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Structure of this presentation
An introduction to Personalised Oncology using CTCs

• Methodologies Isolation Techniques
Gene Expression & Chemosensitivity Testing

1. Conventional Cytotoxic Agents 

2. Immune System Regulators
3. Natural/Biological Substances

• Combining Pharmacogenomics 
Pharmacology (PD vs PK)
used to “Fine Tune” the Targeted Personalised Therapy

• Formulation of the Personalised Treatment Protocol



CARCINOGENESIS STEPS

VOGELSTEIN MODEL OF DEVELOPING COLON CANCER

INITIATION
•Viral interference
•Chemical interference
•Radiation influence

PROMOTION
•Cell cycle instability
•DNA repair aberration
•Apoptosis instability
•Both DNA and mRNA 

PROGRESS
•Invasion
•Neo-angiogenesis
•EMT and MET 



Recent Rate of success
• For 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

• For 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 the disease actually localised? 

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



Possible Reasons and causes

1. Lack sensitivity to detect the MRD (Minimal Residual Disease)

2. Inability to discriminate the actual important cells from the irrelevant.

3. Inability to detect the genetic instability of malignant cells.

4. Inability to distinguish which cells may change and become the driving 
entity and which may not.



How reliable are the current biomarkers?
• The Assumption is...
(The cascade is linear)

• The Reality though… (Complex cross talking and signalling)



Cancer Hallmarks

Weinberg et al (2014)



1. A tumor is composed of 2 groups of cells

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

b. The cancer cells        a heterogeneous composition of subpopulations 
with different features and aggressive behavior.

2. One of these subpopulations are the Cancer Stem Cell like cells (CSCs).
They are progenitors to tumours and generator of metastases. 

3. 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.

Tumor Physiology (CTCs)



Due to this heterogeneity and plasticity of the 
disease, we need to review the personalized 

approach as a therapeutic concept





Empirical vs Personalized treatment
Pros & Cons

• Higher Cost than Empirical

• Need a series of analyses to be 
performed

Empirical Mode of Therapy Personalised Treatment Plan

ADVANTAGES

DISADVANTAGES

• Low Cost (Short Term)

• Fast Application

• Applicable to the masses

• No need for physician training in 
PK and PD

• High Rate of Failure

• No individuality in case treatment

• No further option after last line of 
therapy

• High Rate of Success

• Long Term Cost Effective

• Shortening of hospital admission 
and residence of a patient



What we need to consider for a true 
applied personalized approach

• Precise information which reflects/shows/confirms the downstream outcome
• Multimodal data is required; not only at a genomic level, but also in :

1. Epigenetic (gene expression)
2. Proteomics
3. Glucoproteomics
• At only the genomic level, we don’t know whether gene expression is present

• A more complete Pharmacological analysis (PD and PK) 
• What the drug does to the disease (Pharmacodynamics - PD)
• How the body utilises the drug (Pharmacokinetics - PK)



How can we find a needle in a hay-stack?
• Average No. CTCs in blood is 10-30cell/50,000 events 

(RBC and platelets have been subtracted)
• Selection/isolation process is critical

1. High purity of CTCs Free of interferring debris and non-relevant cells 

2. Viable/Live CTCs Vital for Chemosensitivity and Genetic Expression tests

3. Isolate all CTC subsets (The important cells)

Detect the disease-relevant CTCs

Detect CTCs subset with stemness (resistance) properties

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

What we need to preserve during isolation and detection of CTCs



CHOOSING THE RIGHT METHOD

• FIXATION OF THE SAMPLE
• POSITIVE SELECTION METHOD
• CELLS ARE DAMAGED DURING PROCESS

MICROSCOPY/STAINING  BASED METHOD GRADIENT BASED METHOD

• SEPARATION BASED ON SIZE
• ENRICHMENT METHOD
• NOT ALL CELLS ARE CAPTURED DURING PROCESS



CHOOSING THE RIGHT METHOD
BEAD BASED METHODPCR BASED METHOD

• ANTIBODY CAPTURE
• POSITIVE SELECTION METHOD
• LIMITATIONS ON CELL MARKERS
• NO FURTHER APPLICATION POSSIBLE

• panCK or Epcam ID THROUGH PCR
• POSITIVE SELECTION METHOD
• CELLS DESTROYED IN THE PROCESS
• NO FURTHER APPLICATION POSSIBLE



FLOW CYTOMETRY and CTCs
• FC can provide information about quantity and quality of CTCs

• There are two isolation processes to detect CTCs using FC: 

Positive selection (Capture the cells you want; discard the others) 

Negative selection (Capture the cells you don’t want and discard;      
the remainder are the cells you need).

• Combining these selection processes allows for 
Higher CTC capture rate, 
Higher CTC purity level
Viable CTCs for further use



 Bead Based Method PCR Based Method RGCC Microscopy Based 
Method 

Gradient Method 

 Cell Search   Maintrac  
Isolation Method Magnetic Beads  

(antibodies with iron particles) 
Method requires 
destroying cells to 
identify marker  
(panCK or Epcam) 

Flow Cytometry sorting 
with interrogation in 
droplets, in ratio of 
droplet/cell (1:1) 

Immobilizing cells on a 
slide and staining them 

Cells are isolated based 
on size 

CTC Purity Enrichment method,  
NOT isolation Method 

There are no cells any 
more 

>99%, Isolation Method CTCs are simply stained, 
not isolated 

Enrichment Method 

Viability of CTCs 70 – 85% 0%, No Cells >99% 0%, No Cells Uncertain/Questionable 
Quality of CTCs for 
further analysis 

Inappropriate for further 
molecular analysis due to 
lymphocyte contamination 

Very limited Appropriate for further 
molecular analysis as 
there is no “noise”. 

CTCs are no longer viable Not recommended 

Selection of CTCs Based mainly on Positive 
selection of CTCs, limited to a 
few markers 

Based on Positive 
selection 

Based on Negative AND 
Positive selection in order 
to firstly identify and 
secondly phenotype the 
CTCs 

Possible Based on size 

Further Abilities   Identification of 
heterogeneity of CTCs 

Identification of 
heterogeneity is marker 
dependent 

Identification of 
heterogeneity of CTCs 

Additional Features Method only enumerates CTCs Method only enumerates 
CTCs. Limited 
identification of other 
CTC features 

Method allows gene 
expression assays to be 
performed to determine 
features vital for therapy 
scheduling 

Method for detection and 
enumeration only 

 

 

CTC Comparative Methods 

Flow Cyt & Gene Anal.
Flow Cytry, Genomic 
& Viability Assays

RGCC



Accuracy and clinical relevance of the CTC analysis



Basic CTCs Assessments



CTC Testing: As a Prognostic Tool
• CTC Count: Used for detection of early relapse  and as follow-up tool.

Provides information about the presence & concentration of CTCs.

• CTC Typing: Used as a prognostic and follow up tool 
Used for guidance to define the primary tumor when it is unknown.
Provides information about the presence & concentration of CTCs, 
Provides information about the immunophenotype

- Haematological or Non-haematological (solid tissue)
- Organ of Primary Origin (if Non-haematological)
- Resistance capabilities
- Metastatic risk



CTC count:
Used for detection of early relapse and 

as follow-up tool.

Provides information about the 
presence & concentration of CTCs.

Example of CTC Count



1  oncotrail (3m) 8,1.cell/ml 5 oncotrail (15m) 3,2cell/ml

2 oncocount (6m) 6,2 cell/ml 6 oncocount (18m) 2,2cell/ml

3 oncotrail (9m) 5,3cell/ml 7 oncotrail (21m) 2cell/ml

4  oncocount (12m) 4,8cell/ml 8 oncocount (24m) 2cell/ml
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CTC Testing: As a Follow Up Tool



Example of CTC Typing
Markers

Nanog
OKT4, Sox2
CD133
C-MET
PSMA,
PSA,
panCk
CD31
EpCam
CD63
Vimentin
Synaptophysin
CD44
MUC-1
VHL

Stemness (Resistance) markers

Prostate origin of CTCs

Epithelial origin marker

Micro-metastases marker

Melanoma marker
Mesenchymal and
Endocrine markers    
Stemness related marker

Renal carcinoma marker
Breast carcinoma marker



Phenotype 
(at the beginning)
CD45 NEGATIVE 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 POSITIVE

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

MUC-1 NEGATIVE
CD44 NEGATIVE

PAN-CK POSITIVE

Phenotype 
(after 24 months)

CD45 NEGATIVE 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 POSITIVE

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

MUC-1 NEGATIVE
CD44 NEGATIVE

PAN-CK POSITIVE

1  oncotrail (3m) 8,1.cell/ml 5 oncotrail (15m) 3,2cell/ml

2 oncocount (6m) 6,2 cell/ml 6 oncocount (18m) 2,2cell/ml

3 oncotrail (9m) 5,3cell/ml 7 oncotrail (21m) 2cell/ml

4  oncocount (12m) 4,8cell/ml 8 oncocount (24m) 2cell/ml
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Chemosensitivity Testing



• Used for patients with present macroscopic disease

• True Personalised Oncology Assessment
- to determine the epigenetic activity of each patient’s cancer

(fast/slow growing, resistant, metastatic, angiogenesis, immortal)
- to determine the most efficacious agents for each patient’s cancer

“One size doesn’t fit all”
- Getting it right the First Time; the patient may not have a 2nd opportunity

• Agents able to be assessed Cytotoxic/Cytostatic agents
Immune regulators
Growth Factor inhibitors
Natural Substances

CTC Testing: Chemosensitivity Testing



Patient Performance Status
• We must firstly assess is the patient in suitable 

health to undertake this approach
• ECOG is an Internationally used staging guide.
• Score 0 – 2 Good

Patient able to tolerate cytotoxic 
treatments

• Score 3+ Poor
Patient would deteriorate with 
cytotoxic treatments
Only consider Natural substances 
in this situation



Steps of the process
Identify and isolate the CTCs (Positive & Negative Selection)

Identify and expand CSCs (Cell Culture of CTCs)

Gene expression profile 
(micro-arrays)

Viability assays after exposure
to active substance

Combine and compare the data 
between the two platforms

RESULTS- Chemosensitivity & Gene Expression Report

• Use a dual Platform      
- Gene Expression Profile 
- Cytotoxicity/Viability study

• The Gene Expression profile when compared to 
the Protein Expression rate is not always a linear 
relationship 
(influenced by post transcription processes etc)

• For a drug to have an effect it needs to reach     
the intracellular area (membrane permeability).

• In order to confirm the information that the 
Gene Expression micro-array generates, the 
cancer cells are exposed to the active substance 
of each drug and the cytotoxicity/viability is 
explored. 
Assays are performed in triplicate.



Chemosensitivity Testing

- Gene Expression Profile -



Organizing the Gene Expression profile
• Related with cell cycle regulation: p53,p21, p16, DHFR, TS, SHMT
• Related with drug targets: Topo I and II, TS, DHFR, ribonucleotide 

reductase etc
• Related with signal transduction pathway: IGFr, EGF-r, PDGF-r etc
• Related with Epigenetic aberration: Dnmt1, DNA demethylase etc
• Related with Angiogenesis: VEGF-r, FGF-r, PDGF-r
• Related with growth signal: c-erb-B1, c-erb-B2, bcr-abl etc
• Related with repair after physical application (Radiation, hyperthermia): 

HSP 27, HSP70, HSP 90, HIF1a etc



Why are we focusing on these markers?

• The markers are meant to answer clinical questions.
1. Is the cancer fast or slow growing?
2. Is the cancer resistant in phenotype?
3. Has the cancer a high rate of metastases?
4. Is the cancer sensitive to 

radiotherapy/hyperthermia/ablation?



Why are we focusing on these markers?

• The markers are meant to answer clinical questions.
1. Is the cancer fast or slow growing?
• P27: Increased level means slow growing tumor
• P21: Increased level means slow growing tumor
• CDK4/CDK6: Increased level means fast growing tumor



Why are we focusing on these markers?

• The markers are meant to answer clinical questions.
1. Is the cancer fast or slow growing?
2. Is the cancer resistant in phenotype?
• MDR1, MRP: Increased level means resistance to many chemical drugs 

and natural substances.
• HAT, DNMT1: Increased level means resistant phenotype



Why are we focusing on these markers?

• The markers are meant to answer clinical questions.
1. Is the cancer fast or slow growing?
2. Is the cancer resistant in phenotype?
3. Has the cancer a high risk of metastases?
• C-MET: Increased level means high metastastatic risk
• KISS-1, Nm23: Lowered level means high risk of metatases
• MMPs: Increased level means increase risk of metastases



Why are we focusing on these markers?

• The markers are meant to answer clinical questions.
1. Is the cancer fast or slow growing?
2. Is the cancer resistant in phenotype?
3. Has the cancer a high rate of metastases?
4. Is the cancer sensitive to radiotherapy/hyperthermia/ablation?

• HSP’s: Lower rate is related with sensitivity to
radiation/ablation/hyperthermia.



Overexpression

Downregulation



Presentation of the results



Chemosensitivity Testing

- Viability (Cytotoxicity) Profile -



Organising the Viability assays

Patient CTCs are cell cultured and thereafter exposed to the active form of a drug to confirm the viability of the cells.

The viability diagram represent the percentage sensitivity of the viable cells to each agent, as compared with the primary
unexposed population.

The results table is presented as follows:

Cut off point:

Over 80% cytotoxicity : Sensitivity to the exposed
drug

(SENSITIVITY)

Between 35% to 80%: Moderate sensitivity
(PARTIAL SERNSITIVITY)

Below 35%: The substance in ineffective
(RESISTANCE)

• The results need to be:
• Scientifically based and complete
• Easy to read

• Easy to understand for a non expert
• Easy be to interpreted
• Easy to combine the information



Example of Chemosensitivity Testing for 
conventional cytotoxic agents







Chemosensitivity Testing

- Natural/Biological Substances -



Chemosensitivity testing – Natural Substances
Natural-biological substances

1. All natural extracts from plants or cells which may have direct or indirect therapeutic
(anticancer) activity.

2. The majority of natural substances have an unknown mechanism of action or they have
multiple interference in many point and pathways.

Class I
(Direct cytotoxic effect)  28

1. Ascorbate
2. Artemisia derivatives
3. Dideoxy-D-Glucose
4. DCA
5. Oxaloacetate

Class II
(Immunomodulatory effect)   6

1. Fucoidan
2. Mistletoe extracts (lectines)
3. GcMAF
4. Boswellia Serrata 

Class III
(Inhibitory effect on kinases GFs)   16

1. Quercetin
2. Genistein
3. Apigenin
4. Isoflavones
5. Resveratrol 







Chemosensitivity Testing 

- The Summary -





Incorporating the Pharmacokinetics
• Chemosensitivity Assays Pharmacodynamics “Which cytostatic agents have the best effect”

• Detoxification Genomics Pharmacokinetics “How well the body utilizes the cytostatic agents”

• Looks at each individual’s ability to activate and metabolize each therapeutic agent to its effective form in a 
normal rate. 

• Thereafter apply these genomic results to each category of cytotoxic agent

• Alkylating Agents

• Topoisomerase I Inhibitors

• Topoisomerase II Inhibitors

• Antimetabolites

• Spindle Poisons



Basic-Phase I Basic-Phase II
Polymorphism Outcome

CYP2D6*2 Normal Metabolizer

CYP2D6*3A Poor Metabolizer

CYP2D6*3B Possible Poor Metabolizer

CYP2D6*6 Poor Metabolizer

CYP2D6*9 Normal Metabolizer

CYP2D6*10 Poor Metabolizer

CYP2C19*2 Normal Metabolizer

CYP2C19*3 Normal Metabolizer

CYP2C19*17 Ultra-Fast Metabolizer

CYP1A2*1F Normal Metabolizer

CYP1A2*1K Normal Metabolizer

CYP2C9*2 Normal Metabolizer

CYP2C9*3 Normal Metabolizer

CYP3A4*1B Poor Metabolizer

CYP3A4*20 Normal Metabolizer

CYP1B1 Possible Normal Metabolizer

Polymorphism Outcome

GSTP1*Ala114Val Possible Normal Metabolizer

GSTP1*Ile105Val Possible Normal Metabolizer

EPHX1* His139Arg Possible Normal Metabolizer

EPHX1*Tyr113His Possible Normal Metabolizer

NAT2*5 Possible Slow Metabolizer

NAT2*6 Normal Metabolizer

NAT2*7 Normal Metabolizer

NAT2*14 Normal Metabolizer

NAT2*11A Possible Normal Metabolizer

TPMT*4A Normal Metabolizer

TPMT*2 Normal Metabolizer

ABCB1*Ile1145Ile Possible Normal Metabolizer

ABCB1*Ser893Ala Possible Normal Metabolizer

ABCG2*Gln141Lys Normal Metabolizer



Classification of patients
Normal Metabolizers

Rapid Metabolizers

Accumulators (Slow or Non-Metabolizers)

With this information, we will AVOID using agents 
where the literature indicates adverse events due 
to polymorphisms of

NO ACTIVATION, 
SLOW/POOR METABOLISM or 
RAPID METABOLISM

Polymorphism Outcome

CYP2D6*2 Normal Metabolizer

CYP2D6*3A Poor Metabolizer

CYP2D6*3B Possible Poor Metabolizer

CYP2D6*6 Poor Metabolizer

CYP2D6*9 Normal Metabolizer

CYP2D6*10 Poor Metabolizer

CYP2C19*2 Normal Metabolizer

CYP2C19*3 Normal Metabolizer

CYP2C19*17 Ultra-Fast Metabolizer

CYP1A2*1F Normal Metabolizer

CYP1A2*1K Normal Metabolizer

CYP2C9*2 Normal Metabolizer

CYP2C9*3 Normal Metabolizer

CYP3A4*1B Poor Metabolizer

CYP3A4*20 Normal Metabolizer

CYP1B1 Possible Normal Metabolizer









Designing of Treatment Protocol
Pharmacodynamic analysis
Viability & Gene Expression
(Summary Report)
Conventional Cytostatic agents
• X
• Y
• Z

Natural substances
1. Class I (cytotoxic affect)

• F
• G
• H

2. Class II (growth factor inhib.)
• R
• M

3. Class III (immunomodulators)
• Q
• N

Pharmacokinetic  analysis
Detoxification Genomics

Conventional Cytostatic agents
• X (Normal metabolizer)
• Y (Normal metabolizer)
• Z (Rapid metabolizer)

Natural substances
1. Class I (cytotoxic affect)

• F (Normal metabolizer)
• G (Normal metabolizer)
• H (Rapid metabolizer)

2. Class II (growth factor inhib.)
• R (Normal metabolizer)
• M (Accumulator)

3. Class III (immunomodulators)
• Q (Normal metabolizer)
• N (Rapid metabolizer)

Therapy options for clinical use

Conventional Cytostatic agents
• X
• Y

Natural substances
1. Class I (cytotoxic affect)

• F
• G

2. Class II (growth factor inhib.)
• R

3. Class III (immunomodulators)
• Q



SUMMARY
• CTCs can be successfully transported “within a time window” without altering their genotype and 

phenotype.
• CTCs can be effectively isolated (with high integrity) using combination of selection assays
• CTCs can be cultured (with high rate of success) without altering their profile “within a time “window”. 
• CTCs may also have markers which may predict the site of metastases. 
• Use methods with low LoD and high rates of Sensitivity, Specificity, PPV and NPV.
• CTCs can be used for making clinical decision for cancer patients.
• Decisions should be based not only on from data profiling the cancer (PK), but also from the patients 

capacity to metabolize the therapeutic agents (PD). 
• The treatment approach should also include the performance status of a patient (ECOG Score)

THANK YOU



THANK YOU FOR YOUR TIME AND PATIENCE

QUESTIONS OR ENQUIRIES 

peter@nutripath.com.au


