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Learning Objectives

* To understand existing approaches to personalizing
cancer therapy

* To learn about new approaches to cancer
pharmacogenomics including liquid biopsy and
NextGen sequencing.

Provincial Cancer Care Conference 2018



Prognostic Markers 4

Personalized therapy Markers predictive of drug ¢..:

sensitivity/resistance

Markers predictive of <.«
adverse events



Grade 5

Lack of glands,
sheets of cells

Grade 4

Irregular masses of
cells with a few glands

Grade 3

Infiltration of cells from
glands at margins

‘Grade 2

More space
between glands

Grade |

Small uniform glands

WELL DIFFERENTIATED

Radical
Treatment

Active
Surveillance

Current Prostate Cancer Personalized Therapy



DNA

Chromosome

Nucleus (black reglon - genes)

Human Cell

Personalized medicine: genetic/proteomic biomarkers distinguish
predisposition/response/toxicity



Normal DNA mutations

Last DNA mutation from:
* heredity

or
* radiation or chemicals

or

* spontaneous errors
during DNA duplication

Cancer arises from DNA mutations in cells



Lung cancer

Lung

Genetic markers can predict individual sensitivity to lung cancer treatment.



Epidermal Growth Factor Receptor (EGER)

Most comman sensitizing mutations: exon |9 deletion or L838R point mutation in exan 2|

EGFR
Cell
Membrane
Sensitizing Mutation —‘
(L858R, Exon 19
Deletions) '
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Lung Cancer Genetic Variability affects TKI
Sensitivity
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Non-Small Cell Lung EElI:I[:EI" Genetic Testing and Drug Sensitivity

Uther important mutations

ALK (Anaplastic Lymphoma Kinase) - sensitivity to TKI Crizotinib
ROSI - RTK - fusion mutations = responsiveness to oral ROSI TKI

BRAF 8/T Kinase - VBOUE associated with responsiveness to combination therapy with oral inhibitors

of BRAF and MEK

KRAS. Activating mutations in codon 12 : reduced responsiveness to EGFR TKI

PD-LI expression determines sensitivity to check point inhibitors



Breast Cancer: Can good prognosis Stage |, HR+, HerZneg
adjuvant candidates be saved adjuvant chemotherapy? A personalized approach.

Female Breast Cancer Survival Rates
by Stage of Disease

elative survival
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*Additionally, 20.3% of patients in the US are diagnosed as stage 0 and 5.2% are unknown!
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16 Cancer and 5 Reference Genes From 3 Studies On COtype Dx

o] 23 0:{0Je]a\} RS=  +0.47 x HER2 Group Score
ER - 0.34 x ER Group Score
PR + 1.04 x Proliferation Group Score
Bcl2 + 0.10 x Invasion Group Score
SCUBE?2 + 0.05 x CD68
- 0.08 x GSTM1

GSTM1 m - 0.07 x BAG1

REFERENCE Low risk RS <18

Beta-actin
GAPDH Int risk RS 18 - 30

RPLPO
GUS High risk RS > 31
TFRC

PROLIFERATION
Ki-67
STK15
Survivin
Cyclin B1
MYBL2

INVASION
Stromelysin 3
Cathepsin L2

HER2
GRB7
HER2

®
Paik et al. N EnglJ Med. 2004;351:2817-2826 RS, Recurrence Score®result




What is the 10-year probability of distant recurrence
for a patient with a Recurrence Score result of 30?
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10-Year Distant Disease

Recurrence Rate
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OncotypeDX score for
node negative ER+
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with a blood test

The future of personalized cancer treatment




The Problem The Proposed Solution

Diagnosis: Invasive Tumor Biopsy Diagnosis: Non-Invasive Liquid Biopsy
» Tumor biopsies are costly, painful and
can result in complications.

Biopsy needle |
‘ - \ |

Liquid biopsy is less invasive than needle biopsy
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Infiltrating
tumour cell

Circulating tumour cells

.OO Extracellular vesicles—contain soluble molecules
o Soluble molecules—proteins, cell-free nucleic acids and metabolites




M
irculating tumor ‘ m
D0 Circulati gt DNA
BLOODSTREAM = 2%

Curculatmg normal DNA
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CTCs Provide Direct Access to Intact Cancer Biology

Circulating tumor cells (CTCs) detach from a Challenges to CTC isolation
solid tumor and enter in the blood stream. . Extremely rare: 1-100 CTCs per mL of blood
CTCs play a crucial role in cancer metastasis. * Other cells: millions of WBCs and billions of

RBCs per mL of blood

G Primary tumor

Cancer cells shed into bloodstream

White blood cell . i
- Circulating tumor

cell(CTC)
@ Red blood cell Secondary tumor °




Bacterial diversity can affect
efficacy of cancer treatment

Your DNA may not be the only thing personal about youl!
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Response to PD-1 blockage in
metastatic melanoma as a
function of fecal diversity.
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BP melanoma cell
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human donor
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mice donor microbiota tumor

Fecal transplant: A new frontier in personalized medicine
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Biological sample

NextGen Sequencing
$1000 genome

Genomic DNA isolation

Fragmentation of
genomic DNA

\—:‘A
Align overlapping

GGCTACGTCAGTCGCTACCTGEACGC
CTACTGCTATCGGCT, GACGOGCTAGCTTACG  sequences

l

CTACTGCTATCGGCTACGTCAGTCGCTACCTGGACGCGCTAGCTTACG  (enerate contig
sequence




WGS of tumor biopsy
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Drug-able Mutations with
molecular targets N0 available
treatment

WGS of patient's normal tissue to determine
drug interactions in the body

” .

Personalized
treatment plan:
match the personal
variants sensitive
to drugs
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Tumor whole genome
sequencing to select
treatment




Summary

* Sequencing technologies are becoming inexpensive

* Big data and artificial intelligence are resolving
complexity into order

* Less invasive techniques are evolving to allow frequent
sampling and personalized treatment selection.

* This will result in better outcomes and (?) less
expensive care.



