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• Appreciate the principles of liquid biopsy analysis

• Identify potential applications of liquid biopsies in clinical trials

• Understand advantages and disadvantages of liquid biopsy compared to 
tissue-based assays

Educational Objectives



Liquid Biopsy – Assays and 
Analytes



Pantel, Nature Reviews Clinical Oncology (2019)



Pantel, Nature Reviews Clinical Oncology (2019)



Pantel, Nature Reviews Clinical Oncology (2019)

Technology Development Has Unlocked ctDNA Analysis



CTCs



Pantel, Nature Reviews Clinical Oncology (2019)

Methods for Enrichment, Detection and Characterization of CTCs



Pantel, Nature Reviews Clinical Oncology (2019)

Detectable Molecular Changes in ctDNA vs CTCs



Liquid Biopsy Applications



• Diagnostic
• Prognostic
• Predictive

• Surrogate

• Essential considerations for biomarkers apply to liquid biopsy:
• Analytic Validity, Clinical Validity, Clinical Utility

As Biomarkers, Liquid Biopsies Can Be:



Heitzer, Nature Reviews Genetics (2019)

Solid vs Liquid Biopsies







Merker et al. ASCO/CAP Review JCO 2018. 

“Conventional” vs Liquid Biopsy

-Potential for rapid turnaround
-Inexpensive to collect/bank
-Does not require a “tumor”

*

*



Wan et al. Nature Reviews Cancer, 2017

Liquid Biopsy: Opportunity for Serial Molecular Diagnostics 



Wan et al. Nature Reviews Cancer, 2017

Genetic Assays for ctDNA



Wan et al. Nature Reviews Cancer, 2017

A Potential ctDNA-Guided Precision-Medicine Paradigm



Pre-requisites for ctDNA-guided Precision Medicine



Murtaza, AACR 2019

Physical Limits on ctDNA Detection Sensitivity



Murtaza, AACR 2019

Physical Limits on ctDNA Detection Sensitivity



Dawson et al, NEJM 2013

Importance of Detection Limit



Key Questions That Can be Addressed with ctDNA

Localized/locally advanced disease

 Predict relapse/patient selection 
(prognostic +/- predictive)

 Eliminate molecular residual 
disease (surrogate)

Guide adjuvant treatment 
duration or selection

Recurrent or metastatic disease
 Patient Selection/Predictive 

Biomarker
 Prognostic Biomarker
 Early Surrogate/Dynamic 

Response Marker
 Treatment Duration for I/O, NED
 Identify Drug Resistance
 Inform Drug Mechanism of Action
Guide Change of Therapy



• Patient Selection
• Correlative Studies

• Integral
• Integrated
• Retrospective

How Can Liquid Biopsies Be Used in Clinical Trials?



ctDNA to Identify Actionable 
Alterations



Theirry et al, Nature Medicine 2014

Tumor Genotyping with ctDNA – Tissue Concordance



Li et al, Annals of Oncology 2019

ctDNA for Actionable Alterations in NSCLC



Aggarwal et al, JAMA Oncology 2018

Sensitivity of ctDNA Mutation Detection Depends on 
Clinical Features (NSCLC)



Rothwell et al, Nature Medicine 2019

Identifying Actionable Alterations: TARGET



Paweletz et al. JCO Precision Oncology, 2019

Disease and Technical Factors Contribute to Differences in 
Blood and Tissue Findings



Paweletz et al. JCO Precision Oncology, 2019

Disease and Technical Factors Contribute to Differences in 
Blood and Tissue Findings

Acquired Drug Resistance
(Intervening Therapy)



Key Questions That Can be Addressed with ctDNA

Localized/locally advanced disease

 Predict relapse/patient selection 
(prognostic +/- predictive)

 Eliminate molecular residual 
disease (surrogate)

Guide adjuvant treatment 
duration or selection

Recurrent or metastatic disease
 Patient Selection/Predictive 

Biomarker
 Prognostic Biomarker
 Early Surrogate/Dynamic 

Response Marker
 Treatment Duration for I/O, NED
 Identify Drug Resistance
 Inform Drug Mechanism of Action
Guide Change of Therapy



IND.234 – Metastatic Prostate Cancer ctDNA Umbrella Trial

Slides Courtesy of Alex Wyatt, BC Cancer Kim Chi, Martin Smoragiewicz, Lesley Seymour, et al.

Strategy: targeted cfDNA
sequencing with validated 
research approach

AKT1 inhibitor



High concordance between ctDNA and 
matched metastatic tissue biopsy (in mCRPC)
• 45 plasma cfDNA samples collected at time of metastatic tissue 

biopsy (SU2C / PCF West Coast Dream Team, Eric Small et al.)

Similar mutation profiles, ctDNA vs tissue

Wyatt, Annala, et al., J Natl Cancer Inst. 2017

Similar gene copy numbers, ctDNA vs tissue

Slides Courtesy of Alex Wyatt, BC Cancer



Existing commercial assays are adequate for 
mutation calling (at high allele frequency)
• Analyzed 24 same-day cfDNA samples with Guardant360 and 

academic targeted sequencing
• Confirmed 94% of somatic mutations identified by Guardant360 at 

>1% allele fraction

Caveat: many somatic mutations identified 
by Guardant360 at <1% allele fraction 

appeared to represent subclonal passenger 
events or non-prostate derived clones 

Slides Courtesy of Alex Wyatt, BC Cancer



Commercial Assay Utility is limited by lack of 
reporting on deletions, rearrangements and germline
• Several DNA repair gene defects were not reported by Guardant360

• Germline and somatic truncating BRCA2/ATM mutations
• BRCA2 biallelic deletions
• BRCA2 reversion mutations
• Hypermutator phenotype (mismatch repair defect / high TMB)

Note: critical prostate-specific genes such 
as FOXA1, SPOP, CDK12, PIK3R1 and 
ERG are also rarely present in existing 
pan-cancer commercial assays

Taavitsainen, Sartor, et al., JCO Precision OncologySlides Courtesy of Alex Wyatt, BC Cancer



Many Other ctDNA Umbrella Trials Underway



Willis et al. CCR 2019

Identification of Other “Genotypes” in ctDNA



Quantitative ctDNA for Prognosis 
or Monitoring



O’Leary et al. ASCO 2019

ctDNA Tumor Fraction and Prognosis in 2nd Line ER+ Breast Cancer



O’Leary et al. ASCO 2019

ctDNA Tumor Fraction and Prognosis in 2nd Line ER+ Breast Cancer



O’Leary, Nature Communications 2018

ctDNA Early Response in PALOMA-3



O’Leary, Nature Communications 2018

ctDNA Early Response in PALOMA-3



ctDNA Dynamics in AKT1-mutated Metastatic Breast 
Cancer Treated with an AKT Inhibitor (AZD 5363)

cfDNA decline at Day 21 is associated with response

Hyman et al. JCO 2017



ctDNA Dynamics in AKT1-mutated Metastatic Breast 
Cancer Treated with an AKT Inhibitor (AZD 5363)

Progression

Hyman et al. JCO 2017



Anagnostou, Cancer Research 2019

Early ctDNA Clearance at 4 wks Correlates with Clinical 
Outcome for Immunotherapy in NSCLC

All Patients



Anagnostou, Cancer Research 2019

Early ctDNA Clearance at 4 wks Correlates with Clinical 
Outcome for Immunotherapy in NSCLC

Undetectable ctDNA
Detectable ctDNA

P=0.01

Patients with RECIST Stable DiseaseAll Patients



Stover et al, JCO 2017

Copy Number Alterations in ctDNA (mTNBC)



Tumor Fraction by CNA is Prognostic in TNBC

Stover et al, JCO 2017



Tumor Fx Correlates with Response and Progression

Stover et al, JCO 2017



Key Questions That Can be Addressed with ctDNA

Localized/locally advanced disease

 Predict relapse/patient selection 
(prognostic +/- predictive)

 Eliminate molecular residual 
disease (surrogate)

Guide adjuvant treatment 
duration or selection

Recurrent or metastatic disease
 Patient Selection/Predictive 

Biomarker
 Prognostic Biomarker
 Early Surrogate/Dynamic 

Response Marker
 Treatment Duration for I/O, NED
 Identify Drug Resistance
 Inform Drug Mechanism of Action
Guide Change of Therapy



• Proof of concept/surrogate endpoint for novel therapy

• Response-adaptive therapy (eg. switch or add)

Applications of ctDNA monitoring

Metastatic ER+ Breast Cancer
Not achieving ctDNA response to 

standard Palbociclib and Fulvestrant

Randomize

Maintain
Therapy

Switch/
Add



• Proof of concept/surrogate endpoint for novel therapy

• Response-adaptive therapy (eg. switch or add)

Applications of ctDNA monitoring

Metastatic ER+ Breast Cancer
Not achieving ctDNA response to 

standard Palbociclib and Fulvestrant

Randomize

Maintain
Therapy

Switch/
Add

Prognostic

Predictive?



• Proof of concept/surrogate endpoint

• Response-adaptive therapy (eg. switch or add)

Response-adaptive chemo-sparing in TNBC

Atezolizumab Atezolizumab + 
abraxane

Part 1: Validation of early ctDNA response marker



• Proof of concept/surrogate endpoint

• Response-adaptive therapy (eg. switch or add)

Response-adaptive chemo-sparing in TNBC

Atezolizumab Atezolizumab + 
abraxane

Part 2: Early cross-over in ctDNA non-respoders



ctDNA to Detect Minimal 
Residual Disease Following 
Curative-Intent Therapy



Garcia-Murillas I et al, JAMA Oncology 2019

Detectable ctDNA Anticipates Relapse in Early BC

ddPCR detection in subset of patients with identified mutations on tumor panel



MRD-guided Adjuvant Therapy: C-TRAK TN
A Trial Using ctDNA Blood Tests to Detect Cancer Cells After Standard Treatment to 
Trigger Additional Treatment in Early Stage Triple Negative Breast Cancer Patients
(NCT03145961)

Pts with Early TNBC 
-ctDNA+ within 12m 

of completion of 
primary therapy

R

Pembrolizumab

Observation

Conversion of 
ctDNA

Long term clinical 
outcome: relapse, 
DFS, OS

Randomize
2:1

N=200

Primary Endpoint: ctDNA Detection or disease recurrence at 12 and 24 months



Evaluation of Acquired Resistance 
Using ctDNA



O’Leary, Cancer Discovery 2018

ctDNA to Identify Acquired CDK4/6i Resistance – PALOMA 3

Mutations Detected in ctDNA at Baseline vs End of Treatment



O’Leary, Cancer Discovery 2018

RB1 Mutations are Exclusive to CDK4/6 Arm at Progression



O’Leary, Cancer Discovery 2018

RB1 Mutations are Exclusive to CDK4/6 Arm at Progression

Opportunity for context-specific umbrella study



Lin et al, Cancer Discovery 2018

BRCA Reversions in Ovarian Cancer & Rucaparib



BRCA Reversions in Ovarian Cancer & Rucaparib

Best Response To Rucaparib (RECIST)

Platinum:

PFS According to BRCA Reversion Status in:

Lin et al, Cancer Discovery 2018

All Patients Platinum Resistant/Refractory



Key Questions That Can be Addressed with ctDNA

Localized/locally advanced disease

 Predict relapse/patient selection 
(prognostic +/- predictive)

 Eliminate molecular residual 
disease (surrogate)

Guide adjuvant treatment 
duration or selection

Recurrent or metastatic disease
 Patient Selection/Predictive 

Biomarker
 Prognostic Biomarker
 Early Surrogate/Dynamic 

Response Marker
 Treatment Duration for I/O, NED
 Identify Drug Resistance
 Inform Drug Mechanism of Action
Guide Change of Therapy



• Evaluation of ctDNA has multiple potential applications for cancer 
therapy and clinical trials

• Samples can be banked at relatively low cost for future analysis

• Technologies (measurement and analysis) are rapidly evolving and 
remain to be standardized
• Basic principles of biomarker design and evaluation apply

• Careful consideration of study designs to set stage for future clinical 
utility is critical

• Next wave of interventional studies will evaluation novel strategies
• High bar for assay performance and trial design

Summary – Take Home Messages



Merker et al. ASCO/CAP Review JCO 2018. 

Technology Assessment 
ASCO/CAP 2018



Questions/Discussion
dave.cescon@uhn.ca
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