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Sarah Dawson, Melbourne; educational

ctDNA as a “Liquid Biopsy” CtDNA =
circulating DNA

Different from

Sits V) circulating tumor
N I | -
(same concept)
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Pre-analytical considerations Methods of ctDNA analysis
Blood Collection EDTA cfDNA Specific Tubes
$ $ pane
Plasma RT,within1h  RT, within 96 h Single Locus e Whole
Centrifugation : et
(eg hybrid uencing
Plasma can be kept frozen at -80°C (s Dighal PCR) capture, e
amplicon)
cfDNA cfDNA extraction: standard protocol
Preparation
- - Analysis Analysis
Qc Quality and quantity check of cfDNA ) Increasing senslihity
*  Tumour burden «  Molecular
: * Disease profiling
Analysis Various analysis approaches monitoring «  Clonal evolution
depending on clinical application Increasing genomic coverage — wee)

and/or research question
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Cllnlcal appllcatlons of ctDNA
in breast cancer management

Breast cancer Risk stratification Monitoring Survelllance: Molecular profiling
detection: and prognostication response to Detection of and monitoring
Screening or in early breast neocadjuvant/ minimal clonal evolution in
early diagnosis cancer adjuvant residual metastatic breast
therapy disease cancer
® Clone 1
© Clone 2
® Clone 3
3
2
(%]
(=]
v
-
- Time ' ’ L
lSurgery (or other)l—, . Treatment 1 Treatment 2 i

x Treatment selection —/

Adapted from Wan et al, Nature Reviews Clinical Oncology, 2017
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ctDNA to monitor treatment responses

W ENGLAND JOURNAL

PR

Ep-nb | ORIGINAL ARTICLE I W Carbo-

Analysis of Circulating Tumor DNA /
to Monitor Metastatic Breast Cancer M'_o

Circulating Biomarker
?

________
1084 ‘
10 M
ND ‘,: . 1
0 loc oy 200 300
! s

» Changes in levels of circulating tumour DNA closely follow
treatment responses

+ Tracking levels of circulating tumour DNA may provide an
early indicator of treatment resistance
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ctDNA to monitor treatment responses

Progressive  Stable Progressve Stable Progressive Mrogressve Stable
doease  dease diseave daease disease dsease dsease
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» Multiple mutations often show similar dynamic changes when
tracked simultaneously

+ Evidence of clonal heterogeneity: different clones show
diverging patterns over the course of treatment
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ctDNA during surveillance to detect
early relapse

RESEARCH ARTICLE

CANCER

Mutation tracking in circulating tumor DNA predicts
relapse in early breast cancer

Isaac Garcla-Murillas,'* Gala Schiavon,'#*" Britta Weigelt,' Charlotte Ng.” Sarah Hrebien,' Peat- = 3] = .
Rosalind ). Cutts,” Maggie Cheang,* Peter Osin,” Ashutosh Nerurkar,” m——y j| L= ( =
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ctDNA, risk stratification and future
clinical trial design

MRD
Minimal residual disease

=
O

Future MRD Clinical Trial Paradigm

2% 2w Do S Do Do Do Do
B SIS
D= e Do D Dibe Do Do Do
i 2 e 3P0 2o 2w 2he 2be
e e e 2o 2he he 2 Do
e e e e e e e mae
200 2000 2000 00 00 20 e e
Bt o i e I
T i rhe rhe e he rhe rhe
B S
Mo e Do S Do Do S Do
B .
D I

ctDNA negative ==P + De-escalate adjuvant therapy to reduce toxicity and costs
ctDNA positive - * Prioritize intensive and novel approaches for those most likely to benefit
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Circulating Tumor Cells
and Late Recurrence of Breast Cancer

Joseph A. Sparano, MD', Anne O’Neill, MS?, Katherine Alpaugh, PhD?,
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Joe Sparano, ECOG-ACRIN; GS06-3

San Antonio Breast Cancer Symposium December 5-9, 2017

Background: Late Recurrence in ER+ Breast Cancer

» Late recurrence - 5 or more years after diagnosis

* Accounts for ~ 50% of recurrences in ER+ breast cancer

* In EBCTCG metaanalysis', the 10-year recurrence risk in patients recurrence-free after
a 5-year course of endocrine therapy:

-~ 5% if 0 LN+
= 10% if 1-3 LN+
- 22% if 4-9 LN+
* Adjuvant therapy and biomarkers for late recurrence
+ Adjuvant chemotherapy ¥ early recurrence within 5 years 2
+ Extended adjuvant endocrine therapy ¥ late recurrence by ~ 2-4% 34
* Some gene expression assays prognostic for late recurrence

~ =~ 2.5-fold A recurrence risk in high vs. low risk groups 1°

(1) EBCTCG, NEJM 2017; 377; 1836-46; (2) EBCTCG. Lancet 2012; 379:432-44 (3) Goss PE et al, J Natl Cancer Inst 200597:1262-71. (4) Mamounas EP et al., J Clin Oncol
2008,26:1965-71 (5) Jakesz ot al . J Natl Cancer Inst. 2007, 99(:1845-53. (6) Davies C et al., Lancet. 2013 ;381:805-16 (7) Gray et al_ J Chin Oncol 31, 2013 (suppl. abstr 5) (8)
Goss PE ot al., N Engl J Med. 2016; 375:209-219 (9) Sgrol ot al. J Nati Cancer Inst 2013; 105:1036-42 (10) Wolmark ot al. J Cin Oncol 2016; 34:2350.58

- n - a9 ntation ks 8 tellectual property of ¢ per. Contact
==[ ( ( )( ]_ACRIN ey This ;nfm umv: he r: pllectual property of the presenter. Contac
cateer resanel @it o wirw spararo@montefiore.org for permission 1o reproduce and/or distribute
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San Antonio Breast Cancer Symposium December 5-9, 2017 ==

Background: Rationale for Evaluation of Circulating
Tumor Cells (CTCs) as a Biomarker for Late Recurrence

« Analytical validity

* FDA-cleared blood test for enumerating CTCs in metastatic breast cancer 12

* Clinical validity
* CTC burden and prognosis in metastatic breast cancer’?
* CTC presence/burden & recurrence in early breast cancer *#

__Luccietal® Reithdort *

No. 302 2026 213
CTC-Positive 24% 22% 22%
Median followup 2.9 years 2.9 years 5.6 years
Recurrence risk (CTC + vs. -) 4.6-fold A 2.1-fold A 2.9-fold

(1) Cristofanilli et al. N Eng J Med 2004; 351:781-91 (2) Smerage et al. J Clin Oncol 2014; 32:3483-89 (3) Lucci et al. Lancet Oncol 2012; 13: 688-95
(4) Rack et al. JNCI 2014:106(5): djus066 doi:10.1093/jnci/dju066 (5) Reithdorf et al. Clin Cancer Res 2017; 23: 5384-5392

This presantation is the imellectual property of the presenter. Contact

pan 4 of o -5 o g
-—l '(u(‘)«(',uﬁucdRq.l,N 7’1 :: - jsparano@montefiore org for permission 10 reproduce and/or distribute



San'Francisco, CA

OFFICIAL

best () United States

s CTC’s and Late Recurren
Joe Sparano, ECOG-ACRIN; GS06-3

| San Antonio Breast Cancer Symeosium December 5-6.2017 e e o
Methods: Hypothesis & Study Objectives Methods: Analysis Plan

Hypothesis: + Prospective study: planned in accordance with REMARK'
CTCs are prognostic for late recurrence

« Sample size: distinguish CTC+ rate <1% vs. 5-10%

Study Objectives: « Interim after 233 patients, halt if the CTC+ rate <1% (8=0.10, a=0.05)
1. Prevalence of CTCs ~ 5 years after diagnosis + Accrual continued after interim analysis, but eventually halted after 3.4 years due to
2. Association between CTCs and recurrence slowing accrual and close to target

Antorso Breast Cancer Symposium Deceribee 5-9.2017 ___ — . e o o Primary analysis population: evaluable CTC sample and no invasive
- recurrence before or within 30 days of en
Methods: Study Design y .

* Primary endpoint: time to recurrence (TTR): date of sample to first invasive
distant and/or local/regional recurrence

| (1)McShane et al. J Natl Cancer Inst 2005,97:1180-4
* Treatment: AC-weekly paclitaxel £ bevacizumab + endocrine therapy if ER+ COGACRIN| 323 e et « e s i e o i

s )

* Population: Stage lI-lll HER2-negative enrolled in E5103 (NCT00433511)

* Selection: Recurrence-free 4.5-7.5 years after diagnosis & informed consent

+ CTC Assay: Whole blood (7.5 ml) drawn into fixative-containing tube for
CTC identification and enumeration using the CellSearch® system at entry

« Assay results: not reported to clinicians or patients due to uncertainty
regarding prognostic information
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Joe Sparano, ECOG-ACRIN; GS06-3

Breast Cancer Symposium December

Results: Tlme to Recurrence in HR+ Disease (N=353)
Median time to recurrence in CTC+: 1.6 years (range 0.5-2.8 years)

10—

San Antonio

e

CTC-Pos: 247% M
CTC-Neg: 1.5% o7

E os

3 05

}
C°f‘""’_e3§f;d'°""° Hazard ratio 21.7 Multivariate Cox model

e L (95% C.I. 7.0-67.8) Hazard ratio 18.1

Negative Predictive p <0.001 log rank test (95% C.I. 5.0- 65.3)

Value = 98%

Nurroer of Risk

1 2

3

B 5

Time to Recurrence(Years) from Time of CTC Blood Draw

CTC rgatve £5Y b "r " < [ ]
CTC peaitive " 1 s ° 0 °
SEr - et ) 1 4 t " 1
::} CO( I'ACR]N — This D'Q?Qﬂl.!lm is the intellectual property of the presenter. Contac
cancer pesaarel o | e vw o, |sparano@montefiore org for permission 10 reproduce andior distnbute




San'Francisco, CA

OFFICIAL

best () United States

Qrocs CTC’s and Late Recurren
Joe Sparano, ECOG-ACRIN; GS06-3

San Antonio Breast Cancer Symposium December 5-

Results: CTC Burden & Recurrence in HR+ Disease (N=18)

(all taking endocrine therapy except 3 patients denoted by symbol < Q

=

[

12

HR-Positive Disease (N=353) and CTC+ (N=18):
+ Median CTC count overall: 1 cell (range 1-15 cells)
No recurrence (N=12): median 1 cell (1-14 cells)
* Recurrence (N=6): median 8 cells (range 1-15 cells)
* 1cell (N=2/12) 16.7% (95% Cl 2.1%-48.4)
* > 2cells (N=4/6) 66.7% (95% CI 22.3%- 95.7%)

Patient nember
3

- N W A N e ©
B

HR-Negative Disease (N=193) and CTC+ (N=8)
* CTC+: 1 cell (N=7), 2 cells (N=1)
* 0/8 CTC+ patients recurred

10 12 “ 1%

~N 4
=

e a

No. CTC per 7.5 mi blood
==FCOG-ACRIN |2 This presentation is the intellaciual property of the presenter. Contact
- carcor reasarel gons | o wewow |sparano@montefiore org for permission 1o reproduce andlor distribute.
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San Antonio Breast Cancer Symposium December 5-9, 2017

Conclusions

» Study objective 1: prevalence of detectable CTCs
* Detectable in 5% with localized HR+, HER2- breast cancer 5 years or more after
diagnosis
» After adjuvant chemotherapy and concurrent endocrine therapy
* Also detected in 4% of HR-, HER- (“triple-negative”) disease

* Study objective 2: CTCs and clinical recurrence
* Prospective study - level 1 evidence supporting clinical validity of a positive CTC
assay with clinical recurrence in HR+ breast cancer
* Robust risk stratification (hazard ratio ~20x#4)
* High negative predictive value (98%)
* No association with recurrence in ER- disease, although few events in this population

- 1 3 e h sentation is the intellectual peo of th senter. Contact
==[ ( (]()-ACRIN —a T ‘sple.ur ation is the intellectual property of the presenter. Conta
cavcer resaarel @icun | wiew jsparano@montefiore org for permission 10 reproduce andior distribute
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-
/

San Antonio Breast Cancer Symposium December 5-9, 20

Discussion: Strengths and Limitations

» Strengths
* Prospective study - REMARK guidelines
* Risk stratification in ER+ disease surpasses other assays by 10-fold
» High negative predictive value (98%)
* Clinicians blinded to CTC result
* Limitations
* Positive CTC did not trigger imaging studies

* Not designed to determine whether negative CTC assay could spare extended adjuvant
endocrine therapy in ER+ disease

* CTC performed only at a single time point - uncertain role of serial negative assays as a
negative predictive test

* Median followup of 1.8 years is relatively short for ER+ disease
* CTC not evaluated in the context of other assays

* Excluded HER2-positive disease

* No association with recurrence in ER-negative disease

==ECOG-ACRIN

caveer acszaret oy

:‘,’;" This presentation is the intellectual property of the presenter. Contact
v
YRS jsparano@@montefiore. org for parmission 10 reproduce and'or distrnibute
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San Antonio Breast Cancer Symposium December 5-9, 2017

Implications for Clinical Practice and Research

* Proof of concept - “clinical validity”

» Biomarker prognostic for late recurrence in HR+, HER2- early breast
cancer

* Supports concept of a second “decision point” to tailor therapy based
on biomarker results

* Further study - “clinical utility”
* Negative CTC assay - spare extended adjuvant endocrine therapy

* Positive CTC assay - benefit from novel therapeutic approaches (eg. oral
SERDS, CDK4/6 inhibitors)

» Comparison and/or combination with other biomarkers (ie, ctDNA)

E ( (]l )'ACR'N | h‘ “ This Cfu?!'!'.uln.ﬂ is the mellectual pro pe ty of the L ner. Contact

covcor resaanet gre - sparano@montefiore. org for permission 10 reproduc nd'or distnibute
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Sarat Chandarlapaty, MSKCC; Basic Science BSF03-1

Manifestations and implications of subclonal
alterations in metastatic breast cancer

Intratumoral Heterogeﬁme-ft;;” o
*Decades of research proving heterogeneity in cancer
*Origins are widely reported (local pressures, genomic instability, stem cells)
*Manifestations are numerous — focus here on genetic (transmittable)
*Major questions — (1) where is it observed in clinical breast cancer?
(2) what are the implications of its presence?

(3) can we easily detect heterogeneity in clinical practice?
(4) are there implications for it in treatment decisions?
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Heterogeneity in oom;é-;s»uoﬁnwb? DCIStoIDC

Ductal carcinoma in situ (DCIS) Invasi tal carci (Ioc)

Clonal evolution
What does it mean

//-‘ - g What is relevant
MRCA
68%

magun L o o clinical actionable
1«‘,::‘ Che 9 loss . ;:2
hos:
LC‘AM DC4 11p loss
FGFR1 amp low 2 et
c1

CCNDTamD  10qloss Ny - 100%
11qand 20q loss X joss
70%
R8T and TP53 loss MRCA 2 14% PmmN::n
2% 10p, Xq and 1p loss

Martelotto et al., Nature Medicine 2017
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San Arvomes Bramsl Camow Sympretsn Dmcerber & 5

Heterogeneity at single cell Ievél (RIQA)

BC10 BC1Y
g s K})!\ 8o (&) BCoM BCOS BCO7 [
E :.“';: o e | 1) ER- and HER-module
g e © A {’. Mocula seoea
3, 'ﬁ\ - , on overall gene
200 Sy SRt | | Expression recapitulate
00{®® .': ’g o" ' - p p
o * e
s — Modue score
** ER-module * ey SUb'.typeS, but
69C01 #8002 #BCI #BOHN 2) single cells could be
@ BCO4 eBCOS 9BCOT eBCOTLN
@BCO8 @BCI0 @BCTT @ Primary buk Module ER (ye”ow)’
‘ .
k. » 9 ® O but by single genes TN (*)
oo BCo2 BCod BCo4 BCo6 ocor BCoe Bcw Bacn

ERWMER2- | HER2+ [ ER-MER2-

Chung et al., Nature Comm 2017
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San Avana Breas Conow Sympieisr. Ducenter 3 4 2017

Heterogeneity in MBC: ESR1
Primary and Mets Primary and cfDNA

2 Q-veleo <001 Gene | Mutation Pre-tx tumor | Pre-tx cfDNA
" (06-FEB-2015) | (10-FEB-2015)
T 9 | |more sutated Wore Mutated
2 in Primary 0 Mets AKT1 E17K 127/341 (37%) | 877331 (26%)
S x-
5 - KEAP1 | L153dup 179561 (32%) | 80/674 (12%)
! R - ®
1 « fon
e J ‘m L NCOR1 | Splice site 216/356 (61%) | 26/149 (17%)
S '"7.' : i M ESR1 D538G 0/325 (0%) 16313 (5%) -—
01 02 05 10 20 50 200 NKX2-1 | A102v 0/121 (0%) 121241 (5%)
Odds Ratio of Mutated in Matastase vs Primary
Log Scale
Razavi et al., AACR 2016 Smyth et al., manuscript in prep.
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Sarat Chandarlapaty, MSKCC; Basic Science BSF03-1

ESR1 Mutant ESR1 Wild type
100 100
- — fulvert ant < ontarwryg =3 — Fudvesiiant Comaining
c medanPFS 5.7 mo Z median PF S 5.4 mo
| === Lasmestene wess Lxemestane
LR =0
HR-0.52095%CL 0.30-090 HR=1.07 (95%CE 058-14T)
g © r~on ~on
L
4
i
i =
i 'S
¢ T T .
° [} 12 " o ° . ” " -
Number at risk (evenss): Tima £ rom Ramdomization (months) Time From Randomization [months)
Exemestane ¥ (12) 6 () 2 @ O m o BOG A 2@ om 3
Fulvestrantcontaining 45 (23) 22 () 12 (% ¢ ™ 1 SN (M vww s@ 5

Fribbens et al., JCO 2016

S A Brtns ar Gorpraan G | 4 H

Subclonal alterations may predict response

ESR1 Mutant ESR1 Wild type
100 100 |
= w— Fulvestiant Containing =
: el B
— " Exemestane
% ™ meden PFS 26 mo .g ™ mecen ¥ S 10 mo
- =052 (FINCE 0.30-092) NR=1.07 (5% Ct 0.68-1.67)
ra02 rori
i P g ©
£ i
s H
o = °
° . I " B ° . 12 " »
P Time From Randomsization (months) Time From Randomization (months)

B NG 2E OMm 3
wspP) M Ve s @ 5

Fribbens et al., JCO 2016
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Response of ESR1 mutants to oral SERDs in clinic: GDC0927

* 5
8588

z 5 . “blngQD & uPR

X2 CER “100my QD * Clrzcal Benemt
ooz ; 1300y D = Ak
g : & 8147 GIONA decrease
"—-l-"- — - +* ESR” otDNA increase
o m s — : - ESR'WT no charge
-1 :
- :
D0 W WD — '
.;'Hg-‘_ ;
Ex=8 :
=Ram :
!l!!'— :
= L '
FOS B le— :
T - i ’
----- —_— . H
e '
i e 0
BN e ¥
===, i R
=2
= -
:H:H- .
=5s8 2 .
P-4 >

v M 5 21 2 a 4 56 6¢ 2

Time on Study, weoks

Dickler et al. SABCS 2017
.
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Sen Avomeo Bress Canow Symposan Decenber 5 4 3017

Conclusions/Discussion
Early days for heterogeneity in practice
(1) Where is it observed in clinical breast cancer? Treatment benefit worth pursuing
(2) What are the implications of its presence? Clinical Trials — Translational science

(3) Can we easily detect heterogeneity in clinical practice?

(4) Are there implications for it in treatment decisions?




San'Francisco, CA

OFFICIAL

best () United States

“2.:BRCA2 VUS implications for risk and
Fergus Couch, Mayo Clinic; GS4-06

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

BRCA1/2 Variants of Uncertain Significance (VUS)

San Amtonio Beeast Cancer Symposium - Decomber 5.9, 2017

* Missense, intronic and in-frame deletion and insertion BRCA2 VUS
mUtations Nat Rev Cancer. 2011 Dec 2312(1)68-78
| ll’l‘ll‘l 'l'\ll :‘/‘ T
* Many identified through predisposition panel testing e T = Ly
+ ~2-5% of all BRCA1/2 variants detected in U.S.A. - 08D
» >3,000 individual BRCA1/2 VUS identified to date I BB 51 Many missenes VUS In Chrivar
Nonsense 585 * Only 10 classified as deleterious by
Splice site 159 ENIGMA expert panel
» Many additional germline and somatic VUS identified through s -
tumor sequencing ™~ - e o S s s e

This pr lon Is the intell | property of the authoripresenter. Contact (couch. fergus@mayo.edu) for permission to reprint andior distribute
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San Antonio Breast Cancer Symposium - December 5-9, 2017

Why are VUS problematic

Problematic for clinical management of BRCA1/2 patients
* Risk assessment of patient and family members
* Mammography/MRI screening
» Prophylactic surgery
+ Treatment options (PARP inhibitors/platinum)
Most VUS will not ultimately be pathogenic
VUS should NOT be used to guide care
 Inappropriate interventions on basis of VUS “\JUS exist in all heredita ry
+ Inappropriate reassurance ”
breast cancer genes
Anxiety about unresolved uncertainty

This pi ion is the intellecty | property of the authoripresenter. Contact (couch. fergus@mayo.edu) for p ission to repri dior distribute
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San Antonio Breast Cancer Symposium - December 5-9, 2017

BRCAZ protein and Homology Directed Repair Assay

DNA binding/ OB/ RADS1 dissasembly
PALB2 interaction (11-33) RADS1 binding BRC repeats Tower (2,479-3,184) (3,270-3,301)
~ &~
BRCA2 o% 3418 aa
-~
PICAF interaction (169-202) Unexamined conserved Nuclear localization
Element (1,103-1,129) signal
[H e | mm @ || HDR Assay:
oo ! Lk '7; - H
- —_— W e functional BRCA2 repairs DNA break,
DR-GFP reporter construct resulting in green fluorescence
* non-functional > low fluorescence

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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San Antonlo Breast Cancer Symposium - December 59, 2017

Validation of an in-vitro HDR

Evaluated the use of an HDR functional assay to classify BRCA2 missense
variants in the DNA binding domain (DBD)

Used 19 established non-pathogenic and 13 pathogenic missense variants in DBD

HDR assay showed 100% sensitivity (95% CI: 75.3%—-100%) and 100% specificity
(95% CI: 81.5%~-100%) for pathogenic BRCA2 variants.

San Antonio Breast Cancer Symposium ~ December 5.9, 2017

Chans t 8 Class 2

HDR assay sensitivity and specificity
A ® Newtral Dedeterious A

8 Toes |
c | ol | ] "’-“?'u... neutra
8 g [ B3
i ,5 .................. ey

iz o
§ zs ..................... ’ ...........
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Summary

Quantitative methods and standards for classification of BRCA1 and BRCA2
VUS have been developed.

+ Validated functional assays allow classification of the pathogenicity of many
additional VUS

Drug response assays allow prediction of the responsiveness of tumors to
targeted therapy

» Public databases providing information on BRCA1 and BRCA2 variants have
been developed (ClinVar and BRCA Exchange)
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Summary of Presentations

Liquid Biopsies in Breast Cancer
Sarah Dawson, Melbourne; educational
Nick Turner, Royal Marsden; AACR outstanding investigator award

* > Role for ctDNA in follow-up/therapy de-escalation or escalation/clinical trials

CTC’s and Late Recurrence
Joe Sparano, ECOG-ACRIN; GS06-3

e > CTC positive associated with recurrence in ER+

Intratumoral Heterogeneity
Sarat Chandarlapaty, MSKCC; Basic Science Forum BSF03-1

e > Still learning what heterogeneity is essential

BRCA2 VUS implications for risk and treatment
Fergus Couch, Mayo Clinic; GS4-06

* > ‘Variants of Unknown Significance’, some are relevant for risk and therapy
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