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Immunotherapy and Targeted Therapy

@
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Targeted Therapy

« Targeted therapy- uses drugs
to target specific genes and
proteins

 Patients with cancer will have
a target for a certain drug, so
they can be treated with that
drug.

« 3 main types: 1. small
molecule medicines 2.
monoclonal antibodies
3. Immunotoxins

« cetuximab  (Erbitux)
advanced bowel
HNC

 trastuzumab (Herceptin) — for
breast cancer and stomach
cancetr.
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Traditional

Immuno- Therapy

« Some  monoclonal
antibodies are also
Immunotherapy
because they help
turn the immune
system against
cancer.

« Example:
Checkpoint
inhibitors block

proteins that stop the

immune system
attacking cancer
cells.

pembrolizumab
(Keytruda)
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Small Molecules- Targeted Therapy

REPROCELL

ALK, BRAF, CDK4 and CDK6, CSF-1R,
EGFR, FLT3, FGFR, JAK, KIT, MEK, mTOR,

NTRK, PI3K, ROS1, SMO, XPO1, VEGFR FLT3
Sustaining Evading
proliferative growth
EGFR, JAK, IDH, signalling SUPPressors
mTOR, SMO ) e EGFR, JAK
Deregulating Avoiding
cellular immune
energetics destruction
ALK, BCL-2,
BRAF, BTK, ” e
EGFR, FLT3, . Enabling TK, CDK4
FGFR, JAK, Resisting _ g oo Haf'"ma"‘s replacative | and CDKS,
KIT, MEK, Clduath e immorality | SMO, VEGFR
mTOR, NTRK,
PI3K, XPO1
Genome Tumour-promoting
instability inflammation
BCR-AB and mutation
BTK PA:;P JAK, VEGFR

Inducing
angiogenesis

Activating invasion
and metastasis

EGFR, mTOR,

ALK, EGFR, FGFR, KIT,

PI3K, VEGFR mTOR, PI3K, SMO, VEGFR

https://doi.org/10.1016/S0140-673
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https://doi.org/10.1016/S0140-6736(20)30164-1

Immunotherapy: Immune checkpoint inhibitors

REPROCELL

Head and Neck
Pembrodizumab

Breast

HCC
Pembrotizussal sc Lc
Aterofizumab

CTLAA inhibitor

PD-1 inhib#or
PO-L1 inhibitor
LAG-3 nhibitor

Alezoilruanal

Ipdiereamab Ourvalumad

Gastric/Gastroesophageal
Pembrofizumab
Nivolumab“

MSI-H, dAMMR, TMB-H
Pembrolizusmad

Novolumad
Ipdirramad Nrvohumad

Pleural Mesothelioma

Urothelial

Melanoma Non-melanoma Skin Cancer
Iplirmaemabd” Pemivoizumab

Pembrolizussabd’ Cemipimab
Avedurnabd
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Detection of Biomarkers- Physician’s Conundrum ' .
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Which
Biomarkers are
suitable for my
patient?

Hotspot? NGS
panel? Single

RT-PCR?
DDPCR? NGS?
Sanger
sequencing?

Is it pathogenic
or Tier I?7?
What is this
VUS??

Somatic?
Germline??

© REPROCELL Inc., 2017



Molecular Diagnostics (]
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 Molecular Diagnostics: The process of identifying a disease by studying molecules, such as proteins, DNA,

and RNA, in a tissue or fluid.

« Bio-Marker: A biological molecule found in blood, other body fluids, or tissues that is a sign of a normal or

abnormal process, or of a condition or disease.

p . 4 \y

Sanger DNA
sequencing

h Tissue - N DNA / RNA g \ 7( /
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Why Target Testing l‘
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« ldentify target in the patient to decide therapy options

 Enrich Patient pool which can benefit from target therapy
; =
i
0} -
. \
w Biomarker/

Target
Identification

(.

Al '){n) f |
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What are these “Targets”? What are their types?
<[

) Normal
G .Q

CNV —Copy Number Variants
Ex: MET amplification

O F Deletion

— BB D F I8 Oupication
— IEHED-<CO I F I8 seomental Dupiication
oy u g ) | ﬂ Inversion

COPY NUMBER VARIATIONS

Coding
Promoter sequences

——

Gene A _
Deleton rJIil o | l Gene Fusion N I

Gene B I I

t

s s

LY

Single nucleotide Mutation (SNV) or Gene Fusion

Point mutations Translocations Ex: ALK/ROS
Ex: EGFR T790M Ex: BCR-ABL (Ph chromosome)




Targets/ Biomarkers for Immunotherapy ! )
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‘ Predictive Tumor Microenvironment
Biomarkers « Immune and angiogenesis profiles
PD-L1 Expression of ICI around tumor celis
+ Useful only in certain tumors
« Predictive for anti-PD-1/PD-L1 Response

Genomic Mutational Profile

« Defects in oncogenes, tumor
suppressors and signalling

Tumor Mutational Burden

* Increases necanligen expression
* Predictive for anti-CTLA-4 and
anti-PD-1/PD-L1

Microsatellite Instability

Reflects hypermutability
Predictive for anti-CTLA-4 and
aati-PD-1/PD-L1

Gut Microbiome
* Befter response with increased
diversity, anabolic pathways and
specific bacteria

Neutrophil/lLymphocyte Ratio

* Obtained from peripheral blood
* Imperfect and lacks standardized
threshold



1. Tumor Mutation Burden- TMB

REPROCELL

Tumor mutation burden and immune response

Tumor mutation burden (TMB) refers to the number of genetic changes ‘5' = - COId Tumor
(mutations) in a cancer cell. The immune system can identify cancer cells
and activate an immune response by detecting these mutations.

Cancers with low mutation burden (TMB-low) have fewer mutations,
decreasing the chance that one will activate the immune system.

Low TMB

Autation Cell marker

-

[Hot Tumor

High TMB - Better ICI response

TMB can be measured in a lab using detailed molecular testing of tumor biopsy
tissue. Studies are currently evaluating the ability to also measure TMB from
tumor genetic material in the blood, making testing easier and more accessible.




2. Microsatellite Instability (MSI)

!‘ o
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Microsatellites are regions of repeated DNA that
change in length (show instability) when mismatch
repair is not working properly.

MSI — High / low/ stable

MSI-H: Predictive for ICI therapy

MSI-H: eligibility to Pembrolizumab, ipilimumab,
nivolumab treatment of colorectal cancer patients
MSI-H: Diagnostic- Lynch Syndrome

MSI-H = mismatch repair deficient (dMMR)

dMMR is defined as at least 1 protein (MSH 2, MSH
6, PMS 2 and MLH 1) showing loss of expression-
IHC

C
102 105 108 111 114 117 120 123 126 129 bp|
IRFU,
120¢
€3 N
Bl s
40C_ MLMQ-H Tumor 1
¢ \
Bl 06:
%
Bl =«
o M\n Wi MSI-H Tumor 3
C] \
Bl
40C
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Mutations Types based on Origin

!‘ o
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Somatic vs Germline Mutations

Somatic mutations Germline mutations

* Occur in non-germline tissues * Presentin eggor sperm
* Are nonheritable * Areinheritable

* Cause cancer family syndrome
Somatic Mutation Germline Mutation
(eg, breast) (eg, mutation in egg or sperm)

[ Nonheritable } All cells afffected in
offspring

Somatic Testing = Tumor
testing. Samples: FFPE
block, FFPE slides, Liquid
biopsy, Whole blood in
streck/paxgene tube for
ctDNA analysis

Germline Testing: Testing
for heredity. Sample: Blood
in EDTA tube

© REPROCELL Inc., 2017



How are these Targets detected: Molecular Techniques !5"
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Technique Application

Detection/ Quantification of a marker
eg. BCR/ABL IS %

Fluorescence

[ RT-PCR }

Highly sensitive detection/
[ DD-PCR 1 Quantification of a marker

eg. EGFR T790M mutation }

Dronlet detection and data analvsis

S . . . Wild type Mutant (C>T)
anger Detection multiple mutations on a gene ccartToarlAAT T GoaaT T NEEEEET
. . TO S0
Sequencing eg. JAK2 Exon 12, KRAS mutations ™ -
M f'j ~ N " \ .'A'\ ~ N |'n" R A~ N }fl'
\ ""J’:"\l." "-\_."_“l/\.",:-‘\ ! "»fﬁ'\ ."' ". [\ "Mi\\ ,‘,n"-'v'_ ll[\"/: I'\_ ( :‘L\\L'v_ l')
Detection multiple mutations on
Next Generation multiple genes
Sequencing eg. All genes involved in lung cancer

14 © REPROCELL Inc., 2017



Target- Technique correlation: How to

choose?
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Biomarker

Detection

Known

Mutation

EGFR:

Multiple Mutations or
entire gene screening

EGFR exon
19, 20, 22

Many hotspot
mutations across

multiple genes

Unknown mutation

Profiling/ Genomic
Tumor profiling

Karyotype/
FISH

BCR-ABL

oo, JAK2: exon 12 LEl-A0l )
genes ALK/ROS/
2El RET/MET
KRAS, PCR-
PCR, DD PCR,

RT-PCR Sanger
sequencing

Sequencing

Fragment

Analysis

© REPROCELL Inc., 2017



Reporting: Variant Categories
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ACMG

genetic variant that directly .
contributes to the P nic
development of a disease

genetic variant that is very likely to contribute to
the development of a disease; however, the
cientific evidence is currently insufficient to

ve this conclusively

genetic variant U nce rtai n
whose association . . f
with disease is Slgnl ICance

not known. (VU S)

Likely Benign

variant that is not expected to have a major effect on disease

JCR
Tier 1

JCR
Tier 2

JCR
Tier 3

JCR
Tier 4

AMP

Potential clinical significance

C: FDA approval in different entity / inclusion in clinical
trial / multiple small studies with some consensus

D: Preclinical trials / case reports

Unknown clinical significance
No convincing evidence of cancer association

Benign variants
No existing evidence of cancer association

© REPROCELL Inc., 2017



Applying Biomarker/ Target testing in Cancers "
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Treatment Algorithm for Non-Small Cell Lung Cancer 15
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Diagnosis of
advanced NSCLC

Molecular testing:
EGFR, ALK, ROS1, BRAF
if availalbe: RET, MET, HER2

No actionable
mutations

Targeted therapy for IHC testing for PDL1
sensitizing mutation

PDL1 < 1% and
PDL1 = 50% PDL1 1%-49% TMBhigh =10
mut/Mb

PDL1 < 1% and

TMB low

Pembrolizumab
Chemotherpay + _ Chemotherpay + Nivolumab + Chemotherpay +

PD-1/PDL1-directed PD-1/PDL 1-directed ipilimumab PD-1/PDL1-directed
immunotherapy immunotherapy

immunotherapy

)CELL Inc., 2017




Treatment algorithm for patients with advanced/metastatic NSCLC "

et e st

|

\
| [“"”] [KRAS | [““ | {1 | ’ e
|

T790M, Exon 19
del, Exon 20, Exon BRAF V600E KRAS: G12C FUSIONS/ Gene rearrangements TMB
21

" TKI inhibitors
\ ErIot.ir!ib, ['_?::::;‘i’:::] [sotora_e,.b [ crizotinib ] {selpercatinib}[ crizotinib ] [ capmatinib ] /
_Afatinib J
4 ) Y
EGFR T790M
Osimertinib v
N 7 (Hotspot mutation IHC |——| PDL1
Exon 20 insertion testing (Sanger FISH
Amivantamab Sequencing/ RT PCR/ NGS Panel }
Mobocertinib . DDPCR) y Je y
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BIOMARKERS FOR SYSTEMIC THERAPY

ASCO Cuidelines | \"METASTATIC BREAST CANCER

GUIDELINE UPDATE AT-A-GLANCE RECOMMENDATIONS

Type of Recommendation Quality of Evidence Strength of Recommendation

Biomarker Tests Recommended by the ASCO Expert Panel

* PIK3CA + Evidence-based « High + Strong

« Germline BRCAT and BRCAZ2 « Evidence-based « High « Strong

* PD-L1 » Evidence-based « Intermediate » Stron

« dMMR/MSI-H + Informal consensus-based « Low + Moderate
+ TMB « Informal consensus-based « Low * Moderate
* NTRK Fusions * Informal consensus-based + Low « Moderate
Biomarker Tests Not Recommended by the ASCO Expert Panel

« ESR1 + Evidence-based + Insufficient * Moderate
* PALB2 + Evidence-based + Low » Moderate
+ HRD + Informal consensus-based + Low * Moderate
* TROP2 expression + Informal consensus-based * Low * Moderate
* ctDNA * Informal consensus-based + Low * Moderate
+ CTCs + Informal consensus-based + Low * Moderate

Abbreviations. CTCs, circulating tumor calls; CtDNA, circulating tumor DNA, dMMR, deficient mismalteh repalr, HRD, homologous

Henry et al J Clin Oncol 2022
i : coOmbInation deficioncy, MSHH, microsatetiite instabiity-high. NTRK, neuiotroghec tyrosine receptor kinase, POL Y, programmed
asco.org/breast-cancer-guidelines OB et Bgbrd-1: TEAS Ao asdao Dirians TROP?, SopRoblset GO Tace mgan 2 o e PO



Treatment algorithm for patients with advanced/metastatic Breast cancer

[ — ] L [ HER 2 Status J \[

[ PCR/FISH | HER2+BC |
BRCA 1/ 2 PIK3CA e anti-HER2 drugs like
mutation mutation ACt'O"?ble Trastuzumab or
l l mutation Pertuzumab
Complete E542K, E545K '/ \ l Ineffective
gene screen H1047R [ TMB/ J [ PDL1 ] HER2 Somatic
MSI .
PARP inhibitors » mutations
Olaparib and Alpelisib
Talazoparib (Pigray) m

Hotspot mutation \ [ IHC ] \
testing (Sanger { { niratinib J

Sequencing/ RT PCR/ NGS Panel }
DDPCR)



https://www.esmo.org/for-patients/personalised-medicine-explained/breast-cancer

@

o
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Treatment Algorithm for Triple Negative Breast Cancer

PD-L1 neg¢ Paclitaxel or capecitabine +
and bevacizumab, cisplatinum + gemcitabine,
gBRCAt carboplatin + nab-paclitaxel

Alternative chemo-
therapy regimen®

PARP-inhibitor

Pac or Cap + bevacizumab,
carboplatin + nab-paclitaxel
etc.

Carboplatin, capecitabine etc.

- -

Atezolizumab + nab-paclitaxel®

No previous Chemotherapy

4 d (neo)ad]. + bevacizumab
PD-L1 neg e

and
Determination gBRCA™! R Carboplatin

th ith
°pr L1 IHC elra:\p/\:'w PARP-inhibitor

- gBRCA PD-L1 pos*
and
AGO++ gBRCA™

Atezolizumab + nab-
paclitaxel®

PARP-inhibitor

Atezolizumab +
nab-paclitaxel®

Carboplatin

PD-L1 pos®
and
gBRCAMu

PARP-inhibitor

B bl e .o

https://www.karger.com/Article/Fulltext/511925

© REPROCELL Inc., 2017




BRCA: Who Should get Tested? ! ]
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PREDISPOSITION TEST IPATIENT TEST

« A history of Breast/ Ovarian cancer in family *A personal history of Breast / Ovarian cancer

* A history of breast cancer at a young age in two or diagnosed before age 45

: . . ' ' ' t cancer
more blood relatives, such as your parents, siblings or A personal history of triple negative breast cance

children diagnosed at age 60 or younger

. A close male relative with breast cancer A personal history of two or more types of cancer

« A relative with a known BRCA1 or BRCA2 mutation *A personal history of breast cancer and one or

more relatives with breast cancer diagnosed before

age 50

© REPROCELL Inc., 2017




ESMO consensus guidelines CRC patient Management 15'
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Recommendation 4: RAS testing
* RAS mutational status is a negative predictive biomarker for therapeutic choices involving EGFR antibody therapies in the metastatic disease setting [I, A |

» RAS testing should be carried out on all Eﬁents at the time c-fdiaEEﬂF.is of mCRC I, Al

o RAS testing is mandatory before treatment with the EGFR -targeted monoclonal antibodies cetuximab and panitumumab [I, A
established to ensure the rapid and robust transit of tissue samples from referral centres to testing laboratories, to

* A network of arrangements sho
minimise the turnaround time and avoid delays in having this information available for all patients with mCRC

* Primary or metastatic solorectal tumour tissue can be used for RAS testing (see also Recommendation 3)
* RAS analysis should include at least KRAS exons 2, 3and 4 (codons 12, 13, 59,61, 117 and 146) and NRAS exons 2, 3 and 4 (codons 12, 13,59, 61 and 117)

Recommendation 5: BRAF testing
» Tumour BRAF mutation status should be assessed alongside the asessment of tumour RAS mutational status for prognostic assessment (and/or

potential selection for dinical trials) [I, Bl

Recommendation & Microsatellite instability testing
festing in the metastatic disease setting can assist dinicians in genetic counselling [II, B]
» MSItestin predictive value for the use of immune check-point inhibitors in the treatme

IL, B]

Recommendation 7: Biomarkers of chemotherapy sensitivity and toxicity

e DPD testi ng before 5-FU administration remains an option but is not routinely recommended [I1, D]

otyping remains an option and should be carried out in patients with a suspicion of UGT1Al defidency as reflected by low conjugated
bilirubin and in patients where an irinotecan dose of > 180 mg/m” per administration is planned [95] [IIL, C]

-

24 © REPROCELL Inc., 2017
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Treatment Algorithm in m-CRC

IHC- MMR/ PCR- MSI

MSS *
IHC: All present

Stage IV

NGS panel or individual tests
RAS, BRAF V600E, HER2 amplification

RAS/RAF WT || BRAF V600E Mut RAS WT
| | HER2 Amp
1% line: chemo 20d line: BRAF |
+ anti-EGFR inhibitor + Fod line: Anti-
(Left CRC) anti-EGFR HER? therapy
Encorafenib

MSI
THC: MLH]1 and PMS2 ahsent

BRAF mutation analysis

{or MLHT methylation)
Pos Neg
[High clinical gsuspicion

Sporadic cancer

w Blay stop Lynch syndrome workup, unlegs if <50 years old, strong family history, =10 adenomatous polyps or has

R

REPROCELL
MSI
IHC: MSH2 and MSH6
or MSH6 or PMS2 absent
PDL1-
inhibitors
o Referto genetics
for gene testing
Lynch germline No Lynch germline
mutation identified mutation identified
Lynch Syndrome Consider tumor testing for

somatic MMR gene
mutations/LOH or manape
Raced on family hictoryr

Inc., 2017



NCCN-recommended strategy for m-Colorectal cancer targeted therapy

> RAS-WT

mCRC

-» RAS-mut

Initial therapy

Left >

anti-EGFR

—»  BRAF-mut ——»

......................................................................

Anti-PD-1/L1

.
LT
.

—— HER2-amp —»

:L—» BRAF/HER2-WT

»  Anti-VEGF |«

Bevacizumab

/]
®
REPROCELL
Subsequent therapy
BRAF inhibitor
HER2 inhibitor
Anti-PD-1/L1 (<= dMMR
¢
Anti-VEGF [« pMMR

> BSC -

© REPROCELL Inc., 2017



Biomarkers for CT sensitivity/ Toxicity- CRC

@
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Colorectal Cancer

Pharmaco-Genetic Assement

l

DPYD Mutation
(Toxicity to 5FU Drugs)

l

[PCR/SangerSeq. 1

/ N\

\4

UGT1A1*28
Polymorphism
(Toxicity to irinotecan)

DPYD mutation positive

DPYD mutation negative

High Risk toxicity Low Risk
Reduce 5-FU doses Regular 5-FU doses

Single-agent regimen

Irinctecan treatment
Dose < 150mg/m?

!

r UGTTA1*28 genoctyping

2 g

[PCR/SangerSeq. }

*1/*1 or *1/*28

*28/%28

!

Administer
regular dose

I

Reduce irinotecan
dose and study tumor
responsiveness

© REPROCELL Inc., 2017
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|
Bioserve: Biomarker Testing ."
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_ vorier | _coner | techniaue ) orker _|_Cancer _|_Techniue _

EGFR, KRAS,NRAS, BRAF LUNG, CRC, MELANOMA Sanger sequencing, RT-PCR PAN-CANCER LIQUID BIOPSY PAN CANCER
PANEL
NI (2o 2l S ErpiE Lung PCR CEBPA, NPM1, FLT3 AML Sanger sequencing, RT-PCR
tati
RET/ ROS/ ALK/NTRK LUNG, CRC FISH, NGS mutations
FUSIONS TERT mutation Melanoma Sanger Sequencing
BRCA 1/ 2 MUTATIONS SiasU NE= HER 2 MUTATIONS BREAST Sanger Sequencing
AL AL IO E 28 SR SEE A IMANITIB RESISTANCE CML Sanger Sequencing
IDH1/ 2 MUTATIONS GIOMA, AML Sanger sequencing HER 2 AMPLIFICATION BREAST, CRC FISH, RT-PCR
KIT MUTATIONS GIST Sanger sequencing MGMT METHYLATION ASSAY GLIOMA RT-PCR
BCR/ABL CML FISH, RT-PCR CALR, MPL MUTATIONS MPN Sanger Sequencing
TRANSCRIPT/FUSION
JAK2 MUTAIONS MPN SermEEr SeE T Comprehens.n./e genomic Solid tumors NGS
profiling
HRR GENE MUTATIONS BREAST, PROSTATE NGS
TUMOUR MUTATION SOLID TUMORS NGS
BURDEN
MSI CRC, LUNG, BREAST PCR+ Fragment Analysis
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Future Directions
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 Liquid Biopsy for Biomarker Detection and residual Disease monitoring

cf-tDNA Release cfDNA Recovery Detection Methods Clinical Applications

) = Targeted Immunotherapies and Theranostics
Recovery via

2X Blood Draw D
N \ DNA
T 4 =N ! Concentration
<3 N )

Infiltration through
compromised BBB

Recovery via
Lumbar Puncture

-

T m—

;
!
@

Cell Death and DNA
Fragmentation

« Gut microbiome- predict immune therapy response
* gut microbiota influences anti-tumor immunity
» thereby impacting the clinical responses and outcomes of the patients receiving cancer immunotherapy
 FMT in combination with checkpoint inhibitors are able to reprogram the tumor microenvironment and
activate host immunity with favorable changes in immune cell infiltrates in patients with prostate cancer,

melanoma, gastrointestinal and prostate cancer.
 NCT04758507,NCT03353402, NCT04130763, NCT05094167

© REPROCELL Inc., 2017



https://clinicaltrials.gov/ct2/show/NCT04758507
https://clinicaltrials.gov/ct2/show/NCT03353402
https://clinicaltrials.gov/ct2/show/NCT04130763
https://clinicaltrials.gov/ct2/show/NCT05094167

Thank You! '

REPROCELL

For further information, please contact us:
Email: bioserve.india@reprocell.com, salesindia@reprocell.com
Call: +91 40 2955 8178/ +91 2955 8176

30 © REPROCELL Inc., 2017
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