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Liquid Biopsy
(Fluid Biopsy, Fluid Phase Biopsy)
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Sampling and analysis of non-solid biological tissue, primarily, blood
– as a diagnostic and monitoring tool for diseases s.a. cancer

-largely non-invasive
-can be done more frequently, taking multiple samples



Opportunities and Challenges of

• Circulating Tumour Cells (CTCs)

• Circulating Tumour DNA (ct DNA)

• Exosome and EVs

4



Opportunities and Challenges of

• Circulating Tumour Cells (CTCs)

• Circulating Tumour DNA (ct DNA)

• Exosome and EVs

5



Circulating Tumour Cells (CTCs)

• 1869 Thomas Ashworth
– First described “Circulating Tumour Cells (CTCs)” in a 

metastatic cancer patient

• 1976 Nowell
– Amended the definition as tumor cells derived from 

primary tumors or metastatic tumors with the ability to 
get out of the basement membrane and invade into the 
blood vessels through the tissue matrix

• 2004 Cristofallini
– Showed the finding of at least five CTCs in 7.5ml blood 

was associated with reduced PFS and OS in MBC 
patients.

6Paget S. Lancet 1889; Bidard F-C et al. Lancent Oncol, 2015
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SABCS 2017 –Predicting late relapse 
with CTC?



High risk of recurrence- having high 
levels of CTCs (not so predictive for 

low number of CRC)

12Joseph Sparano et al, SABCS 2017
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15Wolfgang Janni et al, SABCS 2017
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Lack of significant difference with regard to prevalence 
of CTCs 5 years after adjuvant chemotherapy in 
accordance to survival analysis
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Wolfgang Janni et al, SABCS 2017



18Joseph Sparano et al, SABCS 2017



Implications of BC Clinical Practice & Research

• Proof of Concept – “Clinical Validity”
– Biomarker prognostic for late recurrence in hormone 

positive HER2 negative EBC
– Supports concept of a “second decision point” to tailor 

therapy based on biomarkers results

• Further Study – “Clinical Utility”
– Positive CTC assay – may benefit from novel therapeutic 

approaches (s.a. oral SERDS, CDK4/6 inhibitors)
– Negative CTC assay – spared from extended adjuvant 

hormonal therapy?
– To explore the comparison and/or in combination with ct 

DNA or other biormarkers
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Emerging potential added value of ctDNA

21

Circulating tumour DNA are released into 
the blood of patients with a wide range of 
malignancies
Detectable in ~90% of patients with 
advanced cancer
Frequently present at low levels

Diehl et al Nat Med 2008 
Perkins G et al PLoS ONE 2011 

Forshew etal STM 2012
Dawson et al NEJM 2013 

Crowley et al Nat Rev Clin Oncol 2013 
Bettegowda et al STM 2014



Pre-Analysis Consideration & Methodology 

With Courtesy of Sarah-Jane Dawson



Clinical Applications of ctDNA in BC Management

23Wan et al, Nature Reviews Clinical Oncology, 2017

Potential Use of ctDNA Analysis
1) Selecting therapy in metastatic cancer 
2) Monitoring of therapy 
3) Detecting minimal residual disease 
4) Screening for cancer



Selecting therapy for MBC patients
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Selecting therapy for MBC patients



27Courtesy of Sarah-Jane Dawson

Selecting therapy for MBC patients
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Selecting therapy for MBC patients
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Selecting therapy for MBC patients



Monitoring of Therapy
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Monitoring of Therapy
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Monitoring of Therapy

CDR – circular dorsal ruffles



Monitoring of Therapy
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Detecting Minimal Residual Disease
Predicting Early Relapse in EBC…
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Detecting Minimal Residual Disease
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Detecting Minimal Residual Disease
Predicting Early Relapse in EBC…

Garcia-Murillas et al, Science, Trans Med 2015
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Detecting Minimal Residual Disease
Predicting Early Relapse in EBC…



Better Risk Stratification
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De-escalate adjuvant therapy to reduce toxicity and costs
Prioritize intensive and novel approaches for those likely to benefit 



Detecting Minimal Residual Disease
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Screening for Cancer
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Opportunities and Challenges of

• Circulating Tumour Cells (CTCs)

• Circulating Tumour DNA (ct DNA)

• Exosome and EVs
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Extracellular Vesicles

• Exosomes & microvesicles
• All cells produce extracellular 

vesicles 
– Reticulocytes, megakaryocytes

• Tumours
– Cancer cells, stromal cells, 

immune cells

• Oxidative Stress
– Chemotherapy, radiotherapy

• Hypoxia
– Aging, tumour 

microenvironment
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Exosomes

• First reported by Pan and Johnstone
in 1983 at McGill University when 
culturing sheep reticulocytes.

• Lipid bilayered vesicles with 
endocytic origins, released into 
extracellular region by a variety of 
mammalian cells including CANCER 
cells.

• Exosomes from different types of 
cells enclose different proteins in 
their biogenesis.

• Exciting in a vast range of biofluids
s.a. serum, urine, plasma, breast 
milk saliva, malignant pleural fluid, 
BALs etc.
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Sina Halvaei et al, 2018



Exosomes
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Blood-based exosomes,
Breast Milk, breast fluid derived Exosomes

Sina Halvaei et al, 2018



Predicting endocrine resistance
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A. Tamoxifen-resistent BC cells secrete
UCA-1 over-expressed exosomes which can cause

Resistence to Tamoxifen, decreasing apoptosis

B.RAB27B-upregulated stromal cells release
Exosomes that contain 5’ triphosphate RNAs
and activate STAT1 dependent signalling and
NOTCH3 pathways in adjuvant BC cells
The cross talk between these 2 pathways result 
in reduction of chemo-resistance and RT-resistance

Sina Halvaei et al, 2018



mtDNA in Extracellular Vesicles…

46

Courtesy of Dr. Jacqueline Bromberg



Conclusion

• There is an emerging added value of liquid biopsy
• The contribution of CTCs, ctDNA and exosomes and 

others – in the monitoring of treatment response, 
detecting minimal residual disease, selecting patients 
for specific therapy and screening for cancer

• From personalized medicine to precision medicine, 
sparing the low risk group from intesne therapy and 
putting the high risk group for more intense and 
innovative therapy with predicted clinical benefits.

• This may reduce the unnecessary exposure to repeated 
scans or imaging and invasive procedures in the days to 
come.
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