Intrinsic and Extrinsic controls
for FFPE tissue
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Use of analyte measurement to
determine patient management
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AQUA® method of analyte (estrogen receptor)
measurement on a tissue slide

Step 1: Mask (define region of interest, exclude stroma, blank
space, etc)

Step 2: Define the numerator and denominator
2 target intensity

Numerator in compartment pixels
Concentration = 2 = AQUA

Denominator 2 compartment score
pixel area

Step 3: Calculate the AQUA score

Step 4: Convert to absolute concentration or
normalize to set of uniform standards




Generating o &%
the AQUA® =

score

TMA-Tissue Microarray
WTS-Whole Tissue Section

Combine DAPI image and
cytokeratin image then cluster to
assign each pixel to a subcellular
compartment

Tumor Mask

— Ty

Estrogen Receptor

2 target intensity
in compartment pixels

= AQUA
2 compartment score
pixel area




<+—B-tubulin

G oind
L oind

G oind
L oind
10" oand
0 oind
L40IN
alvli
v.lv 19
1GL ¥Z
0c 19
691 NNS
6¢ 1H

gev diN
edaMs

OHD
9¢vy aiN
9991 H
l€C diN

c
| -
()
=)
(7p]
=
Yo
o
c
2
)
M
2
=
-
®©
)
@

pg ER / g total




AQUA score (no Envision)

pg ER/ g total protein
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ER in Cell Lines by Western

ERin Cell Lines by AQUA (no Envision)

Regression without ER “negatives”

Converting ER AQUA scores to a concentration (pg/ g)

y=1.101x-26.513
R?=0.865
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AQUA score (no Envision)

Use this equation to assign pg/ug value based on
the AQUA scores for ER “negative” cell lines




Cell Line ER expression in pg/Tly
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Limit of
detection
is 50 pg/ug
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Use these cell lines (present on TMAS) to convert patient ER AQUA scores from YTMA 49
to an ER concentration (pg/ug)




AQUA® analysis: Normalization/Standardization
Example: HER2
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The HistoRx AQUA® platform

Complete solution - Hardware, Soeftware,
Reagents

Automated Fluorescence
Microscopy

— Expanded dynamic
range of measurement

— Multi-parametric

Commercially available with
about 16 current placements
worldwide

AQUA analysis software
compatible with .tiff images

In use by more than a dozen
Pharma companies for drug
development

FDA clearance pending on
AQUA software using ER as
the example analyte

US Patent 7,219,016




Summary:

« Absolute values of Estrogen Receptor can be obtained by
conversion from Western Blot to Cell Line Standards to
Breast Cancer Tissue

 The minimal expression level detectable by this system is
about 50pg/ug total protein

 Range of ER expression in patients is between 50pg/ug and
about 1500 pg/ug

* Reproducibility for AQUA has shown coefficient of variation
(CV) of around 5%

« Someday: CLIA guidelines for Estrogen Receptor:
Threshold for detection = 100pg/ug total protein
Acceptable variation = +/- 10% (20pg/ug)




Standardization

e Extrinsic controls

— Controls for the process of analyte detection

external to the FFPE sample (ie the antigen
retrieval, staining, visualization and guantification)

e |ntrinsic controls

— Controels for specimen integrity hased on
properties of the tissue that have: heen subjected
to all of the pre-analytical precesses, in parallel
withi the analyte (ie contrels for Under-fixation, celd

Ischemic time, etc.)




Key Pre-analytic VVariables for
measuring analytes on slide in formalin-
fixed paraffin embedded tissue

1. Time to Fixation (coldiischemic time)
2. Method of Tissue Acquisition
3. Fixative and Methed of Eixation




Whole section analysis of core biopsy vs. resection
to assess affect of ischemic time on stability

O Biopsy tissue
AQUA score of pAKT in Tumor Mask

m follow up tumor resection

910

Number of fields examined on each tumor 1111

v/l 2219 1729
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Biopsy vs. Tumor Resection




Lower Expression of pAKT in the resections than in CNBs

PAKT Expression

AQUA Score

AKT Expression

138 2030 14 49
516 715 718 927

AQUA Score




Whole section analysis of core biopsy vs. resection
to assess affect of ischemic time on stability for Total AKT

AKT AQUA in Tumor Compartment
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AQUA Score

AQUA Score
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PERK Expression

712

ERK Expression

911 738
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Significant Difference in ER Levels
between Core Bx and Resection

Cytokeratin AQUA in Tumor Compartment ER AQUA in Nuclear Compartment
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AQUA Score of Whole Tissue Section
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Biopsy vs. Tumor Resections

Biopsy vs. Tumor Resections

Wilcoxon signed rank test
P value 0.0098




Normalization by CK expression results in less
of statistically significant decrease in ER

ER Expression normalized by Cytokeratin (CK) of ER EXP
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AQUA Score of ER

YTMA 94-2 ER AQUA (tissue)
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CoPath Database (Yale
Pathology) ER AQUA
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Intrinsic Controls for FFPE tissue

*Goal 1: To generate two “discovery” tissue sets to assess
“pre-analytical” variability.

Goal 2: Assessment of markers of cold ischemia
(“housekeeping markers”) on discovery cohorts

Goal 3: Assessment of markers of hypoxia on discovery
cohorts

Goal 4: Generation of a Multiplexed “ Tissue Immunologic
Competence” (TIC) Model for normalization of tissue
handling that measures tissue integrity for immunological
assessment

Goal 5: Validation testing of the TIC Model in two core vs.
resection specimen studies




Goal-specific Task:

1A. To collect tissue blocks from patients
with matched pairs of core biopsies and
resection specimens

1B. To collect a cohort of patient tissues
with recorded time to fixation

2. To select, titer, validate and assess
expression of a series of 15-25 proteins
that could have value in monitoring cold
ischemia “house-keeping genes”

3. To select, titer, validate and assess
expression of a series of 15-25 proteins
that could have value in monitoring
hypoxia

4. To use Part-DSA or other methods to
define a set of markers from the best

results from milestones 2 and 3 to generate

five “Tissue Immunologic Competence”
(TIC) models

5A. To test the 5 TIC models to assess
EGFR expression on whole sections from
the Thoracic Surgery Core Series Study.

5B. To test the 5 TIC models on an
independently collected series of breast

cancer cases with matched core biopsies to

test ER expression.

Milestone:

1A. Establishment of a fully annotated set of 300
core needle biopsy (CNB) and resection tissue pairs
from breast cancer patients

1B. Construction of a 2x redundancy tissue
microarray (TMA) representing 100 specimens with
a wide range of recorded times to fixation

2. To select and report 3-5 proteins whose change is
proportional and reflective of degeneration as a
function of cold ischemic time

3. To select and report 3-5 proteins whose change is
proportional and reflective of degeneration as a
function of hypoxia

4. To report the 5 best TIC models in preparation for
competitive testing to choose the best one

5. To report, patent and prepare to commercialize
the best TIC model based on the results of Tasks 5A-
B.




Objective Optimization of
Antibody Concentration

100000

AQUA(R) Scores

Mark Gustavson and Marisa Dolled-Filhart




