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But Read length is only 36-125 base pairs
= 0.0000004% of genome





Putting the pieces together

Tandem Duplicator Phenotype
Edison Liu, Jackson Laboratory

Genome copy number in TNBC
Dan Stover, DFCI, now Ohio State
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Present in ~50% TNBC



Menghi et al. PNAS 2016

Tumor with tandem duplications
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Take home

• BRCA1 mutations can produce Tandem Duplications

• Tandem duplications are a mechanism of amplification

• Why doesn’t BRCA1 cause HER2-amplified cancer?



Putting the pieces together

Tandem Duplicator Phenotype
Edison Liu, Jackson Laboratory

Genome copy number in TNBC
Dan Stover, DFCI, now Ohio State



By Racheljunewong (Own work) [CC BY-SA]

Circulating tumor DNA
(ctDNA or cfDNA)

What is ctDNA?

ichorCNA

Adalsteinsson et al. 
(Meyerson) Nature 
Communications 8: 
1324, 2017

Algorithm to 
see genome 
structures.
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Genome-wide copy number analysis of 
chemotherapy-resistant metastatic triple-
negative breast cancer from cell-free DNA

Daniel G. Stover, Heather A. Parsons, Gavin Ha, Sam Freeman, William T. 
Barry, Hao Guo, Atish Choudhury, Gregory Gydush, Sarah Reed, Justin 

Rhoades, Denisse Rotem, Melissa E. Hughes, Deborah A. Dillon, Ann H. 
Partridge, Nikhil Wagle, Ian E. Krop, Gad Getz, Matthew Meyerson, Todd 
Golub, J. Christopher Love, Eric P. Winer, Sara M. Tolaney, Nancy U. Lin, 

Viktor A. Adalsteinsson

San Antonio Breast Cancer Symposium, December 5-9. 2017

San Antonio Breast Cancer Symposium

This presentation is the intellectual property of the presenter. Contact him at daniel.stover@osumc.edu for permission to reprint or distribute.
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Ultra-Low Pass Whole Genome Sequencing (ULP-WGS)

20

Computational approach: 
ichorCNA
– Identify somatic copy number alterations
– Calculate ‘tumor fraction’ (TFx) of cfDNA

• TFx ≥10%: High confidence SCNA calls

Benefits
▪ Does not require prior tumor or germline sequence data
▪ Optimal for investigation of tumors with extensive SCNAs (e.g. TNBC)
▪ Cost-effective: Less than $200 per sample

Fresh or frozen plasma (4mL)
▪ EDTA, Streck, or CellSave tubes
▪ Sequence at very low coverage (0.1X) 

▪ 1 in 10 bases sequenced

▪ Cannot resolve mutations/indels

Adalsteinsson V, Nat Comm 2017

This presentation is the intellectual property of the presenter. Contact him at daniel.stover@osumc.edu for permission to reprint or distribute.

San Antonio Breast Cancer Symposium, December 5-9. 2017

mailto:daniel.stover@osumc.edu


21High confidence SCNA calls

San Antonio Breast Cancer Symposium, December 5-9. 2017

Figure 1. REMARK Diagram 

Patient Identification 
Biopsy-proven metastatic TNBC 

Plasma: Banked or prospectively collected 

Patient n=164 | Sample n=506 

≥1 Sample with TFx Over 10% 
Patient n=101 | Sample n=200 

Ineligible samples: 
     Withdrew consent: n=1 
     Failed DNA extraction/library prep: n=16 

Ultra Low Pass  
Whole Genome Sequencing 
Patient n=163 | Sample n=489 

Evaluable Dataset 
Patient n=158 | Sample n=478 

Ineligible samples: 
     Failed sequencing QC: n=11 

No Samples with TFx Over 10% 
Patient n=57 | Sample n=278 

This presentation is the intellectual property of the presenter. Contact him at daniel.stover@osumc.edu for permission to reprint or distribute.

63.9% (101/158) 
evaluable patients had 

‘tumor fraction’ (TFx) of 
cfDNA ≥10%

Patient & Sample Identification: REMARK

mailto:daniel.stover@osumc.edu


Tumor fraction is dynamic
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Purity: 0.22, Ploidy: 2
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Purity: 0.051, Ploidy: 2.13
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Purity: 0.17, Ploidy: 1.85
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op
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be
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(lo
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 ra
tio
)

1 2 3 4 5 6 7 8 9 10 11 12 13 141516 18 2022 X

Purity: 0.038, Ploidy: 1.73

Cycle 1 (Day 0) 
Tumor Fraction: 31.5% 

Cycle 2 (Day +20) 
Tumor Fraction: 4.6% 

Cycle 4 (Day +62) 
Tumor Fraction: 3.5% 

Cycle 6 (Day +104) 
Tumor Fraction: 13.4% 

Cycle 8 (Day +147) 
Tumor Fraction: 17.9% 

Off Study (Day +188) 
Tumor Fraction: 48.2% 
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Purity: 0.3, Ploidy: 1.96

●

●
●

●
●
●
●●
●
●
●

●

●
●
●
●

●

●●●
●

●●
●

●

●

●

●
●

●

●●
●

●
●
●
●

●

●

●
●●

●●
●

●

●
●
●●●

●

●●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●
●

●

●
●●●●

●
●
●
●
●

●
●
●

●

●
●

●

●

●
●
●

●

●
●

●

●●

●●

●

●

●
●●
●
●

●

●
●●

●

●

●

●●

●

●

●

●●

●

●

●

●

●●
●●●

●●

●
●

●

●

●

●

●

●

●

●
●

●
●●
●●●
●●

●
●●

●

●
●●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●●
●

●

●
●

●

●

●●

●
●

●

●

●

●

●●

●

●

●
●

●●

●

●
●

●

●

●

●
●
●

●

●●●

●

●●
●

●

●

●

●

●●

●
●
●

●

●
●
●
●

●●

●

●●●

●
●

●

●●
●
●

●

●

●●●

●
●

●●

●
●

●

●●●
●

●

●

●

●

●●
●●

●●

●

●

●
●
●

●●●
●

●●

●

●
●

●

●
●
●

●●●

●

●

●

●

●

●

●

●●
●

●
●●
●

●
●
●

●

●

●

●

●●

●

●

●

●●
●
●●
●

●

●

●

●

●●

●

●

●
●

●

●●

●●
●

●●

●

●

●

●

●
●

●●
●
●

●
●

●

●

●●
●
●

●

●

●

●
●

●

●

●

●

●●●

●●●●

●

●
●
●

●

●
●●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●●
●

●

●

●
●
●

●

●

●

●

●●

●
●●●
●

●

●
●
●

●
●

●

●●

●

●

●
●●

●

●

●●

●

●
●
●

●

●

●

●

●

●●
●●
●
●●●●

●

●

●
●
●●
●
●
●

●

●

●

●
●

●

●●

●●
●

●
●

●

●

●
●
●

●

●
●

●
●

●●
●

●

●

●

●
●●
●●
●

●

●

●

●
●

●

●

●●

●

●

●
●

●●

●

●

●
●
●●

●
●

●
●

●
●●

●●

●

●

●

●
●

●

●
●
●

●

●
●●

●

●

●

●

●

●

●
●

●

●

●
●

●●

●
●
●

●

●

●●

●●

●
●

●

●
●●

●●

●
●

●●

●

●
●

●

●

●

●

●
●●
●●

●
●●

●

●

●●

●

●●
●
●
●
●
●

●
●

●

●

●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●
●

●

●

●

●

●
●

●

●
●
●
●

●

●

●

●

●

●

●

●
●

●

●●

●

●

●●
●
●

●
●

●
●

●●
●●

●

●

●

●●

●

●●

●

●●

●

●
●

●
●

●

●

●
●
●

●

●

●

●

●

●
●●
●●
●

●

●
●
●●
●

●
●

●

●

●

●

●

●

●

●●

●
●
●●
●
●●

●
●
●

●

●
●

●

●

●●

●

●

●
●

●

●

●

●●

●

●
●

●●
●●

●
●
●

●

●
●

●●

●

●

●●

●
●

●

●

●
●
●

●
●
●
●●●

●

●
●

●

●●●

●
●

●

●

●
●
●

●

●●
●●
●

●●

●

●

●

●●●●
●
●

●●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●●

●

●

●

●
●

●

●

●

●
●

●

●●
●

●

●

●
●
●
●
●

●

●

●

●

●

●
●

●
●
●●●

●

●

●●

●●

●

●

●

●
●●●
●
●

●

●
●
●

●●

●

●

●●
●

●

●

●

●

●
●

●●

●

●

●

●

●●

●

●
●

●

●●

●

●
●

●

●
●●●

●●

●
●

●

●●●●●

●

●

●
●

●
●●●

●

●

●

●

●

●
●

●

●

●

●
●
●
●●
●

●

●●
●
●

●●

●●
●

●
●●
●
●

●

●

●●

●

●●

●

●

●
●●

●●
●
●●
●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●●

●

●

●
●
●
●●●
●●

●

●
●

●

●

●●
●
●
●

●

●

●

●

●

●

●
●

●
●

●

●

●
●●●
●●

●

●●

●
●

●

●●
●
●
●

●
●
●●

●

●

●

●
●

●

●

●
●●

●

●

●●●

●

●

●

●

●
●

●
●
●

●
●●●●
●
●
●●
●●

●
●

●

●
●
●●
●
●
●
●

●

●
●

●
●

●

●
●●

●

●

●
●
●

●●

●

●

●●

●

●

●
●
●

●

●

●
●
●

●
●

●
●
●
●

●
●●

●

●

●

●●●

●

●

●

●

●
●

●

●

●

●
●

●

●
●
●

●

●
●
●
●

●

●

●
●

●

●
●●

●

●●

●●

●

●

●

●

●
●

●

●●
●
●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●

●

●

●
●

●
●

●●
●●

●

●
●

●

●●

●

●
●
●●●
●
●

●

●

●
●
●

●

●

●

●

●●
●
●

●

●

●

●

●

●

●

●●●●

●

●

●
●

●

●●

●

●

●

●

●●
●

●

●
●

●

●●

●

●

●

●●

●

●

●

●

●
●●

●

●
●
●

●●●
●

●

●

●

●
●

●

●

●

●

●
●

●

●
●
●

●

●

●

●

●

●

●

●
●
●

●

●

●

●●●

●

●

●

●
●●
●

●●
●

●
●●

●

●●

●●●
●

●●
●

●

●

●

●

●
●

●
●●●
●

●

●
●
●
●●
●●

●

●

●

●

●

●
●

●

●
●

●
●

●●

●
●●
●●

●

●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●●

●

●
●

●
●

●

●
●●
●

●●

●

●

●

●●
●
●●

●

●

●

●●
●

●

●●

●
●●
●

●

●●

●

●

●●
●

●

●
●

●●●
●

●
●●
●●
●
●

●
●

●
●

●

●

●

●

●
●
●

●

●

●

●
●●

●
●

●
●

●
●
●

●

●●
●

●
●●

●

●
●●
●●

●●

●

●

●

●
●●●
●

●

●
●
●●
●●●

●

●

●●●

●

●

●

●

●●
●●

●

●

●

●

●
●●

●

●●●

●

●

●

●

●

●
●

●
●

●

●

●

●
●●●●●
●

●●●●

●
●

●
●

●●
●

●
●

●

●●

●

●

●●●●

●

●

●
●
●

●
●●
●

●
●

●
●
●

●●

●

●

●

●●

●●

●
●

●

●
●
●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●●

●

●

●

●

●●●●

●●
●
●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●

●

●
●
●●

●

●

●

●
●●
●
●
●●●

●
●

●

●

●●

●
●

●

●

●

●●

●

●●
●

●

●

●

●

●

●
●
●●

●

●●
●

●

●
●

●

●●●

●●
●
●

●
●
●
●

●

●●

●

●
●

●
●●

●

●
●
●

●●

●

●

●

●

●
●

●

●
●●
●

●

●

●

●●

●

●

●

●
●
●●

●

●
●●
●

●

●

●
●
●

●

●

●

●
●

●

●
●

●

●

●●

●

●

●
●

●●
●
●

●
●
●

●
●●
●
●

●

●

●
●●●
●

●

●
●

●

●

●
●

●
●
●

●

●

●

●

●

●
●

●●●
●
●●●

●

●

●●

●●

●●
●
●

●●●
●●

●●●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●●●

●
●

●
●

●

●
●
●
●
●

●

●
●

●

●
●

●●
●

●●

●

●
●
●

●

●

●

●

●

●

●●

●●
●

●

●

●

●●

●

●

●

●

●

●

●

●●●●
●

●

●

●

●

●

●

●

●

●

●

●●●

●

●●
●
●
●

●
●

●
●●

●

●

●
●●
●●

●
●
●
●
●

●

●
●

●

●●●●●
●
●
●

●

●●
●

●

●

●

●

●

●

●
●

●●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●
●

●

●●
●

●

●

●

●

●●●

●
●
●●

●
●
●

●●●
●●

●

●

●

●
●

●

●●

●●
●

●

●

●

●

●

●
●
●●

●

●

●

●
●

●

●
●

●
●●●

●

●●●

●
●●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●●
●
●

●

●

●
●
●

●

●

●●

●

●

●
●●

●

●
●

●

●

●
●

●

●
●

●

●●
●

●

●●
●●
●

●

●

●

●

●

●
●
●

●

●

●●

●●
●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●

●
●

●

●

●

●

●●

●
●
●

●

●

●

●
●

●●

●

●
●

●

●

●

●

●
●
●

●
●

●

●

●

●●

●●●

●
●

●●

●

●

●

●

●

●

●●●

●

●
●

●

●
●●

●
●

●

●

●

●

●

●
●

●●

●

●●
●●

●

●

●

●

●

●

●

●●
●

●

●

●●●

●
●●

●
●

●

●

●
●

●●

●
●

●

●

●

●
●
●
●

●

●

●

●
●

●
●

●
●

●

●

●

●

●●●

●●
●
●●●

●

●●
●

●

●

●
●
●

●●
●●

●

●

●

●

●●

●

●
●

●

●

●

●●

●

●

●
●

●

●●

●

●
●
●
●
●

●

●

●

●
●●

●

●

●

●

●

●

●

●●
●

●

●

●

●●
●

●●

●●

●

●

●●
●
●●

●
●

●
●
●●
●

●●
●●

●●

●

●●●
●●
●

●

●

●

●

●
●

●
●●●
●
●

●

●

●

●●

●
●
●
●

●

●
●
●

●

●
●

●

●
●
●

●

●●
●
●●
●

●

●

●

●

●

●

●
●●

●

●

●

●●●

●
●●

●

●
●

●●

●

●●
●
●
●

●

●●

●

●
●

●

●●●
●

●

●
●

●●
●
●

●

●●
●●●

●

●
●
●

●

●

●

●●

●
●

●

●●

●●

●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●
●
●

●●

●

●●

●
●
●
●

●

●

●

●●

●

●
●

●

●●
●●●

●

●

●

●
●

●

●
●●
●
●
●

●
●●

●

●
●

●
●
●

●

●

●●
●●

●●
●

●

●

●●

●●

●●
●

●

●

●●
●

●●
●

−2

−1

0

1

2

12431_27.ctDNA.QC.FC15884142
C
op
y 
N
um
be
r 
(lo
g2
 ra
tio
)

1 2 3 4 5 6 7 8 9 10 11 12 13 141516 18 2022 X

Purity: 0.12, Ploidy: 1.92
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Purity: 0.17, Ploidy: 1.85
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12431_27.ctDNA.QC.FC15884141

C
op
y 
N
um
be
r 
(lo
g2
 ra
tio
)

1 2 3 4 5 6 7 8 9 10 11 12 13 141516 18 2022 X

Purity: 0.038, Ploidy: 1.73

Cycle 1 (Day 0) 
Tumor Fraction: 31.5% 

Cycle 2 (Day +20) 
Tumor Fraction: 4.6% 

Cycle 4 (Day +62) 
Tumor Fraction: 3.5% 

Cycle 6 (Day +104) 
Tumor Fraction: 13.4% 

Cycle 8 (Day +147) 
Tumor Fraction: 17.9% 

Off Study (Day +188) 
Tumor Fraction: 48.2% 
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1 2 3 4 5 6 7 8 9 10 11 12 13 141516 18 2022 X

Tumor Fraction: 0.19, Ploidy: 1.87
Subclone Fraction: 0.656, Frac. Genome Subclonal: 0.15, Frac. CNA Subclonal: 0.22

Cycle 1 (Day +6) 
Tumor Fraction: 19.3% 

San Antonio Breast Cancer Symposium, December 5-9. 2017

Stover DG, J Clin Onc, In press.
Tolaney SM, Oncologist 2017

This presentation is the intellectual property of the presenter. Contact him at daniel.stover@osumc.edu for permission to reprint or distribute.
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Tumor fraction is dynamic
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Purity: 0.22, Ploidy: 2
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Purity: 0.051, Ploidy: 2.13
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Purity: 0.17, Ploidy: 1.85
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be
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tio
)

1 2 3 4 5 6 7 8 9 10 11 12 13 141516 18 2022 X

Purity: 0.038, Ploidy: 1.73

Cycle 1 (Day 0) 
Tumor Fraction: 31.5% 

Cycle 2 (Day +20) 
Tumor Fraction: 4.6% 

Cycle 4 (Day +62) 
Tumor Fraction: 3.5% 

Cycle 6 (Day +104) 
Tumor Fraction: 13.4% 

Cycle 8 (Day +147) 
Tumor Fraction: 17.9% 

Off Study (Day +188) 
Tumor Fraction: 48.2% 
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Cycle 1 (Day +6) 
Tumor Fraction: 19.3% 
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Primary Objective

• Specific SCNAs are more frequent in chemoresistant metastatic 
TNBCs relative to chemotherapy-naïve primary TNBCs.

• Cell-free DNA ‘tumor fraction’ (TFx) ≥10% is associated with 
worse overall metastatic survival in TNBC.

25

To evaluate the association of 
cfDNA ‘tumor fraction’ and copy number alterations  with 

metastatic survival in TNBC.

Hypotheses
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Tumor fraction is prognostic

• TFx of first available blood 
sample per patient

• Stratified by pre-specified TFx
threshold 
– ≥10% versus <10%

• Overall metastatic survival:
– Time from first blood sample

• Held up in multivariate analysis

26
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# at risk

75 57 34 16 11TFx < 10%

83 48 25 11 4TFx > 10%

Log-rank p=4.51E-5 

Median: 6.4 mo 
95% CI (5.0-9.4) 

Median: 15.9 mo 
95% CI (9.6-21.3) 
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Take home

• 2/3 of TNBC have tumor-derived DNA ≥ 10% at some point 

• Tfx ≥ 10% associates with poor survival

• Tfx follows clinical course (N=1)

• Could be a useful prognostic/predictive biomarker

• How repeatable/valid are the ichorCNA estimates of Tfx?

• Is this better than tumor markers?



Themes

1. Genomics—more than just point mutations 
and small indels

2. More on BRCA1/2 VUS

3. Predicting late recurrence

4. Predicting response and resistance



Variants of Uncertain Significance

A high-throughput functional 
complementation assay for BRCA1
missense variants

Bouwman et al. (Jonkers lab)
Cancer Discovery 2013



Cancer risks and response to targeted therapy 
associated with BRCA2 variants of uncertain 

significance

Fergus J. Couch, Ph.D.

Mayo Clinic
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BRCA2 3,418 aa

PALB2 interaction (11-33)

RAD51 dissasembly

(3,270-3,301)

DNA binding/ OB/

Tower (2,479-3,184)

P/CAF interaction (169-202) Nuclear localization

signal
Unexamined conserved

Element (1,103-1,129)

RAD51 binding BRC repeats

BRCA2 protein and Homology Directed Repair Assay

DR-GFP reporter construct 

This presentation is the intellectual property of the author/presenter. Contact (couch.fergus@mayo.edu) for permission to reprint and/or distribute
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HDR assay sensitivity and specificity
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Evaluated 139 BRCA2 DBD missense variants
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Take home

• Robust functional assays can classify gene function

• VUS of BRCA1 and BRCA2 are becoming classified into 
deleterious versus benign

• Consider re-evaluation of your patients with BRCA2 VUS 
ClinVar and BRCA exchange

• Some risk of generalizability with single assay

• It will be necessary to re-evaluate on populations



Themes

1. Genomics—more than just point mutations 
and small indels

2. More on BRCA1/2 VUS

3. Predicting late recurrence

4. Predicting response and resistance



Pan H et al. N Engl J Med 2017;377:1836-1846.

Association between Pathological Nodal Status and the Risk 
of Distant Recurrence or Death from Breast Cancer during the 

20-Year Study Period.



Predicting late recurrence

CTS5 clinical predictor
Ivana Sestak, Queen Mary University London

CTCs in ECOG E5103
Joseph Sparano, Einstein/Montefiore
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Integration of clinical variables for the 

prediction of late distant recurrence in 

patients with estrogen receptor positive 

breast cancer treated with 5 years of 

endocrine therapy

Ivana Sestak1

Meredith M. Regan2, Andrew Dodson3, Giuseppe Viale4, 

Beat Thürlimann5, Marco Colleoni6, Jack Cuzick1, Mitch Dowsett3

1. Centre for Cancer Prevention, Queen Mary University of London, London, United Kingdom

2. Dana Farber Cancer Institute, Boston, United States

3. Ralph Lauren Centre for Breast Cancer Research, Royal Marsden, London, United Kingdom

4. European Institute of Oncology & University of Milan, Milan, Italy

5. Kantonsspital St. Gallen, St. Gallen, Switzerland

6. European Institute of Oncology, Milan, Italy
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Aims

1. To develop a prognostic tool (CTS5) specifically for prediction of 

late distant recurrence using clinicopathological parameters

2. To compare prognostic performance of CTS5 to published 

Clinical Treatment Score (CTS0) 

CTS0 developed in TransATAC (N=1125) in presence of IHC markers and in chemotherapy untreated 

women (Cuzick et al., 2011, JCO)
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Training/validation cohorts
ATAC 

N=5216

Median FUP: 9.8 years

Clinical variables 
not accessible

N=55

Evaluable clinical 
variables

N=5161

Censored/had 
distant recurrence 
within first 5 years

N=426

Evaluable clinical 
variables and distant 

recurrence-free at 5 years

N=4735

Evaluable clinical 
variables

N=7729

Evaluable clinical variables 
and distant recurrence-free 

at 5 years

N=6711

Clinical variables not 
accessible

N=281

BIG1-98

N=8010

Median FUP: 8.1 years

Censored/had 
distant recurrence 
within first 5 years

N=1018

Distant recurrence >5 years:              7%                                     5.5%
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CTS5 score development

• Univariate Cox regression to determine prognostic value of each variable:

Node: 

0 = Negative

1 = 1 positive

2 = 2-3 positive

3 = 4-9 positive

4 = >9 positive

Size: 

Continuous

(if >30 then = 30)

Grade: 

0 = Grade 1

1 = Grade 2

2 = Grade 3

Age: 

Continuous

Final CTS5 model:

Clinical variable HR (95% CI) P-value

Number of positive nodes 1.14 (1.12-1.15) <0.0001

Tumor size (mm) 1.10 (1.08-1.12) <0.0001

Grade (1 vs. 2, 1 vs. 3) 2.26 (1.58-3.22) / 3.37 (2.33-

4.86)

<0.0001 / <0.0001

Age (years) 1.04 (1.02-1.05) <0.0001

Endocrine therapy (T vs. A) 0.84 (0.67-1.04) 0.108
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DR free (%) in years 5-10
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Low: N=1989 (42.0%)

Intermediate: N=1484 (31.3%)

High: N=1262 (26.7%)

5 6 7 8 9 10

Follow-up time since randomization [years]

2.5% (1.8-3.4)

7.7% (6.3-9.5)

20.3% (17.2-24.0)

5-10 year DR risk (%)

HR (95% CI)

Low Reference

Intermediate 3.42 (2.37-4.95)

High 9.43 (6.71-13.25)
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High 5.33 (4.02-7.07)

ATAC (training) BIG 1-98 (validation)
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Combined dataset: DR free (%)

Node-negative

N=7309

HR (95% CI)

Low Reference

Intermediate 2.67 (2.05-3.48)

High 4.22 (2.76-6.45)
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Combined dataset: DR free (%)

Node-negative

N=7309
1-3 positive nodes

N=3110

HR (95% CI)

Low Reference

Intermediate 2.67 (2.05-3.48)

High 4.22 (2.76-6.45)

HR (95% CI)
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Intermediate 3.40 (1.63-7.08)

High 6.54 (3.22-13.29)
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Conclusions

• CTS5 was highly prognostic for prediction of late DR
 Large proportion of women (42%) identified where value of extended 

endocrine therapy is limited

• CTS5 more accurate for late DR than CTS0 
(Cuzick et al., 2011, JCO)

• Strengths:
• Large clinical trial data with long-term follow-up

• Clinicopathological parameters measured in all patients
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Conclusions II

• Limitations:
• Only applicable to postmenopausal women

• Both trials before routine HER2 testing and directed therapy

CTS5 simple tool to calculate risk of late distant recurrence





San Antonio Breast Cancer Symposium, December 5 -9, 2017





San Antonio Breast Cancer Symposium, December 5 -9, 2017



San Antonio Breast Cancer Symposium, December 5 -9, 2017



San Antonio Breast Cancer Symposium, December 5 -9, 2017



San Antonio Breast Cancer Symposium, December 5 -9, 2017



San Antonio Breast Cancer Symposium, December 5 -9, 2017



Take home
Sestak CTS5
• CTS5 is a simple predictor of outcome using clinical information you have
• Not validated on premenopausal women or HER2+
• Is grade sufficiently reliable outside of centralized review?

CTCs
• CTCs by Cellsearch is a validated and simple assay
• High negative predictive value
• Only 5% of patients have CTCs, far fewer than the number of recurrences

– Only identifies the actively recurring tumors?

• Is this better than radiologic evaluations or tumor markers?
• Serial assessments will degrade NPV

Both
• Are they predictive?



Themes

1. Genomics—more than just point mutations 
and small indels

2. More on BRCA1/2 VUS

3. Predicting late recurrence

4. Predicting response and resistance



Predicting response and resistance

Endopredict and response to neoadjuvant therapy
Peter Dubsky, ABCSG

Resistance to CDK4/6i via FGFR
Luigi Formisano, Vanderbilt
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Take home

• EP score can help predict response to endocrine therapy

• Unclear why EP score and Ki67 don’t match
• Ki67 is the best predictor of chemo response



Summary

1. Tandem duplications are generated by BRCA1

2. cfDNA may provide information about genomic 
structure and recurrence risk

3. BRCA2 VUS have functional annotation

4. Late recurrence can be predicted by clinical 
parameters (and CTCs)

5. Genomics may predict response/resistance.
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Summary

BRCA2 VUS have functional annotation   

ClinVar, BRCAexchange

Late recurrence can be predicted by clinical parameters



The genesis of cancer Ryan Denu

https://visualsonline.cancer.gov/

Questions?


