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Welcome to the Aperio webinar, we will begin at 7:0 0 a.m. PST.  
Please either call into the phone number or turn up  your computer 

speakers



AgendaAgenda

� Importance of specimen collection
� Standardization!!
� Preservation of phospho-antigens

� Examples of phospho-biomarkers in pre-clinical development
� Determining drug target and downstream signaling 

molecules
� Translation of pre-clinical phospho-assays to clinically 

useful phospho-assays
� Examples of phospho-biomarker in clinical development

� Predictive
� Dose finding

The role and importance of phospho-biomarkers in pr e-
clinical and clinical development of targeted thera pies



What TMD DoesWhat TMD Does

Pharmaceutical 
Services

Novel Approach to Novel Approach to 
Drug Development Drug Development 
Using BiomarkersUsing Biomarkers

Targeted Targeted 
Diagnostics to Diagnostics to 
Guide Cancer Guide Cancer 

TreatmentTreatment

Physician and 
Hospital Services



PreClinicalPreClinical Development Support Through Development Support Through 
Phase III and BeyondPhase III and Beyond

PreClinical Phase I Phase II Phase III FDA MFG Dist.

PHARMA & Biotech – Drug Development

Diagnostic Companies –
Commercial Development 

& Distribution

Master Laboratory 
Services Agreement

Master Research 
Services 

Agreement

Technology Transfer, 
Regulatory & Promotion 

Support
•Diagnostic companies need to manufacture 
and sell the final test

•Frequently have a hard time understanding 
pharma/biotech companies. We can help.

Development & 
Testing Support



TMD CertificationsTMD Certifications

Good Clinical & Laboratory
Practice

College of American Pathologists

Clinical Laboratory Improvement 
Amendments (CLIA)



Complexity of Signaling Pathways in Complexity of Signaling Pathways in 
Cancer Cancer 
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Uses of Morphological Biomarkers in Drug Uses of Morphological Biomarkers in Drug 
DevelopmentDevelopment

� Analyze effect on target/downstream pathways in pre-clinical studies 
e.g.
� Phosphorylation (TKIs: Iressa, Tykerb, Gleevec)
� Acetylation (HDACi: SAHA, MS-275)
� Methylation (Vidaza)

� Transition assays to clinical specimens, can be used for e.g.
� Selecting/Guiding dose in Phase I/II
� Identifying potential biomarkers of response and/or resistance

� Refine Response/Resistance Biomarkers in Phase II
� Correlating biomarkers with patient response 
� Selecting one (or a few) biomarkers for Phase III 

� Select Patients and Standardize in Phase III



Why SemiWhy Semi --quantitative IHC for understanding quantitative IHC for understanding 
the local environment efficacy / toxicity?the local environment efficacy / toxicity?

� We all hope for magic bullet serum markers, but…
� Until then we must understand what is happening in the organ and tissue of 

interest
� Much higher, more specific signals in tissues than in serum     

– the location in the tissue matters

� Preclinical and clinical trials are run by pathologists (DVM / MD), they are 
trained to look at tissues with IHC 

� Infrastructure for IHC already in place at preclinical and clinical trials 
CROs (ever tried running protein-based mass spec at a large CRO?)

� HER2/ER/PR with semiquantitative IHC is an accepted standard now for 
patient stratification with Herceptin

� IHC is inexpensive and easy to run, with hundreds of assays available 
Some limitations:
� Perceived as non-quantitative

� Requires good histology and attention to standardization
� Computer-assisted semiquantitative IHC

� Requires certified pathologists
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PhosphoPhospho --Biomarkers in PreBiomarkers in Pre --clinical clinical 
DevelopmentDevelopment

� Small molecule reversible inhibitor of the tyrosine  kinase activity of ErbB1 and 
ErbB2

� Inhibits p-ErbB1 and p-ErbB2 and downstream signali ng molecules p-Erk1/2, p-Akt 
and cyclin D



PhosphoPhospho --Biomarkers in Clinical DevelopmentBiomarkers in Clinical Development

ErbB2

p-ErbB2

p-Erk1/2 p-Akt

Pre treatment Post treatment

Pre treatment Post treatmentPre treatment Post treatment
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Shipping Shipping 
LogisticsLogistics

Standardized Standardized 
CollectionCollection

Data Data 
ManagementManagement

Clinical Site Clinical Site 
SupportSupport

Turnkey Turnkey 
DocumentationDocumentation

2424--48 HR TURNAROUND48 HR TURNAROUND

TMDTMD’’s Global Clinical Trial Managements Global Clinical Trial Management



No PhosphoGuard™ (regular formalin) PhosphoGuard™

PhosphoGuardPhosphoGuard ™™

A431 Xenograft Stained for p-ErbB1



6 Continents, Many Countries6 Continents, Many Countries



More Is Not Necessarily BetterMore Is Not Necessarily Better
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EGF103009, a phase II trial of lapatinib monotherap y in patientsEGF103009, a phase II trial of lapatinib monotherap y in patients
with relapsed/refractory inflammatory breast cancer  (IBC): Cliniwith relapsed/refractory inflammatory breast cancer  (IBC): Clini cal cal 

activity and biologic predictors of responseactivity and biologic predictors of response

Author(s): N. L. Spector, K. Blackwell, J. Hurley, J. L. Harris, D. Lombardi, S. 
Bacus, S. B. Ahmed, H. Boussen, M. Frikha, F. B. Ayed

� Heavily pre-treated patient population (avg 4.1 previous 
chemotherapies)

� 75% Herceptin failures (Arm A)
� 2 arms: 

� Arm A: ErbB2 overexpressing tumors
• 81% 3+ (of these 93% were Phospho-ErbB2 positive)
• 19% 2+ (of these only 14% were Phospho-ErbB2 positive)

� Arm B: ErbB1 expressing / ErbB2 negative tumors



EGF103009 Trial DesignEGF103009 Trial Design

� Heavily pre-treated patient population (avg 4.1 previous 
chemotherapies)

� 75% Herceptin failures (Arm A)
� 2 arms: 

� Arm A: ErbB2 overexpressing tumors
• 81% 3+ (of these 93% were Phospho-ErbB2 positive)
• 19% 2+ (of these only 14% were Phospho-ErbB2 positive)

� Arm B: ErbB1 expressing / ErbB2 negative tumors



EGF103009 InEGF103009 In--stream Clinical Data (ASCO stream Clinical Data (ASCO 
2006)2006)
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These biomarkers have been 
associated with Herceptin resistance

PR > 50% Reduction

SD 20 – 49% Reduction



Phase II Study of Predictive Biomarker Profiles for  ResponsePhase II Study of Predictive Biomarker Profiles for  Response
Targeting Human Epidermal Growth Factor Receptor 2Targeting Human Epidermal Growth Factor Receptor 2
(HER(HER--2) in Advanced Inflammatory Breast Cancer With2) in Advanced Inflammatory Breast Cancer With

Lapatinib MonotherapyLapatinib Monotherapy

Journal of Clinical Oncology (2008). Vol 26(7), 1066 -72. 

• Co-expression of p-HER2 and p-HER3 
predicted for response to lapatinib



Using Using PharmacoDynamicPharmacoDynamic (PD) Phospho(PD) Phospho --
Biomarkers to Guide Dosing in RealBiomarkers to Guide Dosing in Real --TimeTime

� Phospho-biomarkers that are drug targets or 
downstream signaling molecules can be used to 
monitor target inhibition in real-time

� When combined with an analytical method such as 
semi-quantitative IHC, degree of target inhibition can 
be measured and used to guide patient dosing  



Using Using PharmacoDynamicPharmacoDynamic (PD) Phospho(PD) Phospho --
Biomarkers to Guide DosingBiomarkers to Guide Dosing

Src

FAK

Pax

P

FAK becomes active upon recruitment to the plasma membrane and 
autophosphorylates itself

Src is recruited to the plasma membrane, autophosphorylates itself and further 
phosphorylates and activates FAK

Paxillin is recruited to FAK and is phosphorylated by Src

P

P

P

Can p-FAK and p-Paxillin be used as “readouts” of Sr c inhibition in patients? 



Real Time Real Time PharmacoDynamicPharmacoDynamic (PD) Dose (PD) Dose 
AdjustmentAdjustment

Pre-Treatment Bx

Measurement of p-
Src, p-FAK, p-Paxillin 
(image analysis)

4 wk Bx

Measurement of 
p-Src, p-FAK, p-
Paxillin (image 
analysis)

Dose 
Level 0 Real-time pharmacodynamic

dose adjustment depending 
on inhibition of p-Src, p-FAK, 
p-Paxillin

Simultaneous 
analysis



Example of a Change in PhosphoExample of a Change in Phospho --BiomarkersBiomarkers

Pre-Treatment Post-Treatment

p-Src

p-FAK

p-Paxillin



Pre and Post Pre and Post pp--FakFak (primarily membrane (primarily membrane 
expression)expression)



Pre and Post Pre and Post pp--SrcSrc



Colocalization: nuclear/cytoplasm stainingColocalization: nuclear/cytoplasm staining



RealReal--Time PhosphoTime Phospho --Biomarker MeasurementBiomarker Measurement

� Third Bx in patients who progressed at 16 wks but had 
documented response 

� By measuring 3 sequential Bx with image analysis, can 
ask the question: 
� Did patients who were progression free but then relapsed still 

have inhibition of the target and/or pathway?

Pathway still inhibited: 
resistance due to alternative 
oncogenic pathway

Pathway no longer inhibited: 
resistance due mutation or 
compensatory dysregulation in 
target or downstream signaling 
molecules



• Weekly digital slide conferences 
between pharma and CROs

• Entire slide captured

•Post-study searchable database

Make IHC More Accessible Make IHC More Accessible 

Before digital slides After digital slides

TMD
Pharma

Sharing secure images

The old way

• Only path and image analysis 
data can be shared between 
TMD and pharma

• Cumbersome and incomplete 
information from snap shots of 
slides 

With Digital Pathology



Searchable Whole Slide Databases PostSearchable Whole Slide Databases Post --studystudy

� After the study is completed, we may offer the ability for 
our customers to have a searchable database of the 
whole slide images installed in house at the pharma site

� This is valuable for future decision making, to compare 
with older studies



Sorting By PatientSorting By Patient



Sorting By Groups (Sorting By Groups ( egeg. Pre. Pre-- & Post& Post --))



Sorting By BiomarkerSorting By Biomarker



Detailed Project/Patient ReportsDetailed Project/Patient Reports



The Digital Pathology Way Enables Us ToThe Digital Pathology Way Enables Us To ……

� Share real-time results between TMD & pharma/biotech

� Perform and review complex, highly informative PD 
biomarkers in real-time by multiple pathologists/clinical 
scientists

� Provides our clients more confidence in the transfer and 
validation of developed assays



ConclusionsConclusions

� Phospho-biomarkers are integral to monitoring drug 
efficacy in the patient

� PD biomarkers can be used to guide patient dosing 
(Phase I/II) and eventually patient selection (Phase II/III)

� Quantitative IHC methodology is a practical way to 
measure biomarker changes in solid tumor specimens


