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Basic Science to New Therapies

The Renaissance of Immunotherapy
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Adapted with permission from Lesterhuis WJ, et al* and Kirkwood JM, et al. J Clin Oncol. 2008;26(20):3445-3455.

Grand Rounds in Urology; https://grandroundsinurology.com/immunotherapy-for-prostate-cancer/

Diagnostic Assay Parallels

Drug Companion Diagnostic
Development

Development
Discovery Research

Biomarker Selection

Pre-Clinical Feasibility Studies

Clinical Phase | Prototype Assay(s)

Clinical Phase Il Analytical Validation

Clinical Phase Il Clinical Validation

Regulatory Approval Regulatory Approval

Post Approval Phase Clinical Utility

Jgrgensen and Hersom, Annals of Translational Medicine, 2016




Timeline for Crizotinib and ALK in NSCLC

PF2341066 activity in

cells exhibiting ALK f’ha!se I'“'St,‘f"jy of
fusion in broad C""Z?t'n'b in ALK
PF2341066 Inhibits ~ PF2341066 FIH  screen (MGH- positive NSCLC starts
ALK activity May McDermott)
| | | | | | L
I I | | I I g
2005 2006 2007 2008 2009 2010 2011
\dentification of PF2341066 DiSfJOVE_fV of EML4-ALK  Opjective responses FDA Accelerated
PF2341066 demonstrates fusions in NSCLC demonstrated in ALK Approval of Crizotinib in
cytocidal activity in fusion positive NSCLC ALK positive NSCLC
cells exhibiting ALK and IMT
fusion (Pfizer in
house)

Future Technologies in Molecular Diagnostics

Image-based Al predictors of mutations
Functional screening
Minimal residual disease testing

Early Detection




ARTICLES
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Classification and mutation prediction from
non-small cell lung cancer histopathology
images using deep learning

Nicolas Coudray ©'%°, Paolo Santiago Ocampo®?, Theodore Sakellaropoulos?, Navneet Narula?,
Matija Snuderl?, David Fenys*¢, Andre L. Moreira®’, Narges Razavian®®* and Aristotelis Tsirigos®'=*

Visual inspection of histopathology slides is one of the main methods used by pathologists to assess the stage, type and sub-
type of lung tumors. Adenocarcinoma (LUAD) and squamous cell carcinoma (LUSC) are the most prevalent subtypes of lung
cancer, and their distinctit quires visual il ion by an experienced pathologist. In this study, we trained a deep con-
volutional neural network (inception v3) on whole-slide images obtained from The Cancer Genome Atlas to accurately and
automatically classify them into LUAD, LUSC or normal lung tissue. The performance of our method is comparable to that of
pathologists, with an average area under the curve (AUC) of 0.97. Our model was vali on il of frozen
tissues, formalin-fixed paraffil bedded tissues and biopsies. Furthermore, we trained the network to predict the ten most
commonly mutated genes in LUAD. We found that six of them—STK11, EGFR, FAT1, SETBP1, KRAS and TP53—can be pre-
dicted from pathology images, with AUCs from 0.733 to 0.856 as measured on a held-out population. These findings suggest

ALK + Lung Adenocarcinoma




Artificial Intelligence Mutation Predictor
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Artificial Intelligence Mutation Predictor
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Ex Vivo Drug Susceptibility Testing

Wikipedia, 2021

Ex Vivo Drug Susceptibility Testing
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Fig. 1 A schematic of the organoid drug screen workflow. Drug preparation is shown in the upper panel and
the screening workflow in the Jower panel, together with associated protocol sections (italics)

Francies et al., Methods in Molecular Biology (2019) 1576: 339-351




Ex Vivo Drug Susceptibility Testing

Master stock Stock plate (1000X) Source plate (1000X dilution series)
; Challenges
| . .
- = = } » Numerous failed companies
U | ! .
J J > Culture success rate often low in

312 314 315

S {14 10) 1

0 ion and harve: ibra " .
Organcid propagation and harvest oreleey —men > Each tumor has different growth
Chematherspeutics [ ..
OOO == o = charact-erlstlcs - -
OOO meda (2 e mummnm. > Organoids requires deep expertise
e el Erperircrial » Does the approach actually predict in
331 3.3.3/4 338 34

vivo susceptibility

Cell viability assay CeliTitreGlo
t10u)

Screening
media (32 )

J

T

Compound (uM)
Half:maximal inhibitory concentration (IC)
.. Area under the curve (AUC)

36 357 356

BME2(8 )

Fig. 1 A schematic of the organoid drug screen workflow. Drug preparation is shown in the upper panel and
the screening workflow in the Jower panel, together with associated protocol sections (italics)

Francies et al., Methods in Molecular Biology (2019) 1576: 339-351

Minimal Residual Disease in Solid Tumors




Stage Il Colon Cancer MRD in Blood

250 subjects with stage Il
colon cancer

Excluded (n = 19)
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F—> - Withdrew consent (n = 4)
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3-monthly serial blood Clinical follow-uj
Targe:e1ﬂ sequencing collection up to 2 years in a 3-monthly rewecl
of 15 genes subset (n = 167) 6-monthly CT for 2 years
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Blood biomarker analysis Final evaluable population
Mutation identified (n=230) ; (n =230)
(n=230) > + Circulating tumor DNA * Recurrence (n = 34)
+ Serum CEA = No recurrence (n = 196)

Tie et al., Sci Trans. Med. 2016, Circulating tumor DNA analysis detects minimal residual disease and
predicts recurrence in patients with stage Il colon cancer

Stage Il Colon Cancer MRD in Blood
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“Ultrasensitive Patient-Custom MRD cfDNA Assays

197 women on follow-up after surgery and

adjuvant therapy ]
- 9 due to not meeting
* = inclusion criteria
| 188 women followed up |
| First 50 women reconsented and included for Signatera study |
| Tumor biopsy tissue collected I | Serial plasma samples collected (7 =218) I
1 excluded due to insufficient
tumor DNA for WES
WES to identi
variants (n =49)
i 3 plasma samples excluded
g due to insufficient DNA for WES
|16 individual variants selected per patient I
A4
| Serial plasma samples analyzed (7 =215) |
I N 1 failed sequencing QC
| ™| ©failed concordance QC

v

v

Relapsed patients (n=18)
total of 52 plasma
samples analyzed

Nonrelapsed patients (n=31)
total of 156 plasma samples
analyzed

Imperial College London/Coombes et al., CCR 2019

Patient-Custom MRD

cfDNA Assays

A o
eoca|
eoce. ©
o
o
eo
core
e o o
o
o
o
o
&
eors]
wrey | o
HERZ™ E030-
£
o
e
s
0.
ot
o
e
o0
Eoxa-
socs-
o
ez
oo
s
0.
o
T EOT-
[ e
s
HEREY 007
e
o
:;: G Negaive
L ® Posiive
[ s = Chomotherapy
mac | e = Radiationtherapy
o = Stertof endocins therapy
s Herceptin therapy
s = Ciinieal relapeo
| = Reiapsed patient
L .
E 250

Days afier surgery

A CDNA status at 1 timepoint

100
7]
2
H
@
é 50
]
o
=
2 25
= CtDNA Negalive
= ctDNA Positiva
o
0 25 50 75 100
Months after surgery
B ctDNA status at any timepoint
100
2
2
H
@
& w0
@
@
-3
K]
Eo 25
= GIDNA Negative
= GIDNA Posilive
0
25 50 75 100

Months after surgery

Imperial College London/Coombes et al., CCR 2019




Early Detection

e High risk population: smokers
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The size of the circle shows how many cancer cases are caused by smoking
Darker circles show types of cancer where survival is lowest.
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Figure 1. Cumulative Numbers of Lung Cancers and of Deaths from Lung
Cancer.

The number of lung cancers (Panel A) includes lung cancers that were di-
agnosed from the date of randomization through December 31, 2009, The
number of deaths from lung cancer (Panel B) includes deaths that occurred
from the date of randomization through January 15, 2009.
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Discrimination of nodules in low-dose
CT screening

The possibility of early detection with cfDNA

cfDNA yield per 10ml of blood:
33 ng (~10,000 haploid genome copies)

copies, we need:
>100 ml of blood

For detecting 1 copy of mutant allele in 10> wild type




Genetic Alterations in Adenocarcinoma
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Prediction detection rate: 77% of lung adenocarcinoma would have
one mutation in current panel; >95% of smokers

Early Detection Commercial Players
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ctDNA and Stage
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CancerSeek to Determine Tissue of Origin in cfDNA

Blood sample \ |
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cancer | (machine learning)
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Detecting eight cancers early Img':ﬂ:z?: o
Among 1005 patients and 812 healthy controls, test A
sensitivity for a cancer diagnosis ranged from 33 to 98%
for breast, lung, colon, esophagus, pancreas, stomach, liver,
and ovary. Tissue of origin predictions ranged from 39 to N
84% accuracy. Clinically, the test PPV will depend on the Early detection
prevalence of each cancer within the tested population of cancer

Kalinich and Haber, Science 2018




CancerSeek to Determine Tissue of Origin in cfDNA
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Fig. 1. DETECT-A process and rationale. (A) Three-step testing process for DETECT-A. (B) Safety rationale
for the study design.

SCIENCE VOL. 369, NO. 6499
FEASIBILITY OF BLOOD TESTING COMBINED WITH PET-CT TO SCREEN FOR CANCER AND GUIDE
INTERVENTION




Assessed for Eligibility

GRAIL Trial to Validate MCED Test

250 el DR
AND
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Noaddnional
oK Tactors

~6200
participants.

MCED test
ordered
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sog &
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()] Testresult communicated

7| Provider determines follow-up

v

Diagnostic Resolution®
‘Cancer or no cancer
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Clinical suspicion/diagnosis of

—t
cancer of treatment for cancer
within 3 years of enrollment

-om-llx-g

Day 1 Day 1-15 Day 15

Blood received,  Test report
accessioned, generated
and processed |

Blood drawn
and shipped

g g
Signal Not Detected
Test result reported

Participant to continue
recommended screening

Table 1. Proposed clinical care pathways following a “Signal Detected” test result and cancer signal

origin prediction.

Cancer Signal Origin Prediction

Proposed First-Line Procedures

Multiple myeloma

Blood workup including peripheral Blood smear,
complete blood count (CBC) with differential;
chemistry tests including creatinine clearance,

protein electrophoresis of blood /urine

Upper GI Stomach)

Colorectal

Head and neck

Pancreas, gallbladder

Ovary

Lung

Liver, bile duct

Breast

Indeterminate

Endoscopy
Colonoscopy
Physical exam, fiber optic exam,
ultrasound
CT abdomen with IV contrast,
MRCP
Abdominal /pelvic exam,
ultrasound (preferred)
CT chest with or without IV
Blood work comtrast
Ultrasound
Diagnostic mammography with
ultrasound (MRI if
mammography screening within
last 3 months)
CT (neck, chest, abdomen, pelvis)
with IV contrast, PE.CT
CT (neck, chest, abdomen, pelvis)

Lymphoid necplasm
l with IV contrast, PET-CT

Cancer status
Assessed at 12 months

Cancer status.

E Assessed at 12 months

@ e (Greaameormy

Nadauld et al., Cancers, 2021

Predictions

1. MRD testing in certain solid tumors (CRC for sure) will be standard in 3-5 years

2. Early detection assays will be controversial, clinical utility and cost-benefit needs to
be determined

3. Al-based mutation prediction will not be stand-alone tools, but eventually added to
“decision-support” digital imaging tools

4. Functional drug screens remain as research




