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Biomarkers

e Characteristics able objectively measured and
evaluated

* |Indicators of normal biological processes,
pathological processes or pharmacological
responses to a therapeutic intervention



Biomarkers classified by Application

* Diagnostic biomarkers
* Disease prognostic biomarkers

* Biomarkers for predicting the clinical response
to an intervention



Breast Cancer Categories for
Management

e Early stage of breast cancer
* Locally advanced breast cancer

* Metastatic breast cancer



Management for Early Breast Cancer

Radiation Rx

Adjuvant
systemic Rx

Chemo +/- Hormonal Hormonal
Chemo +/- Anti-HER?2

Prognostic
BIOMARKERS



Standard Prognostic Characteristics

Age

Menopausal status
Tumor size

Lymph node status
Histological grade
ER

HER?2

Prognostic
BIOMARKERS



Management for Early Breast Cancer

Radiation Rx

Adjuvant
systemic Rx

Chemo +/- Hormonal Hormonal
Chemo +/- Anti-HER?2

Predictive
BIOMARKERS



Breast Cancer Biomarkers

Essential Gene Expression Profile

e |HC - ER/PgR/HER2/Ki67 * Oncotype DXt
e ISH-HER2 * Prosignat™ (PAM 50)



Breast Cancer Biomarkers

Essential Gene Expression Profile

e |HC - ER/PgR/HER2/Ki67 * Oncotype DXt
e ISH-HER2 * Prosignat™ (PAM 50)



DNA/Gene/

C Chromosome

MRNA

Cellular proteins

Cellular structure/
morphology

Cellular pattern/
tissue

DNA analysis

Gene Expression
Profile (GEP) assay

Protein Expression
Profile (PEP) assay



Case 01

Female 57 years old
Breast nodule, 1 cm, in left breast

Wide excision + Sentinel node biopsy
Tubular carcinoma, pT1NO
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Case 01 Prognostic

BIOMARKERS
Age favorable
Menopausal status favorable
Tumor size favorable
Lymph node status favorable
Histological grade favorable
ER favorable
HER2 favorable

No chemotherapy was
prescribed.
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Case 02

Female 58

Left breast nodule, 1.5 cm

Wide excision + sentinel node biopsy
Invasive ductal carcinoma, grade I, pT1INO
LVI — positive









Case 02 Prognostic

BIOMARKERS
Age favorable
Menopausal status favorable
Tumor size favorable
Lymph node status ?favorable
Histological grade ?favorable
ER favorable
HER2 favorable

Oncotype DX assay was

done.
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Breast ncer Assay 301 Penobscot Drive, Redwood City, CA 94063 USA
. USA/Canada: +1.866.ONCOTYPE
Breast Cancer Report - Node Negative jonal: www.oncotyped ntact
- www.oncotypedx.com
Prognosis CLIA Number 05D1018272
Patient/ID: Requisition:
Sex: Specimen Received:
Date of Birth: Date Reported:
Medical Record/Patient #: Client:
Date of Surgery: Ordering Physician:
Specimen Type/ID: Submitting Pathologist:

Additional Recipient:

Recurrence _ ) :
® Oncotype DX® Breast Cancer Assay uses RT-PCR to determine the expression of a panel of 21 genes in tumor
Score tissue. The Recurrence Score result is calculated from the gene expression results and ranges from 0-100.
Result The findings are applicable to women who have stage | or Il node negative (N-), estrogen receptor positive (ER+)

breast cancer, and will be treated with 5 years of tamoxifen (tam). It is unknown whether the findings apply to other
patients outside these criteria.

Clinical Experience: The following results are from a clinical validation study that included 668 patients from the
NSABP B-14 study. The study included female patients with stage | or Il, N-, ER+ breast cancer treated with 5 years
of tam.'

Prognosis: 10-Year Risk of Distant Recurrence after 5 Years of Tam,
Based on the Recurrence Score Result (from NSABP B-14)
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Paik ot al. N Engl J Med. 2004.

Laboratory Director: Patrick Joseph, MD

This test was and its by Genomic Health, inc. The laboratory is regulated under the Clinical Laboratory Improvement Amendments
of 1988 (CLIA) as qualified to perform high-complexity clinical testing. This test is used for clinical purposes. it should not be regarded as investigational or for research. These results
are adjunctive to the ordering physician's workup.

© 2004-2014 Genomic Health, Inc. All rights reserved. Genomic Health, Oncotype DX, and Recurrence Score are trademarks of Genomic Health, Inc. |
‘GHI004 Rev026
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Genomic Health, Inc.
301 Penobscot Drive, Redwood City, CA 94063 USA
USA/Canada: +1.866.ONCOTYPE
International: www.oncotypedx.com/contact
www oncotypedx.com

Prediction of Chemotherapy Benefit CLIA Number 05D1018272
Patient/1D: Requisition:
Sex: Specimen Received:
Date of Birth: Date Reported:
Recurrence
® The findings are applicable to women who have stage | or Il node negative (N-), estrogen receptor positive (ER+)
Score breast cancer and will be treated with 5 years of tamoxifen (tam). It is unknown whether the findings apply to other
Result patients outside these criteria.
Clinical Experience: The following results are from a clinical validation study that included 651 patients from the
NSABP B-20 study. The study included female patients with stage [ or If, N-, ER+ breast cancer. Patients were
randomized to either tam alone or tam plus CMF or MF chemotherapy. For patients in the pre-specified group with
Recurrence Score results = 31, the group average 10-year risks (95% Cl) of distant recurrence were 40% (25%, 54%)
for tam alone and 12% (6%, 18%) for tam + CMF/MF.’
Prediction of Chemotherapy Benefit after 5 Years of Tam,
Based on the Recurrence Score Result (from NSABP B-20)
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Paik et al. J Clin Oncol. 2006.

Low Risk (< 18) Intermediate Risk (18-30) High Risk (2 31)

Laboratory Director: Patrick Joseph, MD

This test was and its characteristics

by Genomic Heaith, inc. The laboratory is regulated under the Clinical L

of 1988 (CLIA) as qualitied to perform high-complexity clinical testing. This test is used for clinical purposes. It should not be regarded as investigational or for research. These results

are adjunctive to the ordering physician's workup.

[ © 2004-2014 Genomic Healith, Inc. All rights reserved. Genomic Health, Oncotype DX. and Recurrence Score are trademarks of Genomic Health, Inc. |

GHIO04 Rev026.
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+1.866.ONCOTYPE
amatona: e oncotypedx comcontact

Quantitative Single Gene Report v i
Patient1D: Requisition:

Sex: Specimen Received:
Date of Birth: Date Reported:
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She did not receive chemo Rx, to date
(5 years later), she is well



Rate of Distant Recurrence at 10 Years by Oncozype DX

Risk Group in the Clinical Validation Study
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Probability of Distant Recurrence:
In the clinical validation studies, patients who were node-negative, luminal A subtype, with an
ROR score of 3 were in the low-risk group. This group averaged a 4% probability of distant

recurrence at 10 years.

The Prosigna® aigorithm has been validated by 2 randomized clinical trials including more than 2400 patlents with varying rates of distant recurrence. An analysis
of these 2 clinical validation studies shows that the probabiliity of distant recurrence for the low-risk poputation is 4%, while the high-risk population has a
significantly greater probability of distant recurrence.t

Low risk Intermediate risk High risk
Group average: 4% Group average: 11% Group average: 22%
93% Cl: 3%-5% 95% CI; 8%-14% 95% CI: 18%-27%

Probability of
distant recurrence

IO-char probability of distant recurrence (%)

L

esss Rate

Risk of Recurrence (ROR) - 98% 1

For more information, visit PROSIGNA.com or e-malil info@prosigna.com

1Data apply to patients being treated with hormone therapy for 5 years as in the tested patient population, See Package Insert for further information on therapy regimens and tested
patient population, It ls unknown whether these findings can ba extended to other patient populations or treatment schedules.



Probability of Distant Recurrence:
In the clinical validation studies, patients who were node-negative, luminal B subtype, with an
ROR score of 70 were in the high-risk group. This group averaged a 22% probability of distant

recurrence at 10 years.
The Prosigna® algorithm has been validated by 2 randomized clinical trials including more than 2400 patlents with varying rates of distant recurrence. An anatysis
of these 2 clinical validation studies shows that the probability of distant recurrence for the high-risk population is 22%.t

Low risk Intermediate risk High risk
Group average: 4% Group average: 11% Group average: 22%
95% CI: 3%-5% 95% CI: 8%-14% 95% CI: 18%-27%

Probability of
distont recurrence

10-year probability of distant recurrence (%)

-r

e Rate

Risk of Recurrence (ROR) - 95%CI

For more information, visit PROSIGNA.com or e-mail info@prosigna.com

1Data apply to patients being treated with hormone therapy for 5 years as in the tested patient population. See Package Insert for further information on therapy regimens and tested
patient population. It is unknown whether these findings can be extended to ather patient populations or treatment schedules.



Breast Cancer Biomarkers

Essential Gene Expression Profile

e |HC - ER/PgR/HER2/Ki67 * Oncotype DXt
e |ISH-HER2 * Prosignat™ (PAM 50)



Breast Cancer Biomarkers

* “One important aspect of the role of
Pathology in the evaluation of breast cancer is
biomarker testing, specifically the accurate
assessment of the ER, PgR, HERZ2 status of a
patient’ breast cancer”



Time to recurrence and survival by tumor type

Time to distant recurrence Survival
X Censored = | uminal A == Luminal B == Basal == HERZ2-positive
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Breast cancer molecular subtypes

Intrinsic subtype

Clinico-pathologic surrogate

definition

Luminal A ‘Luminal A-Like’

ER + and PgR +

HER2 —

Ki-67 ‘low’ (<20%)
Luminal B ‘Luminal B-like (HER2-)’

ER+

HER2-

And at least one of:
Ki-67 ‘high’

PgR ‘negative or low’

‘Luminal B-like (HER2+)’
ER+

HER2+ or amplified

Any Ki-67

Any PgR

HER2 overexpression

‘HER2+ (non-luminal)’
HER2+ or amplified
ER and PgR —

Basal-like

‘Triple negative (ductal)’
ER and PgR —
HER2 -

* have the best prognosis, with fairly high
survival rates and fairly low recurrence
rates

* Luminal treatment for these tumors
often includes hormone therapy

often diagnosed at a younger age than those
with luminal A tumors

compared to luminal A tumors, they tend to
have factors that lead to a poorer prognosis
including

fairly poor prognosis and are prone to early
and frequent recurrence and metastases

often aggressive and have a poorer
prognosis compared to the estrogen
receptor-positive subtypes (luminal A and
luminal B tumors)



Intrinsic subtype

Clinico-pathologic surrogate
definition

Luminal A ‘Luminal A-Like’

ER + and PgR +

HER2 —

Ki-67 ‘low’ (<20%)
Luminal B ‘Luminal B-like (HER2-)’

ER+

HER2-

And at least one of:
Ki-67 ‘high’

PgR ‘negative or low’

‘Luminal B-like (HER2+)’
ER+

HER2+ or amplified

Any Ki-67

Any PgR

HER2 overexpression

‘HER2+ (non-luminal)’
HER2+ or amplified
ER and PgR —

Basal-like

‘Triple negative (ductal)’
ER and PgR —
HER2 -

Critical values

* ER negative, positive

1-9%

PgR 0-20%, 51-100%

21-50%

HER2 negative, positive (score 3+)

score 2+

Ki67 index <20% 31%-100%

20-30%



Estrogen Receptor (ER)

* What is Estrogen Receptor? " e
— Estrogen is a normal steroid hormone P ' -
that stimulates breast epithelial g& ?’
growth.
— The receptor binds the hormone in
the nucleus

e What does it stain?

— ERis directed against ER protein
located in the nucleus of both normal

and neoplastic (tumor) cells
e Whyisitimportant?
— Receptor-negative tumors tend to
have higher rates of recurrence

— Receptor-positive tumors can be
treated with hormonal therapies, like
Tamoxifen and Aromatase inhibitors




Progesterone Receptor (PgR)

* What is Progesterone Receptor?

— Progesterone is a normal steroid
hormone that promotes ductal
maturation and its receptor is
induced by estrogen (if you don’t
have ER you won’t have PgR).

e What does it stain?

— PgRis directed against PgR protein
located in the nucleus of both normal
and neoplastic (tumor) cells

e Whyisitimportant?
— Receptor-negative tumors tend to
have higher rates of recurrence

— Receptor-positive tumors can be
treated with hormonal therapies, like
Tamoxifen and Aromatase Inhibitors



HER-2/neu

* Whatis HER-2/neu?
— Also called ErbB2 or c-erbB-2
— Belongs to the EGFR family
— Protein that promotes cell cancer
growth
* What does it stain?
— Increased amount of HER-2/neu protein %
product on cancer cell surface \
e Whyisitimportant?
— High levels of HER-2/neu are related to
poorer survival

— HER-2/neu positivity indicates that a
patient is more likely to respond to
Herceptin™ therapy.




Initial
HER?2 test result:

Important question to consider:

Initial

HER2 test result:

EQUIVOCAL* Is HER2 test result adequate? INDETERMINATE*

prane

staining that is incomplete and /or
weak/moderate and >10% of the invasive tumor
cells, or complete and circumferential membrane
staining that is intense and <10% of the invasive
tumor cells

ISH: HER2/CEP17 ratio <2.0, average HER2 copy
number 24.0 and <6.0 signals per cell

Order reflex test
(same specimen, alternative test )
OR
Order new test (new specimen if available,
same or alternative test) if concerns
exist about specimen

Example: crush artifact

Request another specimen for HER2
testing

Note reason for indeterminate test
result on report




Adoption of the 2013 ASCO/CAP
guideline updates may help personalize patient care.

e Order reflex test on same e Order reflex test on same ® Retest new specimen
if quality concerns
exist

e Specimen (ISH) or new e Specimen (IHC) or new
e Specimen (IHC or ISH) e Specimen (IHC or ISH)



Ki-67

What does it stain?
Proliferating Cells: cells
that are growing or
multiplying by rapidly
producing new cells

Why is it important?

Cells with high levels of
proliferative antigen are likely
growing and dividing rapidly,
which means that this is a more
aggressive tumor.

A good Ki-67 clone will stain
nucleoli




QCmarkers

* Characteristics able objectively measured
and evaluated

* Indicators of performance of fixation and
tissue processing

Tissue Section

Quality



poor section
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Tissue Fixation:
Summary of Best Practices

» Poor breast tissue fixation is a common source of

error in HER2 testing?

» Breast specimens should be placed in formalin

fixative within 1 hour of collection?

» Prolonged ischemic time may compromise the
integrity of the HER2 test!

>

De
-1S
HE

ay to formalin fixation may invalidate HER2
H test results by leading to undercounting the

R2 signal?

» Time to fixation should be recorded on the
pathology report for each breast tissue sample?

1. Khoury T, et al. Mod Pathol. 2009;22:1457-1467.
2.  Wolff AC et al. J Clin Oncol. 2013; Oct 7. [Epub ahead of print]



Preanalytical Variables:
Tissue Fixation

» Breast tissue samples should be fixed in 10% neutral
phosphate buffered formalin for 6 hours to 72 hours
before processing?

» Breast core biopsy samples may not be optimal in
some situations

@ Under- or overfixation of tissue may compromise the accuracy of the HER2 test

@ Duration of fixation should be recorded on the pathology report for each sample

» Misconception: Smaller breast biopsy samples will fix
more quickly than large specimens and therefore
require less time in formalin?3

@ Formalin will penetrate more quickly into smaller samples, but tissue fixation is a chemical
reaction that takes time (“clock” reaction)

@ Small biopsy samples require the same amount of fixation time as larger resection samples

1. Wolff AC et al. J Clin Oncol. 2013;31(31):3997-4013; 2. Goldstein NS et al. Am J Clin Pathol. 2003;120(1):86-92; 3. Goldstein NS, Members of
Ad-Hoc Committee On Immunohistochemistry Standardization. App/ Immunohistochem Mol Morphol. 2007;15:124-133.



Importance of Time-to-Fixation on HER2 IHC and FISH
Testing

IHC; 30 min  Ehgemaris e S FisH; 30 min
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' HER2/CEP17 = 0.98

FISH; 4 hours
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~ HER2/CEP17=0.29

Khoury T, et al. Mod Pathol. 2009;22:1457-1467



Under- or Over-fixation of Breast Tissue May
Compromise HER2 Test Accuracy

Breast carcinoma
shows 2+ staining
with the
appropriate fixation
time

Breast carcinoma
shows negative
staining after
extended fixation
time
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Take Home Message

 [HC - ER, PgR, HER2 and Ki67 are essential

biomarkers for all breast carcinoma

* Gene Expression Profiling is biomarker that
help planning whether hormonal Rx alone or

combined hormonal and chemo Rx

* |n addition to pre-analysis, tissue anc
laboratory process, critical values wit

N

refinement are key for analytical valic

ity



Take Home Message

Section quality reflects performance in pre-
analysis and tissue processing.

Section quality assessment needs objective
and relevant criteria.

Section quality affects primarily histological
diagnosis and classification.

Section quality is basic for accurate
biomarkers testings.



