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Precision medicine- what is in it for the surgeon?

* Biomarkers to test to catch cancer earlier so surgery could be performed
* Biomarkers to test in a cancer patient to define if surgery is meaningful

* Biomarkers to test in a cancer patient to see what treatment they should
receive pre-op to increase chance of cure

* Biomarkers to test post-op to define who might not need further therapy

e Biomarkers to test post-op to define what further therapy a patient
might need and at what intensity



Breast cancer

Most commonly diagnosed cancer in women, 210,000 cases, 40,000 deaths
per year in US

Role of surgery, radiation and chemotherapy unlikely to radically improve

15-30% of breast cancer produce a cell surface molecule HER2 (ERBBZ2) in
excess typically secondary to an increase in the number of HERZ2 gene
copies

The HERZ2 protein itself plays a critical role in the malignant behavior of these
cells

Such cancers have a worse prognosis and more aggressive behavior than
other breast cancers



ErbB2 targeting

* Trastuzumab- molecularly tailored
antibody that binds to and thereby
blocks the function of HER2

 |In early studies it was shown to be

overall quite safe with limited activity

alone iIn HER2+ breast cancers

* More significantly it was shown to
enhance the activity of chemothera
when given alongside and thereby

9
ed

to modest improvements in surviva

of

patients with metastatic breast cancer



Herceptin treatment has modest activity In
advanced breast cancer

Chamotherapy plus trastuzumal

Chemotherapy alone
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Herceptin treatment dramatically improves outcomes of
patients with ErbB2-positive breast cancer
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Years after Randomization
Mo. at Risk 3351 2379 1455 B0l 133 0
Control 1679 1162 LR 374 59 ]
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Years after Randomization

3351 2441 1571 908 165
Control 1679
Trastuzurnab 1672

1200 766 443 83
1241 805 460 82

Figure 2. Kaplan—Meier Estimates of Disease-free Survival (Panel A) and Overall Survival (Panel B).

The hazard ratios are for the comparison of the trastuzumab group with the contral group.

e Staggering
Improvements In
outcomes (50%
reduction in risk of
recurrence) in early
stage disease leading
to many thousands of
lives saved per year!!!!




Neosphere study- pathology can guide drug
development

Study Eligibility and Objectives ™ THP ™
(n=107) | (n=107) (n = 96)
e Eligibility: pCR in breast 29.0% 16.8% 24.0%
-~ Operable or locally advanced/inflammatory breast cancer i
pCR in breast and node
- Centrally confirmed HER2-positive (IHC 3+ or FISH 21.5% 39.3% 11.2% 17.7%

positive) CRUin breast and rod
. positive at surgery
- Primary breast tumor >2 cm

- No metastasis
e Objectives:
- Primary: pathological CR (pCR) rates The differences between the THP arm and other arms for pCR were

- Secondary: clinical response, disease-free survival, statistically significant, with all the p-values being <0.05.
breast conservation rate, biomarker evaluation




Targeted therapy

* Definition
— Drug targets a well-defined molecular pathway

— Preferably this pathway should be specific to tumor versus
normal tissue

— The activity of the pathway should be critical for the tumor

— There should be a pharmacological way of inhibiting the target-
“druggability”
— If chosen well, targeted treatments should have low toxicity




Have we been using targeted treatments all
along?

» About half of all breast cancers produce hormone
receptors for estrogen and/or progesterone hormones

* These tumors are dependent on the activity of these
receptors

 Hormone therapy with tamoxifen and other hormones has
been the cornerstone of the treatment of such cancers

with great success, especially in early-stage cancers- with
minimal side effects



Chronic myeloid leukemia- case example
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Targeted therapy
 Definition
— Drug targets a well-defined molecular pathway
* Close to 100% has BCR-ABL

— Preferably this pathway should be specific to tumor
versus normal tissue
« Normal cells do not have this fusion product 4/
— The activity of the pathway should be critical for the
tumor
* Cells depend on its activity 4/
— There should be a pharmacologlcal way of inhibiting the
target- “druggability”
- Kinase function can be blocked 4/
— If chosen well, targeted treatments should have low
toxicity
 Indeed, imatinib is fairly non-toxic




Chronic Myeloid Leukemia

Incidence

Rate (per 100,000)

Mortality

1985 1995 2005 2015
Imatinib approved in 2001

Incidence

Mortality

Rate Relative to 1975

NEJM 2019

1985 1995 2005 2015



"Here's my sequence...
New Yorker, 2000




GIST sarcomas

Majority (90%) of GISTs carry
oncogenic kit mutations (exons
9 and 11), imatinib highly
effective

« 5% carry PDGFR mutations,
mostly sensitive to imatinib

* 5% non-mutant- resistant to
imatinib

* Interestingly, systemic
mastocytosis patients have a

D816V kit mutation that Is
resistant to imatinib




Response to Imatinib
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Some response

Best response

Low response

Exon 1/ Low response
Exon 9:18.1 %

Membrane
Exon 11: 66.9 % Juxtamembrane Domain | +— Exon 12: 0.8.%

O X | O O S ALAS

No mutation Bad response
Exon 13: 1.6 % TK1 Domain

Kinase Insert Cytoplasm PDGFRA (10'15%)

Exon 17: 1.6% —= Exan 18: 1.9% Primary Mutations

TEZ Damain Exon 12 Exon18 Exon 18
D842v  Non-842V
60%

Crenolanib

Regorafenib (3rd Line)

(verysensiive | “sensive JIOTTEETTEY] esisort ] Unknown

Oppelt, P. 1., Hirbe, A.C., & Van Tine, B. A. (2017). Gastrointestinal stromal tumors (GISTs): point mutations matter in
management, a review. Journal of Gastrointestinal Oncology, 8(3), 466—473. https://doi.org/10.21037/jg0.2016.09.15




Benefit of targeted treatment extends into
adjuvant setting




Actionable mutations in non-small cell

lung cancer
RESPONSE SURVIVAL

Objective response rate in EGFR mutation | Progression-free survival in EGFR mutation
positive and negative patients positive and negative patients

Overall Geltinh EGFR mutation positive EGFR mutation negative
efitini

response Gefitinib (n=132) Gefitinib (n=91)
rate (%)
EGFR M+ odds ratio (95% Cl) =2.75
(1.65, 4.80), p=0.0001

HR (95% C1) = 048 (0.36, 0.64)
p<0.0001

No. events gefitinib, 97 (73.5%)
No.events C/P, 111(86.0

HR (95% CI) = 2.85 (2.05)
p<0.0001

No. events gefitinib, 88 {96.7%)
No.events C/P, 70 (82.4%)

-
L]

EGFR M- odds ratio (95% CI) = 0.04
(0.01,0.27), p=0.0013

23.5%

Probability of prog ression-free survival
Probability of prog reasion-free asurvival

8 12

& Moaths
Atrisk :
Gefiinb 132 108 71 kil 1 3 0
Cip 129 103 37 7 2 1 0 85 58 14

(n=132) (n=129) (n=91) (n=85) Treatment by subgroup interaction test, p<0.0001

ITT population

Mutation positive patients Mutation negative patie nts 2 .
Cox analysis with covariates

IPASS, Mok et al NEJM



ALK-rearrangement in advanced NSCLC:

Dramatic benefit from ALK inhibition

Identification of the transforming EML4-ALK Tumor responses to crizotinib for patients with
fusion gene in NSCLC ALK-positive NSCLC

Maximum change in tumor

size (%)

Crizotinib Ceritinib Alectinib Brigatinib
N=55 N=24 N=28 N=7
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Gainor JF, et al. Cancer Discov. 2016;6(10):1118-33.

12 5 18 21
Maonth

Mo. at Risk
Alectinib 152 135 113 109 97 81 67 35
Crizotinib 151 132 104 B84 65 45 35 16




The era of multiplex testing is here

EGFR-sensitising,
17,17%

EGFR other, 4, 4%
KRR MET, 3, 3%

25%

>1 mutation, 3, 3%

Unknown HER2, 2, 2%
oncogenic driver ROS1, 2, 2%
detected BRAF, 2, 2%
31%

\ RET, 2, 2%
0,
MEK1, 1, 1% PIK3CA, 1, 1% AU S ) £

Molecular genotyping for advanced NSCLC

EGFR ALK ROS MET B-RAF NTRK ErbB2 RET
Level of Evidence
1 1 2A 1 3A 2B 2B
1%t Line Erlotinib Crizotinib Crizotinib Crizotinib Dabrafenib +/- \erehmaains T-DM1 CalarEnitis
Treatment Gefitinib Alectinib Ceritinib Cabozantinib trametinib Entrectinib Herceptin VandEEmRis
Options Afatinib Ceritinib Entrectinib Capmatinib Vemurafenib Afatinib LOXO-292
Dacomitinib Brigatinib Glesatinib Poziotinib BIU 667
Osimertinib Tepotinib TAE788
2" Line Briatinib
Treatment : - rigatini Lorlatinib
Options Osimertinib Lorlatinib

* Green: FDA approved drug for indication
* Yellow: FDA approved drug for other indications
* Red: Experimental agent



Acquired resistance
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Wild-type receptor: erlotinib (chemical T790M mutant receptor: methionine (M) 790

structure) snugly fits into the ATP-binding  (orange) protrudes into the ATP-binding

pocket of EGFR blocking its function pocket, leads to steric hindrance disallowing
erlotinib to bind



Third-generation T790M-targeting TKis FLAURA

» These novel and highly promising drugs largely spare EGFR WT signaling and ey
preferentially block mutant/T790M signaling, leading to potentially wider therape | : — SanimaEara e Toalgse i
indices

— Standard EGFR-TKI (n=277) 102 @6 to 11.1)

Hazard ratio for disease progression or death,
0.46 (95% Cl 0.37 to 0.57)
P<0.001

Osimertinib

0.2

Probability of progression-free survival

0
0 3
Months

n u n No. at risk
| Osimertinib 279 262 233 210 178 139
AURA-2: Osimertinib EEE B OB W O¥ 7
u EGFR-TKI

The New Engiand Journal of Medicine ©2017

Tumor response by independent central review

FINAL ANALYSIS: OVERALL SURVIVAL
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Best percentage change from baseline in target lesion - all patients
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Confirmed objective response Total

ORR,T % (95% CI 71 (64, 77)
Complete response,* n (%) 2(1)
Partial response * n (%) 139 (70)
Stable disease =6 weeks 5 n (%) 41 (21)
Progressive disease, n (%) 15 (8)

DCR, % (95% CI) 92 (87, 95)
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ctDNA- basics

Circulating

tumour cell Healthy

tissue

Table. Clinically Available Assays for Genotyping of Plasma Cell-Free DNA (cfDNA)

Assays
o © Apoptosis PCR NGS
. - LSS \ 3y Amplicon-Based Capture-Based
¥ 0 Characteristic Allele-Specific Emulsion Targeted Targeted
Variants potentially Known recurring Known recurring Any exonic Exonic mutations,
detected mutations mutations mutations, copy intronic gene fusions,
number gains copy number gains
Quantitation Semiquantitative Absolute or Quantitation of Quantitation of
(against standard curve) relative relative AF, but relative AF
quantitation, wide vulnerable to PCR
dynamic range amplification bias

Speed & complexity Rapid, relatively easy to  Rapid, relatively Potentially rapid, less Potentially slower,

interpret easy to interpret complex more complex
bioinformatics bioinformatics
Examples Cobas (Roche) Droplet digital PCR Tam-seq (Inivata) Guardant360
therascreen (Qiagen) (Biorad) (Guardant)
BEAMing (Sysmex cancerselect (Personal
Inostics) Genome Diagnostics)

€®) Healthy cell

#' Phagocyte
Blood plasma or

serum sample Tumour cell
containing ctDNA J Mutation
@ Red blood cell

8 Endothelial cell Oxnard JAMA
&3 Chromosome OnC 2016




Liquid-Biopsy Sources

Cerebrospinal fluid

Tumors of the central nervous system

Saliva

Head and neck tumors

Pleural fluid

« Thoracic cancers
« Metastatic cancers

Peripheral blood

T A\

Circulating
tumor cells

Ot

Exosomes

Apoptotic
tumor cell

Ascites

Metastatic cancers

Stool

Gastrointestinal tract cancers

Urine

« Urinary tract cancers
« cfDNA filtered from blood

Corcoran/Chabner
NEJM 2018




ctDNA usually in low allele frequency

”
o
c
@
@
>
ke
Q
(o)
8
c
Q
o
L
o

All variants detected homozygous
SNPs

heterozygous
SNPs

20 40 60
MAF (cell-free DNA %)

Differentiation of Somatic vs.
Germline Variants

Reported somatic variants

Min: 0.03%
251 0.19%
Median: 0.44%
751 2.02%
Max: 97.62%
Mean: 3.27%

Mean: 3.64%

30

20

Frequency (%)
10
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Somatic variant MAF (cfONA%)

Percentage of variants

S S /A E—
0 2 4 6 80 10C
MAF (cell-free DNA %)

Half of Variants reported
occur below 0.44% MAF

Lanman PLOS One 2015



Types of assays

Table. Clinically Available Assays for Genotyping of Plasma Cell-Free DNA (cfDNA)

Assays

PCR NGS

Amplicon-Based Capture-Based
Characteristic Allele-Specific Emulsion Targeted Targeted

Variants potentially Known recurring Known recurring Any exonic Exonic mutations,
detected mutations mutations mutations, copy intronic gene fusions,
number gains copy number gains

Quantitation Semiquantitative Absolute or Quantitation of Quantitation of
(against standard curve) relative relative AF, but relative AF
quantitation, wide vulnerable to PCR
dynamic range amplification bias

Speed & complexity Rapid, relatively easyto  Rapid, relatively Potentially rapid, less Potentially slower,
interpret easy to interpret complex more complex
bioinformatics bioinformatics

Examples Cobas (Roche) Droplet digital PCR Tam-seq (Inivata) Guardant360
therascreen (Qiagen) (Biorad) (Guardant)
BEAMing (Sysmex cancerselect (Personal
Inostics) Genome Diagnostics)

Oxnard JAMA
Onc 2016






Needle in the haystack

64 year old nurse with limited smoking history

Admitted with massive stroke- found to have hypercoag state of
malignancy

Evaluation showed lung mass and diffuse nodal and bony mets
EBUS showed adenocarcinoma, no tissue left for further testing

Patient frail, hemiplegic and extremely discouraged, rebiopsy very difficult
due to anticoagulation



@) EGFR LE58BR
AUG-28-2017 L
Amplifications
not graphed

October 2017

August 2017

)



Incomplete genotyping

¢ Negative targeted testing
(e.g., EGFR and ALK only)

e Negative cfDNA analysis
only, without reflex to tumor

genotyping

No genotyping
e No biomarker

testing attempted
¢ PD-L1IHC only

Effective genotyping

o Tumor NGS

e Negative cfDNA analysis, with
reflex to tumor genotyping

e Targeting testing or cfDNA
genotyping positive for
actionable driver mutation

© 2019 American Association for Cancer Research

CCR Translations

AACGR

Oxnard, CCR




wl ATRT F 10:37 AM @ < m )

A Simple Blood Test Is as Effec...
X amp.timeinc.net D

I Blood first?

HEALTH

A Simple Blood Test Is as
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ctDNA- expanding uses

Cancer

Potential ctDNA Use:
Diagnosis \

Screenln [4

Dl

*If tissue sampfeé

sufficient
Emerging ctDNA Use:
Treatment Response *If EGFR *If EGFR
[ ] positive I negative [
L]. [ : ]

Emerging ctDNA Use:
Tumor Heterogeneity

Kaumaya/Halmos
ATM
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Testing the liquid biopsy for #cancer outcomes, a step forward
for the molecular stethoscope nyti.ms/1alyuQl

Blood Test Shows Promise as Alternative to Cancer Biopsy

Now the Australian researchers, Dr. Jeanne T and Dr. Peter Gibhs of the
Walter and Eliza Hall Institute of Medical Research, are starting a study of

450 patients randomly assigned to have the blood test or not. Those who

19 Apnil 2015

have it will get chemotherapy if the test finds cancer DNA, Those who do
not have the blood test will get usual care, whatever their physician
prescribes,

“This will be the first real test of whether circulating tumor DNA can be
clinically useful,” Dr. Vogelstein said. @hc Neww u0fk Times
-~

I T R B R TS

A Stethoscope for the Next 200 Years

The ability to see ‘alien’ DNA and RNA in the blood can detect cancers very early,

2 Jan 2015
8y ERIC TOPOL And STEPHEN R. QUAKE

THE WALL STREET JOURNAL, Tha Lansd e
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The ability to see ‘alien’ DNA and RNA in the blood can detect cancers very early,
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FLAURA- early ctDNA clearance

PFS besed on detection of plasma EGFRm® at basefine
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/: This analysis of FLAURA confirms prior studies \
showing that presence of EGFR mutation in plasma
ctDNA at baseline is a poor prognosticfactor
Patients with plasma EGFR mutation clearance have
improved PFS
Clearance of EGFR mutationfrom ctDNA favors

osimertinib in PFS /

Zhou C. et al, ASCO 2019



ctDNA for risk stratification

Study Design:

CT and/or PET-CT CT and/or PET-CT CT and/or PET-CT
£S €S S

Diagnosis: Radiotherapy or surgery Landmark MRD analysis Surveillance assessment o
Localized Lung Cancer +/- chemotherapy within 4 mo of end of tx (Q3-6 mo)

ctDNA ctDNA ctDNA

quantification quantification quantification
‘-.-’:5”.-:: Q‘f:%:: .‘:':%.;:

n

nlliA

n

Uﬂ.

Overall Survival (%)

Overall survival

Chaudhuri ASCO 2017




ctDNA- emerging uses

clinically Clinically Minimal Metastatic Treatment Disease Subsequent
undetectable detectable :fﬁ'dual disease response progression herapy
isease

Systemic therapy 1

Resection

location .
\

\

Normal germline woww  Baseline clonal alteration
cfDNA in ctDNA

Abundance of ctDNA




(0.62-3.1%)

Nodule

diameter 5.8cm

Nodule

100cm?
volume

T stage 13

0.1%
(0.06-0.18%)

2.6cm

10cm?

Tlc

Estimation

0.008%
(0.002-0.03%)

1.2cm

1lcm?®

T1b




ctDNA fraction and
technical limits of detection

ctDNA fraction
in cfcDNA

100%

& Real-time PCR

1% — and standard

/)N NGS
W ——
/)N —
m 0.1% Dlgltal PCR
/N

0.01%

Single

ctDNA

UNCEHCE Background mutational
noise from clonal
haematopoiesis

Technical limits
of detection

Optimized
NGS

—

Digital PCR-based ctDNA detection
* Droplet-digital PCR

* BEAMing Q== '

Advantages: sensitive, low cost
and quick; allows real-time serial
monitoring in large cohorts
Limitations: only one or a few
mutations detected and no TMB or

neoepitope prediction

NGS-based ctDNA detection
« Standard NGS e IR

* Optimized NGS -

- Reduced base-position error rate
- Unigue molecular identifiers

Assay type:

Strengths:
ctDNA
tificati
(qtanthcaton | !am" Weaknesses:
Examples:

Advantages: enables the analysis of several
genes, TMB, neoepitope discovery, and dMMR

status assessment

Limitations: high cost, limited sensitivity (for
standard NGS), bioinformatic turnaround time

Pre-built Pre-built assay, Personalized “bespoke”
assay, informed by tumor assay
tumor

agnostic

- Does not - Improved sensitivity - Maximal “on target”
require sequencing

tumor - Maximal sensitivity
analysis

- Potential

to be

applied to

cancer

screening

- Likely - Tumor information
less required - Slowest turnaround time
sensitive (waiting for assay to be built)
(~0.2-0.5% -

AF)

- Tumor required

- Existing
assays for
advanced
disease

- Cancer
screening
assays
(GRAIL)

- CAPP-seq - Natera (TRACERX)

Sholl, PeerView



Personalized- bespoke assay

TRACERX approach

Primary NSQLC resection Exome sequencing Phylogenetic tree mform§ a Kaplan-Mesier - longitudinal cohort
and multiregion sampling of tumor regions = PCR-assay panel construction 10-
R1 R2 R3 R4 g —
Conmmn =m 1E e D=
o - - " /‘ ® 3 = ctDNA positive
.S I e E’ 0.6+ _~No
: | HE o i
= O3 g 0.4 -
J I 2 o
‘ Multiple patient-specific assay panels combined — g
. . - = 0.2 o
Multiplex-PCR assay-pool Blood sample Patient-specific 'S) '
1 o ..‘ phylogenetic tracking n=14
€2 | 0.0 -
23 [ \ P 00\ y . ; T T T T
¢4+ NS = PCR NGS | 0O 200 400 600 800 1000
5 &
6. - . I Days to relapse
0 10 30  cfDNA | y P
Multiplex-compauble primers extracted Pre-surgery Relapse

targeting patient-specific SNVs
Abbosh C, et al. Nature. 2017;545:446-451




ctDNA in the post-surgical setting- colorectal cancer

A Al no-chemo patients B  All no-chemo patients

1001 H Posloperative ctDNA-negative (n=164) 1007 Clinical low risk (n = 129

so{ L 801 H\“‘M

i
1 T liam et - ] )
60 Clinical high risk (n = 49)

250 subjects. with stage Il
oolon cancer

604 ]\; HR, 18 (95% CI, 7.9-40)

Exchudesd [in = 19)

*  Inebpble (0 = &)
Wiithdrew consent (n = 4)
Insufficent bood draw (0 = T)

40~ 401

Postoperative ctDNA-positive (n = 14)

Percentage recurrence-free
Percentage recurrence-free

HR, 3.3 (85% CI, 1.6-7.0)

T T 1 ]

A 24 36 24 36

Blood collection at 4—10 I i
” becky (= 231) e — Months since surgery Months from surgery

l No-chemo patients: Clinical low risk No-chemo patients: Clinical high risk

Fmonthly zenal blood

et i 102 yoses in a .' i 1 100 1 Postoperative ctDNA-negative (n=122) 100 -
subset {n = 167) ) | Paostoperative ciDNA-negative (n = 42)

80 80
v
Blood hiomarker analysis
Kutation identified > i = 230
TQIEJJ} * Circulasting tumor DINA
* Semam CEA

60 60

HR, 28 (95% Cl, 8.3-93) HR, 7.5 (95% ClI, 2.6-22)

40 404

Fig. 1. Patient enrolment and sample collection. B T— Postoperative ctDNA-positive (n=7)

Percentage recurrence-free
Percentage recurrence-free

Postoperative ctDNA-positive (n = T7)

24 36 24 36
Months since surgery Months since surgery




Immunotherapy — the basics

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
death

PD-L1

Anti-PD-L1
p —

Checkmate-017: Major survival
benefit in squamous NSCLC

Median Overall Survival 1-Yr Overall Survival No. of

mo (95% Cl) % of patients (95% CI) Deaths
Nivolumab (N=135) 9.2 (7.3-133) 42 (34-50)
Docetaxel (N=137) 6.0 (5.1-7.3) 24 (17-31)

Hazard ratio for death, 0.59 (0.44-0.79)
P<0.001

Nivolumab

Overall Survival (% of patients)

Docetaxel

Months

No. at Risk
Nivolumab 135 113 86 52
Docetaxel 137 103 68 30

Figure 1. Kaplan—Meier Curves for Overall Survival.

The analysis included all the patients who underwent randomization. Symbols indicate censored observations, and
horizental lines the rates of overall survival at 1 year.

CheckMate 017057 5-Year Survivil} 3 3198

5-Year Pooled PFS, DOR: Nivolumab vs Docetaxel?
DOR

Nivolumab  Docetaxel 1004 Nivolumsb  Docetaxel
(n = 427) (n=427) (n=84) (n=48)
25 35 Median DOR, mo 9 56
2235  Q142) (95% 1) (11.4-308) __ (44-7.0)

0.79 (0.68-0.92)

~
=3
1

Patients In response (%)

0% Docetaxel

0 e Y i ety T
0 6 12 18 24 30 38 42 48 54 18

Months Months
Ho. et rish

Mvolarab 427 120 1Y % 45 N B B B N2 &4 6 40 40 W 2 25 2 2 2
Oocetaxal €27 1*% ¥ & ¢ 3 1+ 0 0 0 o 4 0 o 1 1 1 0 0 0 0

34

8
o o

= The ORR was 19.7% (84/427)° for nivolumab and 11.2% (48/427) for docetaxel

D o Neestgat “Sros (he prmery sreiyse of e CreciMate 057 study 1 patent’s response changed from 8D bo PR. and 1 from PR to CR




CTLA-4 is a negative
regulator of costimulation
required for activation of an
antitumor T cell in a lymph
node upon recognition of
tumor antigen

T cell inactivated

Tumor escape

CTLA-4 Checkpoint Inh|b|t|on

Lymphoid tissue
Without With :
Immunotherapy Immunotherapy Anti-CTLA-4 monoclonal

antibodies block negative
regulation by CTLA-4

MHC || |
Antigen © ©
TCR

T cell activated

Inactivation Activation
of T Cell of T Cell

| |

Tumor escape Elimination of
tumor cells

Tumor attack

Anti-CTLA-4 Ipilimumab
Therapies -1 Tremelimumab

——— e e == = =



PD-1 pathway inhibits signaling

downstream of TCR

« TCR triggered by antigen
presented by tumor cell

* Negative regulatory receptor
PD-1 expressed and PD-L1
reactively expressed

 PD-L1 binds to PD-1

T cell inactivated

Tumor escape

Anti-PD-1 ‘ Nivolumab ;
Therapies ! Pembrolizumab !
r |

|

' Cemiplimab-rwic

N . .

PD-1/PD-L1 Checkpoint Inhibition

Tumor microenvironment

Without
Immunotherapy

With
Immunotherapy

Activation
of T Cell

Elimination of
tumor cells

Anti—PD-1 or anti-PD-L1
monoclonal antibodies
block the interaction and
negative regulation

T cell activated

Tumor attack

Atezolizumab
Avelumab
Durvalumab

o 1 .o s .




Inflamed versus non-inflamed tumors

APC

1. Antigen ! ' i § Macrophage
recognition .

MHC- -
peptide of PD-L1 -

Adaptive immune ' ‘ Immunological
resistance [ \ ignorance

Type Il

TIL- .
PD-LT*

J Blood
vessel

Macrophage
APC

suppression

pathways Macrophage Tumor cell§ ;‘_’
e B 75

Oncogenic
pathway induction
of PD-L1

Tolerance Intrinsic
(other suppressors?) Induction

Teng MW et al. Cancer Res. 2015;75:2139-2145.






Unfoertunately brain MR revealed multiple small
CNS mets suggestive of leptomeningeal

immunchis
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A All Patients
100

Progression-free Survival (%)

a0
80
70
60
50
40
30
20

10

No. at Risk
PS5 =50%
PS 1-49%
PS5 <1%

KEYNOTE 024 N

Pembrolizumab? 154

Overall Survival, %

3

No. at risk

Pembrolizumab 154 136

0

119

&6

161 122

76

6

11

52

9

112 106

Chemotherapy 151 124 108 88

Reck et al WCLC 19

PD-L1 as a biomarker

P5=50%

10 12 14 16
Months

18 20

Figure 1. PD-L1 Expression in Non-Small-Cell Lung Cancers.

Results were reported as the percentage of neoplastic cells showing membranous staining of programmed cell death
ligand 1 (PD-L1) (proportion score). Shown are tumor samples obtained from patients with a proportion score of
less than 19 (Panel A), a score of 1 to 49% (Panel B), and a score of at least 50% (Panel C) (all at low magnification).
Tumor samples with the corresponding proportion scores are shown at a higher magnification in Panels D through
F. PD-L1 staining is shown by the presence of the brown chromogen. The blue color is the hematoxylin counterstain.

KEYNOTE 042

PD-L1 TPS > 50%
HR 0.69 (95% CI 0.56-
0.85), p = 0.003

Events, HR
n (%) (95% Cl)

97 (63) 0.65
(0.50-0.86)

Chemotherapy 151 113 (75) P=0.001b

C51.7%
: 34.2%
: Median (95% CI)

26.3 mo (18.3-40.4 mo)

14.2mo (3.8-18.3 mo) Pembrolizumab

Overall survival (%)

16 18 21 24 27 30 33 36 39 42 45 48

Time, months Number at risk
(censored)
Pembrolzumab group 299 (0)

Chemotherapy group 300 (0)

96 89 8 T8 73 T3 69 66 64
69 61 56 48 46 44 I 3IFB I3

189(1)
149(4)

224 (0)
231(2)

107 (55)
75(46)

59(91)
40(67)

22(122)
11(90)

Lopes et al ASCO 2019

2(140)
1(100)

0(142)
0(101)

Garon et al NEJM



TMB as a biomarker for IO
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# Genes

Coverage

Types of mutations

Germline mutations

TMB Definition

Whole Exome
~22,000

~30 Mb

Coding missense
mutations

Subtracted using
germline DNA

# somatic, missense
mutations in the
tumor genome

At least 4-6 weeks

Foundation NGS
324 cancer-related genes

0.8 Mb

Coding, missense, and indel
mutations per Mb

Estimated bioinformatically
& subtracted

# somatic, coding mutations

(synonymous and non-synonymous),
short indels per Mb of tumor genome

2 weeks

MSKCC NGS
468 cancer-related genes

1.22 Mb
Coding missense mutation
per Mb
Subtracted using
matched blood

# somatic, missense
mutations per Mb of
tumor genome

2 weeks

Alexandrov, LB et al. Nature
2013;500: 415-21



TMB can outperform PD-L1 IHC?

NSCLC: CheckMate 026 (nivolumab)

High TMB Low/medium TMB
- Nivolumab Arm

Nivolumab Chemotherapy Nivolumab Chemotherapy
7 n=60 n=111 n=94

n=4
Median PFS, months 4.1 6.9
(95% Cl) (2.8,5.4) (5.5, 8.6)
High TMEB,

HR = 1.82 (95% CI: 1.30, 2.55)
PD-L1 250%

Median PFS, months 9.7 5.8
(95% Cl) (5.1, NR) (4.2,8.5)

HR = 0.62 (95% Cl: 0.38, 1.00)

Nivolumab

s
1]
(T8
o

Chemotherapy Chemotherapy M
PO-L1 1-49%
Nivolumab Low/medium TMB,

PO-L1 1-49%

12 15 12 15 Low/medium TME,
Month Month PD-L1 260%
No. at Risk s e
Nivolumab 47 30 26 21
Chemotherapy 60 42 22 15

16
9

Peters S, eta al. AACR 2017. Abstract CT082.



Havel et al Nature
Rev Cancer

Table 1|Factors that predict response to immune checkpoint inhibitor therapy

Factor

Tumour mutation burden
PDL1 expression

Copy number variation
HLA class | diversity

LOH at HLA class | alleles

T cell repertoire clonality
change

T cell-inflamed
microenvironment
SERPINB3 or SERPING4
mutations

Gut microbial diversity

Specific gut microbial
species

TGFP expression

Mutations in the
P-catenin pathway

JAKZ mutations (rare)*
B2M mutations (rare
5TK11 mutations

(common)

HLA, human leu!

Association
with favourable

Positive
Positive
Megative
Positive

Negative
Positive
Positive
Positive
Positive
Positive or
negative

MNegative

MNegative

Megative TBD
Megative TBD

MNegative TBD

te antigen; LOH, less of heterozygesit
1ligand 1; RMNA-seq, RNA sequencing; TBD, to be determined

Validated
in phase Il
clinical outcome  clinical trial?

Predictive
Versus
prognostic*
Predictive
Predictive
Prognostic,
predictive or both

Predictive

Predictive
Predictive
Prognostic,
predictive or both

Predict ive

Predictive
Predictive

Predictive
Predictive

Predictive

Predictive

Predictive

f. transforming growth factor-f;

Cancer type

Multiple cancer
types

Multiple cancer
types

Multiple cancer
types
Melanoma and
NSCLC

Melanoma
Melanoma
Multiple cancer
types

Melanoma

Melanoma

Melanoma
Coloncancerand
urothelial cancer
Melanoma
Melanoma

Melanoma

N5CLC

Tissue type
for biomarker

assessment®

Blood or
Tumour tissue

Tumour tissue
Tumour tissue
Blood

Tumour tissue

Tumour tissue
or blood

Tumour tissue
Tumour tissue

Oral or gut
Oral or gut

Tumour tissue

Tumour tissue
or blood

Tumour tissue
or blood

Tumour tissue
or blood

Tumour tissue

or blood

Possible assay type for
biomarker assessment

NG5 WES or targeted gene
panel sequencing

Immunchistochemistry

NG5 WES ortargeted gene
panel sequencing
NGSWES or PCR-based
typing

TED

TED

NG5 RMNA-seqor
immunostaining

NG5 WES

PCR or NG5
PCR or NG5

NG5S RNA-seqor

expression panel

NG5S WES, targeted gene
panel sequencing or
RNA-seq

NG5 WES or targeted gene
panel sequencing

NG5 WES or targeted gene
panel sequencing

NG5 WES or targeted gene
panel sequencing

LT, non-small-cell lung cancer; NGS (t-generation zequencing; PDLL, programmed cell death
vhole-exome sequencing.*Fredictive refers to a given

biomarker that has an effect dependent on the immune checkpoint inhibitor therapy, and prognostic refers to a biomarker that has a specific effect independent of

the therapy. "Blood detection of mutations refers to cell-free DNA anal
these mutations. Intratumoural heterogeneity likely needs to be assessed alo

K2 and B2M mutations are controversial. Responses have been seen in patients with
gwith these mutations.







Keynote 024

Events, HR
n (%) (95% CI)

Chemotherapy 151 113 (75)

P 43.7% )
: Median (95% CI)
26.3 mo (18.3-40.4 mo)

14.2 mo (9.8-18.3 mo)

X
©
=
S
=
5
n
©
o
9]
>
(e}

CR

PR

T T T T T T T T T T SD

18 21 24 27 30 36 39 42 45 48 PD
Time, months

) Received Second Course
0. at risk

olizumab 154 136 121 112 106 89 85 78 73 73 [ Death
otherapy 151 124 108 88 80 61 56 48 46 44

T
24
Time, months

Reck WCLC 2019

agffective crossover rate from chemotherapy to anti—-PD-L1 therapy, 64.9% (98 patients in total crossed over to anti-PD-[L]1 therapy: 83 patients crossed over to pembrolizumab during the study, and
21 patients received subsequent anti—-PD-L1 therapy outside of crossover; patients may have received >1 subsequent anti-PD-L1 therapy). PNominal P value.




Efficacy of immunotherapy in MSI-deficient colorectal
cancers

A Biochemical Response

—— Mismatch repair—proficient colorectal cancer
—— Mismatch repair—deficient colorectal cancer
-+- Mismatch repair—deficient noncolorectal cancer

0% (no change)

g
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=
=
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B Radiographic Response

100 [l Mismatch repair—proficient colorectal cancer

B Mismatch repair-deficient colorectal cancer
B Mismatch repair-deficient noncolorectal cancer

wn
(=]

20% increase (progressive disease)

of Longest Diameters (%)

Change from Baseline in the Sum




PD-1 Blockade in MSI-H Cancer- a new era of tissue agnostic approaches

Colorectal Cancers Non-Colorectal Cancers
CohortA Cohort B Cohort C
Deficient in Proficient in Deficient in
Mismatch Repair (MSI-H) Mismatch Repair Mismatch Repair (MSI-H)
(n=28) (n = 25) (n = 30)

Anti-PD1 (pembrolizumab) — 10 mg/kg every 2 weeks

Overall survival

MMR-deficient CRC
(mOS = Not reached)

MMR-proficient CRC
(mOS =5.98 mos)

/

Diaz LA, et al. ASCO 2016. Abstract 3003.




Hopkins/MSKCC study- provocative
preliminary/translational results

Newly
diagnosed
resectable

stage |

(>2cm)/11/111A
NSCLC

Pre-treatment

Stage I-IlIA NSCLC - Schema

Nivolumab
3mg/kg IV

(Day -14 &
Day -28)

Surgical
resection

(Day 0)

Post-treatment

Tumor

Standard of
care
postoperative
treatment

Frequency among peripheral
blood T cells

B Current/ ex-smoker
Il Other

Smoking Status
Histologic Subtype
RECIST Response
LN Metastases

O Never smoked B AC [O scC
PR [OSD W LN+ Il LN—

MPR, disease free Non-MPR, disease free

Non-tumor clones Non-tumor clones

Tumor clones Tumor clones

-28d  -14d  -3d +1-2m +3-4m +6-8m +10-12m




NADIM study

Table 1. Pathologic Response

patients with B > | SURGERY |—> IR up
resectable ' : At (3 years}
(In the 3rd or 4th week from

disease cvde3o - Pl 1
I s 4l pi A Major response

neoadjuvant treatment)

L s B I | Complete response
T Less < 90%
s extacion Total

(C1) (every 6 months)

Tumor block




Precision medicine- an enlarging basket

Non-squamous non-small cell lung cancer
— EGFR, ALK
— ROS, RET, B-raf, K-ras, MET, Erbb2
Metastatic melanoma
— B-raf
AKT — KIT, N-ras

Lung Adenocarcinoma B Lung Squamous Cancer C Breast Cancer

Colorectal cancer

Melanoma F Head and Neck Squamous Cancer

— K-ras exon 2

— Extended K-ras, N-Ras, B-raf, PIK3CA, ErbB2

— MSI testing

Breast cancer
-PTEN _

(PTEN and CDKN2A are by ER, PR, ErbB2
PIK3CA frequently inactivated) £RE8? _ B RCA te Stl n g

Ovarian Cancer H Glioblastoma Multiforme o= Pl K3 CA

CNS tumors
—  MGMT promoter methylation
PROIC I SRR 4,«1@:&@ ORI &}@ @ — IDH1, IDH2, 1p/19q loss, ATRX

L Al 09 e
‘;4‘ o &*‘xc@oc@ &

What panel? Single gene? Multiplex
platform? NGS?



Tumor types showing success with genomic testing

CRC: K-Ras as a negative
selection marker for
EGFR inhibition

100F==

Mutations in GIST

KIT Mutations PDGFRA Mutations

Exon8:1 case

30 Exon9:9.9%

60

Jjuxtamembrane Jjuxtamembrane

Exon 11: 60% WD domain domain

Best supportive

Overall Survival (%)

Exon13:2% L Exon14:0.5%

Cetuximab plus best *—— '
supportive care

Exon17:1.3% ) Exon18:6.4% )

Adapted from: Heinrich & Corless 2003 ASCO, 1581 cases

4 6 8
Months after Randomization

No. at Risk
Cetuximab plus 75
best supportive

care
Best supportive 76
care alone

B Wild-type K-ras
100

A Overall Survival

Wemurafenib (N=336)
80 ’

60 Cetuximab plus best

supportive care Dacarbazine [M=33§)

Overall Survival (%)

Best supportive o
care alone

Owerall Survival [56)

Hazard ratio, 0.37;
P=0.001

4 6 8 10
Months after Randomization

No. at Risk

Cetuximab plus 110 88 75 43 31
best supportive
care

Best supportive 105 65 34 23 17

Wemurafenib 336
care alone




Genomic Mechanisms (and Targeted Drugs) in Cancer

ER

1980

Hormonal
therapy

Cytogenetics

1990

PTEN
PIk3cA PDGFR
CYP2D6 EML4-ALK ROS1 RET NTRK1
C-KIT UGT1A1
EGFR BRAF MSI
BCR-ABL
HER?2 | KRAS MET |
2000 2010 2017
Panitumumab Vemurafenib Crizotinib
Gefitinib Ipilimumab Palbociclib
Nivolumab  Avelumab
Imatinib  EMOIND pasatinib Crizotinib  Afatinib ~ Everolimus
Pembrolizumab
Sorafenib Nilotinib Cabozantinib  Atezolizumab
Olaparib Niraparib
o . Cobimetinib
Cetin bS“”'t'”'b el Osimertinib Abemaciclib
etuxima Ceritinib ~ Olaratumab
Bevacizumab  Temsirolimus Alectinib  Regorafenib
Ramucirumab Brigatinib
Necitumumab
Trametinib  Rucaparib
Lenvatinib  Ribociclib
Durvalumab

Neratinib



_

Protein detection Genetic RNA profiling .
. Seiecteg markers (e.g., e « Exprassion :
PTEN, ER, PR, AR, and HER2) proflllng « miRNA profiling

 Broad profiling

\4

Tumor board
treatment decision

v

1 1 .

Chinical trials, Clinical trials, : Center-specific| | Treatment outside
NCI studies . NSy
company A company B studies of institution

T =]

© 2014 Amernican Association for Cancer Rasaarch
CCR New Strategies AR

Jurgensmeier et al, CCR 2014



NTRK as a tissue agnostic treatment biomarker

Maximum change in tumour size, according to tumour type

= | e

Maximum change in tumour size, according to tumour type

93.2

Cancers enriched for TRK fusions

Frequency >90%

MASC

Secretory breast carcinoma®

Cellular and mixed congenital mesoblastic nephroma®
Infanfile fibrosarcoma

Cancers harbouring TRK fusions
at lower frequencies

Gastrointestinal stromal tumour (pan-negative)

Acute lymphoblastic leukaemia, acute myeloid leukaemia,
histiocytosis, multiple myeloma and dendritic cell neoplasms
Infantile sarcoma’

Breast cancer
Colorectal cancer

Cholangiocarcinoma
High-grade glioma'

Tﬁ?@' SQI?CI;OCK o m Thyroid tumour m Soft-tissue sarcoma Appendix tumour m Salivary-gland tumour

Pancreatic cancer m Colon tumour W Lung tumour m IFS W Cholangiocarcinoma

Melanoma M Melanoma m GIST m Breast tumour W Pancreatic tumour
Renal cell carcinoma®
Sarcoma *One patient had a TRK solvent front resistance mutations (NTRK3 G623R) at baseline owing previous therapy;

One patient had a pathological complete response.

GIST, gastrointestinal stromal tumour; IFS, infantile sarcoma.
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RET targeting- thyroid/lung

Non-small cell lung cancer (2%)

Papillary and other
thyroid cancers (10-20%)

Pancreatic cancer (<1%)

Salivary gland cancer (<1%)

Spitz tumors (<1%)

Colorectal cancer (<1%)

Ovarian cancer (<1%)
Myeloproliferative disorders (<1%)
Many others (<1%)

(LITLIT |‘||l!“]l”!l!lﬂ!l”llllu_I\(“l" |
e ®®
= . Dimerzaton " Kina o

OO®®

KIF5B (most common in lung cancer)
CCDC6 or NCOA4 (most common in thyroid cancer)

Medullary thyroid cancer
sporadic (>60%)
hereditary (>90%)

Activation by ligand-
independent dimerization

Covalent disulfide
bonds in cystene-nch
regoon

WLLLEIEUTY ALLLLALL llll‘.A'\!|j|1||<|'||.u‘|>l‘|n“

1
Common mutation: RET M918T
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Newer RET inhibitors appear highly effective

: Beat Evaluable Pafisnts (N=40)
A Responss (%)

3 1Lt

PR i)

L] ()

FO 26
" confirmed"* 10 ecnfimed, T pending confimation

n=12
ORR 50%

ENoresmall cel lung cance

Medulary hyro
BPanilary thyroid cancer
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Starting dose
B 2myQD 80 mgEID
20mgED M 120mgBID
W 4mgBD W 160mgBID
[l 50mgBD W 240mgBID

L NN NN LR B NN N
. # . ‘e

(] . L) L]
DR REE]
L] LU LR I ] L] L] LN ]

ORR 68%
4/4 CNS responses

Proc AACR, Chicago 14-18 April 2018; Oxnard WCLC Toronto 2018 OA12.07



FGFR targeting- cholangiocarcinomas

FIGURE. TRIAL DESIGN OF FIGHT-202%%

PATIENTS
ced or metastatic cholangiocarcinoma

Recurrent mutations®

Oncogenes Tumor suppressor genes
« IDH1(10%) - ARID1A (12%)
+ IDH2 (6%) * ARID18 (5%)
* PIK3CA (7%) * BAP1 (22%)
+ KRAS (3%) » PBRM1 (21%)
* NRAS (3%) » TP53 (12%)
DORAT o) 2ETENE%) COHORT A COHORT B COHORT C
:Zﬁi’;&%’m (n = 107) (n = 20) (n=18)

* PTPN3 (4%) FGFR2 fusions/ FGF/FGFR genetic No FGF/FGFR genetic
rearrangements alterations alterations

Tyrosine kinase (TK) fusion protiens®

FGFR2 fusion genes ROS fusion genes
* FGFR2-BICC1 (22%) * ROS1 fusions (9%)
* FGFR2-PPHLN1 (11%)
* FGFR2-AHCYL1 (6%)
* FGFR2-MGEAS (2%)
* FGFR2-TACC3 (4%)
« FGFR2-KIAA1598 (2%) CHANGE FROM BASELINE IN TARGET LESION SIZE (COHORT A)
* FGFR2-KCTD1 (1%)
* FGFR2-TXLNA (1%)

60
40
20

0-

Hypermethylation®

- CpGisland : liver fluke-associated
Enriched in H3K27me3-associated promoter mutations

+ CpG shore : non-liver fluke-associated
Enriched mutations in IDH1/2

R (n=3 [2.8%])

R (n=35 [32.7%])
D (n=50 [46.7%])
D (n=16 [15.0%])
ot evaluable*®

Best Percentage Change From Baseline
in Target Lesion Size

A g o d teoe o oot RECIST
Comoend burs: conlemrat eogeemos par RECIS e
w * Paserit had decreasa in apet haion s but was rct evaluatie tor resporse pes RECIE




Finding the Achilles heel- PARP inhibition in

advanced ovarian/prostate cancer

Rucaparib in relapsed, platinum-sensitive high-grade

Prostate cancer

. . . . Response to Olaparib Neo Response to Claparib
. I PatientNo, |17 |15 14 20| 30| 98 35|36 1| &| 5 6 48| 8| 0] 2 13l e 050 234 600 1g)le E &) 20]32( 3| 14| 12|40 & 41| 45| 48| 42| a9
ovarian carcinoma (ARIEL2 Part 1): an international, R R T R R R R R e e
Iti label, ph ial i
multicentre, open-label, phase 2 tria S
Poe ftive
Y
N . S *
100 — BRCA mutant
— BRCAwild-1 Wi LOH ke
0] wid type and LOHiow e
BROA mutantvs BRCAWAItype andLOH low: HR0 27 (95% 01 0-16-0 44, p<0.0001
Eog highvs BRCY HRO62 (95% 0 L0011 BREAL l
PALBZ -
Single-strand break HDAC |
I RADS1
PARP inhibitors Wi ||
30 ERCCH
20 MAE11
10+ NBN
Double-strand breaks Eramechit mumticn singlecopy deletion  [JJl] Misersemicaticn & Germiine were
1 e SRS Supgain I oo deieon [ Com reamal oo herizygosiy
uer censo
+ * BRCA mutant 40{0) 40 (0) 39 (0) 39 (0) 36(0) 36(0) 34(0) 33(1) 27(3) 25(4) 22(4) 20(5) 19(4) 16(6) 12(9) 9(10) 7(10) 5(12) 5(12) 5(12) 2(15) 2(15) 0(16)
BRCA wild-type and LOH high 82(0) 77 3) ?l(s] 56(9) 43{9)45-111 36(11) 31(14) 27 (14) 23(14) 21(15) 20(15) J?(lS)lT\_li]H*‘lE]lDﬂH 5(23) 4(23) 3(24) 1(25) 1025} igure 1. Genomic Aberrations in DNA Repair in Paticnts with M etastatic, Castration-Resistant Prostate Cancer.
BRCA wikd-typeand LOK low 70(0) 69(1) 53(2) 48(5) 37(5) 34(6) 730) 22(1) 15(8) 14(8) 128) 10(9) 6(s) 4(10) 3010 2(10) 110} O {12} Jata areshown forthe 49 patients who could be evalused fora response, Mutations and deletions in DNA. repair genes were dentified through nexs gene rion sequencing stud
Normal cell BRCA-mutated cell B § § e3. Green shading indicates patients who were classified as having a response to olaparibin the clinical trial, Patients were considered to be biomark tive: ifF de
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- > e
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Personalizing immunotherapy- the next frontier
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Precision cancer medicine
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Dowsett, M. & Dunbier, A. Clin Cancer Res, 2008. Chemoendocrine therapy

Endocrine therapy

Hazard ratio for invasive-disease recurrence, second primary cancer,
or death, 1.08 (95% Cl, 0.94~1.24)
P=0.26
12 24 36 48 60 72 84 96 108
Months

3312 3204 3104 2993 2849 2645 2335 1781 1130 523
3399 3293 3194 3081 2953 2741 2431 1859 1197 537

B Freedom from Recurrence at a Distant Site

Hazard ratio for recurrence at a distant site, 1.10 (95% Cl, 0.85-1.41)
P=0.48

48 60 72 84 96 108

Months

3312 3215 3142 3059 2935 2734 2432 1866 1197 554
3399 3318 3239 3147 3033 2833 2537 1947 1267 581
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Trastuzumab Deruxtecan (DS-8201) is a Novel ADC Designed to
Deliver an Optimal Antitumor Effect

Trastuzumab deruxtecan is an ADC composed of 3 components:

Payload MOA:
* A humanized anti-HER2 IgG1 mAb with the same topoisomerase | inhibitor
amino acid sequence as trastuzumab
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High potency of payload

* Atopoisomerase | inhibitor payload, an exatecan derivative

* Atetrapeptide-based cleavable linker

High drug to antibody ratio = 8

Humanized anti-HER2 Deruxtecan'?
1gG1 mAb!?
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Tetrapeptide-Based Cleavable Linker i
Topoisomerase | Inhibitor payload
(0Xd)

The clinical relevance of these features s under investigation.

Payload with short systemic half-life

Stable linker-payload

Tumor-selective cleavable linker

Membrane-permeable payload

ADC, antibody-drug conjugate; MOA, mechanism of action.
1. Nakada T, et al. Chem Pharm Bull (Tokyo). 2019;67(3):173-185. 2. Ogitani Y, et al. Clin Cancer Res. 2016;22(20):5097-5108. 3. Trail PA, et al. Pharmacol Ther. 2018;181:126-142. 4, Ogitani Y, et al. Cancer Sci. 2016;107(7):1039-1046.
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%
2

San Antonio Breast Cancer Symposium®, December 10-14, 2019

bl Events HR Best Change in Tumor Size i
N=612 (95% Cl) P Value |
TUC+Tras+Cape | 130/410 0.66 0.00480
0.8 -
= Pbo+Tras+Cape | 85202 & (0-50,0.88) ‘ £,
< ! E g $
@ | £5
g % . e Risk of death was reduced by 52 o
3 ' 45% Hecen 34% in the total population 3 % N ’ ‘ ‘ ‘
T 041 i ! Two-year OS (95% Cl): £z |
g ! | TUC+Tras+Cape Pbo+Tras+Cape 85 “7
02 i 127% 45% 27% -3 -SRIl Confirmed ORR: 60.9%*
i 1 (37, 53) (16, 39) £ g (95% CI, 53.4%68.0%)
i ' PRI 11 CRs
, : 5 Median OS (95% Cl): =
"0 3 6 9 12 15 18 21 24 27 30 33 36 21.9 months 17.4 months
Months since Randomization (18.3, 31.0) (13.6,19.9)
No.at Riek ) Prespecified efficacy boundary for OS (P=0.0074) T ot o 0% e progesive e the e at 30 ndicaespartal response
:f""’:‘cc:: ;;g :::? :::g f’:; ‘7775 ‘42; gg ?; 3: 250 '20 : g was met at the first interim analysis. *Includes all patients who received T-DXd 5.4 mg/kg (intent-to-treat analysis; N=184).

Data cut off: Sep 4, 2019
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KEYNOTE-522 Study Design (NCT03036488)

Neoadjuvant Phase = ¢ Adjuvant Phase =————p

Neoadjuvant Treatment 1 Neoadjuvant Treatment 2 Adjuvant Treatment
(cycles 1-4; 12 weeks) (cycles 5-8; 12 weeks) (cycles 1-9; 27 weeks)

-

Key Eligibility Criteria - Pembrolizumab 200 mg Q3W
* Age 218 years Pembrolizumab 200 mg Q3W
« Newly diagnosed TNBC of
either T1c N1-2 or T2-4 N0O-2
+ ECOG PS 0-1 &
+ Tissue sample for PD-L1 i P
— V n _

Placebo

Placebo
Stratification Factors:
« Nodal status (+ vs -)
= Tumor size (T1/T2 vs T3/T4)
+ Carboplatin schedule (Q1W vs Q3W)

Neoadjuvant phase: starts from the first neoadjuvant treatment and ends after definitive surgery (post treatment included)
Adjuvant phase: starts from the first adjuvant treatment and includes radiation therapy as indicated (post treatment included)
“Doxorubicin dose was 60 mg/m? Q3W.

*Epirubicin dose was 90 mg/m2 Q3W.
Cyclophosphamide dose was 600 mg/m? Q3W.

#Must consist of at least 2 separate tumor cores from the primary tumor.
bCarboplatin dose was AUC 5 Q3W or AUC 1.5 Q1W.
¢Paclitaxel dose was 80 mg/m? Q1W.

This presentation is the intellectual property of Peter Schmid. Contact him at for permission to reprint and/or distribute.
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Pembro + Chemo
Placebo + Chemo

pPCR by PD-L1 Expression Level

100 A 18.3 (-3.3 to 36.8) 1007 A14.2(5.3t023.1) A17.5 (6.2 to 29.1) A 18.5 (5.0 to 32.7)

81.7%

77.9%

90 90
80 80
70 70

54.9%
60 60
50 50

40 40

30 30

230/334 90/164 162/208 103/126

CPS <1 CPS 21 CPS 210 CPS 220

Pre-specified analysis. PD-L1 assessed at a central laboratory using the PD-L1 IHC 22C3 pharmDx assay and measured using CPS; number of PD-L1-positive tumor cells, lymphocytes, and
macrophages divided by total number of tumor cells x 100); PD-L1-positive = CPS 21. Estimated treatment difference based on Miettinen & Nurminen method stratified by nodal status (positive vs
negative), tumor size (T1/T2 vs T3/T4) and choice of carboplatin (Q3W vs QW). Data cutoff date: September 24, 2018,

This presentation is the intellectual property of Peter Schmid. Contact him at p.sc! ac.uk for permission to reprint and/or distribute.
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First Pre-planned Interim Analysis for EFS
100 ine
90 :
80
70

« First interim analysis of EFS based on 1174
60 patients: pre-calculated P value boundary for
50 significance of 0.000051 (HR <0.4)

HR
- Bvents  @s%ch |+ Median follow-up, 15.5 months

30 Pembro + Chemo/Pembro 7.4% 0.63?2
Placebo + Chemo/Placebo  11.8% S

12 15 21 24 27

No. at Risk Months
784 780 765 666 519 376 242 73 2 0
300 38 380 337 264 186 116 35 1 0

*Pre-specified P value boundary of 0.000051 not reached at this analysis (the first interim analysis of EFS). Hazard ratio (Cl) an alyzed based on a Cox regression model with
treatment as a covariate stratified by the randomization stratification factors. Data cutoff April 24, 2019.

This presentation is the intellectual property of Peter Schmid. Contact him at p. Ll for permission to reprint and/or distribute.
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