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What are CTCs?

Circulating Tumor Cells *




= Historical medical journal article by from 1869 describing
circulating tumor cells

-» was first implemented by Thomas Ashworth in

=» Melbourne hospital, Australia.




CTCs found in different types of cancer

Breast and ovarian cancer

/1\

Pancreatic cancer Oral cancer

Colon cancer
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Oncotarget

Open Access Impact Journal

= Circulating tumor cells were incriminated for tumor recurrence.

» At early stages, from the primary tumor after epithelial-to-mesenchymal
transition of primary cancer cells, CTCs begin to flow into blood stream at a
rate of roughly 10,000,000 cells per tumor gram.

* Oncotarget. 2018 May 11; 9(36): 24561-24571




CTCs, How they move

Cell Taxi: Mesenchymal Cells Carry and
Transport Clusters of Cancer Cells.

Jana Zarubova, Mohammad Mahdi Hasani-Sadrabadi, Sam C P Norris, Fatemeh Sadat
Majedi, Crystal Xiao ...etal.

Small 2022 Oct 28 doi:10,1002/small 202203515
PMID: 36307906 DOI: 10.1002/small.202203515
NCI CAPTAC Assay Portal
https//pubmed.ncbi.nim.gov/36307906/




CTCs, How they move

Clusters of tumor cells not Single
Cell are tfransporting by
mesenchymal cells.




CTCs: Circulating Tumor Cells

e Tumor cells released from tumors into blood stream.
* Have a key role in future metastasis.

Physical translocation Colonization
from primary tumor to distant organ
@ Survival at

Acquisition secondary site
of invasive ®
phenotype @ -

| “ CTCs transit to — 8

¢

_ \ N distant organ 2
—~—— e e N )
. ” Q ’//
_ Localinvasion CTCs extravasate @
cells invade into surrounding and invade into the
stroma, then intravasate to enter parenchyma of Adaptation and
hematogenous circulation foreign tissue proliferation to

form metastases

\ Differentiated Transitionin Cancer
cancer cell @) e el @ SO | W Stromalcell (@ Inflammatory cell

(Chaffer CL and Weinberg RA, Science, 331:1559-1564, 2011)



Metastatic cascade!

» Decreased levels of toll-like receptors 2 and 4
that play a key role in immune response,

= down regulation of Ki-67, c-myc, p-catenin and
over expression of CD47,

» Their genetic profile appears to be altered, as their
molecular characteristics were more concordant to
metastases, than to the primary tumor!

* Oncotarget. 2018 May 11; 9(36): 24561-24571




The immune pathways were
manipulated!

= |[mmune system also plays an important role in cancer
patients with severe and complicated post-operative
infections such as sepsis, pneumonia, peritonitis, by
enhancing metastasis and increasing the risk of

death from the process. Neutrophils, which act in
infections as first line of defense, are incriminated as a
supporter for the metastasis progression through neutrophil
exiracellular traps (NETs).

» CITCs are trapped in NETs and as a result, metastatic
lesions increased rapidly!

Oncotarget. 2018 May 11; 9(36): 24561-24571




CTCs, How they move

Cell Taxi: Mesenchymal Cells Carry and
Transport Clusters of Cancer Cells.

Jana Zarubova, Mohammad Mahdi Hasani-Sadrabadi, Sam C P Norris, Fatemeh Sadat
Majedi, Crystal Xiao ...etal.

Small 2022 Oct 28 doi:10,1002/small 202203515
PMID: 36307906 DOI: 10.1002/small.202203515
NCI CAPTAC Assay Portal
https//pubmed.ncbi.nim.gov/36307906/




Oncotarget
Open Access Impact Journal

= Overall mutations detected in CTCs and ciDNA like
KRAS, BRAF and PIK3CA were virtually in
concordance.

®» |n clinical practice, KRAS was revealed to have
major implication in CRC patients. lts mutation itself
is a negative criterion for freatment with targeted
anti-EGFR monoclonal antibodies like Cetuximab or
Panitimumab.

» wild-type blocking PCR, revealed that is possible to
assess KRAS mutation in CTCs from peripheral blood

* Oncotarget. 2018 May 11; 9(36): 24561-24571
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Oncotarget

Open Access Impact Journal

»CTCs might serve as non invasive
liquid biopsies to test different
genetic mutations, like VEGF, KRAS,
allowing initiation with targeted
therapy such as Bevacizumab,
Cetuximab or Panitumumab.

» Oncotarget. 2018 May 11; 9(36): 2456124571




Before ECT, invasive melanoma with axillary
involvement, doesn’t permit amputation

c
e

2 week after ECT, and LN dissection, ET Therapy
was started to reduce lymph edema

4 weeks after ECT, and 2 weeks after ET Therapy ,
degradation of the tumor and reduced lymph
edema
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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

° Primary tumor

Cancer cells shed into bloodstream

White blood cell . .
TS Circulating tumor

cell (CTC)
@ Redblood cell Secondary tumor °
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Oncotarget

Open Access Impact Journal

= High level of heterogeneity seen at the single cell level for both protein
expression and protein localization and the CTCs reflected both the
primary biopsy and the changes seen in the metastatic sites.

* Oncotarget. 2018 May 11; 9(36): 24561-24571




Cell A
ER-positive CTCs
with functional
ER machinery

ER-positive CTC

CellB

ERM!% CTC
with dysfunctional
ER machinery

Cali C,

ER-negative CTC
Essominated from
ER-negative subclone

Col D,

ER-negative CTC
disseminated from
ER-positive subclone
that lost ER expression
during the metastatic
CAascade or as & result

of systemic therapy



TYPES OF CTCs

» 1. Traditional CTCs are confirmed cancer cells with an intact, viable nucleus;
express cytokeratins, which demonstrate epithelial origin; have an absence
of CD45, indicating the cell is not of hematopoietic origin; and are often
larger cells with irregular shape or subcellular morphology




TYPES OF CTCs

» 2 Cytokeratin negative (CK-) CTCs are cancer stem cells or cells
undergoing epithelial-mesenchymal transition (EMT). CK-CTCs may be the
most resistant and most prone to metastasis; express neither cytokeratins
nor CD45; have morphology similar to a cancer cell; and importantly have
gene or protein expression or genomics associated with cancer.




CTCS and EPITHELIAL TO MESENCHYMAL TRANSITION (EMT)?

“For most carcinomas, progression toward malignancy
is accompanied by a loss of epithelial differentiation

& shift towards mesenchymal phenotype (EMT)
exacerbates motility and invasiveness”

“a pre-requisite for tumour infiltration & metastasis?”

“Numerous examples of advanced carcinomas with
mesenchymal features that retained characteristics of
well differentiated epithelial cells”

“...incomplete EMT, collective migration”

Ncan . wommooay  SXRSTTED Christiansen & Rajasekaran, Cancer Res, 66:8319, 2006
iy  COARATENSTKS  membmy Do tumour cells in the circulation of

lung cancer patients fit this description?
Achecuns (AJ), Tight (TS WTERCELLULAR Focal Adhesong and

Gap (G| and Demmoscawe(D)  JUNCTIONS Trorewent Gap Juncthse
. Vimentin? (mesenchymal)
T opmanis  wamcens | wedeee Cytokeratin? (epithelial)

' E-Cadherin? (epithelial)

Longitding Microlcbulos (WTs) CYTOSKELETAL  Actral Morohubules (UT)
Croambemena Actn ORGANIZATION  Flascdal Stress Fibes

D Paterson Institute for Cancer Research 17




EMT and/or E and M — collective cell migration ?

Epithelial-Mesenchymal Transition and Cell Cooperativity

in Metastasis Cancer Ros 2008; 69: (18). September 15, 2009

Takanori 'l'suii,' Soichiro lbaragi,2 and Guo-fu Hu'

D Primary site Blood stream Metastatic sites

¢ ] Normal epithelial cells

Q Non-EMT cancer cells

EMT cancer cells

'u" T T

M only s.c. no mets i.v. no mets
E only s.c. no mets, i.v. mets CTC/CTM heterogeneity?
Mand E s.c mets, i.v. mets

(4 colour assay in development)

D Paterson Institute for Cancer Research 24
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TYPES OF CTCs

» 3 Apoptotic CTCs are traditional CTCs that are undergoing apoptosis (cell
death): Epic Sciences technology identifies nuclear fragmentation or
cytoplasmic blebbing associated with apoptosis. Measuring the ratio of
traditional CTC to apoptotic CTCs - from baseline to therapy - provides
clues to a therapy's efficacy in targeting and killing cancer cells.




TYPES OF CTCs

» 4.Small CTCs are cytokeratin positive and CD45 negative, but with sizes and
shapes similar to white blood cells. Importantly, small CTCs have cancer-
specific biomarkers that identify them as CTCs. Small CTCs have been
implicated in progressive disease and differentiation into small cell
carcinomas, which often require a different therapeutic course.




»Can CTCs enlighten us on biology of
metastases and provide novel
targets for drug discovery?

»Can CTCs be used for Drug Targeted
evaluation in clinical trials?



» Science 13 Sep 2013:
» Vol. 341, Issue 6151, pp. 1186-1188
®» DOI: 10.1126/science.1235226



® Dialnet

= little is known about their global . The availability of
these type of gene sets, is of a key importance.

= we have identified Talin1, as a probably involved in
the process of CTC , by mediating

interactions between cancer and endothelial cells of blood vessels.




® Dialnet

» Facts like Talin1 depleted cells failed to form metastasis, or that patient with
high Talin1 levels in enriched CTCs from metastatic CRC patients, propose
this molecule as a novel an interesting target against cancer dissemination.




Cell Metabolism

in Glycolysis Hypoxia

Tumor Cells and Stem cells will survive but normal cells will not , due to HIF-1@

Warburg Phenomena \
1927
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Reactive Oxygen Species= ROS
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Ros in cancer therapy: the bright side of the moon

The most recent ROS inducing drugs have
addressed the pivotal goal of therapists:

ancer selectivity.

In this regard, good results have been reached
through photodynamic therapy, which is based on
the generation of ROS after stimulation of a
photosensitizer by light:

Cancer cells under freatment internalize porphyrin
precursor molecules to induce the formation of ROS
that lead to photo oxidative stress and cancer -
specific cell death.

Perillo et al Fxperimental and Molecular Medicine (20270) 52:192-203



American Journal of Pathology, Vol.
158, No. 3, March 2001, pp 1011

» |nterestingly, tumor hypoxia has been shown to be associated with
aggressive growth, metastasis, and poor response to treatment not

only in patients treated with radiotherapy, but also in those freated with
urgery alone. Of potential importance for understanding these effects is
the role of hypoxia in regulating patterns of gene expression. Studies of
gene expression have defined several classes of genes that are up-
regulated by hypoxia and demonstrated that activation of the
transcriptional complex hypoxia-inducible factor-1 is a key mediator of
many of these effects. Genes that are vup-regulated by
microenvironmental hypoxia through hypoxia-inducible factor-1
activation include glucose f{ransporters, glycolytic enzymes, and
angiogenic growth factors
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CTCs, How they move

Clusters of tumor cells not Single
Cell are tfransporting by
mesenchymal cells.
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Summary of the
t. Gallen Consensus Conference 2021

A surgical perspective...

Michael Knauer MD PhD FEBS
Breast Center Eastern Switzerland — St. Gallen

Breast Cancer Congress — Tehran 2022

T Breast Center
QS§9 © 0“‘58%1&&)( O Eastern Switzerland




17™ ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021

Primary Therapy of Early Breast Cancer. Evidence, Controversies, Consensus.

BCC 2021 17 -21 March 2021, online worldwid: sQ;;m."HerongQJm
Genetics

il

Genetic testing panels for hereditary cancer should be offered to women with
early stage breast cancer based on which of the following:

Risk of hereditary mutation > 10% in algorithms based on 77.599%
family history, age at diagnosis, and tumor subtype rs P
All patients = age 65 - 12,07%
All patients . 10,34%
Abstain: 1




17™ ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021

Primary Therapy of Early Breast Cancer. Evidence, Controversies, Consensus.
BCC 2021 17 -21 March 2021, online worldw

Genetics
2.

If panel testing is chosen, the preferred panel should routinely include:

BRCA1 and BRCA2 . 6,90%

BRCA1, BRCA2, and PALB2 - 17,24%

Such genetic testing panels should include those genes in
- 8,62%

BRCA1l, BRCA2, ATM, BARD1, BRIP1, CDH1, CHEKZ2, NBN,
PALB2, PTEN, STK11,RAD51C, RAD51D and TP53

"C” and an additional two-dozen or so genes related to
hereditary cancers

Abstain: 1



17™ ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021

Primary Therapy of Early Breast Cancer. Evidence, Controversies, Consensus.

BCC 2021 | | March 2021, e worldwidi st galles O“m,
Genetics

You are advising a healthy woman who has undergone genetic testing report that
disclosed a deleterious mutation in a known hereditary cancer gene. She asks your

advice on optimal strategies for ongoing prevention or surveillance. Based on the gene/age considerations
below, what would you recommend as optimal management?

/. Moderate Penetrance (OR 2-3] BARD1, CHEK2, CDH1, TPS&3, 40 years

Prophylactic Mastectomy - 13,46%

Routine breast surveillance - 5,77%

Surveillance + tamoxifen or AI (if postmenopausal) - 13,46%

7 A SRR Only (R r Y



17™ ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021
Primqry Thempy of Farly Breast Cancer. Evidence, Controversies, Consensus.
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Genetics

You are advising a healthy woman who has undergone genetic testing report that

disclosed a deleterious mutation in a known hereditary cancer gene. She asks your

advice on optimal strategies for ongoing prevention or surveillance. Based on the gene/age considerations
below, what would you recommend as optimal management?

8. Moderate Penetrance (OR 2-3] BARD1, CHEK2, CDH1, TPS3, 60 years

Prophylactic Mastectomy - ;,85°/o

Routine breast surveillance 34,62%

Breast surveillance including MRI 1%

Surveillance + tamoxifen or AI (if postmenopausal)

Abstain: 7

19,23%




17™ ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021

Primary Therapy of Early Breast Cancer. Evidence, Controversies, Consensus.
BCC 2021 17 -21 March 2021, online worldwidi

s

Genetics

You are advising a healthy woman who has undergone genetic testing report that
disclosed a deleterious mutation in a known hereditary cancer gene. She asks your

advice on optimal strategies for ongoing prevention or surveillance. Based on the gene/age considerations

below, what would you recommend as optimal management?

9. Lower Penetrance (OR 1-2]JATM, BRIP1, NF1, RADS51C, RADS51D, FANCC, STK11, 40 years

Prophylactic Mastectomy 0,00%

\
\

Surveillance + tamoxifen or AI (if postmenopausal) - 9,62%

Abstain: 6

40,38%

\

50,00%




alac strange things happen if you ask oncologists...

The world is full of people who are
very clever at seeming much smarter
than they really are.

— Kurt (fonnegul —

AZ QUOTES




At the St. Gallen 2021 meeting, biomarkers were discussed in the
chapter genetics, pathology, and for indication of adjuvant systemic
therapy. Regarding testing of genetic panels for hereditary cancer, 78%
of the panel voted for testing in women if the risk for a hereditary
mutation was >10% in algorithms based on family history, age at

diagnhosis, and tumour subtype.



* Only 10% recommended testing in all patients, and 12% suggested

testing in all patients <65 years.



Molecular Analysis of Radiation Resistance Process Iin
Radioresistant Oesophageal Adenocarcinoma Cells

Zahra Razzaghi (Correspond)



e Results:.

 Out of the 251 departments that were examined, 171 people were selected to be a part
of the PPI network. The important dependencies identified were EGFR, FN1, CD44,
PTGS2, NFKBIA, KEAP1, CTSD, PHGDH, and NT5E. The significant dependencies
were grouped into eight categories of biological terms. Among these dependencies,
EGFR, FN1, CD44, and PTGS2 were identified as the main proteins that were
dysregulated.



 Conclusion:

 According to the findings, the radioresistant cells are reliant on four important

proteins which are egfr, fnl, cd44, and ptgs2 to develop resistance to radiation.



e Testing a gene panel including BRCA1 and 2, ATM, BARD1, BRIP1,
CDH1, CHEK2, NBN, PALB2, PTEN, STK11, RAD51D, and TP53 was
supported by 67%, while 17% suggested to test BRCA1 and 2 and

PALB2.



* Regarding clinical consequences such as a prophylactic mastectomy in
patients with a PALB2 mutation, the panel was undecided with a

50:50% vote.



17" ST.GALLEN INTERNATIONAL BREAST CANCER CONFERENCE 2021

Primary Therapy of Early Breast Cancer. Evidence, Controversies, Consensus.

Genetics
3.

Is there enough data to justify prophylactic mastectomy in BC
patients with a PALB2 mutation?




In a series of questions regarding the importance of prophylactic
mastectomy versus routine surveillance according to penetrance of
the mutated genes the votes were as follows:

* High penetrance (odds ratio >3), for example, BRCA1 or 2, PALB2: age 40
years: 85% support prophylactic mastectomy; age 60 years: 46% support

prophylactic mastectomy and 32% breast surveillance including MRI.



In a series of questions regarding the importance of prophylactic
mastectomy versus routine surveillance according to penetrance of the
mutated genes the votes were as follows:

* Moderate penetrance (OR 2-3), for example, BARD1, CHEK2, CDH1,
TP53: age 40 years: 67% support breast surveillance including MRI

and 6% without MRI; age 60 years: 42% support breast surveillance

including MRI and 35% without MRI.



In a series of questions regarding the importance of prophylactic
mastectomy versus routine surveillance according to penetrance of the
mutated genes the votes were as follows:

* Low penetrance (OR 1-2), for example, ATM, BRIP1, NF1, RAD51C, RAD51D,
FANCC, STK11: age 40 years: 50% support breast surveillance including MRI and
40% without MRI; age 60 years: 30% support breast surveillance including MRI
and 64% without MRI — nobody would recommend prophylactic mastectomy

in this situation.



Increase genetic risk management

e Adding tamoxifen or an aromatase inhibitor (if postmenopausal) to
surveillance of patients at increased genetic risk was only supported
by a minority of about 5-20% in the different situations.
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tumor iiarker |esis

- What are tumor marker tests?

« These tests look for tumor markers, which are sometimes called cancer
markers. Tumor markers are substances that are often made by cancer
cells or by normal cells in response to cancer. For example, some tumor markers
are proteins that certain cancer cells make in larger amounts than normal cells do.
Changes in the genes and other parts of tumor cells can be tumor markers, too.

e Certain tumor markers may be found in samples of body fluids, such as blood or urine
(pee). Other tumor markers are found in samples of cells that are removed from a tumor

during a biopsy.


https://medlineplus.gov/cancer.html
https://medlineplus.gov/biopsy.html
https://medlineplus.gov/lab-tests/tumor-marker-tests/
https://medlineplus.gov/lab-tests/tumor-marker-tests/

 Tumor marker tests are mainly used after you have a cancer
diagnosis. The test results may help answer important questions
about your cancer, such as:

* How fast is the cancer growing?

* What type of treatment is most likely to help?
* |s the treatment really working?

* Has cancer come back after treatment?

 Not all cancers have known tumor markers. And the tumor markers
that are known don't provide perfect information.



What are Tumor Markers used for?

* Tumor marker tests are most often used after you have a cancer
diagnosis. When used with other tests, tumor markers may help:

* Find out whether cancer has spread to other parts of your body (cancer
stage)

* Predict how fast your cancer may grow, the chance of recovery, and
whether cancer is likely to return

* Select the right treatment for your type of cancer. Some treatments work
only with cancers that have certain tumor markers. Tumor markers that
help plan treatment are also called biomarkers.

* Monitor how well your treatment is working. If tumor marker levels go
down, it usually means your treatment is helping.

* Find any cancer that remains after treatment or cancer that comes back
after treatment.



Tumor markers




Tumour marker and sites

 AFP

* Liver, Testes
* BHCG

* Testes
 BRCA1/2

* Breast

e CA125

* Ovary

e CA15-3

* Breast

e CA19-9

e Stomach, Colorectal, Gastrointestinal, Pancreas



Tumour marker and sites

CA 50

* Bladder, Colon

* CDTL

* Lung

* CEA

e Stomach, Liver, Breast, Ovary, Gastrointestinal, Lung
e Cyfra21-1

* QOesophagus, Lung, Bladder
 HE4

* Ovary

* NMP22

* Bladder



Tumour marker and sites

* NSE

* Lung, Brain, Thyroid

* PSA

* Prostate

* S100

* Melanoma

* SCC

* Oesophagus, Bronchus, Lung, Cervix



Tumour markers/sites

* NSE: Neurone Specific Enolase
SCC: Squamous Cell Carcinoma
Site Tumour Sample Turnaround
marker type time

Oesophagus CA 19-9 serum 4 hours
CEA serum 4 hours

SCC serum 4 days

Site Tumour Sample Turnaround
marker type time

Thyroid CEA serum 4 hours
Th)(r_oglqbulln serum 1 day
Calcitonin 1ml 1 day

Frozen serum

Site Tumour Sample Turnaround
marker éype time

Breast Breast Cancer EDTA 4 weeks
NGS Panel

CA 15-3 serum 4 hours

CEA serum 4 hours

Site Tumour Sample Turnaround
marker type time

Liver AFP serum 4 hours



CEA serum 4 hours
Ferritin serum 4 hours
Site Tumour Sample Turnaround
marker type time
Gastro- CEA serum 4 hours
intestine CA 19-9 serum 4 hours
Site Tumour Sample Turnaround
marker type time
Ovarian Cancer EDTA 4 weeks
NGS Panel
CA 125 serum 4 hours
CA 15-3 serum 4 hours
HE4 serum 1 day
AFP serum 4 hours
Site Tumour Sample Turnaround
marker type time
Colon CEA serum 4 hours
CA 19-9 serum 4 hours
CA 50 serum 5 days
Site Tumour Sample Turnaround
marker R/ge timeOvary
Testes AFP serum 4 hours
Beta HCG serum 4 hours
guanutatlve)

Iite Tumour Sample Turnaround
marker t?/pe time
Osteocalcin serum 4 days
(frozen)Site Tumour Sample Turnaround
marker type time
Melanoma S-100 serum 4 days
Site Tumour Sample Turnaround
marker tyBe time
Prostate Prostate serum 4 hours
Profile (Total + Free PSA
Site Tumour Sample Turnaround
marker type time
Cervix/ SCC serum 4 days
Uterus CEA serum 4 hours
Site Tumour Sample Turnaround
marker }y e time
Bladder/"CEA serum 4 hours
Chorion CA 50 serum 5 days
NMP22 urine 4 days
Site Tumour Sample Turnaround
marker type time
Carcinoid 5-HIAA 24 hour 5 days
urine/
acidified
Site Tumour Sample Turnaround
marker type time
Pancreas CA 19-9 serum 4 hours
CEA serum 4 hours
Site Tumour Sample Turnaround
marker type time
Bile duct CA 19-9 serum 4 hours
CEA serum 4 hours
Site Tumour Sample Turnaround
marker_ty})e time
Bronchial/ NSE* serum 5 days
Lung SCC* serum 4 days
CDTL serum 7 days
CEA serum 4 hours
Cyfra 21-1 serum 4 days
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