospital of Larissa, Larissa, Greece, 4First Department of Medical Oncology, 
Metropolitan General Hospital of Athens, Athens, Greece 

 
INTRODUCTION: The potential use of plasma-derived extracellular vesicles (EVs) as predictors of treatment 
response and clinical outcome in early-stage non-small cell lung cancer (NSCLC) was investigated for the 
first time using multi-omics and systems science. The focus is on microRNAs and metabolites as they play 
a role in the pathogenesis of NSCLC and enable non-invasive strategies.  
 
Material and methods: First, we performed data and text mining using mixed methods content analysis to 
select microRNAs (miR-21, miR-29, and miR-338) and minimize bias in the selection of candidate markers. 
We then validated our in silico data in EVs isolated from plasma of 32 early-stage NSCLC patients and 10 
healthy donors (HD).  
 
RESULTS: Our results show that the expression of miR-29a and miR-21 is upregulated in EVs in NSCLC 
compared to HD (p=0.051 and p=0.001, respectively), while miR-338 is mainly expressed at the time of 
relapse (67%). Moreover, there was no correlation between the overexpression of the selected miRNAs in 
EVs and the clinicopathological characteristics of the studied patients. Furthermore, the in silico data were 
linked to untargeted metabolomics data from plasma exosomes of NCSLC patients, with analysis 
performed by liquid chromatography-mass spectrometry and enriched by extended microscopy pipelines. 
9ƭŜǾŀǘŜŘ ƭŜǾŜƭǎ ƻŦ ŎƘƻƭƛƴŜΣ ŀκōκ˖-muricholic acid, and tryptophan were conspicuous in EVs from early-stage 
NSCLC patients, suggesting a link with glycerophospolipid metabolism.  
 
CONCLUSION: miRNomics and metabolomics helped identify novel biomarkers. In the near future, EV-
based biomarkers may be used to classify NSCLC patients based on treatment response and to understand 
the molecular heterogeneity of the disease. 
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Liquid biopsies in malignant pleural mesothelioma, novel approaches and 
future directions 
Giulia Rosini, Roberto Silvestri, Luisa Bisceglia, Stefano Landi, Federica Gemignani 
University of Pisa 

 
Malignant pleural mesothelioma (MPM) is a rare and aggressive cancer arising from the mesothelial cells 
of the pleura associated with previous exposure to asbestos fibres. However, the diagnosis of this cancer 
remains difficult due to the long latency between exposure to asbestos and the development of the 
disease. Currently, tissue biopsies represent the gold standard for the diagnosis of MPM and tumor 
mutational characterization. However, their invasiveness prevents their use both during the early 
diagnostic phases and during patient follow-up. Furthermore, due to the intratumor heterogeneity of 
MPM, tissue biopsies do not easily allow accurate characterization of the mutational landscape. It is 
believed that the circulating cell free DNA (ccfDNA) recoverable from body fluids (liquid biopsies, LB) could 
provide a more representative picture of the tumor mutational landscape than that obtained from solid 
biopsies. However, this approach has not been thoroughly assayed in MPM patients. 
Here we applied whole exome sequencing (WES) in 3 MPM patients. Firstly, we compared the results from 
tissue biopsies with those from buffy coats (from blood samples), allowing to obtain the mutational 
landscape of the intra-tumoral somatic mutations (solid biopsy). Among relevant cancer-driver genes, TTN, 
MUC4, and NF2 harbored mutations in all patients. Then, we carried out WES in the matched pleural fluids. 
The DNA was extracted from both pellet and supernatant (ccfDNA) and these samples were compared with 
tissue biopsies. Overall, pleural fluid sequencing identified a higher number of somatic mutations than 
solid biopsies for each patient. Moreover, among 300 cancer-driving genes reported within TCGA, in LB we 
found additional mutations not detected in the tissue biopsies, including those in BAP1, suggesting that 
analysis of tissue samples alone could have prevented their detection. Thus, we confirmed also in MPM 
that LBs could better represent the intra-tumor heterogeneity and that they could be a valuable and 
accurate source of information, enabling the establishment of personalized non-invasive biomarkers for 
diagnosis and prognosis.  
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Detection of pancreatic cancer circulating tumor cells for minimal residual 
disease monitoring 
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BACKGROUND: Pancreatic cancer is an aggressive cancer characterized by poor prognosis with a 5-year 
survival rate of less than 12%. Surgery is the only curative treatment option however, the majority of 
patients will recur. Circulating tumor cells (CTCs) disseminate via the vascular system and presents a 
potential non-invasive sampling method. However, an accurate and reliable method to detect these rare 
cells remains a challenge. Using cell loss-less density-based enrichment of mononucleated blood cells, 
individual CTCs can be detected by fluorescent staining, picked using an on-board cell-picker and 
characterized (AccuCyte-CyteFinder platform). This study aimed to detect, isolate and genetically profile 
CTCs from pancreatic cancer patients.   
 
METHODS: Pancreatic cancer cells (AsPC1, Capan2) were spiked into 7.5mL of healthy blood and recovered 
using a CK+ EpCAM+ CD45- staining panel. Identified cells were then picked using the integrated CytePicker 
module for mutational analysis using multiplex PCR-based targeted sequencing. 40 pancreatic cancer 
ǇŀǘƛŜƴǘǎ ǿŜǊŜ ǊŜŎǊǳƛǘŜŘ ŀǘ /ƘǊƛǎ hΩ.ǊƛŜƴ [ƛŦŜƘƻǳǎŜΣ {ȅŘƴŜȅΣ !ǳǎǘǊŀƭƛŀ ŀƴŘ ōƭƻƻŘ ǎŀƳǇƭŜǎ ŀƴŀƭȅȊŜŘ ŦƻǊ /¢/ǎΦ 
 
RESULTS: The AccuCyte-CyteFinder platform was able to recover 90.9% of spiked-in pancreatic cancer cells. 
Single cells were picked and confirmed using mutational profiling. CTCs were detected in 77.5% (31/40) 
pancreatic cancer patients with higher number of CTCs found in patients with more advanced stages (>40 
CTCs/7.5mL blood in Stage IV patients). KRAS mutations was detected in isolated CTCs. Patients who 
recurred within 3-months of surgery had a significantly higher number of CTCs (30 vs 5 CTCs/7.5mL) and 
an increase in CTCs was detected in 3 patients prior to their clinical recurrence.  
 
CONCLUSIONS: CTCs were identified, picked and confirmed using mutational profiling. CTCs were found in 
pancreatic cancer patients and correlated with clinical stage. Our preliminary results indicate that CTCs 
could stratify patients likely to recur and earlier than standard imaging. CTCs presents a potential non-
invasive method to detect recurrence in pancreatic cancer patients.   
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Liquid biopsies to detect KRAS mutations in pancreatic cancer patients and 
in non-affected people 
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Monica Cipollini1, tŀǾŜƭ ±ƻŘƛőƪŀ2, Federica Gemignani1, Stefano Landi1 
1University Of Pisa, 2The Institute of Experimental Medicine CAS 

 
BACKGROUND: The KRAS oncogene mutation is present in 75-95% of pancreatic cancers. This study aims 
to evaluate the presence and mutation frequency of the 3 most frequent KRAS mutations (codon 12) in 
patients with pancreatic cancer (source TCGA) in patients with chronic pancreatitis and diabetes using 
liquid biopsies.  
 
METHODS: The circulating cell free DNA (ccfDNA) extracted from plasma patients affected by pancreatic 
cancer, chronic pancreatitis and diabetes (non-cancerous diseases affecting the pancreas itself) for a total 
of more than 200 patients examined was analysed by digital PCR (dPCR) for test mutations detection.  
 
RESULTS: The dPCR analysis of the extracted ccfDNA allows to study the distribution of these mutations by 
detecting up to a mutation percentage lower than 0.01%, in the three groups of patients analysed. For 
patients with pancreatic cancer, the detection of one of the mutations analysed is a confirmation of the 
data already present in the literature instead for the other two groups of patients, it could have a predictive 
and preventive meaning and informative of the mutational spectrum characteristic of each patient.  
 
CONCLUSIONS: The results, although preliminary, are very encouraging and promising. The mutations 
detection analysed not only in pancreatic cancer patients but also in the other two groups opens the 
scenario to a possible use of liquid biopsies as a non-invasive method to monitor a possible cancerous 
evolution in these patients in the future.  
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65ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎƛƴŜΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƽǊŘƻōŀ 

 
BACKGROUND: Pancreatic cancer is the most lethal cancer with a dismal prognosis mainly due to diagnosis 
at advanced stage and ineffective treatments. CA19-9 levels and computed tomography (CT) imaging are 
the main standard criteria for evaluating disease progression and treatment response. In this study we 
investigated the usefulness of liquid biopsy-based epigenetic biomarkers in predicting and tracking disease 
progression in patients with metastatic pancreatic ductal adenocarcinoma (mPDAC).  
 
METHODS: Plasma samples were collected from 44 mPDAC patients at the time of diagnosis, and in 15 of 
them, additional samples were obtained during follow-up of the disease. After cell-free DNA (cfDNA) 
isolation circulating levels of methylated NPTX2, SPARC, BMP3, SFRP1 and TFPI2 genes were measured 
using digital droplet PCR (ddPCR). BEAMing technique was performed for quantitation of RAS mutations in 
cfDNA and CA19-9 was measured using standard techniques. 
 
RESULTS: NPTX2 was the most highly and frequently methylated gene in cfDNA samples from mPDAC 
patients. Higher circulating NPTX2 methylation levels at diagnosis were associated with poor prognosis and 
efficiently stratified patients for prediction of overall survival (6.06% cut-off, p= 0.0067). Dynamics of 
circulating NPTX2 methylation levels correlated with disease progression and response to therapy and 
predicted better than CA19-9 the evolution of disease in mPDAC patients. Remarkably, in many cases the 
disease progression detected by CT scan was anticipated by an increase in circulating NPTX2 methylation 
levels. 
 
CONCLUSIONS: Our findings suggest that circulating methylation levels of NPTX2 gene could serve as a 
valuable clinical tool for non-invasive prognosis, disease monitoring, and treatment response assessment 
in pancreatic cancer patients. Additionally, our research indicates that monitoring NPTX2 methylation 
levels in the circulation can provide clinicians with a larger window of opportunity for modifying treatment 
regimens. 
 
CǳƴŘƛƴƎΥ Wǳƴǘŀ ŘŜ !ƴŘŀƭǳŎƝŀ όtLt ллпп-2020 and ProyExcel_00734). 
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Plasma detection of RAS mutations and additional molecular alterations is 
strongly linked to poor outcomes in metastatic pancreatic cancer 
Marta Toledano-Fonseca1,2,3Σ aŀǊƝŀ ±ƛŎǘƻǊƛŀ DŀǊŎƝŀ-Ortiz1,2,3Σ aŀǊƝŀ ¢ŜǊŜǎŀ /ŀƴƻ-Osuna2,3,4Σ aŀǊƝŀ 
!ǳȄƛƭƛŀŘƻǊŀ DƽƳŜȊ-9ǎǇŀƷŀ1,2,3,4Σ !ƴǘƻƴƛƻ wƻŘǊƝƎǳŜȊ-Ariza1,2,3,4, Enrique Aranda1,2,3,4,5 
1Cancer Network Biomedical Research Center (CIBERONC), 2aŀƛƳƽƴƛŘŜǎ .ƛƻƳŜŘƛŎŀƭ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜ ƻŦ /ƽǊŘƻōŀ 
(IMIBIC), 3Andalusia-Roche Network Mixed Alliance in Precision Medical Oncology, 4Medical Oncology Department, 
wŜƛƴŀ {ƻŦƝŀ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭΣ 55ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎƛƴŜΣ CŀŎǳƭǘȅ ƻŦ aŜŘƛŎƛƴŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƽǊŘƻōŀ 

 
BACKGROUND: Pancreatic cancer is one of the most lethal tumours worldwide. Poor prognosis associated 
with late diagnosis and the few therapeutics options make necessary to find new biomarkers to optimize 
the diagnosis, prognosis and disease evolution monitoring. In recent years circulating biomarkers have 
appeared as a non-invasive tool that can deliver similar information than tumour tissue analysis. The 
objective of this work was to compare the presence of RAS mutations and other molecular alterations in 
circulating cell-free DNA (cfDNA) in short and long-term metastatic pancreatic cancer survivors to predict 
prognosis. 
 
METHODS: RAS mutations were analysed in forty-eight plasma cfDNA samples using BEAMing technology 
(Sysmex), which is based on digital PCR. Besides, AVENIO ctDNA Expanded Panel (Roche) was used to study 
additional mutations in 77 cancer-associated genes. Overall survival was calculated from diagnosis to dead 
and was related with circulating molecular alterations. 
 
RESULTS: The presence of RAS mutations in cfDNA was associated with worse prognosis at diagnosis. 
Moreover, patients who developed a circulating RAS mutation during disease evolution exhibited shorter 
survival compared to those that remained WT RAS status in their circulating cfDNA. Notably, patients who 
initially presented with plasma RAS mutation at the time of diagnosis, but showed a decrease in mutation 
levels during treatment, experienced better survival than those that remained RAS mutated. When 
examining specifically RAS-mutated patients, it became apparent that individuals with shorter survival 
exhibited a higher number of circulating somatic alterations in other genes than those with longer survival. 
 
CONCLUSIONS: The poorest survival outcomes in metastatic pancreatic cancer are closely linked to the 
presence in plasma of RAS mutations and an increased burden of additional mutations. By analysing these 
alterations in cfDNA at the time of diagnosis and during follow-up we can enhance the accuracy of 
prognostic predictions in metastatic pancreatic cancer patients. 
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Preoperative CD-9 based exosome analysis in PDAC patients 
Agapi Kataki1, Ioanna Angelioudaki2, Alexandros Georgios Tzingounis2, Anastasios Kriebardis3, 
Alexandros Mitrousias2, Nikolaos Memos2, Leonidas Chardalias2, Loukas Rentifis1, Dimitrios 
Politis2, Efthymios Koniaris4, George Zografos1, Manousos Konstadoulakis2 
1First Department of Propaedeutic Surgery, "Hippocratio" General Hospital of Athens, Medical School, NKUA, 2Second 
Department of Surgery, Aretaieion Hospital, Medical School of Athens, NKUA, 3Laboratory of Reliability and Quality 
Control in Laboratory Hematology (HemQcR), Department of Biomedical Sciences, School of Health & Welfare Sciences, 
University of West Attica, 45ŜǇŀǊǘƳŜƴǘ ƻŦ tŀǘƘƻƭƻƎȅΣ άIƛǇǇƻŎǊŀǘƛƻέ DŜƴŜǊŀƭ IƻǎǇƛǘŀƭ ƻŦ !ǘƘŜƴǎ 

 
BACKGROUND: Exosomes are a heterogeneous subset of extracellular vesicles (EVs) that play a crucial role 
in mediating intercellular communication and represent a great promise to serve as novel biomarkers in 
liquid biopsy. Although proteins including tetraspanin CD9 facilitate their identification and detection, still 
their clinical application remains a challenge.The present study assesses the association of CD9-based 
exosome population with histopathological features in patients with pancreatic ductal adenocarcinoma 
(PDAC). 
 
PATIENTS AND METHODS: Forty-ǘƘǊŜŜ ǇŀǘƛŜƴǘǎ όнп ƳŜƴ ŀƴŘ мф ǿƻƳŜƴΣ ƳŜŀƴ ŀƎŜ срΦс ҕ пΦууύ ǿƛǘƘ t5!/  
were included in the study. Blood samples were collected preoperatively and following successive 
ŎŜƴǘǊƛŦǳƎŀǘƛƻƴǎ ǎŜǊǳƳ ǿŀǎ ƛǎƻƭŀǘŜŘ ŀƴŘ ǎǘƻǊŜŘ ŀǘ ҍул ϲ/Φ Lƴ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǎŀƳǇƭŜǎ exosomes were also 
isolated using Total exosome isolation and verified using Nanoparticle Tracking Analysis. Exosome 
ŘŜǘŜŎǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ млл˃ƭ ƻŦ ǎŜǊǳƳ ǳǎƛƴƎ hǾŜǊŀƭƭ 9ȄƻǎƻƳŜ /ŀǇǘǳǊŜ ŀƴŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ŀǎǎŀȅ ƪƛǘΦ  
Statistical tests were performed in IBM SPSS Statistics (v28). 
 
RESULTS: 9ȄƻǎƻƳŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǊŀƴƎŜŘ ŦǊƻƳ лΦлоф˃Ǝ ǘƻ слнΦпму ˃Ǝ ƻŦ /5ф ǇǊƻǘŜƛƴ ŜǉǳƛǾŀƭŜƴǘ ǿƛǘƘ ŀ 
ƳŜŀƴ ƻŦ пуΦтс ҕмпΦсм ˃ƎΦ ¢ƘŜƛǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ ǘƘŜ ŎƛǊŎǳƭŀǘƛƻƴ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ ǘǳƳƻǳǊΩǎ ƳƛŎǊƻŜƴǾƛǊƻƴƳŜƴǘ 
as in the presence of high degree of desmoplasia, they were significantly reduced (p=0.049). In contrast, 
their amount was significantly increased in the presence of pancreatic intraepithelial neoplasia (PanIN) and 
perineural invasion of the tumour (p=0.048 and p=0.03).   
 
CONCLUSION: The herein presented data further support the crucial role of exosomes in the evolution and 
pathogenesis of PDAC, retaining them as important candidate biomarkers in PDAC, although further 
research is required. 
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The effect of perioperative opioid analgesia on circulating tumor cell 
presence in colorectal cancer patients ς prospective study 
Pavel Stejskal1, Josef Srovnal1, Emil Berta1,2, Alona Rehulkova1, Lubomir Vecera3, Tomas 
Gabrhelik3, Filip Haiduk4, Jan Maca4, Jan Bruthans5, Pavel Michalek5, Pavla Kourilova1, Marian 
Hajduch1 
1Institute Of Molecular and Translational Medicine, Faculty of Medicine aƴŘ 5ŜƴǘƛǎǘǊȅΣ tŀƭŀŎƪȇ ¦ƴƛǾŜǊǎƛǘȅ hƭƻƳƻǳŎΣ 
2Ringerike Hospital, 3Tomas Bata Hospital, 4University Hospital Ostrava, 5General University Hospital 

 
BACKGROUND: Colorectal cancer (CRC) is the leading cause of cancer-related deaths worldwide. 
Metastasis is the major cause of death and circulating tumor cells (CTCs), primary or metastatic tumor cells 
shed into the bloodstream, are considered precursors of distant metastatic spread and can act as an 
independent prognostic and predictive biomarker. Previous studies showed poorer survival in CRC patients 
treated perioperatively with morphine in comparison to piritramide.  
 
METHODS: In total, 150 CRC stage I-III patients undergoing either radical or laparoscopic surgery were 
enrolled in this prospective multicentric randomized study (NCT03700411). Patients were randomized into 
three arms using different perioperative analgesia ς morphine, piritramide, and epidural analgesia. Three 
peripheral blood samples were collected preoperatively, one day and one month after surgery, 
respectively, to Cell-CǊŜŜ 5b! ./¢ϯ ό{ǘǊŜŎƪΣ LƴŎΦύ ōƭƻƻŘ ŎƻƭƭŜŎǘƛƻƴ ǘǳōŜǎΦ ¢ƘŜ /¢/ǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ǳǎƛƴƎ 
CytoTrack CT11TM (2/C, Denmark), a semi-automated immunofluorescence microscopy detecting the pan-
cytokeratin and EpCAM signals. 
 
RESULTS: The analyses of CTC presence revealed the highest positivity rate in the samples collected from 
patients treated with morphine on the first day after surgery (48.8%). Also, a significant increase in 
positivity (from 26% for the perioperatively collected samples) compared to samples from patients treated 
with epidural analgesia (31% to 32.6%) and piritramide (41% to 41.7%) was observed. Additionally, the CTC 
presence was lower in control samples collected after one month irrespective of the analgesia type. A 
higher CTC positivity in control samples associated with morphine analgesia (27.8%) compared to 
piritramide analgesia (24.3%) was observed. 
 
CONCLUSION: CTC positivity was shown to be significantly increased in the postoperative blood samples 
from CRC patients treated with morphine analgesia compared to piritramide and epidural analgesia. 
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Effect of opioid analgesia on presence of circulating/disseminated tumor 
cells and survival of patients after radical colorectal cancer surgery ς 
retrospective study 
Monika Vidlarova1, Josef Srovnal1, Emil Berta1,2, Pavel Skalicky3, Kamil Vyslouzil3, Petr Prasil4, 
Sona Gurska1, Alona Rehulkova1, Katerina Jecmenova1, Pavla Kourilova1, Marian Hajduch1 
1Laboratory of Experimental Medicine, Institute of Molecular and Translational Medicine, Faculty of Medicine and 
Dentistry, Czech Advanced Technology and Research Institute, Palacky University and University Hospital in Olomouc, 
2Ringerike Hospital, 3Department of surgery, University Hospital Olomouc, 4Departmen of Anesthesiologiy, 
Landesklinikum Amstetten 

 
INTRODUCTION: Colorectal cancer (CRC) is one of the leading causes of cancer death in the world. CRC 
patients are often treated with opioid analgesia after surgery. These drugs act through opioid and 
cannabinoid receptors, which pathways are involved in tumor progression and metastases and can 
negatively affect the survival of patients. In our study, we analyzed the presence of 
circulating/disseminated tumor cells (CTCs/DTCs) in two groups of CRC patients treated with morphine or 
piritramide after surgery. 
  
METHODS: Presence of CTCs/DTCs in blood/bone marrow of 131 patients with CRC was assessed using 
quantitative real time PCR (qPCR) method based on quantification of epithelial genes (carcinoembryonic 
antigen (CEA) and cytokeratin 20 (CK20)). Gene expression of opioid and cannabinoid receptors was 
analyzed in tumor tissues. All statistical analysis were performed using maxstat R software. The effect of 
10 compounds (e.g. morphine, piritramide, codein) were analyzed on reporter cell lines using FLIPR 
analysis. The effect of morphine and piritramide on cell growth was analyzed using colony forming assay 
(CFA) on HT-29 and HCT116 cell lines. 
 
RESULTS: In total, 131 patients (53 females and 78 males, average age 68 years), of clinical stage I-III were 
analyzed. It was found that MA in CRC patients was associated with significantly shorter time to recurrence 
(p=0,038). Expression of tested opioid receptoǊǎ ƘŀŘ ƴƻ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘ ƻƴ ǇŀǘƛŜƴǘǎΩ ǎǳǊǾƛǾŀƭΦ 
C[Ltw ŀƴŀƭȅǎƛǎ Ƙŀǎ ǎƘƻǿƴΣ ǘƘŀǘ ƳƻǊǇƘƛƴŜ ŀƴŘ ǇƛǊƛǘǊŀƳƛŘŜ ŀǊŜ ŀƎƻƴƛǎǘǎ ƻŦ ƻǇƛƻƛŘ ǊŜŎŜǇǘƻǊ ҡΣ ōǳǘ ƻƴƭȅ 
ǇƛǊƛǘǊŀƳƛŘŜ ƛǎ ŀ ǇǳǊŜ ŀƎƻƴƛǎǘ ƻŦ ƻǇƛƻƛŘ ǊŜŎŜǇǘƻǊ ˁΦ /C! ŀƴŀƭȅǎƛǎ ƻŦ ŎŀƴŎŜǊ ŎŜƭƭ ƭƛnes showed cytotoxic effect 
of piritramide on cell proliferation in contrast with morphine. 
 
CONCLUSION: In our study morphine perioperative analgesia seems to shorten time to recurrence in CRC 
patients compared to piritramide analgesia. Concurrently cell lines experiments have shown negative 
effect of piritramide on cell proliferation. However, further research is required to elucidate the effect of 
opioids on different cell populations.  
 
Acknowledgement: This study was supported by European Union - Next Generation EU (LX22NPO5102) 
and Palacky University Olomouc (LF 2023_006). 
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Prognostic role of circulating tumor cell trajectories in metastatic 
colorectal cancer 
Valentina Magri1, Luca Marino2, Chiara Nicolazzo3, Angela Gradilone3, Gianluigi De Renzi3, 
Michela De Meo3, Orietta Gandini3, Arianna Sabatini1, Daniele Santini1, Enrico Cortesi1, Paola 
Gazzaniga3 
1Department of Pathology, Oncology and Radiology, Sapienza University of Rome, 2Department of Mechanical and 
Aerospace Engineering, Sapienza University of Rome, 3Department of Molecular Medicine, Cancer Liquid Biopsy Unit, 
Sapienza University of Rome 

 
BACKGROUND: A large amount of evidence from clinical studies has demonstrated that circulating tumor 
cells (CTCs) are strong predictors of outcomes in many cancers. However, the clinical significance of CTC 
enumeration in metastatic colorectal cancer (mCRC) is still questioned. The aim of this study was to 
evaluate the clinical value of CTC dynamics in mCRC patients receiving first-line treatments.  
 
MATERIALS AND METHODS: Serial CTC data from 218 mCRC patients were analyzed to identify CTC 
trajectory patterns during the course of treatment. CTCs were evaluated at baseline, at a first-time point 
check and at the radiological progression of the disease. Subsequently, CTC dynamics were correlated with 
clinical endpoints.  
 
RESULTS: Using a cut-ƻŦŦ ƻŦ җм /¢/κтΦр Ƴ[Σ ŦƻǳǊ ǇǊƻƎƴƻǎǘƛŎ ǘǊŀƧŜŎǘƻǊƛŜǎ ǿŜǊŜ ƻǳǘƭƛƴŜŘ όCƛƎǳǊŜ мύΦ ¢ƘŜ ōŜǎǘ 
prognosis was observed for patients with no evidence of CTCs at any timepoints, showing a significant 
difference in terms of both PFS (Group 1 vs Group 2, p=0.042; Group 1 vs Group 3, p=0.037; Group 1 vs 
Group 4, p=0.007) and OS (Group 1 vs Group 2, p=0.003; Group 1 vs Group 4, p=0.001), when compared 
to the other groups. Lower PFS and OS were recognized in Group 4 (CTCs always positive) at 7 and 16 
months, respectively.  
 
CONCLUSIONS: We here confirmed the clinical value of CTC positivity, even with only one cell detected. 
Moreover, CTC trajectories were found to be better prognostic indicators than CTC enumeration at 
baseline. The reported prognostic groups might help to improve risk stratification, providing potential 
biomarkers to monitor first-line treatments. 
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Differences in detection rates and prognostic relevance of CTCs and tdEVs 
in tumor draining versus central venous blood of CRC patients 
Stefan Cieslik1, Rui P. L.  Neves1, Christiane Driemel1, DŜƻǊƎ CƭǸƎŜƴ1, Levent Dizdar1, Jan-Philipp 
Cieslik2, Alexander Rehders1, Andreas Krieg1, Wolfram T.  Knoefel1, Nikolas H.  Stoecklein1 
1General, Visceral and Pediatric Surgery University Hospital and Medical Faculty of the Heinrich-Heine University 
5ǸǎǎŜƭŘƻǊŦΣ 5ǸǎǎŜƭŘƻǊŦΣ DŜǊƳŀƴȅΣ 2Department of Obstetrics and Gynecology, University Hospital and Medical Faculty 
of the Heinrich-IŜƛƴŜ ¦ƴƛǾŜǊǎƛǘȅ 5ǸǎǎŜƭŘƻǊŦΣ 5ǸǎǎŜƭŘƻǊŦΣ DŜǊƳŀƴȅ 

 
BACKGROUND & OBJECTIVES: Circulating tumor cells (CTCs) and tumor-derived extracellular vesicles 
(tdEVs) have great potential for monitoring therapy response and detecting tumor relapse earlier, which 
could lead to personalized adjuvant therapeutic strategies. However, their low abundance in peripheral 
blood limits their informative value. In this study, we explored the presence of CTCs and tdEVs collected 
intraoperatively from a tumor-draining vein (DV) and via a central venous catheter (CVC) prior to tumor 
resection as an alternative to standard blood samples collected from a peripheral vein (PV). 
 
METHODS: We analyzed 371 blood samples from 290 gastrointestinal (GI) patients, and 31 samples from 
20 patients with diverse benign tumours using the CellSearch system. The ACCEPT software and R scripts 
were used for automated detection of CTCs and tdEVs and their characterization. All 371 samples were 
analyzed in order to optimize the CTC and tdEV gates. The selected gate settings were applied to 199 CRC 
samples which included 2,159 CTCs and 13,279 tdEVs from the total collective. The corresponding 
parameters were obtained by numeric analysis of their fluorescence signals (e.g. size; shape; intensity) and 
were utilized for particle classification using machine learning tools, e.g. k-means clustering. 
 
RESULTS: tdEVs were generally more abundant than CTCs. Frequency of CTCs and number of CTCs and 
tdEVs were highest in DV. CTCs and tdEVs in PV were associated with tumor-spread while DV-CTCs 
associated with tumor size (univariate p <0.01). In all three compartments, uni- and multi-variate Kaplan-
Meier analyses revealed superior relation of tdEVs (univariate Logrank test p <0.05) with shorter survival 
compared to CTCs. In DV, CTCs and tdEVs were characterized by elevated parameters concerning the 
cytokeratin (CK) intensity and size (p <0.0001). Interestingly, ROC and k-means analyses identified sub 
collectives of tdEVs defined by stronger CK intensities which were particularly linked to poor survival 
outcomes. 
 
CONCLUSION: Our study indicates that collecting CTCs and tdEVs from DV and CVC sites provides more 
valuable information than from PV. tdEVs have higher clinical and prognostic value than CTCs, and 
analyzing both types suggests significant phenotypical heterogeneity. These results have important 
implications for personalized adjuvant therapies for colorectal cancer patients. 
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Prognostic and predictive plasma biomarker for colorectal cancer 
Agnieszka Jablonska1, Victor Urbiola-Salvador1, Dominika Miroszewska1, Katarzyna Duzowska2, 
Kinga Drezek-Chyla2, Natalia Filipowicz2, Arkadiusz Piotrowski2, Jan P. Dumanski2,3,4, Zhi Chen1 
1University Of Gdansk, 23P-Medicine Laboratory, Medical University of Gdansk, 3Department of Biology and 
Pharmaceutical Botany, Medical University of Gdansk, 4Department of Immunology, Genetics and Pathology and 
Science for Life Laboratory, Uppsala University 

 
BACKGROUND: Colorectal cancer (CRC) is the third most common malignancy and the second leading 
cause of cancer-related deaths worldwide, causing 935,000 deaths in 2020. Clinical symptoms of CRC 
appear at the advanced stage where cancer is aggressive, malignant, and metastatic. Therefore, there is 
an urgent need to identify prognostic and predictive markers to improve the mortality and prognosis for 
patients. 
 
METHOD: tƭŀǎƳŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ оу ǇŀǘƛŜƴǘǎ ǿƘƻ ǳƴŘŜǊǿŜƴǘ /w/ ǎǳǊƎŜǊȅ όƳŜŀƴ ŀƎŜΥ ссΦт ҕ мнΦо ȅŜŀǊǎΤ 
42.1% male) and 38 age- and sex-matched healthy subjects were included in the study. Plasma proteins 
were analyzed using the proximity extension assay (PEA) technology, while results validation was 
performed by Luminex MAGPIX technology or commercially available ELISA. 
 
RESULTS: Six hundred ninety plasma proteins were quantified by the PEA technology. An enhanced 
expression of 78 proteins, including C-C motif chemokine ligand 23 (CCL23) and C-X-C motif chemokine 
ligand 9 (CXCL9) as well as decreased expression levels of 124 proteins, including ectonucleotide 
pyrophosphatase/phosphodiesterase family member 5 (ENPP5) in CRC patients compared to healthy 
subjects was noticed. Network analysis demonstrated that cytokine-cytokine receptor interaction, IL-17 
and oncogenic signaling pathways were the major enriched pathways. A positive correlation between 7 
proteins and inflammation was also observed, while 46 proteins, including lysophosphatidic acid 
phosphatase type 6 (ACP6) and amyloid beta precursor protein binding family B member 1 interacting 
protein (APBB1IP) showed a negative correlation with the inflammation. Additionally, a potential 
association between the interleukin (IL)-17C, IL-32, and interferon (IFN)-ʴ ŀƴŘ ǘƘŜ ŜŀǊƭȅ ǎǘŀƎŜǎ όL-II) of CRC 
as well as between the ACP6, Fms-related tyrosine kinase (FLT4), and MANSC domain-containing protein 
1 (MANSC1) and the late stages (III-IV) of CRC were found. 
 
CONCLUSIONS: CCL23, CXCL9, and IFN-ʴ ǎŜŜƳ ǘƻ ōŜ ǇƻǘŜƴǘƛŀƭ ōƛƻƳŀǊƪŜǊǎ ƻŦ /w/ ŘŜǾŜƭƻǇƳŜƴǘΣ ǿƘƛƭŜ !/tс 
seems to be associated with the late stages of CRC. 
 
Acknowledgments: The project financed by the National Science Centre of Poland (Grant No. 
2018/30/Q/NZ6/00769). 
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Solid and liquid biopsy approach to better detect aberrant TP53 in 
gastroesophageal adenocarcinoma 
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Isabella Monia Montagner3, Alice Volpato3, Genny Mattara2, Francesco Lamacchia2,4, Giovanna 
Magni5, Antonio Rosato1,4, Antonio Scapinello3, Pierluigi Pilati2, Matteo Curtarello1 
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Institute of Oncology IOV-IRCCS, 3Clinical Research Unit, Veneto Institute of Oncology IOV-IRCCS, 4Department of 
Surgery Oncology and Gastroenterology, University of Padova 

 
BACKGROUND: Chromosomal instability (CIN) is frequent in gastroesophageal adenocarcinoma (GEA) and 
it is characterized by TP53 deletions/mutations, resulting in p53 nuclear accumulation, revealed by 
immunohistochemistry (IHC), that considers positive the cases with high staining level. Aiming to improve 
TP53 aberrant detection, droplet digital PCR (ddPCR) was used to evaluate TP53 deletion in solid and liquid 
biopsy. In addition, to investigate further the mutational TP53 status, Next Generation Sequencing (NGS) 
was performed in a subset of FFPE samples. 
 
METHODS: 83 retrospective and 60 prospective GEAs were IHC typed for p53, considering the high staining 
ƭŜǾŜƭ όҗтл҈ ǎǘŀƛƴŜŘ ƴǳŎƭŜƛύ ŀǎ ǇƻǎƛǘƛǾŜ ŦƻǊ Ǉро ŀōŜǊǊŀǘƛƻƴΦ ŘŘt/w ǘƻ ŘŜǘŜŎǘ ¢tро ŘŜƭŜǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘ 
in FFPE-DNA and cell-free DNA (cfDNA). A custom NGS panel was used to analyze TP53 mutations. 
 
RESULTS: 5ŀǘŀ ǎƘƻǿŜŘ ǘƘŀǘ ǎŜǾŜǊŀƭ ƭƻǿ ƭŜǾŜƭ όҖн҈ ǇƻǎƛǘƛǾŜ ŎŜƭƭǎύ LI/ ǎǘŀƛƴƛƴƎ ƎǊƻǳǇ ŎŀǎŜǎ ŎŀǊǊƛŜŘ ¢tро 
deletion. Indeed, by combining the retrospective and prospective cohorts, the frequency of deleted 
ǎŀƳǇƭŜǎ ƛƴ ǘƘŜ ƭƻǿ όҖн҈ ǇƻǎƛǘƛǾŜ ŎŜƭƭǎύΣ ƛƴǘŜǊƳŜŘƛŀǘŜ όо-69% pƻǎƛǘƛǾŜ ŎŜƭƭǎύ ŀƴŘ ƘƛƎƘ όҗтл҈ ǇƻǎƛǘƛǾŜ ŎŜƭƭǎύ 
IHC staining groups was 75.8%, 47.5%, 71.2%, respectively. These data suggested that p53 IHC staining 
alone underestimates CIN frequency in GEA and that p53 low level should be considered aberrant as well 
as the high level. Indeed, by combining low and high IHC staining level groups, the distribution of deletion 
events was significantly higher compared with the intermediate one (72.9% vs 47.5%, p-value = 0.002). 
cfDNA ddPCR analysis showed to be useful mainly in the low IHC staining group, due to the great frequency 
(45.4%) of deleted samples confirmed also in time-matched FFPE-DNA. NGS analysis highlighted that in the 
low level group a great percentage of samples (60%) had a deleted allele and a disruptive mutation in the 
other allele that probably lead to complete p53 loss.  
 
CONCLUSIONS: Our study suggests that p53 IHC alone underestimates CIN phenotype in GEA and that 
molecular analysis both in solid and liquid biopsy could be integrated with it, in particular in case of low 
IHC staining level. 
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Circulating miR21a, miR30a and miR15a expression profiles and response 
to neoadjuvant chemotherapy in locally advanced gastric cancer patients 
Vasileia Kokala-Dimitropoulou2, Anastasia Derventzi1,2, Chiara Molinari4, Manlio Monti3, Manousos M. 
Konstadoulakis2,5 
12nd Department of Surgery, Laboratory of Experimental Suergery and Research "K. Tountas",  Aretaieion Hospital, National and 
Kapodistrian University of Athens, Greece, 2 Laboratory of Surgical Research, 1st Department of Propaedeutic Surgery, National And 
Kapodistrian University of Athens, Greece, 3Lw//{ Lǎǘƛǘǳǘƻ wƻƳŀƎƴƻƭƻ ǇŜǊ ƭƻ {ǘǳŘƛƻ ŘŜƛ ¢ǳƳƻǊƛ όLw{¢ύ ζ5ƛƴƻ !ƳŀŘƻǊƛηΣ .ƛƻǎŎƛŜƴŎŜǎ 
Laboratory, 4w//{ Lǎǘƛǘǳǘƻ wƻƳŀƎƴƻƭƻ ǇŜǊ ƭƻ {ǘǳŘƛƻ ŘŜƛ ¢ǳƳƻǊƛ όLw{¢ύ ζ5ƛƴƻ !ƳŀŘƻǊƛηΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ aŜŘƛŎŀƭ hƴŎƻƭƻƎȅΣ 52nd 
Department of Surgery, Aretaieion Hospital, National and Kapodistrian University of Athens, Greece 

 
BACKGROUND: Neoadjuvant chemotherapy (NCT), followed by surgery, represents the standard of care for 
locally advanced stages of gastric cancer(GC), but treatment efficacy remains limited for many 
patients.Thus,attention has been directed towards identifying clinically utilizable biomarkers for 
chemoresistance prediction.miRNAs have emerged as promising  candidates related to chemotherapy 
response.In the present study, we aimed at defining how circulating miRNA profiles associate with pathological 
response to NCT in locally advanced GC. 
 
METHODS: A prospective cohort of twenty one patients diagnosed with locally advanced GC scheduled for 
NCT(FLOT4) before surgery was considered.Peripheral blood was collected from patients before 
initiation(preNCT) and after completion of pre-operative NCT treatment (postNCT). Patients were grouped 
ŀŎŎƻǊŘƛƴƎ ǘƻ.ŜŎƪŜǊΩǎ ǘǳƳƻǊ ǊŜƎǊŜǎǎƛƻƴ ƎǊŀŘŜ ŎǊƛǘŜǊƛŀ ƛƴǘƻ wŜǎǇƻƴŘŜǊǎό¢RG 1-2) and Non-responders(TRG 3).RNA 
was isolated from serum with magnetic beads technology and quantitative real-time RT-PCR  was applied to 
determine relative expression levels (RQ) of miR-21a, miR-30a and miR-15a. miR-21a, miR-30a and miR-15a.  
 
RESULTS: PreNCT profiles revealed expression differences between Responder and Non-responder patient 
groups, with Non-responders characterized by distinctly lower miR-21a, miR-30a and miR-15 expression levels 
in comparison to the responsive group. PostNCT, Responders showed upregulation of miR-21a, whilst in Non-
responders miR-21a was observed down-regulated.Upregulation of the elevated preNCT miR-30a levels was 
limited in Responders post-therapy, a profile differentiating this group from Non-responders where postNCT 
profiles were distinguished by a considerable upregulation of the initially low miR-30a levels.However, the most 
distinct chemotherapy response-related difference was that observed for miR-15a expression profiles.In 
ŎƘŜƳƻǘƘŜǊŀǇȅ ƴŀƠǾŜ ǇǊŜb/¢ ǎŀƳples,miR-15a levels were higher in Responders than Non-responders.Post-
therapy, mir-15a levels showed limited downregulation in Responders group. In contrast, Non-responders were 
characterized by a significant upregulation of miR-15a levels in response to NCT (p=0.008 vs.preNCT), an 
observation underlining this epigenetic factor's potential as chemoresistance indicator. 
 
CONCLUSIONS: Despite the small case series, correlations between preNCT and postNCT serum miR expression 
profiles were indicative of miR21 and, particularly, miR15a role in predicting chemoresistance in early GC 
patients. These findings merit further investigation in larger patient cohorts as well as during patient follow-up 
to validate these epigenetic regulators potential as precision medicine biomarkers for stratifying GC patients for 
more tailored treatment. 
Acknowledgements: supported by ERAPerMed 2019-275 (GRAMMY). 
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Profiles of serum miR21, miR30a and miR-15a and disease progression in 
chemotherapy-ƴŀƠǾŜ ŀƴŘ ƴŜƻ-adjuvant chemotherapy treated gastric 
cancer patients  
Vasileia Kokala-Dimitropoulou1, Anastasia Derventzi1,2, Athina-Despoina Kimpizi3, Maximos 
Frountzas3, Evangelia Karanikki4, Demosthenis  Sotirakis3, Athanasios Tsiatouras2, Konstantinos  
G.  Toutouzas, Dimitrios Theodorou3, George. Zografos3, Manousos M.  Konstadoulakis1,5 
1Laboratory of Experimental Surgery and Research "K. Tountas",  2nd Department of Surgery, Aretaieion Hospital, 
National and Kapodistrian University of Athens, 2Laboratory of Surgical Research, First Department of Propaedeutic 
Surgery, National and Kapodistrian University of Athens, 3First Department of Propaedeutic Surgery, Hippocration 
General Hospital, National and Kapodistrian University of Athens, 4Department of Clinical Nutrition, Hippocration 
Hospital, 52nd Department of Surgery, Aretaieion Hospital, National and Kapodistrian University of Athens 

 
BACKGROUND: Neo-adjuvant (NCT) and/or Adjuvant chemotherapy regimens have significantly improved 
the survival rate of GC patients yet disease progression risks remain considerable even under treatment.In 
the unceasing effort to identify prognostic biomarkers, attention has been directed towards the miRNAs 
and their role as epigenetic regulators of GC metastatic progression.In the present study, we aimed at 
investigating the role of circulating miR profiles and GC progression in chemotherapy-ƴŀƠǾŜ ŀƴŘ b/¢-
treated GC patients. 
 
METHODS: Prospective cohorts of twenty seven GC patients scheduled for surgical tumor excision and 
post-operative adjuvant chemotherapy(Ct-ƴŀƠǾŜύ ƻǊ ǇǊŜƻǇŜǊŀǘƛǾŜ b/¢ ǘǊŜŀǘƳŜƴǘ ŦƻƭƭƻǿŜŘ ōȅ ǎǳǊƎŜǊȅόb/¢ύ 
ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΦb/¢ ǇŀǘƛŜƴǘǎ ǿŜǊŜ ƎǊƻǳǇŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ aŀƴŘŀǊŘΩs tumor regression grade 
criteria(TRG).Peripheral blood samples were collected from patients before surgery.RNA was isolated from 
serum with magnetic beads technology and quantitative real-time RT-PCR was applied to determine the 
relative expression level (RQ) of miR-21a, miR-30a and miR-15a.miRNA profiles were correlated with the 
diagnostic for disease progression pathological and clinical data.  
 
RESULTS: miRNA profile differences observed in Ct-naive GC patients, revealed moderate alterations of 
miR-21a expression between Stages while a gradual upregulation of miR-30a concurred with increasing GC 
aggressiveness, highest levels detected in advanced Stage-III. However, the most distinguished difference 
was the distinct upregulation of miR-15a characterizing particularly the early GC Stage-I. Moreover, 
considering lymph node (LN) infiltration as significant denominator in advanced GC Stages, miR-15a levels 
were also found significantly upregulated in LN-negative Ct-naive patients.  More noticeable was the 
profile relevance observed between Ct-naive and NCT-treated patient groups, the later also showing 
elevated miR-15a levels in LN-negative and early Stages (I-II).This profile of miR-15a upregulation was also 
seen in the unresponsive to chemotherapy NCT-patients (TRG 3-5), thus linking this epigenetic factor with 
disease progression even when patients are under therapy.   
 
CONCLUSIONS: Serum miRNA expression profiles were indicative of miR21a, miR30a and, particularly, 
miR15a role in the early stages of GC lymphogenic metastasis as well as in chemoresistance-dependent 
disease progression.Further investigation in larger patient cohorts and extended patient follow-up can 
ǎǳǊƳƻǳƴǘ ǇǊŜǎŜƴǘ ǎǘǳŘȅΩǎ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ ǾŀƭƛŘŀǘŜ ŎƭƛƴƛŎŀƭ ǳǘƛƭƛǘȅ ƻŦ ǘƘŜǎŜ ŜǇƛƎŜƴŜǘƛŎ ǊŜƎǳƭŀǘƻǊǎ ǘƻǿŀǊŘǎ 
optimizing therapeutic strategies in chemotherapy-naive as well as NCT-treated GC patients. 
Acknowledgements: supported by ERA PerMed (GRAMMY, 2019-275). 
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Circulating Tumour Cells predicts recurrence in oral squamous cell 
carcinoma  
Jenny Lee1, Grace Lim2, Veronica Cheung3, Timothy Manzie4, Vera Klemm2, Harshini Mudaliar4, 
John Rasko2, Jonathan Clark4, Ruta Gupta3, Dannel Yeo2 
1Department of Biomedical Sciences, Macquarie University, 2Gene and Stem Cell Therapy, Centenary Institute, 
3Department of Tissue Pathology and Diagnostic Oncology, NSW Health Pathology, 4Department of Head and Neck 
Surgery, Chris O'Brien Lifehouse 

 
BACKGROUND: Recurrent oral squamous cell carcinoma (OSCC) has poor prognosis with limited effective 
therapies. So far, there are no biomarkers to predict which patients will recur. Circulating tumour cells 
(CTCs), tumour cells in the blood of cancer patients, has emerged as a potential biomarker with prognostic 
clinical value. The AccuCyte-CyteFinder (RareCyte) platform involves enrichment-free isolation of 
nucleated blood cells with high resolution imaging technology to reliably detect rare cell populations in the 
blood such as CTCs. This project aimed to detect and evaluate the prognostic utility of CTCs in predicting 
recurrence in patients with OSCC. 
 
METHODS: 7.5 mL peripheral blood samples were collected from 33 subjects with OSCC prior to surgery 
ŀǘ /ƘǊƛǎ hΩ.ǊƛŜƴ [ƛŦŜƘƻǳǎŜΣ b{²Σ !ǳǎǘǊŀƭƛŀ ŦǊƻƳ CŜōǊǳŀǊȅ нлнм ǘƻ hŎǘƻōŜǊ нлннΦ .ƭƻƻŘ ǎŀƳǇƭŜǎ ǿŜǊŜ 
processed using the AccuCyte-CyteFinder platform and CTCs were detected and enumerated using 
epithelial markers: cytokeratin and EpCAM. CTC enumeration was correlated with disease recurrence at 
12-month follow-up.  
 
RESULTS: Study participant median age was 55 years old with 73% (24/33) males. CTCs were detected in 
85% (28/33) participants with a mean enumeration of 20 CTCs. CTCs was not correlated with tumour stage 
or lymph node stage. None (0/9) of the subjects with less than 5 CTCs recurred at 12-months post-surgery 
while 33% (8/24) subjects with greater than 5 CTCs recurred. 
 
CONCLUSIONS: This is the first study to detect CTCs in OSCC subjects using the AccuCyte-CyteFinder 
platform. In our study, no patients with CTC count of 5 or less had recurrence. This can potentially guide 
adjuvant treatment and frequency of surveillance imaging, however confirmatory prospective studies are 
required. Longitudinal CTCs enumeration is currently being undertaken in these patients. 
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Longitudinal copy number variation analysis from plasma DNA of head and 
neck squamous cell cancer patients under re-radiotherapy 
Florian Janke1,2,3, Arlou Kristina Angeles1,2,3, Anja Lisa Riediger1,3,4,5,6, Simon Ogrodnik1,2, Sabrina 
Gerhardt1,2, Sebastian Regnery3,7,8, Katharina Weusthof3,7,8Σ tƘƛƭƛǇǇ {ŎƘǊǀǘŜǊ3,7,8, Lukas Bauer3,7,8, Katharina 
Dvornikovich3,7,8, Florian Stritzke3,7,8, Sebastian Adeberg12,13Σ WǸǊƎŜƴ 5Ŝōǳǎ3,7,8,9,10,13, Thomas Held3,7,8,9, 
IƻƭƎŜǊ {ǸƭǘƳŀƴƴ1,2,3,13 
1German Cancer Research Center (DKFZ), 2German Center for Lung Research (DZL), 3National Center for Tumor Diseases (NCT), 
4Helmholtz Young Investigator Group, Multiparametric Methods for Early Detection of Prostate Cancer, 5Department of Urology, 
Heidelberg University Hospital, 6Faculty of Biosciences, Heidelberg University, 7Department of Radiation Oncology, Heidelberg 
University Hospital, 8Heidelberg Institute of Radiation Oncology (HIRO), 9Heidelberg Ion Beam Therapy Center (HIT), 10Clinical 
Cooperation Unit Radiation Oncology, German Cancer Research Center (DKFZ), 11Department of Radiation Oncology, Marburg Ion-
Beam Therapy Center (MIT), 12Department of Radiation Oncology, Marburg University Hospital, 13German Cancer Consortium (DKTK) 

 
BACKGROUND: Up to 50% of locally advanced head and neck squamous cell cancer (HNSCC) patients 
develop local recurrence after initial therapy. Intensity-modulated re-radiotherapy (reIMRT) has become 
a standard treatment in recurrent patients unfit for salvage surgical resection. However, clinical outcome 
after reIMRT is poor and associated with severe toxicity. Liquid biopsies in longitudinally taken blood 
samples allow minimally invasive monitoring of residual disease during and after therapy. Residual 
circulating tumor DNA (ctDNA) after therapeutic interventions represents a predictive marker for adverse 
outcome and can indicate impending disease progression. Here, we determined genome-scale copy 
number variations (CNVs) in longitudinally collected plasma samples of recurrent, locally advanced HNSCC 
ǇŀǘƛŜƴǘǎ ǊŜŎǊǳƛǘŜŘ ǿƛǘƘƛƴ ǘƘŜ Ψ/ŀǊōƻƴ ƛƻƴ ǊŜ-irradiation (reCIRT) compared to reIMRT for recurrent head 
ŀƴŘ ƴŜŎƪ ŎŀƴŎŜǊΩ ό/!w9ύ-trial. 
 
METHODS: CARE is an ongoing, single-center, prospective phase II study that evaluates treatment-related 
toxicity in HNSCC patients treated with reIMRT or reCIRT and aims to recruit 72 patients. Within this study, 
serial plasma specimens are collected before, (day 0), during (day 7 and 14) and after (day 21) radiotherapy 
as well as at radiographic disease assessments post-radiotherapy (3 weeks, 3 months and 6 months). Here, 
94 plasma DNA samples from 17 HNSCC patients were subjected to low-coverage whole genome 
sequencing (lcWGS; 1x genome coverage). Copy number profiles and ctDNA tumor fractions (TFx) were 
determined with ichorCNA v.0.3.2 using lcWGS data of 50 healthy donors as reference. 
 
RESULTS: We found significantly elevated TFx in HNSCC patient samples compared to healthy donors 
(Mann-Whitney U, p = 1.9e-06). Interestingly, this trend was also observed when considering only baseline 
samples (Mann-Whitney U, p = 0.023), while post-radiotherapy TFx (day 21) were not significantly different 
from healthy donors (Mann-Whitney U, p = 0.129). In total, 29.8% (28/94) of samples and 31.3% (5/16) of 
patients exceeded the maximum TFx of our healthy control cohort. Dynamic TFx kinetics demonstrated 
increasing trends towards disease recurrence in 8 out of 16 patients. 
 
CONCLUSION: Our results highlight the suitability of ctDNA-based CNV analysis for disease monitoring in 
HNSCC patients under re-radiotherapy. These results will be validated in an extended cohort and 
associated to patient survival data. 
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A multi-biomarker approach to defining the oligometastatic state using 
liquid biopsies: A correlative study of a randomized phase III trial 
Vasudeva Bhat1,2, Linda Beeloo4, Nora Purcell4, Rohann J. M.  Correa2,3, Aisling Barry5, Houda 
Bahig6, Darin Gopaul7, Andrew Pearce8, Tanja  de Gruijl4, Famke L. Schneiders4, David A. Palma2,3, 
Alison L Allan1,2,3 
1Department of Anatomy and Cell Biology, Western University, 2Department of Oncology, Western University, 3London 
Health Sciences Centre, 4Department of Radiation Oncology, Amsterdam University Medical Centre, 5Department of 
Radiation Oncology, Princess Margaret Cancer Centre, University of Toronto, 6Department of Radiology, Radiation 
Oncology and Nuclear Medicine, University of Montreal, 7Department of Oncology, Grand River Hospital, 8Northern 
Ontario School of Medicine 

 
¢ƘŜ άƻƭƛƎƻƳŜǘŀǎǘŀǘƛŎέ ǘƘŜƻǊȅ ǇǊƻǇƻǎŜǎ ǘƘŀǘ ƛƴ ǎƻƳŜ ǇŀǘƛŜƴǘǎΣ ƳŜǘŀǎǘŀǎƛǎ ƛǎ ƴƻǘ ǿƛŘŜǎǇǊŜŀŘ ōǳǘ ƛƴǎǘŜŀŘ 
develops only in a limited number of sites and may be curable using targeted local therapies, such as 
surgery or stereotactic ablative radiotherapy (SABR). Recent randomized trials, including the SABR-COMET 
phase II trial in patients with 1-5 metastases, have demonstrated that addition of SABR to standard of care 
(SOC) treatment significantly improves outcomes. However, a biological definition of the oligometastatic 
state remains to be established. This could aid in patient selection, identifying those most or least likely to 
benefit from SABR.  We have launched a phase III randomized trial for patients with 4-10 oligometastases 
(SABR-COMET10) that includes a multi-biomarker translational component assessing circulating tumor 
cells (CTCs), circulating tumor DNA (ctDNA) and host immune cells.  
 
Patients (n=204) are randomized to pre-ǎǇŜŎƛŦƛŜŘ {h/ҕ{!.wΦ .ƭƻƻŘ ǎŀƳǇƭŜǎ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ о ǘƛƳŜǇƻƛƴǘǎ 
in both arms (randomization, 3-months post-randomization, progression), and at 2 extra timepoints in the 
SABR arm (1-3 days after first fraction and 1-4 weeks after completing SABR). Analysis of CTCs is being 
carried out using CellSearch. Peripheral blood mononuclear cells (PBMC) are subjected to high-dimensional 
flow cytometry to determine differences in immune activation, exhaustion, and/or suppression. Analysis 
of ctDNA will include assessment of differences in concentration as well as mutational/methylation 
changes.  
 
To date (05/14/2023), 167 patients have been enrolled. Of these, CTCs were detected in ~27% of patients 
at baseline/randomization with a range of 1-нп /¢/ǎ όƳŜŀƴ п ҕ пΦуύ ŀƴŘ Ϥмл҈ ƘŀǾƛƴƎ Ҕр /¢/ǎΦ !ǘ Ŧƻƭƭƻǿ-
up, CTCs were detected in ~37% of patients at 3 months post-randomization and ~32% at progression. 
Preliminary analysis (n=15) of PBMCs reveal change in immune cell phenotype across different timepoints. 
Ongoing analysis is aimed at defining the relationship between CTCs and metastatic volume/sites of 
metastasis, analysis of ctDNA and immune response, and correlation with oncologic outcomes.  
 
Our ultimate goal is to identify novel blood-based biomarkers that can stratify truly oligometastatic 
patients versus those with progressive metastatic disease, with the potential to shift the current clinical 
paradigm by defining the oligometastatic state as a highly treatable or even curable subset of metastatic 
disease. 
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Beyond Circulating Tumor Cell Enumeration: Monitoring drug response to 
mitochondrially targeted tamoxifen using circulating tumor cells.  
Katarina Kolostova1, Eliska Pospisilova1, Lucia Molnarova1, Alexandra Gregusova2, Jindrich 
Sonsky2, Petr Klezl2, Zuzana Bielcikova3, Sona Balinthova4, Sarka Dvorakova4, Lukas Werner4, Jan 
Stursa4, Jiri Neuzil4, Vladimir Bobek1 
1Laboratory of Personalized Medicine, Oncology Clinic, Faculty Hospital Kralovske Vinohrady,, 2Urology Clinic, Third 
Faculty of Medicine, Charles University and Faculty Hospital Kralovske Vinohrady, 3First Faculty of Medicine, Charles 
University, and General University Hospital, Prague, , 4 Institute of Biotechnology, Czech Academy of Sciences 

 
Size-based enrichment of viable circulating tumor cells (CTCs) opened new research directions for analyses 
of cellular organelles (e.g., mitochondria, peroxisomes).  
Mitochondrially targeted anti-cancer drugs (mitocans) aim to disrupt the energy producing systems of 
cancer cells and are emerging as new therapeutics. Mitochondrially targeted tamoxifen (MitoTam), an 
inhibitor of mitochondrial respiratory complex I (CI) was first-in-class mitocan tested in phase I/Ib 
MitoTam-01 trial (EudraCT 2017-004441-25), recruiting metastatic patients with different solid tumors. 
Among 37% (14/38) of reported responders, the highest efficacy was shown in metastatic clear cell renal 
cell carcinoma (ccRCC) patients with clinical benefit rate (CBR) in 83% (5/6) of patients.  
 
From this perspective, analysis of mitochondria in CTCs is a completely unique tool - a marker to monitor 
the treatment response in real time.  
Patients and Methods: In relation to the clinical trial described above we report additional CTC- tests in 
ccRCC patients (n= 56) undergoing surgery of primary tumor (PT) to demonstrate Mitotam induced changes 
in PTs and related CTCs. CTCs were enriched from peripheral blood (PB) (2x 8mL, EDTA) by size- based 
ǎŜǇŀǊŀǘƛƻƴ όaŜǘŀ/Ŝƭƭϯύ ŀƴŘ ŎǳƭǘǳǊŜŘ ǎƘƻǊǘ-ǘŜǊƳ όҖ мл ŘŀȅǎύΦ ±ƛǘŀƭ ŦƭǳƻǊŜǎŎŜƴǘ ƳƛŎǊƻǎŎƻǇȅ ŀƴŀƭȅǎƛǎ ǿŀǎ 
carried out using fluorescent staining (NucBlueϰ, Celltrackerϰ, Mitotrackerϰ). Afterwards, gene 
expression of 25 mitochondria function associated genes was tested. 
 
RESULTS: Mitotam affects the number of CTCs in PB during treatment. Patients classified as stable disease 
(SD) post- Mitotam have significantly less CTCs in PB than the group of patients with progressive disease 
(PD) (p<0.05) throughout the trial follow-up (longitudinally). Patients who had more than 1000 CTC/8 mL 
ƻŦ ōƭƻƻŘ ŀǘ ōŀǎŜƭƛƴŜ ŀǊŜ ǿƻǊǎŜ ƻŦŦ ƛƴ ǘƘŜ ƭƻƴƎ ǘŜǊƳ ǘƘŀƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ /¢/ Җ млллκуƳ[Φ ¢ƘŜ ŜŦŦŜŎǘ ƻŦ 
Mitotam on cells from primary renal tumors and CTCs confirmed the pro-apoptotic effect of Mitotam in 
primary renal tumor cells (increased expression of CASP3, NFE2L2, SIRT3, VEGF genes). Mitochondrial 
dysfunction or reduced mitochondrial activity in CTCs was demonstrated by significantly reduced 
expression levels of the mitochondria genes: MT- ATP6, MT- ND1.  
 
CONCLUSION:  Analysis of mitochondria in CTCs during anticancer therapy might speed up evaluation of 
real-time drug responses of innovative drugs or their combinations 
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Cancer type and patient-specific changes in pan-cancer blood plasma cfRNA 
profiles 
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Nuytens1,2, Eveline Vanden Eynde1,2, Kimberly Verniers1,2, Celine Everaert4, Fritz Offner3, Jo Van 
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BACKGROUND: Circulating nucleic acids in blood plasma form an attractive resource to study human 
health and disease. While the presence of extracellular RNAs in plasma has been firmly established, their 
origin and clinical utility for management of cancer patients is less understood. 
 
METHODS: In this study, we applied messenger RNA capture sequencing of blood plasma cell-free RNA 
from 266 cancer patients and cancer-free controls (discovery n=208, 25 cancer types; validation n=58, 3 
types). Direct and indirect cancer signals in these plasma cell-free transcriptomes were evaluated by fusion 
transcript detection, cellular deconvolution, differential abundance and gene set enrichment analysis 
between cancer and control groups. Individual patient profiles were also compared to an independent 
reference of control samples and the number of strongly deviating genes per sample was used for binary 
(cancer/control) classification. The latter approach was also applied to cell-free RNA profiles in two 
additional cohorts: a plasma cohort (n=65, 2 lymphoma subtypes) and a urine cohort (n=24, bladder 
cancer). 
 
RESULTS: We observed cancer-type specific as well as pan-cancer alterations in cell-free transcriptomes 
compared to controls, including tumor-derived RNAs, RNAs reflecting the tumor tissue-of-origin and RNAs 
from various immune cell types. However, differentially abundant RNAs were very heterogenous between 
patients and between cohorts, hampering identification of robust cancer biomarkers. To this end, we 
developed a novel method that compares each individual cancer patient to a reference control population 
to identify so-called biomarker tail genes. We demonstrate that these biomarker tail genes can 
discriminate patients from controls with very high accuracy (AUC = 0.980). The applicability of this method 
was confirmed in the additional plasma and urine cohort. 
 
CONCLUSIONS: Together, our findings demonstrate heterogeneity in cell-free RNA alterations between 
cancer patients and indicate that case-specific alterations can be exploited for classification purposes. 
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Detection of circulating tumor cells in peripheral blood of pediatric 
osteosarcoma patients 
Mariangela Morelli1, Francesca Lessi1, Raffaele Gaeta2, Alessandro Di Gangi3, Andrea Marranci1, 
Michele Menicagli1, Gianmarco Ferri1, Paolo Aretini1, Alessandro Franchi2, Chiara Maria 
Mazzanti1 
1Fondazione Pisana per la Scienza, San Giuliano Terme, 2Section of Pathology, Department of Translational Research 
and of New Technologies in Medicine and Surgery, University of Pisa, 3Pediatric Residency, Department of clinical and 
experimental medicine, University of Pisa 

 
BACKGROUND: Osteosarcoma (OS) is the most common primary bone tumor in children, adolescents and 
young adults. Current treatments of high-grade OS include neoadjuvant chemotherapy, surgical excision 
of the primary tumor, evaluation of response to therapy in the surgical specimen and postoperative 
chemotherapy. Patients who respond poorly to chemotherapy have high incidence of recurrence or 
metastasis with 5-year survival rates of Ḑнл҈Φ 5ŜǘŜŎǘƛƻƴ ƻŦ ŎƛǊŎǳƭŀǘƛƴƎ ǘǳƳƻǊ ŎŜƭƭǎ ό/¢/ǎύ ƛƴ ǇŀǘƛŜƴǘǎΩ ōƭƻƻŘ 
represents a non-invasive superior method to facilitate the diagnose, to monitor treatment response and 
disease progression. Our aim is to study CTCs in OS patients during pre- and post-neo-adjuvant 
chemotherapy. 
 
METHODS: Seven patients diagnosed with high grade OS, aged 5-18 years, were enrolled. Only one patient 
ǿŀǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƎƻƻŘ ǊŜǎǇƻƴŘŜǊέ όDwύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǎǘŀƴŘŀǊŘ ƎǳƛŘŜƭƛƴŜǎΦ .ƭƻƻŘ ǎŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ 
diagnosis, with a biopsy tissue (PRE-BIO) and during surgery. After CTCs enrichment from blood (Parsortix), 
we performed immunofluorescence using epithelial (E-CTCs) and mesenchymal (M-CTCs) markers. After 
the recovery (DEPArray System), CTCs were subjected to chromosomal copy number alterations (CNA) 
analysis. In one patient, to confirm the tumoral origin of CTCs, M-CTCs and E-CTCs were tested for the 
presence of a somatic FLT4 gene mutation harbored by the parental tumor. 
 
RESULTS: A mean of 93 and 17 M-CTCs/ml and of 1 and 2 E-CTCs/ml were found in pre- and post-
chemotherapy blood samples, respectively. The percentages of the two types of CTCs vary in different 
patients and within the same patient before and after the therapy. For the GR patient we found the 
greatest change in M-CTCs numbers comparing pre and post chemotherapy(from 567/m to 0/ml). CNA 
were found only in CTCs unlike in CD45+ leukocytes, as expected. The somatic FLT4 mutation, was found 
as homozygote in M-CTCs and heterozygote in E-CTCs and PRE-BIO sample.  
 
CONCLUSIONS: M- and E-/¢/ǎ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ h{ ǇŀǘƛŜƴǘǎΩ ōƭƻƻŘ ǎŀƳǇƭŜǎΦ CƻǊ ŀƭƭ /¢/ǎ ǿŜ ŎƻƴŦƛǊƳŜŘ ǘƘŜƛǊ 
parental tumoral origin. Our results set the basis for the use of CTCs investigation in the OS patients clinical 
management. Further clinical data are needed to understand the role of these types of CTCs in OS.  
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Investigation of the cfDNA mutational landscape in MGUS patients 
Romano Liotti1,2, Luisa Bisceglia1,3, Chiara Degli Esposti4, Luca Bertoli4, Giulia Rosini1, Federica 
Chiovelli1, Marzia Rossato4, Federica Gemignani1, Massimo Delledonne4, Stefano Landi1 
1Department of Biology, University of Pisa, 2Department of Molecular Medicine and Development, University of Siena, 
3Biology Laboratory, Scuola Normale Superiore, 4Department of Biotechnology, University of Verona 

 
BACKGROUND: Multiple myeloma (MM) is one of the most common haematological malignancies. MM 
develops from a previous pre-ƳŀƭƛƎƴŀƴǘ ŎƻƴŘƛǘƛƻƴ ƪƴƻǿƴ ŀǎ άƳƻƴƻŎƭƻƴŀƭ ƎŀƳƳƻǇŀǘƘȅ ƻŦ ǳƴŘŜǘŜǊƳƛƴŜŘ 
ǎƛƎƴƛŦƛŎŀƴŎŜέ όaD¦{ύΣ ǿƘƛŎƘ Ŏŀƴ ǇǊƻƎǊŜǎǎ ǘƻ aa ŀǘ ŀƴ ŀƴƴǳŀƭ ǊŀǘŜ ƻŦ м҈Σ ǎƻƳŜǘƛƳŜǎ ǘƘǊƻǳƎƘ ǘƘŜ 
ŀǎȅƳǇǘƻƳŀǘƛŎ ǎǘŀƎŜ ƻŦ άǎƳƻǳƭŘŜǊƛƴƎ ƳǳƭǘƛǇƭŜ ƳȅŜƭƻƳŀέ ό{aaύΦ Lǘ Ƙŀǎ ōŜŜƴ ƘȅǇƻǘƘŜǎƛȊŜŘ ǘƘŀǘ ǘƘŜ 
progression from MGUS/SMM to MM may be driven by the increase in the total mutational load. Liquid 
biopsies (LBs) allow the isolation and purification of cell-free circulating tumour DNA (cfDNA) representing 
a minimally invasive alternative to Bone marrow biopsies (BMB). Studies show that the alterations found 
in BMB are reliably reproduced by cfDNA. Next Generation Sequencing (NGS) analysis of the mutational 
landscape in LBs from MGUS/SMM patients could lead to the identification of key events associated with 
MM progression. 
 
METHODS: cfDNA was extracted from the plasma of 20 samples (16MGUS, 2SMM, 2MM). Two patients 
have evolved from MGUS to SMM. Library for NGS was processed with Unique Molecular Identifiers (UMI) 
and was enrichment with a custom panel of 84 genes frequently mutated in MM. The sequencing had a 
10.000x theoretical depth on Illumina Novaseq600 (150PE). The data analysis was elaborated with a 
custom pipeline and compared with Dragen. 
 
RESULTS: We detected pathogenic mutations recurrent in some MGUS samples. The number of mutations 
especially of SNV, in MM was higher than in MGUS and SMM. We found many alterations exclusively in 
the MGUS samples. Interestingly, no pathogenetic mutations of NRAS and KRAS have been found in MGUS 
samples, these genes are the most frequently mutated in MM. We selected the most frequently mutated 
genes and interesting mutations; however, we did not identify a clear recurrent mutational pathway in 
samples from patients that evolved from MGUS to SMM. 
 
CONCLUSION: We established a reliable LB workflow that allowed us to study genomic alterations in MGUS 
with good detection. The large number of alterations identified suggests high genomic instability in MGUS, 
with profiles that are difficult to group and not very similar to MM. This result opens up new scenarios for 
understanding MGUS disease and its evolution to MM. 
 



 

 
  



 

Poster Session 3: CTCs clinical applications |  September 22nd, 2023, 16:10 - 17:00  

PP106 
 
Pretreatment stratification of patients with endometrial cancer using 
genetic testing and immunohistochemical analysis 
Roman Hrstka1, Jitka Holcakova1, Jitka Hausnerova2, Marketa Bednarikova2, Petra Ovesna2, Vit 
Weinberger2 
1Masaryk Memorial Cancer Institute, 2Masaryk University and University Hospital 

 
BACKGROUND: The presented work is based on the assumption that the combination of targeted 
sequencing of relevant genes and immunohistochemical determination of the expression of selected 
proteins will make the prediction of the patient's prognosis more accurate at the time of diagnosis and will 
allow to optimize the use of the newly designed molecular biological classification in clinical practice 
without the need for expensive whole genome sequencing. 
 
METHODS: Cohort of tumor samples from 80 patients with early-stage endometrial cancer with identical 
prognostic parameters was divided into two arms according to disease recurrence and were analyzed using 
genomic testing and immunohistochemical analysis. 
 
RESULTS: Among the most significant results are: (i) a strongly significant effect of mismatch repair (MMR) 
deficiency on a disease relapse time; (ii) confirmed prognostic value of p53 status; (iii) mutations in both 
FGFR2 and ENTPD6 genes were associated with decreased disease-free survival and (iv) in the presence of 
at least one of TP53 or POLE mutations, a significant decrease in disease-free survival was observed.        
 
CONCLUSIONS: Recent European and national recommendations for the diagnosis and treatment of 
endometrial cancer already take into account the fact that the mutational status of the POLE, TP53 and 
MMR genes is known. However, our data indicate that by expanding the mutational analysis of several 
other selected genes, it could significantly refine the stratification of patients with newly diagnosed 
endometrial cancer according to the degree of risk of disease relapse and suggest the optimization of 
postoperative care. 
 
This work was supported by the project BBMRI.cz no. LM2023033 and Ministry of Health, Czech Republic 
project NU21-09-00031 and DRO (MMCI, 00209805).  
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The potential of liquid biopsy in detection of endometrial cancer 
biomarkers: A pilot study 
Gabriel Minarik1, Michaela Hyblova1, Dominik Kodada2, Nikola Janostiakova2, Patrik Krumpolec1, 
Peter Barath1, Marian Grendar1,3, Pavol Janega1 
1Medirex Group Academy n.p.o., 2Faculty of Medicine, Comenius University in Bratislava, 3Jessenius Faculty of Medicine 
in Martin, Comenius University in Bratislava 

 
BACKGROUND: Endometrial cancer (EC) belongs to the most common gynecologic cancers, with increasing 
incidence. There are numerous ways of classifying different cases. The recent decade has brought advances 
in molecular classification, which show more accurate prognostic factors and the possibility of 
personalization of treatment. In addition, diagnostic approaches lag behind these advances, with methods 
causing patients discomfort while lacking the reproducibility of tissue sampling for biopsy. Minimally 
invasive liquid biopsies could therefore represent an alternative screening and diagnostic approach. 
 
MATERIALS AND METHODS: Blood and FFPE samples of 21 patients with EC who underwent an abdominal 
hysterectomy were used for analyses. The age of the patients was 34ς84 years (median 63.5 years). All 
tumors were confirmed by histology. For molecular analyses plasma and tumor tissue representing 
samples were used for ctDNA and DNA/RNA extractions, respectively and subsequently analyzed utilizing 
TruSightOncology500 (TSO500) panel and sequenced on NovaSeq6000 platform. The published 
bioinformatic pipeline enabled identification of SNV and CNV variants and determination of TMB and MSI 
status. For detected complex variants annotation Pierian Dx and Qiagen Clinical Insight solutions were 
used. 
 
RESULTS: In each patient, we successfully identified mutations with potential clinical relevance for EC at 
least at the ctDNA level, as we did not detect any potentially clinically relevant oncomutations in the three 
FFPE samples. The majority of identified mutations were SNVs and small-scale deletions/insertions that 
have a loss of function effect. Overall, we identified mutations in more than 70 genes and at least one 
common potentially clinically relevant mutation in two-thirds of patients (14/21). Additionally, mutations 
associated with age related clonal hematopoiesis (ARCH), including DNMT3A and TET2 genes, were present 
in significant proportion of circulating tumor DNA samples. 
 
CONCLUSIONS: According to our results liquid biopsy is a potential approach to diagnosing EC but with 
uncertain prognostic value. Moreover, we hypothesize that ARCH-relatpp108 
ed mutations (in the DNMT3A and TET2 genes) could be associated with different prognosis for EC patients. 
The evaluation of presence of DNMT3A mutations and their association with different clinicopathological 
characteristics and potential correlation with specific course of the disease should be performed in the 
continuation of this study. 
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Molecular Characterization of Circulating Tumor Cells (CTCs) In Sporadic 

Medullary Thyroid Carcinoma (spMTC) Patients 

G. Simeakis1, E. Lagopodi2, K. Saltiki3, C. Romei4, R. Ciampi4, T. Ramone4, P. Constantoulakis5, M. 

Alevizaki3, R. Elisei4, A. Markou2 and E. Lianidou2 

1 Endocrine Dept - Thyroid Cancer hǳǘǇŀǘƛŜƴǘǎΩ /ƭƛƴƛŎΣ плм DŜƴŜǊŀƭ aƛƭƛǘŀǊȅ IƻǎǇƛǘŀƭ ƻŦ !ǘƘŜƴǎΣ !ǘƘŜƴǎΣ DǊŜŜŎŜ 
2 Analysis of Circulating Tumor Cells (ACTC) Lab - Dept of Chemistry, National and Kapodistrian University of Athens, 

Athens, Greece, 3 Dept of Clinical Therapeutics, National and Kapodistrian University of Athens, Athens, Greece 
4 Dept of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy5, Genotypos Science Labs, S.A, Athens, Greece 

 

OBJECTIVES: Distant metastases (DM) and/or biochemical persistent disease (BPD) in MTC, adversely 

affect disease prognosis. Calcitonin and CEA doubling-times (DTs) are the main prognostic indicators for 

disease progression. Liquid biopsy based on CTCs enrichment and characterization seems to be an 

intriguing non-invasive tool providing information about tumor biology and molecular identity. The aim of 

this study was the molecular characterization of CTCs in spMTC patients with DM and/or BPD using 

epithelial, mesenchymal as well as MTC-specific markers. 

 

METHODS: Nine spMTC patients (DM:3, BPD:6) carrying somatic mutations in RET (n=7) and HRAS (n=2) 

were included. Peripheral blood (PB) (10mL-EDTA) was obtained every six months. Using identical blood 

draws, CTCs-enrichment was directly compared by EpCAM-based positive immunomagnetic enrichment 

and the size-based Parsortix microfluidics system (Angle-PLC, UK) for nine PB-samples. EpCAM-based 

enrichment was superior in terms of sensitivity since a significantly higher percentage of identical PB-

samples was found positive at the gene expression level (p<0.05) while specificity was not affected. Gene 

expression analysis in CTCs was based on RT-qPCR for epithelial (CK-8,CK-18,CK-19), mesenchymal 

(Vimentin-VIM), MTC-specific (Calcitonin-CALCA) and chemokine-receptor markers (CXCR4). Calcitonin and 

CEA DTs were calculated, and disease status was determined according to the RECIST criteria. 

 

RESULTS: Calcitonin and CEA DTs were >2 years in all but one patient (mean:11.28 and 9.23 years, 

respectively). No structural disease progression (SDP) was documented except for one patient with HRAS 

mutation (pt-X). Interestingly, Calcitonin and CEA DTs of pt-X were 5.08 and 3.00 years, respectively, 

although there was an upward trend in CEA while serum Calcitonin levels were significantly elevated one 

month after SDP. Overexpression of CALCA was detected in one sample, related to pt-X, at a time-point set 

60-days before marked serum calcitonin increase and 30-days before SDP was documented. CXCR4 was 

strongly expressed in 3 samples related to pt-X; CXCR4 expression was absent only at the final time-point 

of pt-X, when disease stabilization (biochemical and structural) was documented, after changing systemic 

treatment. Epithelial markers were not expressed in any of our samples while VIM was overexpressed in 

most of them (n=18/26 samples). 

 

CONCLUSIONS: EpCAM-based enrichment seems to be a better method for CTCs isolation in MTC patients 

with DM and/or BPD. Expression of VIM in most of our patients advocates towards an epithelial to 

mesenchymal transition (EMT) process possibly occurring in progressive MTC. CALCA and CXCR4 

expression in CTCs, along with other epithelial and mesenchymal markers, should be studied in larger 

ǇŀǘƛŜƴǘǎΩ ǎŜǊƛŜǎ ŀƴŘ ŦƻǊ ƭƻƴƎŜǊ Ŧƻƭƭƻǿ-up periods. 
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Circulating Tumor Cel ls and their gene expression in early high-risk and 
metastatic prostate cancer 

Eva Welsch1, Esther Weiss2, Alexandru-Teodoru Zaharie3, Barbara Holzer1, Eva Schuster1, Michael 
Krainer4, Robert Zeillinger1, Eva Obermayr1 
1Molecular Oncology Group, Department of Obstetrics and Gynecology, Comprehensive Cancer Center, Medical 
University of Vienna, 2OncoLab Diagnostics, 3Department of Radiation Oncology, Medical University of Vienna, 4Division 
of Oncology, Department for Medicine I, Medical University of Vienna 

 
BACKGROUND: Circulating tumor cells (CTCs) are an established prognostic marker in castration-resistant 
prostate cancer (PrC) but have received little attention in localized high-risk disease. In the present study, 
we investigated CTCs and their gene expression in patients with early PrC undergoing radiotherapy and 
metastatic PrC. 
 
METHODS: Peripheral blood samples were obtained from patients with early intermediate and high-risk 
PrC (n=14) before and after radiotherapy and metastatic (n=25) PrC. After processing the samples using 
the microfluidic Parsortixϰ technology (Angle plc.), the RNA was isolated from the enriched cells, and 
EpCAM, CK19, PSA, PSMA, AR, CHGA, SYP, DLL3, ERG, ERCC1, AMACR, ETV1, and KLK2 transcripts were 
analyzed with qPCR. Healthy donors (HD, n=10) were included to investigate background signal and 
calculate a threshold for positive patient samples, allowing a maximum of 10% positive findings in the HD 
group. Association of overall survival (OS) and positivity was investigated by Kaplan-Meier analysis and log 
rank test. The median follow-up period of the metastatic PrC patients was 20 months. The early PrC 
patients were followed for one year after radiotherapy. 
 
RESULTS: In metastatic PrC patients, the positivity rate was 40.0% considering a threshold of a minimum 
of three positive transcripts. In a small subset of six patients, the presence of single and clustered CTCs was 
confirmed in three cases by immunofluorescent staining. PSA and PSMA were significantly associated with 
shorter OS in metastatic PrC. In early PrC patients, the positivity rate was 14.3% before and 50% after 
radiotherapy considering the same threshold.  
 
CONCLUSION: Our study showed a higher detection rate for CTC-related transcripts in patients with 
metastatic PrC than with early PrC. Further studies with larger sample sizes and longer follow-up are 
needed to determine the potential prognostic value of the increased marker positivity after radiotherapy 
in early intermediate and high-risk PrC. 
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Comparison of RNA marker panels for circulating tumor cells and 
evaluation of their prognostic relevance in breast cancer 

Eva Welsch1, Eva Schuster1, Michael Krainer2, Maximilian Marhold2, Rupert Bartsch2, Michael 
Bernhard Fischer3,4, Michael Hermann5, Gabriele Hastermann5, Heidemarie Uher5, Gerhard 
Sliutz5,6, Birgit Anker6, Robert Zeillinger1, Eva Obermayr1 
1Department of Obstetrics and Gynecology, Comprehensive Cancer Center, Medical University of Vienna, 2Department 
of Medicine I, Clinical Division of Oncology, Comprehensive Cancer Center, Medical University of Vienna, 3Department 
of Blood Group Serology and Transfusion Medicine, Medical University of Vienna, 4Center for Biomedical Technology, 
Department for Biomedical Research, Danube University Krems, 5Brustgesundheitszentrum, Department of Surgery, 
Yƭƛƴƛƪ [ŀƴŘǎǘŀǖŜΣ ²ƛŜƴŜǊ DŜǎǳƴŘƘŜƛǘǎǾŜǊōǳƴŘΣ 6Brustgesundheitszentrum, Department of Gynecology and Obstetrics, 
Yƭƛƴƛƪ [ŀƴŘǎǘŀǖŜΣ ²ƛŜƴŜǊ DŜǎǳƴŘƘŜƛǘǎǾŜǊōǳƴŘ 
 

BACKGROUND: Liquid biopsy is a promising tool for therapy monitoring of cancer patients, but a need for 
further research in this field exists in order to improve sensitivity, specificity, standardization and minimize 
costs. In our present study, we evaluated two panels of transcripts related with the presence of circulating 
tumor cells (CTCs) (Panel 1: CK19, EpCAM, SCGB2A2 and Panel 2: EMP2, SLC6A8, HJURP, MAL2, PPIC and 
CCNE2) in two cohorts of breast cancer patients (metastatic and early).  
 
METHODS: A blood mononuclear cell (PBMC) fraction possibly containing CTCs was isolated with density 
gradient centrifugation from peripheral blood samples of 36 patients with metastatic breast cancer, 90 
patients with early breast cancer and 28 healthy donors (HD), followed by RNA isolation and qPCR using 
¢ŀǉaŀƴϯ ǇǊƛƳŜǊκǇǊƻōŜǎ ƻǊ w¢-qPCR using hybridization probes. Positive patient samples were evaluated 
ōȅ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ŀ ǘƘǊŜǎƘƻƭŘΣ ŀƭƭƻǿƛƴƎ ŀ ƳŀȄƛƳǳƳ ƻŦ мл҈ ǇƻǎƛǘƛǾŜ ŦƛƴŘƛƴƎǎ ƛƴ ǘƘŜ I5 ƎǊƻǳǇΦ CƛǎƘŜǊΩǎ ŜȄŀct 
test and Chi-Square test were used for comparison of marker positivity between patient cohorts and 
clinical parameters, and McNemar was used for comparison of marker positivity between the two panels. 
Association of overall survival (OS) and positivity was investigated by Kaplan-Meier analysis and log rank 
test. 
 
RESULTS: The positivity rates of Panel 1 and Panel 2 were similar, albeit significantly higher in metastatic 
(69.4% Panel 1, 75.0% Panel 2; total 86.1%) compared to early (18.9% Panel 1, 23.3% Panel 2; total 31.1%) 
breast cancer patients (Chi-Square-test p < 0.001). We observed an association of EpCAM positivity and 
ƳǳƭǘƛǇƭŜ ǊŜŎŜƛǾŜŘ ƭƛƴŜǎ ƻŦ ǘǊŜŀǘƳŜƴǘ ƻŦ ƳŜǘŀǎǘŀǘƛŎ ōǊŜŀǎǘ ŎŀƴŎŜǊ ǇŀǘƛŜƴǘǎ όCƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘ Ǉ Ґ лΦлофύΣ ŀǎ 
well as of Panel 2 positivity and HER2-positive tumors in early (p = 0.010) and metastatic breast cancer 
patients (p = 0.029). The CTC related transcripts CK19, SCGB2A2, EMP2, HJURP, MAL2, and CCNE2 
individually correlated with shorter OS in the metastatic patient cohort.  
Conclusions: The findings highlight the additional value of Panel 2 markers, which are in contrast to CK19 
and EpCAM not solely linked to an epithelial phenotype. 
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PCa patients 
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1Medical Faculty of Martin Luther University Halle-Wittenberg, University Clinic and Outpatient Clinic for Urology, 
Halle/Saale, Germany 

 
Introduction: Liquid biopsy (LB), like blood serum, gives opportunity to analyze several parameters in one 
sample obtained from one patient. A standard analysis, like PSA measurement, requires higher sample 
volumes giving only one result, when many circulating, cell-free miRNAs, considered as auxiliary 
biomarkers of early tumor development in prostate cancer (PCa) patients, can be measured in small 
volumes.  
 

MATERIAL AND METHODS: Our 10-years screening study for PCa (2012-2022) included 960 men who were 
ŀƴŀƭȅȊŜŘ ŦƻǊ t{! ƭŜǾŜƭ όолл ҡ[ ǎŜǊǳƳύΦ /ƛǊŎǳƭŀǘƛƴƎ Ƴƛwǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ро ǇŀǊǘƛŎƛǇŀƴǘǎ ƻŦ ǘƘƛǎ 
ǇƻǇǳƭŀǘƛƻƴ όнлл ҡ[ ǎŜǊǳƳύΦ CƻǊ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ŘŜǘŜǊƳƛƴŀǘƛƻƴ όƳƛw-16, miR-375), we used QuantStudio 
Absloute Q Digital PCR System and Immulite1000. Specificity and sensitivity were performed using ROC-
curve analysis. 
 
RESULTS: In our cohort (960) 19 men developed PCa. At first visit, the PSA level (median; range) was 3.630 
[1.600-23.60] ng/mL, at PCa-diagnosis ς 6.340 [3.160-21.50] ng/mL. For matched 15 BPH - 1.650 [0.6600-
5.700] ng/mL and 19 healthy men - 0.7800 [0.3300-2.730] ng/mL chosen as controls only one time-point 
was analyzed. We detected increased levels (median; range) of miR-16 in PCa group - 32768 [136-328528] 
ŎǇκҡ[ ŎƻƳǇŀǊƛƴƎ to BPH - 4822 [148-фмпфрϐ ŎǇκҡ[ ƻǊ ƘŜŀƭǘƘȅ ς 18132 - 0-ормрфϐ ŎǇκҡ[ ƳŜƴΦ 9ȄǇǊŜǎǎƛƻƴ ƻŦ 
miR-375 was increased in BPH group ς 584 [45-срфуϐ ŎǇκҡ[ ŎƻƳǇŀǊƛƴƎ ǘƻ ƻǘƘŜǊǎ млс ώл-нуулϐ ŎǇκҡ[ ς PCa 
group and 60 [0-опмϐ ŎǇκҡ[ - healthy. Mach-paired analysis of the PCa group in various time points 
displayed decreasing expression tendency for miR-375. miR-16 expression decreased in the patients with 
the time distance longer than 1 year and increased for <1 year. The AUC (95% CI; p) values for ς miR-16 by 
PCa vs. healthy control were 0.99 (0.95-1.0; <0.0001) and miR-375 in this group 0.63 (0.44-0.80; 0.19). In 
PCa vs. BPH was the AUC for miR-16 0.73 (0.56-0.91; 0.025) and for miR-375 0.72 (0.54-0.9; 0.03).  
 
CONCLUSIONS: Considering achieved results, miRNA-16 can be proposed as early stage PCa biomarker. 
The ability of cell-free miRNA isolation from low serum allows examination of wide spectrum of these 
dynamic and important liquid biopsy components, using sensitive technology like digital PCR. 
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PP112 | DanioCTC: Analysis of circulating tumor cells from metastatic 
breast cancer patients in zebrafish xenografts 

Florian Reinhardt1,2, Luisa Coen1,2, Mahdi Rivandi1,2, !ƴŘǊŞ CǊŀƴƪŜƴ1,2, Eunike Sawitning Ayu 

Setyono3,4, Tobias Lindenberg5, Jens Eberhardt6, Tanja Fehm1,2, Dieter Niederacher1,2, Franziska 

Knopf3,4, Hans Neubauer1,2 

1Department of Obstetrics and Gynecology, Heinrich Heine University of Duesseldorf, Duesseldorf, Germany. 2Center 

for Integrated Oncology (CIO Aachen, Bonn, Cologne, Duesseldorf), Germany. 3Center for Regenerative Therapies TU 

Dresden (CRTD), Center for Molecular and Cellular Bioengineering (CMCB), TU Dresden, Dresden, Germany. 4Center for 

Healthy Aging, Faculty of Medicine Carl Gustav Carus, TU Dresden, Dresden, Germany. 5Anatomical Institute, 

Neuroanatomy, Medical Faculty, University of Bonn, Bonn, Germany. 6 ALS Automated Lab Solutions GmbH, Jena, 

Germany 

Background Circulating tumor cells (CTCs) serve as crucial metastatic precursor cells, but their study in 

animal models has been hindered by their low numbers. To address this challenge, we present DanioCTC, 

an innovative xenograft workflow that overcomes the scarcity of patient-derived CTCs in animal models. 

By combining diagnostic leukapheresis (DLA), the Parsortix microfluidic system, flow cytometry, and the 

CellCelector setup, DanioCTC effectively enriches and isolates CTCs from metastatic breast cancer (MBC) 

patients for injection into zebrafish embryos. 

Methods 

Å Cell / Zebrafish culture  

Å Diagnostic Leukapheresis 

Å Enrichment of viable cells: Par-sortix or flow cytometry  

Å Cell tracker staining  

Å Injection: CellCellector + stereo-microscope 

Å Patient samples: Ethics Com-mittee (HHU) #3430 

Å {ǘŀǘƛǎǘƛŎǎΥ !bh±! Ҍ .ƻƴŦŜǊǊƻƴƛΣ CǊƛŜŘƳŀƴ Ҍ 5ǳƴƴϥǎ Ǉƻǎǘ ƘƻŎ ǘŜǎǘΦ όϝлΦлм ғ Ǉ ғ лΦлрΤ 

ϝϝлΦллм ғ Ǉ ғ лΦлмΤ ϝϝϝлΦлллм ғ Ǉ ғ лΦллмύ 

Results: Validation experiments:  MDA-MB-231 cells, transplanted with standard protocol, localize mostly 

to head and blood-forming regions. MDA-MB-231 cells spiked into DLA:  cell dissemination pat-terns 

remain consistent  Successful xenografting of low numbers of CTCs from an MBC patient revealed their 

primary localization in the head and trunk regions. 

Conclusions: DanioCTC represents a major step forward in endeavors to study the dissemination of 

individual and rare patient-derived CTCs, thereby enhancing our understanding of metastatic breast cancer 

biology and facilitating the development of targeted interventions in MBC. 



 

 

Figure 1: DanioCTC-Workflow 
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Figure 3: Dissemination of MDA-MB-231 cells after injection with the standard workflow into zebrafish 

larvae 



 

 

 

Figure 4: Dissemination of MDA-MB-231 cells spiked into a DLA sample after injection with the DanioCTC 

workflow.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 5: Dissemination of isolated CTCs of an MBC patient after injection with the DanioCTC workflow. 

  



 

PP113 | Monitoring circulating tumor DNA in Non-Small Cell Lung Cancer 

patients by targeted NGS: preliminary data on the CORELAB project 

Adele Calabri 1, Irene Mancini 1, Lisa Simi 1, Vieri Scotti 2, Emanuela Olmetto 2, Stefania Gelmini 1, 

Pamela Pinzani 1 

1Department of Clinical and Experimental Biomedical Sciences, University of Florence, Italy; 2Careggi Teaching Hospital, 

Florence, Italy 

Liquid biopsy is a non-invasive promising strategy to detect and monitor circulating cancer-derived 

material obtained from several body fluids instead of tumor tissue; it helps dissecting cancer heterogeneity 

and avoiding stressful and painful procedures. The analysis of circulating cell-free DNA (cfDNA) from 

plasma has given promising results in lung cancer. However, despite the increasing implementation of 

immunotherapy-based treatment, the prognosis of advanced Non-Small Cell Lung Cancer (NSCLC) patients 

remains miserable, and therefore research of specific predictive biomarkers is actively pursued. 

CORELAB is an ongoing multi-centric project sponsored by Regione Toscana (Italy), with the aim to discover 

new predictive biomarkers of activity and efficacy of immune check point inhibitors in NSCLC. Our group 

contributed to the project analyzing the mutational status of plasma derived circulating tumor DNA 

(ctDNA).   

Blood samples were collected for each patient before immunotherapy (T0) and after 2 months of 

treatment (T1). cfDNA was isolated from plasma, then ǉǳŀƴǘƛŦƛŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ƴƎκҡƭ ǳǎƛƴƎ ŀ vǳōƛǘTM dsDNA 

HS Assay Kit and in the end the mutational status was evaluated by NGS sequencing using the OncomineTM 

lung cfDNA Assay, a panel of 11 lung cancer related genes.  

50 baseline samples and 39 matching T1 samples were successfully processed and analyzed. At T0 19/50 

patients were wild type for the examined genes and 31/50 had at least one variant. The most frequently 

mutated genes were TP53 and KRAS. Less frequent mutations were found in: BRAF, EGFR, MAP2K1, MET, 

NRAS and PIK3CA. For 39 patients a follow-up after two months of treatment was feasible. 16/39 patients 

that were wild type at T0 remained wild type at T1, 17/39 had a reduction in ctDNA level, whereas 6/39 

had an increase.  

The adopted targeted-NGS method fulfilled the purpose in detecting low allelic fraction mutations in 

cfDNA, ensuring high levels of sensitivity and specificity. Mutation frequencies in KRAS and TP53 were in 

line with literature for immunotherapy NSCLC candidates. Mutational analysis of ctDNA as liquid biopsy 

allowed a dynamic monitoring of the disease through the assessment of the presence of specific tumor-

related mutations and the evaluation of their rate over time.  
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