
Circulating Tumor Marker Assays: “Liquid Biopsies” 

An Old Tool with New Twists 

Daniel F. Hayes, M.D., FASCO, FACP 

University of Michigan Comprehensive Cancer Center 

  



DISCLOSURE 

 Circulating Tumor Cells 

 CellSearch 

 Laboratory and Clinical research funding from Veridex/Janssen 

Diagnostics/Menarini Silicon BioSystems (MSB) 

 Patent regarding circulating tumor cells licensed to MSB 

 Other 

 Stock Options: InBiomotion 

 Consultant: Agendia, Cellworks, Cepheid, CVS Caremark, EPIC Sciences, Freenome, 

Lexent, Salutogenic Innovations, L-Nutra 

 Sponsored Clin Research: Merrimack Pharmaceuticals, Eli Lilly, Menarini/Silicon 

BioSystems, Puma Biotechnology, Pfizer, Astra Zeneca 

 Collaborated with GHI, manufacturer of 21-gene RS 

(no financial support or conflict) 



2010 - Term “Liquid Biopsy” Was Coined 

“Research groups are focusing on the clinical value of CTC 

analyses…. 
Although promising data from patients with advanced 

disease demonstrate the value of CTC analysis as ‘liquid 
biopsy’, studies on cancer patients at earlier stages are 

hampered by low CTC counts...” 

Pantel and Alix-Panabieres 
Trend in Molecular Medicine, 2010 



Circulating Tumor Markers in Br Ca: 
“Liquid Biopsies” 

•Proteins 
• MUC1 (CA15-3, CA27.29) 
• CEA 
• Proteomics 

•Nucleic Acids 
• ctDNA 
• miRNA 

• Tumor cells (CTC) 

Many assays for each;  
They are very different 



Circulating “Liquid” vs. Tissue Biopsy 

Circulating Tissue 

Logistics Easy to draw Invasive, more difficult to obtain 

Phlebotomy – inexpensive Intervent Radiology, pathology $$$ 

Permits easy serial testing Serial testing difficult 

Pre-
analytical 

Easier to control  
(fixat, anti-coagul, etc in vacutainer 

tube) 

Processing (response gene activation, 
time to fixation, type of fixation, etc)  

Sensitivity CTC rare events  
(n=1-1000/10 cc tube) 
ptDNA low abundance 

106-108 cells/biopsy 

Biology ? “entire organism” – not 1 site 
May NOT represent biology of tissue-

based CA 

Only represents 1 site 
Represents tissue biology at least at 

THAT site 



Circulating Tumor Biomarker Tests: Liquid Biopsies 

•History 
•Proteins 
• CEA (Colorectal) 

 



Journal of Experimental Medicine, 121:439-462, 1965 

Circulating Tumor Markers: History (CEA) 



Thomson, et al, Gold P.,  Proc Nat Acad Sciences (USA) 64:161-167, 1969 

Nor
mal 

Colonic and Rectal Cancer 

Circulating Tumor Markers: CEA 





Circulating Tumor Markers in Br Ca: 
“Liquid Biopsies”-More than Protein, but Not just ctDNA 
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36:1631-1641, 2018 



Analytical Validity: Different ctDNA Assays May Give Different Results 

Patient Paired Sample Congruence Between 2 Commercial 

Liquid Biopsy Tests in Prostate Cancer 

 

Torga, G, et al., JAMA Oncol 2018 Kuderer, NM, et al., JAMA Oncol 3:996-998, 2017 

Paweletz, CP, et al., JCO Prec Oncol 2019 

Identical in both 
Alteration covered both assays, but + 
only one test 

No alterations reported in either 
Reported alteration with coverage by 
only one test 

Mutational Landscape cfDNA Met Prostate 
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Liquid Biopsies (ctDNA): Screening for Br Ca 

Anne Marie Lennon et al. Science 2020;science.abb9601 

Detecting cancers Earlier Through Elective mutation-based 

blood Collection and Testing  

(DETECT-A) 

(10,000 Women Age 65-75 years, No History Cancer) 



Liquid Biopsies (ctDNA): Screening for Br Ca 

False POSITIVE 
(ctDNA POS, No Cancer Found) 

True POSITIVE  
(ctDNA POS/Cancer Found) 

True POSITIVE + False NEGATIVE  
(ctDNA NEG/Cancer Found) 

Anne Marie Lennon et al. Science 2020;science.abb9601 

1st detected by blood test 

1st detected by other means 

1st detected by SOC screening 



Liquid Biopsies (ctDNA): Screening for Br Ca 

 Conclusions 

 Authors’ Conclusions 

 Able to address fundamental issues but not designed for regulatory approval 

 Larger trials necessary 

 Not certain that the blood test  helped any participant 

 Not randomized 

 May have led to over diagnosis 

 Will facilitate future randomized, interventional trials to assess the ability of 

blood tests to improve cancer screening 

 MY CONCLUSIONS:  

 Intriguing Preliminary data- but required 10,000 participants! 

 NOT READY FOR ROUTINE PRACTICE 

Anne Marie Lennon et al. Science 2020;science.abb9601 
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 Monitoring disease state 

 For recurrence if patient is apparently free of disease 

 If patient has documented metastases 

 Evidence of progression 

 Selection of therapy  
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Cancers for Which Circulating Protein TMs Are Used 

Cancer Circ Tumor Marker 

Breast MUC1 (CA15-3, 27.29) 

Gastrointestinal and Pancreas CEA, CA19-9 

Ovarian CA125 

Prostate PSA 

 



Circulating Tumor Markers to Detect Occult Recurrence 

Solid Tumors 

 Breast No Evidence Clinical Utility 

 GI CEA to detect and remove isolated hepatic met 

 Ovarian PRCT shows no Clinical Utility, often done anyway 

 Prostate Little or no data to determine, often done anyway 

 

How About Other Liquid Biopsy Assays for this Use? 

•None with proven clinical utility 

•Interesting preliminary data in Breast, Colon, Lung 

and other Cancers for CTC and ctDNA 



ctDNA is Prognostic in Patients Who Are NED 

Garcia-Murillas I. Sci Transl Med. 2015;7(302):302 

Post Surgery; one time point Post Surgery; serial time points 



Personalized ctDNA to Detect Occult Recurrences 

Coombes, RC, et al., Clin Cancer Res 2019 

Conclusions: 
• Exquisite PPV 
• OK NPV 
• Very preliminary subset of entire group of patients 
• Intriguing, but NEEDS confirmation 
• Similar to:  



ER Positive, Early Br CA, Free of Detectable Disease 

~ 5 Years After Diagnosis 

Risk of Recurrence According to CTC at ~ 5 Years 

Sparano, et al., JAMA Oncol 2018 

CTC Negative 

CTC Positive 

RR 10.82 (4.42-26.47), P<0.001 



Why and When to Use Tumor Biomarkers? 
 Risk assessment 

 Screening 

 Differential diagnosis 

 Selection of Therapy 

 Prognosis 

 Prediction 

 Monitoring disease state 

 For recurrence if patient is apparently free of disease 

 If patient has documented metastases 

 Evidence of progression 

 Selection of therapy  



Circulating Tumor Markers to Monitor Metastatic Disease 

Solid Tumors 

 Breast No High Level Evidence Clinical Utility, done anyway 

 GI Same 

 Ovarian Same 

 Prostate Same 



Dawson et al. N Engl J Med 368:1199-209, 2013 

Circulating Plasma Cell Free Tumor DNA in Breast Cancer 



Monitoring  

Blood Draw 

(CTC)   

Staging 

Modality 

1 2 3 4 5 6 
Follow-up Interval (3-4 weeks) 

X 

X 

X X X X X 

X 

X 

X 

Same imaging modality throughout therapy 

•History and Physical 

•Circulating TMs 

•Radiographs 

USUALLY HAVE TO WAIT 3-4 CYCLES (9-12 WEEKS) TO 

DETERMINE IF PATIENT…. 

 

HAS RESPONSIVE/STABLE DISEASE = “CLINICAL BENEFIT” 

Continue Current Regimen  
 

OR 

  

IS PROGRESSING 

Change Therapy 
 

 



CTC at 1st Follow-up Predict OS (SWOG S0500) 

 Sample collected at first follow-up visit 

 usually 3-4 weeks 

Blood Draw (CTC)   

Staging Modality 

2 3 4 5 6 

X 

X X X X 

Follow-up Interval (3-4 weeks) 

X 

X 



SWOG 0500:  
Lack of a CTC “Response” at 1st Followup in Met Br Ca Receiving 1st Line CTX 

Time Since Initial Registration (Months) 
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MBC starting 1st line chemotherapy 

N = 624 

Day 0 CTC < 5/7.5 ml WB 

ARM A 

MED OS =  36m 

Day 0 CTC ≥ 5 ml WB 

N = 319 

CHEMO 

Day 21 CTC < 5 ml WB 

ARM B 

MED OS = 24m 

Day 21 CTC ≥ 5 ml WB 

ARM C 

MED OS = 13m 

Smerage, JB, et al., J Clin Oncol 32:3483-9, 2014 

ARM C 
50% Mortality at 13 months 
75% Mortality at 18 months  

= ChemoResistance 



S0500: Conclusions 

 Lack of a CTC “Response” after 1 cycle of first line 

chemotherapy = Very high likelihood of complete chemotherapy 

resistance. 

 Giving these patients more chemotherapy (even if different) is 

unlikely to be of any value! 

 We need serial real-time evaluation of tumor molecular status 

 Liquid biopsy 

 

 



Why and When to Use Tumor Biomarkers? 
 Risk assessment 

 Screening 

 Differential diagnosis 

 Selection of Therapy 

 Prognosis 
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Circulating EGFR mutation assay (Cobas) 
Approved by U.S. FDA (2016, 2018) 

 

EGFR mutations for patients with metastatic lung 
cancer-Selection of anti-EGFR Therapy 

• If POS: 
 
 
 
 
 

• If NEG: reflex to tissue testing 

Drug Mutations 

Erlotinib Exon 19 deletion, L858R 

Osimertinib Exon 19 deletion, T790M 

Gefitinib Exon 19 deletion, L858R 

Sacher, AG, et al., JAMA Oncol 2:1014-22, 2016 
Allegra, CJ, et al., J Clin Oncol 34:179-85, 2016 



CTC - AR-V7 Fusion Predicts Resistance to anti-
Androgen but Not Taxane Therapy in Prostate CA  

Scher, HI, et al., JAMA Oncol 2:1441-1449, 2016 Armstrong, AJ, et al., J Clin Oncol JCO1801731, 2019 

Using EPIC CTC Assay Compare ADNA/Johns Hopkins vs. Epic CTC Assay 

Source: 
All Samples (n=191) 
AR-V7 Neg (n=157) 
AR-V7 Pos (n=34) 

Favors 
Taxane 

Favors 
Anti-AR 

HR Death  



Alpelisib (plus fulvestrant) Is Active in Mutated PIK3CA 
but NOT Wild Type ER POS Metastastic Breast Cancer 

PFS 

PIK3CA Mutated 

PIK3CA Wild Type 

Andre, F, et al., N Engl J Med 380:1929-1940, 2019 

HR = 0.65 
P<0.001 

HR = 0.85 
P<1.0 

Alpelisib 
Placebo 

The FDA concurrently approved the 

companion diagnostic test, Therascreen 

PIK3CA RGQ PCR Kit, to select patients 

who have PIK3CA mutations in tumor 

tissue specimens and/or in circulating 

tumor DNA (ctDNA) isolated from 

plasma specimens. 

 

If the test is negative for 

PIK3CA mutations in plasma,  

patients should undergo testing for 

PIK3CA mutations in tumor tissue. 





Robinson, et al., Nat Genet 2013 

ESR1 Mutants Maintain Sensitivity to Fulvestrant 

Luciferase Activity in HEK-293T human embryonic 
kidney cells transfected with ESR (WT or Mutant) 

• ESR1 mutations in ER Positive MET Breast Cancer 

• Rare or never seen in primary cancer 

• ~ 20% in metastatic cancer 

• In theory, Predicts for  

• Resistance to E2 depletion 

• Not for resistance to SERM or SERD 

 



Tissue ESR1m and Relative Benefit SERD (Fulvestrant) vs. AI (Exemestane) 

OS 

PFS 

• ESR1 mutations in ER Positive MET Breast Cancer 

• Rare or never seen in primary cancer 

• ~ 20% in metastatic cancer 

• In theory, Predicts for  

• Resistance to E2 depletion 

• Not for resistance to SERM or SERD 

 

• Intriguing data, but needs confirmation before ET is chosen 

based on ESR1 mutation 

 



Potential Uses of Liquid Biopsies in 
Selection of Next Therapy 

• Exploratory 
• Resistance mechanisms 

• New targets 

Heterogeneity 



Tumour Phylogenetic Evolution 
(Renal Cell Cancer) 

Normal 
KDM5C (missense) 

Gerlinger, M., et al.; N Engl J Med; 2012 



CTC-ER ENUMERATION AND STAINING INTENSITY FOR EACH PT 
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ER EXPRESSION ON CTC 
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ER staining Primary 

Tumor (IHC> 95%), 200X 3% 

50% 

11% 

36% 

53% 

ER 

positive 

47% 

ER 

negative 

Paoletti, C, et al., Clin Cancer Res 21:2487-98, 2015  



Intra-Patient CTC Copy Number Heterogeneity 

Pt #2 

Pt #4 

Pt #7 
Pt #12 
Pt #14 
Pt #17 
Pt #19 

Pt# 24 

Pt #25 

Pt #29 

Pt #30 

Genes by Chromosome 

Indiv Cells CNV 

Paoletti C, Can A, et al., Cancer Res 78:1110-1122, 2018 



POTENTIAL 

MECHANISMS 

OF 

RESISTANCE 

TO 

ENDOCRINE 

THERAPIES 

(ET) 

Independent 
of E2 

ER- ER+ 

E2 Dependent  

Resistance to 
individual ET’s 

(Hypothetical) 

SERMs 

TAM Raloxifene Toremifene 

SERDs 

Fulvestrant 
Oral SERD 

E2 depletion 

Surgical 

Oophorectomy Adrenalectomy 

AI 

Non-steroidal Steroidal 

• Anastrozole 
• Letrozole 

Exemestane 
ESR1mut’ns 

UpReg GFs (MAP-K, EGFR, etc) 

Other? 

Pharmogenetics/kinetics 

Heterogeneity: 
• In a Single Patient, we can see MULTIPLE mechanisms of 

resistance to ET: 
• ER Negative CTC 
• ESR1 mutated with different mutations in different CTC 
• WT ESR1 CTC, but different genes mutated/CNVs 

• Taken together these data suggest we need to return to 
concept of combination therapies 



Return to Combination Therapy in MBC? 

• Caveats:  
–Difficult trial design required to show true clinical benefit 

–Possible antagonism 
• Biologic 

• Pharmacokinetic 

–Additive TOXICITY, TOXICITY, TOXICITY!!! 

–Multiple drugs/multiple companies 
• Who gets credit if success? 

• Who gets blame if toxic 

• Good news: Several companies have multiple drugs now 

–$$$ 
 



Are CTC the Buggy Whip of Liquid Biopsies? 
I Do Not Think So 



Tissue, CTC, & ctDNA May Be Complementary 

Tissue (NGS) CTC ptDNA 

Mutations/Genetic 
Abnormalities 

All  
(100s-1000s) 

Candidate  
(10-100s) 

Selected  
(1-10s) 

Phenotype Yes Yes No 

Total Body No Yes Yes 

Represents Tissue Biology  Yes Unknown Unknown 

Represents Live Cells Yes Yes Unknown 
(? Dead cells or 

secreted exosomes?) 

Serial Difficult Yes Yes 



Incidence of Elevated CTC and ctDNA is complementary 

  
ESR1LBDm status at 
 
baseline 

CTC at baseline 

<5 CTC/7.5 mL WB ≥5 CTC/7.5 mL WB Total 

ESR1LBDm+ ctDNA 8 4 12 

ESR1LBDm- ctDNA 24 7 31 

Total 32 11 43a 

Legend: CTC: circulating tumor cells; ctDNA: circulating tumor DNA; ESR1LBDm+ : ESR1 mutation detected; ESR1LBDm- : ESR1 

mutation “not detected”; LBD: ligand-binding domain; WB: whole blood; a43/45 patients had both CTC and ctDNA at baseline (2 

patients only had ctDNA, but not CTC assessed). 

23 pts (53.5%) 

had either 

ESR1LBDm+ or 

elevated CTC   

Only 4 pts 

(9%) had both 

8/32 (25%) pts 

with <5 CTC, 

had elevated 

ESR1LBDm+ 

ctDNA 

7/31 (23%) pts 

with ESR1LBDm 

not detected 

ctDNA had 

elevated CTC 
Paoletti C*, Schiavon G*. et al  Clin Ca Research 18: 1569, 2018   



Summary: Liquid Biopsies 

• Offer Potential Advantages Over Tissue Biopsy 

–Convenience, Safety, ? Cost 

–Biological 

• Not just ctDNA 

–Proteins, CTC, other Nucleic Acids 

• May be Complementary, Not Mutually Exclusive 

• Challenges 

–Analytical (Pre-analytical and Analytical) 

–Demonstration (NOT Assumption) of Clinical Utility 
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Several different mechanisms of resistance 

Razavi et al, 2018 

Each of these mechanisms may result in absolute endocrine independence or, if cancer 
remains endocrine dependent, resistance to specific therapies directed toward ER pathway. 



baseline 

Paoletti, C*, Cani A.K.* et al., Cancer Res 78:1110-1122, 2018 

TISSUE at BASELINE  

CTC at BASELINE 

CTC at PROGRESSION 

Emergence of CTC genomic 
alterations over time 

456 days 



Table showing CTC enumeration and ESR1LBDm status in 43 
patients who had both CTC and ctDNA assessed at baseline  

Paoletti C*, Schiavon G*. et al CCR DOI: 10.1158/1078-0432.CCR-18-1569   
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