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INTRODUCTION
(WHO WE ARE-WHAT WE OFFER)



ÅClinical Services
1. Chemosensitivitytesting

2. Detection, quantificationandimmunophenotypingCTCs(MRDtest)

ÅResearch activities
1. 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǎǳōǎǘŀƴŎŜǎ ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ ŘǊǳƎǎ άwhanabeέΦ

2. Detection of new targets for new therapeutic approaches

3. Basic research in molecular Oncology
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Serving the globe





Personal Scientific Background
(IOANNIS PAPASOTIRIOU)

Å DOB: 1973 in Munich Germany
Å Primary degree: Medical diploma- Aristoteles University of Thessaloniki Greece

Å First Specialty: Human Genetik-UZH

Å Secondary Specialty: Haematologie Onkologie-MLU/UKH Halle/Saale

Å MSc: Molecular Biology and Genetics in Medicine-Westminster University-UK

Å MSc: Molecular Oncology-University of Nottingham

Å PhD/MD: Validation of Valdetatin in thyroid human cancer cell lines (ASTRA ZENECA)

Å International certified Cytometris (ISAC, ICCE)-2016

Å Certified Qualified Person/Responsible person (QP) according to European pharmacopoeia for inspecting and enforce EU GMP, 
GLP, GCP  (Registered in Germany and in Greece)



Structure of this presentation

ÅCancer physiology

ÅDefinitions

ÅDiagnosis

ÅTreatment decision

ÅStatistics

ÅάDŀǇǎέ 

ÅCTCs and CSCs

ÅCf (tumor)DNA

ÅDefinitions

ÅTechnical issues

ÅUtility 

ÅClinical application

ÅFuture perspective



Cancer Hallmarks

Weinberg et al (20014)



DOGMA OF BIOLOGY

DNA RNA PROTEINS

MUTATIONS

REVERSE TRANSCRIPTION
& 

Retrotransposition

MISSFOLDINGRNAi



CARCINOGENESIS STEPS

VOGELSTEIN MODEL OF DEVELOPING COLON CANCER

INITIATION
ÅViral interference

ÅChemical interference

ÅRadiation influence

PROMOTION
ÅCell cycle instability

ÅDNA repair aberration

ÅApoptosis instabiliity 

PROGRESS
ÅInvasion

ÅNeo-angiogenesis

ÅEMT and MET 



Present therapeutic concept



Cancer therapy plan (so far)
Cancer patient

staging

Curable?

Palliation-terminal care Resectable?

Adjuvant chemo
Down staging?

no
radiotherapy

Radiotherapy Radiotherapy+Ctx chemotherapy

De Vita et al 2012



Cancer therapy plan (so far)
After therapy

MRD ?

High risk of relapse?

Intensive follow-up

Second line 
of therapy

Watch and wait 
or

Follow up 



Rate of success
ÅFor Adjuvant chemotherapy the success rate for 

the 5 major types of malignancy varies from 
2.1% to 2.3% in 5 years.

Royal North Shore Hospital Clin Oncol (R Coll Radiol) 2005 Jun;17(4):294

ÅFor curative stage of disease the success rate 
varies between 5 to 7.5% for the same 5 types 
of malignancies.



Dead-End in empirical treatment
Cancer patient

staging

Curable?

Palliation-terminal care Resectable?

Adjuvant chemo
Down staging?

no
radiotherapy

Radiotherapy Radiotherapy+Ctx chemotherapy

Is actual the disease local? 

Is the disease extended
as micro-coloniesAre there any CSCs?

Will the patient respond to 
radiotherapy or chemotherapy?

Is the disease 
in exponential phase of growth



Dead-End in empirical treatment

After therapy

MRD ?

High risk of relapse?

Intensive follow-up

Second line 
of therapy

Watch and wait 
or

Follow up 

Is there a recommended 
2nd line of therapy?

Is there a more sensitive method to detect 
the risk or disseminate disease?



Reasons and causes
1. Lack of sensitive methods to detect the MRD

2. Lack to discriminate the actual important cell 
from the irrelevant

3. Lack to detect and control the genetic 
instability of malignant cells.

4. Lack to distinguish which cells may shift to 
the driving entity and which may not.



WHAT PERSONALIZED MEDICINE 
STANDSFOR TODAY

ÅThe stratification of patients to different 
therapeutic protocols based on biomarkers. 

EXAMPLE

K-rasWild/mutated type selectionof patientsto
be treated wit elrotinib (Terceva) or gefitinib
(Iressa) whenEGFr+ve



How many biomarkers are used in clinical 
practice ?

ÅHaematology:
1. Brc-abl
2. Flit-3
3. CD33
4. CD52, CD20

ÅSolid Tumors:
1. ALK
2. K-ras, N-ras
3. BRCA1, BRCA2
4. EGF-r
5. VEGF



How reliable the biomarkers can be?

ÅExample



How reliable the biomarkers can be?
ÅAssumption 
(The cascade is linear)



How reliable the biomarkers can be?

ÅIn reality 

(cross talking)



How we detect our biomarkers?
1. Mainly with Genetic techniques (NGS, PCR etc)

ISSUES

ï We do not know whether the referred sequence
isexpressed

ï We do not know the influence of the genetic
backgroundto the cellularphenotype.



What we need to consider for applied true 
personalized approach

ÅPharmacology

ïWhat the drug do to the disease (PD)

ïWhat the body do the drug (PK)



What we need to consider for applied true 
personalized approach

ÅPrecise information with downstream reflect 
or outcome

ÅMultimodal data not only in a genomic level 
but also in :

1. Epigenetic (gene expression)

2. Proteomics

3. Glucoproteomics 



What we need to consider for applied true 
personalized approach

ÅTranslational medicine (from bed to bed)

ÅMulti-level of scientist and clinician with both 
fields background (scientist need to be trained 
in clinical issues and clinicians in scientific 
assays and methodologies)

ÅPharmacology methodologies and knowledge 
need to be very close to clinicians



Heterogeneity of CTCs (EMT-MET)



Analyzing the proper sample

Å Facts that are well established and proved:

1. A tumor consist from the cancer cells and the stroma

2. The stroma cells composed from fibroblast, lymphocytes, endothelial cells etc

3. The cancer population is heterogeneous and composed from subpopulations with 
different features and aggressive behavior.

4. One of the subpopulation is the progenitor of a tumor and the generator of metastases. 
This population is known as Cancer Stem Cell like cells 

5. This subpopulation has the ability to invade the surrounding organs, enter the 
circulation (blood vessel or lymphatics) and engraft to distant organs in order to 
generate metastases and relapses.



Do we use a right non invasive diagnostic for 
prevention? 

ÅMethods
ïX ray

ïMRI

ïPET/CT or PET/MRI

ïCT

ïU/S (Echo)

ÅLimitations

Minimal invasive method: BIOPSY



Are we focused to a wrong type of cancer 
cells?

ÅThe tumor consist from in-homogenous population of 
cancer cells

ÅFew sub-clones are able to metastasize and generate 
metastases

ÅThe CTCs are cancer cells that have perform in 
majority the EMT

ÅCTCs are still in-homogenous but with bigger 
proportion of cancer cells with metastatic features

ÅCSCs are a subset of CTCs that may generate relapses  



The reason of heterogeneity and plasticity of the disease 
lead us to the personalized approach as therapeutic concept



ANALYSIS ON SEVERAL LEVELS

GENOMIC

EPIGENETIC

PROTEOMIC

MULTIPLE PLATFORM NEED TO BE APPLIED IN ORDER TO 

STRATIFY PATIENTS AND DEVELOP THERAPEUTIC OPTIONS 

UNDER MORE PERSONALIZED PERSPECTIVE

Nature
Cancer review



Empirical vs Personalized treatment
Pros & Cons

How personalized treatment rise the last years.

1. Need of pharma industry of select the patients where their product will be 
successful.

2. Need to medical practitioners to identify candidates that will develop 
severe side effects from a medication.

How Personalize treatment is feasible:

1. Identify each case metabolic abilities (normal, accumulator, rapid 
metabolizer)-Pharmacokinetic

2. Identify for each case the cellular genetic and protein profile of their 
abnormal cells that causes the disease.



CTCs & CSCs

Katoih et al 2015



Tumor Physiology (CTCs)

Figure from Chaffer, C. L. and Weinberg



Tumor Physiology

Gelao et al 2013



Tumor Physiology (CTCs)
Gelao et al 2013



Tumor Physiology

Mueller et al 2005



Tumor physiology
(heterogeneity-pleomorphy)



Comparison between primary and 
metastases

ÅGENOMIC LEVEL

The gene mutations signature is similar between 
primary and metastatic tumors.



Comparison between primary and 
metastases

ÅEPIGENETIC AND BIOMARKERS LEVEL

The gene expression profile alters between primary and 
metastatic tumors.





Relevance between primary, CTCs and 
metastases

Xi-Xi Chen et al, Ann of Transl.  medicine, 2015



Relevance between primary, CTCs and 
metastases

Whole-exome sequencing of circulating tumor cells provides a window into
metastatic prostate cancer

Lohr et al, 2014, Biotechnology, Research, Letters



Heterogeneity of CTCs (EMT-MET)



Heterogeneity of CTCs (EMT-MET)
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-TRANSLATIONAL MEDICINE-

(CLINICAL REALITY)



How can be found a needle in a hay-stack? 

Average No of CTCs in blood sample is 
10-30cell/50.000 events 

(RBC and platelets have been subtracted)



What we need to preserveduring detection
andisolationof CTCs

1. High purity of CTCs

2. Viable CTCs

3. Isolate all subsets of CTCs

4. Detect the disease relevant CTCs

5. Detect CTCs subset with stemness properties

6. Pin point the subclasses of CTCs with plasticity properties (EMT-MET)



CHOOSING THE RIGHT METHOD



CHOOSING THE RIGHT METHOD
BEAD BASED METHOD



CHOOSING THE RIGHT METHOD
MICROSCOPY  BASED METHOD

Å FIXATION OF THE SAMPLE
Å POSITIVE SELECTION METHOD
Å DAMAGE OF SAMPLE DURING PROCESS



CHOOSING THE RIGHT METHOD
GRADIENT BASED METHOD



CHOOSING THE RIGHT METHOD
PCR BASED METHODS



More things to consider

ÅqPCR (all genome)
mRNA extraction

Convert to cDNA

Preamplification of cDNA with random primers

Final amplification  of cDNA



More things to consider

ÅqPCR or real time PCR (all genome 
expression  amplification)



More things to consider

ÅqPCR or real time PCR (all genome 
expression  amplification)
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More things to consider

ÅqPCR or real time PCR (all genome 
expression  amplification)
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More things to consider

ÅqPCR or real time PCR (all genome 
expression  amplification)
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More things to consider

ÅqPCR or real time PCR (all genome 
expression  amplification)
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More things to consider
Å We may consider to epithelial carcinomas that a common marker will allow us 

to detect CTCs (like CKs or EpCam). Is this correct?



More things to consider
Å We may consider to epithelial carcinomas that a common marker will allow us 

to detect CTCs (like CKs or EpCam). Is this correct?



More things to consider
Å We may consider to epithelial carcinomas that a common marker will allow us 

to detect CTCs (like CKs or EpCam). Is this correct?



TECHNICAL ISSUE
Å Since cancer cells are genetically unstable how is it possible to expand them 

without deviated  severely from clinical reality?                  

Short Tandem Repeats (STRs)
Short Tandem Repeats are short sequences of DNA (2-16 base pairs), that are repeated numerous 
times. The repeated sequences are directly adjacent to each other and typically are in the non-
ŎƻŘƛƴƎ άƛƴǘǊƻƴέ ǊŜƎƛƻƴΦ ¢ƘŜ ǇƻƭȅƳƻǊǇƘƛǎƳǎ ƛƴ {¢wǎ ŀǊŜ ŘǳŜ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƴǳƳōŜǊ ƻŦ ŎƻǇƛŜǎ ƻŦ ǘƘŜ 
repeat element that can occur in a population of individuals. By identifying the repeats of a specific 
location in the genome, can be created a genetic profile of an individual STRs loci amplified with 
polymerase chain reaction (PCR), without the problem of differential amplification
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TECHNICAL ISSUE 2
Å How stable the sample is during transportation under the parameter of 

time?                  

Short Tandem Repeats (STRs)
Samples have been tested on epigenetics as well as according to immunophenotype using the 
following techniques:

1. Real time PCR 
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TECHNICAL ISSUE 2
Å How stable the sample is during transportation under the parameter of 

time?                  

Short Tandem Repeats (STRs)
Samples have been tested on epigenetic as well as according to immunophenotype using the 
following techniques:

1. Real time PCR 
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TECHNICAL ISSUE 2
Å How stable the sample is during transportation under the parameter of 

time?                  

Short Tandem Repeats (STRs)
Samples have been tested on epigenetic as well as according to immunophenotype using the 
following techniques:

1. Flow cytometry















STEMNESS PHENOTYPE

Growth curve analysis 

¦ǎŜŦǳƭ ƳƻŘŜƭ ƛƴ ƻǊŘŜǊ ǘƻ ǎǘǳŘȅ ǘƘŜ ŎŀƴŎŜǊ ŎŜƭƭΩǎ 
growth rate over a period of time

A typical growth curve Growth curve analysis for pancreatic cancer cells. 



RELEVANT ARTICLE FOR EXPAND CTCs & CSCs



CHOOSING THE RIGHT METHOD

Dimond et al, Frontiers of Oncology, 2012



CIRCULATING TUMOR DNA



CTCs vs cftDNA



CHOOSING THE RIGHT METHOD
CTCs ctDNA

Concentration 1-30cells/ml of blood 180ng/ml cfDNA(0.01%-1% of ctDNA in 
cfDNA)-

Isolation/detection -by biological properties (eg. 
immunoaffinity of antibody and cell surface 
antigen), 
-ōȅ ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ όŜƎΦ /¢/ǎΩ ŘŜƴǎƛǘȅΣ 
size and surface charge) 
- directly analyzing CTCs in the blood  

(-ύwŀǊŜ ΨŜǾŜƴǘǎΩ ςisolation technically 
challenging, profiling may be more costly if 
necessary to also profile blood background 
(-) Sampling bias of captured cells ςaffinity 
based, size based selection (-)Single-cell/ 
low cell number sequencing challenging 
(heterogeneity observed could be biological 
or technical bias)

By commercial kit (for isolation of cfDNA)
+Technically easier to isolate than CTCs 
+ DNA is more stable than cells or RNA
(-)Not all DNA mutations are expressed 
(-) Limitation of available material (NGS 
detection of mutations < 1% AF 
challenging) 
(-)Blood cell death under therapy could 
spike ctDNA fraction (not reflecting cancer 
cell death) 
(-) Source not clear ςlytic, apoptotic tumor 
cells or are they derived from CTCs
(-ύ[ŀǊƎŜ ōŀŎƪƎǊƻǳƴŘ ƻŦ ΨƴƻǊƳŀƭΩ ŎŦ5b! 
(detected in healthy volunteers)

Characterization Phenotypic and genotypic analysis (FISH, 
target PCR, DNA sequencing, RT-PCR and 
RNA-seq)-
Despite their heterogeneity   CTCs strongly 
express EpCam and cytokeratins

Only genotypic analysis (droplet digital 
PCR (ddPCR),BEAMing Safe-Seq, Tamseq)-
need for significant protocol optimization 
and known mutational targets for analysis.

Applications -Early diagnosis
-Tumor progression in all stages
-drug susceptibility test
-studying CTCs gives informations on 
therapeutic targets and resistance 
mechanisms at the protein, RNA, and 
genome levels.  

-ǘǳƳƻǊΩǎ ƎǊŀŘŜΣ ǎǘŀƎŜΣ 
-estimate tumor progression in late stage 
cancer



CHOOSING THE RIGHT METHOD

Test index -Count 
-Marker proteins 
-Mutation 
-DNA methylation 
-RNA expression profile

-Concentration 
-DNA integrity 
-Microsatellite alterations 
-Mutation 
-DNA methylation

Specificity -high specificity 
-Low specificity because of cfDNA from normal 
tissues 
-False negative(low level of mutated DNA in 
the whole DNA extract )and false positive 
results 

FDA approval Counts of CTCs have been approved from FDA 
in prostate colorectal and metastatic breast 
cancer

Not applicable

CTCs ctDNA



LEARN BY EXAMPLES

ÅSearch the literature ÅSearch for sensitivity 
& Specificity



Learn by examples



Learn by examples
CD45 positive cells

(Hematologic origin cells)
CD45 negative cells

(non Hematologic origin)
CD15 NEGATIVE CD34 NEGATIVE
CD30 NEGATIVE CD99 NEGATIVE

BCR-ABL NEGATIVE EpCam POSITIVE
CD34 NEGATIVE VHL mut. NEGATIVE
CD19 NEGATIVE CD133 NEGATIVE

Nanog NEGATIVE
Okt-4 NEGATIVE
Sox-2 NEGATIVE
PSMA NEGATIVE
c-MET NEGATIVE
CD31 POSITIVE
CD19 NEGATIVE

MUC-1 NEGATIVE
CD44 NEGATIVE

PAN-CK POSITIVE

Day 0

Day 1


