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Liquid biopsy can provide clinically-valuable information along
the whole patient journey
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The liquid biopsy family in Early Detection
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Evaluation of Cell-Free DNA Approaches for
Multi-Cancer Early Detection
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Sensitive and specific multi-cancer detection and localization using

Chromosome Alterations methylation signatures in cell-free DNA
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Clinical validation of a targeted methylation-based multi-cancer early
detection test using an independent validation set

E. A. Klein'", D. Richards?, A. Cohn®, M. Tummala®, R. Lapham®, D. Cosgrove®, G. Chung’, J. Clement®, J. Gao®,
N. Hunkapiller®, A. Jamshidi®, K. N. Kurtzman®, M. V. Seiden’’, C. Swanton'"*? & M. C. Liu**

et al Annals of Onc 2020, Klein EA, et al. Ann Oncol 2021




Participant Disposition

CCGA SUBSTUDY 1: RESULTS

The Circulating Cell-free Genome Atlas (CCGA) Study
Three pre-specified CCGA substudies
15,254 participants (non-cancer, 44%; cancer, 56%)

Substudy 1:
Discovery analyses of 3
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ndent assays
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Excluded

missing stage
reasons

assay data for 21 assay

11 multiple myeloma
- 296 with analyzable tumor
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560 Non-cancer

- 8 multiple myeloma
- 113 with analyzable tumor
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362 Non-cancer

2,800 Participants
1,628 Cancer, - 5 participants not
1,172 Non-Cancer »  clinically locked were
v excluded
Excluded [ Training Set: 1,785 ] [ Validation Set: 1,010
Clinically Locked Clinically Locked
- 52 (3%) excluded based | |+ 30 (3%) excluded based
on eligibility criteria - | on eligibility criteria
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1,733 Clinically Evaluable 980 Clinically Evaluable
984 Cancer 576 Cancer
- 866 stage I-IV - 469 stage |-V
. 96 (6%) excluded due to stage 0 or 580 Non-cancer 368 Non-cancer . 82 (8%) excluded due to stage 0 or
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. 3 (<1%) excluded for other clinical N 7N\ /| + 0(0%) excluded for other clinical
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cTAF, circulating tumor allele fraction




CCGA SUBSTUDY 1: RESULTS

Cancer Signal Detection

Performance
Sensitivity at 98% specificity h
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Cl, confidence interval; SCNA, somatic copy number alteration; SCNA-WBC, somatic copy number alterations with correction for clonal hematopoiesis noise; SNV, single nucleotide variant; SNV-WBC, single nucleotide variants with
correction for clonal hematopoiesis noise; TP, true-positive; TS, targeted sequencing; WG, whole-genome; WGS, whole-genome sequencing
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98% specificity
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ctDNA Fragmentomics: Recognizing the complexity
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Fragmentomics in a Single-tumor test
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High risk
population Missing
in the current
analysis and
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SURVIVAL IMPACT

Cancer Signal Origin Prediction Accuracy
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Cristiano S, et al. Nature 2019, Klein EA, et al. Ann Oncol 2021

Overall accuracy of
CSO prediction

Accuracy of CSO
prediction by CSO

88.7% (87.0%-90.2%)

Predicted cancer signal origin

Confusion matrix for signal origin prediction (All)
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LDCT screening
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Take home message from Liu et al abstract:
Strengths:

* Impressive research in multi-omics to confirm WG methylation approach as the
most promising one for MCED

« cfDNA WG Methylation is less complex and avoid confounding factors
« cfDNA WG Methylation has Validation at high specificity >>> FDA Approval
Questions still open:

« Heterogeneous population, including solid tumors and hematologic
malignancies

* It's necessary to include Stage IV?

« Missing data of high risk population —nodules discrimination: Useful in this
scenario?

« Differences in Histology and other variants for each tumor type will affect the
performance?

WG Multi-Omics
Methlyation Beyond cfDNA




Machine Learning-Based Multiple Cancer Detections with
circulating MiRNA Profiles in Blood

National Project to develop a circulating
MiRNA database in Japan (2014-2019)
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Japanese team develops blood test that Esophagus
Sudo et al. JAMA Netw Open 2:¢194573, 2019
can check for 13 types of cancers Sudo, Matsuzaki et al. Jpn J Clin Oncol 50:114, 2020

MONDAY , JULY 24, 2017 - 7:20 AM

Breast
Shimomura et al. Cancer Sci 107:326, 2016
Shiino, Matsuzaki et al. Clin Cancer Res 15:1817, 2019

Lung
4 Asakura, Kadota et al. Commun Biol 3:134, 2020
Stomach

The center’s research and ethics screening committee gave the Abe, Matsuzaki et al. Gastric Cancer (online)

green light to the study in mid-July. The research team will apply - 4

to the central government to put the new test into practical use Colon iver

within three years, at the earliest Yamamoto, Kondo, Matsuzaki et al. Hepatol Commun 4:284, 2020
Thus far, there has been no test to diagnose multiple kinds of

cancers at one time. If the new test is introduced in o

comprehensive medical examinations and other checkups, deaths vary . . .

from cancer could be reduced. Yokoi, Matsuzaki et al. Nat Commun 9:4319, 2018

f sHARe WP TWEET in SHARE | (8% EMAIL a Pancreas
(c) 2017, The Japan News/Yomiuri.

TOKYO - A research team led by the Tokyo-based National Cancer

Center Japan has developed a new test to diagnose 13 kinds of Biliary tract
cancers from a single drop of blood, with a clinical study set to

start from next month.

The new test utilizes microRNA (miRNA), a substance that is

d fi lis i he blood and I h Bladder
ofgenes, Types of mRNA e ecween cance e ad norl Usuba et al. Cancer Sci 110:408, 2019
cells, and they do not decompose for a certain period of time.
The team is composed of researchers from the center, Toray Prostate . .
Urabe, Matsuzaki et al. Clin Cancer Res 25:3016, 2019

Industries Inc. - which has the testing technology - and other
institutions. They succeeded in identifying miRNA specific to 13 Sarcoma

kinds of cancers, such as breast, lung, stomach, colorectal, N
Asano, Matsuzaki et al. Nat Commun 10:1299, 2019

Matzuzaki et al, ASCO 2021




Prospective Validation with New Technologies

« Serum samples were prospectively collected with
standard operating procedures.

* The entire miRNA expression profile was analyzed via
NGS (lllumina NovaSeq 6000)

» The resulting total miRNA expression profile was used to
train machine learning models.

« The machine learning model was trained with a training
set to test set ratio of 4:1 and was carefully monitored by
5-fold cross-validation to avoid overfitting.
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miri2d.3p 13

. . Expression
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Serum samples miRNA-seq paternm’

‘ ples repertoire Machine
Learning
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Cancer Type

Breast: 272
Lung: 223
Colorectal: 237
Stomach: 221
Pancreas: 99

Volunteers: 289
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Age
[Mean (SD)]

54.0 (11.8)
68.3 (9.8)
64.8 (11.9)
68.2 (10.6)
64.7 (11.3)

60.7 (12.0)

Matzuzaki et al, ASCO 2021




The diagnostic model provided 88% accuracy for all five cancer types

Pancreatic Cancer vs Healthy Volunteers
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Early vs Late Stage Breast Cancer Detection

Early Stage (0, |, Il) (149 cases), Num. Features: 65
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Conclusions

« The main advantage of miRNA-based cancer diagnosis is that they are more sensitive even in
the early stages of cancer, compared to other diagnostic methods, such as cell-free DNA
diagnostics, where the sensitivity of many types of cancer in the early stages still remains low.

» This approach is easily expandable to other cancer types.

« Given the potential value of early detection in fatal malignancies, further validation studies are
justified in future population-based studies. Many cancer research institutes are currently
conducting further clinical trials to validate this early cancer diagnosis based on miRNA
expression profiles.

 Further basic research to elucidate the functionality of extracellular miIRNAs is also required.

Matzuzaki et al, ASCO 2021




Detection of any-stage cancer using plasma and urine glycosminglycans

Do GAGomes change from Normal levels in any cancer type? At which

stage?

Chondroitin sulfate C

and D precursor 1 log_fold-change

RCC vs. Normal

>2.00

1.50-2.00
1.00-1.50
0.50 - 1.00
0.20-0.50
-0.20-0.20

Chondroitin sulfate D
precursor 2

-0.50--0.20
-1.00--0.50
-1.50--1.00
-2.00--1.50
<-2.00

Chondroitin sulfate A
proteoglycan

mememe

/7 °*°S/ \

S»2

Heparan sulfate -2 o2
. 4sCS 6s cs .
precursor 15 i :

25431 cs
Metabolite-neighbouring genes

Down-regulation

S=2 S+6
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Harnessing Deregulated GAG Plasma & Urine GAGome in 1500+
metabolism led to the development samples from 553 Cancer Patients vs
of GAG scores 426 helathy

(o] H
(N=553) (N=426)
Plasma GAGome Plasma GAG score Age
CS HS 2.0 1 R Mean (SD) 64.3 (12.6) 57.4 (13.8)
2] F
10 3 r Median [Min, Max] 67.0[21.0,91.0] 59.0[22.0, 78.0]
E = %
o\'—o‘ 1_._ 101‘5_: Gender
3 10°F L o5 ? Female 253 (45.8%) 246 (57.7%)
E- C 1 8 Male 300 (54.2%) 180 (42.3%)
c 40 100 m =
ISR : g |-
*ES' :‘ C 0] Group
E 1 L 10051 8 H 0 (0%) 426 (100%)
G107+ I £1.01 BC 28 (5.1%) 0 (0%)
8 E °| K BCa 47 (8.5%) 0 (0%)
o C 0 o CRC 27 (4.9%) 0 (0%)
O . Ll 107 csT 28 (5.1%) 0 (0%)
10 E C DG 40 (7.2%) 0 (0%)
E C o EC 30 (5.4%) 0 (0%)
RraRaRar cnoooasa 051 aneT wesH  oow
O O0O0O0O0OO0OO0OO0Oo I T T T T T ITXI - O'_ OI= (.)I= (.)I> HN 17 (3.1%) 0 (0%)
L I I N7 N N7 B LI I I N N N M)} 9 o) = =2 " 5
O F © © © A ¥ & O Z O AN © © & £ Og 02 O¢ O LL 18 (3.3%) 0 (0%)
28 &r- 224F 3 Tg Y T Iy NHL 30 (5.4%) 0 (0%)
° 2 & g % NSCLC 83 (15.0%) 0 (0%)
ov 30 (5.4%) 0 (0%)
PCa 104 (18.8%) 0 (0%)
RCC 57 (10.3%) 0 (0%)
Stage
‘ Stage I/Low-grade 187 (33.8%) 0 (0%)
Stage Il 56 (10.1%) 0 (0%)
Stage Il 59 (10.7%) 0 (0%)
‘ Stage IV/High-grade 238 (43.0%) 0 (0%)
Unspecified stage/grade 13 (2.4%) 0 (0%)

Healthy controls 0 (0%) 426 (100%)
Francesco Gatto, ASCO 2021




Alterations of Plasma & Urine GAGome in Cancer Used to develop
GAG Scores

lisdlgionle paoreo s o Combined (N=523) Plasma (N=942) Urine (N=560)
and machine learning

DISCOVERY VALIDATION DISCOVERY VALIDATION DISCOVERY VALIDATION

Cancet. Hoalty Gance (N=314) (N=209) (N=567) (N=375) (N=337) (N=223)
GAGH High Stage
GAG: - Healthy controls 204 (65.0%) 135 (64.6%) 255 (45.0%) 170 (45.3%) 205 (60.8%) 135 (60.5%)
GAGs Stage I/Low-grade 23 (7.3%) 21(10.0%) 110 (19.4%) 68 (18.1%) 29 (8.6%) 24 (10.8%)
_ Ll Stage Il 10 (3.2%) 6 (2.9%) 36 (6.3%) 18 (4.8%) 11 (3.3%) 7 (3.1%)
oG . Stage Ill 11 (3.5%) 8 (3.8%) 32 (5.6%) 25 (6.7%) 12 (3.6%) 9 (4.0%)
cne. Low Stage IV/High-grade 66 (21.0%) 39 (18.7%) 128 (22.6%) 89 (23.7%) 79 (23.4%) 47 (21.1%)
Unspecified stage/grade 0 (0%) 0 (0%) 6 (1.1%) 5 (1.3%) 1(0.3%) 1(0.4%)

Francesco Gatto, ASCO 2021




Plasma GAG score

“Validated AUC = 0.84 4.0 wrignermce.

»35% sensitivity at 98%
specificity

*31% sensitivity to
stage l/low-grade* at
98% specificity

Urine GAG score

*\Validated AUC = 0.82

»39% sensitivity at 98%
specificity

»33% sensitivity to
stage l/low-grade™ at
98% specificity

Francesco Gatto, ASCO 2021
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Combined GAGomes Could predict tissue-of-origin with 74.3%
Balanced accuracy

BCa PCa RCC NSCLC HN

Bayesian Additive Regression Tree model BCa
*Trained in N = 110 cancer combined GAGomes

=\alidated in N = 74 (5 types) PCa
»Balanced accuracy 74.3%

»89.2% accuracy for genitourinary vs. respiratory
tract tumors

RCC

Predicted TOO

NSCLC

HN

Plasma & Urine GAG Scores independently correlate with OS

Plasma GAG score Urine GAG score

Kaplan-Meier survival analysis - ﬁ - E:——_\‘_L

= Adjusted for age, gender, cancer g " 5"

type and stage IV/high-grade 3 ou 3 os h

» Plasma: HR = 1.87 [95% CI = 1.36- § , §

2.57], p <0.001, N = 370, 13 types  °*|™™. -8

= Urine: HR = 2.50 [95% CI = 1.50- aoof T

et =i, BE=il62, Sypes) S
’ ° Montr:szlrom S:npling “ 2 8 . Month‘s;zfrom S;?npling “ @

Francesco Gatto, ASCO 2021




Conclusions and Future Directions

» Urine and plasma GAG scores were robust and versatile liquid biomarkers for early
multicancer detection based on tumor metabolism

» GAG scores detected up to 33% stage l/low grade cancers as well as brain and
genitourinary tumors - historically missed by genomics-based liquid biopsies.

* Required external validation in studies with patient population representative for early
multicancer detection

Francesco Gatto, ASCO 2021




Liquid biopsy can provide clinically-valuable information
along the whole patient journey

g1+ ) + 5)

Tissue-based assay (+ liquid-based assay) Liquid-based assay (+ tissue-based assay)

A
v

Detection Therapy response
of Residual & resistance
disease monitoring

Diagnosis
Screening & prognosis

* Adjuvant Metastatic Treatment

1st line 2" line

Recurrence

Levels of ctDNA

[
»

Possible applications Capture disease 2asure success of interventio
of liquid biopsy heterogeneity & de-escalation of therapy

Detect PD ahead of symptoms Understand evasive mechanisms and adapt
or radiographic progression therapy timely with respect to tumor heterogeneity

Adapted from Wan, J.C.M., et al., (2017) Nat Rev Cancer 17.'223-38:
D EEEEBREBEBGCLBLBEEEESEESEESESGDSC—>D>D>—>—HSDGDGGDDGDGDOGDSGSYDT



Clinical Performance of Methylation-Based Liquid Biopsy test

BaCkg rou nd Not Detected

Clinical guidelines recommend surveillance for patients
who complete primary treatment for colorectal cancer
(CRC) with the aim of detecting recurrence when
amenable to curative intent treatment.

» Current surveillance methods (imaging and CEA) have limitations
both in sensitivity and specificity.

Indeterminate

 Liquid biopsy tests that detect circulating tumor DNA (ctDNA) ok

have improved performance over CEA.

This is a laboratory-developed, real-time PCR test
that detects DNA methylation of BCAT1 and IKZF1
genes in blood (two genes are hypermethylated in 95%
of CRC tissue).

* Previously, presence of any replicate of either target gene was
reported as “detected”. In the current study, ' s
test reports “detected” result when at least one replicate of IKZF1 IKZE1 f cHs
or multiple replicates of either IKZF1 and/or BCAT1 are present.  CH3 ]

Detected (Ex 2)
BCAT1 { CH3 J

Presented By: Zivjena Vucetic, MD, PhD #ASCO21 | Content of this presentation is the property of the author, licensed by ASCO. 2021 AS CO
Permission required for reuse. ANNUAL MEETING




Study Design

* The study evaluated the impact of optimizing the assay’s qualitative reporting
method on actionability and clinical performance for recurrence detection in CRC
surveillance setting.

« Two previously described cohorts of CRC patients (N=322" and N=1442) who
completed primary treatment and were undergoing surveillance were evaluated.

« Imaging and blood collections were performed at, or adjacent to, a standard of
care visit.

« Sensitivity, specificity, and diagnostic odds ratio (DOR) for CRC recurrence
detection from a single time-point blood sample was determined using radiological
imaging as clinical reference standard.

» Performance was compared for 2 category | result reporting (detected/not
detected) vs. 3 category result reporting (detected/not detected/indeterminate).

1: Musher, BL et al. CEBP. 2020; 29(12): 2702-2709
2. Symonds, EL et al. Cancer. 2020; 126: 1460-1469

Presented By: Zivjena Vucetic, MD, PhD #ASCO021 | Content of this presentation is the property of the author, licensed by ASCO. 2021 AS CO
Permission required for reuse. ANNUAL MEETING




Results

Cohort 1 Cohort 2
N=322 N=144

27/322 50/144
0,
Recurrence (N/%) (8.4%) (34.7%)

s 13.0% 6.5% 29.1% 26.4%
llestRosltivitylRate 42/322 21/322 42/144 38/144
gesﬁf'g‘l’)'ty 63% (42.4-80.6%) 59.3% (38.8-77.6%) 66% (51.2-78.8%) 62% (47.2-75.4%)

0

Specificity
(95% ClI) 91.5% (87.7-94.4%) 98.3% (96.1-99.5%) 90.4% (82.6-95.5%) 92.6% (85.3-97%)
Negative Predictive 96.4% 96.4% 83.3% 82.08%
Value (NPV) 270/280 290/301 85/102 87/106
Positive Predictive 44.7% 76.2% 78.6% 81.6%
Value (PPV) 17/38 16/21 33/42 31/38

1 Musher, BL et al. CEBP. 2020; 29(12): 2702-2709

8 Symonds, EL et al. Cancer. 2020; 126: 1460-1469

Presented By: Zivjena Vucetic, MD, PhD

#ASCO21 | Content of this presentation is the property of the author, licensed by ASCO.

Permission required for reuse.
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Conclusions

Increased confidence in positive test results
» Overall, it can be expected to see lower number of patients with reported positive test results.

» Improved positive predictive value (PPV) to >76% (from 44.7%) means that over % of patients
with detectable | levels will have confirmed recurrence on imaging at timepoint closest

to the blood draw.
» Sensitivity (true positive results) is not significantly changed.

Maintaining confidence in negative test results

» Improved specificity - 98% of patients without imaging detected recurrence were correctly
identified as not having detectable _ _.. _._ | results.
« High NPV - only 4% of patients with not detectable ctDNA levels will have recurrence.

Optimization of test results improved clinical utility and actionability
when used in surveillance for detection of recurrent CRC.

Presented By: Zivjena Vucetic, MD, PhD #ASCO21 | Content of this presentation is the property of the author, licensed by ASCO. 2021 ASCO
Permission required for reuse. ANNUAL MEETING




Liquid biopsy can provide clinically-valuable information along the whole

patient journey
g+ [ (+ &)
Tissue-based assay (+ liquid-based assay) Liquid-based assay (+ tissue-based assay)
Diagnosis Detection Therapy response
Screening & prognosis of Residual & resistance
& prediction disease monitoring
Neo Adj. t Adjuvant Metastatic Treatment
]
4 Surgery 1%t line 2nd line
< } Recufrence
9 [}
(@]
©
0
[}
>
o
|

Possible applications
of liquid biopsy

Mcongress

Capture disease
heterogeneity

Christian Rolfo

Measure success of intervention Detect PD ahead of syfaptoms Understand evasive mechanisms and adapt

& de-escalation of therapy or radiographic progressio Srapy ey w SSPECL 0 wWimion nieterogeneity
Adapted from Wan, J.C.M., et al., (2017) Nat Rev Cancer 1 7:223-38.'

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.



Current Status of CSF Liquid Biopsies

v Presence in CSF of tumor-derived DNA/tumor cells confirmed in
many patients with primary or secondary CSF cancers (Adult

Diffuse Glioma, DMG/DIPG, CNS Lymphoma, Medulloblastoma,
CNS Metastases/Leptomeningeal Disease)

v" Technical feasibility of many approaches (CTCs, ddPCR, targeted
exome, sSWGA) documented in retrospective series

» Unknown feasibility and utility of CSF liquid biopsies for
evaluation of treatment response in prospectively collected

Presented By: Ingo Mellinghoff #ASCO21 | Content of this presentation is the property of the author, licensed by ASCO. 2021 AS CO
Memorial Sloan Kettering Cancer Center Permission required for reuse. ANNUAL MEETING




10

Cantor et al., Abstract ID:2012 (343245)

d Clinical Trials.gov Identifier: NCT03416530; multicenter, open-label, seven arm,
dose escalation, phase | study of oral ONC201 in pediatric patients with newly
diagnosed Diffuse Intrinsic Pontine Glioma (DIPG) and recurrent/refractory H3
K27M gliomas

d Therapeutic Intervention: ONC201

 Measurement: cell-free tumor DNA (CSF and Plasma); 17 patients with >2 sample
time points; 62 plasma samples/186 replicates; 29 CSF samples/87 replicates

1 Result: No correlation between change in tumor area and VAF, but
decrease/increase in ct-DNA associated with response/resistance

Presented By: Ingo Mellinghoff #ASCO21 | Content of this presentation is the property of the author, licensed by ASCO. 2021 AS CO
Memorial Sloan Kettering Cancer Center Permission required for reuse. ANNUAL MEETING




Cerebrospinal Fluid CTCs for proton carnial irradiation for solid tumor
leptomeningeal mets

0 Patients/Clinical Trials.gov: builds on Phase Ib Study With Dose Expansion

y e Wil \§ Cohort of Proton Craniospinal Irradiation (pCSI) for Leptomeningeal Metastases
1 ’_— From Solid Tumors (24 participants; NCT03520504) --- overall 58 LM patients (lung
_ I 27, Breast 22, other 9) who received pCS|
"fj fm = U Therapeutic Intervention: Proton Craniospinal Irradiation
_1' | . o 0 Measurement: CSF circulating tumor cells (CellSearch®) prior to and after pCSI
— - 0 Result: Pre-pCSI CTC CSF <53 cells/mL associated with improved CNS PFS and
: &A |- a trend toward improved OS; ACTC-CSF 237 cells/3mL associated with improved
N o CNS PFS

CNS Progression Free Survival Overall survival

g

1. Most favorable group: pre-pCS| CTCg <53

cells/3mL (median CNS PFS=12 months, OS=
17 months)

Survival

Survival

2. Favorable group: pre-pCS| CTC;g 233
| cells/3mL and Aqre cge 237 cells/3mL post-pCSl
. 1 L (median CNS PFS=7 months, OS=11 months)
""" o % w w4 e 3. Unfavorable group: pre-pCSI CTCrgr 253
Months Months

cells/3mL and Aqre cge <37 cells/3mL post-pCSl
(median CNS PFS=4 months, OS=5 months)
B pre-pCSI CTCcsF <53 (n=12)

W pre-pCSI CTCcsr 253 AND post-pCSI ACTCcsr 237 (n=14)
W pre-pCS| CTCesk 253 AND post-pCSI ACTCesr < 37 (n=22)

Wijetunga et al, Discussant I. Mellinghoff




Clinical application of liquid biopsy in immunotherapy

Detection of Early detection of Early monitoring of Detection of secondary
minimal residual relapse response resistance
disease * Initiating first line ICI | < ICI stop/switch in  Characterisation of
* Tailoring adjuvant at a low tumour resistant cancers resistance mechanisms
ICI burden * New therapy targeting
resistant subclones

ctDNA frequency

Screening Surgery Adjuvant Surveillance Relapse First-line treatment Disease progression
| treatment | |
| |
Early stage disease Advanced-stage disease

Not so easy!!

ctDNA: circulating tumour DNA; ICI: immune checkpoint inhibitor.
Cabel, L., et al. (2018) Nat Rev Clin Oncol 15:639-50.



Tebentafusp versus investigator choice in 1L mUM

While ORR was only 5%, OS was promising relative to historical published data

— N=127 Historical 2L+
S 1 Response rate 5% -
[ Duration of
. 8.7 th -
+ The authors claim that response mon
. . 0S8, median months 16.8 month 7.8 month
— the radiographic 11 O rate 20 170,
argeting domain
+ e TR | | assessment of tumors 2-yr OS rate 37% 15%
\ Effector domain o
R may under-estimate )
Rggeptoft\\ - 0 Tebentafusp
T % Z;: Stratified HR 0.51 (95% CI: 0.37, 0.71)
Tebentafusp ol

0.0

[ T T I
12 14 16 18 20 22 24 26 28 30 32 34
Time (months)

*  Bispecific soluble TCR
therapeutic

e Affinity-enhanced TCR fused to
anti-CD3

*  Designed to redirect T cells to
gp100+ melanocytic cells

. RECIST response rate: 9.1%

. Progression free survival: HR 0.73
(95% Cl: 0.58, 0.94)

Shoushtari et al, ESMO 2021, Discussant C. Rolfo




Plasma total cfDNA is a
surrogate biomarker for
tumor burden in melanoma

patients
N=127
!

ctDNA, any time point
N=118
ctDNA, at baseline
N=116
ctDNA, at baseline & by Week 9
N=99

* New custom panel to detect melanoma
ctDNA using multiplex PCR followed by
NGS

* Including UM specific genes: GNAQ,
GNA11, SF3B1, PLCB4, CYSLTR2, EIF1AX

Shoushtari et al, ESMO 2021, Discussant C. Rolfo

Baseline ctDNA, log10

Baseline ctDNA vs. tumor size

R=0.61, p =1e-10
° 8

baseline cfDNA {(pg/ul)
600 800 1000

400

200

|

0 100 200 300

Baseline sum of longest tumor diameters

® Height

Volume

Width and Depth

Sum of the Volumes=23.32cm?

50 150 250

total baseline Volume {cm™)

Using dDPCR and NGS

Correlation between baseline
cfDNA concentration and
pre-treatment tumor burden
in pts with melanoma

Valpione S, et al. Eur J Cancer 2018




ctDNA changes and outcome with Tebentafusp

Linear correlation between ctDNA
reduction and better OS

R2=0.88, P < 0.0001

14% of patients

1.00
° 4— 10% of patients
o 075 hd
® %
- 44% of patient
5 ot of patients
@ 050
N o 27% of patients
= [ ®
(7)) 17% of patients
o «
0.25; L4
[ ] L]
) °
0.00
Log reduction Any 1 2 3 clearance
% reduction  Any 90% 99% 99.9% >99.9%

ctDNA reduction

Shoushtari et al, ESMO 2021, Discussant C. Rolfo

Identification of early plasma ctDNA changes to
predict response to first-line pembrolizumab +/-
chemotherapy in aNSCLC patients’

N  Median PFS (95% CI)
ctDNA decrease 16 15.1 mo (7.6-NR)

Blood samples were ctDNA increase 13 3.4 mo (1.4-NR)

collected on 1st day

1.0

E HR = 0.20 (0.08-0.52)
of treatment and at = 08 p < 0.001
each subsequent cycle 3 061

.S 0.4 1
A 36-gene panel 2
NGS* detected early g %]
quantitative changes e e —
acrossaWide range 0 6 12 18 24 30 36 42 48 54

. Months
of variants

Rapid decrease of ctDNA correlated with clinical
benefit, while increase correlated with PD

Ricciuti, P.C., et al. (2020) ASCO poster 3518



Utility of ctDNA for unclear radiographic scenarios:
Differentiating Pseudoprogression from PD in Patients With
Metastatic Melanoma Treated With PD-1 inhibitors

Patients with favorable ctDNA profile Patients with unfavorable ctDNA profile

[ 1 [
Bt | L 11 [N ] | I

9-10

N1 0
<JIND 0. _HEN D ANIER 'R0 ‘0]
I in 'Ll ipinn

SOl I I |
= QAN RRNER © RRANNSENRRSNENNR
| HNNNERNNEN RRRENRRRARNRNNENND

waer JETHRCHEREE BRCCERCRCHERRRCED

Timing of ctDNA, wk

ctDNA, copies/mL  irRC response Mutation

[l 1000-10000 [ Pseudoprogression  [J] BRAF VGOOE
Il 100-1000 [l True progression [ BRAF VEDOK/R
B 10-100 [[] nras 0e1L/K/R
[]=10 [ BRAF L597R

[ undetectable

Shoushtari et al, ESMO 2021, Discussant C. Rolfo

100

Overall Survival, %

Mo. at risk
Partial response
Unfavorable ctDMA profile
Favorable ctDMNA profile

50+

Using dDPCR

Partial response

:

Lﬂ_ﬁ.‘—-—l—l—l—l—ﬂ-l-l-l-l-lﬂl-'i-l—-l-lll-l"—H—l—l—l'

Favorable ctDNA profile

Unfavorable ctDNA profile 4

54
18
11

24 48

54 54
11 10
11 10

Time, wi
52 44 24 4 1
B8 5 3 2 1
10 ] 5 3 1

Lee JH, et al. JAMA Oncol 2018




ctDNA vs. radiographic response in melanoma
with ICIs and BRAFi + MEKi

n @
Patient # B R
Age N
Gender [N
Mutation
Scan modality at PD [ ]
Treatment
of ' HEN ' N |
1-5 [ ]
6-10 -
11-15
16-20 *
21-25
25-30 " [ ]
31-35
36-40
41-45
46-50
51-55
56-60
81-65
86-70
71-75
76-80
81-85
86-90
91-95
95-100
101-105
106-110

P < 0.0001

105_
1054
104
108 4

10 -

ctDNA (copies/mL)

101 4

100

ctDNA leves at follow-up collections (weeks)

Changes in ctDNA levels
between the time of
response and the time of
progression.

sos0 [l soso [l 70-70
Female

Age: 18-49
Gender: [l Maie
Treatment: BRAFIMEKi
Scan modality at PD: PET scan CT scan PET/MRI scan
Mutation:  BRAF nras Tert tesa M reser
ctDNA levels (copies/mL):  Undetectable 1-10 1140 [l 50-100 [l >100
CtDNA/PD correlation: [l Yes [l No

Anti-CTLA-4/anti-PD-1 Others

Using dDPCR and NGS

progression in melanoma when compared mainly to
standard PET imaging

Shoushtari et al, ESMO 2021, Discussant C. Rolfo

patients treated

‘.;L

Tumor

Kldney éﬁ Kidney

Bladder
18F-BMS-086192 PET

These results highlight the low efficacy of ctDNA to detect disease

892-nivolumab PET

Marsavela G, et al. Br J Cancer 2021, Niemeijer ey al, Nature Comm 2018



ctDNA reduction identifies patients with OS benefit,
regardless best RECIST response

1.00+1

Survival probability

0.001

0.751

0.501

0.251

All evaluable patients

HR 0.56 (95% Cl 0.32-0.95)
p=0.03

>0.5 log ctDNA reduction

<0.5 log ctDNA reduction A ‘ :

Number at risk

55
44

42
39

12 18 24 30 36
Time in months

26 13 5 1 0
32 11 7 2 0

44% of these patients had >

0.5 log reduction ctDNA

Survival probability

1.001

0.751

0.50

0.251

0.001

Patients with best response

<0.5 log ctDNA reduction

progressive disease

HR 0.44 (95% C1 0.2-0.94)
p=0.027

>0.5 log ctDNA reduction

Survival probability

0

6

Number at risk

31
17

20
15

12 18 24 30
Time in months

10 5 1 0
10 2 1 0

35% of these patients had >
0.5 log reduction ctDNA

Patients with best response
stable disease

HR 0.48 (95% CI 0.16-1.43)

1.00 | p=0.16
>1 log ctDNA reduction
I—
0.50
<1 log ctDNA reduction
e
0.25
0.00
0 6 12 18 24
Time in months
Number at risk
28 24 17 6 2
11 11 10 2 1

28% of these patients had > 1
log reduction ctDNA

Shoushtari et al, ESMO 2021, Discussant C. Rolfo




Take home message from Shoushtari et al abstract:

Strengths:

* Drug and tumor specific study evaluating the role of ctDNA
as surrogate of response

« Important correlation of ctDNA levels and OS.
 RR better evaluable with ctDNA
Questions still open:

« It's RECIST Criteria a good comparator for biological
response?

 New approach as Immuno-PET to be correlated with ctDNA

« This benefit could be also observed beyond second line?

* Blood first approach a new assessment tool delaying CT
scan in |O?

Shoushtari et al, ESMO 2021, Discussant C. Rolfo
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