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future in precision 

diagnostics? From screening 

to stem cells and back!
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Cancer is a frightening

diagnosis: why? 

 Malignant tumours are detectable when

they have reached a size of about 1cm.

 The first therapeutic action in most cases is

complete surgical removal of the tumour.

 But metastases can appear at distant

locations even after complete resection of

the primary tumour.
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Cancer is a frightening

diagnosis: why? 

 Such metastases occur in 25-50% of cases

after „successful“ surgery.

 They are found most frequently in vital  

organs like liver, lung and bone marrow

 Metastases are able to destroy these

organs leading to fatal outcome. 
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How do metastases

develop? 

 Cells can break away from tumours

during tumour growth.

 After the tumour has been removed, the

cells left behind in the patient‘s body

count.

 They are responsible for the formation of

distant metastases.
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Circulating tumour cells

from solid tumours

 Carcinomas are of

epithelial origin

 Carcinomas disseminate

epithelial cells

⇒ CETCs (circulating

epithelial tumour

cells)

Y. Shiozawa, A M Havens, K J Pienta and R S Taichman, Leukemia (2008) 22, 941–950
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Detection
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Method

maintrac liquid 

biopsy cell staining

allows quantitative

detection of vital

circulating tumour

cells

NO fixation.

NO isolation.

NO enrichment.

Fluorochrome

labeled antibody

FITC

Circulating

tumour cell
HEA

surface

antigen
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Testing

Microscope based

semi-automated image

evaluation

Recording of

 all solid tumours

 not for lymphoma

or leukaemia
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Heterogeneit

y in cells from 

one patient

Red-stained

nucleus

= dead cell
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Validation
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Counterstaining CD45/EpCAM
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Counterstaining

Cytokeratin/EpCAM
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Spiking Tests
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Duplicate analyses from one

blood sample in 80 patients
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Two analyses from the same  

patient less than 2 weeks

apart
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Comparison with

other methods
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How frequent are tumour cells

in blood? 

Cellular components Per ml of blood

Erythrocytes 4,5 – 5,5 billion

Leukocytes 4 – 11 million

Neutrophils 2,5 – 7,5 million

Eosinophils 40.000 – 400.000

Basophils 10.000 – 100.000

Lymphocytes 1,5 – 3,5 billion

Monocytes 200 – 800 million

Thrombocytes 300 million

Circulating tumour cells 10 – 100.000 

http://www.maintrac.com
http://www.maintrac.com


CETC comparison to ctDNA

Technique Problems

Isolation from plasma DNA derived from destroyed cells

Derived from dead cells Stability of tumour DNA

Mutation analysis Additional mutations due to DNA 

degradation
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Screening
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Screening Healthy Individuals
maintrac is not sufficiently specific

 Detection of suspect cells can

unnecessarily frighten individuals

 Such a method should detect cancer cells

with than 99.9% certainty

 It may not be confounded by other

deseases
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Screening individuals at risk

 Patients must be aware of the problematic

issues

 Increasing numbers of circulating supect

cells over time might trigger additional tests

(imaging)

 Only when sufficiently discussed with a 

caring physician
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Screening individuals at risk

1 2

Y
 D

a
ta

1e+1
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1e+3

1e+4

1e+5

Male individuals above 65 years of age with repeatedly

detected high numbers of circulating epithelial cells have a 

higher probability of detection of low risk prostate cancer
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Monitoring therapy using

Circulating tumour cells

Surgery
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The main application of

Circulating tumour cells is

monitoring of therapy

Surgery
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Patterns of CETCs before and

after surgery (lung)

A. Rolle et al, World Journal surgical Oncology 2005, 3:18
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Patterns of CETCs before and

after surgery (breast)
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Patterns of CETCs before and

after surgery (colon)

1

10

100

1000

1 2 3 4

Blutentnahmezeitpunkt

durchschnittliche 

Zellzahl im Blut

UICC-Stadium I UICC-Stadium II UICC-Stadium III UICC-Stadium IV
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G, C

Pre OP Post OP

RPL 13 A (229 

Bp)

Gremlin (264 Bp)

Vimentin (327 Bp)

Her2/Neu (376 Bp)

EpCam (420 Bp)

NANOG

Changes of gene expression

in circulating tumour cells after 

surgery

Increased expression of stem cell and athesion markers after 

surgery
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Neoadjuvant treatment
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Neoadjuvant treatment

At the end of

neoadjuvant

therapy

almost all 

patients

experience

increasing

numbers of

CECTs !

O. Camara et al, Ann Oncol 2007 18:1484-92

EC TAX
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Neoadjuvant treatment

 Neoadjuvant chemotherapy may initially  

eliminate minimal residual disease (cells 

circulating in the blood). However, during

tumour shrinkage often a re-increase of

tumour cells in blood is observed.

 Increasing numbers of CECTs may be due 

to release of cells in addition to cell death.
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Neoadjuvant chemotherapy 

shrinks the tumour, seeding 

cells into blood
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Adjuvant treatment
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Adjuvant treatment

Background

 From experimental systems it was 

assumed that minimal residual disease can

be left in the body after surgery. 

 Systemic adjuvant therapy was 

established to eliminate these cells

remaining in the body.
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30 years of

adjuvant CMF therapy

 Relapse-free

survival

 Lymph node

negative, ER-

negative 

patients

G. Bonnadonna et al, BMJ 2005; 330:217

Therapy

not needed

No advantage

of the therapy
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Adjuvant treatment

Background

 Regrowth of tumors from these minimal 

numbers of cells remaining in the body is

what accounts for relapse

 We count the changes in numbers of

these cells in response to therapy
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Adjuvant treatment
decreasing cell numbers
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Adjuvant treatment
marginal change in cell numbers
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Adjuvant treatment
increasing cell numbers
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Adjuvant treatment

Increasing

cell numbers

correlate

highly

significantly

with

a poor

prognosis

log rank p < 0.001

K . Pachmann, et al. J Clin Oncol 2008, 26 (8): 1208-1215
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Case report
increasing cell numbers
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Increasing cell numbers
What can we do?
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Chemo-

sensitivity
J Cancer Therapy 2013, 4:597-

605 

Chemosensitivity Testing of 

Circulating Epithelial Tumor Cells 

(CETC) in Vitro: Correlation to in 

Vivo Sensitivity and Clinical 

Outcome. 
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t=1 hr. t=3,5 hrs. t=7 hrs. t=10,5 hrs.

Docetaxel

Epirubicin

Mafosfamid

Cell decay 
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Sensitivity to different drug

concentrations
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Pilot Study: Relapse free survival of patients

with ovarian carcinoma patients with sensitive vs. 

resistant CETCs
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Case report: Ovarian carcinoma
Resistance to guide line drugs with progress, 

sensitivity to second line drug
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Case report breast cancer
increasing resistance to drugs
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Patients total: 66

Sensitivity > 50% 34 Patients 52%

Sensitivity < 50% 32 Patients 48%
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Patients total: 62

Sensitivity > 50% 39 Patients 63%

Sensitivity < 50% 23 Patients 37%
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 Vitamin C
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Vit. C%

Patients total: 56

Sensitivity > 50% 25 Patients 45%

Sensitivity < 50% 31 Patients 55%
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Patients total: 63

Sensitivity > 50% 42 Patients 67%

Sensitivity < 50% 21 Patients 33%

Artesunate
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Curcumin
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Patients total: 52

Sensitivity > 50% 39 Patients 75%

Sensitivity < 50% 13 Patients 25%

http://www.maintrac.com
http://www.maintrac.com


Maintenance therapy

http://www.maintrac.com
http://www.maintrac.com


Effect of changes in therapy
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Effect of changes in therapy
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Long term surveillance

after maintenance

therapy
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Long term surveillance
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Long term surveillance
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Long term surveillance
Case report 1
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Long term surveillance
Case report 1
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Long term surveillance
Case report 1
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Long term surveillance
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Long term surveillance
After the end of endocrine therapy impact of

CETC

P=0,029

Patients with

increasing cell

numbers

after the end of

maintenance

therapy

have an 

increased risk

of recurrence
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Metastatic disease
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Background Metastatic

disease

 In metastatic disease systemic therapy is

used to reduce the size of the solid masses

 In this situation the interaction between

tumor and blood needs to be taken into

consideration

 Changes in numbers of cells can be due to

elimination as well as reseeding due to tumor

tissue disintegration in response to therapy
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Metastatic disease

 Cells in blood respond but the metastases

grow. Sufficient concentrations of the drug are

not reached inside the solid masses due to

high intrartumoral pressure.

 This is the most frequent cause of

treatment failure in metastatic disease.
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Metastatic disease

An increase in circulating cell numbers may

be due to release of cells in addition to cell

death

during tumor shrinkage
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Metastatic disease
Case report 1 (ovarian cancer)
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Metastatic disease
Case report 1 (ovarian cancer)
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Metastatic disease
Case report 1 (ovarian cancer)
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Metastatic disease
Case report 1 (ovarian cancer)
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Metastatic disease
Case report 2 (triple negative breast cancer)
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Metastatic disease
Case report 2 (triple negative breast cancer)
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Metastatic disease
Case report 2 (triple negative breast cancer)
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Metastatic disease
Case report 2 (triple negative breast cancer)
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Metastatic disease
Case report 2 (triple negative breast cancer)
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Metastatic disease
Case report 3 (triple negative breast cancer)
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Metastatic disease
Case report 3 (triple negative breast cancer)
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Metastatic disease
Case report 3 (triple negative breast cancer)
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Metastatic disease
Case report 3 (triple negative breast cancer)

156
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Additional analyses on 

CETCs
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Her2/neu amplification

EpCAM/HER2/DAPI HER2/DAPI

EpCAM/HER2/DAPI HER2/DAPI EpCAM/HER2/DAPI HER2/DAPI

EpCAM/HER2/DAPI HER2/DAPI
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Estrogen receptor-positive 

cells
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Single cell

picking
Vital circulating epithelial

tumor cells

for further (e.g. genetic) 

investigation or NGS.

Already availible at maintrac
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A B C

D E F

G H I

Single cell picking
Picking steps
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Sample ID Test Result Mutation Result

15390 Zelle 1 Mutation not detected N/A

15390 Zelle 2 Mutation not detected N/A

15390 Zelle 3 Mutation detected Codon 61

15390 Zelle 4 Mutation not detected N/A

15390 Zelle 5 Mutation detected Codon 61

15390 Zelle 6 Mutation not detected N/A

15390 Zelle 7 Mutation not detected N/A

Single cell picking
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Single cell picking
Detection of mutations
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Conclusion
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Dynamics of CETC as a parameter
for personalised therapy decisions

 CETCs can be identified and characterized already in 

primary diagnosed cancer patients

 Maintrac is quantitative

 Efficacy of medication can be measured

 Treatment decisions can be made with 

maintrac
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Shipping and results

Within 48 to max. 72 h
at room temperature

to our lab in Bayreuth, 
Germany

Results will be sent usually
5 days after receiving the

sample.
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Thank you

for your attention
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Association Transfusion Medicine Center in Bayreuth - TZB 
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