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Milestones and Technology Update

W. Michael Korn, M.D. — Eric Collisson, M.D.

UCSF Division of Hematology/Oncology

University of California ucating and Empowerin
San Francisco Northern California

Ed g the
Cancer Communit

Precision Oncology: The Promise

Resistance? F

Advanced Molecular

o Individualized treatment
Cancers Profiling

Tailoring treatment to the Individual characteristics of each patient and their disease
More efficient treatments ¢ Less Toxicity
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Precision Oncology: Growing Complexity
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Rare Fusion Genes with High Impact

NTRK gene fusions are rare but recurrent oncogenic drivers

1'%

14 NTRK1/2/3

|
_l Promoter |.|.| 5’ partner H/_| LBD E kinase domain |*

» Larotrectinib is a highly potent small-molecule inhibitor of TRKA,
TRKB, and TRKC (5—11 nM ICs in cellular assays)

NTRK Fusions occur all over the body

G P o
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Responses to the TRK inhibitor Larotrectinib

50 932 Infantile fibrosarcoma M Melanoma Soft tissue sarcoma
I Gastrointestinal stromal tumor Breast Colon

40 4 Thyroid M Appendix M Pancreas

30 4 * Salivary gland Lung M Cholangiocarcinoma

-10 4
-20 4
-30

40 4
50 4

Maximum change in tumor size (%)

.60 4
70 4
17 Jul 2017 30 July 2018
-80 (n=55) (n=55)
-90 - ORR (95% CI) 80% (67—90%)  80% (67—90%)
-100 - Best response! o #
PR 64% 62%
CR 16% 18%

Lassen et al., ESMO 20%8

FDA Approval of Larotrectinib (Vitrakvi)

ipZY U.S. FOOD & DRUG

ADMINISTRATION

Medical Devices Radiation-Emitting Products Vaccines, Blood & Bioclogics Animal & Vet

News & Events

Home > News & Events > Newsroom > Press Announcements

FDA News Release

FDA approves an oncology drug that targets a
key genetic driver of cancer, rather than a
specific type of tumor

New drug Vitrakvi targets specific receptor kinase that promotes tumors

f sHare in LINKEDIN | @ PINIT | &% EMAIL & PRINT
For Immediate November 26, 2018
Release
Release The U.S. Food and Drug Administration today granted accelerated approval to

Vitrakvi (larotrectinib), a treatment for adult and pediatric patients whose cancers
have a specific genetic feature (biomarker).
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NRG1 Fusions: Constitutive Activation of HER3 Signaling

A Fusion partner . . .
£k g Fusions preserve EGF-like domain of NRG1 and
S — b transmembrane domain of fusion partner

HERS inhibitory mAbs  HERZ inhibitory mAbs/ADCs
Patritumab

Measurable response after 16 weeks of apatinib
- treatment in patient with NRG1-fusions positive
4/ cholangiocarcinoma and hepatic metastases

Afatinib

Tarloxitinib  *Reported in some but not all NRGT fusion models

AAGR

Dimou and Carmidge, Clin. Cancer Res., 2019 Jones et al., 2017

Precision Medicine and Imaging Clinical
Cancer

Research

Detection of NRG1 Gene Fusions in Solid Tumors ¢

Sushma Jonna', Rebecca A. Feldman?, Jeffrey Swensen?, Zoran Gatalica?,
Wolfgang M. Korn?, Hossein Borghaei®, Patrick C. Ma*, Jorge J. Nieva®, —
Alexander |. Spira®, Ari M. Vanderwalde’, Antoinette J. Wozniak® Edward S. Kim?®, #==

and Stephen V. Liu'
0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6%

GBC (3/580) 0.5%

PDAC (3/623)
RCC (1/211)
Ovarian (3/686)
NSCLC (25/9592)
Breast (2/1106)
Sarcoma (1/627)
Other(1/937)
Bladder (1/945)
CRC(1/1690)

0.5%
0.5%
0.4%

Overall frequency:
41/21,858 (0.2%)
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NTRK Resistance Mutations

Ba/F3-ETV6-  Ba/F3-ETV6-

1Co (M) “rekcWT  TRKC-G623R

Entrectinib 2.0 507.0 Entrectinib 5.9
LOXO-101 13.7 >1000 LOXO-101 14.0
Crizotinib 88.0 >1000 Crizotinib 133.8

Solvent front mutation

WRdtvRS (TrkA G595R, TrkC G623R)

N~

S
' “ * //
)

The patient was detected to have N7TRK3 G623R in a post-progression biopsy
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Detection of Clonal Dynamics by Cell-free DNA

63 y.0 woman with metastatic sigmoid
colon cancer, initially KRAS WT

1.0- -80
& 0.8 60 o TP53R175H
oZ S —— EGFRC291F
(1 0.6_ []
o Fa0 EGFR F404

' 0.4 o1

- = —4— KRAS Q61H
e =
™ 0.2 20 = KRAS G13D
< o
= -

0.0 ;

T T T T T 0

0 50 100 150 200 250 300 350
Days

Strickler et al., Cancer Discov., 2018
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Gene Fusion Detection: RNA superior to DNA
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Gene A Gene B
Exon
= Intron [ i : | |
" — ___ - Capture probes
— —_— it - . DNASeq (MSK-IMPACT™)
Intron tiling is required for fusion
detection .
Gene A-Gene B Problem: some introns too long

(NTRK3) or not tilable

RNASeq (MSK-Fusion)
* * Only coding exons are targeted.

*  14% (36/254) fusions detected by RNAseq that were missed by MSK-IMPACT.

*  48% gene fusions identified exclusively by RNAseq would have been expected to be
detected by the MSK-IMPACT panel based on its design.

Benayed. et al, Clin. Cancer Res., 2019

13

Whole Transcriptome RNA Sequencing Provides Diverse

Analytical Insights

Gene regulation

Fusion Detection ﬁm ﬁmﬁ’—\f Jﬁ—ﬁm

| £
\‘ [ \/ Benayed et al. ﬁjé
\\\ ‘ / MRNA Variant Detection =

14



Low Frequency Mutations Share Common Themes
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wwwwwwww

Colorectal Cancer (MSS)

Oncogenic
Signaling

DNA Repair

romatin-
remodeling

pcs spb. D Ds S . DSSS S
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Tumor Mutational Burden explains 55% of variability in

response to immune checkpoint inhibition

o
so0- Cutaneous
squamous-cell

104 sarcoma @ Esophagogastric © Small-cell lung

o
40 Merkel-cell Noncolorectal
Melanoma (MMRd)
e
&
= Colorectal
g (MMRd)
o= o
@ 30 L4
2
2 Anal
2 Renal-cell o Objective Response Rate
c; (no. of patients evaluated)
-] Cervical
° 204 ] N © 30
2 Hepatocellular @ Urothelial © 100
° @ ® @ NSCLC (squamous)
. NSCLC (nonsquamous) O 500
Mesothelioma @ Head and neck O 1000
o ® Endometrial

@ Ovarian Tumor Mutational Burden
@®Glioblastoma (no. of tumors analyzed)
® Prostate
Uveal d - | ® Breast O 100
> Adrenocort tical @ 1000
Pancreatic Germ-ce ] @ 10,000
0] ° ° e Colorectal (MMRp)
T T T T T
1 10 30 40 50

Median No. of Coding Somatic Mutations per MB

Yarchoan et al., NEJM 2017
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Disease-Specific Distribution of TMB Predicts Sensitivity to Immune-checkpoint Inhibition

=i Top 10% TMB within histology
== Top10-20% TMB within histology

< =i Bottom 80% TMB within histology

o

IS

=

s

©® 50

I

g

]

P=17x10"°
0 T T T 1
0 12 24 36 48
No. at risk Time (m)
Bottom 80% 1,305 586 231 85 33
Top10—-20% 184 100 39 16 5
Top10% 173 101 43 16 6

Samstein et al., 2019
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* A 39y/oman presented to UCSF Gl Oncology with
extensively metastatic colon cancer and PD on

A 1000 -
conventional chemotherapy.
* Patient in poor performance status, referred to 2
; —
hospice. 104
* Next-generation DNA sequencing revealed a

pathogenic PolE P286R mutation as well as a large ' )
number of additional mutations. POLE + POLE -
n=102 n=92,336

18



Prolonged response to immunotherapy

11/5/19

Single agent anti-PD-L1 therapy with pembrolizumab was initiated in December
2016.

October 2016 July 2018

* Treatment ongoing, patient active and in good performance status.

Courtesy Dr. van Loon, UCSF

19

Trastuzumab / Pertuzumab or Lapatinib
Neratinib.
NTRK Fusions 0.2% 5

BET Inhibitor

PARPI, Platinum

MEK / ERK inhibitors.

Colorectal Cancer: T
Precision Oncology
Roadmap

Porcupine / WNT inhibitors

Trastuzumab / Pertuzumab or Lapatinib

Metastatic Colorectal AR Chemo
Cancer (MSS) mutont (3399),

BRCA1/2 mutations (1.5%)

PARPi, Platinum

BSPO3 fusions (4% Porcupine / WNT inhibitors

Regorafenib/Lonsurf

s MYC amp BET inhibitors
NRAS mutant (4%)

BRCA1/2 2.126) PARP inhibitors / platinum
RSPO3 fusions 4%)
Level of Porcupine / WNT inhibitors
Evidence | Evidence for association of mutations and drug activity _

Relationship of molecular finding and efficient drug treatment Regorafenib/Lonsurf
established through clinical trials for a given disease

Mye amp (3%) e
2 Limited evidence for association of drug and mutation in given disease FRiE
BRAF mutant (9%) Chemo+BRAFI+EGFRI
Evidence for association of drug and mutation in another disease only
Preclinical evidence FS R
[PSWEEN (nferential association

20
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Predicting Treatment Outcomes Using Big Data
And Artificial Intelligence

Next Generation Profiling (NGP):
Discovery of Clinically Relevant Signatures through Machine Learning

NGS (DNA Alterations)

«Single Variants DEAN
*Insertions/Deletions (Cognitive Computing) i
*Tumor Mutational Burden ; l

*Support Vector =i-- i

+ Machine ‘
*Random Forest

*Logistic Regression

*Neural Networks

} *Naive Bayes

[ IHC (Protein Expression)

[ RNA (Gene Expression)

ISH (DNA Copies) *Quadratic

Discriminant Analysis "=l

*Gene Copies
*Gene Translocations

Abraham et al., Caris Life Sciences, unpublished

22
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An Assembly of Mathematical Models Coupled With

Neural Networks

Algorithm 1
Algorithm
Algorithm 113

Algorithm
-
=
20 Algorithm
56 -

23

NGP FOLFOX Predictor

Patient Characteristics (Testing Dataset)

Characteristic Benefit No Benefit
N=103 (%) N=61 (%)

Median Age 58 59 0.250
Female/Male 44/56 49/51 0.603
Colon/Rectal 93/7 77/23 0.003
Left/Right/unknown 35/42/23 51/38/11 0.069
Bevacizumab 100 100 1.000
Cetuximab 9 15 0.351

Abraham et al., Caris Life Sciences, unpublished

24
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Clinical validation using an independent cohort of

patients who received FOLFOX in 1%t line

FOLFOX-NGP
HR = 0.455 (95% CI: 0.308 - 0.672) TRIBE 2
log-rank p-value < 0.001
= K 100 Median follow up = 30.6 FOLFOX + bev FOLFOXIRI + bev
Med|an TTNT (mO) 90 mos N = 340 N =339
. Events, N (%) 303 (89%) 291 (86%)
\ Benefit: 11.9 55 e
B . Median 1% PFS, m . H

" LY Non-Benefit: 7.6 £ " >
§ N i HR = 0.75 [95% CI: 0.63-0.88] p<0.001
s \ \ Prediction a
o \ Scias: £ =
S \ \ NE(56) 7§
5 ! 3
& . & 5 o

v X

e s

L‘ : 104
n o
Abraham et al., Caris Life Sciences, unpublished
Cremolini et al., ASCO 2019
25

FOLFOX Predictor Not Predictive of Response to

First-Line FOLFIRI

HR = 3.159 (95% CI: 0.951 - 10.492)
log-rank p-value = 0.118

0.75
(5]

[

[

S Prediction

<

W .50 — B(18)

5]

2 — NB(12)
o

o

[

o

0.254

0 250 500 750
TNT (Days)

Abraham et al., Caris Life Sciences, unpublished

26

13



11/5/19

The Future of Precision Oncology

Improved Access to Molecular Profiling > Earlier Testing:
i |0 Predictors, Gene Fusions etc.

Next generation DNA sequencing

Copy Number

Platforms

RNA expression / Gene fusion
analysis

Improved
Outcomes

P

Real-World Clinical
Proteomics - Outcomes Data

Liquid biopsy

Clinical Outcomes

—
MI PROFILE

Individualized Basket Trials
Reporting

Distributed Trials

Machine Learning (ust-in-Time)
ust-in-1rime

27
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Crossfire Session: Tissue vs. Liquid
James P. Grenert, MD, PhD and David R. Gandara, MD
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Emerging Role of Liquid Biopsy in Precision Medicine:
Non-Small Cell Lung Cancer as a Model

David R. Gandara, MD
University of California Davis

Comprehensive Cancer Center
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100 patients with Advanced Stage Non-Small
Cell Lung Cancer (NSCLC):
They all look alike, but they are not

peeteditbtteeteditte
beetebbbettetttteeed
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100 patients with Advanced Stage Non-Small
Cell Lung Cancer (NSCLC):
They all look alike, but they are not o vlotemale
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Evolution & Expanding List of Guideline Recommendations for
Genomic Testing in NSCLC

“The NCCN NSCLC Guidelines Panel strongly endorses broader molecular profiling with the goal of identifying rare driver
mutations for which effective drugs may already be available, or to appropriately counsel patients regarding the availability of
clinical trials. Broad molecular profiling is a key component of the improvement of care of patients with NSCLC).”

Genomic Alteration (i.e. driver event) Available targeted agents with activity against driver
event in lung cancer*

EGFR mutations osimertinib, erlotinib, gefitinib, afatinib, dacomitinib
ALK rearrangements alectinib, brigatinib, ceritinib, crizotinib, lorlatinib
HER2 mutations ado-trastuzumab emtansine, afatinib

dabrafenib + trametinib, vemurafenib
criotiny
cizotini,ceritib
cabozantinib, vandetanib
entrectinib, larotrectinib

NCCN Clinical Practice Guidelines. NSCLC. v3.2019.

Growing Number of Oncogene-driven NSCLCs with Active Targeted Therapies

RET: Pending: NTRK:
Cabozantinib: | LOX0-292: Larotrectinib HER2 mutation \
RR=40% RR=77% 71% RR ERBB2 amp HER2 mutation:
Alectinib BLU-667: p  (09%) RIT1 ~15% RR -Afatinib;
RR = 50% . | @) ~20% -Dacomitinib
44% -Ado Trastuzumab
ROS1: HRAS (0.4%) NF1
0
YLD RETIf\g:fni 23343 8.3% None
Crizotinib MAP2K1 (0.9%)
-Ceritinib ALK fusion (1.3%) \ BRAF (V600E):
ROS1 fusion (1.7%) — o
ERBB2 E1.7%§ — : >60% RR to

- \ BRAF + MEK
MET ex14 | 43% W inhibitor combo
ALK: 65% RR to crizotinib;
~70% RR to 2"d-gen TKI; BrAE 0%
Ceritinib in resistant cancers

Alectinib 15t line 11.3%

MET ex14:
30-40% RR Crizotinib EGFR: RR>70% KRAS G12C
Cabozantinib to 1st-2nd-Gen TKiIs; AMG510
MET ex14 ~60% RR to 3rd-Gen TKIs 48% (11/23)
Capmatinib 60% RR in resistant cancers responders
Tepotinib 59% RR Gandara: Lung Cancer Summit. ESMO19
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Schema for Multidisciplinary Integration of Biomarker
Testing in Advanced Stage NSCLC: Looking for
“Actionable” Oncogenes

Referring
Physician

Identify
Patient

h 4 Pathologist

Multidisciplinary | Pulr.nomlalog:tl )
Team nterventional Radiologist Histology Evaluation Oncologist
Surgeon

Tumor Board)

Identify ) Determine
Target y y o y Therapy

Lesion

Molecular Biomarker Treat

Med Oncologist "
Testing

Thoracic Surgeon
Radiation Oncologist
Pulmonologist When

Radiologist Progression
Pathologist

When

Determine ‘ Progression

New Therapy

I R

Plasma ctDNA Plasma ctDNA

Adapted from: Raez, Gandara et al Clin Lung Cancer 2016

Evolution of Biomarker Testing in NSCLC: Past, Current & Future

Empiric Approach (Past)
(Compound-Based Therapy): -

1. Histomorphological
Clinical-histologic factors to select

Diagnosis: K7D~ R -
drugs for individual patients
2. Molecular Diagnosis: Macro- or Extract tumor
Archival FFPE tumor Archival cancer Micro-dissection nucleic acids:
_specimens specimens

of Tumors e —
— T W —— @’ﬁ
Z 1 < DNA and RNA

h

Repr logies:
Current Approach (Target-Based Therapy V1.0): Single Biomarker Tests:
Single gene molecular testing for decision-making in *Sanger DNA Sequencing

tord T ; *RT-PCR
individual patients «FISH

l *IHC

= Multiplex, Hot Spot Mutation Tests:
Evolving Approach (Target-Based Therapy V2.0): -PCR-Easea SNapShot
Multiplexed molecular tests with increased sensitivity *PCR-based Mass Array SNP

.

[

.. P . eSequenom
& output for decision-making in individual patients Initial High-Throughput Technologies:
*SNP/CNV DNA microarray
*RNA microarray

. ot . . *Whole Genome or Exome capture
Genomic profiling by high throughput next generation Sequencing (DNA) P
sequencing for decision-making in individual patients eWhole or Targeted Transcriptome

- Plasma ctDNA by NGS for Genomics & TMB e g

- Near-Future Approach (Patient-Based Therapy): Next Generation Sequencing (NGS):

from Li, Gandara et al: J Clin

8
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Terminology: Liquid Biopsy

CTCs (circulating tumor cells)

(@ ’ ‘ @ Healthy
: ° tissue
10 Q T @ °
) TP o ©
o gs ‘
o Q © O Apoptosis |

or necrosis |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ctDNA (circulating
tumor DNA)

cfDNA (cell-free DNA)

Liquid biopsy Blood plasma or

sample

(blood sample)  cortaining ciona

Crowley E, et al. Nat Rev Clin Oncol 2013;10:472-484.

IASLC

REVIEW ARTICLE

Liquid Biopsy for Advanced Non-Small Cell

Lung Cancer (NSCLC): A Statement Paper from

the IASLC

Christian Rolfo, MD, PhD, MBA,” Philip C. Mack, PhD,"

Giorgio V. Scagliotti, MD, PhD, Paul Baas, MD, PhD,“ Fabrice Barlesi, MD, PhD,®
Trever G. Bivona, MD, PhD,’ Roy S. Herbst, MD, PhD,? Tony S. Mok, MD,"

Nir Peled, MD, PhD,’ Robert Pirker, MD,’ Luis E. Raez, MD," Martin Reck, MD, PhD,'
Jonathan W. Riess, MD," Lecia V. Sequist, MD, MPH,™ Frances A. Shepherd, MD,"
Lynette M. Sholl, MD,” Daniel S. W. Tan, MBBS, PhD,” Heather A. Wakelee, MD,“
Ignacio |. Wistuba, MD," Murry W. Wynes, PhD,* David P. Carbone, MD, PhD,"
Fred R. Hirsch, MD, PhD,"* David R. Gandara, MD"

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational)

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

Indicated when tumor tissue not available or high risk (or “plasma-first” situations)

Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”
* May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample

Can determine mechanism of resistance without biopsy, to guide subsequent therapy

Can be repeated serially (longitudinal assessment) for response & early progressive disease

Relatively non-invasive & high acceptance rate by patients
Detection of Minimal Residual Disease (i.e. after surgical resection)

10
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Patient with Advanced Treatment-naive NSCLC

Molecular profiling on all with non squamous, non squamous component, or if clinical features may suggest a molecular driver

Surgical specimen is available Tissue biopsy specimen is sufficient for molecular testing

) Perform molecular analysis@ on | Per_form BRI aqalysisg_
Perform molecular analysis? liquid biopsy (CtDNA); NGS is on tissue biopsy specimens®;

on surgical specimen®; preferred® NGS is preferred®; Treat with
NGS is preferred®; Treat SOC therapy based on
with SOC therapy based on presence or absence of
presence or absence of oncogenic driver; Perform
oncogenic driver; Perform Therapeutic target Therapeutic PD-L1 IHC as needed
PD-L1 IHC as needed negative target positive

] ] Treat with SOC
Tissue re-biopsy therapy based on
presence of
oncogenic driver

Perform molecular analysis? on tissue
biopsy specimensb; NGS is preferred;
Treat with SOC therapy based on
presence or absence of oncogenic
driver; Perform PD-L1 IHC as needed

From Rolfo, Gandara et al: J Thorac Onc 2018. =EGFR, ALK, ROS1, and BRAF at minimum, but panel if available. Strongly suggest tissue sparing to facilitate participation in clinical
trials. <\While NGS is preferred, based on availability, other validated assays are acceptable.

11

Patient with NSCLC progressive or recurrent disease during therapy

Perform molecular analysis? on liquid biopsy (ctDNA)

Targetable Targetable
resistance mutation resistance mutation
absent present

Tissue re-biopsy Treat with SOC

therapy based
on presence of
oncogenic driver

Feasible Not Feasible

Perform molecular analysis? Evaluate the potential benefit
on tissue biopsy specimen®; of other therapy for marker
NGS is preferreds; Treat with unknown or best supportive
SOC therapy based on care
presence or absence of
oncogenic driver; Perform
PD-L1 IHC as needed

from Rolfo, Gandara, et al: J Thorac Onc 2018. acobas/ddPCR for EGFR mutation NGS preferred for ALK and ROS1. vStrongly suggest tissue sparing to facilitate participation in clinical
trials. ©\While NGS is preferred, based on availability, other validated assays are acceptable.

12
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Somatic alteration detection rate (%)

80

20

High Girculating Tumor (ct)DNA Detection Rate across Multiple Gancer
Types (N=21,807)
NSCLC
\ 4

Guardant360 plasma NGS assay for detection of
somatic alterations in 21,807 cancer patients
85% detection rate across all cancers

93% SCLC

87% NSCLC

Median VAF: 0.41% (range 0.03-97.6)

] (n =21,807 patients; 25,578 samples)

Min: 0.03%
Median: 0.41%
Mean: 3.67%
Max: 97.62%

Percentage of total variants

0T 5T 5 o OT L 2% L L ¥XT o o
_Jg%ggs.é_l%:m%aangE%
O 53 35 23 % g Q O g5 220z 82 ¢ 380
? g & 8 o D 5 S 5 5 1 o

Sz s §£8z3 ] R s 3

=] o S & S O [} S T T T T 1
c 7} o &} [ =

I i ks 0 20 40 60 80 100

VAF for reported variants (cfDNA %)
Zill, Mack, Gandara, Landman et al, CCR 2018

13
PENN2 Study: Response to Targeted Therapy is Independent of
Plasma Mutation Allelic Fraction

[A] correlation of RECIST and AF

60+

40- ® @ Driver mutation

@ Resistance mutation

°°_ 20 - === Progression of Disease
s o
& 0T ge®
= o
& -2 . ®
= - --.‘1 N Partial Response
S 40 e)
) ~ o © o d
5 wof °f
o

_80.

n=42; R=-0.121; p=0.45
1001 ®®
0 15 30 45 60
Plasma AF, %
Aggarwal et al: JAMA Oncol 2018
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High ORR in Patients With Tumor- or Plasma-Detected,
T790M-Positive NSCLC Treated With Osimertinib

Tumour T790M positive (n=173)

100 100
80 ORR (95% Cl): 62% (54, 70) 80 ORR (95% Cl): 63% (55, 70)
60 - Plasma T790M positive 60 M Tumour T790M positive
20 4 M Plasma T790M negative 20 B Tumour T790M negative
I Plasma T790M unknown I Tumour unknown
y 1 L ~ISISISSISTRRSTRES b Safuhppp i

20—
—40 -
_60 -
-80

—100 -

IH

|

Oxnard et al. J Clin Oncol. 2016;34:3375.

il

Wi

Plasma T790M positive (n=164)
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IASLC

REVIEW ARTICLE

Liquid Biopsy for Advanced Non-Small Cell

Lung Cancer (NSCLC): A Statement Paper from

the IASLC

Christian Rolfo, MD, PhD, MBA,” Philip C. Mack, PhD,”

Giorgio V. Scagliotti, MD, PhD,“ Paul Baas, MD, PhD,“ Fabrice Barlesi, MD, PhD,"
Trever G. Bivona, MD, PhD,’ Roy S. Herbst, MD, PhD,? Tony S. Mok, MD,"

Nir Peled, MD, PhD,’ Robert Pirker, MD,’ Luis E. Raez, MD," Martin Reck, MD, PhD,'
Jonathan W. Riess, MD," Lecia V. Sequist, MD, MPH,™ Frances A. Shepherd, MD,"
Lynette M. Sholl, MD,” Daniel S. W. Tan, MBBS, PhD,” Heather A. Wakelee, MD,“
Ignacio |. Wistuba, MD," Murry W. Wynes, PhD,* David P. Carbone, MD, PhD,"
Fred R. Hirsch, MD, PhD,"* David R. Gandara, MD"

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational)

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

Indicated when tumor tissue not available or high risk (or “plasma-first” situations)
Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

* May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample

Can determine mechanism of resistance without biopsy, to guide subsequent therapy

Can be repeated serially (longitudinal assessment) for response & early progressive disease
Relatively non-invasive & high acceptance rate by patients

Detection of Minimal Residual Disease (i.e. after surgical resection)

16
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ctDNA Utility in Under-Genotyped/QNS Non-Squamous NSCLC

Tissue Biomarker

Positive

= Tissue QNS or UG

= Tissue Fully
Genotyped,

Biomarker Negative

Tissue Biomarker
Positive

= Tissue QNS/UG,

383, 30% ctDNA Pos

® Tissue QNS/PG,
/ 879, 68% CtDNA Neg /

u Tissue Fully

383, 30%

26, 2%

26, 2% Genotyped,
Biomarker Negative
Tissue Genotyping Status CtDNA NGS Increased
EGFR 256 (N=1288) EGFR 42 Biomarker Yield
KRAS 61 KRAS 127
% 297 383 of 1288 (30%) :LK ;UfsiOh 3 CtDNA analysis identified
[FOSTfusion Biomarker Positive 081 fusion 2 252 additional actionable
[RETfusin 4 for Driver Oncogene RET fusion 14 biomarkers (19% of 1288
BRAF VB0OE 10 BRAF V600E 13 |omar(29r§6(of 878) )
MET amp 10 5
VETEi . 879 (68%) Quanttty Zg ZT; 273 not previously detected in
HER2 mutation 1 Insufficient (QNS) or . tissue QNS/UG cases
G s . Undergenotyped (UG) HER2 mutation 21
[ToTaL 252 |
TOTAL 383
Adapted from Zill, Mack, Gandara, Landman et al, CCR 2018
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IASLC
REVIEW ARTICLE

Liquid Biopsy for Advanced Non-Small Cell
Lung Cancer (NSCLC): A Statement Paper from
the IASLC

Christian Rolfo, MD, PhD, MBA,” Philip C. Mack, PhD,"

Giorgio V. Scagliotti, MD, PhD, Paul Baas, MD, PhD,“ Fabrice Barlesi, MD, PhD,®
Trever G. Bivona, MD, PhD,’ Roy S. Herbst, MD, PhD,? Tony S. Mok, MD,"

Nir Peled, MD, PhD,’ Robert Pirker, MD,’ Luis E. Raez, MD," Martin Reck, MD, PhD,'
Jonathan W. Riess, MD," Lecia V. Sequist, MD, MPH,™ Frances A. Shepherd, MD,"
Lynette M. Sholl, MD,” Daniel S. W. Tan, MBBS, PhD,” Heather A. Wakelee, MD,“
Ignacio |. Wistuba, MD," Murry W. Wynes, PhD,* David P. Carbone, MD, PhD,"

Fred R. Hirsch, MD, PhD,"* David R. Gandara, MD"

What can Liquid Biopsy provide in November 2019 for NSCLC?

Tumor Genomics & blood-based Tumor Mutational Burden (investigational)

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

* Indicated when tumor tissue not available or biopsy is high risk (or “plasma-first” situations)
* Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”
* _May abrogate the issue of tissue heterogeneity and undergenotyping due to small sample

* Can determine mechanism of resistance without biopsy, to guide subsequent therapy
* Can be repeated serially (longitudinal assessment) for response & early progressive disease

* Relatively non-invasive & high acceptance rate by patients
» Detection of Minimal Residual Disease (i.e. after surgical resection)
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Patients with locally advanced
or metastatic NSCLC

Key inclusion criteria
218 years old
* WHO performance status 0/1

Exon 19 deletion/L858R (enrollment
by local or central EGFR testing)

¢ No prior systemic anticancer/
EGFR-TKI therapy

¢ Stable CNS metastases were allowed

Stratification by
mutation status
(exon 19
deletion/
L858R) and race
(Asian/non-
Asian)

Osimertinib
(80 mg po qd)
(n=279)

Comparator EGFR-TKI;
Gefitinib (250 mg po qd) or
Erlotinib (150 mg po qd)
(n=277)

FLAURA: Osimertinib vs Gefitinib/Erlotinib in 1 line therapy of EGFR-mutated NSCLC

RECIST v1.1 assessment every
6 weeks until objective
progressive disease
Following the primary PFS analysis, progression
events per RECIST 1.1 were no longer collected
centrally

Crossover was allowed for patients
in the comparator arm, who could
receive open-label osimertinib upon
central confirmation of progression
and T790M positivity

10 -
Median PFS, months (95% Cl)
= 189 (152, 21.4)
§ 08 — SoC 102 (9.6, 11.1)
S HR0.46
PFS £ 0 (95% 1037, 0.57)
g p<0.0001
g -
g
& 04
s
2
H
2
£ 02
&
0.0 T T T T T T T T 1
0 3 6 9 2 15 18 2 u 2
No. at risk Time from randomisation (months)
Osimertinib 279 262 233 210 178 139 71 2 4 0
SoC 277 239 197 152 107 78 31 10 2 0

dsimertinit 38.6(34.5,41.8)
10 - Comparator EGFR-TKI 31.8(26.6,36.0)
0.9 4 HR (95.05%C1) 0.799 (0.641,0.997); p=0.0462
08 321 deaths in 556 patients at data cut-off: 58% maturity
2
3 074
2 i
0S 2 os-
T h
H ]
3 05 '
2 044 !
2 03 '
2 i
g i
a 0.2 - '
01 i
0.0 T T T T T T T y T T T T T T T T T J
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
No.strisk Time from randomisation (months)
Osimertinb 279 276 270 254 245 2% 217 204 193 180 166 153 138 123 8 S0 17 2 0
lcomparstor EGFRTH 277 263 252 239 219 205 18 165 148 138 131 121 110 100 72 40 17 2 0

Soria et al: NEJM 2017 & Ramalingam et al: ESMO 2019
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and HER2 amplification

‘M

Acquired T790M: 47%

| Other EGFR mutations*: 1%

HER2 amplification: 2%

(n=129)

CCDCG6-RET: 2%

FLAURA: Acquired Resistance Mechanisms in Comparator EGFR TKIs

The most common acquired resistance mechanisms were T790M mutation (47%), MET amplification

MET amplification: 4%
MET amplification + T790M: 2% |

PIK3CA mutations:

3%"*

Survival

RAF
BRAF D594N: 1%
KRAS G12C: 1% RAS
NRAS G12D: 1%

MEK

ERK

Proliferation

*Resistance mechanism reported may overlap with another; *Acquired T790M + C797S + L718Q: 1%; TPIK3CA + T790M (n=1), PIK3CA + T790M + C797S (n=1), and PIK3CA (n=1)

20
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FLAURA: Acquired Resistance Mechanisms after
Osimertinib first-line therapy (n=91)2

¢ No cases of acquired EGFR T790M

¢ The most common resistance mechanisms were MET amplification (15%) and EGFR C797X mutation (10%)
— Other mechanisms included HER2 amplification/mutation (3%), PIK3CA(7%), RAS/RAF mutations and ALK transformation

- " - -
MAEIUAAAUAUAAUAUMUMMUMUMMUM W Ul

]
2

-~ -~
(T e 'y \

&
S S

HER2
MET
MET
MET
MET

Secondary EGFR mutations:® SPTBN1

i i : 29 e :
CT97X: T%; LTI8QSCTOTS: 1% SERZamplification 2e MET amplification: 15%

| L718Q + ex20ins: 1%; S768l: 1% SPTBN1-ALK: 1% I

PIK3CA mutations: 7% BRAF mutations (V600E): 3% RAF

KRAS mutations (G12D/C, A146T): 3% RAS

Apoptosis

CDK4/6 amps: 5%

Q Cell cycle gene alterations
CCND amps: 3% Proliferation
’ CCNE1 amps: 2%

aResistance mechanism reported may overlap with another; "Two patients had de novo T790M mutations at baseline of whom one acquired C797S at progression

Ramalingam SS, et al. ESMO 2018. Abstract LBAS0.
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Case Example: Serial plasma ctDNA monitoring

52 yo female, never-smoker, with new Dx of stage IV lung adenocarcinoma, May 2016,

lymphangitic spread-R. lung, bone mets
* EGFR Ex19del identified (May 2016).
Initially treated with erlotinib = PR.
* Progressive disease in Feb 2017,
found to be T790M+.
Treated with osimertinib = PR.
* InJan 2018 & May 2018, monitoring
shows absence of Ex19del & T790M.

7 MAY-23-2018 JAN-07-2019 MAR-25-2019

Highest Variant

Allele Fraction 3.4% 6.1% ND ND 3.3% 3.4%
EGFR E746_A750del
(Exon 19 deletion) I EGFRTTE0N I EGFR C797S

Erlotinih  ——— Dsimertinib Dsimertinib + Necitumumab

0.2%

* InJan 2019, new cough & SOB.
CT scan read as “stable”, but possible “pneumonia”.

* Plasma ctDNA identifies EGFR C797S resistance mutation.

* Re-read of CT scan consistent with recurrent lymphangitic spread.
Navigational bronchoscopy shows recurrent adenocarcinoma.

* Started on therapy designed for C797S+ disease.

* June 2019: CT scan shows major response. C797S= non-detectable

Case Report Courtesy of David Gandara MD, UC Davis

22
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FLAURA: Early clearance of plasma EGFR mutations as a
predictor of response to osimertinib and comparator EGFR-TKIs

PFS based on detection of plasma EGFRm? at baseline

PFS based on detection of plasma EGFRm? at week 6 following

1.0 7 1.0 7= initiation of treatment
0.9
2 o8 0 92
S 07 & 08
S 06 s 0.7
£ 05 z 06
£ 2
o 04 = 05
8 o3 B 04
© 029 — Non-detectable 8 031 — Non-detectable
& 01 Detectable a 02 Detectable
0.0 -+ T T T T T T T T 1 0.1
0 3 6 9 12 15 18 21 2 27 0.0~ T T T T T T y T g
No. at risk Time from randomization (months) 0 3 6 9 12 15 18 21 24 27
Non-detectable 147 135 124 114 101 84 42 14 2 0 No. at risk Time from randomization (months)
Detectable 352 323 266 217 162 126 63 20 3 ] Non-detectable 258 249 216 184 137 109 54 18 3 [
Detectable 70 63 46 29 21 13 8 2 0 0

PFS in patients with clearance of plasma EGFRm? at week 6 after

1.0 initiation of treatment
. 09
: 07
“6 .
> 0.6
£ 05
£ 03
© (2 { — Osimertinib
o 0.1 Comparator EGFR-TKI
0.0 7
0 3 6 9 12 15 18 21 24 27
No. at risk Time from randomization (months)
Osimertinib 134 131 117 108 90 74 40 15 2 o
Comparator 124 118 99 76 47 35 14 3 1 o

* This analysis of FLAURA confirms prior studies
showing that presence of EGFR mutation in plasma
ctDNA at baseline is a poor prognostic factor

* Patients with plasma EGFR mutation clearance have

improved PFS
* Clearance of EGFR mutation from ctDNA favors
osimertinib in PFS

2Presence of plasma EGFR mutations detected by ddPCR; ddPCR, droplet digital polymerase chain reaction

BFAST: Phase 2/3 screening trial in patients with
treatment-naive NSCLC: Initial results from the ALK+ cohort

Blood to FMI for

Screening cfDNA testing

> Alectinib 600 mg PO BID until PD
ALK+ D (n=78 planned; 87 actual)

Alectinib PO at 900, 1200, or 750 mg BID
(n=50-62 planned; 8 actual)

inclusion/exclusion Sample (+)
for BFAST

alteration

(bSMP and bTMB

criteria® assays)

Sample (-) for
BFAST
alteration

Age > 18 years
Unresectable, stage
IlIB or IV NSCLC
Measurable disease
Treatment naive
ECOG PS 0-2

Physicians will
receive overall results

*All cohorts have additional,
treatment-specific
inclusion/exclusion criteria

Gadgeel S, et al. ESMO 2019. Abstract LBA81_PR.

Atezolizumab 1200 mg IV q3w

until PD or loss of clinical benefit

Platinum-based chemotherapy
for 4 or 6 cycles

—> WL ) Entrectinib 600(?358)0 daily until PD

___________ > | World Data Cohort

Vem + Cobi + Atezo
n=25 to futility; up to 80 for primary
analysis

BN 5RAF+

12



11/5/19

BFAST ALK:

2219 patients
screened

ALK-fusion
partners of
87 patients
enrolled to
ALK+ cohort

Results using ctDNA alone

—>————  N=73(83.9%) .
EMLA The 5.4% (119 of 2219) prevalence of ALK in the
screening population is close to the expected rate of 5%
N=3 (3.4%) Overall, 38/87 (43.7%) patients had a TP53 mutation

Not identified
Median bTMB at baseline was two mutations (range: 0
to 21)

3/87 (3.4%) patients had bTMB

N=2 (2.3%) > 16 mutations
cLpa
N=1(1.4%
ERCC8 PGM2
L—>——— ETV6 STRN
KIF5B TMEM178
DCTN1 EPS8
AAK1

BFAST ALK: Progression-free survival by investigator

9 1007 Patients with event, n 20 (23)
S w0l (%)
e Median PFS, months NE
g (95% Cl) (NE)
o 601 N=87 12-month PFS, % 78.38
2 " (95% Cl) (69.07-87.69)
5 ALEX' N=152
% 20 12-month PFS, % 68.4
2 (95% Cl) (61.0-75.9)
a0 T T T T T
0 3 9 15
Time (months)
Gadgeel S, et al. ESMO 2019. Abstract LBA81_PR. 87 85 77 66 37 7
25
a“ : n a“ H ” H H H
Causes of “False Negative” & “False Positive” Liquid Biopsy
Results (assumes Tissue=Gold Standard)
“False Negatives” “False Positives”
in Liquid Biopsy in Liquid Biopsy
Insufficient DNA shed Technical Factors:
into plasma: fechnicaliacio:s Sample differences
(low tumor volume, (> 6 months from tissue to
eliminated by therapy) plasma sampling)
g / -
= 3
. ] / x @ N
Technical Issues: 2 | ‘/ i WBC contamination:
. . ogs e Tumor he(erogenelly -] . .
Insufficient sensitivity ; | e B (particularly at resistance) Z Germline Variants
in older assays s\ g Clonal Hematopoiesis
¥ ¥
o Tumor Heterogeneity:
C) Positive Plasma & Negative Tissue
Technical factors . .
White blood cell DNA (”assumes tISSue"IS
(clonal hematopoiesis, Gold standard”)
germline variants)
~ Adapted from Oxnard et al:
JCO 2019
26
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Tumor Mutational Burden (TMB) as a Candidate Predictive Biomarker

for Cancer Immunotherapy

Somatic mutations in cancers are multifactorial (including DNA repair

defects, carcinogens & enzymatic alterations in DNA polymerases)

responses

immunotherapy (CIT)

These mutations produce neoantigens that induce anti-tumor immune

TMB is an emerging predictive biomarker for cancer checkpoint

TMB can be estimated using whole-exome sequencing (WES) or

comprehensive genomic profiling by NGS (e.g., FoundationOne & FACT in

blood[bTMB]) .

MSK-IMPACT. Guardant OMNI*8

* Studies show that TMB either by WES or CGP correlate with each other &
with efficacy of CPI therapy in multiple cancer types?-3

Predicted neoantigen load (NAL), a component of TMB most closely

linked to immune response, correlates with F1 TMB*>7

PD-L1 IHC or other immune biomarkers®>®

HC, y; PD-L1,

TMB identifies a distinct patient population not currently captured by

death-ligand 1; TMB, tumor mutational burden.

1. Yarchoan M, et al. N Engl J Med. 2017; 2. Chalmers ZR, et al. Genome Med. 2017; 3. Goodman AM, et al. Mol Cancer Ther. 20
4. Efremova M, et al. Front Immunol. 2017; 5. Topalian SL, et al. Nat Rev Cancer. 2016; 6. Kowanetz M, et al. WCLC 2017. 7. Mar\a!hansan

etal. Nature 2018. 8. Rizvi etal: ESMO 10 2018.

WES

Neo-
F1 Coding  Expressed _antigens

11 085 08 0.85

Expressed (X2 1 098 02
o
o

Neo-
antigens G 1 08

Pearson r = 0.85

Mut/Mb

50

10 20

5

FoundationOne TMB WES TMB
Neoantigens
—_
°
]
°
©
o
=
< -
3
=
o
S
8 °
s °

CR PR
n=21 n=40

CR PR SD PD
n=19 n=34 n=44 n=119

TMB

From Gandara, LeGrand et al:
ASCO 2018
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High Tissue TMB is associated with increased efficacy of Checkpoint Inhibitor Monotherapy

WES: CM-026 NSCLC (Nivo -high TMB)

Nivolumab  Chemotherapy
50

Medanprsmo 97 58
sy LN (42,89

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

PFS.%
5

Months.

PD-L1+TMB

Carbone et al: NEJM 2017

NGS -IMPACT: Multiple Tumor Types

Patients Treated With ICI

N 100 <17.55
°. —217.55
® 75
2
‘% 50
T 25
g
3 P < .0001
0 12 24 36 48
No. at Risk Time, mo
<17.55 1,459 397 129 41 13
21755 266 96 33 13 8
Patients Never Treated With ICI
- 100 <17.55
= -‘1‘“‘*-«.“___ —217.55
.g 75 ““"“"‘*k____,ﬂ
”E’ 50
T 25
2
& ,]p=3889
0 12 24 36 48
No. at Risk Time, mo
<1755 8732 5701 3634 2516 1,852
217.55 464 275 170 17 92

Samstein et al: NatGen 2019

NGS Foundation-One: Multiple Tumor Types|

Atezolizumab

— TMB<
— TMB2

Progression-Free Survival (%)

0 2 4 6 8 10 12 14 16 18 20 22 24 26
No.atrisk Time (months)

Chemotherapy

= B2

Progression-Free Survival (%)

0 2 4 6 8 10 12 14 16 18 20 22 24 26
No.atrisk ‘Time (months)

TMB:1EmuMb 111 80 S0 35 20 15

Gandara, Legrand et al: ASCO 2018

28
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Sequencing
y All base substitutions with > POPLAR > [07.1,¢
20.5% allele frequency bTMB (training) (validatio
Blood collection,

plasma isolation &
cfDNA extraction

Progression-Free Survival - OAK

Analytical & Clinical Validation of Tumor Mutational Burden in Blood (bTMB) in
association with Atezolizumab efficacy in advanced NSCLC (POPLAR & OAK Trials)

. bTMB Computational Methodology and Study Design bTMB > 16

+ 394 gene-based NGS assay

TC3 oriC3

Remove germline 211/273 583/797
polymorphisms & bi | i .
predicted driver mutations b

OAK Study

N=156
boiatin  PESHRSLC)  nty bTMB 216 bTMB <16
—— bTMB 24 089(0.73,1.08)  441(76%) § 100 - , ) § 100+, . ) ;
—a— bIMB26  083(067,103 ITIEMH) XN Atezolizumab (n=77) & " Atezolizumab (n=216)
—— bIMB28 07900621000 30262%) @ | = Docetaxel (n=81) ° 14 " Docetaxel (n=209) PFS HR (95% Cl) 0S HR (95% Cl)
—— bIMB210  073(0.56,095) 251 (43%) é 804 + Censored H 804 'r + Censored
—— bTMB212  073(054,087) 211 (36%) 4 5 400
—— bTMB214  068(0.50.082) 188 (32%) 3 60 Q 604 " | 0.64(0.46,0.91) 0.64(0.44,0.93)
—_—y—— bTMB 216 0.65(0.47,0.92) 158 (27%) $ [ s
—— BIMB218  066(046,085) 13@%) L ] &1 TC3 orIC3 0.62(0.41,0.93) 0.44(0.27,0.71)
—_—— bIMB220  061(040,093)  105(18%) c 40 g 40 4 N
[ bIMB222  057(035,091)  84(14%) ] i = 4 W bTMB 216 and
—_—— bIMB224  054(032,081)  69(12%) @ 201 ﬁ 204 TG orlc3 0.38(0.17,0.85) 0.23 (0.09, 0.58)
—_—— bIMB226  051(028,095)  54(9%) g} S
JNS U 3 4 0 g
—— BEP 087(073,104)  583(100%) & 04 c 0
—— m 095(082,1.10) 850 T T T T T T T T T T 171 L I B B B ) B
—_— 0246 810121416182022 0246 8101214161820222426
02 h B Months Months
Favors sezoizumab Favors dommiatel Gandara DR, et al. Nature Med 2018.
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Stage IIIB - IVB®
advanced or metastatic
NSCLC (any histology)

Immunotherapy-naive
ECOGPS0or1

B-F1RST: Proof of Principle trial for Blood Tumor Mutational Burden
(bTMB) Selection of Atezolizumab Immunotherapy

Atezolizumab Until PDeor

1200 mg IV q3w unacceptable
N=150 toxicity

Progression-free survival

No EGFR/ALK+ 1004 —— High, 216 (n=28)

No active brain mets N R —— Low, <16 (n=91)

requiring treatment Prospectively evaluate TMB in blood by 804

All comers (no Dx FoundationOne NGS (bTMB)

selection) > ORR & PFS in bTMB high (216) vs low S 60 6-month PFS

*+ Provision of biood® - 41.6% vs 32.8%
.
bTMB Subgroups e 407 !
> 10 Cutoff > 16 Cutoff 2 20 Cutoff 20 9-month PFS
L | | P <0.0001 37.4%vs 9.7%
2 - |
[ 40% ! P =0.0002 I 36.8% o——F——— —————
& 1 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
o Time (months)
1 | €
P 30% P =0.0595 | 28.6% | No. at risk
g | | High(2) 28 27 17 14 14 13 11 8 8 8 5 4 3 2
% 20% low(<) 91 86 56 43 39 28 21 11 5 4 3 3 1
@ 16.3% 1 1
- 1 1
c 10% 1 |
g 5.7% | 4.4% | 5.0%
0% L 1 |
High Low High Low High Low .
(n = 49) (n =70) (n =28) (n=91) (n = 19) (n = 100) Kim ES, et al. ESMO 2018. Abstract LBAS55.

30

15



11/5/19

BFAST (Blood First Assay Screening Trial):
Phase I1/11l in Advanced Treatment-naive NSCLC

Patients with confirmed stage IlIB/IV
advanced or metastatic NSCLC

(any histology)
N=3500 screened

Key Inclusion Criteria

+ Measurable disease per RECIST v1.1
+ ECOGPSOor1

+ Treatment naive

+ Adequate organ function

+ Provision of blood samples

Key Exclusion Criteria

« Active, untreated brain metastases
+ History of other malignancies
within 5 years prior to screening

+ Significant cardiovascular disease

Cohort A
ALK Positive

Alectinib 600 mg
orally BID
n=78

Cohort B

RET Positive
e | Alectinib 900, 1200, 750 mg
orally BID
n=52-62

Atezolizumab
’ 1200 mg IV q3w

bTMB R
Above the pre-specified i n=440
cut-points of > 16 and 2 10 11
Platinum-based
’ chemotherapy

Key Endpoints Cohort C:

Primary = PFS by Investigators (hierarchical testing, bTMB216
first, then bTMB 210)

Secondary = PFS by IRF, OS, ORR, PRO

31

Stage IV NSCLC
All-comers population
(i.e. irrespective of PD-L1 status)
EGFR—/ALK—
ECOG PS 0/1
Immunotherapy- and CT-naive
N=1118 randomized

Stratified by
PD-L1TC

(<25% vs 225%*)

and histology

MYSTIC: 1L durvalumab * tremelimumab vs chemotherapy in metastatic NSCLC — bTMB

Primary endpoints
(PD-L1 TC 225%%*)
Durvalumab + tremelimumab OS (D vs CT)

(n=372)
D 20 mg/kg g4w until disease progression +
T 1 mg/kg q4w for up to 4 doses

0S (D+T vs CT)
PFS (D+T vs CT)
Key exploratory endpoints
0OS by bTMB and tTMB

Platinum-based CT (n=372)

. Time from randomization (months)
No-9risk 64 53 44 30 35 30 25 25 23 10 1 O
D+T 64 50 47 43 40 37 35 32 29 29 14 2 0
CT 70 65 51 41 27 25 21 16 12 11 6 0 O

32

ctDNA by Guardant OMNI
D D+T cT D D+T cT
bTMB 220 mut/Mb (n=77) (n=64) (n=70) bTMB <20 mut/Mb (n=209) (n=204) (n=185)
mOS, months 126 21.9 10.0 mOS, months 1.0 85 116
(95% Cl) (7.8-186) (11.4-32.8) (8.1-11.7) (95% Cl) (8.9-149) (6.7-9.8)  (9.6-13.1)
1.0+ HRvsCT? 0.72 0.49 1.0+ HRvsCT? 0.93 1.16
) (95% Cl) (0.50-1.05)  (0.32-0.74) - ' (95%Cl) ~ (0.74-1.16) (0.93-1.45) -
0.8 HRvs D* 0.74 0.84 HRvs D* .
] (95% Cl) - (0.48-1.11) - 2 (95% Cl) - (0.98-1.52) -
- <
s 0.6 48.4% s 0.6
3 0.4 33.8% 3 0.4
g o g 21.2%
o o
0.2 024 *
19.4% 20.2%;22.9%
0.0 T T T T T T —T— T 0.0 — T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 0 3 6 9 12 15 18 21 24 27 30 33 36

Time from randomization (months)
209 167 134 114 98 86 72 63 55 49 21 8
204 161129 98 75 65 55 45 39 35 18 4 O
185 162 135 110 89 68 53 45 41 34 17 1 0

Rizvi NA et al. ASCO 2019, Abstract 9016

16



11/5/19

IASLC

REVIEW ARTICLE

Liquid Biopsy for Advanced Non-Small Cell o
Lung Cancer (NSCLC): A Statement Paper from
the IASLC

Christian Rolfo, MD, PhD, MBA,” Philip C. Mack, PhD,"

Giorgio V. Scagliotti, MD, PhD,“ Paul Baas, MD, PhD, Fabrice Barlesi, MD, PhD,*
Trever G. Bivona, MD, PhD," Roy S. Herbst, MD, PhD,? Tony S. Mok, MD,"

Nir Peled, MD, PhD,' Robert Pirker, MD,’ Luis E. Raez, MD," Martin Reck, MD, PhD,'
Jonathan W. Riess, MD," Lecia V. Sequist, MD, MPH,™ Frances A. Shepherd, MD,"
Lynette M. Sholl, MD,” Daniel S. W. Tan, MBBS, PhD,” Heather A. Wakelee, MD,“
Ignacio |. Wistuba, MD," Murry W. Wynes, PhD,” David P. Carbone, MD, PhD,"

Fred R. Hirsch, MD, PhD,"* David R. Gandara, MD"

What can Liquid Biopsy provide in November 2019 for NSCLC?
Tumor Genomics & blood-based Tumor Mutational Burden (investigational)

Advantages of plasma ctDNA over Tumor biopsy or re-biopsy:

Indicated when tumor tissue not available or biopsy is high risk (or “plasma-first” situations)
Reflects shed tumor DNA into plasma from all tumor sites, providing a “global perspective”

* May abrogate the issue of tissue heterogeneity and under-genotyping due to small sample
Can determine mechanism of resistance without biopsy, to guide subsequent therapy
Can be repeated serially (longitudinal assessment) for response & early progressive disease
Relatively non-invasive & high acceptance rate by patients

Detection of Minimal Residual Disease (i.e. after surgical resection)

Prediction of Relapse after Surgery for Early Stage NSCLC by plasma ctDNA
a  CRUK0080: LUSC b CRUKO0004: LUAD ¢ CRUKO0062: LUSC
Lung, iliac Vertebral, ERBB2 J
\|/ bone relapse \l/. lung relapse . v Lung relapse >
_ bonerelapse __lngrelapse : i
3 R |
S 10 1
:\T CTx 239d o7 CTx 290d Erlotinib o a CTx 346 d
S i R
= 3 i
S
5 \Vé
g
=
—
°88 R { k3 8 ° 8 pt 2 g
vk g 8 =
Days since surgery Days since surgery Days since surgery
d  CRUK0045: LUAD e CRUK0029: LUAD f CRUK0063: LUSC
Paravertebral
Lung, mediastinal Intracerebral &
_ relapse ‘ N, relapse N Ny felaese | s
S 104 !
s 347d 2d R 071 o 11545 R
=«
< 10 1.0 1.0
S o1 B oo 014 §
T Normal
S oot |CT 001 0017 4
o - 1w 9~ ® 2 4 9 S o = - S0 - N 9 1o Ao
FEE5EBRE LI 88 F 38 88
Days since surgery Days since surgery Days since surgery
g CRUK0065: LUSC h CRUK0013: LUAD CADNA reprosentation of
-seq phylogenetic tree
. Adrenal ?
120 relapse  * . L Y
= o " R RN 1 > |
2 10 ~| 104 ! Preoperatively At relapse
Py
g 10 10 No SNVs in subclonal node detected
=
o Presurgical blood sample
7 o1 o rel (O Clonal SNV | Agjuvant treatment
=} o relapse Lead time
=001 oot AAA Palliative treatment
¥ LI "8 8 g G g sucnalsNs e e VA
Days since surgery Days since surgery
Swanton et al: Nature 2017
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Precision Medicine in Cancer:

Germline Genetic Risk Assessment

= |dentification of germline and familial genetic alterations that
increase risk of cancer

= Development of targeted screening and early detection
techniques prevent development of advanced cancers

= Incorporation of moderate and low-penetrant, common
genetic variants in risk prediction and screening modification

= Germline genetic testing and risk assessment based on
tumor genomic profiles

» Targeted therapies based on germline mutations

The Development of Hereditary Cancer

Nonhereditary Mother Hereditary

or
Father

1 damaged gene
1 normal gene

| 1 damaged gen
J 1 normal gene

\‘ JLoss of normal gene

2 normal genes
1 damaged gene
J' 1 normal gene

JLoss of normal gene

\




Clinical Cancer Center

Autosomal Dominant
Inherited Cancer Syndromes

» Breast and Ovarian Cancer BRCA1&2
pancreatic, prostate Chek2, ATM
PALB?2 . ..
Stan fO r d » Colon Cancer and Polyposis
HNPCC (Lynch) MMR
C FAP APC
an c er Polyposis MYH
Cowdens PTEN
G t' Peutz-Jehgers STK11
en e lc S Juvenile Polyposis SMAD4
BMPR1A
L L + Other GI Cancers
C llnlc Gastric CDH1
Pancreas p16
* MEN1 Menin
Risk Assessment, Genetic * MEN2/MTC RET
Counseling And Interventions « VHL VHL
For Members Of Cancer . Li-Fraumeni 053

Families

Familial Syndromes including Breast Cancer

HBOC BRCA1&2
Li-Fraumeni p53
Cowden’s PTEN
HDGC CDH1

Peutz Jeghers STK11/LKB1

Lynch Syndrome MMR

1/40 — 1/400 40 — 80%
1/5000 — 1/50K 90%+
1/100,000 25 -50%
Very rare ~60% (lobular)
44 — 50%
1/440 1-5




Genetics of Colorectal Cancer

Lynch syndrome MLH1, MSH2, MSHE6,
PMS2, EPCAM

Adenomatous polyposis
Familial Adenomatous Polyposis(FAP) APC

Attenuated FAP APC

MYH-associated polyposis MYH (biallelic)
Hamartomatous polyposis

Peutz-Jeghers Syndrome STK11

Juvenile Polyposis Syndrome SMAD4/BMPR1A

Cowden Syndrome PTEN

Familial Syndromes with Pancreatic Cancer

HBOC BRCA1&2 1/40 — 1/400 3-5%
FAMM CDKNZ2A (p16) rare 10 -19%
Peutz Jeghers STK11 11 - 36%

Lynch Syndrome MMR 1/440 4%




|dentifying “heritable” causes of cancer

TP53 PTEN

ATM,
CASPS8,

GWAS

GWAS SNPs

SNPs

Breast Cancer

FAP,
MYH,

CHEK2 other
PALB2,
BRIP1 Lynch

BRCA2

syndrome

Colorectal Cancer Prostate Cancer

Breast Cancer Risk Genes

Rare to very rare,
high-risk alleles
Family studies
TP53
PTEN BRCA1
10.04 CDH1 BRCA2 Do not exist
STK11 Rare, moderate-
risk alleles
- .
7] Resequencing
& 2.0 BRIP1 ATM
2 PALB2 CHEK2
< Common, low-risk alleles
& 1.5 Genomewide association studies
. e
TOX3 FGFR2
2q
MAP3K1
1.14 Too hard to find 5p 8§KAP9
T T T T
0.1 1.0 10.0 30.0
Minor Allele Frequency (%)
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Multigene Panel Study

Hypothesis: A Next-Gen Sequencing multiple cancer-gene panel
provides actionable results

APC FANCE PMS2
ATM FANCF PRSS1
BLM FANCG PTCH1
BMPR1A FANCI PTEN
BRCA1 FANCL RAD51C
BRCA2 LIG4 RET
BRIP1 MEN1 SLX4
CDH1 MET SMAD4
CDK4 MLH1 SPINK1
CDKN2A MLH2 STK11
EPCAM MSH6 TP53
FANCA MUTYH VHL
FANCB NBN
FANCC PALB2
FANCD2 PALLD
Kurian, Ford et al. Journal of Clinical Oncology 2014

11

Multiple-Gene Panel Testing

Population Race/Ethnicity Gene Panel Non-BRCA PVs

Kurian LClin Oncol 2014 Met BRCA1/2 guidelines 70% White, 20% Asian 42 genes (Invitae)

Tung Cancer 2014 2,158 Cancer genetics clinic sample Mostly White 25 genes (Myriad) 4% 42%
Desmond JAMA Oncol 2015 1,046 Cancer genetics clinic sample 82% White 25 genes (Invitae) 4% 41%
LaDuca Genet Med 2014 2,079 Clinical testing lab database 72% White, 2-3% other 13-24 genes (Ambry) 10% 25%
Maxwell Genet Med 2014 278 Breast cancer, age <40 69% White, 24% Black 22 genes (Agilent) 11% 19%
Selkirk Eam Cancer 2014 63 Cancer genetics clinic sample 81% White 13-24 genes (Ambry) 7% 20%
Couch L Clin Oncol 2014 1,824 Triple-negative breast cancer 97% White 17 genes (Agilent) 4% NR
Churpek BrCa Res Trt 2015 289 Cancer genetics clinic sample 100% Black 10 genes (BROCA) 5% <1%
Thompson LClin Oncol 2016 2,000 Cancer genetics clinic sample Not reported (Australia) 18 genes 4% NR
Tung LClin Oncol 2016 488 Breast oncology clinic sample 89% White 25 genes (Myriad) 5% 33%
Norquist JAMA Oncol 2016 1,915 Ovarian cancer, unselected 89% White 20 genes (BROCA) 4% NR
Slavin \NPJ Breast C3 2017 2,134 Cancer genetics clinic sample 81% White 26 genes 8% NR
Shimelis JNC| 2018 10,901 Triple-negative breast cancer Most White; >1K Black 17-21 genes (Ambry) 6% NR
Idos/Kurian JCO Precis Oncol 2018 2,000 Prospective clinical sample 39% Hispanic, 12% Asian 25-28 genes (Myriad) 8% 34%

» Informative results (pathogenic variants) increased by ~ two-fold

» Uninformative results (VUS) increased by ten-fold
wsenow. 2009ASCO

ANNUAL MEETING

PRESENTED BY:
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Mutation Prevalence Estimates, Breast

« 77,085 newly diagnosed breast cancer patients, 2013-2014 (statewide SEER, GA & CA)
+ 18,500 (24%) had clinical genetic test results from 21 of 4 collaborating laboratories

BRCA1* o
BRCA2* o
CHEK2* a o
PALB2* o
ATM* Ll
NBN* | @1
TP53* | @1
PMS2 | @1
NF1* 1@
BRIP1 (@
BARD1 |®
RAD51C (@&
MSHé6 |®
CDH1* (@
MSH2 |

RAD51D
PTEN*

Mutation Rate (%)
Kurian et al, JCO 2019
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Multiple Gene Panels: Challenges

New approach to Genetic Counseling

Unexpected gene mutations in non-syndromic
families (p53, CDH1)

Variants of Uncertain Significance Common

Genes with Low or Moderate CA Risk

= Clinical Utility and Impact on Care

14



What Could Possibly Go Wrong?

VOLUME 34 - NUMBER 34 - DECEMBER 1, 2016

JOU-RNAL o CLINICAL ONCOLOGY

Conflicting Interpretation of Genetic Variants and Cancer
Risk by Commercial Laboratories as Assessed by the
Prospective Registry of Multiplex Testing

Judith Balmatia, Laura Digiovanni, Pragna Gaddam, Michael F. Waldh, Vijai Joseph, Zsofia K. Stadler,
Katherine L Judy E. Garber, Fergus J. Couch, Kenneth Offt, Mark E. Robson, and Susan M. Domchek

Genetics
© American College of MedicalGanetisand Genomics ORIGINAL RESEARCH ARTICLE | inMedicine

Open

False-positive results released by direct-to-consumer genetic
tests highlight the importance of clinical confirmation testing
for appropriate patient care

Stephany Tandy-Connor, MS, Jenna Guiltinan, MS, Kate Krempely, MS, Holly LaDuca, MS,
Patrick Reineke, BS, Stephanie Gutierrez, BS, Phillip Gray, PhD and Brigette Tippin Davis, PhD, FACMG

PACIFIC NORTHWEST NEWS

Lawsuit: Woman had unnecessary mastectomy,
hysterectomy based on mistaken diagnosis

Updated on October 24, 2017 at 11:35 AM
Posted on October 23, 2017 at 6:13 PM

15

Prospective Clinical Trial of Multiplex Sequencing

1 regret learning about my genetic test

» USC and Stanford; Myriad Genetics b

+ 25-gene NGS Panel ;E - = Thvee months,
» Enrolled 2000 patients » ) ) s

» Diverse: 43% Hispanic, 33% high school only Nevwr  Racy  Someimes  Ofen

) N ) " Tincings tha doctos den's full anderetand
» Test yield: 12% positive, 38% uncertain 0
© 4 40 m Three months, %
. . . 20 13
» Patient understanding and reactions: 0 (-
. 0 0 Strongly Agree Neutral ~ Disagree  Strongly
» Preventive surgery was rare (0.4%-1%) paree Dsagree
g . 100 ou of cancer af my dail
 Positives > others urged relatives to test |, e e
. 67
+ Distress scores generally low %
40 u Baseline, % » Three months, %
20 19 18
o 3 4 3 3
Noég\r;u or  Occasionally ~ Frequently Alot

Idos, Kurian, Gruber, Ford et al. JCO PO 2019
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Deficits in "Real World” Genetic Testing

» Population-based sample (SEER) of 2,529 newly diagnosed breast cancer patients
* 29% reported genetic testing for BRCA1/2 and/or additional genes

+ Of high-risk (met guidelines testing criteria), only 53% reported genetic testing:

&1 I My doctor didn't recommend it
M it was too expensive
M | didn't want it

B My family didn't want me to get it

20
L

“Why didn’t you
have genetic
testing?”

Weighted %

10

Kurian et al, JAMA 2017
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Genes with Screening or Risk Reduction Guidelines

Annual screening breast magnetic resonance imaging ATM, BARD1, BRCA1, BRCA2, CDH1,
CHEK2, NBN, NF1, PALB2, PTEN, STK11,
TP53

Earlier and more frequent colonoscopy/endoscopy APC, AXIN2, BMPR1A, CHEK2, EPCAM,
GREM1, MLH1, MSH2, MSH6, PMS2,
MSH3 (homozygote, h.); MUTYH (h.),
NTLH1 (h.), POLD1, POLE, PTEN, SMAD4,
STK11, TP53

Risk-reducing mastectomy BRCA1, BRCA2, PALB2, PTEN, STK11, TP53

Risk-reducing salpingo-oophorectomy, +/- hysterectomy BRCA1, BRCA2, BRIP1, EPCAM, MLH1,
MSH2, MSH6, PMS2, RAD51C, RAD51D

Risk-reducing colectomy APC
Risk-reducing gastrectomy CDH1

Other targeted screening (e.g., RCC, pheochromocytoma) MEN1, NF2, RB1, RET, SDHAF2, SDHB,
SDHC, SDHD, TSC1/2, VHL, TP53, WT1

1
mesenreoar. 2019 ASCO ;’ASCOW y PRESENTED BY: 8
ANNUAL MEETING
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Paired Tumor/Germline: New Challenges
|

Research

JAMA Oncol. 2016;2(1):104-111. doi:10.1001/jamaoncol.2015.5208

Original Investigation

Germline Variants in Targeted Tumor Sequencing

Using Matched Normal DNA
Figure 1. Individuals With at Least 1 Presumed Pathogenic Germline
Kasmintan A. Schrader, MBBS, PhD, FRCPC, DABMG; Donavan T. Cheng, PhD; Vijai Joseph, PhD; Variantin OMIM Genes, Including the Cancer and ACMG Subsets
Meera Prasad, M; Michael Walsh, MD; Ahmet Zehir, PhD; Ai Ni, PhD; Tinu Thomas, MS; Ryma Benayed, PhD;
Asad Ashraf, MS; Annie Lincoln, MS; Maria Arcila, MD; Zsofia Stadler, MD: David Solit, MD; David Hyman, MD; Presumed Pathogenic Germline Variants per Individual
Liying Zhang, MD, PhD; David Klimstra, MD; Marc Ladanyi, MD: Kenneth Offit, MD: 250
Michael Berger, PhD; Mark Robson, MD
[ 1 Variant per person
0, H .
* 16% had a presumed pathogenic 20 (0 2 Varants per person
i i 3 Variants per person
germline variant 5 g
Z 150
E
0, =
* 59% of these were not concordant 20
. : y £
with the patient’s cancer type
50
0,
* 100% had at least one VUS o
OMIM Cancer ACMG
1 Variant per person 24 183 99
.. 2 Variants per person 20 14 2
* How to address the clinical 3varianisperperson 2 1
Impllca tlons for patlents and The number of genes in the entire Online Mendelian Inheritance in Man (OMIM)
/ 2 subset is 187 (http://omim.org), which includes the Cancer subset of 93 genes
relatIVeS - and the partially overlapping American College of Medical Genetics (ACMG)
subset of 26 genes® (eTable 4 in the Supplement).
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The NEW ENGLAND JOURNAL of MEDICINE

Inherited DNA-Repair Gene Mutations
in Men with Metastatic Prostate Cancer

C.C. Pritchard, J. Mateo, M.F. Walsh, N. De Sarkar, W. Abida, H. Beltran,
A. Garofalo, R. Gulati, S. Carreira, R. Eeles, O. Elemento, M.A. Rubin,

D. Robinson, R. Lonigro, M. Hussain, A. Chinnaiyan, J. Vinson, J. Filipenko,
L. Garraway, M.-E. Taplin, S. AlDubayan, G.C. Han, M. Beightol, C. Morrissey,
B. Nghiem, H.H. Cheng, B. Montgomery, T. Walsh, S. Casadei, M. Berger,
L. Zhang, A. Zehir, ). Vijai, H.I. Scher, C. Sawyers, N. Schultz, P.W. Kantoff,
D. Solit, M. Robson, E.M. Van Allen, K. Offit, J. de Bono, and P.S. Nelson

RADSIC, 1%

BRIP1, 1%
FAM175A, 1%

BRCAZ, 44%

at NEJM.org.

This article was published on July 6, 2016,

20

10



JAMA Oncology | Original Investigation 2019

Prevalence of Germline Variants in Prostate Cancer
and Implications for Current Genetic Testing Guidelines

Piper Nicolosi, PhD; Elisa Ledet, PhD; Shan Yang, PhD: Scott Michalski, MS, LCGC; Brandy Freschi, MS, CGC:
Erin O'Leary, MS, CGC; Edward D. Esplin, MD, PhD; Robert L. Nussbaum, MD:; Oliver Sartor, MD

20- N =620/ 3607 (17%)

154

104

Percentage of Total Positive Findings

BRCA2  CHEK2 ATM MMR  MUTYH BRCA1 APC  HOXBI3 TP53 PALB2 NBN Other
Requisitioned Gene

21

TOPARP-A trial: PARP inhibitor activity in metastatic

prostate cancer with DNA repair gene mutation

Response to Olaparib No Response to Olaparib
PatientNo. |17 |15 14 /20| 30/ 39| 3536 1 6 52648 8 16/11] 7/12 44 3150 2 3/4]910/13/18/19212223 24/25|27/28 2913233 34/37/40 41 42 43 45 46 47|89
Timeon |24 36 36| 48 |244 244240/ 57 73 16|58 |19 39 62 240/ 12|12|11 |24 8 8|24 8|71 1312|112 7 12| 4|12/12|2213) 4|12|17 4 12/11|1212) 9 12|12| 1|12,
Treatment
(wk)
Biomarker ( | x [ x [ x [ [x [ x [x[x [x|x|x|x]|x XX
Positive

arcaz [FRRRE .
ATM * * *
FANCA I
CHEK2
BRCAI I
PALB2
HDAC2 .-

RADSI
MLH3 I
ERCC3
MRELL m
NBN
I ramestift mutation gle copy dek [ | *
Stop gain [ Homozygous deletion [J] Copy-neutral loss of heterozygosity

Mateo et al NEJM 2015

22
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Germline Mutations in Pancreatic Cancer

N =298

BRCA1/2
2.4%
BRCAT1 (N=2)
BRCAT and APC (N=1)
BRCA2 (N=4)

Yurgelun et al. GIM 2018

23

Germline Mutations in Pancreatic Cancer

m Fold-Risk PC Incidence in FPC

BRCA2 3.5 17 - 19%
BRCA1 2 2-3%
STK11 132

PALB2 2-3%
ATM 2%
CDKN2A 13 -38 10-17%
MMR 0-8

Prevalence of gBRCA1/2 mutations in all PC: 4 - 7% (12% AJ)
Somatic BRCA1/2 mutations in 10% PC

24

12



The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

Maintenance Olaparib for Germline

BRCA-Mutated Metastatic Pancreatic Cancer

Talia Golan, M.D., Pascal Hammel, M.D., Ph.D., Michele Reni, M.D.,

Eric Van Cutsem, M.D., Ph.D., Teresa Macarulla, M.D., Ph.D.,
Michael J. Hall, M.D., Joon-Oh Park, M.D., Ph.D., Daniel Hochhauser, M.D., Ph.D.,
Dirk Arnold, M.D., Ph.D., Do-Youn Oh, M.D., Ph.D.,

Anke Reinacher-Schick, M.D., Ph.D., Giampaolo Tortora, M.D., Ph.D.,
Hana Algiil, M.D., Ph.D., M.P.H., Eileen M. O'Reilly, M.D.,

David McGuinness, M.Sc., Karen Y. Cui, M.D., Ph.D., Katia Schlienger, M.D., Ph.D.,
Gershon Y. Locker, M.D., and Hedy L. Kindler, M.D.

wesereo . 2019 ASCQ - #ascots enesenten sv: Hedy L Kindler
ANNUAL MEETING for reuse.
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Primary endpoint: PFS by blinded
independent central review* Olaparib  Placebo
(N=92) (N=62)
Median PFS, months 7.4 3.8
HR 0.53

95% C1 0.35, 0.82;
P=0.0038

Progression-free at data cut-off:"
30 olaparib patients (32.6%)
12 placebo patients (19.4%)

Probability of PFS

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
No. at risk Time since randomization (months)
Olaparib 92 69 50 41 34 24 18 17 14 10 10 8 8 7 5 3 3 3 3 2 1 1 1 0
Placebo 62 39 23 10 6 6 4 4 4 2 2 2 2 1 1 0
*Dots indicate censorship. January 15, 2019. Cl, confidenceinterval

P 2019ASF§9 #Ascoty T
ANNUAL M| ING

14
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Genetics

Mendelian Family Hx
All Ovarian Cancer
All Pancreatic Cancer
Prostate CA =2 G7
Most Breast Cancer
Colon Cancer <50 yo

Therapeutic Indications

10 - MSH2, MLH1 . ..

PARP inhibitors - BRCA1/2 . . .

Testing Indications

Genomics

Driver Mutations
Mutational Burden
Germline Mutations

Unexpected Familial Risk

Therapeutic Implications
10 - MSI-H, TMB

27

GERMLINE TESTING REFERRALS FOR
PATIENTS WITH BRCA1/2
MUTATIONS ON SOMATIC TUMOR
TESTING AT STANFORD.

Kate Vlessis, BA

Z) STANFORD

UNIVERSITY

28
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National Comprehensive Cancer Network (NCCN)
Clinical Practice Guidelines

» Genetic/Familial High-Risk Assessment: Breast and Ovarian

* Pathogenic somatic BRCA1/2 variants first published as
meeting testing criteria September 19, 2016

“BRCA1/2 pathogenic/likely pathogenic variant
detected by tumor profiling on any tumor type
in the absence of germline pathogenic/likely
pathogenic variant analysis.”

Pilarski et al. (2019

29
Tumor Groupings (N=164)
Overall Overall
Tumor grouping (n=164) Tumor grouping (n=164)
Gynecologic 64 (39.0) Lung 15 (9.1)
Ovarian 49 (76.6) Breast 15 (9.1)
Uterine 8(12.5) Sarcoma 11 (6.7)
Peritoneal 4(6.3) Skin 8 (4.9)
Fallopian tube 3(4.7) Squamous cell 5 (62.5)
Gastrointestinal 24 (14.6) Merkel cell 2(25.0)
Colorectal 11 (45.8) Melanoma 1(12.5)
Pancreatic 10 (41.7) Head and Neck 5(3.0)
Gastric 2(16.7) CNS/PNS 5(3.0)
Esophageal 1(4.2) Othert 1(0.6)
Genitourinary 16 (9.8) t perivascular epithelioid cell tumor (PEComa)
Prostate 9 (56.3)
Bladder 6 (37.5)
Kidney 1(6.3)
30
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What influenced recommendations?

Variable N |<Lesslikely More ikely—| Odds Ratio (95% CI) P-value
Gender ;
Male 53 [ ] Reference
Female 107 - 1.73 (0.45, 7.03) 0428
Ethnicity :
Caucasian or Northern European 80 [ ] Reference
Asian 25 —.— 1.12(0.23,5.77) 0.886
Ashkenazi Jewish 20 — | 515(0.80,4449)  0.105
Hispanic 20 —— 1.02(0.18, 6.43) 0.985
Other 15 —— 0.28 (0.04, 2.54) 0239
Age of cancer onset 160 [ ] 0.95 (0.90, 0.99) 0.029
Stage g
1 17 —.— 0.26 (0.04, 1.45) 0.132
2 22 - 2.32(046,14.33)  0.328
3 60 —— 0.98 (0.27, 3.50) 0975
4 61 [ Reference
Tumor group :
Breast/Gynecologic 78 [ ] Reference
Gastrointestinal 24 o 0.64 (0.0, 5.34) 0.660
Genitourinary 15| —m— ! 0.03 (0.00, 0.30) 0.003
Lung/Thoracic 15 —— ! 004(0.01,021)  <0.001
Sarcoma M| —a— 002(0.00,0.14)  <0.001
Other 9|—m— 001(0.00,0.12)  <0.001
Skin 8 —m— 0.01(0.00, 0.16) 0.002
Variant allele frequency 160 [ ] 1.01(0.98, 1.03) 0625
Tumor report date after NCCN guidelines :
No 55 [ ] Reference
Yes 105 - 2.08 (0.66, 6.89) 0215
i

0601 001 01

Patients diagnosed with...

Genitourinary
Lung

Skin

Sarcoma
‘Other’

...cancers were significantly
less likely to be referred/
recommended germline
testing in comparison to
patients with breast/

gynecologic tumors

Future Approach

Genetics

Genomics

Tumor/Germline Sequencing

WES/WGS
RNA-Seq
ctDNA
Therapeutics
Prevention
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Summary and Conclusions

* ~10% of most common cancers will have
potentially targetable DNA repair defects
associated with germline genetic mutations

» Germline > Somatic alone

= Poorly predicted by age, family history

= Consider screening high-risk individuals
» Prognostic and predictive value

» Role for checkpoint inhibitors, PARP inhibitors,
others
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PMA
Gene panel
CDx genes must have one of these:

FDA Classification of Biomarkers

510(k)

Gene panel

High analytical validity

Genes can be reported based on
paper dossiers for:

* “Mutations with clinical significance”

Clinical study linking test to outcomes
OR benchtop concordance to prior CDx

Based on paper dossiers, test may also report * And/or

“Mutations with clinical significance” ™ * “Mutations with potential clinical
And/or " significance”

“Mutations with potential clinical = ~---—= ¢ But, under some conditions, clinical
significance” 4 data can support 510(k) as a CDx;

read: K173492.
* Hence, FDA and CMS now refers to
“cleared or approved” CDx’s

PDL-1

11/5/19



11/5/19

Complex State of PD-L1 Testing: Caris Uses the
Right Assay for the Right Patient

PD-L1 antibody SP142 (Ventana) SP263 (Ventana) 22¢3 (Dako) 28-8 (Dako) 73-10 (Dako)
10 Therapy Atezoluzumab (Roche) Durvalumab (Astrazeneca) Pembrolizumab (Merck) Nivolumab (BMS) Avelumab (Merck KGaA)
y Complementary 5 Complementary
e ledMgem Threshold: TC 250% or s C""""')’”"" Threshold: TC 21% (increasing >
(NscLe) 1C>10% TPS 21 benefit for 5% and 10%)

- Complementary
" Threshold(s): Companion Complementary )
Bladder Cancer ICT!‘;::'(‘I‘ZZI;]S) TC 225% (membranous), or ICP >1% and Threshold: CPS 210 Threshold: TC 1% Threshold: TC 25%

IC225%, or ICP =1% and IC = 100%

Head and neck squamous cell . . Companion Complementary
carcinoma (HNSCC) Threshold: CPS 21 Threshold: TC 21%
Kidney Cancer - - - Threshold: TC 21% -
Merkel Cell Carcinoma (MCC) = = - = Threshold: TC >1%
T — ) . Companion ) .
Junction (GE/GEJ) Threshold: CPS >1
Companion
Esophageal (SCC) Threshold: CPS 210
) Companion
: - Threshold: CPS 21 : -
Hepatocellular Cancer (HCC) = = - Threshold: TC >1% -
Companion
Breast (TNBC) T )
NCCN-recommended
Vulvar Cancer (SCC) = = Pl

PDL-1 Positive NSCLC Patients response to 10

A Overall Survival

100+
904
80+
X 70 Pembrolizumab combination
3
€ 60
a
2 50
S
2 404 Placebo combination
]
s 304
o
20
104  Hazard ratio for death, 0.49 (95% Cl, 0.38-0.64)
P<0.001
0 T T T T T T 1
0 3 6 9 12 15 18 21
Months
No. at Risk
Pembrolizumab combination 410 377 347 278 163 71 18 0
Placebo combination 206 183 149 104 59 25 8 0

N Engl J Med 2018; 378:2078-2092 DOI: 10.1056/NEJMoa1801005
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Responses are influenced by PDL-1 staining Percent

A Tumor Proportion Score of <1%

]
T

Sy . pembrol:
b pracen

Patients Who Survived (%)

azard ratio for death, 059 (95% C1,038-092)

B Tumor Proporton Score of 1 to 49%

8 &

Patients Who Survived (%)

azard ato for death, 055 (95% C1,0.34-090)

th, 042 (55% C1,0.26-0.68)

°o 3 & 5 n 15 1B a
Months.

No. at Risk

moo2 o % s 3 6 0
n e s 3 1 1B 4 0

N Engl J Med 2018; 378:2078-2092 DOI: 10.1056/NEJM0a1801005

5
[E— No of patients T—
Study Intervention Control Overall survival Weight  Overall survival
hazard ratio (%) hazard ratio
PD-L1 positive (95% CO) (95% Cl)
CheckMate 017 63 56 : 7.82  0.75(0.50t0 1.10)
CheckMate 025 94 87 7.75  0.79 (0.53t0 1.17)
CheckMate 057 123 123 ——a—— 15.02  0.62 (0.47 t0 0.83)
CheckMate 141 88 61 <—-—-— 6.96  0.55 (0.36t0 0.83)
KEYNOTE-006 446 225 —-—'— 21.99  0.63 (0.50 to 0.80)
KEYNOTE-045 NR NR ~—a——— 10.11  0.61 (0.43 to 0.86)
0AK 241 222 —-—-— 21.79  0.74 (0.58 t0 0.93)
POPLAR 93 102 <—-—'— 8.55  0.59 (0.40to 0.85)
Overall: P=0.81, I’=0% i 100.00 0.66 (0.59 to 0.74)
PD-L1 negative
CheckMate 017 54 52 ——=———— 7.99  0.57 (0.38t0 0.86)
CheckMate 025 276 299 —-=— 23.09 0.77 (0.60t0 0.97)
CheckMate 057 108 101 B 14.83  0.91 (0.67 to 1.22)
CheckMate 141 73 38 5.46  0.89 (0.54 to 1.45)
KEYNOTE-006 103 47 6.29 0.75 (0.47t0 1.19)
KEYNOTE-045 NR NR _ 14.91 0.89 (0.66 to 1.20)
0AK 180 199 —_— 2248 0.75 (0590 0.96)
POPLAR 51 41 . 4.95 1.04 (0.62t01.75)
Overall: P=0.61, I’=0% —~— 100.00 0.80 (0.71 to 0.90)
0.5 1 1.5
6



Figure 2. KEYNOTE-189: Updated OS Analysis by PD-L1 TPS®

ooPhccbolPomfPlat 60.0%

(0.39-0.88)

69.0% (0.42-0.92)

TPS 250 % TPS 1-49% TPS <1%
HR HR HR
Events (95% CI) Events (95% CI) Events (95% CI)
Pembro/Pem/Plat 43.9% 0.59 52.3% 0.62 §9.1% 0.52

81.0%  (0.36-0.74)

100+ 100+
904 73.3% 904 904
80 48.6% 80 804
70 51.9% 70 704
604 39.4% J i 38.5%
® 3 :g e 90 15.5%
5 B ; 4 = 504
8 8 8
404 404 40
304 304 30+
201 Median (95% Cl) 204 Median (95%Cl) 204 Median (95%Cl)
104 NR (20.4 mo-NE) 104 21.8mo (17.7-25.9) 104 17-2(13.8-22.8)
0] 10-1mo (7.5-NE) ] 12.1mo (8.7-19.4) 10.2mo (7.0-13.5)
v T T v v T T T T v v T T
0 6 2 18 24 30 0 6 12 18 24 30 0 6 2 18 26 30
Months Months
No. at Risk No. at Risk SOnthe

No. at Risk

The First Pan-Cancer FDA Drug Approval Based on a Molecular

11/5/19

Marker: Microsatellite Instability

MSI-H and dMMR define response
to pembrolizumab




MSI-H/dMMR, not the organ, defines the indication

MSI-

What is MSI-H/dMMR? e

MSI-H = microsatellite instability
dMMR = deficient mismatch repair
Causes of dAMMR/MSI-H:

— Mutation in DNA repair proteins
— Can occur in Lynch syndrome —
— Inactivation of DNA repair proteins

Why does this matter?

Impairment in mismatch repair causes —
— Greatly increased number of mutations in tumors

— Some mutations (neo-antigens) may be targeted by immune system
— Pembrolizumab can facilitate immune system attack in some MSI-

H/dMMR cancers

10
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Mechanism of Action

A Signaling Mechanism of PD-1 and PD-L1

L) ==
TUMOR ==
CELL Tumor-cell survival

and proliferation

( PD-L1 - $
Iy a !
MHC1

Cancer neoantigen _0 Inhibitory

signaling
T-cell receptor

T-cell deactivation,

- inhibition, and
ACTIVATED :
e apoptosis
B Inhibition of PD-1 Signaling in Mic Mli bility-High Cancers

= Pembrolizumab —(J/
5 inhibits PD-1 Tumors are more
TUMOR signaling A susceptible to )
o o immunotherapy }{ﬁ
< ]
@ o
N \ &3
L

\

: N
4 . » %
(4 b ff )

\
Mutant 9
peptide °
Increased proliferation
ACTIVATED and activation of

%‘ T CELL As compared with microsatellite-stable tumors, tumors T cells
with high mutation burden due to deficient mismatch
% repair have increased probability that neoantigens susceptible
2\ to recognition by high-avidity T cells will be present

11

Data resulting in the FDA Approval

Pembrolizumab Response Rate by Tumor Typ

No. of Patients with Range of

Tumor Type Tumors a Response Response Duration
no. (%) mo

Colorectal cancer 90 32 (36) 1.6+t022.7+
Endometrial cancer 14 5 (36) 4.2+t017.3+
Biliary cancer 11 3(27) 11.6+t0 19.6+
Gastric or gastroesophageal junction 9 5(56) 5.8+1t022.1+
Pancreatic cancer 6 5 (83) 2.6+1t0 9.2+
Small-intestine cancer 8 3(33) 1.9+ t0 9.1+
Breast cancer 2 2 (100) 7.6t015.9
Prostate cancer 2 1(50) 9.8+
Other cancers 7 3(43) 7.5+ 10 18.2+

* Response was as defined by RECIST. “Other cancers” includes one patient each with the following
tumor types: bladder, esophageal, sarcoma, thyroid, retroperitoneal, small-cell lung cancer, and
renal cell cancer (includes two patients who could not be evaluated and were considered not to
have had a response). A + sign indicates that the response was ongoing at the time of data cutoff.

Lemery, NEJM, 2017

12
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Distribution Across Cancer Types

18%
16%

14%

12%
B Late Stage

Il Early Stage

10% -

8%

¢ LLLE
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& & &S

& K& e

P i

& & N

&

>

£

Le et al. Science 2017
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—e— Mismatch repair-proficient colorectal cancer

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

0% (no change)

Change in Tumor Marker Level
(%)

——te o oo
-100- > T o1 = T
0 100 200 300 400

B Radiographic Response

1004
M Mismatch repair-proficient colorectal cancer

M Mismatch repair-deficient colorectal cancer

§ W Mismatch repair-deficient noncolorectal cancer
98 so
28

@
£ )
s 3 20% increase (progressive disease)
S E
iz o
25
§g
<3 30% decrease (partial response)
%5 -504
§
£
v

N EnglJ Med 2015; 372:2509-2520
1004 DOI: 10.1056/NEJM0al500596
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E 0.2
9 Mismatch repair-proficient
a
0.0+ T T T T 1
0 3 6 9 12 15
Months
No. at Risk
Mismatch repair- 11 8 6 2 0 [
deficient
Mismatch repair- 21 2 1 0 0 0
proficient

2 Mismatch repair—proticient
-§ 0.2
a
0.0+ T T T T 1
0 3 6 9 12 15
Months
No. at Risk
Mismatch repair- 11 9 7 5 1 0
deficient
Mismatch repair— 21 12 5 1 1 0
proficient

C Progression-free Survival in Cohort with Mismatch Repair-Deficient
Noncolorectal Cancer

1.0+
@
&
T 08
2
@
g 0.6
es
ag
w 3
Swv 044
Z
%
E- 0.24
3
a
0. T T T T d
0 3 6 9 12 15
Months
No. at Risk 9 5 1 0 0 0

D Overall Survival in Cohort with Mismatch Repair-Deficient
Noncolorectal Cancer

1.0+
3 L
2
s 08
5
a
=
£ 06
3
9
S 0.4
Ey
2
-g 0.24
a
0.0 T T T T 1
0 3 6 9 12 15
Months
No. at Risk 9 6 2 1 0 0

N Engl) Med 2015; 372:2509-2520 DOI: 10.1056/NEJM0a1500596
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Sensitivity to PD-1 Inhibition in MSI-H Cancer

B 100 =

50

% Change from Baseline SLD

-100-

Le et al. Science 2017

Ampulla of Vater
Cholangiocarcinoma
Colorectal
Endometrial cancer
Gastroesophageal
Neurcendocrine
Osteosarcoma
Pancreas

Prestate

Small Intestine
Thyroid

Unknewn Primary
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Traditional approach is to use PCR and

compares tumor to normal across 5 loci

Sample Name Panel Marker
CTL Promega MSI BAT-25
BAT-25 ]
130
- \ N
o A I /\ Ny
. YUY AU
LA 4 JAVAVAVAVAVAVAVAVAVAVAUNSRSUY
sz 117.57 sz 123.97
ht 1174 ht 1526
CTL NM Promeqa MSI BAT25
BAT-25 ]
130
1800
1200
600 [\
ol A _ /P\ /\ \/ \ A N
sz 123.89
ht 2190
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Distribution of 27 039 polymorphic

microsatellite markers across the human
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Tamiya (2005). Human molecular genetics. 14. 2305-21.
10.1093/hmg/ddi234.
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TMB T™MB

TMB High and MSI High vs. PD-L1 positive cases All TMB, MSI and PD-L1 tested cases

Prognostic and predictive IHC biomarkers in
cancer and immunotherapy

10



TILs — Assessing Hot vs Cold tumors — prognostic

capacity

Cytotoxic and memory T cells associate with
favorable prognosis

w3

UL

Immunoscore was proposed as a method of classifying
tumors by quantifying in situ T cells and cytotoxic T cells

CD3+ Immunoscore
density/location|

The densities of CD3+ and CD8+ T cells are determined in
the tumor center and invasive margin regions

Colorectal Tumors Predict Clinical Outcome

Fridman 2012 Nature Reviews: Cancer “Tumour regions (CT & IM) Immunostainings Immunoscore (CT+IM)
. . bt / €D3 14
Type, Density, and Location of Immune Cells Within Human ( cos 2000

00

\o® =
B Digital Pathology \
o N
i Quantification \
CDBHICD3, i (cells / mm?) \ 10
infiltrating 1 ns
immune cells 5
S o8 1" Immune Infiltration Score
@ o - cp3 cos (Hi=1; Lo=0)
CD3:CD3, 8 "
weaton £ " N CT or (o) + or (Lo} =0,10r2
6 04 1
H €D3¢,°CD3, L0
2., IM 0 o (Lo + ° o (Lo =0,10r2
= CD3HICD3,
CO3 eCD3, oo Immunoscore ()=0, 1,2, 3, or 4
cr T
e e e LA s s s . -
0 20 40 60 80 100 120 140 160 180 Galon 2012 Journal of Translational Medicine
om0 <cion Survival (months)

21

Immunoscore — A consortium of 14 centers in 13 countries assessed a

predefined Immunoscore assay in patients with stage |-Ill colon cancer

Disease-free survival according to the Immunoscore

Immunoscore was stronger than all these clinical

in patients with stage -l colon cancers.

parameters at predicting survival and risk of recurrence

— LowImmunoscore
— Intermediate Immunoscore)
— High Immunoscore

HR for high us low 0.31 (95% C10.23-0-41); p<0.0001

HR for intermediate vs low 0-57 (95% C1 0.47-0-69); p<0-0001
"] HR for high vs intermediate 056 (95% C1 0.42-0.73); p<0.0001
c-index=0-61 (95% C10-55-0-67)

H B } H 1 I3 7 8
Pages et al. 2018. Lancet
Immunoscore has high-degree of
N predictive capacity

3 Mucinous (collid)
O Sidedness

O sex

O Tstage

O Nstage

= us

3 Venous emboli
O3 ymphatic invasion
3 perineural invasion
=g

3 Differentation

e accuracy (IAUC)

B immunoscore
055

Pages et al. 2018. Lancet

Clinical parameters. Clinical parameters plus Immunoscore
(high,intermediate, low)

é% éééé P g

(high, intermediate, ow)

Relative variable contribution

O Sidedness
= Mucinous (colloid)
Ewmsi
Immunoscore B sex
(high, intermediate, low)
I
Clinical parameters Clinical parameters plus Immunoscore
C
Relative variable contribution 3 sidedness

3 Mucinous (collid)
msi
O sex

VELIPI

Pages et al. 2018. Lancet

22
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International Immunooncology Biomarke

Working Group:

TIL concentration and response to
neoadjuvant combination chemotherapy

Strong prognostic role of stromal TlLs in early-stage
TNBC

Stromal TILs were quantified on H&E sections of core
biopsies obtained before the start of neoadjuvant
chemotherapy.

N =3771 patients

Stromal TILs were quantified on H&E sections from patients with early
stage TNBC treated with anthracycline-based chemotherapy with or
without taxanes

i
=
g 8
o
E o ? N N N M 7 o o 1 2 3 4 5 8 7 8 9 1
g ine Since fandom Assgnment years) Time Since Random Assignment (years)
Eﬂ Loi 2019 Journal of Clinical Oncology
°
'E- T - ) Have expanded standardized scoring of TILs to:
*  Melanoma
Denkert 2018 Lancet +  Gastrointestinal tract carcinomas
¢ Non-small cell lung carcinoma and mesothelioma
*  Endometrial and ovarian carcinomas
¢ Squamous cell carcinoma of the head and neck
. Genitourinary carcinomas
*  Primary brain tumors (Hendry 2017 Adv Anat Pathol. )
23

H

owever: T cell infiltration does not always associate with

better prognosis; i.e. RCC and Prostate C.

Renal cell carcinoma

Prostate carcinoma

Time morite)

High density, n = 182

Biochemical failure-free survival >

: 24 a8 72 9 120

Time (months)

Mella et al. 2015. Oncolmmunology

Plausible explanations

Ness et al. 2014. The Prostate

Immunosuppressive landscape that dampens T cell function (Tregs, M2 Macrophages, MDSCs,

Tu2, Tyl7)

Increase in inhibitory molecules that downregulate T cell-mediated tumor-killing (checkpoint

molecules, immunosuppressive cytokines)

Low number of antigen-specific T cells (i.e. low TMB and subsequent low neoantigens)

24
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TILs — Assessing Hot vs Cold tumors — predictive

capacity

Currently: only approximately 20%—40% of \
patients benefit from checkpoint inhibition
- predictive biomarkers that maximize

immunotherapy efficacy are needed 8

JE——
.

Predictive biomarkers for response to immunotherapy

Topalian et al. 2012 N. Engl. . Med.

A
Ay e of heapy

52

mer et 2013 . Engl . Med. Le etal 2017 Siene
PD—L% ‘ MMRd/MSI-H ‘ TiME and functional ‘ * oter s 2
expression state
NCT03651271; currently recruiting for Advanced Metastatic Cance
J 2015 } 2019 l::lus&t]ttjiiy 'WI|| shed light on ‘hot’ vs ‘cold’ tumors by
v —/ N ad . 8: .
2012 ‘ 201 T * TiME and functional state by m-IHC
N * Deep dive into the functional state of immune
T™B TiL land Peripheral blood and I .
andscape microbiome cells using CyTOF

Underlying genetics by whole exome and RNA

et 0T saree
L:> sequencing
Whether the gut microbiome influences

responsiveness to treatment

25

Bridging this gap — immunoprofiling for therapy

prediction

Multiplex IHC — getting more from less

* Assessment of multiple parameters
simultaneously on a single slide
significantly decreases tissue
requirement

* Simultaneous analysis of multiple
immune cells (and their functional
states) allows for a deeper
understanding of the TME

—  Proximity between individual cells (i.e. spatial
relationships)

Adapted from Tsujikawa et al. 2017. Cell Reports

26
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Biomarker panel — hot vs cold tumo

Pan T lymphocytes (effector,
CcD3 helper, cytotoxic, memory, Cell-mediated immunity
regulatory, NK-T, y8)

o8 CD3*CD8* (Cytotoxic T cells) Cytotoxic - Tumor killing
CD3*CD8" (Helper T cells) Helper — regulate immune response
Direct and indirect suppression of T
CD163 M2 Macrophages (TAMs) cell function and recruitment

Hypoxia / fibrosis

Maintain immune homeostasis

FoxP3 Regulatory T cells
= A Suppress anti-tumor immunity

Inhibits T cell proliferation, survival,
and effector function

Activated/exhausted T cells

B cells
* APCs

NK cells

PD-1
Decreases expression of survival
molecules

T cells
B cells
DCs
PD-L1 APCs Same as PD-1
MDSCs
Tumor cells

Landscape/functional multiplex IHC panel: 6-plex + Tumor marker + DAPI

Hot tumors

* High degree of T cell and cytotoxic T cell
infiltration

 Checkpoint activation (PD-1, PD-L1)

Cold tumors

e Absence of T cells within the tumor core
and at the tumor margins

* Poor T cell and cytotoxic T cell infiltration
(or bordered at tumor margin)

* Presence of immune suppressive cells (M2
macrophages, regulatory T cells)

e Active T cell checkpoints (PD-1, PD-L1)

28 open clinical trials targeting TAMs in
combination with anti-PD-1/PD-L1 therapy -
as of 04/24/19

27

Immunomodulatory targets in active clinical trials

T cell functional state multiplex IHC panel:

Immune
checkpoints

7 cell activation
Teehactvaton | () @ Lires roveration
17 66l evotonity §

I Stimulatory ‘ Inhibitory

N pC e Pt
rou Y Q [,
CD80/86, [

17 cellactivation Reverse
4 Treg cell functions GITR fevese signaling enaa

€ Galectin-9

- 17 cll apoptosis
GITRL = + Treg cel functions
oy _ — T celsctvation
17 cell activation D80/ Reverse | o
[ Teaacvarion ] () R 5 e I
) earsdanon |
cozs o s [ (@) [(Te pansion
! Hreg el functions
SRPa: {Tregcellfunctions |
coaoL coa7
T Tl fesion o7 I
1 Crosc Teel iferentaion | | gy 040 ' + APC presentation
actvation 1 cell Spoptosis
Orabona 2018  “————— e cell conversion

Active TIM-3 and LAG-3 clinical trials:

LAG3 IM-3

IMP321 - soluble anti-LAG-3 mAB . TSR-022 - anti-TIM-3 mAB
LAGS525 - anti-LAG-3 mAB . LY3321367 - anti-TIM-3 mAB
BMS986016 - anti-LAG-3 mAB . MBG453 - anti-TIM-3 mAB
REGN3767 — anti-LAG-3 mAB . Sym023 - anti-TIM-3 mAB

Sym022 — anti-LAG-3 mAB BGB-A425 — anti-TIM-3 mAB
TSR-033 — anti-LAG-3 mAB INCAGN02390 - anti-TIM-3 mAB

FS118 - bispecific anti-PD-L1 and LAG-3 mAB
EOC312 - soluble anti-LAG-3 mAB

MGDO13 — bispecific anti-PD-1 and LAG-3 mAB RO7121661 - bispecific anti-PD-1 and TIM-3 mAB

CD3 —landscape - Pan-T cells

CD8 — landscape — Cytotoxic T cells
PD-1 —function —T cell exhaustion
PD-L1 — function — T cell exhaustion
TIM-3 — function — T cell exhaustion

R S o

LAG-3 — function — T cell exhaustion

NCT01968109 - anecdotal proof of principal
Patients with solid tumors that progressed on anti-
PD-1/PD-L1 therapy were treated with Anti-LAG-3
(BMS-986016) + Nivo
* Interim results: ORR of 11.5% and disease
control rate of 49%.
* In 33 patients with LAG-3 expression >
1% at baseline, the ORR was 18%; in the
subgroup of these patients that also
showed PD-L1 expression <1%, the ORR
was 27%

28
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How would a clinician be able to use this data?

The effectiveness of immunomodulatory strategies is inherently dependent on the
presence of tumor-associated (or circulating) immune components

Expanding mIHC approach for precision medicine

Melanoma

Lung adenocarcinoma

Lung squamous cell carcinor

Bethmann 2018 Current opinion in Immunology

Bladder carcinoma

medicine.

e Automated staining methods will
improve reproducibility of multiplex
staining and allow for CLIA standards, so
that multiplex staining can be used to
make clinical decisions.

e Ultimately, machine learning algorithms
will aid to interpret data from tissue and
lead to improved delivery of precision

Kindey clear cell carcinoma

e o
iead and neck carcinoma

Breast carcinoma

Prostate carcinoma

Ovarian carcinoma

29

Predictive effect of PD-1 to CD8 in patients diagnosed with NSCLC treated with

nivolumab (E: DFS and G: OS): low PD-1/CDS8 ratio corresponds with response

c Survival functions D Surviva functions
1.0 1.0- PD-110.CO8
08 0.8- e
H H o
Z 06 s z 06
§ 04 E 04
3 3
02 0.2-
Log-rank test, P = 0.096 Log-rank test, P=0.03
0.01 HR = 0.542, 95% Cl, 0.260-1.133 0.01HR = 2.268, 95% Cl, 1.056-4.871
0 10 20 30 40 50 60 0 10 20 30 40 50 60
o5, Months o5, Months
Natrisk Natrik
G0 3 s 4 % 2 om0 Gowo 4 % m W w6 o
O P
E Survival functions F Survival functions
o . o Po.110co0
08 08
H H .
§ o6 g o6
3 H
E 04 H 04
é H
02 02
Log-rank test, P=0.016 Log-rank test, P = 0.006
0.01HR = 2.326, 95% CI, 1.146-4.271 0.0 {HR = 1.624, 95% Cl, 1.148-2.296
0 10 20 30 40 50 60 o 10 20 30 40 50 60
o5, Months o5, Months
Watrisk Natrik
Gomo 45 & 0w m 1 8 o Gowo M m m W om 71 o
Gopt &4 w0 % m w6 o Gowt 2 % u w7 o
Gowz 1 M 9 4 o o o
. Gops 5 M 8 6 3 2 o
Mazzaschi et al, 2017
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CDK12 — An emerging 10 Biomarker

Tumor suppressor Oncogene

DK

COK12 loss or inhibition

r ‘oncogene

oncogene

oncogene

PARPi synthetic ethality CDK12 inhibitor monotherapy

CDK12 Mut HRD MMRD

>
@

Number of Fusions
-
e
- -
MMRD{ o

HRD
CDK12{ o
SPOP

31

CDK12 Gene Structure

CDK12 (1-1490)
— RS Emmmmm PRM B Kinasedomain NENNESSS PRV EEEE

103-379 525-697 719-1051 1238-1280
Dixon-Clarke et al. 2015

* Located on chromosome 17q12
* 14 exons = 1490 amino acids > Molecular weight 164 kDa
* Arginine/serine-rich (RS) motifs: involved in pre-mRNA processing and NLS
* Proline-rich motifs (PRMs): binding sites for SH3 and WW domains
— Suggests potential protein interaction partners from a wide range of signaling pathways

Liu et al. 2018 (review)
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CDK12 regulates gene transcription as a
complex with cyclin K

CDK12 Function

Expression and alternative last exon (ALE) splicing
of genes with long transcripts and large numbers of exons

CDK12 knockdown leads to genomic
instability

Alteration of 2.67% of tested genes (microarray)
* Majority were downregulation of genes with large numbers of exons

Enrichment of genes involved in DNA replication, recombination and repair
centered on the BRCA1 module. Significantly lower levels of BRCA1, ATR,
FANCI and FANCD2.

CDK12 required for optimal pre-mRNA processing of the MYC gene, with gene
depletion reducing levels of polyadenylated MYC RNA

CDK12 or cyclin K knockdown sensitized
cells to DNA-damaging agents

Suggests CDK12/cyclin K is a master regulator of proteins specifically involved
in DNA damage repair (DDR) and response to DNA damage

CDK12-cyclin K complex

Liu et al. 2018 (review)
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TCGA (as of May 2018)

Central Nervous System Glioblastoma multiforme il Genomic alteration
Lower-grade glioma-Jill - Mutation
Hematologic Thymoma- mm Amplification
Acute myeloid leukemia - mm Deep Deletion
Soft Tissue Sarcoma N mm Multiple Alterations
Head and Neck Uveal melanom -
Head and neck squamous cell carcinoma - I
ioma and

Papillary thyroid carcinoma-Jil
Adrenocortical carcinoma -

Skin Cutaneous melanoma- I
Thoracic Mesothelioma
Lung squamous cell carcinoma NN
Lung adenocarcinoma
Lymph Diffuse large B-cell lymphoma -
Urologic Papillary kidney carcinoma i

Testicular germ cell cancer -l
Chromophobe renal cell carcinoma- N
Clear cell renal cell carcinoma - N
Prostate adeno:
Urothelial bladder ZZ:_W;H‘;L
Breast and Gynecologic Cenvical cancer-
Uterine carcinosarcoma -
Endometrial
Breast invasive _
Gastrointestinal Liver hepatocellular carcinoma- S
Cholangiocarcinoma
Pancreatic ductal adenocarcinoma- I
Colorectal adenocarcinoma |G
Stomach adenocarcinoma - G
Esophageal carcinoma- G

0 5 10 1‘5
id of CDK12 al i (% of cases)

* Genomic alterations of the CDK12 gene across

Liu et al. 2018 (review)
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CDK12 alterations in Prostate Cancer

* Inactivating biallelic CDK12
mutations constitute a prostate
cancer subtype

e (CDK12 loss is associated with
genomic instability and focal
tandem duplications

¢ (CDK12 loss leads to increased
gene fusions, neoantigen
burden, and T cell infiltration

¢ Patients with CDK12 mutant
tumors may benefit from
immune checkpoint inhibition

" Biallelic

/” CDK12 mutations
/ distinctclass of PrCa

Ci

Genome
Instability

" Extensive

/ tandem duplications "\

Normal

" immune
/checkpoint inhibitors ™\

Teell

v \

\
A AntipD1 |

) —
) Immune Cell
N || Metastatic Infiltration

Prostate

Cancer N
Increased lovels ™\

of neoantigens

ABCUDEF
Tumor

ABBCC D E F

\ TA BCODEEFF

| [ &

||

| Gene | £ =!
/ Fusions \ *

Wu et al. 2018
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CDK12 alterations more frequent in metastatic

CR-Prostate Cancer

Detected aberrations of CDK12 in 25/360 of

MCRPC patients (6.9%), significantly higher than

in primary PCa, 6/498 patients (1.2%)

— Majority of CDK12 mutations (83%) were truncating
and resulted in the loss of the kinase domain

— Missense mutations were clustered around conserved

residues in the kinase domain

CDK12

’ﬁl fl‘sﬁ t oWt A -

| PRM[] s Tke |

‘olde

% Homozygous deletion
A Frameshift mutation
X Nonsense mutation
4 In-frame deletion

® Missense mutation

Percentage (%)

* (CDK12 has very low tolerability for germline loss-of-function variants

— No germline aberrations were detected

P <0.0001

1
%k

Primary CRPC
(N=498) (N=360)

Wu et al. 2018
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Mutual exclusivity of CDK12 mutation in mCRPC

* CDK12 loss was mutually exclusive with ETS fusions, mismatch repair
deficiency (MMRD), SPOP mutations, and homologous recombination
deficiency (HRD)

2| ETS fusion positive MMRD SPOP Unclassified
Prevalence (N=360)

69%
542%
36%

arcn R ] RN 'H'H il ||||||| m |
vl M "“ Ll W‘H'r" AR 2
= AR Wm:. o .ﬁ% il
catyae 111 'IIIHH"I ‘ MR A 11 Y i

Wu et al. 2018

e “Biallelic BRCA2, CDK12, and ATM inactivating mutations were mutually
exclusive”
Quigley et al. 2018

37

Genome Instability

CDK12 loss results in a distinct pattern of

CDK12 mutant tumors were baseline diploid, had few arm-level
copy-number aberrations (except gain of 8q), and hundreds of focal
copy-number gains

A M Amplificaton B Gain M Neutral B LOH M Loss M Homozygous deletion

AR B T——_VN R I

oo | st 1 T 4 g |
H | fes®

st | g e g g B

: e O i o 4 |
Doficiont | | M L % st o e % s 4 i ot 4 e BTN A
|

CDK12 biallelic inactivation was strongly associated with this form
of genomic instability Wu etal. 2018

38

11/5/19

19



CDK12 loss results in distinct Structural Variation

signature and Neoantigens

* CDK12 mutant has highest fusion burden, consistent with the large
number of focal copy-number events generated by tandem duplications

>

B CDK12 Mut HRD MMRD

150

100

Al
M
D

AT
H

CDK12

sPoP

Number of Fusions
3
*—-—...-. o
R
RD { ot « .
- -
MMRD{ offi

o
m

Neoantigen Burden (All)
100 200 500 1000 2000 5000 10000 20000

Neoantigen Burden m
5 1000 2000 500

+
ot

ATM CDK12 HRD MMRD Other SPOP ATM |CDK12{HRD MMRD Other SPOP

* (CDK12 mutant has highest Neoantigen Burden resulting from Fusions Wuetal. 2018
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Response of CDK12 Mutant Patients to Anti-PD1

Checkpoint Inhibitor |10-therapy

* Metastatic lymph node
biopsy shows robust CD3
staining

— presence of T
lymphocytes

* Marked decline in pelvic
lymph node disease
burden following anti-
PD1 treatment

— Suggests mCRPC
patients who harbor
biallelic CDK12 loss may

Prior to anti-PD-1 immunotherapy After 4 doses of anti-PD-1 immunotherapy

have a h Igh er likelihood Right external iliac LN, 2.4 cm, PSA 8.9 ng/mL Right external iliac LN, 1.1 cm, PSA 0.9 ng/mL.
of response to 10-
therapy

40
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Prevalence of Biallelic CDK12 alteration across

All Cancer Types

W stort varant
I Copy rumber s
Wl Rearrangement

W e

were defined as:

a) mutations with loss of
heterozygositY (LOH) at the
wild-type allele, as
determined by zygosity
status

b) copy number loss
(homozygous deletion)

c) 22CDK12 GAsin a given
sample

| [ [—
unknoun
| [————

e Biallelic CDK12 alterations A

CDK12 genomic alteration f

Cancer of unknown pr
Adenold cystic

(9]

Homozygous |($hore variants)

[ [t
[ [—

Estimated fraction biallelic

Prostate
Endometrial
Gastroesophageal

Gastroesophage:

Cancer types with N > 50 CDK12-MT cases
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CDK12: an emerging biomarker of Response to |0 therapy

* |In prostate and ovarian cancer, biallelic inactivation of CDK12 is associated with a unique
genomic structural variant phenotype characterized by focal tandem duplication events
* These duplication events often result in gene fusions that increase neoantigen burden
CDK12 Mut HRD MMRD

(Adapted from

Number of Fusions
R Xt
-
I
MMRDY o

Wu et al., 2018)
o
= = 4 d
T Eog & g
. . i X Prevalence of CDK12 Alterations in Caris Database

* With the incorporation of WTS to the Caris 570
tumor profile, all gene fusion events can be g 60 CDKL2 Manosllelic L OF
detected and mapped back to the genome to S 5.0% W CDK12 BallelicLOF
assess the changes in genome structure T a0%

. . S 3%

* Fusion sequences can also be examined for B 5 o
immune epitopes to identify antigenic peptides g 1‘00/“
that may invoke an immune response < A I I0s _ _

* We have identified cases with CDK12 alterations \\Q}:&\@@\\;&:@\\\?@@@L\”\@@;%@QQ@@@}@\ RNV
across multiple cancer types to evaluate the T FS F E &}%@Q S T ® S ¢
potential of CDK12 as pan-tumor biomarker of G X O SUEW S S B S
response to |0 therapy & F @@S? & &

Cancer Type
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Fusion Rates associated

with Biomarker Subgroups

80
Cases stratified into subgroups based :8
on biomarker analysis 65

— CDK12 subgroup = CDK12-Biallellic LOF
— Multiple subgroup = cases with various
combination of biomarker alterations

Fusions Detected
E
&

40 :

— Pan-WT subgroup: cases Iackinf 35

alterations for each biomarker listed ;2 L

High fusion rate associated with CDK12 20 i

subgroup K i
Several Pan-WT cases also show high H

fusion rates

— Suggests additional driver mutations of
high fusion rate remain to be discovered

ATM
BRCAT i
BRCA2
CDK12
MMRD

Multiple
Pan-WT|

Biomarker Subgroups

TMPRSS2:ERG| kfftr=

43

High neo-antigen burden correlates with increased fusion rate

*  Immune Epitope Database (IEDB) MHC-I binding prediction:
—  Peptide libraries generated from fusion sequences for each fusion isoform detected by WTS
—  HLAgenotyping performed to enable prediction of HLA allele-specific affinities for each peptide

— Interpretation of peptide affinities based on guidelines reported by IEDB:
“Peptides with IC50 values <50 nM are considered high affinity, <500 nM intermediate affinity and <5000 nM low affinity. Most known epitopes have high or
intermediate affinity. Some epitopes have low affinity, but no known T-cell epitope has an IC50 value greater than 5000”

400
350

3
250
200
150
100
.
50

High Affinity Peptides
(IC50 < 50 nM)

Fusions Detected
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High neo-antigen burden correlates with increased fusion rate

*  Immune Epitope Database (IEDB) MHC-I binding prediction:

—  Peptide libraries generated from fusion sequences for each fusion isoform detected by WTS
—  HLA genotyping performed to enable prediction of HLA allele-specific affinities for each peptide

— Interpretation of peptide affinities based on guidelines reported by IEDB:

“Peptides with IC50 values <50 nM are considered high affinity, <500 nM intermediate affinity and <5000 nM low affinity. Most known epitopes have high or
intermediate affinity. Some epitopes have low affinity, but no known T-cell epitope has an IC50 value greater than 5000”

High Affinity Peptides
(1C50 < 50 nM)

740 2

Fusions Detected

45

Thank youl!
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EGFR, ALK, HER-2 K-RAS : Tissue specificity

EGFR NON SMALL CELL CA LUNG

ALK i

HER-2 | BREAST CA, GASTRIC/GE JN
COLON CA

K-RAS
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EGFR, ALK, HER-2 K-RAS : Tissue specificity

EGFR NON SMALL CELL CALUNG

ALK I Neuroblastoma( pediatric), Anaplastic Large Cell Lymphoma

HER-2 BREAST CA, GASTRIC/GE JN, COLON, NON SMALL CELL LUNG,
SALIVARY GLAND
COLON CA, NON SMALL CELL LUNG

K-RAS
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EGFR DIRECTED THERAPY IN EGFR MUTANT NSCLC
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EGFR IN NON SMALL CELL CA LUNG

(N=82)
Gemcitabine plus carboplatin (N=72)
HR 016 (95% C10:10-026)
Log-rank p<0.0001

(95% CI: 0,37, 0.57; P<0.0001)

H
a
-
H
g

Number at risk
Erlotinib 82
emcitabine plus 72

carboplatin 239

12

Months

210 178
152 107

15

139
78
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ALK in NON SMALL CELL LUNG CA

A Progression-free Survival
100-

Hazard ratio for progression or death
in the crizotinib group,
0.49 (95% CI, 0.37-0.64)

P<0.001

Crizotinib

= Asctinib Grizotinib

=103 =108
Events, n (%) 25043 %) 56658 %)
Mdian, months ©5 % C)  NR Q03-NR) 10282-120)
Prvalue

HR (89,6826 % C)

034047071

Chemotherapy

Prabability of Progression-free
Survival (%)

Time (months)

0 5 10 15 20 25
Months
102 monthe
No. at Risk o
Crizotinib 173 93 38 11 2 0 01 3 9 12 18 24
Chemotherapy 174 49 15 4 1 0
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iNeuwuUiR -
SYSTEMIC THERAPY FOR HISTOLOGIC TESTING TESTING RESULTS
METASTATIC DISEASE SUBTYPE "
Sensitizing First.Li
+ EGFR mutation testing EGFR mutation Therapy (NSCL-17) '_ﬂ‘L‘M
+ Adenocarcinoma (category 1)* positive
+ Large Cell « ALK testing (category 1)?
+ NSCLC not —» |+ EGFR and ALK testing See First-Line
otherwise should be conducted as ALK positive ——— 1 0 ooy (NSCL-18)
* | (NOS) part of broad molecular
subtype® with profilingh? Both sensitizing . '
adequate tissue for EGFR mutation and| _ See First-Line
molecular testing ALK are negative Therapy (NSCL-19)
(consider rebiopsy or unknown’
Metastatic if appropriate) Sensitizin, o
Disease |+ Smoking cessation s Consider EGFR EGFR 9| See First-Line
counseling and ALK testing’l especially positive | Therapy (NSCL-17)
« Integrate palliative in never smokers or small
care® Squammois cell biopsy specimens, or .
Guidelines for carcinoma ——*| mixed histologyli ALK positive ,. SeeFirst-Line
Palliative Care) - EGFR and ALK testing Therapy (NSCL-18)
should be conducted as Both sensitizing
mllno""u sdmolecuiay EGFR mutation and|_,. See First-Line
ALK are negative Therapy (NSCL-20)

or unknownkk

asee Principles of Pathologic Review (NSCL-A).

¢Temel JS, Greer JA, Muzikansky A, et al. Early palliative care for patients with metastatic non-small-cell lung cancer. N Engl J Med 2010;363:733-742

MhThe NCCN NSCLC Guidelines Panel strongly endorses broader molecular profiling with the goal of identifying rare driver mutations for which effective drugs m:
already be available, or to appropriately counsel pallents regarding the avallabllty of clmu:al trials. Broad moleculal profiling is a key component of the Improvemenl of
care of patients with NSCLC. r Pati Alterati

In patients with squamous cell carcinoma, me obselved incidence of EGFR mu'auons is 2.7% with a oonndence that the true incidence of mutations is less than 3.6%.
This frequency of EGFR mutations does not justify routine testing of all tumor specimens. Forbes SA, Bharma G, Bamford S, et al. The catalogue of somatic mutations
in cancer (COSMIS). Curr Protoc Hum Genet 2008;chapter 10:unit 10.11

iiPaik PK, Varghese AM, Sima CS, et al. Response to erfotinib in patients with EGFR mutant advanced non-small cell lung cancers with a squamous or squamous-like
component. Mol Cancer Ther 2012;11:2535-2540.

Consider ROS1 testing; if positive, may treat with crizotinib. Shaw AT, Ou S-HI, Bang Y-J, et al. Crizotinib in ROS1-rearranged non-small cell lung cancer. N Engl J
Med 2014;371:1963-1971
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2916 NCCN GUIDELINES NSCLC

National

Comprehensive - NCCN Guidelines Version 4.2016
S Non-Small Cell Lung Cancer

NCCN Guidelines Index
NSCL Table of Contents

of the EGFR exon 19 deletion or exon 21 L858R mutation s predictive
of treatment benefit from EGFR tyrosine kinase inhibitor (EGFR-TKI)
therapy; therefore, these mutations are referred to as sensitizing EGFR
mutations (see EGFR Mutations in this Discussion). 1 However, the
presence of EGFR exon 19 deletions (LREA) or exon 21 L858R
mutations does not appear to be prognostic of survival for patients with
NSCLC, independent of therapy. *® The ALK fusion oncogene (ie, ALK
gene rearrangement) is a predictive biomarker that has been identified
in a small subset of patients with NSCLC (see ALK Gene
Rearrangements in this Discussion and Principles of Pathologic Review
in the NCCN Guidelines for Non-Small Cell Lung Cancer). Other gene
rearrangements (ie, gene fusions) have recently been identified (such
as ROS, RET) that are susceptible to targeted therapies.''¢

Testing for ALK gene rearrangements and EGFR mutations is
recommended (category 1) in the NSCLC algorithm for patients with
nonsquamous NSCLC or NSCLC not otherwise specified (NOS) so that
patients with these genetic abnormalities can receive effective treatment
with targeted agents such as erlotinib, gefitinib, afatinib, crizotinib,
ceritinib, and alectinib (see Targeted Therapies in this Discussion and in
the NCCN Guidelines for Non-Small Cell Lung Cancer).""*** Although
rare, patients with ALK rearrangements or sensitizing EGFR mutations
can have mixed squamous cell histology. > Therefore, testing for
ALK rearrangements and EGFR mutations can be considered in
patients with squamous cell histology if they are never smokers, small
biopsy specimens were used for testing, or mixed histology was
reported. EGFR, KRAS, and ALK genetic alterations do not usually
overlap 413

Patients with NSCLC may have other genetic alterations (see Emerging
Targeted Agents for Patients with Genetic Alterations in the NCCN
Guidelines for Non-Small Cell Lung Cancer).”**'*’ Mutation screening

Verson 42010, e 2016, A1 rghs reseres

assays for detecting multiple biomarkers simultaneously (eg,

System)
have been developed that can 2 detect more than 50 point mutations,
including EGFR 1% However, these multiplex polymerase chain
reaction (PCR) systems do not defect gene rearrangements, because
they are not point mutations. ALK gene rearrangements can be
detected using fluorescence in situ hybridization (FISH) (see ALK Gene
Rearrangements in this Discussion). Broad molecular profiling systems,
such as next-generation sequencing (NGS) (also known as massively
parallel sequencing), can detect panels of mutations and gene
rearrangements if the NGS platforms have been designed and validated
to detect these genetic alterations. ™" Itis important to recognize that
NGS requires quality control as much as any other diagnostic
technique; because itis primer dependent, the panel of genes and
abnormalities detected with NGS will vary depending on the design of
the NGS platform. For example, some NGS platforms can detect both
mutations and gene rearrangements, as well as copy number variation,
but they are not uniformly present in all NGS assays being conducted
either commercially or in institutional laboratories.

Other driver mutations and gene rearrangements (ie, driver events) are
being identified such as HER? (also known as ERBB2) and BRAF
VBOOE mutations, ROS1 and RET gene rearrangements, and high-level
MET amplification or MET exon skipping mutation 1412114161567
Targeted agents are available for patients with NSCLC who have these
other genetic alterations, although they are FDA approved for other
indications (see Emerging Targeted Agents for Patients with Genetic
Alterations in the NCCN Guidelines for Non-Small Cell Lung

Cancen) > Thus, the NCCN Panel strongly endorses broader
molecular profiing (also known as precision medicine) to identify rare
driver mutations to ensure that patients receive the most appropriate

Ms-10

9 © 2018 The Permanente Medical Group
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2016 NCCN GUIDELINES

NSCL-16

+ Footnote “hh” added: “The NCCN NSCLC Guidelines Panel strongly endorses broader molecular profiling with the goal of identifying rare

driver mutations for which effective drugs may already be available, or to appropriately counsel patients regarding the availability of clinical
trials. Broad molecular profiling is a key component of the improvement of care of patients with NSCLC. See Emerging Targeted Agents for
Patlents wlth Genehc Alteratlons 1NSCL H "

N
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\ Updates in Version 1.2015 of the NCCN Guidelines for Non-Smal Cell Lung Cancer from Version 42014 Include:
NSCL16
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2016 Landscape NSCLC

LUNG CANCER: POSTER CHILD FOR PRECISION MEDICINE

Lung Adenocarcinoma

Vemurafenib, Dabrafenib S

ol 2003 2016
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| PIK3CA _AKT1
BRAF T MAP2KI

HER2.

ALK Fusions___

Unknown

RET Fusiol

ROS1 Fusions.

ns.
Trametinib NRAS.

e MET Splice Site
Amplification |

Crizotinib

11

...and a few more.

* MET exon 14 skipping mutations
* MET high-level amplification

* RET gene fusions

* HER2/EGFR exon 20 mutations

* NTRK gene alterations

* KRAS (exclusionary)

12 ©2018 The Permanente Medical Group PERMANENTE MEDICINE.
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TESTING RESULTSh

CLINICAL PRESENTATION HISTOLOGIC TESTINGhP
SUBTYPE?
« Large cell
i . . * NSCLC not
« Establish histologic otherwise
subtype? with specified (NOS)
adequate tissue for
R molecular testing
or . || ifappropriate)
m . g |+ Molecular testing
isease counseling

« Integrate palliative
care® (See NCCN

Guidelines for

Palliative Care

Squamous cell _____

carcinoma

|+ PD-L1 testing (category 1) EGFR, ALK, ROS1, BRAF negative

see NSCL-28)

» Consider EGFR mutation
and ALK testingkk in never
smokers or small biopsy
specimens, or mixed
histology'!

» Consider ROS1 and BRAF
testing in small biopsy
specimens or mixed
histology

» Testing should be
conducted as part of broad
molecular profiling'J

« PD-L1 testing (category 1)

itizing EGFR
(see NSCL-18)
ALK positive (see NSCL-21)
ROS1 positive (see NSCL-24)
BRAF V600E positive (see NSCL-25)

itizing EGFI
|+ Molecular testing (see NSCL-18)
» EGFR mutation testing ALK positive (see NSCL-21)
Y e
» ALK testing (category 1) ROS1 positive (see NSCL-24)
» ROS1 testing -
» BRAF testing BRAF V600E positive (see NSCL-25)
» Testing should be "
ComE e atroc] \  EO 20 EOT A e
molecular profiling'} S e
or PD-L1 <1% or unknown
PD-L1 21% and EGFR, ALK negative
or unknown (see NSCL-27)
EGFR, ALK, ROS1, BRAF, negative
or unknown, PD-L1 <1% or unknown
(see NSCL-29)

iiThe NCCN NSCLC Guidelines Panel strongly advises broader molecular profiling with the

goal of identifying rare driver mutations for which effective drugs may already be available, or
to appropriately counsel patients regarding the availability of clinical trials. Broad molecular
profiling is a key component of the improvement of care of patients with NSCLC. See Emerging
Biomarkers to Identify Patients for Therapies (NSCL-H).

ITesting should include the neurotrophic receptor tyrosine kinase (NTRK) gene fusion; if positive,
see NSCL-26.

* E MEDIC
The Permanente Medical Group
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EMERGING BIOMARKERS TO IDENTIFY NOVEL THERAPIES FOR PATIENTS WITH METASTATIC NSCLC

Genetic Alteration (ie, Driver event)

Available Targeted Agents with Activity
Against Driver Event in Lung Cancer

High-level MET amplification or MET exon
14 skipping mutation

Crizotinib1-®

RET rearrangements

Cabozantinib®7
Vandetanib®

ERBB2 (HER2) mutations

Ado-trastuzumab emtansine®

Tumor mutational burden (TMB)*

Nivolumab + ipilimumab10
Nivolumab™!

*TMB is an evolving biomarker that may be helpful in selecting patients for immunotherapy.
There is no consensus on how to measure TMB.

KRAS p.G12C and STK11 and or KEAP1 next likely biomarker to be added?

PERMANENTE MEDICINE
The Permanente Medical Group

14

11/5/19



Detection Methodologies

Deletion- Erlotinib

Base Insertions and Copy Number Rearrangements
Substitutions Deletions Alterations
EGFR Exon 19 HER2 amplification ALK Fusion
Crizotinib

Trastuzumab

T S Y S

IHC Protein expression Any alteration not known of ahead of time
FISH Copy number alterations, Rearrangements Indels, Substitutions
Hot Spot Panels Substitutions Indels, Copy number alterations, Rearrangements

PERMANENTE MEDICINE.
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FACTORS INFLUENCING MOLECULAR TESTING IN
NSCLC

CLINICS AND HOSPITALS OFTEN TEST ONE OR TWO ALTERATIONS AT ATIME
USING

IHC
FISH

PCR BASED METHODS, EITHER SEQUENTIALY OR IN A MULTIGENE
PANEL

COSTS RANGE FROM $400 FOR SINGLE ALTERATION OR $3200 FOR MULTIGENE
PANELS.

Foundation One CDx, an FDA-approved panel that detects mutations in 324 genes, has a list
price of~ $5800.

Caris Molecular Intelligence costs~ $6500.

One analysis of claims data pegged the cost of a broad NGS panel at $2860 for commercial
payers, while Medicare would pay $627.50.(Pennell NA, Mutebi A et al JCO Precis Oncol. 2019;3:1-9.)

PERMANENTE MEDICINE.
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Testing Rates for NCCN Recommended Alterations : NSCLC

Clinical Lung Cancer
Volume 18, Issue 6, November 2017, Pages 651-659

ELSEVIER

M Tested

M Positive

N Indeterminate

B Negative

E £ 12%
.
PERMANENTE MEDICINE.
The Permanente Medical Group
EGFR in NSCLC
EGF binding EGF binding T™M Tyrosine kinase Autophosphorylation
[ I | | | T 1 ]
Exon 2 S 7 3 LA 18-21 22-24
Mutations associated | .-
with drug resistance TI90M (50%)"
—_—— D770_N771 (ins NPG) Bas
ot ‘ L747S ‘ D770_N771 (ins SVQ) e
_acacl L D770_N771 (ins G). N771T
oo V769

D761Y 7681 T854A
(<1%) Q

S
AL747-E749 (ATSOP)
'AL747-A750 (ins P)
AT47-T75

)1
T8 (s /9

AL7.
A7ir 7 7958) Mutations associated

A with drug sensitivity

A7
Sharma, et al. AL747-P753 (ins S)
Nat Rev Cancer 2007 AS752-1759
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EGFR in NSCLC

Histologic classification
of lung cancer

b Current single-gene driver-oncogene
classification of lung adenocarcinomas

W EGFR
KRAS

W ALK-fusion
ROS1-fusion

W BRAF

W NF1
MAP2K1

W NTRK-fusion

B RET-fusion

W MET exon 14 1%, 3

W MET amp
ERBB2 mut
ERBB2 amp
Unknown

%

19 © 2018 The Permanente Medical Group

New model of co-occurring genetic alterations
within EGFR-mutant lung cancers

-3
S

of disease
Rational polytherapy targets

within EGFR-mutant
lung cancers
- Wa O,
oo0oO0O0Oo

ok
LE

Frequency of co-alterations (2]

Altered functional gene classes
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ALK ALTERATIONS

Wild-type ALK Mutant ALK Amplified ALK
L T 1
= & Q=1 0=]
Jy g
=
Cell
membrane | | | | Noactivation  Ligand- Ligand ndent  Ligand Fusion ALK
5 ngn|n) activation

Ligand-independent
Tr B

ALK ..':X v

Ligand-independent
constitutive activation

<...........
(..........
3

ALK downstream pathway

A

[
Cell cycle progression  Survival
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Proliferation Migration Angiogenesis
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NGS: Targeted sequencing with initial sequence
enrichment. Hybrid capture/Amplicon( PCR)

E exon1 exon2 exon 3 exon 4 exon 5 exon 6
Figure 1: Sch ic rep of ampli and hybridisation enrich approach

21 © 2018 The Permanente Medical Group
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WHAT IS THE BEST WAY TO TEST...?

SINGLE GENE TESTS

* Fast
* Require less material per test- maybe
* Reimbursed by Insurance

* Only viable for limited number of tests

22 © 2018 The Permanente Medical Group

NGS/BROAD PANEL

Longer TAT than single gene
Require more material
Cost more than a single gene test

Can cover all genes of interest both
currently recommended and emerging
targets

PERMANENTE MEDICINE.
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SINGLE GENE TESTS ARE NOT TISSUE SPARING

]

$3
3

i
.
B
e
F
:
E
:

% of samples that completed at least X tests

5 Jtests dlests Stests Glests  Ttests  Stests

umber of single-gene tests ordered (at least)

Yu et al., Clin Lung Cancer 2019;20(1):20-29.

23 © 2018 The Permanente Medical Group PERMANENTE MEDICINE.
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THE COST ISSUE

. Economic Impact of Next-Generation Sequencing
— Versus Single-Gene Testing to Detect Genomic

- Alterations in Metastatic Non-Small-Cell Lung

= Cancer Using a Decision Analytic Model

Nathan A. Pennell, MD, PhD*; Alex Mutebi, PhD?; Zheng-Yi Zhou, PhD®; Marie Louise Ricculli, MSc®; Wenxi Tang MS?; Helen Wang®;
Annie Guerin, MSc%; Tom Amhart, PharmD, MS; Anand Dalal, PhD?; Medha Sasane, PhDZ; Kevin Y. Wu, MD?;
Kenneth W. Culver, MDZ; and Gregory A. Otterson, MD*

* Compared sequential or simultaneous testing of single
gene tests for EGFR-ALK-ROS1-BRAF to up-front NGS.

* Used CMS and commercial payer reimbursement rates
for testing in a hypothetical cohort of NSCLC patients.

2

esareon:. 2019 ASCO s pennell et al., JCO Prec Onc 2019
ANNUAL MEETING
24 ©2018 The Permanente Medical Group PERMANENTE MEDICINE.
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NGS versus Single Gene
Results

* Up-front NGS saved
between $127K and S1.5M
compared to single gene
testing

* Time to test results was
fastest with NGS and more
pts were successfully
tested than with single-
gene

o 23
PRESENTED AT fSLEfMSESQ L L eReseNTED BY: Pennell et al., JCO Prec Onc 2019

PERMANENTE MEDICINE.
ted By Nathan Pennell at 2019 ASCO Annual Meeting The Permanente Medical Group

REIMBURSEMENT

Three FDA-approved NGS tests for patients with NSCLC

1) Oncomine( limited genes)

2) MSK-IMPACT( Integrated Mutation Profiling of actionable Cancer Targets)
3) Foundation One CDx ( F1CDx)

CMS approved coverage of NGS testing under the Parallel Review Program
Private payer coverage for NGS testing is variable.

26 © 2018 The Permanente Medical Group PERMANENTE MEDICINE.
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My Conclusion for Molecular testing EGFR, ALK in the
context of NSCLC- Clinical Utility

A single test, Comprehensive Molecular
Profiling ( NGS) covering all markers is more
tissue and cost efficient and will likely result in
a higher rate of successful testing.

However...this is still a lab test.

27 ©2018 The Permanente Medical Group PERMANENTE MEDICINE.
The Permanente Medical Group
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CASE 1.

Patient with Metastatic NSCLC- adenocarcinoma with Exon 19 del diagnosed in
2016.

Genomic Alterations ; FDA-Approved Therapies | FDA-Approved Therapies | Potential Clical Tials
Detected (in s tumor type) (inanothertumor type) |1 il
EGFR N/A,0.62%, £ (+) Erlotinib # Cetuximab Yes, see clinical trials
amplification, 82.3%,1.2% (- Gefitinib # Panitumumab section
(7975, exon 19 17.9% [-) Osimertinib %
deletion
(E746_AT50del),
L792H,T790M
PIK3CA 25.8% None Everolimus Yes, see clinical trials
ES45K Temsirolimus section
28 © 2018 The Permanente Medical Group PERMANENTE MEDICINE.
The Permanente Medical Group
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CASE

Patient with Metastatic NSCLC with Exon 19 del. EGFR C797S

EGFR C797S

Oncogenic - Gain-of-function &
EGFR, a receptor tyrosine kinas
known to be oncogenic.

, is 31 by amplification and/or mutation in lung and brain cancers among others. The EGFR C797S mutation is|

Implications for Targeted Therapeutics

MY CANCER GENOME .
GUNETICALLY INFORMED CANCER e Response to osimertind

Confers decressed senstvity ¥

Response 10 ant-EGFR sntibodies Currently no role for EGFR m

on in predicting response in NSCLC

964  An EGFRresistance mu.. Non-small Cell LungCa.. Osimertinib

1396 Case report of apatient.. Lung Adenocarcinoma  Osimertinib

4837 Currently, therearenoe.. Non-small Cell Lung Ca.. Brigatinib, Panitumuma

PERMANENTE MEDICINE.
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(/] VARIANT C797S
Last Modified by TS | LastReviewed by [LISTI)  Last Commented on by [FISED

Aliases: CYS797SER and RS1057519861

Variant Summary variant Talk &

Allele Registry ID: CA16602785 Representative Variant Coordinates

This Variant does not currently have a Summary. Ref. Build: GRCh37 Ensembl Version: 75

Variant Type:

Chr. Start Stop Ref.s Var. Bases
Missense Variant 7 55249091 55249091 T A
HGVS Expressions: Transcript

ENST00000275493.2:c.2389T>A,
NC_000007.13:9.55249091T>A,,
NM_005228 4:c.2389T>A, and

ENST00000275493.2

NP_005219.2:p.Cys797Ser ClinVar ID ClinVar Clinical Significance £
376342 not provided 2
Clinvar ID: 5
376342 COSMIC ID (v68) dbSNP RSID HGVS ID S
U 5 - 151057519861  chr7:.55249091T>A 3
CIViC Variant Evidence Score: D
SnpEff Effect SnpEff Impact gnomAD Adj. AF
missense variant MODERATE -
View MyVariant info Details
Evidence for C797S 3 twal items 2 GetData » Help
EID DIs DRUGS DESC.. EL « ET ED cs vo ER v =
v v v v v v
964" Lung Non-small Cell Carcinoma Osimertinib (= 5 | (] B sx
1396 Lung Adenocarcinoma Osimertinib 8 Il (1] (2] 2 1%
4837  Lung Non-small Cell Carcinoma Brigatinib, Panitumumab, Cetuximab (Co.. = b | © a { -] 4%

(=] EVIDENCE EID4837
submitted by TR D | LastModified by [FIPTTEID | Last Reviewed by [RIET I ITg)  Last Commented On by [§

Evidence Summary Evidence Talk &

30

Currently, there are no effective therapeutic strategies to overcome the C797S/T790M, (tripl )-mediated EGFR-TKI 100!

3( Inthe present study, we identify brigatinib to be effective against triple-mutation-harbouring cells in vitro and in vivo. The efficacy of brigatinib is enhanced markedly by
combination with anti-EGFR antibodies Ceutximab or Panitumumab because of the decrease of surface and total EGFR expression. Thus, the combination therapy of P
brigatinib with anti-EGFR antibody is a powerful candidate to overcome triple-mutant EGFR

11/5/19
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Genotype is not destiny,

phenotype is...
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Case:

Pt with Met Lung CA:
Pt had been treated with Erlotinib and responded.

Upon progression, original sample was sent for NGS

PIK3CA ¢.1633G>A (E545K) Mutation in Non-Small Cell
Lung Cancer

Properties

Genomic Alterations FDA-Approved Therapies | FDA-Approved Therapies
Potential Clinical Trals
w = i) (o)

EGFR N/A,0.62%, 4 (-) Erlotinib # Cetuximab Yes, see clinical trials
amplification, 82.3%,1.2%), [+ Gefitinib ¢ Panitumumab section
97500019 17.9% ) Osimertinib 4,

deletion

(E746_A750del),

L792H,T790M

PIK3CA 25.8% None Everolimus Yes, see clnical trials
ES45K Temsirolimus section

Location of mution

Frequency of PIK3CA mutations in NSCLC

Frequency of ES45K mutations in PIKACA-mutated NSCLC
Implications for Targeted Therapeutics

Response to PI3K nhbiors

Heical domain; Exon 10 (coding exon 9)

1-3% (COSMIC: Kawano et al 2006; Samuels et al 2004)

267% (COSMIC)

Unknown at i tme

Response to AKT inbors

Responce to EGFR TKIS

Unknown at this tme

Unknown at this ime

= inchuing BYLT1S = are uncer
from these i, o
overa, 2002 e ets. 16
EGFR b =
L oL
103 Zou et ol 2008).In sddion. N/PBEZ23S,
2006) n sciton,

20

1670 48 tumor samples from... Lung Adenocarcinoma

[ tomor sampes rom a1

| was analyzed. 2 out of the

[o 57 7o naesing i Es4 e a sl iion ot o esionce
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Case:

Pt with Met Lung CA:
Pt had been treated with Erlotinib and responded.

Upon progression, original sample was sent for NGS

FDA-Approved Therapies
i umor type)

Genomic Alterations
Detected (in

EGFR N/A,0.62%, #°()Erlotinib Cetuximab Yes, see clinical trials
amplification, 82.3%,1.2%,  (-) Gefitinib Panitumumab_ section

9T exon1s  17.0% (-) Osimertinib $,

deletion

(E746_A750del),

L792H, T790M

PIK3CA 25.8% None Everolimus Yes, see clinical trials
£545K Temsirolimus section

PERMANENTE MEDICINE.
The Permanente Medical Group
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Patient with progression after Erlotinib

Based on the NGS test results you would recommend

1. Trial of Everolimus.
2. Trial of Palbociclib
3. Trial of Abemaciclib approved for PIK3CA E545K alteration.

4. None of the above.

34 © 2018 The Permanente Medical Group PERMANENTE MEDICINE.
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Rates of Grade llI/IV toxicities with m-TOR and CDK 4&6
inhibitors

EVROLIMUS. PALBOCICLIB
52 Tnfectons e
el s iy s e S

‘mycobacterial infections, other bactrial infections, invasive fungal D

infections (e.g., aspergillosis, candidiasis, or PIP) and viral infections (e.g., seactivation of hepatits B virus) have

occured. Some . sepsis,sepic shock, i) i -
o fal. The ncidence of Grade 3 and 4 nfections was upto 10% and p to 3%, espetivel. il e RG]
abigher frequency i patints <  yearsofage [see U in Specific Poplatons (3.4).

5 WARNINGS AND PRECAUTIONS
S1 Nowinfectous Pneumonits

Noni . . P i : "
1%%ofp d with AFINITOR AFINTTOR DISPERZ i e il poted it

P o " dayeent Te idence ofGrde 3 ad.
pimonay by g ) y 3

4 upto4% andupto 0% repectively g (6], Fte utoomes
haveboen bsered
Coiradi ; i ; ——
symptons, Consider i i (P7P) inthe iferntiel d

g y any ewor yugloms.
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NSCLC: m-TOR inhibitors, PIK3CA inhibitors,

Table. Updated Results of Completed Lung-MAP Substudies

Substudy Response: PFS 0s
Closure Date Patients (%) | Median (95% Cl) | Median (95% Cl)

S1400A (non-match)

alterations.

36

12/18/15 Durvalumab: 78

Docetaxel: 38
S$14008B PI3K Total: 39 1(4%) 2.8(1.7,4.0) 5.9(4.1,11.5)
12/12/16 Taselisib: 31

Docetaxel: 8
$1400C (CCGA+) Total: 54 2(6%) 1.8(1.6,2.9) 7.2(4.0,14.6)
9/1/16 Palbociclib: 37

Docetaxel: 17
$1400D (FGFR+) Total: 45 2 (7%) 2.7(1.4,45) 7.5(3.6,9.3)
10/31/16 AZD4547:35

Docetaxel: 10
S1400E (MET+) Total: 9 3 (5%) 27(1.9,29) 7.7 (6.7,9.2)
11/26/14 Rilotumumab +

Erlotinib: 4

Abbreviations: PFS, progression-free survival; OS, overall survival; Cl, confidence interval; CCGA, cell cycle genetic

Total: 116 11 (16%) 29(1.8,4.1) 11.6(10.1,15.4)

Erlotinib only: 5

PERMANENTE MEDICINE.
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REPORTING OF NGS RESULTS

ABOUT FOUNDATIONONE™

FoundationOne™ FoundationOne vias developed and is performance charactristis determined by Foundation Medicine, Inc. (Foundation
Medicine]. FoundationOne has not been cleared or approved by the United States Food and Drug Admiristraton (FDA). The FDA has
determined that such clearance or approval is not necessary. FoundationOne may be used for clinical purposes and should not be regarded
55 purely investigational or for research only. Foundation Medicines cinica reference Iaboratory s certified under the Ciica Laboratory

Diagnostic Sigifcance: FoundationOne identiies alterations to slect cancer-assocated genes or portions of genes (tiomarkers.In some
cases, the

Qualiied Aferation Cals (Equivocal and Subclonal): An aheraton denoted a5 “ampification ~ equivocal” imples tht the FoundationOne
asay data provide some, but not unambiguous,evidence tha the copy number of @ gene exceeds th threshold fo idenifying copy number
amplificaton. The threshald used in FoundationOne or identiying a copy number ampifiaion s fve (5) for ERB2 and s (6)for al ther
genes. Conversel, an ateration denoted as “loss ~ equivoca” implies that the FoundationOne sy data provide some, but not
unambiguous, evdence for homonygous deleion of the gene in question. An alteration denoted as “sublonal” s one that the

The Report incorporates analyses of peer-eviewed studies and othr publicly avaiable information identified by Foundation Medicng;
these analyses and information may include associations between a molecular alteration (or lak of ateation) and one or more drugs vith

finding of biomrker lteration does not necessarily indcate pharmacologic effectiveness (or lack threof) of any drug or treatment
regimen; a fnding of no biomarker aeration does not necessarly ndicate lack of pharmacologi effectveness (or efectiveness) of any drug
ortreatment regimen.

Aiterations and Drugs Not Presented in Ranked Order: In this Report, nether any biomarker aiteration, nor any drug associated with
pot

Level of Evidence Not Provided: Drugs with potentil cinical benefit (or potential lack of clinical benefit) are not evaluated for source or

Jevelof published evidence.

No Guarantee of Cincal Benefit: This Report makes no promises or guarantees that a particular drug will b effective n the treatment of
disease in any patient. This Report also makes no promises or guarantees that a drug with potentia lack of cinical benefit wil in fact
provide nocinica beneft.

No Guarantee of Reimbursement: Foundation Medicine makes no promises or guarantees that a healthcare provider, insurer or other third
party pajor,whether privte o governmenta, will reimburse a patent for the cos of FoundationOne.

Treatment Decisions are Responsibiity of Physian: Drugs referenced in this Report may not be suitabl for 3 particular patient. The
selecton of any,al o none of the drugs associated with potentil clnical enefit(or potential lack of clncal beneft) esides entirey within
the discetion of the trating physician. Indeed, the information i thi Report must be considered in conjuncton with al ther relevant

Deciions on paient care and treatment must be based on the independent medical judgment f the treating physicin, taking into

consideraton all applicable information concerning the patients conditon, such as patient and family history, physical examinations,

information from other diagnastictets, and patient preferences, in accordance with the standard of are i a given commurity. A treatng
uch s this Test, ot

Cartsin camnla ne uariant charartaritire may racit in radirad cancithiny Theca inrhuda: cubrlnnal SHaratinnc in hetarnaananic camnis. I

Clinical Performance

StrataNGS Test Description
nucleotide

been cleared nor approved by the UsS. Food and Drug
“The Foi

. small
(indels), gene fusions, exon skipping mutations and copy number

changes; the fo
1

g

Clinical L ¥ 1988 (CUA) a5
inical

Laboratory Director i Scott A Tomiins, M.D., Ph.D.

o
majorty of for
o jporessor genes: ATM (95.0%), BRCAL (99.3%
) BRCAZ (97.5%). COKN2A (S1.1%), M2 96.75), MSH6 (99.0%)
PTEN (89.0%). RB1 (93.8%) TP53 (38 7%6): the specic regions not
covered are avalable upon request A negatve result does not
indicate that  gene is negative for any possble aktration,only the
specifc lerations assayed by the SirataNGS test Tne imitof
detection for predefined proritzed mtations s %: de novo
deletrious mtations ae indicated oy when the vriantalee

o 15%. For gene fusions, i
partnersare assayed for (e.g. EML4-ALK) 50 novel gene fusion
partners wil notbe detected,. For copy number events,the

whole copy

copies and the 90% confidence intervallower bound is thresholded
at 5 copies for calling ampifications in known ancogenes. The copy.
number estimate is thresholded at 0.5 copies and the 90%
confidence interval upper bound s theshalded at 1 copy for callng

ppressor g oy
number and associated S0% confidence interval are reported for
informationl purposes only. M5! status is determined by

qreater than 0.5 are considered microsatellte instable (MSFH). The
r jssue onl

Estimated mutation variant alele frequencies are reported for

informational purposes only. A complete lstof all predefined

‘genomic variants and transcript annotations is available upon
quest.

particular drug
treatment of disease in any patient.

biomarker resides d
treating physician and patient. When available, associated FDA-

on the cancer type selected by the physician when ordering the

cancer histology. and may be approved only in conjunction vith
nontargeted therapies. Decisions on patient care should be based
on the independent medical judgment ofthe treating physician

st unan all auailahis clinicalinfarmation. accordinn fn the.
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Reporting

Most reports are designed to provide evidence that every tested patient may benefit

from the test.

Actionability is one of the most abused words in precision oncology/.

Providing treatment recommendations without a full history is nearly impossible.

Transparency in details is critical

PERMANENTE MEDICINE.

The Permanente Medical Group
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Comprehensive Molecular
Profiling: Clinical Utility.

HER-2

November 5, 2019

© 2018 The Permanente Medical Group
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8 KAISER PERMANENTE.

Her-2 with Tissue Specificity

SALIVARY GLAND.

Comprehensive Molecular Profiling: Clinical Utility,

HER-2 BREAST CA, GASTRIC/GE JN, COLON, NON SMALL CELL LUNG,

Cancer Type %
o s 10

2.8 pE— 3/706
1.7 pm—— 3173
2.0 mm— 2/69
28.6 [ 2/7
0.3 jmm /346
2.6 jmm /38
Prostate 0.5 fmm /192
Small intestine 2.8 [l /36
Unknown primary 1.7 [ /s
Vulvar  10.0 I /10

No. of Patients

30 35

Colorectal 3.6 [ i 30/842

Biliary 4.9 N . 21/426
Gastric  11.9 127101
Lung 1.8 R S 10/559
Endometrial 5.3 | 5/151
5.2 6/116

Esophageal 9.4 |EEEE——— /64

0var.ai2 ;z 4/15;/507 No./Total No. of Patients

Salivary gland 4.7 | /86

BN FoundationOne

40 © 2018 The Permanente Medical Group
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Her-2 with Tissue Specificity
BREAST CANCER:
on the basis of ER/PR, Her-2 status.

Ca.

Figure. Community Versus Academic Use of
Molecular Profiling®

80%

0% =W Community Oncologists (n = 257)
m Academic Oncologists (n = 59)

60%

50%

40%

30%

20%

10%

o |
Lung Cancer Colorectal Cancer Breast Cancer?®
*None of the i surveyed use of mok lar profiling for

breast cancer.

41  © 2018 The Permanente Medical Group

Comprehensive Molecular Profiling: Clinical Utility,

Most patients with newly diagnosed advanced/metastatic breast cancers are triaged

Until May 2019- No FDA-labelled indications based on somatic alterations in breast

PERMANENTE MEDICINE.
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CASE 2.

IHC and FISH, S/P MRM + ALND May 2016
After surgery treated with AC-TH followed by TAMOXIFEN.
Sacral Met July 2017. Biopsy confirmed. ER+, Her2 equivocal by IHC

FISH Studies: X 2 :

37 yr. old female diagnosed with Invasive ductal multifocal Breast Ca, ER+, PR+, Her2 Equivocal by

Result: Equivocal

et

A e nc
oy CE VT2
Rl 12
N2

L
HCoHhon e onuons Ty oo P

R o N et i T

Oophorectomy Nov 2017 + Palliative XRT
Palbociclib + Fulvestrant Dec 2017

August 2018: Liver Lesion.

FNA consistent with Met ductal breast Ca,

Results: Positive based on HERZ/TPS3 and HERZSMSCR ratios
arpretation:

ER2 B Epial FiH P

erge TPS3 s

erge CENT spaivcis: 20

eage SUSCR sl

e 20
e RRAsrasiicins: 35
RSt 24
EsisRm 23

RoRARAto: 13
HERRCENTT ofT983) TPSSKCENST o HERD) = 12

P —.
o R s 5 O

SITE: LIVER
Results: NEGATIVE

Interprecation:
Average HERZ signals/nucleus: 4.5
Average CEN 17 signals/nucleus: 3.0
HER2/CEN 17 signal ratio: 1.5
Number of Observers: 2
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NGS TEST RESULTS

Positive Test Results
The patient tested positive for the following genomic alterstion(s):
* ERBE2 amplification
Estimated copy number: 6, confidence Interval: 5.7 - 7.1
Associated FDA-approved targeted therapies In breast cancer: trastuzumab, lapatinib, ado-trastuzumab emtansine, partuzumab, neratinib
* ESR] p.Y5375
NM_001122740.1:¢.1610A>C
Estimated variant allele frequency. 47%

+ FGFR3 amplification
Estimated copy number: 7, confidence interval: 5.3 - 8.7

Negative Test Results

The patient tested negative for all targeted genomic alterations in the following genes:

Hotspot mutation: AKT1, ALK, AR, ARAF, BRAF, CDK4, CTNNB1, EGFR, ERBB2, ERBB3, ERBBA, EZH2, FGFR2, FGFR3, GNA11, GNAQ, HRAS, IDH1, IDH2, JAK1, JAK2, JAKS,
KIT, KRAS, MAP2K1, MAP2K2, MAP2K4, MAP2KT, MAPK1, MET, MTOR, MYD88, NRAS, NTRK1, PDGFRA, PIK3CA, POLE, RAF1, RET, RIT1, ROS1, SF381, SMO, SPOP, TERT
Hotspot mutation or deleterious mutation: ATM, BRCAL, BRCA2, CDKN2A, MSH2, MSHB, PTEN, RB1, TPS3

Gene amplification: ALK, AR, BRAF, COND1, CDK4, CDK6, EGFR, ESR1, FGFR1, FGFR2, FGFR4, IGF1R, KIT, KRAS, MOM2, MET, MYC, MYCN, POGFRA, PIK3CA

Deep gene deletion: ATM, BRCA1, BRCA2, CDKN2A, MSH2, MSH6, PTEN, RB1, TP53

Gene fusion: AKT2, ALK, AR, AXL, BRAF, EGFR, ERBB2, ERBBA, ERG, ESR1, ETV1, ETV4, ETVS, FGFR1, FGFR2, FGFR3, FGR, FLT3, JAK2, KRAS, MET, MYB, MYBL1, NF1,
NOTCH1, NOTCH4, NRG1, NTRK1, NTRK2, NTRK3, NUTM1, PDGFRA, PDGFRB, PIK3CA, PPARG, PRKACA, PRKACB, PTEN, RAD51B, RAF1, RELA, RET, ROS1, RSPO2, RSPO3,
TERT

The patient tested negative for microsatellite instability.
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Is the ERBB2 a TRUE POSITIVE?

Yes. ERBB2 is the gene in solid red bubbles right above the up arrow in the filter column (towards the right).
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HER-2

COLORECTAL CA
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Comprehensive Molecular Profiling: Clinical Utility,
Her-2 with Tissue Specificity: Colon CA.

Printd by Sachdev Thomas on 10202019 7:24:30 FM e
National NCCN Guidelines Indk
Comprehensive NCCN Guidelines Version 3.2019 Ll il

Rigen] Gancer Colon Cancer Discussion

SYSTEMIC THERAPY FOR ADVANCED OR METASTATIC DISEASE - CHEMOTHERAPY REGIMENS
33 (HER2- i and RAS WT) ib + binimetinib + 37,38
Trastuzumab Smaikg I oading dose om Day 1of Cycle 1, (BRAF V600E mutation positive)
then 6mgl/kg IV every 21 days Eneoralenlb 300 mg PO dally
Pertuzumab 840mg IV loading dose on Day 1 of Cycle 1, Binimeti ice
then 420mg IV every 21 days Cetimimats 400 mg;lm2 foliowed by 250 mg/m? weekly
wT) 138
Trastuzumab 4mglkn |v Icadlng dose on Day et Cycle 1, (BRAF vsoos mutation posmve)
then 2maglkg IV we Encorafenib 300 mg PO daily
Lapatinib 1000mg PD dilly Bini nimb 45 mg PO mm:- daily
Panitumumab 6 mglkg IV every 14 days

. . . .
(BRAF V600E mutation positive) Larotrectinib3?
Irinotecan 180 mg/m? IV every 2 weeks (NTRK gene fusion pcsmve)
Cetuximab 500 mg/m? IV every 2 weeks 100 mg PO twic
Vemurafenib 960 mg PO twice daily

Entrectinib®

i + pani + b3 TRK gene fusion posmve)
(BRAF V600E mutation positive) 600 mg PO once dail
Irinotecan 180 mg/m? IV every 2 we:
Panitumumab 6 mg/ka IV over 60 minutes every 2 weeks
Vemurafenib 960 mg PO twice daily
Dabrafenib + trametinib + cetuximab3®
(BRAF VE0OE mula(lon positive)
Dabrafel twice daily
Tram: h
Cotamab 400 ngim? followed by 260 mg/m? weekly
Dabrafenib + trametinib + panitumumab’®
(BRAF V600E mutation positive)
Dabrafenib 150 mg PO (vvlce daily
Trametinib 2 mg PO dai
Panitumumab 6 mglkg i every 14 days
5An FD, biosimilar is an iate substitute for

Note: Al ndtions are category 24 unicss otherwise indicated.

Cmmcal Triaier NECN betieves that the in is especially

coL-D

versin 3 2015 110OF13
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Comprehensive Molecular Profiling: Clinical Utility,
Her-2 with Tissue Specificity: Stomach, Salivary,

Nationa National "
. ideli i i NCCN Version 3.2019 NGCN Guideines ndex
N g:’r‘nc;;vvehenswe NCCN Guldellnes Versmn 22019 Tableof Contents ﬁ:‘"ﬁ;k. Salivary Gland Tumors e
B Netuork: Gastic Cancer Lt RECURRENCE TREATMENT FOR RECURRENCE
Compltely RT! ————————————= Follow-up (see FOLL-A)
PERFORMANCE STATUS PALLIATIVE MANAGEMENT Resectable ~*resecteq <
I AdjuvantRT
Locoregional |
. ‘therapy/RT (category 28)
prior RT |- Lymphatictvascular invasion
RT!
Perfom HERZ, Unresectable  —» |or
POL1 MSIMMR | |Chemoradiation oy ffocall nresectable ‘“‘”‘"‘f“"“”‘””‘“""“’
testing fnot and not previousy eceived) [ ursen oot
5’“ nlskypeﬂofmamsm!ﬁﬂ%‘ _ [doneprviusy | _, or Folowan Locoaion | Resectle Relmaiation  chemtherspy, il il prefeted
p if metastatic i (SeeFOLLA)| ™ | second prima [Pt chemotherspy, il prefeed
G pmare o Fdf“m'""uTa o " el ‘Chmvﬂlmw (s Distant metastases pathwoy below)
Chemoterzpy
T g S B gt vy s
Disant
adaced osaly '""’T"*S”<,,m o -
?ummovmhmwc or
isease

5ae Pinciles of Radiion Theapy (S larotectin,
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For sl el o nd oo, [Bestsupportive care
it () v ok R s
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Comprehensive Molecular Profiling: Clinical Utility,
Her-2 with Tissue Specificity-

IT DEPENDS ON THE TISSUE...

The role of NGS/Comprehensive molecular profiling for a patient with newly
diagnosed metastatic breast is CA and perhaps gastric /GE Jn is limited.

NGS has utility in 2" line setting for metastatic breast CA

Comprehensive molecular profiling to screen for HER-2 amplification in RAS WT
metastatic Colon Ca should be considered.

Testing can identify highly actionable alterations other than HER-2
amplification; BRAF V600E, NTRK and MSI

PERMANENTE MEDICINE.
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COLON CANCER MOLECULAR PROFILE

Consensus Molecular Subtype (CMS) groups

CMS4 or “TGF active” Mixed

To be defined

(combinations with

TGFP receptor inh?
or HSP90 inh?)

To be defined
(anti-PD1/L1 +
antiangiogenic?)

CMS3 or Metabolic CMS2 or Canonical

To be defined
To be defined (anti-EGFR?)

Modified from Guinney J, Dienstmann R et al. Nat Med 2015

Presented By Josep Tabernero at 2018 ASCO Annual Meeting
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CMS subtypes — clinical and molecular correlates

CMS2 - Canonical CMS3 - Metabolic

High chromosomal instability Heterogeneous chromosomal/
Microsatelite stable microsatelite status
CIMP negative KRAS mutations

WNT and MYC activation Metabolic reprogramming

beﬂ colon

Right colon,

CMS1 - MSI - Immune il imfd_mese"r.hy::.:.
Microsatlie nstailty G aanaton
CIMP high Invasion, matrix remodeling
Hypermutation, BRAF mutations Angiogenesis
Immune activation

Guinney J, Dienstmann R et al. Nat Med 2015

Presented By Josep Tabernero at 2018 ASCO Annual Meeting
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Comprehensive Molecular Profiling: Clinical Utility,
KRAS with Tissue Specificity- COLON

Anti-EGFR targeted therapies

RAS mutations = marker of resistance

Anti-EGFR ] Cetuximab
 antibodies | Panitumumab

Chemotherapy
Radiotherapy

<

_— ‘r/ L
e = Cell cycle activation
Motility = YooY —_—

Metastases T"V‘NIM B \

Angiogenesis =

o oy Y
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Comprehensive Molecular Profiling: Clinical Utility,
KRAS with Tissue Specificity- COLON

Résistance: mutations KRAS

chromosome 12 C_INCDEN N NME NN 1T 1D

e
KRAS gene

Cosons —— 110 12 13 189
[normar } l { mutant

10 11 12 13 . 10 41 3% 18
.. GGCGCC.GGC.GGT ... GGC GCC.GTC.GGT

Codon
DNA

Protein ly Ala Gly Ala val Gy
RAS-GDP
B § =
KRAS mutations lead to
constitutively active RAS
RAS-GTP RAS-GTP
Normal différenciation, proliferation abnormal différenciation, proliferation
and growth and growth

Adapté de Van Krieken et al. Virchows 2008;453:417-431
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Comprehensive Molecular Profiling: Clinical Utility,
KRAS with Tissue Specificity- COLON

CRCm molecular biomarkers and targets

Amplifications: 2,5%
Mutations: 1,9%

¥

‘ Anti-EGFR resistance ? ‘

Raghac ASCO 2016

> 4

Anti-HER2
Targeted
therapies?

RAS and BRAF WT

Trastuzumab + lapatinib
(HERACLES)
Trastuzumab + pertuzumab

Sartore-Bianchi Lancet Oncol 2016
Hurwitz ASCO GI 2016
Marsoni AACR 2017 SPECTAcolor: Folprecht ESMO 2016, abst 4580
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Comprehensive Molecular Profiling: Clinical Utility,
KRAS with Tissue Specificity- COLON

KRAS testing in colon ca can be performed using single gene test.

In clinical practice MSI status is usually available via standard IHC methods

However, abnormal HER2 gene function is found in 3% of mCRC cases;

Amplifications and mutations occur in approximately 6% to 8% of RAS/RAF wild-
type CRC
The category, in turn, accounts for about 50% of the tumor type.

Comprehensive Molecular profiling has clinical utility for KRAS status as it can
provide additional information : ERBB2 amplification, activating mutations and MSI
status.
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Comprehensive Molecular Profiling: Clinical Utility,
KRAS with Tissue Specificity- NSCLC

a b
Peowsoes [onsuon EFFICACY IN NSCLC
[ ———
‘Change in Tumor Burden From Baseline
o= . P
s s arang oo
Uterine (n = 1926) Badder ? 2
[

thers

Broast(n= 5007)

o w o w0 @ 0
% KRAS mtaton

KRAS GI2C mutation in cancer. a Proportions of G12C and non-Gi2C KRAS mutations in seven cancers with the most
KRAS GI2C cases. b Percentage contribution of each cancer type to KRAS GI2C cancer
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Comprehensive Molecular
Profiling: Clinical Utility.

NGS
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Bladder Cancer Molecular Profile

IF
UROMOL Class 1

oplakin expression

Early cell cycle ‘ Late cell cycle TKRTS, KRT14, KRT15
LTUr L TKRT14, KRT20 uroplakin expression J and IncRNA expression

iption [ PPARG, RXRA, GATA3
factors and FOXA1

b unc( Luminal [ Basal D)
MDA Luminal | Tpsstike | Basal ) | miec]
Teca(. 1 [ I [w] w )
Lund [ Uro A l Genomically unsuble[ Infiltrated ‘ SCC-like l Uro B) E‘mSE
[ Transcri ‘ L ‘

[
PPARG, RXRA, GATA3, SNAIL sas | [ None
FOXATand FOXM1 ) | _andZEB2 and FOXM1 J identified

Actionable FGFR3, ERBB2
targets. and EGFR

- Immune
Immune checkpoints ‘
( ERBB2 checkpoints) | andEGFR )

Nature Reviews | Disease Primers
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TGGA . Kandoth et

al; Nature 2013

Copy numberow

. Copy number hgh

Mol Class 1
POLE mut

X pasen
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Comprehensive Molecular Profiling: Clinical Utility-
EGFR, ALK, KRAS, Her-2 with Tissue Specificity

CONCLUSIONS:

Utilization of a single test Comprehensive Molecular Profiling for EGFR, ALK, KRAS,
HER-2 and other alterations in NSCLC is efficient and should be widely adopted in
routine practice.

Comprehensive Molecular profiling in advanced breast cancer currently is most
useful for enrolling patients to clinical trials

It is appropriate to utilize NGS testing for identification of therapeutic targets in
advanced colorectal ca; however, additional test such as IHC/FISH for HER-2
amplification /expression may be needed.
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Novel and Emerging targets:
NTRK, FGFR, and beyond

Sai-Hong Ignatius Ou,
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November 8, 2019

Health Science Clinical Professor
Chao Family Comprehensive Cancer Center
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Human Receptor Tyrosine Kinases (N = 58, divided into 20 sub-families)

EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CCK HGFR AXL RYK RET LTK MUSK ?

ol lle EGFD

Igh _ﬂ
B
CadhD
o DiscD
_k : ‘ ‘ ‘ : I ] IB I Ia I | y KrinD | ﬂ I I
1 ! E ! ! i
| I L
EGFR INSR PDGFR-a VEGFR1 FGFR-1 CCK4' TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LIK ROR1 MUSK | RTK106
ERBB2 IGF-1R PDGFR-B VEGFR2 FGFR-2 TRKB RON EPHA2 MER TEK DDR2 ALK ROR2
ERBB3* IRR CSF-1R VEGFR3 FGFR-3 TRKC EPHA3 TYRO3
ERBB4 KIT/SCFR FGFR-4
FLK2/FLT3 EPHAS5
EPHAG6
EPHA7
EpLB1
v,
EPHB3 AATYK3
EPHB4

EPHBS
EPHB6

[2)
2
= o
-
=z
RIS
o
L
\
2
o
=

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

Approved drugs

* NTRK1-3 (TRK A-C) (RTK fusion)
* Entrectinib, Larotrectinib

* FGFR (RTK fusion and RTK mutations)
* FGFR fusion (FGFR2, FGFR3)
* FGFR mutations

» NRG1 fusion (ligand fusion)
* None
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Human Receptor Tyrosine Kinases (N = 58)

EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR KLG/CLK GFR AXL RYK RET LTK MUSK ?
ol lle EGFD
1gD ”_H
B
crD LRD CadhD
FNIII AB
« ’
B B E E DiscD I o
in
= A S . A VR N N S S S S i
1 ” i
EGFR INSR PDGFR-a VEGFR1 FGFR-1 CCKW' TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK |[RTK106
ERBB2 IGF-1R PDGFR-B VEGFR2 FGFR-2 ON EPHA2 MER TEK DDR2 ALK ROR2
ERBB3* IRR CSF-1R VEGFR3 FGFR-3 EPHA3 TYRO3
ERBB4 KIT/SCFR FGFR-4 EPHA4
FLK2/FLT3 EPHA5
EPHA6
EPHA7
o
EPHB2 AATYK
AATYK2
EPHB3 AATYK3
EPHB4
EPHB5
EPHB6

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365

TNRK fusions were discovered years ago and only in recent years been “recognized” as a
therapeutic target

Loss-of-function NTRK1
mutations identified in pat

with congenital insensitivity to

ients.

pain with anhidrosis (CIPA)
T

of

of

neurotrophin 3
(NT-3)

neurotrophin 4
(NT-4)

1989-1991

1993-1994

Identification Severe neuropathies | [ Data emerge implicating the
Identification | | of TRKATRKB || developed rk invol of TRK signalling
of nerve and TRKC as knockout mice in owlation
growth factor | | high-affinity
(NGF). the first phi Crystal structure of
neurotrophin | | receptors BDNF-TRKB NGF in complex with
pathway TRKA determined

Purification of brain- '"V°IV_°:""" )

derived hi s First activating TRKA

factor (BDNF) (i) alternative variant identified

TRKB downregulation | structures of the
iated with hyperph kinase domains of TRKA
and hyperdipsia in mice and TRKB determined

2015

2017

2018

Identification of NTRK Identification of NTRK1 Identification of the Identification of First-g i Second-generation
as an oncogene: fusions in papillary first NTRK3 fusion NTRK2 fusions in TRK inhibitors enter TRK inhibitors enter
TPM3-NTRK1 found in thyroid carcinoma (ETV6-NTRK3) in pilocytic astrocytoma | | clinical trial testing clinical trial testing
a human colorectal infantile fibrosarcoma
carcinoma Larotrectinib achieves histology-
agnostic and age-agnostic
ponsesinNTRK husion posit
solid tumours

Larotrectinib and entrectinib
receive FDA breakthrough
designation for the treatment of
NTRK fusion-positive solid tumours

Cocco, Nat Rev Clin Oncol 2018; 15: 731-747
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NTRK fusions involve multiple partners

NTRK fusion

Known dimerization domain

- [0

— ;K;?: domain

Al di

Ed
-4

H3R

MPRIP

Coiled coil

TFG
domain SQSTM1
TRIM24

TPM4

IRF2BP2
TRAF2

Zinc finger
domain

RFWD2
STRN
EML4

WD

S E—

Unknown mechanism

e :

D74
NFASC
BCAN
TP53
CIRC

RABGAPIL CHTOP

GRIPA1
PLEKHA6
DAB2IP
LYN

A/ \\/\

5 upstream gene partner

TPM3 TPR

ARHGEF2 LMNA

TRIM63  PPL

PAN3 SQSTM1

TFG MYO5A

QKI ETV6

ETV6 BTBD1

NACC2

BCR

TLE4

AFAP1 IGFBP7

LRRC71  SSBP2 MRPL24
PDE4DIP  MIR548F1 SCYL3
va AGBL4 AFAP1
RBPMS UBE2R2  HNRNPA2B1

NZ/N\\7\\

3" NTRK1 NTRK2 or NTRK3

COOH
Tyrosine kinase
domain
[HS coon
Transmembrane
domain

Cocco, Nat Rev Clin Oncol 2018; 15: 731-747

NTRK fusions are oncogenic in multiple organs in adult and pediatric population

Cancers enriched
for TRK fusions

@ Frequency >90%
Cancers harbouring TRK
fusions at lower frequencies
@ 5% to25%

Q<5%

Lung cancer
Breast cancer

Secretory breast carcinoma

Gastrointestinal
stromal tumour
(pan-negative)

Cholangiocarcinoma

Melanoma

Spitzoid tumours

Adult cancers

High-grade glioma

Head and neck cancer

Sarcoma

leukaemia,

carcinoma

+—— Pancreatic

—Colorectal

Acute lymphoblastic

myeloid leukaemia,
histiocytosis, multiple
myeloma and de

Paediatric cancers

acute Papillary

thyroid cancer

ritic
Secretory breast
carcinoma

Infantile
fibrosarcoma

Cellular and
mixed congenital
mesoblastic
nephroma

cancer

cancer

Cocco, Nat Rev Clin Oncol 2018; 15: 731-747
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NTRK bloackade have a diverse and unique side effects

N

9 9

Neurological consequences

Impai in memory, learning
and nociception and development %

of obesity caused by agia |
and hyperdipsia inmice and
humans (NTRK2/Ntrk2 mutant)
Increased apoptosis of

Defect in proprioception, |7 cardiac endothelial cells
impairment of motor - and decrease in
neuron afferents and loss & i yocardial blood
of a population of dorsal e vessel density (Ntrk2 null)
root ganglia neurons
(Ntrk3 null) Atrial and ventricular

S septal defects and valwilar
Lack populations of motor - | defects (Ntrk3 null)
neurons as well as dorsal
root and trigeminal 4 7
neurons (Ntrk2 null) S
Severe sensory and y

mﬁaﬂmk neuropathies

mtr 1 null)

Congenital insensitivity to

‘ Y Inhibition of the ovulation
‘ '. in rats (TRKA inhibition)

pain with anidrosis (CIPA) BDNF-TRKB axis has a role
(NTRK1 mutant) , in cocyte development
, into pre-implantation
mouse embryos (TRKB
inhibition)

D NTRK1 (TRKA) |:| NTRK2 (TRKB) Dumxs (TRKC)

Cocco, Nat Rev Clin Oncol 2018; 15: 731-747

Two TRK TKlIs have been approved by the FDA

g 52 mmmm HpMdgenone W tumae :u o
15308 sarcoma W Bresst W Caion Irknown
Larotrectinib 0 Bl B Bodegomens s
- 2
=
ORR 81% i
(95% CI 72-88%, n=109) s l I
Median DoR not reached 5;3
Median PFS not reached £% oy
80 ORR (95% CI)' 31N (F2-88%)
0 T 4
CR ™
e
2]
Entrectinib ? b
sl 2]
ORR 57% |4
o]
(95% CI 43-71%, n=54) [ .
Median DoR 10 mos ! =
o 0
Median PFS 11 mos ¥ =]
Individual patients _
Tumourtype M Sarcoma M NSCLC W MASC W Breast Thyroid M CRC ' Pancreaic
e kanours. B ool I Cholangiocarc TN

10
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RNA sequencing increases the detection rate of actionable driver mutations
especially RTK and Ligand fusions
Driver detected by ArcherDx Profile of actionable fusions Clinical benefit of matched
DN A in MSK-IMPACT “actionable detected by ArcherDx targeted therapyin
driver-negative” cases targeted RNA sequencing eligible patients
no driver
identified
Archer Archer . )
RN A » Negative Positive Progression
86% 14% 20%
(219/255) (36/255) (2/10)
* Stage IV patients
** Partial Response/Stable Disease as assessed
by RECIST v.1.1
Benayed et al, CCR 2019
11
Human Receptor Tyrosine Kinases (N = 58)
EGFR PDGFR FGFR NGFR EPHR TIE DDR ROS ROR LMR
InsulinR VEGFR LG/CCK HGFR AXL RYK RET LTK MUSK ?
o o EGFD
IgD
CRD LRDa ‘[|B b % CadhD
FNIII AB i
B 8 E a DiscD I oo
) B 4 " | |
] i s
l “ l

EGFR INSR PDGFR-a VEGFR1\ FGFR-1
ERBB2 IGF-1R PDGFR-B VEGFR2\ FGFR-2
ERBB3* IRR CSF-1R  VEGFR3\FGFR-3
ERBB4 KIT/SCFR

FLK2/FLT3

CK4" TRKA MET EPHA1 AXL TIE RYK' DDR1 RET ROS LTK ROR1 MUSK |RTK106
TRKB RON EPHA2 MER TEK DDR2 ALK ROR2
TRKC EPHA3 TYRO3
EPHA4
EPHA5
EPHA6
EPHA7
EPHA8
EPHB1
EPHB2

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365
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FGFR fusions in NSCLC

FGFR3-TACC3 variant 1 Exon17-exon11

758 950
SCC (n=3)AD (n=6

Coiled-coil region

758 985

FGFR3-TACC3 variant 2 Exon17-exon10|SCC (n=2)

(T o0 TGV TR TR TR | coiececoi region

FGFR3-TACC3 variant 3 Exon17-exon8 8 1,049
FGFR3-TACC3 variant 4 Exon17-exon5 INS71 bp intron 758 1,159
from TACC3

- l l - - l I Coiled-coil region ,
FGFR3-TACC3 variant 5 Exon18-exon11 INS78 bp intron 708 896
from TACC3

Coiled-coil region

BAG4-FGFR1 Exon1-exond SCC (n = 2)]

(oo TUTol [ ol o )

90 601
Wang et al, Clin Cancer Res 2014; 20; 4107-4114

13

FGFR3 and TACC 3 exons

Exon12-Exon18:
FGFR3 Tyrosine kinase domain

variants (Aeion 8, AExon9, AExon8, 9, 10)
Exon 3-Exon 11 (395-1595 in the sequence of NM_000142.3)

Exon11-Exon16:
TACC3 coild coil domain

|l B

Exon 12-Exon 16
(2200-2838 in the sequence of NM_006342.1)

Kurobe et al, PLosOne 2016;11(12):e0165109

14
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FGFR3-TACC3 is one of the most common RTK fusion variant in
solid tumors

0 2 4 6 8 10 12 14 —
- - f } i 1 BLCA
FGFR3-TACC3 e — 71 BRCA
CCDC6-RET 9 GBM
RPS6KB1-VMP1 0 HNSC
ETV6-NTRK3 E E‘Rﬁ_
EGFR-SEPT14 I LGG
EML4-ALK [ LUAD
NCOA4-RET B LUSC
ERC1-RET — ngo
ABL1-BCR i
SND1-BRAF I THCA

Yoshihara et al, Oncogene 2015;10: 4845-4854
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ORIGINAL ARTICLE

FGFR3-TACC3 fusion proteins act as naturally occurring
drivers of tumor resistance by functionally substituting for
EGFR/ERK signaling

C Daly, C Castanaro, W Zhang, Q Zhang', Y Wei, M Ni, TM Young, L Zhang, E Burova and G Thurston
Oncogene (2017) 36, 471-481

www.nature.com/onc

b cDNA
N
a FGFR3 TACC3 M2 < S
aa 1-790 aa 648-838 125 bp— B0

FGFR3-TACC3

V1 1:| Ig H Ig H Ig I:D:' kinase domain ):\i-gg8 125 bp—_ cyclophilin

TACC3 intron 9-encoded seq.

FGFR3 TACC3
aa 1-752 aa 587-838

V2 1:| Ig H Ig H Ig H:H kinase domain _1004
™

Ly L
TGGTGGAGGACCTGGACCGTGCAAATGAGACTCCCT

IE@I@@EE@IE

FGFR3 exon 17 TACC3 exon 9
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ”

A

Maximal Reduction From Baseline (%)

-100 -

Erdafitinib in Locally Advanced or Metastatic

Urothelial Carcinoma

Y. Loriot, A. Necchi, S.H. Park, J. Garcia-Donas, R. Huddart, E. Burgess,

M. Fleming, A. Rezazadeh, B. Mellado, S. Varlamov, M. Joshi, I. Duran,

S.T. Tagawa, Y. Zakharia, B. Zhong, K. Stuyckens, A. Santiago-Walker,
P. De Porre, A. O’'Hagan, A. Avadhani, and A.O. Siefker-Radtke,

200
1a

=)
3
!

@
3
L

)
T

504

for the BLC2001 Study Group*

NEJM2019; 381: 338-348

M FGFR mutation

[ FGFR fusion

Patient

A’ Progression-free Survival

100-¢
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. 80
]
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£
s
a
@
‘! L R T T
<
S 40|
2
é. 30-
20
Median progression-free survival,
104 5.5 mo (95% Cl, 4.2-6.0)
No. of progressions or deaths, 77
T T T T T d
3 6 9 12 15 18
Months
No. at Risk 99 63 35 16 6 1 [

B Overall Survival

100
90
80
— 704
i 60-
£ 1
£ 5o
@
T 40
§
S ol
20
Median overall survival,
104 13.8 mo (95% Cl, 9.6-NR)
No. of deaths, 40
3 6 9 12 15 13
Months
No. at Risk 99 87 70 42 22 4 0
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3GEGFRTK
57%

Trends in Cancer

Receptor Tyrosine Kinase Fusions as an

Actionable Resistance Mechanism to

REVIEWS

EGFR TKls Zhu, Klempner, Ou

in EGFR-Mutant Non-Small-Cell Lung Cancer

Viola W. Zhu, Samuel J. Klempner,? and Sai-Hong Ignatius Ou'-*

Tumor resistance to EGFR tyrosine kinase inhibitors (TKls) occurs invariably, and receptor tyro-
sine kinase (RTK) fusions have emerged as rare but actionable resistance mechanisms. In 2015,
the detection of RTK fusions as acquired resistance (AR) in two cases was first reported. Subse-
quently, a survey of FGFR3-TACC3 fusion and other RTK fusions from a large commercial
genomic sequencing company database was published, followed by large-scale clinical trials of
EGFR TKIs demonstrating the emergence of RTK fusions in AR. However, detailed examination
of the AR RTK fusion landscape in non-small-cell lung cancer is lacking. Hence, we conducted a
comprehensive review to categorize these fusion events by the generation of EGFR TKIs, the
spedific RTK fusions and their fusion partners, the founder EGFR mutations, and their methods
of detection. To support the actionability and clinical significance of AR RTK fusions we present

1l availabl ing clini the ARRTK fusion

and the original EGFR mutation.

Unknown (B)
7%

/

a

1G EGFR TKI

-

RET
43%

Highlights

A total of 86 AR RTK fusions have
been entified from a literature
review. These represent an
emerging and validated mecha-
nism of resistance against all three
generations of EGFR TKIs

The most commen AR RTK fusions
involve RET (43%), ALK (26%),
NTKRI (16%), and FGFR3 (11%).

Although KIFSB-RET fusion is the

FGFR4 NTRK1
24%
2G EGFR TKI o FGFR3 16%
EGFR—ROS1
12% 1% 2% 11%

Trends in Cancer 2019 online now
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Human Receptor Tyrosine Kinases (N = 58, divided into 20 sub-families)

EGFR PDGFR

InsulinR

gD

VEGFR

FGFR
KLG/CCK

NGFR

HGFR

=]

L

EPHR TIE
AXL

EGFD

RYK

IB DiscD Ig ‘ i!'L " o : ”

DDR ROS ROR LMR

RET LTK MUSK ?

CadhD

I

EGFR

ERBB3* IRR
ERBB4

CSF-1R
KIT/SCFR
FLK2/FLT3

INSR PDGFR-a VEGFR1 FGFR-1 CCK4*
ERBB2 IGF-1R PDGFR-B VEGFR2 FGFR-2
VEGFR3 FGFR-3

FGFR-4

TRKA MET EPHA1 AXL
TRKB RON EPHA2 MER TEK
TRKC

=

b

EPHA3 TYRO3

EPHA5
EPHAB
EPHA7
EPHA8
EPHB1

EPHB2
EPHB3
EPHB4
EPHB5
EPHB6

TIE RYK" DDR1
DDR2

RET ROS LTK ROR1 MUSK |RTK106
ALK ROR2

YK
AATYK2
AATYK3

Blume-Jensen P, Hunter T. Nature 2001: 411: 355-365
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Discovery of y-
heregulin, a NRG1
variant that contains
an unique 5’ amino
acid sequence from
MDA-MB-175 breast

cancer cell line

Identification of
NRG1 chromosomal
breakpoints in breast

and pancreatic

cancer cell lines

1997 1999

2003 | 2004

Identification of
DOC4-NRG1
fusion from

MDA-MB-175

breast cancer cell
line

Identification of
NRG1
chromosomal
breakpoints in
breast, ovarian,
and. SqCC of lung
tumor samples

Identification
of
CD74-NRG1,
SLC3A2-NRG1,
and VAMP2-
NRG1 in NSCLC

2014

Identification of
ATP1B1-NRG1
and other
complex NRG1
fusions in KRAS
wt pancreatic
adenocarcinoma

277?

2017 | 2018 | 2019 | 2020

Reports of
clinical activity
of afatinib, a
pan-HER
inhibitor In
NRG1+ NSCLC

Survey of
NRG1+ fusions
by RNA
sequencing in
>20,000 solid
malignancies

20
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Neuregulin-1 (NRG1) Fusion

Evasion of apoptosis

Calproterton| Fernandez-Cuesta & Thomas HERS hibitory mABel [HERZ inhibitory mAbs/ADCS
Clin Cancer Res 2015; 21: 1989-1994 B. SquraitlJtmabb g:fffffxf
eribantumal
Lumretuzumab TDM1

Elgemtumab 1
Cytoplasm cell 1 GSK2849330 :
— KTN3379 SEoEEooEED a
AV-203 ' [
" 1

.
¥ (]
1
1 ]
' 1
2 ]
1 (]
1
- : [
J " [} L
T[u 2 ' 1
— ' :
< -

J EGF like HER3 e,
a A %>

NRG1 NRG1

 fusion fusion K RGI — -
(juxtacrine)  (paracrine)* (au::::?:le) H
:
EGFR/HER2 TKIs MAPK and PI3K H
Cell prolferation | Sl | . . Afatinib patl?:ays :
Evasionof apoptosis | Dimou & Camidge 2019 CCR Lapatinib H
X aratin(E R e e = =l = il L

— D2014 Amerian Assocton for Cancer R;:Z;T:B Tarloxitinib  +*Reported in some but not all NRGT fusion models

21

NRG1 fusions constitutes a minority of Invasive Mucinous Adenocarcinoma (IMA)
(N=162)
Unknown 21.60%

w=ERBB4 0.62%
= RET 0.62%,_

mm ALK 1.85%—
= NTRK1 0.62%;
= BRAF 1.23%

——mm KRAS 62.35%

== NRGT 6.79% |

== EGFR 0.62%
== PIK3CA 0.62%

m= BRAF 1.85%(

== FRBB2 1.23%

Cha & Shim, TLCR 2017; 6: 508-512

22
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Potential using p-HER3 IHC as a screening strategy
A 2 25 B
a
& 2
g 15
£ 10
S s
3 o
EGFR ERBB2 ERBB3 ERBB4
Index case
C
CD74-NRG1 | AD cohort
p-EREE3 (n=5) (n 34(1’)
Positive 5 6
Negative 0 235
. N . N
P < 0.0001 o b(eqsﬁ \ y@ef‘ o b(quo \/@é
S S
Sensitivity 100% ¢ oj © o“;\
Specificity 97.5% © ©
Fernandez-Cuesta et al, Cancer Dis 2014; 4: 415-422
23
Frequency of NRG1 fusions in solid malignancies
0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6%
GBC {3/580) 0.5%
PD 3) 0.5%
RCC(1/211) 0.5%
Ovarian (3/686)
NSCLC {25/9592)
Breast {2/1106)
Sarcoma (1/627)
Other (1/937) Overall frequency:
41/21,858 (0.2%)
Bladd er {1/945)
CRC {1/1690)
Jonna et al, Clin Cancer Res 2019; 25: 4966-4972
24
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Distribution of histology of NRG1+ NSCLC

AdenoCA NOS
29%

AdenoCA, acinar
1%

AdenoCA, papillary
2%

IMA

61% Other -SACC
0

1% 6%

Nagasaka & Ou J Thorac Oncol 2019;14: 1354-1359

25
NRG1 gene has many splice forms

* Type I-lll (major)

* Type IV-VI (minor)

* EGF motif is located immediate 5’ of the TMD of NRG1, and is
proteolytically cleaved after the full-length neuregulin protein is
translated

* EGF motif is located at exon 6

* NRG1 fusion is more complicated in Pancreatic Adenocarcinoma than
in NSCLC

26
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—

DD

Multiple transcription start sites in NRG1

V. Steinthorsdottir et al. / Gene 342 (2004) 97—-105

eV

s1s2

EGF-like

E187 E1006 E92 E48 E35 E592 E344/178 E122 E51a E51b E1160 E290 E130
- L
Aa 4 T T
cDNA library
955 KB Exon 2 111 KB Exon 6 HE FB HY H
- S N | NN | 3 Creosesz
- [ H_H————— 1 oNeosesa
e e H T J— = = ceo3ese
B H _HH}-—————- T 3— GNe03055
R CH - I €t
B- _ _ -1 H F————————  }—- x CN603657
B - - cNeosese
L — CH - 3
e HHF— P — nt nt nt CN603659
[ nNovel 5 exon [ I I — N nt nt nt CN603660
Bl «nowns exon [ Ty — nt nt nt CN603661
‘:’ Internal exon
6 kb
132 kb
507 kb
1089 kb

28

1 CD74

2 SLC3A2
3 SDC4

4 RBPMS
5. WRN (SqCC)
6 VAMP2
7 KIFI3B
8 THAP7
9 SMAD4
10 ATP1B1
11 TNC

12 MDK

13 MRPL13
14 DIP2B
15% ROCK1
16* PARP8
17* DPYSL2
18 ITGB1

Fusion partners identified in NRG1+ NSCLC

CD74-NRG1
SLC3A2-NRG1
SDC4-NRG1 (S4,N6)
RBPMS-NRG1 (R6,N6)

Fernandez-Cuesta, Cancer Discovery, 2014
Nakaoku, Clin Cancer Res, 2014
Dhanasekaran, Nat Commu 2014

Dhanasekaran, Nat Commu 2014

WRN-NRG1 Dhanasekaran, Nat Commu 2014
VAMP2-NRG1 Jung, J Thorac Oncol, 2015; Shim, J Thorac Oncol 2015
KIFI3B-NRG1 Xia, International J. Surgical Pathology, 2017
THAP7-NRG1 (T6, N6) Drilon, Cancer Discovery, 2018
SMAD4-NRG1 Drilon, Cancer Discovery, 2018

ATP1B1-NRG1 (A2,N2)
TNC-NRG1 (T11, N6)
MDK-NRG1 (M5, N6)

MRPL13-NRG1 (M3,N2)
DIP2B-NRG1 (D2, N2)
ROCK1-NRG1 (R1, N2)

PARP8-NRG1 (P2, N2)*

DPYSL2-NRG1 (D8, N2)*

ITGB1-NRG1 (I5, N2)

*out of frame variant of unknown significance

Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019
Jonna, Clin Cancer Res 2019

Jonna, Clin Cancer Res 2019

Pan, JTO 2019

29
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Distribution of 5’Fusion partners in NRG1+ NSCLC (N = 99)

CcD74
47%

SLC3A2
16%

\ s Unknown
13%
WRN
1%
TNC
1% sDC4
0,
THAP7 REPMS 7%
1%
SMAD4 VAMP2 2%
ROCK1 “pARP8 /  MRPL13 pK LITGB1 ‘ DPYSL2 - DIP2B ATP1B1 2%
1% [ o
1% 1% 1% 1% 1% 1% 1% 1%

Modified from Nagasaka & Ou J Thorac Oncol 2019;14: 1354-1359

30

Fusion partners identified in NRG1+ Pancreatic Adenocarcinoma

1 CD74 CD74-NRG1 Drilon 2018

2 ROCK1 ROCK1-NRG1 Drilon 2018

3 ATP1B1 ATP1B1-NRG1 Heining 2018, Jonna 2019
4 APP APP-NRG1-APP Heining 2018

5 SARAF (5’), CHD6 (3’) SARAF-NRG1-CHD6 Heining 2018

6 CDH1 CDH1-NRG1 Jonna 2019

7 CVTCN1 VTCN1-NRG1 Jonna 2019

*out of frame variant of unknown significance

31
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17%

Distribution of 5’Fusion partners of NRG1+ Pancreatic adenocarcinoma (N = 12)

CD74
© 9%

~
~~_ROCK1
8%

\
\_SARAF
8%

8%
32
NRG1+ Pancreatic ADC has more complex re-arrangements
Patient 14 NRG1
(WGS+RNA) o I= Patient 14 ~ NRGT bol st Mt b
pu— (WGS+RNA)
— FUSION posipsst 44 H M H
e =]
P — ATP1B1 bttt
Patient 15 NRG1 NRGT ol et 4 H bbb o
(WGS+RNA) (o] (Coce JComs [ oms Jmi[_<
s o FUSION |+ v s b HA o seoovveoes
Patient 16 NRG1
(WGS) e i [ e | oo < | ATP1B1 swpostp bl Smem’intergenic (8:43060746)
s e Patient 15~ NRGT =il esti4H st iH -l
L e (WES+RNA)
ATP1B1-NRG1 ) | 3 1 J. . :o 1 ) 12 13 FI.ISIOH.‘:’j‘H-:H .
—_— SARAF - <+ ol oI ' CDH6
e Patient 16 NRGT lolemtibHEE #H i il
e EEEEENIII DI o
I — - Fusion WWW
_ patertds APP et I e
AN W N N NN N N R NN N NN NN N S A e e
.
Jone et al, Clin Cancer Res 2019; 25: 4674-4681 Heining et al, Cancer Disc 2018; 8: 1087-1095
33
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Nano-string (differential exon expression) approach

Patient 44 i /\\
e ——

Patient 45 E N\
: \VA _,\././\\__.{ B s e s orie coiws  m Jones et al, Clin Cancer Res 2019; 25: 4674-4681

Patient 46 I
(TSI, Y S T | S

” .
soj Patient 15 !
28 .

000

§§§j Patient 14 Heining et al, Cancer Disc 2018; 8: 1087-1095
"o

Coverage
WO~

400
300
200
100

|
1
1
1
1
|
1
0 1

j TCGA-3A-A9I5

INRG1 €XONS ¢ e e - - 1 S et - - e

Ig1 Ig2 s1s2 EGFap 3"

34
List of fusion partners in other NRG1+ solid malignancies

Solid tumor NRG1 fusion Reference

Breast FOXA1-NRG1 Drilon 2019

AKAP13-NRG1 Drilon 2019

ADAM9-NRG1 Jonna 2019

COX10-AS1-NRG1 Jonna 2019

Bladder cancer GDF15-NRG1 Jonna 2019
Cholangiocarcinoma ATP1B1-NRG1 Jones 2017, Jonna 2019

NOTCH2-NRG1 Jonna 2019

Colorectal adenocarcinoma POMK-NRG1 Jonna 2019

Head and Neck cancer THBS1-NRG1 Drilon 2018

PDE7A-NRG1 Drilon 2018

Ovarian adenocarcinoma RAB3IL1-NRG1 Drilon 2018

TSHZ2-NRG1 Jonna 2019

SETD4-NRG1 Jonna 2019

ZMYM2-NRG1 Jonna 2019

Prostate adenocarcinoma NRG1-STMN2* Drilon 2018

Renal cell carcinoma PCM1-NRG1 Drilon 2018

RBPMS-NRG1 Jonna 2019

Sarcoma WHSC1L1-NRG1 Jonna 2019

Sinonasal teratocarcinosarcoma HMBOX1-NRG1 Jonna 2019

Uterine NRG1-PMEPA1* Drilon 2019

35
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List of case reports of inhibiting HER2/3 in NRG1 fusions
ﬂ-n NRG1 fusions variant Solid malignancies Treatment Duration of
modalitv Response
M SLC3A2-NRG1 LUAC Afatinib 40 mg gD 12 months Gay
_ 62 M CD74-NRG1 LUAC (mucinous) Afatinb40mggD 10 months Gay
(3 | 43 F SDC4-NRG1 LUAC Afatinib30mgqgD 12 months Jones
_ 38 F ATP1B1-NRG1 Intrahepatic cholangiocarcinoma Afatinib 8 months Jones
62 F CD74-NRG1 Lung IMA Afatinib 40 mg gD 6.1 months Cheema
(26 weeks)
81 M CD74-NRG1 Lung IMA Afatinib40 mggD  Stable disease Drilon
for 6 weeks
7 56 F SDC4-NRG1 Lung IMA Afatinib 40 mg gD Progression Drilon
disease
51 M CD74-NRG1 Lung IMA Afatinib 40 mg gD Progressive Drilon
disease
86 M CD74-NRG1 Lung IMA [ GSK2849330™ TO months™ ™ Drilon
(anti-HER3 mab)
55 F SLC3A2-NRG1 Lung IMA Lumretuzumab***  Stable disease Kim
+ erlotinib for~3.8
months
42 F SLC3A2-NRG1 Lung IMA Lumretuzumab +  Stable disease Kim
erlotinib for~3.8
months
*inhibits NRG1 binding to HER3 and inhibits HER3 heterodimeriziation
** no response to afatinib after disease progression on GSK2849330
*** lumretuzumab is a antiHER3 monoclonal antibody
IMA: Invasive mucinous adenocarcinoma; M:Male; F:Female; LUAC: lung adenocarcinoma; mab:monoclonal antibody
36
) ) " ‘a Schram et al,
52-year-old male with ATP1B1-NRG1 pancreatic CA Triple meeting Boston, MA
Py ibgier i October 27, 2019
el I %

or Feb Mar oct
2017 2018 2018 20192019 2019

e - — 3 NCT02912949
- MCLA-128
Zenocutuzumab

- . - i~ - - Baseline PET 8 week PET (Col proiforation/survival) (coi proWeratioWsurvival)

weeks

Geuijen et al. Cancer Cell. 2018;33(5):922-36

54-year-old male with CD74-NRG1 NSCLC

KRASwt POAC liver Ol
metastases  at C11

Lung surgery
stage lIB NSCLC

PD
SRS to brain

PO-L1neg

. -Mannl

2007

hcarha(pembm Dosmel  cen
vinorelbi

sey or un — Jul et
017 2037 2oy oy 2018 018 2019 2o 20 2019 2019

weeks 10 week PET weeks Baseline Week 16
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US commercial labs identification of NRG1+ fusions (my two patients)

Sensitivity for the detection of copy number alterations Is reduced due to
sample quality.

Biomarker Findings

Tumor Mutatons Burden- TME-Low (3 Mots/ M) FMI Hybrid capture DNA NGS

Genomic Findings
For a com

nplete list of the genes assayed, please refer to the Appendix.

CD74 CD74-NRG1 fusion

BosS
KDM6A Q517*
MTAP loss

Whole Transcriptome sequencing

Final Report e
Using Nova Seq 6000 system CARIS

SCIENCES

Gene Fusion and Transcript Variant Detection by RNA Sequencing

NRG1 SLC3A2NRG1 exon 5:exon 6 NM_001012662.2/NM_001159999.2

Interpretation: An SLC3A2-NRG1 fusion was detected in this tumor. This fusion has been reported in lung adenocarcinomas (Shin 2018 Dual Targeting
of ERBB2/ERBBS3 for the Treatment of SLC3A2-NRG1-Mediated Lung Cancer. Mol Cancer Ther 17:2024). Exon 5 of SLC3A2 (NM_001012662.2) is joined
in-frame to exon 6 of NRG1 (NM_001159999.2).

38
Summary
* NTRK and NRG1 fusions are very rare
* FGFR3-TACC3 fusions are an important driver mutations among
FGFR1-4 fusions
* One pan FGFR inhibitor has been approved by the US FDA
* RNA sequencing (targeted or whole transcriptome sequencing)
increase the detection rate/frequency/incidence of actionable driver
mutations and will be linchpin for identifying these rare TRK and
NRG1 fusions
39
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Precision Oncology Symposium
Clinical Trials in Precision Oncology:
Current State and Future Perspectives
Pamela Munster, MD



Precision Oncology Symposium

Patient Access To Molecular Testing
Michael Zachary Koontz, MD



§ ANCC

Educaing and Empovering Pacific Cancer Care
Advanced Treatment. Personalized Care.

Northem California Cancer Communi

Precision Oncology: Patient Access

M. Zach Koontz, MD

Pacific Cancer Care

Monterey, CA



Disclosures

= No monetary or other affiliations with commercial entity
of relevance

* No desire to promote/defame any company

* First exposure to NGS platform for patients while at
Stanford, Foundation One 2012

= Where | work: Pacific Cancer Care
6 Oncologists/hematologists and 4 RNPs

* | spend (like you) an unbearable amount of time on
peer-to-peer calls, letters, reviews, appeals
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Relevant Definitions

* Precision Oncology, broadly stated, is any test/
treatment that is highly specific to patient, disease, or
tissue

* Here, specifically mean germline and somatic mutation
panels

NOT lung (EGFR, BRAF, ALK, ROS1), colorectal (RAS/RAF),
breast (ER/PR, HER2), PDL1

= Current panels detect mutations, rearrangements,
deletions/insertions, frame-shifts, over-expression,
sometimes RNA, protein expression



Question 1:

* How many Genetic/NGS panels do you personally
order per month?

0-2
3-5
5-10
>10

s W h o=



Precision Oncology: Patient Access

» Necessary and sufficient for Access:
Patient Need? -.

Test Available? -.

Provider Knowledge .

Test Covered AND/OR Reasonably Priced



California Cancer Statistics

California
AT A GLANCE

Estimated new cases, Estimated deaths, 2019 Incidence rates, 2011- Death rates, 2012-2016
2019 2015

186,920 60,590 411.2 | Assd

Average annual rate per 100,000, age adjusted to the 2000 US
age adjusted to the 2000 US standard population. Rates for PR

standard population. are for 2011-2015.



Precision Oncology in Community Practice

= Where are patients treated?
Community practices still treat > 50% of patients (COA, 2016)

= Cancer care growing complexity

Disease Breadth
Patient Volume

Aging population
Diagnostic Options .
Treatment Decisions 60

Payers 40
20
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Practice Pressures

ASCO State of Cancer, 2017

Increasing practice/facility expenses

Electronic health records
Payer pressures —

B
Competitive pressures
Patient ability to pay I__
Clinical research

Local economic pressures =_
Genomic testing r—- B 2015 (n =177)

Other 2016 (n = 123)
Drug shortages

0 10 20 30 40 50 60
Percentage




Need: Whom Should We Test?

= Somatic testing
When?

Upfront, or wait until burn through standard options?
Where?

Primary or metastatic sites

* Germline testing
Any ovarian cancer, or family history
Breast with risk factors™
Any pancreatic cancer
High risk prostate



Germline: NCCN

HBOC

Cammrahensive NCCN Guidelines Version 3.2019 NCCN Guideines Index
o BRCA-Related Breast and/or Ovarian Cancer Syndrome Discussion

BRCA1/2 TESTING CRITERIA®P
Meeting one or more of these criteria warrants further personalized risk assessment, genetic counseling, and often genetic testing and management.
Testing of an individual without a cancer diagnosis should only be considered when an appropriate affected family member is unavailable for testing.

* Individual from a family with a known BRCA1/2 * Personal history of male breast cancer
pathogenic/likely pathogenic va_riagt, including such + Personal history of pancreatic cancer'
variants found on research testin + Personal history of metastatic prostate cancer? BRCA See
* r°"’3°'.‘al history of breast cancer™ + one ormore of the . pgrgonal history of high-grade prostate cancer testing | __
booig‘s'n%gs'ed <45 (Gleason score 27) at any age with criteria
» Diagnosed 46-5% y with: » 21 close blood relatives® with ovarian carcinoma, met (BRCA-2)

’ An additional breast cancer primary at any aged
0 21 close blood relative® with breast cancer at any age
0 21 close blood relative® with high-grade (Gleason

pancreatic cancer, or metastatic prostate cancer?
at any age or breast cancer <50 y; or
» 22 close blood relatives® with breast, or prostate

score 27) prostate cancer cancer (any grade) at any age; or If criteria
0 An unknown or limited family history?® » Ashkonwﬂgwish)ances’{,y if B’?CA for 0"]3"
’ 9'19.“"’3“’ 563 y 'I‘;'th: . + BRCA1/2 pathogenicl/likely pathogenic variant testing hereditary
, 6ia"£°';';‘:9;t' :’"’ a"‘::'it“r;,"“' detected by tumor profiling on any tumor type in the criteria syndromes
> 21 close bloocy relative® with: abspnce of go_rmline pathogenic/likely pathogenic not n.let, not met,
- breast cancer diagqosed s50y; or variant analysis o consider [~ |then cancer
- ovarian carcinoma;’ or * Regardless of family history, some individuals testing screening
- male breast cancer; or with an BRCA-related cancer may benefit from for other as per
- metastatic prostate cancer;? or genetic testing to determine eligibility for targeted heredit NCCN
> aaciions| dagnoses? of breast cancor at treatment syndromas

0 22 additional diagnoses"” of breast cancer at any age , A indivi iteri
in patient andlorgm close blood relatives yee An individual who doss not mest the other cntorla Guidelines

» Ashkenazi Jewish ancestryh

* Personal history of ovarian carcinoma’

3For further details regarding the nuances of genatic counselng and testing, sae BRI

QV-A.

bl!respecbve of degree of relatedness,

SFor the purposes of these guidelines, invasive and ductal carcinoma in situ breast
cancers should be included.

9Two breast cancer primaries inchides bilateral (contralateral) disease or two o
more clearly separate ipsilateral primary tumors diagnosed either synchronously or
asynchronously.

“Close blood relatives include first-, second-, and third-degree relatives on same side of
family. (See BRIOV-8

lIncludes fallopian tube and primary peritoneal cancers. BRCA-related ovarian cancers
are agsociated with epithelial, non-mucinous histology. Lynch syndrome can be
associated with both non-mucinous and mucinous epithelial tumors. Be attentive
for clinical evidenca of Lynch syndrome (3 3 fogr Genetic/Famia

gh-Risk Assessmen 0 ). Specific types of non-epithelial ovarian cancers

and tumors can also be associated with other rare syndromes. Examples include
an association between sex-cord tumors with annular tubules and Peutz-Jeghers
syndrome or Sertoli-Leydig tumors and DICER1-related disorders.

but with 21 first- or second-degree blood relative
meeting any of the above criteria. The significant
limitations of interpreting test results for an
unaffected individual should be discussed.

IMetastatic prostate cancer is biopsy-proven andlor with radiographic evidence and includes distant metastasis and
regional bed or nedes. It is not a biochemical recurrence.

"Tesﬂv‘g for Ashkenazi Jewish founder-specific pathogeniciikely pathogenic variant{s), should be performed first.
Comprehensive genetic testing may be considered if anceslry also includes non-Ashikenazi Jewish relatives or if other
BRCA-related criteria are met. Founder pathogeniclikely pathogenic variants exist in other populations.

'Approximately 236-5% of unselected cases of pancrealic adenocarcinoma will have a BRCA1/2 pathogenicikely
pathogenic varant. However, the disease is highly lethal and the oplion o test the alected relative may not be
available in the future. Thus, there may be significant benefit to family members in lesting these patients near the time
of diagnosis. In addition, increasing evidence suggests that identification of a BRCA1/2 pathogeniciikely pathogenic
variant may direct use of largeted therapies for patients with pancreatic cancer | > Guidelines for Pang 3
Adepocarcnoma). (Holter S, Borgida A, Dodd A, et al. J Clin Oncol 2015;33:3124-3129. Shindo K, Yu J, Suenaga M, et
al. J Clin Oncol 2017,35:3382-3390.)

JEg, PARP inhibitors for ovarian cancer and metastatic HER2-negative
See the relevant NCCN treatment guidelines (eg, Guidalines
Cancer) for further details.

KThis may be extended to an aMected third-degree relative if refated through two male relatives (eg, paternal grandfather's
mother or sister).

breast cancer, platinum therapy for prostate cancer.
Y gt C 3 nes yosial

I

ey Ny



Germline: NCCN Prostate Cancer

National

Comprehensive
IV[e{®'l Cancer

Network®

d Family history criteria and consideration to prompt genetic testing:

» A strong family history of prostate cancer consists of: brother or father or
multiple family members who were diagnosed with prostate cancer (but not
clinically localized Grade Group 1) at less than 60 years of age or who died
from prostate cancer

» Ashkenazi Jewish ancestry

» 23 cancers on same side of family, especially diagnoses <50 years of age:
bile duct, breast, colorectal, endometrial, gastric, kidney, melanoma, ovarian,
pancreatic, prostate (but not clinically localized Grade Group 1), small bowel, or
urothelial cancer




Pancreas: POLO Treatment Implications

ORIGINAL ARTICLE

Maintenance Olaparib for Germline BRCA-Mutated Metastatic Pancreatic
Cancer

A Progression-free Survival

1.0+
0.9
0.8 Progression-free Olaparib Placebo
Survival Group Group
07 mo %
' 6 53.0 23.0
12 33.7 145
0.6 18 27.6 9.6
24 22.1 9.6

Median, 7.4 mo vs. 3.8 mo
Hazard ratio, 0.53 (95% Cl, 0.35-0.82)
P=0.004

’—L\—”_’T Olaparib (N=92; 60 events)

0.5

0.4+

0.3+

Probability of Progression-free Survival

0.2+

0.1

Placebo (N=62; 44 events)

00 | T | T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Months since Randomization

No. at Risk
Olaparib 92 69 S0 41 34 24 18 17 14 10 10 8 8 7 S5 3 3 3 3 2 1 1 1 0
Placebo 62 39 23 10 6 6 4 4 4 2 2 2 2 1 1 0

N Engl ] Med 2019; 381:317-327




Precision Oncology: Patient Access

» Necessary and sufficient for Access:
Patient Need? -.

Test Available? -.

Provider Knowledge .

Test Covered AND/OR Reasonably Priced



Available: Germline Testing Options
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Available: Somatic Mutation Testing
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Question 2

= How comfortable do you feel choosing somatic or
germline testing in general?

always know exactly what panel
'm fairly comfortable ordering

'm somewhat Uncomfortable ordering

W b=

-Honestly, often | have no idea which one



Question 3

= Estimate the percent of your patients’ care positively
impacted (ie, improved OS or PFS) as a result of
somatic tumor profiling.

= 1. <1%

" 2. 1-5%

= 3. 5-20%
= 4. 20-50%

= 5_all of them



Precision Oncology: Patient Access

» Necessary and sufficient for Access:
Patient Need? -.

Test Available? -.

Provider Knowledge .

Test Covered AND/OR Reasonably Priced



Access to Drugs

© Mike Baldwin / Cornered

S/N BA L

“I go home today. They cured me using
this new miracle drug. I'm afraid it’'ll be
years before it’s approved for humans.”



Knowledge: Does it make a difference?

Journal of Clinical Oncology*

An American Society of Clinical Oncology Journal

DEVELOPMENTAL THERAPEUTICS AND TUMOR BIOLOGY (NONIMMUNO)

Utility of somatic mutation panel testing in patients
with advanced cancer receiving treatment in an Irish
teaching hospital.

Hadia Khan, Louise O' Callaghan, Gul Ahmed, Brian Richard Bird, Derbrenn O'Connor, Conleth

G. Murphy
Number Percent

Total tests 74 100%
Mutation detected 39 53%
Potentially actionable 21 28%

Test-based treatment 9 12%



KYT Program

Clinical Cancer Research

Home About Articles For Authors Alerts News

Personalized Medicine and Imaging

Molecular Profiling of Pancreatic Cancer Patients: Initial Results from the Know Your
Tumor Initiative

Michael J. Pishvaian, Robert J Bender, David Halverson, Lola Rahib, Andrew E. Hendifar, Sameh Mikhail, Vincent Chung, Vincent J Picozzi, Davendra Sohal, Edik M Blais,
Kimberly Mason, Emily E. Lyons, Lynn M Matrisian, Jonathan R. Brody, Subha Madhavan, and Emanuel F. Petricoin

DOI: 10.1158/1078-0432.CCR-18-0531 M Chesk for updates

* 640 pancreatic cancer patients
= 172 (27%) with “highly actionable” mutations
= 17 (2.7%) treated with identified targeted drug

* PFS 4.1mo vs 1.9mo, OS non-sig improvement



Pacific Cancer Care/ My Practice

= Germline

Consistent with guidelines, adherent to common sense
72 in 2018 (3.5 med/onc)

= Somatic Panels
Since 2013:
> 150 ordered

Foundation: 111 reports, 10 in process, 43 cancelled
Practice 2018: 67



Question 4

Have you ever had a patient file bankruptcy because of
cancer care?

1. Yes
2. No
3. | don’t know

4. I'm too afraid to answer



Cost of Care

= Survey 2012 LIVESTRONG

1/3 working-age patients in debt after cancer
>50% more than $10k
3% file bankruptcy

= Cost of cancer drugs can exceed $100k/year
* |[maging

= Hospitalization costs ($2-4k/day)

= | oss of work

Health Aff (Millwood). 2016 Jan;35(1):54-61.



https://www.ncbi.nlm.nih.gov/pubmed/26733701

Cost to Patients: ASCO State of Cancer

2017

Percentage of staff that discuss cost of care with patients
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staff Couselor Nurse Worker
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California Payers

Covered California Health Insurance Carriers

Find Health Insurance Companies Offered on the California Health Exchange

Anthem - . @&@' ® KAISER I f californi .
nnnnn lll.ﬁ‘?%lu'c'l'é £ PERMANENTE FRRIET Soman ‘IP Health Net

o Western
LAC Ventags Y i ) i A[Commemr P
VclleyYoIVh Plan ﬁ BEALES ?Fﬁ . -.'Q Sl l(\l“ L0
- oscar
— Offered for Small Businesses ———
COVERED €D Meas-Cat
CALIFORNIA L |

Offered for Individual and Family

= We have >100 payers, different processes, contacts,
payment rules, etc.

= 2013 study: 1/3 had some kind of policy, moderate
consistency, half specifically excluded a genetic test
Personalized Medicine. 2013;10(3):235-243.



Cost/Coverage

“Most health insurance plans will cover the cost of
genetic testing when recommended by a
physician. However, all coverage and reimbursement
is subject to Medicare, Medicaid, and third-party
payer benefit plans. Therefore, ASCO strongly
encourages you to verify with the patient’s insurer to
understand what type of services will be covered.”
-ASCO 2019 website

https://www.asco.org/practice-quidelines/cancer-care-initiatives/genetics-toolkit/genetic-testing-coverage-reimbursement



https://www.asco.org/practice-guidelines/cancer-care-initiatives/genetics-toolkit/genetic-testing-coverage-reimbursement

Medicare, ACA

* Medicare: Tests performed in the absence of signs,
symptoms, complaints, or personal histories of disease
or injury are not covered unless explicitly authorized by
statute..

“...therefore, Medicare does not currently provide coverage for
genetic testing in individuals without a personal history of
cancer. [except]:

[BRCA1/2 meeting criteria...]
[CRC meeting criteria...]”

= ACA: esssential health benefits clause only covers
BRCA1/2



Sample Germline Plan Policy

= Aetna considers genetic testing medically necessary to
establish a molecular diagnosis of an inheritable
disease when all of the following are met:

- The member displays clini
the mutation in question (

eatures, or is at direct risk of inheriting
omatic); and

= The result of the test will direc
delivered to the member; and

Impact the treatment being

—> After history, physical examinhation, pedigree analysis, genetic
counseling, and completion olonventional diagnostic studies, a
definitive diagnosis remains uncertain, and one of the following
diagnoses is suspected (this list is not all-inclusive); and

- Disease-specific criteria met.



Cost of genetic testing

= $150 - $20,000
* Most range $500-$1500

= Overwhelmingly this has not been a barrier to testing

*k*

with exceptions



The Industry is our Ally

* |nvitae offers FREE genetic testing and counseling for
patients diagnosed with

Pancreas adenocarcinoma
Pancreas NET
Prostate cancer stage I+

* Most (if not all) companies have policies to not go after
patients and will work not only with them, but for them



Help is out there!

W) @ ANCO Howdy, Zach [ll Q

B ANCO

California Cancer Community ABOUTUS MEMBERSHIP ADVOCACY JOBBOARD CLINICALTRIALS MEMBER PORTAL CALENDAR CONTACT

Patient and Reimbursement Assistance Programs

ANCO Member Portal

Here you will find providers to assist practices with reimbursement and financial matters.

Welcome Zach,
American Society of Hematology

http: /www.hematology.org/Clinicians/Drugs/Programs/ Practice and Professional N
Resources

assistPoint Patient and Reimbursement )

http:/www.assistpoint.com Assistance Programs
Search Clinical Trials >

Association of Community Cancer Centers Patient Assistance and Reimbursement Guide

http: /www.accc-cancer.org/home/learn/publications/patient-assistance-and-reimbursement-guide Post to Clinical Trials >
Search Job Board >

CancerCare Co-Payment Assistance Foundation

€ ‘ y € ‘ Post to Job Board >

http:/www.cancercarecopay.org




ANCO Advocacy

= Part of ANCO mission, to advocate for providers and
patients, communicates concerns with DHS,
Sacramento, private insurers

= Supports/Opposes relevant State and National
Legislation with the help of Noteware and Rosa
Government Relations

= AB1860 - $250 monthly cap oral medication legislation



Conclusion: Challenges/Gaps

» |dentifying which patients to test evolving
= Date of Service Rule

» Duplicate testing

* Drug coverage once identified target?

* |[nterpreting tests and finding therapies



Conclusion: The Good News

= Supreme court says you can’'t own a gene

* NGS is getting cheaper, faster, more efficient, with
higher genome coverage and fidelity

* More "options” exist
* Industry has been supportive thus far

= ASCO, ASH, ANCO and other organizations are
advocating for our patients



Conclusion

» Necessary and sufficient for Access:
Patient Need? > MOSTLY, YES

Test Available? >  YES
Provider Knowledge - YES?
Test Covered AND/OR Reasonably Priced

SO FAR SO GOOD*
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