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Beginning of Concept of Liquid Biopsy
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Liquid Biopsy: clinical application
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Rolfo, Castiglia, Russo et al. Biochim Biophys Acta. 2014 Dec;1846(2):539-46




Some liquid Biopsy components

Sequencing
— CONSIDERATIONS
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RR to Osimerinib according to T790M in plasma or
tumor tissue

Tumor tissue
ORR: 62% vsz
26%

Change |

Plasma
ORR: 63% vs=
46%

Change
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ORR (95% ClI): 62% (54 to 70}
W Plasma T790M Positive
Plasma T790M Negative
B Plasma T790M unknown

Plasma T790M Positive (n = 164)

ORR (95% CI): 63% (55 10 70)
B Tumor T790M Positive
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B Tumor unknown
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Liquid Biopsy: Guidelines &
Recommendations

“If repeat biopsy is not feasible, plasma biopsy should be considered”
“Testing should be conducted as part of broad molecular profiling”

NCCN 2017 NSCLC Practice Guidelines?

“Key new recommendations include the inclusion of additional genes (ERBB2, MET, BRAF, KRAS, and
RET)...and the use of cell-free DNA to “rule,in” targetable.mutations when tissue is limited or hard to
obtain.

AMP/CAP/IASLC 2018 Molecular Testing Guidelines for Lung Cancer?

"Even for patients who are able to undergo a traditional tissue biopsy, a liquid biopsy may be safer, quicker,
and more convenient—and perhaps even more informative.”

2017 ASCO Clinical Cancer Advances3

IEttinger (Hughes) et al. 2017 JNCCN 2Lindemann (Yatabe) et al. 2018 J Thor Onc 3Burstein (Dizon) et al. 2017 J Clin Onc
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SPECIAL
CONSIDERATIONS...
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Liquid biopsy: ctDNA

Does different tumor types release the same amount of
DNA in the blood?

Frequency of cases with detectable ctDNA (%)

Dotoctable ctDNA (%) Ranking
o

Bettegowda et al., Sci Trans Med, 2014
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Liquid biopsy: ctDNA

Does ctDNA concentration is the same
among patients with the same tumor?
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Some considerations

Correlation between tumor burden (y-axis)

o and dynamic clonal evolution of the tumor
Sensitivity of Plasma 4

ddPCR Higher in Pts ’
With Metastases o™
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2 . Increasing number of metastatic sites (P =
0 .001) and presence of bone (P =.007),
1 2 3 >4 hepatic (P = .001) metastases significantly
Number of Metastatic Sites associated with assay sensitivity
Sacher AG, et al. JAMA Oncol. 2016 Pisapia, Malapelle, Troncone, Springer Book 2017




Important considerations

NEXT GENERATION SEQUENCING PLATFORMS

« Assay: laboratory developed vs. commercial

« Commercial tests: test panel vs. central CLIA-lab

« Coverage: number of bases, genes, exons, VAF

« Validation and Quality Controls

* Enrichment technology: multiplex PCR, Hybrid capture

« Limit of detection: % mutant allele / wild type allele

« Sensitivity & specificity: samples with known mutant allele frequency
» Bioinformatics: variant calling and error correction methods

* Interpretation and reporting

« TAT and costs!

Adapted from Ming S. Tsao, WCLC 2018




Guardant360 — All NCCN Targets in a Single Blood Test

Critical exons completely sequenced and all four major classes of alterations

Point Mutations — 73 Genes

AKT1 ALK APC AR ARAF ARID1A ATM BRAF BRCA1 BRCA2
CCND1 CCND2 CCNE1 CDH1 CDK4 CDK6 CDKN2A  CTNNB1 DDR2 EGFR
(EHREBRBZ? ESR1 EZH2 FBXW?7 FGFR1 FGFR2 FGFR3 GATA3 GNA11 GNAQ
GNAS HNF1A HRAS IDH1 IDH2 JAK2 JAK3 KIT KRAS MAP2K1
(MEK1)
MAP2K?2 MAPK1 MAPK3
(MEK2) (ERK2) (ERK1) MET MLH1 MPL MTOR MYC NF1 NFE2L2
NOTCH1 NPM1 NRAS NTRK1 NTRK3 ~ PDGFRA  PIK3CA PTEN PTPN11 RAF1
RB1 RET RHEB RHOA RIT1 ROS1 SMAD4 SMO STK11 TERT*
TP53 TSC1 VHL ** Includes TERT promoter region
Indels — 23 Genes
ATM APC ARID1A BRCA1 BRCA2 CDH1 CDKN2A  EGFR ERBB2 GATA3
KIT MET ex14 " MLH1 MTOR NF1 PDGFRA .. PTEN RB1 SMAD4 STK11
TP53 TScC1 VHL
Amplifications — 18 Genes
AR BRAF CCND1 CCND2 CCNE1 CDK4 CDK6 EGFR ERBB2
FGFR1 FGFR2 KIT KRAS MET MYC PDGFRA PIK3CA RAF1
Fusions — 6 Genes
ALK FGFR2 FGFR3 RET ROS1 NTRK1




Oncomine™ Pan-Cancer Cell-Free Assay | Gene

Content

SNV >900
CNV 12
Pan Cancer TNA (DNA + RNA) 52 50 12 Fusion/MET Exon Skipping 99

Single Pool design (DNA & RNA)

Performance Specs:

AKT1 HRAS APC CCND1 ALK
ALK IDH1 FBXW?7 CCND2 BRAF Hotspot SNV/Indel
AR IDH2 PTEN CCND3 ERG * 0.1% AF LOD with 20 ng input
ARAF KIT TP53 CDK4 ETV1
BRAF KRAS CDKé FGFR1 Whole target SNV/Indel
CHEK2 MAP2K1 EGFR FGFR2 . 1.0% AF
CTNNB1 MAP2K2 ERBB2 FGFR3
DDR2 MET FGFR1 MET CNV detection
EGFR MTOR FGFR2 NTRK1 « 1.4 fold change
ERBB2 NRAS FGFR3 NTRK3 i
EESBRE? mig MNE((T: RRoEsTl Fusion detection & MET exon 14
skipping
FGFR1 PDGFRA : .
FGFR2 PIK3CA * 1% RNA fusions in cfTNA
FGFR3 RAF1
FGFR4 RET Sample Plexy
FLT3 ROS1 * 4 libraries on a 540 chip
GNA11 SF3B1 » 8libraries on a 550 chip
GNAQ SMAD4
GNAS SMO

Oncomine data.




ctDNA fraction and
technical limits of detection

ctDNA fraction
in cfcDNA

100%

10%

0.1%

0.01% -

S(ln)lo’-
C ([)-\‘\

molecule

Technical limits
of detection

> Sanger

Real-time PCR
»— and standard

NGS

o~ Digital PCR

Optimized
NGS

-

Background mutational
noise from clonal
haematopoiesis

—oe

NGS-based ctDNA detection_”
{* Standard NGS

Digital PCR-based ctDNA detection

&
* Droplet-digital PCR :

* BEAMing Q=—x

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

* Optimized NGS i j
- Reduced base-position error rate
- Unique molecular identifiers

ctDNA
quantification

AT/ 0’ /N

-

Advantages: enables the analysis of several

genes, TMB, neoepitope discovery, and dMMR

status assessment

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

Cabel et al, Nature Rev Clin Onc, Oct 2018




A Multicenter Study to Assess EGFR Mutational Status
in Plasma: Focus on an Optimized Workflow for Liquid
Biopsy in a Clinical Setting

-
3

Laure Sorber

B Paticnt 2
N ey 549 plasma samples from 234 non-small cell
z i lung cancer (NSCLC) patients were collected.
<4 i Epidermal Growth Factor Receptor (EGFR)
circulating cell-free tumor DNA (ctDNA)
k3 = mutational analysis was performed using
B ) R digital droplet-PCR (ddPCR).

* Longer transit time increased the risk of hemolysis

* Low temperatures were shown to have a negative effect.

* Metastatic sites were found to be strongly associated with ctDNA detection (p < 0.001), as well as allele frequency
(p =0.034).

* Activating mutations were detected in a higher concentration

* and allele frequency compared to the T790M mutation (p = 0.003, and p = 0.002, respectively)

Sorber (Rolfo & Pauwels) et al, Cancers 2018, 10, 290
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Article

Circulating Cell-Free DNA and RNA Analysis as
Liquid Biopsy: Optimal Centrifugation Protocol
Laure Sorber /2, Karen Zwaenepoel ', Julie Jacobs 10, Koen De Winne 2, Sofie Goethals ?,

Pablo Reclusa !, Kaat Van Casteren %4, Elien Augustus 1,2 Filip Lardon I Geert Roeyen 5,
Marc Peeters '/, Jan Van Meerbeeck 7, Christian Rolfo '** and Patrick Pauwels %3

1000y * Two-step, high-speed centrifugation protocols
2 M1 gy were associated with high-cfDNA but low
- 13 78 o A cfRNA concentrations. High cfRNA
: in I iig concentrations were generated by a one-step,
“ Q! 0 ® @ EDTA tubes low-speed protocol.
g N 0 %o b § ©000Smckuwes o |n Streck tubes, two-step, high-speed
ol . - © S centrifugation protocols also generated good
& & & &8 quality, high cfDNA concentration. However,
R A ¢ these tubes are not compatible with cfRNA
analysis.
April 2019
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A new problem:

Clonal Hematopoeisis

Genes commonly mutated Clonal hematopoiesis (CH) is the somatic
acquisition of genomic alterations in
% hematopoietic stem and/or progenitor
i ' Coombs (n=1353) cells, leading to clonal expansion.

Jaiswal (n=746)
Genovese (n=308)

-
(=]

3 Zink (n = 209)  Alarge proportion of cfDNA is derived
" i L Sl from peripheral blood cells (PBC),

therefore somatic mutations within non-
malignant hematopoietic cells, known
clonal-hematopoiesis (CH).

Prevalence (%) among CH-patients
=

» CH might be a recurring source of

h | HI Iﬂ | ‘ l discordance between tumor genotyping
\WER| |11 11§ PP Y T | and plasma cfDNA genotyping.

0 : : ‘

L)
DNMT3A TET2  ASXL1  JAK2 TP53 GNAS IDH2 KRAS

Hu (Oxnard) et al,Clin Cancer Res, March 2018 Ptashkin et al , JAMA Oncol. June 2018




False positive plasma genotyping due to
peripheral blood cells (PBC)

4 = Plasma (N = 80) k A

A Plasma ddPCR cohort A Plasma NGS cohort

221 subjects with NSCLC
who had plasma ddPCR

143 plasma NGS specimens from

- EGFR exon 19 del
& KRASG12D

122 subjects with non-squamous NSCLC | X
for EGFR & KRAS i @ P X
I 129 specimens with mutations detected 5
58 subjects with tumor on plasma NGS, totaling - . Baseline 6.5 months
genotypilng positive for an 486 coding mutations detected E 3 I Tumor (N = 1245)
. 4 | =
EGFR mutation ‘ | T——— p <0.0001
I 108 mutations CH-related gene: G 4
2 of these with detected in TP53 (JAK2, GNAS, IDHZ : 2 |
KRAS G12X mutations (]
on plasma ddPCR E 20 months
£ A
3
Z

L) L) A Ll il L} N L) L) 1

0 10 20 30 40 50 60 70 80 S0 100

|
A

33 with PBC and

2 detected in PBC,
consistent with CH

1

i

5 detected in
PBC, consistent
with CH

5 detected in
PBC. consistent
with CH

—
Mutant allelic frequency(=c)
-
4 .
L ]
Ld
.

2withPEC 5 with PBC 2}
available for T avatillzant::ar 12?$P53 available for Percent of samples S o
KRAS ddPCR NGE JAK2 ddPCR “ ory
.

5 10 15 20
Time on treatment (months)

 JAK2 mutations, some TP53 mut, and rare KRAS mut detected in cfDNA
are derived from CH not tumor

Hu (Oxnard) et al,Clin Cancer Res, March 2018




Our New Way to Work . ..
Molecular Tumor Board

Patient case is derived
from his doctor

Molecular Tumor Board

SEQUENCING LIBRARY
FRPETUMORSAMMLE o i ANALYSIS PIPELING CLINICAL REPORT

Molecular
B>

) [ Referral Doctor Discussion ]
Report with

therapeutic
proposal




~
FDA-recognized biomarker predictive of response to an FDA-
approved drug in this indication

»

N

Standard of care biomarker predictive of response to an FDA-
approved drug in this indication*

J

. for this indication

| Standard of care biomarker predictive of response to an FDA-
approved drug in another indication, but not standard of care

- . . : — )
Compelling clinical evidence supports the biomarker as being
predictive of response to a drug in this indication, but neither
biomarker nor drug are standard of care

»

4
Compelling clinical evidence supports the biomarker as being
predictive of response to a drug in another indication, but
neither biomarker nor drug are standard of care

Compelling biological evidence supports the biomarker as
being predictive of response to a drug, but neither biomarker

nor drug are standard of care

Standard of care biomarker predictive of resistance to an
FDA-approved drug in this indication

OnceKB

Standard
Therapeutic
Implications

*Includes biomarkers

that are recommended

as standard of care
by the NCCN or
other expert panels
but not necessarily
FDA-recognized
for a particular
indication

Investigational
Therapeutic
Implications

possibly directed

to clinical trials

Hypothetical
Therapeutic
Implications
based on
preliminary, non-
clincial data

Standard
Therapeutic
Implications

J Clin Oncol 34, 2016 (suppl; abstr 11583)




Effects of molecular tumor board and different NGS
panels implementation for the treatment of patients
with cancer.

ttNGS- I
_ ‘ 37 11 |5
IbNGS-
0% 25% 50% 75% 100% .
. | | Mutationsdetected by [bNGS
Mo Mutation Found 4 3a 2a : .d
] : etected
Not ONCOKB-annotated mutation == 3b "':zblw | I Mutationsdetected by #tNGS | M undetected

It looks like IbNGS can provide patients with alteration-driven
treatment recommendations more effectively than ttNGS

Rolfo et al, ESMO Open August 2018




Effects of molecular tumor board and different NGS
panels implementation for the treatment of patients
with cancer.

Samples

Migine Caronoma Lol C
Pancreatic ouctsl acenocarcroma il Smad Cad Lung Carcinoma
Prostate Adenocarcnoma

Cancer Type =

MTB decision = - No targeted therapy . Targeted therapy

ttNGS ONCOKB -

No Mutation Found 4 Ja 2a
Not ONCOKB-annotated mutation 3b 2b . 1

IbNGS ONCOKB -

Rolfo et al ESMO Open August 2018




Minimal Residual disease
The Role of Liquid Biopsy

Minimum detectable MAF

l Technique Panel Enrichme | Stage | Stage | Stage
10 (purpose) size nt I ] Il
(base technolo
| | pairs) ay
1 ; CAPP-Seq 128 Hybridizat 5/5 4/6 20/21
! | ] (detection & MRD) genes ion (100 (67%) | (95%)
(4 (188 %)
H . kbp)
1
(1 ‘I TEC-Seq 58 Hybridizat | 13/29 | 23/31 4/5
T ; ! (detection) genes ion (45%) | (74%) | (80%)
ot ' | (80.9
‘ kbp)
, 4 - CancerSEEK (detection) 16 Multiplex 2/46 10/26 11/31
TNM Stage genes PCR (4%) (38%) | (35%)
(4.6 kbp)
Minimum detectable mutant TRACERX 18 Multiplex | 22/37 | 16/23 | 8/14
allele frequencies (MAFs) for 142 (MRD) patient- | PCR (59%) | (70%) | (57%)
specific
patients with detectable ctDNA, (SlNSkap)

from a total of 301 patients
analysed.

Abbosch, Birkbak & Swanton, Nat Rev Clin Oncol, Sep 2018
M. Tsao, WCLC 2018




Mutant allele frequency (MAF) in Early Stage NSCLC

Estimation

™
‘ '_I !|v .
‘! 4;»
£ P9 )
- =
| I‘
1.4% 0.1% 0.008%
(0.62-3.1%) (0.06-0.18%) (0.002-0.03%)
Nodule
didmaser 5.8cm 2.6cm 1.2cm
Nodule . . 3
volume 100€m 0cm 1cm
T stage T3 Tlc Tib

Early detection of small NSCLC (<2 cm; T1la — T1b) using ctDNA will be
limited by the technical and physical constraints of detecting mutations
present at a low MAF (<0.1%).

Abbosch, Birkbak & Swanton, Nat Rev Clin Oncol, Sep 2018




LIQUID BIOPSY IN BREAST CANCER




Incidence of BRCA alterations in advanced breast cancer found
by ctDNA analysis

S
o

- . mE = B o
Source ICGA S¢IDNA cfONA TCGA cIDNA TCGA
Total n SOT 45 1€ 34 i 223
BRCA+ 0 T AU EGE NS htb et (4 1 1 2 (940
Cancer F

» 35/472 patients (7.4%) with advanced breast cancer were found to have a somatic or germline

BRCA mutation with ctDNA analysis
* Approximately half of the BRCA+ alterations were somatic only
» Reversion BRCA were identified in a significant percentage (13%) of BRCA+ pts without
foreknowledge of germline- or tissue-based testing, and may identify pts unlikely to respond to

PARPi.
Bardia et al. 2018 ASCO




cfDNA NGS - A Simpler Path to PARP Inhibitor Decision-
Making

Tissue NGS Germline Testing cfDNA NGS

¢ v {

Cannot distinguish . gBRCA, sBRCA, &
) Somatic BRCA )
germline BRCA (gBRCA) (SBRCA) are missed rB_RCA _establlshed
from somatic BRCA in a Single Test

(SBRCA) ‘
Germline Test or Tissue NGS to look
Sequence Normal for Somatic BRCA
Adjacent Tissue & Reverts (rBRCA)

Germline BRCA = gBRCA, Somatic BRCA = sBRCA, BRCA revert = rBRCA
*gBRCA vs. SBRCA essential for familial risk assessment

N

D =



Plasma-detected ERBB2 (HER2) “flips” predict response to
targeted HER2 therapy

Plasma ERBB2 (HER?2)

® Positiv Results
e; 325;
17% HER2. .. > 8.5% (12 of 142 HER2 Equivocal on tissue)
were ERBB2 amplification on cfDNA

" HER?2 +

. 0, . .
Negati ) 2.1% (29 of HER2 Negative on tissue)
ve were ERBB2 amplification on cfDNA

1386, {

715%
Of the 29 HER2 “Flips”: 6 were treated with
anti-HER2 Rx
5/6 (83%) of these patients had good clinical
response

Tissue HER?2 status, N=1,853

Raymond (Lanman) Cell-free DNA Analysis Identifies Actionable ERBB2 Amplifications in Patients with HER2 Negative Breast Cancer (SABCS, 2017)




Molecular Response and Resistance: ERBB2 L869R Targeted
with Neratinib, Followed by Emergence of ERBB2 T798lI

Mutation
'-:Sr-'.‘H.' . NOTCH

i =

- “fj’(&

o
J— PIKICAETI6  ERBB2 LA
- - . ¥
H ' = ARIDIA G335 ERBEZ DTESY ALK E1435}
> N g :

' CONEFD 3TN ERBAZ TEAIA ERBBE 17ET™

ERBB2 L869R is homologous to EGFR L861, and ERBB2 T798I is homologous to EGFR T790M




plasmaMATCH — Prospective Umbrella Trial for Targeted Therapy in

Metastatic Breast Cancer
Enrolling on Plasma (ddPCR and/or cfDNA NGS (Guardant360))

Courtesy of Nicholas Turner MD, PhD, The Royal Marsden NHS Trust

Patient Stratification based on alterations -
_.--"’f_-c;\sent f\c_)?"‘\--_?
UK plasmaMATCH ~—screening_—
l _“““‘\
s , PR SCTERTIES ’ ’ CtDNA ‘
igita :
National Institute for 8 sequ/(_-.'nClng
Health Research i -
Actionable «—
mutation
*:("b CANGER g
RESEARCH B e S
&~ r UK /""Consent for
“——___therapeutic study _—
Lo s X
.
AKT1 ESR1 HER2 PTEN TNBC Somatic NF1 Mutation?
Mutation Mutation mutation inactivating BRCA/ATM? AR ::f::iuon I:J'::S:n
3% incidence | | -10% 2% incidence | | o . F'<5%
4 + 4 + 4 4 4 i
Escalated Olaparib + ATR Confirm with bx met [1PA AZD MEKi
AZD5363 Neratinib AZD5363 e Ibocicib | i |
iy St fulvestrant + fulvestrant + fulvestrant ‘ inhibitor then trastuzumab/ et
T pertuzumab




Immunotherapy in Cancer




Atezolizumab phase | study in metastatic TNBC

B | OS by PD-L1 IC subgroups

100 1~ Subgroup Median 0S, mo
IC1/273 10.1(95%Cl, 7.0-13.8)
ICO 6.0 (55% (i, 2.6-12.6)
80 4+ Censored
S HR, 0.55 (95% (1, 0.33-0.92)
-é’ 604 Log-rank (Mantel-Cox) test
s P=002
- 1-year 0S rate: 44%
B | e e cnae e
f-',g 404§ =
§ 1ITHYC T 1 _% F-yelr OS N2 3-year 05 rate: 21%
(R R B R R S A e - , HIHR H
| : 5
| ! |
04 | L :
I ] | 1 | | | ; | | | ; | ] | 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Time, mo
No. at risk
IC172/3 91 72 63 45 35 27 20 17 13 7 6 5 4 3 2 1
ICO 21 15 10 8 6 3 1 1

Emens L et al. JAMA Oncol 2018.




Heterogeneity of PD-L1 Expression

EILSN antibody 5P142 antbody

¢ marker

* Intratumor heterogeneity

- Intrapatient Heterogeneity

McLaughlin et al, JAMA Oncol. 2016;2(1):46-54




H&E PD-L1(SP142) PD-L1(SP263)
M A renirs "J: m"‘ - SRS IR

-
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ety o 3 _.'. % -” \-.-‘."”. L2 ,.'..' : v ,,-‘; £ "r) "l }k,\ -... . 9 - AN ‘ il .
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Tumor cell

Immune cell

&

Figure 1: Staining with PD-L1 monoclonal antibodies in tumor and
immune cells. Histology of urothelial carcinoma (upper panels) and metastatic
lung adenocarcinoma (lower panels). Tissues were stained with hematoxylin-
eosin and PD-L1 monoclonal antibodies (SP142 and SP263, respectively).

S.Patel ACCC 2017




Many PD-L1 Biomarker assays are there and they
are not the same ...At All !!

Atezolizumab Nivolumab Pembrolizumab
Detection SP142 28-8 Rabbit
antibody

IHC platform? Ventana Dako Dako

Tested cells NSCLC (IC.and TC) Lung (TC) NSCLC (TC)
16%*2 J":s PD-L1+ as 25% of TCs PD-L1+ as 250% of TCs
0

Estimated

PD-L1 prevalence
in previously
treated NSCLC

68%*? tcu23 | 1cu23
'r‘ \"/"

4

*TC3 orIC3=TC =50% or IC = 10% PD-L1+; TC2/3 or IC2/3 = TC or IC = 5% PD-L1+; TC1/2/3 or IC1/2/3=TC or IC = 1% PD-L1+;

TCO and ICO = TC and IC < 1% PD-L1+, respectively.

IC = tumor infiltrating immune cell; IHC = immunohistochemistry; NSCLC = non-small cell lung cancer; PD-L1 = programmed death ligand 1; TC = tumor cell;
UBC = urothelial bladder cancer.

1. Kerr KM et al. J Thorac Oncol. 2015;10(7):985-989. 2. Spira Al et al. Oral presentation at ASCO 2015. 8010.

3. Petrylak DP et al. Oral presentation at ASCO 2015. 4501.




Blueprint Initiative

* Three assays (22C3, 28-8, SP263) demonstrate similar performance
* SP142 (Roche/Genentech) consistently labels fewer TC

PD-L1 IHC 22C3
pharmDx (Dako) is
the only FDA-
approved
companion
diagnostic for
selecting NSCLC
patients for
treatment with
pembrolizumab

Mean tumour cell score per case, based on 3 readers

100 =

90 —

80 =

70 =

60 =

50 —

40 =

30 —

L ) ////, .
(] C -

7
/

"
: ] ,/ [ ]
)

°

®

§\

oo
AN

B 22c3 (msD)
B 28-8 (BMS)
SP263 (AZ)
SP142 (Roche)l

1

L
3 5 7

|
9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Cases

o Hirsch FR| et al. Oral iresentation at AACR 2016b.



Liquid Biopsy and Immunotherapy in Cancer

Unmeet Medical Need:

Tumour microenvironment
— Validated Biomarkers in Blood!
Tomour Potential Utility of Liquid Biopsy
in Immunotherapy
Tumour-infiltrating PD-L1 Tumour-mutational D !
immune cells expression | burden D'agnOSt'_C
PD-L1, PD-1, CTLA-4, T *Prognostic
CD8 and CD45RO ' IFNymRNA . Microsatellite ‘ *Predictive of Response
expression phenotypes | | expression | instability ‘ -Monitoring
\ = *Mechanisms if Resistance
11 8 R ""."f = 1@ Current tools:
Cell-mediated immune system Serum/circulating factors * Calculation of circulating TMB
T cells, dendritic cells, plasma * Cytokines (e.q. IFNy) * Detection of bPDL1
cells, macrophages, eosinophils, * Lactate dehydrogenase (LDH) « Alellic Eraction Variation D .
natural killer cells, myeloid cells » Absolute/relative cell counts €llic Fraction Variation Dynamic

Liquid Biopsy in Immunotherapy is
challenging!

A complex microenvironment

Image from Nishino et al, Nature Reviews Clinical Oncology, June 2017




Clinical Application of liquid biopsy in

ctDNA frequency

Limit of
ctDNA

detection

Immunotherapy

Surgery /\ /
/ P

Detection of Early detection | / Early monitoring Detection of secondary,
minimal residual’ | of relapse /| of response resistance
disease * Initiating first * |Cl stop/switch in B * Characterization of
* Tailoring line ICl ata low § resistant cancers resistance mechanisms
$ | @adjuvant IC tumour burden ' a \ ““1 * New therapy targeting
v EKEnmt m EBamn n yu Themn _<o@Bes . "
/%\\—/ \ r resistant'subclones
3 AL -1---4 -8 8 8 _} £ 4 1 2§ : \/’ . u
Screening Surgery Adjuvant Surveillance Relapse First-line Disease
treatment treatment progression
Early stage disease Advanced-stage disease

Not so easy!!

Cabel et al, Nature Rev Clin Onc, Oct 2018




Tumor Mutational Burden Timeline

CheckMate 038;

First report of TMB effect on
respanseto -0 in

melanomat

TMB associated with susvrvadin 191

CheckMate 032:

’
nagve patients with 2L+ melanoma®

High TME associated with

Rooney:
Geneticpropertie of tumor
associated with oytolytic

activity”

2014 2016

2015

KEYNOQTE-001:

TMB associated with durable clinical

benefit indt+ "J\i’ &‘

IMyigor210;
Response to atgzolizumab is
refated to TMB i 21+

CheckMate 026: SCLCM

survivalin 2

J

High TMEB associated with
response in 1L NSCLCH

CheckMate 275:
High TMEB associated with

survival in 2L bladder'?

?017

IMvigor210:
IMB associated with
responsein il
bladde:”

TMBa

OAK/POPLAR;

jn 2+ NSCLC!

malysis

CheckMate 227:
High TMB associated with
survival in NIVO«IPI patients
in 1L NSCLE

018

High TM8 associated with

response in resectable

KEYNOTE-012/

BFAST and B-FIRST:
IMB analysis

NSCLC treated with
neoadjuvant NIVOH

bladdir® KEYNOTE-028: ibd O
IMB agsociated in 2L NSCLC

FIR/BIRCH/POPLAR; withibest overall Zehir!

IMB assessment by

responsein Prospective sequencing of over

Discovery of TMB as ICB "
onne 2L+ NSCLC* ’ 2
EQUACITONCNE JI S NS 10,000 tumors using MSK-IMPACT assay?

Biomarker \
FIR/BIRCH/POPLAR:
TNVE assodated with efficacy
In 1L and 2L+ NSCLC*

1L+ solid tumors?

r

Trial/Clinical Data Chalmers:

Association of TMB vath patient characterstics and

FDA approvalfauthorization

Other Key Data of FoundationOne*® CDx

tumor types using 100,000 baman cancer genoi es

and MSK-IMPACT e 1Y

T. Chan at 2018 ASCO




Blood-based biomarkers for cancer immunotherapy: Tumor mutational burden in
blood (bTMB) is associated with improved atezolizumab (atezo) efficacy in 2L+ NSCLC
(POPLAR and OAK)

Atezolizumab PFS benefit in bTMB subgroups: OAK

bTMB 216 bTMB <16 211/273 samples from POPLAR and
583/797 samples from OAK were biomarker-

100 = Atezolizumab (n=77) 1%} == Atezolizumab (n=216) evaluable

90 == Docetaxel (n=81) 90'..; == Docetaxel (n=209)

80 so- ¥

'r
70— 70 =%
. Population PFS HR (95%Cl)  n (%)

60= 60 = 2
= X -l-=
E‘ 50 = g 50= =5 bTMB 216 F—¢—i 0.65 (0.47, 0.92) 158 (27)
o o i

40 404 % bTMB <16 HH  0.98(0.80, 1.20) 425 (73)

30— 30— "='r,_

r,: e
20 20 ‘-.,"'-l._ BEP - 0.87 (0.73, 1.04) 583 (100)
10+ 10— e, g b
"y, ITT Hd  095(0.82,1.10) 850
T T T T T T T T T TTT1 T T TTTTTTTTTT1 I 1
0 2 4 6 8 1012 14 16 18 20 22 24 02 4 6 810121416182022242628 0.2 1.0 1.5
Time, months Time, months HR
Interaction p=0.036 Favours atezolizumab Favours docetaxel

BEP, biomarker-evaluable population
Gandara DR et al. Ann Oncol 2017;28(suppl 5):Abstr 12950




Blood-based biomarkers for cancer immunotherapy: Tumor mutational burden in blood
(bTMB) is associated with improved atezolizumab (atezo) efficacy in 2L+ NSCLC (POPLAR

and OAK)

Limited overlap between bTMB >16 and PD-L1 expression: OAK

bTMB 216
TC3 or IC3
[ 8]
n=103
n=156

Biomarker evaluable population (n=229)

PFS HR (95%Cl) OS HR (95%Cl)

bTMB =216 0.64 0.64
(0.46, 0.91) (0.44, 0.93)
TC3 or IC3 0.62 0.44
(0.41, 0.93) (0.27, 0.71)
bTMB =16 0.38 0.23
and TC3 or (0.17, 0.85) (0.09, 0.58)
IC3

Gandara DR et al. Ann Oncol 2017;28(suppl 5):Abstr 12950




Key Results

Conclusions

* This exploratory analysis
demonstrated that TMB can be
measured in blood

e The cut-point of bTMB 216 was
identified in POPLAR, and
independently validated to predict PFS
benefit in OAK

 bTMB identified a unique patient
population which was not significantly
associated with PD-L1 status

Comments
* @Great News

* The cut-point of bTMB 216 was is
a real cut-off?

* Great News: to be validated

* No wildly applicable. in clinical
practice




Digital Tumor Mutation Burden Predicts IO Response in NSCLC (top
tertile vs. lower tertiles) 73 genes panel

PFS by G360 adjusted-mut-count

~— High muts/Mb
~——  Low muts/Mb

HR(adj-mut-count>=8.426):

Progression:Free Survival (%)

0.0

| | ] | |
0 5 10 15 20 25

Time (months)

Grinberg (Peled) et al. 2018 Abstract ELCC, Geneva, Switzerland
N =27, 12 IO responders and 15 non-responders




B-F1RST :Blood-Based Tumour Mutational Burden as a
Biomarker of Atezolizumab Activity in First-Line NSCLC

Treatment
bTMB Subgroup
] >
enolled ___ [GE Y A ! e
(N =153) (n=152) g |
% 30% 1| 28.6% P =0.0002
v 4 ]
S 20% 1 14.5% |
8 10.1% |,
- Y 10%
DTN foF BEP Feasability = . B o
evaluable® ~ MSAF<1% MSAF 2 1% s y C 0% - L
(n=4) (n=29) (n=119) in 78% 3 b
- o ITT BEP High Low
(N=152) (n=119)] (n=28) (n=91)
’ kl 1L 2 ) wee High, 296.(n = 28)
90 « Low, <16 (n ¥81)
bTMBlzigh’ % L High bTMB: 4,6 mo
Z Lf X '\ &-manth PFS
n=28 P -,—"—-ﬁ 41.6% v3 328%
23% positive B 2 o N iomonth peS
* Excddudes one patient who was never treated (18% Of "T) ” W l e s ”""“ - l\'
' Assay QC failures 0 4
The MSAF < 1% population was considered as non-blomarker evaluable (non-BEP) e v 2 3 4 5 Yr:;o ,-‘:-,--.’:, $ WM 12 YW )
Lo i % e g ‘ : Kim ESMO 2018

Adapted from B. Besse, ESMO 2018




B-F1RST: strengths and weaknesses

bTMB Subgroup
I 2 16 cutoff
. ! P =0.0002
40% - ' 28.6%
34.5% I
R 1
£30% ;
[+
< |
S |
220%
o 10.1% |
o
= |
gIO% i f 4.4%
3 I [
Non-BEP  BEP High Low

(N=29) (n=119) (n=28) (n=91)

Median overall survival (OS) was not
estimable (NE) in patients with blood TMB
high compared to 13.1 months in blood TMB
low patients, HR 0.77; 90% ClI, 0.41 - 1.43 (p
= 0.48).

bTMB low, bTMB high,
<16 216
(n=91) (n=28)

24% PD-L1 39% PD-L1
negative negative

Major limitations No tissue collection No central PD-
L1 testing No tissue TMB

|

/ bTMB not | BEP

“evaluabled = | TMSAF<L T

(n=4) a=23} (n=119)

LOW TUMOR BURDEN! LESS

REPLICATIVE? IS MASF<1% THE BEST
PREDICTIVE MARKER?

Adapted from B. Besse, ESMO 2018




THIS AFTERNOON...

4
Non-Squamous Squamous
v v
No Targetable EGFR, ALK, BRAF,
Alterations ROS-1

v

PD-L1 <50% TPS PD-L1 250%TPS

—

PD-L1<50%TPS PD-L1250% TPS

TMB <10/MB TMB 210/MB TMB <10/MB TMB z10/MB

v

Nwvolumab g
P let? let? i
latinum Doublet ipilimumab Platinum Doublet? Pgd brolizumab
Pembrolizumab Pembralizumab
Platinum Pemetrexed Platinum Taxane
Atezoliz v Atezolizumab
Atezolizumab Bevacizumab IMpower1560S IMpower130 OS/PFS tezolizumal IMpoweri31 PFS/OS?

arboplatin Paclitaxe! Carboplatin Nab-Paclitaxel

Nivolumab Nivolumab
Platinum Gemcitabine/Pemetrexed CheckMate 237 PES FD-L1 <136 TPS Platinum Gemcitabine/Pemetrexed CheckMate a7 PFS




Quantity or quality of mutations?

Present antigents is the matter...

A%
X oY E‘;;f
IM‘! ‘$ '\.7‘ ‘A; ¢ v
) 7% & e
y y) p )
' pumt . ( I‘ ’\.\‘. N ‘ 1‘4' : .
- \ \ 4 : "p
e, " \ LN !
Pl oy oy
S '\ EANY
: \ . \ r ;
Somatic \ Expression of M\ Class | MHC ’
. Mutations L/ mut. protein g presentation
\ _J Y \ g h / \ L 4

I

| TCR
- recognition

S. Peters at 2018 ASCO




Mutational

Mutation Load
Analysis Report
Analysis
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Hypermutated Circulating Tumor DNA

Hypermutated Grculating
Tumor DNA: Correlation
with Response to

Checkpoint Inhibitor—
Based Immunotherapy

Khagi (Kurzrock) et al. Oct 2017 Clinical Cancer Research

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Variants > 6
Higher Disease Control

(P = 0.025) 50%

45%
41%

40%

35%

30%

6°/o 20%

15%

10%

5%

0%

All Varants > Vanants <
Patients or=6 (n=44)

(n=66) (n=22)

Disease Control Rate: CR+ PR+ SD

24%

VUS's >3

Higher Disease Control

(P=0.014)
45%

1 5%

All Patients VUS> 3 VUS<or=

(n=66)

(n=20) 3 (n=46)




HYPERMUTATED CIRCULATING TUMOR DNA

A Progression-free survival >3 VUS vs.<3 VUS ctDNA Alterations

Progression-free survival (%)

10

504

(-]

Median PFS
»3 VUS atoratons (n = 20): 3.84 months
<3 VUS altorations (n « 49%: 2 .07 months
P=0019

HR 0.52

whe >3 VUS ctONA Alterations

si=1<3 VUS ciDNA Alterations

L LA .
10 20 30
Progression-free survival (months)

3

1004

Overall survival >3 VUS vs <3 VUS ctDNA Alterations

Meadian OS

»3 VUS alteratons (n = 20): not reached
=3 VUS altarations (n = 49). 10.72 months
P« 0.042

= >3 VUS ctDNA Alterations
= <3 VUS ctDNA Alterations

HR 0.39

20 40 60
Overall survival (months)

In patients undergoing therapy with 10 a higher amount of
mutations was associated with a better PFS and OS

Khagi (Kurzrock) et al. 2017 Clinical Cancer Research




“ctDNA Velocity”: Change in ctDNA Allele Fractions at 6 weeks
Predicts 10 Response in NSCLC

10 =
Response
B FPD
B PR

5 -

[J sD

Change from baseline in mean VAF

16723, 12 BM 1576, neeto
ﬂ | Response
-5 o
The delta in variant allele fractions (VAF) was calculated by subtracting the mean VAF pre-dose from the mean VAF post-dose. VAF ]
decreased in 9/9 PR patients and 4/6 SD subjects. The time (in weeks) to investigator determination of PR response is shown. Kuziora (Ranadne) et al. 2017 Abstract AACR




A Decrease in Mean VAF After 6 Weeks of Durvalumab
Treatment was Associated with Improved OS and PFS

OS probability

1.0

0.8

0.6=—

0.4

“ctDNA Dynamics”: Change in ctDNA Allele Fractions
at 6 weeks Predicts 10 Response in NSCLC

OosS

VAF decrease
— VAF increase
HRO0.29 p=0.0003

|
5

| | I | I 1
10 15 20 25 30 35

Time to event or censor (months)

PFS probability

PFS
1.0-1 VAF decrease
- \/AF increase
p=0.0004
0.8 —
]

0.6— - -
0.4 —
0.2
0.0 T T T | T |

0 5 10 15 20 25 30

Time to event or censor (months)

Kuziora (Ranade) et al. 2017
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\ COMPREHENSIVE CANCER CENTER

Immunologic Differences by Race among
Stage IV Non-small Cell Lung Cancer
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MSI-High in 2,189 Patients by Cancer
Type with NGS

MSI-High by Cancer Type

20%
17,6%
15%
10% 8,7%
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5% 3,6%
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Vanderwalde (Marshall) et al. 2018 Cancer Medicine ‘2‘

N=2,189 with PCR and NGS tested by Caris Life Sciences




MSI-High Prevalence in TCGA by
Whole Exome Seq

MSI-High by Cancer Type
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Bonneville (Chowdhury) et al. 2017 JCO Precision Oncology
11,139 paired tumor tissue - normal tissue samples; 10,415 from TCGA, 280 from TARGET, and 444 from other studies
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Dramatic Response to Nivolumab in MSI-High Triple
Negative Breast Cancer — A Case Report

69 yoF with TNBC 3 years earlier, now with
mets in lung, stomach, & abdominal
lymphadenopathy, multiple biopsies confirm
TNBC in all affected organs, PD-L1 tissue
expression not observed

IHC showed loss of MLH1 and PMS2 expression, and
somatic hypermethylation of the MLH1 promotor was
found. MSI was confirmed using PCR - after 3 cycles of
nivolumab dramatic response to ulcerated 5 cm
metastatic lesion in stomach

Kok (van Dieren) et al. 2017 JCO Precision Oncology
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GuardantOMNI

* GuardantOMNI (OMNI), a highly sensitive 500-gene
cfDNA sequencing test requiring as little as 2 mL of
plasma and designed for broad genomic detection of
somatic single-nucleotide variants (SNVs) and small
indels in 497 genes, copy number amplifications
(CNAs) in“106 genes, and fusions in 21 genes.

e Additionally, tumor mutational burden (TMB), and
DNA damage and mismatch repair, with coverage of
over 30 genes associated with the DDR pathway.

Helman et al, AACR Annual Meeting 2018




.
MYSTIC study design: Phase 3, open-

label, multicenter study

*Stage IV NSCLC
*All-comers population
(i.e. irrespective of PD-
L1 status)
*EGFR—/ALK-
*ECOG PS0/1
*Immunotherapy- and
CT-naive
N=1118 randomized

1:1:1

&

Stratified by
PD-L1TC
(<25% vs 225%*
and histology

Durvalumab (n=374)

20 mg/kg g4w until disease progression

Durvalumab + tremelimumab
(n=372)

D 20 mg/kg g4w until disease progression +
T 1 mg/kg g4w for up to 4 doses

Platinum-based CT (n=372)

* Paclitaxel + carboplatin OR
* Gemcitabine + cisplatin/carboplatin (squamous) OR
* Pemetrexed + cisplatin/carboplatin (non-
squamous) for up to 6 cycles

Primary endpoints

(PD-L1 TC 225%)

*0S (D vs CT)

» OS(D+T vs CT)

* PFS (D+T vs CT)

Key exploratory endpoints
* OS by bTMB and tTMB

*Ventana PD-L1 (SP263) assay using newly acquired or archival (<3 months) tumor biopsy; "Followed by pemetrexed maintenance therapy if eligible; bTMB, blood tumor mutational

burden; CT, chemotherapy;

D, durvalumab; ECOG, Eastern Cooperative Oncology Group; mNSCLC, metastatic non-small cell lung cancer; OS, overall survival; PD-L1, programmed cell death ligand-1; PFS,
progression-free survival; PS, performance status; T, tremelimumab; TC 225%, 225% of tumor cells with membrane staining for PD-L1; tTMB, tissue tumor mutational burden

1. Garassino MC, et al. Lancet Oncol 2018;19:521-536; 2. Kowalski D, et al. Presented at ESMO 2018, #13780; 3. Rizvi N, et al. Presented at ESMO |-O 2018, #LBA6

S. Peeters et al, AACR 2019
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PFS in Patients With Blood TMB 220 and <20 mut/Mb

bTMB =20 mut/Mb

bTMB <20 mut/Mb

D D+T CcT D D+T CcT
(n=77) (n=64) (n=70) (n=209) (n=204) (n=185)
mPFS,* 2.7 4.2 4.4 mPFS,* 2.8 2.0 5.0
months (1.8-4.4) (2.8-NR) (4.1-5.4) months (2.2-3.1) (1.7-2.8) (4.2-5.5)
1.0 (95% Cl) 1.0 (95% Cl)
HRvs CT" 0.77 0.53 HRvs CT 1.19 1.55
(95% Cl) (0.52-1.13) (0.34-0.81) v (95% CI) (0.94-1.50) (1.23-1.94)
¥ 0.87 HR vs D' 0.76 # ) 0.89 HR vs D' 1.26
o (95% Cl) (0.50-1.15) o (95% Cl) (1.02-1.57)
o 0.6- © 0.6+
Fy fy
= 38.6% =
B 0.4- e ® 0.4-
0 H o
e : e
* 0.2- * 0.21
o .
0.0 T T T T T 1 0.0 T T LEL R (R T .
0 3 6 9 12 15 18 0 3 6 9 12 15 18 21
Time from randomization (months) Time from randomization (months)
No. at risk
D 77 35 25 21 16 4 0 209 86 53 38 20 6 1 0
D+T 64 38 28 23 18 5 0 204 77 37 28 14 3 0 0
(o) 70 47 14 2 1 1 0 185 116 52 30 10 2 1 0

*Blinded independent central review per RECIST v1.1; "Unadjusted; data cut-off June 1, 2017
mPFS, median progression-free survival; NR, not reported; RECIST, Response Evaluation Criteria for Solid Tumors.

S. Peeters et al, AACR 2019




e
Tumor Response in Patients With Blood TMB

>20 and <20 mut/Mb

Objective response rate*

60 -
mD ED+T BCT
50 - 48,4
2 40 A
£ 3 28,6 29,9 31,4
[ o
2 23,1 243 21,4 20,6
& 20 - 16,7
10 -
0 -
bTMB evaluable bTMB =20 mut/Mb bTMB <20 mut/Mb
bTMB 220 mut/Mb bTMB <20 mut/Mb
D (n=77) D+T (n=64) CT (n=70) D(n=209) D+T(n=204) CT (n=185)
Patients with response, n 23 31 15 43 34 58
Remaining in response at 6 mo, % 86.5 85.6 14.4 64.0 66.6 333
Remaining in response at 12 mo, % 80.3 81.7 7.2 59.1 48.2 14.3

*Blinded independent central review per RECIST v1.1; responses include unconfirmed responses; data cut-off June 1, 2017

S. Peeters et al, AACR 2019




Exosomes in lung cancer

Antineoplastic
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S. Taverna, M. Giallombardo, (C. Rolfo) . Oncotarget., 2016 May 10;7(19):28748-60
Fig. unpublished P.Reclusa (Rolfo Lab)




EML4-ALK translocation identification in RNA exosomal cargo (ExoALK) in

NSCLC Patients: a novel role for liquid biopsy

G T
i

Proteins

DNA
Proteins
- DNA

RNA

© RNA

The concordance between tissue and exosomes was 63% (9 / 16 patients). All three patients

Pablo Reclusa

ALK-EMLA FISH detection
| 4 ,_inTissue (n=19) .
Positive (16) Negative (3)
Positive(9) 9 0
Negative (8) 5 i 3
Sensitivity Specificity
64% 100%

being negative for the fusion gene in tissue resulted also negative in the ExoALK analysis,

representing a specificity of 100%.

Reclusa (Rolfo) et al, Translational Cancer Research,In Press Nov 2018




Exosomes in 10: potential therapeutic

implication

Muthukumar Gunasekaran, PhD

(A) Targeted drug delivery

= Bioengineered exosomes to deliver potent antitumor payload e.g.,
cytotoxic drugs, short interfering (si)RNA, apoptosis-inducing proteins
= Targeting ligands promotes homing to tumor and permits sensmvee ®
discrimination between cancerous and noncancerous cells

= Therapeutic index of chemotherapeutic drugs e.g., doxorubicin, @
paclitaxel

= Distinct advantages as vectors for gene therapy e.g., endogenous
abilities to evade RES and deliver miRNA
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(B) immunotherapeutic approaches

* Dendritic cell-derived exosomes (Dex) as cell-free alternatives
to DC-based cancer immunization

* + Repertoire of tumor-specific T celis and rejuvenate dormant
CTLs in the tumor microenvironment (o] @)
= Indirect and direct mechanisms of T cell priming oo
= Antigen presentation e.g., MHC-I, MHC-1I

» Co-stimulatory molecules e.g., COB0, CO86

= Potential ability to stimulate NK cell activation: IL-15Ra, NKG2D
ligands (e.g., ULBP-1)
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Take home message

Liquid biopsy are entering in our clinicla practice in oncology
Important tool in NSCLC, as a non invasive method.

* Free tDNA nowdays have a high concordance with tissue and more easy.

LB Immunoterapy: several questions to be answered: correlation with tumor,
standarize isolation, mutations.

* Exosomes represents a step forward with multiple possibilities for clinical
application

* More trials grants, academia, cooperative groups and pharma efforts are
needed.
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