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What is breast cancer?

Types of Breast Cancer

E Lobular breast cancer

Normal Breast Cells  versus Abnormal Breast Cells (Cancer)

Ductal breast cancer _

e Mixed tumor breast cancer Mucinous breast cancer
® B
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"""""""""""""" Inflammatory breast cancer
Step. 1 Step. 2 Step. 3 Step. 4 Step. 5
HEALTHY DAMAGED DNA CELL BECOMES MUTATED CELL MUTATED CELLS
CELL IN CELL MUTATED BEGINS UNCHECKED GROWN IN NUMBER

REPRODUCTION



Breast cancer classification: receptor subtypes

HR-/HERZ- ................. > aka “Triple Negative™

13% of all breast cancer cases

HR+/HER?- | > 2ka “Luminal A o Worst progeosis

73% of all breast cancer cases
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HR+/HER2+ .................... > aka “Luminal B

10% of all breast cancer cases

* HR-/HERZ+ [ > aka "HER?-enriched”

5% of all breast cancer cases




Progress In breast cancer management

Cases

Deaths

New cases of invasive E

breast cancer, 2015,

UK
Improvement

Deaths from breast

cancer, 2014, UK
TTHH

Trend over time Survival

78%

Breast cancer survival T 'H‘ T 'm

in the UK has doubled
in the last 40 years

e

-35%

Breast cancer Survive breast cancer
mortality rates have for 10 or more years
decreased by 35% (females only), 2010-

since the early 1970s, 11, England and
UK Wales

Source: CRUK



Molecular analysis of breast cancer

The spectrum of genomic alterations in breast cancer
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Liquid biopsies

Tissue biopsy Excised Liquid biopsy
tissue Blood
fixation 5
Centrifuge
l \,\ for plasma
embedding ‘L
' DNA:.
DNA®
* |nvasive * Non-invasive assessment
* Expensive * Less expensive
* Processing takes time * Rapid purification

* Whole picture
* Surrogate when anatomic biopsies
are not feasible



Tissue biopsy

* Invasive
* Expensive
* Processing takes time

Excised
tissue

fixation

!

embedding

DNA®@

Liquid biopsies

Liquid biopsy
Blood

|

Centrifuge
\,\ for plasma

Non-invasive assessment

Less expensive

Rapid purification

Whole picture

Surrogate when anatomic biopsies
are not feasible

CSF
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Pleural Effusions
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Urine
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Siravegna et al, Nat Rev Clin Oncol 2017

Blood, urine, saliva, CSF, other body
fluids (lavages, effusions...)



Circulating tumour DNA (ctDNA)
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ctDNA In solid tumours

Frequency of cases with detectable ctDNA (%)
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Molecular and genomic analysis of ctDNA

CtDNA

Massively parallel sequencing —— Digital genomic technologies
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cfDNA extracted (ng/ml)
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The challenge of low level mutation detection
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ctDNA as clinical biomarker in cancer
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Tumour heterogeneity

Tumour heterogeneity describes the observation that different tumour cells can show distinct
morphological and phenotypic profiles, including cellular morphology, gene expression,
metabolism, motility, proliferation, and metastatic potential.

Clonal Theory (Nowell 1976)

Founder cell

Time

O @

@ &
Normal/ Tumor Tumor Tumor Clonal Mutation (exist Subcional Mutations
Healthy Cell Population 1 Population 2 Population 3 in all cancer cells) {exist in a subset of

cancer cells)



Tumour heterogeneity

Subclone 1

Intertumour heterogeneity { Intratumour heterogeneity

Intercellular genetic
and non-genetic heterogeneity

Subclone 3
Subclone 2

Clonal heterogeneity



Tumour heterogeneity as a driver of resistance
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Can ctDNA analysis be used to infer resistance to therapy?



ctDNA analysis to identify mechanisms of resistance to
therapy

HR+/HER?-
73% of all breast cancer cases
Genomic Alterations in ER+ Tumors
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ctDNA analysis to identify mechanisms of resistance to
therapy
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ctDNA analysis to identify mechanisms of resistance to
therapy

B C plasmaDNA Trial
™
Tumor ER status 15+ 100%7 ; s
§  Pos MNeg : ~ Esrimu
= » 104 - mu
S g n o
g £ 18|o0 S 50% -
— © 51 c 3501
oc 21 o
v ‘n
Y o v
£ z L 0% %
> &
e P =0.0093 % g ol ] :
& &
+ Years
Schiavon et al STM 2015
A B
n=128 ESR1 mutant % n=109 PIK3CA mutant %
9 110 210 310 4I0 (l) 1.0 2.0 310 4IO 5.0
Adjuvant Al only 3.6% (1/28) Adjuvant Al only 36% (10/28)
Adjuvant and Met Al 8.3% (2/24) Adjuvant and Met Al 38% (8/21)
P=0.0002

Metastatic Al only 36% Metastatic Al only 29% (10/34)

(16/44)
23% (6/26)
P=0.66

No Al

No Al 0% (0/32)




ctDNA analysis to identify mechanisms of resistance to
therapy

SoFEA Trial

Figure 4. Lead time to development of ESRT mutations. Serial track-
ing before progression, ESRT mutations were detectable in plasma
median 6.7 months [95% confidence interval (Cl) 3.7-NA] before clin-
ical progression.
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cdk4/6 inhibitors in HR+ breast cancer

* Mitogens

« TGFB

* Senescence

* Contact @
inhibition (CKD)
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N =z O /NYNH B YOS N 9 (REF. 6) versus versus 20.2 (13.8-27.5) months,
_<\N F soAs lN (\N = I\IM Letrozole+palbociclib ~ HR 0.49; P=0.0004*
F 0 HN \) PALOMA-3 521 Fulvestrant+placebo PFS: 4.6 months (3.5-5.6)
[REFS 18,208) versus versus 9.5 (9.2-11.0) months,

| Fulvestrant+palbociclib HR 0.46; P<0.0001*
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CDKS5:ND CDKS: >10 uM CDKS5:ND
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CDK7:300 nM CDK7:ND CDK7:ND

CDK9: 57 nM CDK9: ND CDK9: ND O’Leary et al Nat Rev Clin Onc 2016



cdk4/6 inhibitors in HR+ breast cancer: PALOMA-3 trial

Sensitivity to prior endocrine therapy

* Metastatic breast cancer

* ER+/HER2-

* Tumor has shown
resistance to endocrine
therapy

100+
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Percentage of Patients

Palbociclib
+*
Fulvestrant

Placebo
+
Fulvestrant Median
Overall
No. of Survival
Patients (95% CI)
mo

Palbociclib+ 347 34.9 (28.8-40.0)
Fulvestrant
Placebo+ 174 28.0 (23.6-34.6)

Fulvestrant

Placebo+fulvestrant Palbociclib+fulvestrant

Stratified hazard ratio for death, 0.81 (95% Cl, 0.64-1.03)
P=0.09

Unstratified hazard ratio for death, 0.79 (95% Cl, 0.63-1.00)
P=0.05
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Patients do better on Palbociclib-

containing regime

54

Percentage of Patients

Patients

Palbociclib+Fulvestrant 274
Placebo+Fulvestrant 136

Palbociclib+fulvestrant

Placebo+fulvestrant

Hazard ratio for death, 0.72 (95% Cl, 0.55-0.94)
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Months

Median

No. of Overall Survival

(95% ClI)
mo

39.7 (34.8-457)
20.7 (23.8-37.9)

Without sensitivity to prior endocrine therapy

Percentage of Patients

Median

No. of Overall Survival

Palbociclib + Fulvestrant 73
Placebo+Fulvestrant 38
Placebo+fulvestrant

Palbociclib+fulvestrant

Hazard ratio for death, 1.14 (95% CI, 0.71-1.84)
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Patients

(95% C1)
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20.2 (17.2-26.4)
26.2 (17.5-31.8)

:JM 2018
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ctDNA analysis to predict early response on treatment

PIK3CA CDR,; by treatment
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Final remarks

« Liquid Biopsy analysis has advanced very rapidly in the last few years,
particularly the analysis of ctDNA and its integration as a biomarker in clinical
trials

« Several technical and clinical challenges still need to be overcome to realise the
full potential of the clinical use of ctDNA

« CtDNA analysis in HR+ women can be used to identify those mutations driving
resistance to the therapies used in the clinic

« Checkpoint inhibitors offer a therapeutic approach on women who relapse on
standard hormone therapy but we need to identify biomarkers of response to
better personalise these novel therapies
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