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TUMOUR DNA & CANCER CELLS DETECTION
IN
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Conventional Cancer Screening Tests/Imaging & their Limitations

Cancer Biomarkers (blood tests) Ej[‘ﬁ’ﬁ
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Occult Blood screening of CA Colorectal

Mammogram screening for CA Breast
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A New Technological Advance: liquid biopsy Tests

Non-invasive comparing to traditional tissue biopsy, which involves removing a piece
of tissue or a sample of cells from your body.

A sample of peripheral blood (10-20ml)

Applications:
> To look for tumor cells or tumour DNA

> Allow screening , early diagnosis and monitoring of cancer

o |dentify therapeutic targets/Target Drugs
> Adjust therapeutic plan when drug resistance emerge




|nSide a LiqUid biopsy Normal cells release DNA
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die. When DNA are
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(cfDNA).
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Circulating Tumour DNA




DNA (Deoxyribo Nucleic Acid)

DNA is the hereditary material in human.

Most DNA is located in the nucleus

Nearly every cell in a person’s body has the same DNA




The information in DNA is stored as codes

Made up of four chemical bases:

(¢]

Adenine (A)
Guanine (G)
Cytosine (C)
Thymine (T)

o

o

o

The order/sequence of these bases determines the information
available for building and maintaining an organism

DNA can replicate = make copies of itself.

This is critical when cells divide because each new cell needs to
have an exact copy of the DNA present in the old cell

sugar-phosphate
backbone




Cancer genomics

Cancer Starts When ............. Certain DNA in healthy cell changes and become abnormal over time
> This change is called a Genetic Mutation

Cancer is a Dynamic Disease........... During the course of disease, cancer cells keep mutating and
become more heterogeneous that is, diverse in DNA composition

Drug Resistance........... Due to tumour heterogeneity, a tumor mass can include a diverse collection
of cells harboring distinct genetic signatures with different levels of sensitivity to treatment.

Solution: An accurate assessment of tumor DNA composition is essential for the identification of
effective therapies.



Types of mutations

Chromosomal Deletion Duplication Inversion
o chromosome structure is changed i

Insertion Translocation




Point Mutations
Change in A Single Nucleotide in DNA

Type of Description
Mutation

Silent CGA (Arginine) , CGC (Arginine) None

codes for the same amino acid

Missense AAA (Lysine) ,  AAC (Asparagine) Variable
codes for a different amino acid

Nonsense GAA (Glutamate) ,  UAA (stop) serious
Codes for a stop codon



Frameshift mutation

A deletion or insertion of one or more nucleotides that change the reading frame

> The reading frame is changed plus all the codons that follow
This will have a drastic effect on the protein products

> Original sequence:
AUG-CCC-CAG-GAA-AAA = start-Proline-Glutamine-Glutamate-Lysine

° an insertion of nucleotide A occurs:
AUG-ACC-CCA-GGA-AAA-A = start-Threonine-Proline-Glycine-Lysine




Germline & Somatic Mutations

Germline Mutations ‘SOMATIC MUTATIONS Somatic Mutations
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Two major classes of genes causing cancer:
Oncogene and Tumor Suppressor Gene
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Most cancers are caused by mutations in two basic classes of genes —
oncogenes and tumor suppressor genes.

Mutations leading to Cancer

’«on:mn

An oncogene is a gene that has the potential to cause cancer.

° Proto-oncogenes is the precursor of oncogenes. It codes for proteins that
stimulate the cell cycle and promote cell growth and proliferation.

> When a proto-oncogene is mutated, it becomes a cancer-causing oncogene.

Tumor suppressor genes code for proteins that repress cell cycle

progression and promote apoptosis, as their normal function to prevent
cancetr.

Tumor Suppressor Gene Inactivated = No brake! )

Jack Westin



What is target therapy

Targeted therapy is a type of cancer treatment. It uses drugs to target specific genes and proteins
that help cancer cells survive and grow.

To prescribe target therapies, Oncologists need to identify the specific genetic changes that promote
tumour growth

Unlike chemo therapies, target therapies will not lead to death of normal epithelial cells



An example of how to match the cancer with Target Drug

You need to know what the DNA mutation is !!!

List of available Targeted therapies for Lung Cancer:
EGFR inhibitors

Drugs targeting EGFR Exon 20 insertion mutations
ALK inhibitors
Drugs targeting the ROS1 fusion

Drugs targeting KRAS G12C mutations
Drugs targeting NTRK fusion

Drugs targeting BRAF V60OE mutations
Drugs targeting MET exon 14 skipping
Drugs targeting RET fusion

Lung cancer

Which Targeted therapy
should be use??




=] NEXT GENERATION
1 SEQUENCING EGFR Exon 21 L858R
\ mutation

This patient is suitable for
EGFR inhibitors

ALK inhibitors
Drugs targeting the ROS1 fusion

Drugs targeting KRAS G12C mutations
Drugs targeting NTRK fusion

Drugs targeting BRAF V600E mutations
Drugs targeting MET exon 14 skipping
Drugs targeting RET fusion



Importance of Disease Monitoring

After matching the disease with a target drug, does it mean the
treatment journey is ended?

The cancer cells may

develop Drug Disease Monitoring
IS hecessary

Resistance

may relapse




How to monitor the disease: An example
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EGFR-TKIs EGFR-TKIs




Next generation sequencing (NGS)

The Lab Technique called is used in Liquid Biopsy CtDNA tests

CtDNA are short DNA fragments came from the cancer genome
NGS enables sequencing of these short DNA fragments

Cancer Genome




Why is bioinformatics/Al needed for NGS?

NGS simultaneously sequences multiple ctDNA targets or whole gene to detect different types of
mutations

More than one patient sample can be tested at the same time

As such, large amount of data is generated from each NGS Sequencing run

bioinformatic analysis is required to turn NGS data into comprehensible report format for clinical use.

52z = '!_T_: = CIg =

Bioinformatic
analysis

Samples NGS Sequencing Clinical reports



Bioinformatics ?




What does Sequencing Depth mean?

Sequencing depth = number of times (reads) that the target ctDNA has been sequenced

* Example: @
* Position A is sequenced 5 times, represented by TARGET REGION 1

5 separate reads covering it. The sequencing
depth of position A is 5X

I
* Position B is sequenced 2 times. The sequencing E——
depth of position B is 2X I —
5X Z2X



How much sequencing depth is required?

- depends on the application of the test

- To detect low frequency mutation (1% or lower) in ctDNA of cancer patients, in general
at least 10,000X is recommended.

> The filtering is done during bioinformatic analysis.



NGS detection of Germline & Somatic mutations
germline mutations

frequency ~50% if heterozygous or ~100% if homozygous.

Germline Mutation

detected

Even only reading
50% DNA




Somatic mutations present at low frequency can be challenging to detect.

Mutation detected as sequenced all
DNA fragments
1 out of 12 reads got the mutation

Mutation missed as only
sequenced 6 out of 12 DNA fragments




Therefore, Germline mutations detection by
NGS generally does not require
Deep sequencing.




specificity and sensitivity of ctDNA are high

NGS is an advanced sequencing technology with accuracy as high as 99.9%.
° i.e. 99.9% of the times the nucleotides are correctly called

The accuracy is further safeguarded by high sequencing depth
Therefore, the sensitivity and the specificity of ctDNA tests are very high (>99%), even for cancer
mutations with very low frequency.

Sensitivity:
ability of a test to correctly identify samples with mutations

Specificity:
ability of a test to correctly identify samples without mutations




Sample Report

CA Colorectal

ctDNA - SUMMARY OF FINDINGS

ALTERATIONT FDA-APPROVED

OTHER THERAPIES
VAF / Fold Change THERAPIES (This Indication)

CLINICAL
TRIALS

SENSITIVE SENSITIVE

Cetuximab + Encorafenib, Encorafenib + Panitumumab

Dabrafenib + Trametinib (Guidelines),
Binimetinib + Cetuximab +

Encorafenib (FDA Breakthrough)

SENSITIVE (Other Indications)
Atezolizumab + Cobimetinib +
Vemurafenib (FDA Approval),
Binimetinib + Encorafenib (Guidelines,
FDA Approval),

Dabrafenib (Guidelines, FDA Approval),
Dabrafenib + Trametinib (Guidelines,
FDA Approval),

Vemurafenib (Guidelines, FDA Approval),
Vemurafenib + Cobimetinib
(Guidelines, FDA Appraval),

Cobimetinib (Guidelines),
Selumetinib (Guidelines),

Trametinib (Guidelines)

RESISTANT (Other Indications)

Osimertinib (Compelling Clinical Evidence)

BRAF V600E 27.45%
Exon 15 SNV

Yes

KRAS & NRAS SENSITIVE

Absence of Resistance Mutation Cetuximab, Panitumumab None

N.A.

PIK3CA P449T SEI‘STIVE (Other Indications)

18.37% None

Yes




Sample Report
ctDNA - SUMMARY OF FINDINGS

CALung ALTERATION{t FDA-APPROVED TS CLINICAL
VAF / Fold Change THERAPIES (This Indication) IRIALS
Afatinib, Dacomitinib, Bevacizumab + Erlotinib (Guidelines),
Ej:;‘;ﬁiﬁn 9.93% W Erlotinib, Erlotinib+ Icotinib (Guidelines), Yes
Ramucirumab, Gefitinib, Patritumab Deruxtecan (FDA
Osimertinib Breakthrough)
SENSITIVE SENSITIVE
AKAP13-RET Fusion Pralsetinib, Selpercatinib Cabozantinib (Guidelines)
(Exon 7]intron 11) 0-17% Yes
Fusion Pralsetinib (Guidelines, FDA Approval),
Selpercatinib (Guidelines, FDA Approval)
'E?D':fsﬁ"'ﬂq 6.17% Enasidenib (FDA Approval), No
Bevacizumab (Guidelines)
TP53R248Q 0.32% SENSITIVE (Other Indications)
Exon 7 SNV - Eprenetapopt (FDA Breakthrough) Yes

¢ Microsatellite Status: MS Stable

¢ No ctDNA alterations were found in the following treatment-relevant genes: ALK, BRAF, ERBB2, KRAS, MET, NTRK 1,
NTRKZ2, NTRK3, ROS1

¢ FDA-approved therapies are available in Lung Carcinoma associated with these Genomic Findings. See Section on
Genomic Findings With Clinical Actionability (ctDNA) for more details.




Circulating tumor cells
(CTCs)




Circulating Tumor Cells (CTCs) &ermmsmi

Circulating
Circulating tumor cells (CTCs) are tumor cells that shed Tumor Cells (CTCs)
from the primary tumor and intravasate into the
peripheral blood circulation system responsible for
metastasis.

Cancer cells escape from the
primary tumor and circulate
in the bloodstream

10-100 CTC per 10 mL of whole blood in cancer patients
with metastatic disease.

—

(TCs exit the bloodstream,
enter other organs, grow /"

‘, into new tumors
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detected in
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Reliable surface biomarkers

Metastatic
tumor




Circulating Tumor Cells (CTCs) surface biomarkers
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Cancer types

Epithelial markers

Mesenchymal markers

Specific markers

CTC markers mainly includes:
o Epithelial markers

o Mesenchymal markers
o Cancer specific CTC markers

EpCAM (Epithelial Cell Adhesion
Molecule):

o a “universal” marker of cancers

CD45 -

> A marker of all hematopoietic cells
(blood cells)

o CTCs: CD45 negative

EpCAM/C K8 18,10234237.265 266 267 268 269 270.271.272,273.274. 275 276 277 278 279,280

Vimentin22.281.282 283

HER237.383940.41,42 43 4445 46

CK 5/7/8/18/192 Twist233282.284 ER324843.50
E-Cadherin2280.281 Fibronectin2230 AR283
Breast cancer N_Cadherind280266 fy—rs
SERPINE1/PAI2
p-cateninZ&l
EpCAM/CKS,18,19287.288 Vimentin102289.290291 PSMARL3Z33
Twist220291 psaZid
EGFRY
Prostate cancer ARV/7256.202.203 204
PIM1222
AR V567es204
Kidney cancer EpCAMZH - CD1472%
Bladder cancer EpCAM/CK8,18,19287.298.205 300 - -
EpCAM/CK8,18,19301.302 Vimentin32303.304.305 PI3K o228
Twist232303305 CEAZ307.308.309
SNAJ1302305 PRL3232

Colorectal cancer

Non-small-cell lung cancer

CK7/8/18/19312313

AKT2302.205306
LOX[ 3310
Plastin331
109,313,314 5556

Vimentin==212212

Folate receptor®®

EpCAM/CKS,18,1 9109313314315 316317318319

Twist313

Telomerase activity320

N-Cadherin®4

Ax 3




Clinical use of Circulating Tumor Cells (CTCs) blood test
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Parameters Superior to Tissue biopsy

CTC Blood Test Tissue Biopsy

Non-invasive @ Suffered and invasive

Real-time detection Not real-time detection, some tumors,

Early diagnosis @ e.g. lung tumor, are not accessible for

biopsy
Responds to surgical and Information provided by biopsy is static,
therapeutic effect @ and it becomes inaccurate with cancer
Reflects real-time status of the patients progression
More sensitive @ Less sensitive (limited by tumor size)



Workflow for Circulating Tumor Cells (CTCs) blood test
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CTCs Blood test:

1. CTCs enrichment

EER R <A & 4R

2. CTCstaining and imaging
E%@@@%%@ﬁ%

3. CTCenumeration
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@ CCEnrichment-Blood
sample is first subjected
to RBClysis. Then isolation
of CTC was achieved bya !
high-throughput spiral
microfluidic chip system. :
In this process, CTCsare ~ § ©@ -~ @g
isolated from the blood S @®cic
based on cell size. i @ White Blood Cells }

Sorting

© Enumeration Pipeline
Quantitative data extraction,
cell identification, and counting

Circularity

CK/EpCAM intensity
CDA45 intensity

#) C1C Staining and Imaging - The
isolated CTCs in a background
of white blood cells were
immobilized on positively-charged @ @ — >
microscope slides and were
subsequently identified by
immunofluorescence staining.




Immunofluorescence stalnlng of blood sample

/ﬁ’[‘%ﬁimﬁr %% % Before Microfluidic Enrichment

Markers:
CK/EpCAM: CTCs

CDA45: blood cell
DAPI: Nucleus

After Microfluidic Enrichment

CTCs: CK/EpCAM+; CD45- and DAPI+

CD45 in Red; CK/EpCAM in Green; DAPI in blue

CT1C WBC

Wong et al., Plos One. 2017 May 8 . .




Sample report of Circulating Tumor Cells (CTCs) blood test
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Tumor Monitoring Blood Test Report
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Circulating Tumor Cell (CTC) Counting

*Result: Unflavorable

50 CTCs /7.5 mL of bloed

* Unfavoratbie recdl if CTC number is > 10 Favorable result if CTC mumber is 28,

CTC Definition: = Cell size = 15 um
» Positive immunofluorescenee staining for Cytokerati/EpCAM biomarkers
» Negative immunefluorescence staining for CD45 biomarkers

+ Positive for fluorescent DINA staining

Result Details:  * 3055 _ eells, with the size = 15 um, were found in 7.5 mL of bloed.
« 50_of _3055_cclls were positive for Cytokeratin/EpCAM and DNA staining and
negative for CD45 staining. Therefore, 50 circulating tumer cell were detected based on
the aforcmentioned criteria. See the table in the next pages for the analytical results.

Quality Contrel: Result for positive control donc in parallel: Passed, detected 86 cancer cells
Result for negative control done in parallel: Pussed, detected _0_ cancer cells



The identified CTCs are shown at the center of each image below:
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CTCs:
(I staining, Red: CD45)

CK/EpCAM+; CD45-

The identified CTCs are shown at the center of each image below (Green: C okerati/E




Possible false negative/positive results on marker-based CTCs test
EIREHV P /RGP aE R

False negative:

> Cancer cells undergo frequent changes in protein expression and have the
potential to lose surface markers

> Tumour mass is not close to vasculature, may not circulate into the blood stream

False positive
> Many tumor-markers can be expressed on non-cancercells
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