Tissue Collection Challenges in Co-
Development Clinical Trials

Eric Walk, MD FCAP

Chief Medical Officer, Ventana Medical Systems/Roche Tissue Diagnostics
January 21, 2011

caHUB Biospecimen-Based Reference Sets for Drug-Diagnostic Codevelopment
Workshop




Biospecimens for Diagnostic Assay Development

and Validation
Annotation Needs Depend on Dx Intended

Use

* Routine Diagnostic Assay (e.g. cytokeratin, p63)

* Prognostic Assay (e.g. Oncotype Dx, TMPRSS/ERG)

« Companion Diagnostic Assay (e.g. HER2, EGFR mut)

Anatomic pathology diagnostic information (e.g. subtype,
invasive vs. in situ, etc.)

Characterization data, especially with comparative
assays/technologies is ‘nice to have’

Typical sources: public/private tissue providers

Dependent on patient outcome data (overall survival,
progression-free survival)

Typical sources: cooperative groups (NSABP, ECOG,
RTOG)

Need biomarker positive and negative samples
Need drug treated and non-drug treated (CDx vs.
prognostic)

Need drug response and outcome data

Tvpical sources: Pharma clinical trials
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Companion Diagnostics Development
Ventana Translational Diagnostics
Group

Drug Development

Pre-Clinical Phase | Phase Il Phase lli Commercialization
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Companion Diagnostic Partnership with Pharma

Translational Diagnostics Group Diagnostics Development
Biomarker Prototype Clinical IVD PMA Dx Clinical
Discovery Assays Validation Development Trial




Challenges in Companion Diagnostic Co-
Development

Logistic » Sample Collection

Technical » Pre-Analytical Variables

Primary Ab Selection
Sample Limitations

Conceptual » Primary vs. Metastasis

/Scientific Single vs. Multiple

Biomarkers



Iressa Survival Evaluation in Lung Cancer
(ISEL) Trial

* Phase lll trial compared gefitinib with placebo in 1,692 patients
with refractory advanced NSCLC

 Biomarkers
— EGFR IHC (n=379)
— EGFR FISH (n=370)
— p-Akt expression (n=382)
— Mutations in EGFR (n=215), KRAS (n=152), BRAF (n=118)

« Availability of tumor samples remains a challenge
— 460/1,692 (27.2%) patients with assessable tissue samples
— Only 91/1,692 (5.4%) patients were assessable for all biomarkers

Hirsch et al. J Clin Oncol 24: 5034-5042, 2006



BR21 Sample Collection Results

Supplemental information for on-line publication only

Supplemental Table 1. Summary of Sample Collection and Laboratory Testing by Treatment Arm

Erlotinib Control Total

Number of patients in trial 488 243 731 (100%)
Number of patients who consented to EGFR testing 313 159 472 (65%)

7~ N\
Number of patients with usable slides for IHC 242 133 325 (44%)
Number of patients with usable tissue for sequencing or 148 78 226 (31%)
FISH
Number of patients with successful IHC analysis 210 115 325 (44%)
Number of patients with successful FISH analysis 77 48 125 (17%)
Number of patients with successful molecular sequencing 114 63 177 (24%)

[HC: immunohistochemistry; FISH: flurouescence in-situ hybridization

Tsao et al. NEJM 353:2 2005
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IPASS Trial: Sample Collection

Attrition rates in biomarker analysis

1217 Sample not available, insufficient

randomised quantity to send, cytology only,
patients sample at another site

L7, 1038

biomarker
consent

(85%) 683

provided
samples
(56%) Evaluable for:

EGFR mutation: 437
(36%)
EGFR gene copy
number: 406 (33%)
EGFR expression: 365
(30%)

Mok et al. Phase lll, randomised, open-label, first-line study of gefitinib vs
carboplatin / paclitaxel in clinically selected patients with advanced NSCLC



Tissue Collection Remains Challenging in
Oncology Clinical Trials

* Inclusion of sample collection in a
clinical trial design
— Increases logistic complexity
— Potential IRB issues
— Has the potential to slow enrollment
— Increases cost

— Mandatory tissue collection is
becoming more common but is not
standard

— Enrollment and sample collection of
biomarker negative patients is critical

for diagnostic regulatory approval

* Prospective biopsies

— Most control over pre-analytical
variables

— Adds the most logistic complexity and
cost

— Limited tissue

» Archival paraffin blocks

— Relatively “easy” to collect

— No control over pre-analytical
variables

— Typically represent primary tumor at

timn Af initial AilAaAanAcias



Logistic Challenges: Sample Management

and Disposition

Sample shipment
conditions

—  Paraffin blocks
and cut sections:
Protected
ambient

—  Fresh frozen
biopsies: dry ice

— Formalin fixed
biopsies: ethanol

Central laboratory
coordination with
analysis labs

— Sample QA

— Sample quantity
limitations

— Histology capabilty —>

Referral

Site

>

[ |
Patient | |

Archival
Paraffin

Authorization ' Samples

Trial Site

+Patient Consent
*HIPPA Compliance

*Education around
sample shipment
conditions

Complexity
increases from
Phase | to Phase Il

Central Lab

«Confirm Consent

*Sample QC

*Coordination with

analysis labs

Analysis
Lab 1

+Sample QC

—) Analysis
(e— Lab 2

«Sample QC




Logistic Challenges

Trial Site Compliance with Sample

Procedures
Protocol Lab Manual

4. A standard plastic tissue cassette (e.g. Sakura Tissue Tek® Uni-
Cassette® or equivalent) for each first pass tumor biopsy should be
labelled in the following manner using a solvent-resistant marking pen
(e.g. Precision Dynamics Corp. Secureline® MarkerIl/Superfrost® or
equivalent) (see Figure 4-2):

*Write the 7-digit site/subject number and patient initials across front of
cassette.

*Write the date of collection (mm/dd/yr) and the letter “T” (for tumor)
followed by the biopsy time point (e.g. “TBL” for baseline, “T28” for day
28) along the right edge of cassette.

*Write the protocol number along left edge of cassette.

Note: If the tissue cassette holes are large enough to allow the biopsy to
escape, have filter paper or cassette biopsy sponges available in order to
secure the specimen.

Received from Trial Site

* Protocol and lab manual instruction
is not sufficient

» Trial site education including study
nurses/coordinators and sponsor
CRAs/site monitors is critical



Issues Related to Sample Collection

« Samples delivered to wrong
location/laboratory

« Samples shipped under wrong
conditions

 Unstained tissue slide on wrong
slide type (not
charged/superfrost plus)

« Sample transport and tracking
iIssues

« Ensuring/tracking appropriate
informed consent: eCRF

 Sample quantity insufficient (e.g. PK Samples sent to

no tumor found in sample) Central IHC Testing
Lab



Sample Collection Lessons Learned
Solutions

« Creation of a clear laboratory
manual and/or protocol sections

* Creation of appropriate sample
collection kits

— 10% NBF, charged slides, etc.

 Education of trial site and central
lab staff

— Investigators meeting on-site, web-ex,
telecon

* Qualification of tumor on site

_ Touch prep Sample Collection Kits



The Reality of Limited Sample Quantity

IHC, FISH, genotyping, etc.

Keep trimming of paraffin block to
a minimum

Use central lab with histology
services and coordinate
downstream analyses with
sectioning to minimize microtome
visits

Multiplex assays when possible

Sites reluctant to send paraffin
block

— Maximum number of unstained
slides achievable = 20



Tissue Collection Technical Challenges
Controlling Pre-analytical Variables

* Time to fixation

* Time of fixation

* Type of fixative

« Age of cut sections at time of analysis
* Use of phosphatase inhibitors

» Tissue processing protocol
 Embedding: Paraffin temp. (<60°C)

* Type of glass slides (e.g. Superfrost
plus)
« Use of tape transfer system

 Thoroughness of deparaffinization



Ventana Study: Impact of Tissue
Fixation on ISH Assay Performance

Study Materials

* Model System: MCF7 Xenograft tumors

« Assays Tested
— Ventana HER2 Dual ISH, Vysis HER2 FISH

* Fixatives Tested

— 10% NBF, Davidson’s AFA (Alcohol-Formalin-Acetic Acid), Alcoholic
NBF, Bouin’s, Prefer, Zinc Formalin

« MCEF7 tumor cut into pieces of uniform size

* Fixed using the 6 fixatives at 6 different time points
- 1,3,6,12, 24 and 48 hours

« Standard paraffin embedding and sectioning

* Ventana HERZ2 Dual ISH and Vysis HER2 FISH performed using
standard protocols



Study Results
10% Neutral Buffered Formalin — H&E

1 hour 3 hours 6 hours

48 hours 24 hours 12 hours



Study Results
10% Neutral Buffered Formalin — Dual

ISH 1hour 3 hours 6 hours

48 hours 24 hours 12 hours



Study Results
10% Neutral Buffered Formalin — FISH

1 hour 3 hours 6 hours

X | X | X

48 hours 24 hours 12 hours




Study Results
AFA — Dual ISH

1 hour 3 hours 6 hours

48 hours 24 hours 12 hours



Study Results
AFA - FISH

1 hour

3 hours

6 hours

X

X

X

X

X

X

48 hours

24 hours

12 hours




Study Results
Bouin’s — Dual ISH

1 hour 3 hours 6 hours

48 hours 24 hours 12 hours



Study Results
Bouin’s — FISH

1 hour 3 hours 6 hours

X | X | X
X | X | X

48 hours 24 hours 12 hours




Fixation Study Results Summary

* 10% Neutral Buffered Formalin (NBF)

— FISH: 6-24 hours provides optimal staining
— Dual ISH: 6-24 hours provides optimal staining

« AFA

— FISH: Significant issues with morphology and background

— Dual ISH: 1-24 hours demonstrated staining, but no timepoint
delivered optimal results

* Bouin’s
— FISH: No staining possible
— Dual ISH: 3 hours fixation provided adequate staining



Kerstin et al. Tucson Symposium 2008



Time to Fixation Effect on p-mTOR (CST
49F9) Expression



Examined immunoreactivity for
Ki67, ER, PgR, HER2 p-Akt and p-
Erk1/2 in immediate core bx,
delayed (30 mins. average) core
bx, resection specimen

None of the markers showed
significant differences between
immediate and delayed core bx

Ki67, ER, PgR and HER2 did not
differ significantly between core-
cuts and main resection specimen

p-Akt and p-Erk1/2 were markedly
lower in resections than core-cuts
(median, 27 versus 101 and 69
versus 193, H-score, respectively;
both P < 0.0001 [two-sided])



Atkins et al. J Histo Cytochem 52: 893-901



Table 3 Paired T-test of mean cytokeratin scores of stored slides
stored for 3 months with nitrogen desiccation and/or paraffin
coating

Condition Automated score
CytOkeratln % Fresh P-value
Fresh 100

Uncoated, room-air 12 <0.0001
Uncoated, nitrogen 54 <0.0001
Paraffin coated, room-air 69 <0.0001
Paraffin coated, nitrogen 96 0.4698

Table 4 Paired Ttest of mean Ki-67 scores of stored slides stored
for 3 months with nitrogen desiccation and/or paraffin coating

Condition Manual score
Ki-67

% Fresh P-value
Fresh 100
Uncoated, room-air 48 <0.0001
Uncoated, nitrogen 59 <0.0001
Paraffin coated, room-air 48 <0.0001
Paraffin coated, nitrogen 72 <0.0001

Table 5 Paired T-test of mean ER scores of stored slides stored for
5 months under nitrogen, coated with paraffin containing various
antioxidants

Condition Automated score

E R % Fresh P-value
Fresh 100
No additive 80 < 0.0001
1% BHT 62 < 0.0001
1% BHA 67 < 0.0001
10% BHT 69 < 0.0001

10% BHA 68 < 0.0001




Does The Biomarker Readout From The Primary
Tumor Accurately Reflect Metastatic Disease?

Primary Tumor
— Basis for diagnosis

— Paraffin embedded
archival tumor available

— Usual sample used for
biomarker assessment

Metastatic Tumor

— Target of investigational
therapy

— Tissue sample usually
not available

— Additional biopsy
required




Evaluated EGFR IHC primary vs. metastatic site in 99 cases of
CRC

19/53 (36%) primary tumors EGFR IHC+ had corresponding
metastatic tumors EGFR IHC-

7147 (15%) primary tumors EGFR IHC- had corresponding
metastatic tumors EGFR IHC+

Detection of EGFR in primary CRC could be inadequate for
planning therapy with EGFR-targeted therapy

Scartozzi et al. J Clin Oncol 22:4772-4778 (2004)



Comparison of the epidermal growth factor receptor
gene and protein in primary non-small-cell-lung cancer
and metastatic sites: implications for treatment with
EGFR-inhibitors

A. ltaliano'?*, F. Burel Vandenbos®, J. Otto', J. Mouroux®, D. Fontaine®, P.-Y. Marcy’,
N. Cardot®, A. Thyss' & F. Pedeutour®

EGFR status analyzed by IHC and FISH in primary
tumor and matched metastatic lesion

IHC
— 10/30 (33.3%) cases showed discordance (P=0.0074)
— 7/10: Primary EGFR+/Metastasis EGFR-
— 3/10: Primary EGFR-/Metastasis EGFR+

FISH
— 7126 (27%) cases showed discordance (P=0.007)
— ©6/7: Primary FISH+/Metastasis FISH-
— 1/7: Primary FISH-/Metastasis FISH+

— EGFR protein level and gene copy number are not stable
during metastatic progression in a significant proportion of
NSCLC

Annals of Oncology 17: 981-985, 2006



Stability of HER2-positive status in breast carcinoma:

a comparison between primary and paired metastatic
tumors with regard to the possible impact of intervening
trastuzumab treatment

C. Xiao'#', Y. Gong™', E. Y. Han', A. M. Gonzalez-Angulo®* & N. Sneige’

"Department of Pathology, The University of Texas MD Anderson Cancer Center, Houston, USA; “Department of Breast Oncology, Tianjin Medical University Cancer
Hospital, Tianjin, China; SDepartments of Breast Medical Oncology; “Department of System Biology, The University of Texas MD Anderson Cancer Center, Houston,
USA

« 56/66 (84.9%) patients had HER2 status agreement between paired
primary and metastatic tumors

« 10 patients had HERZ2- positive-to-negative conversion. The
agreement rate in the trastuzumab-treated group and in the control
group was comparable (86.8% versus 82.1%) (P = 0.858).

Xiao et al. Annals of Oncology 2011



ER status agreed in 210/227 (92.5%) patients, including 147 positive and 63 negative.

Of the 17 patients (7.5%) with discordant ER status, both negative to positive conversion (n %2 7)
and positive to negative conversion (n %2 10) were observed.

ER discordance was not significantly associated with metastatic site (locoregional vs distant), time
interval between assays (<5 years vs. 5 years), or intervening chemotherapy and endocrine therapy

Gong et al. Cancer 2010



Does The Biomarker Readout From The
Primary Tumor Accurately Reflect
Metastatic Disease?

Primary Tumor

Positive for
Companion
Diagnostic

Metastasis

Negative for No
Companion Response to
Diagnostic Targeted

Therapy



Biomarker Status in Primary vs. Metastasis
Implications for Clinical Trial Design

« Assessment of putative predictive biomarkers needs to be done
with knowledge of whether the primary or metastatic sample was
procured and analyzed

« All samples collected in clinical trials need to be annotated with
anatomic site and identity; ‘primary’ or ‘metastasis’ (including
multiple metastases)

* ldeally, both the primary tumor (archival paraffin) and the

metastatic sample (prospective biopsy) should be collected and
analyzed



Tissue Collection Challenges in Co-
Development Clinical Trials
Wish List

« Standardized procedures/methods/technology for sample

collection that reduce pre-analytical variability or at least
document pre-analytical status

— Set of tissue quality metrics/assays
— Fit-for-purpose grading approach
« Example: Low-grade: morphology, Medium-grade: routine IHC/ISH,
High-grade: sequencing, phospho-protein I[HC

 Widespread availability of materials to enable IHC assay
development
— Clinical samples sets pre-characterized for known markers of interest
« Example: NSCLC- EGFR L858R, T790M, EML4-ALK, etc.
— Characterized cell lines and xenografts for use as assay controls

« Global central laboratories/CROs capable of routinely handling

and processing tissue samples for molecular pathology
applications
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