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Workshop Objectives

At the end of this workshop, participants will be able to:
- List the characteristics of an effective diagnostic for the selection of a 

cancer treatment,
- Describe the challenges of developing effective diagnostics in cancer 

medicine,
- Develop strategies to collaborate with pathology/laboratory medicine 

to design clinical trials incorporating companion diagnostics.
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Before and During the Workshop

• Before: Review this presentation, and included references. Prepare to 
discuss questions raised in this presentation.

• During: The workshop will include an interactive discussion of these 
case studies, with additional didactic materials and references.
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Disclosure

• No relevant conflicts to declare.
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Overview

• Diagnostics are Important – A Cautionary Tale from a 
Now-Established Biomarker

• Case Study 1: Diagnostic(s) for Cancer Immunotherapy
• Case Study 2: A Diagnostic for Ovarian Cancer Targeted 

Therapy
• Case Study 3: Multiple Mutation Analysis for Lung Cancer 

Targeted Therapy

• Diagnostic Techniques in Clinical Trials – Hints and Tips



6

• Questions for Discussion:
a) What was the definition of “overexpresses HER2”?
b) What was the scientific basis of this definition?
c) How was the diagnostic for HER2 overexpression validated?

“A Cautionary Tale” (Case Study 0)



HER2: Human Epidermal Growth Factor Receptor 2

Importance in human 
breast cancer first 
shown in 1987
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Slamon et al., Science 1987
(HER2 assessment by Southern blotting)



HER2 Adjuvant Trials:
What Diagnostics Were Used?
Trial IHC ISH

NSABP B31
(n=2119)

Positive =3+
(≥10% strong)

FISH ratio ≥ 2 
if IHC 2+

NCCTG 9831
(n=3505)

Positive =3+
(≥10% strong)

FISH ratio ≥ 2 
if IHC 2+

HERA
(n=5081)

Positive =3+
(unspecified)

FISH ratio ≥ 2 
if IHC 2+

BCIRG 006
(n=3222)

Not used FISH ratio ≥ 2 

Finnish Trial
(n=232 in HER+ arm)

All IHC 2+ or 3+ were 
confirmed by ISH

Single Probe CISH
HER2 copies ≥ 6 in 
>50% of cells*

* FinHer: If HER2 copies between 4 and 6, 
additional CEP17 probe used to assess 
for ratio ≥ 2.0



The Evolution of HER2 
Diagnostics

Reviewed in: Brufsky, Am J Clin Oncol 2010

MBC = Metastatic Breast Cancer



“HER2 Positive”: 

Before 2007; after 2013
• Positive (3+): 

>10% of cells with strong 
membranous staining

• Positive: 
HER2/CEP17 ratio > 2.0 (or 
HER2 >6)

2007 to 2013
• Positive (3+): 

>30% of cells with strong 
membranous staining

• Positive: 
HER2/CEP17 ratio > 2.2 (or 
HER2 >6)

Wolff et al., Arch Pathol Lab Med. 2007;131:18–43

Take Home Point: 
Design of the original trials shaped eventual practice
for both diagnostics and therapeutics.
Because of how this drug was originally tested, we don’t know 
(and may never know) the best way to test for it.
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Case Study 1: Diagnostic(s) for Cancer Immunotherapy

• Questions for Discussion:
a) What is the definition of “PD-L1-positive”?
b) What is the scientific basis of this diagnostic approach?
c) How might you design a trial to determine the patient population most 

likely to respond to drugs such as pembrolizumab?

Lancet 2016;387:1540-50
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PD-L1 and Immune Checkpoints

• PD-L1 contributes to a 
tumour immune 
microenvironment that 
inhibits T-cell function.

• Targeting PD-L1 enhances 
the host immune response.

• Does PD-L1 protein 
expression level make 
sense as a biomarker?

Gibney et al, Lancet Oncol 2016;16:e542 
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PD-L1: A Tale of 2 Trials

References: Reck et al, NEJM 2016:375
Herbst et al, Lancet 2016;387
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PD-L1: A Tale of 2 Trials
• In untreated metastatic EGFR-

and-ALK-negative NSCLC, 
pembrolizumab vs. chemo.

• At least 50% PD-L1 IHC 
expression was an inclusion 
criterion. (Remind you of 
anything?)

Reference: Reck et al, NEJM 2016:375

This study led to the following FDA
approval for pembrolizumab:
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PD-L1: A Tale of 2 Trials

• PD-L1 IHC score of 1% was used as 
an inclusion criterion, but stratified as 
part of the analysis.

• This was to decide maintenance 
therapy for previously-treated 
metastatic NSCLC.

• Led to the following FDA approval for 
pembrolizumab:

Reference: Herbst et al, Lancet 2016;387
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PD-L1 and Immune Checkpoints: Diagnostic Strategies

• For Diagnostics: The most informative strategy will 
require prospective tissue collection, along with 
retrospective multi-modality testing.

Gibney et al, Lancet Oncol 2016;16:e542 
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Case Study 2: A Diagnostic for Ovarian Cancer 
Targeted Therapy

Part 1

• Question for Discussion:
a) These studies led to FDA-approval for olaparib. What is the FDA-approved 

diagnostic?
b) Can an independent laboratory develop a test for BRCA-mutation status?
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Case Study 2: A Diagnostic for Ovarian Cancer 
Targeted Therapy

Part 1

The FDA Label was based on the subcohort of ovarian cancer patients.
(Results on Next Slide.) 

A companion diagnostic was
not included in this study, but
evaluated separately in a 
retrospective “bridging study”.
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Case Study 2: A Diagnostic for Ovarian Cancer 
Targeted Therapy

Part 1
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Case 2: Summary of Part 1

• The “FDA-approved” companion diagnostic becomes a de facto “gold 
standard”, sometimes without full justification.

• A significant limitation arises when insufficient tissue is available for 
retrospective analysis.

• When “positive status” is an eligibility criterion, it is difficult to confirm 
what happens when you treat “test-negative” patients.
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Case Study 2: A Diagnostic for Ovarian Cancer 
Targeted Therapy

Part 2

• Questions for Discussion:
a) What is the biologic rationale for olaparib in “recurrent platinum-sensitive” 

ovarian cancer?
b) What is definition of “recurrent platinum-sensitive”?
c) What is the diagnostic for “recurrent platinum-sensitive”? (Trick question.)
d) What is the role for BRCA-mutation testing to select patients for this 

treatment strategy? (Not a trick question.)

Lancet Oncology 2015;16:87-97
(see also Ledermann et al, Lancet Oncology 2016;17:1579-89)
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Olaparib and BRCA
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Olaparib and Platinum
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Case Study 2: A Diagnostic for Ovarian Cancer 
Targeted Therapy

Part 2
• Questions for Discussion:

a) What is the biologic rationale for 
olaparib in “recurrent platinum-
sensitive” ovarian cancer?

b) What is definition of “recurrent 
platinum-sensitive”?

c) What is the diagnostic for 
“recurrent platinum-sensitive”? 
(Trick question.)

d) What is the role for BRCA-
mutation testing to select 
patients for this treatment 
strategy? (Not a trick question.)

There is none.

BRCA-testing is still needed for the
on-label use of olaparib.
This study supports expanding the
use of olaparib to non-BRCA patients.
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Case Study 3: Multiple Mutation Analysis for Lung 
Cancer Targeted Therapy

• Questions for Discussion:
a) Why is tissue from a surgical resection specimen preferable for multiple 

mutation testing?
b) What type(s) of error does inter-institutional validation reduce?
c) What type(s) of error does proficiency testing reduce?
d) Why is this type of study essential in developing novel diagnostics?
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Case Study 3: Multiple Mutation Analysis for Lung 
Cancer Targeted Therapy
• Questions for Discussion:

a) Why is tissue from a surgical resection specimen preferable for 
multiple mutation testing?

Above:
core biopsy

Below:
cytology specimen
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Analytical validity requires low systematic and low 
random error.

- “drift”
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Analytical validity requires low systematic and low 
random error.
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Case Study 3: Multiple Mutation Analysis for Lung 
Cancer Targeted Therapy
• Questions for Discussion:

a) Why is this type of study essential in developing novel diagnostics?
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Case Study 3: Multiple Mutation Analysis for Lung 
Cancer Targeted Therapy
• Questions for Discussion:

a) Why is this type of study essential in developing novel diagnostics?
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Wrap-up

• Diagnostics is a relatively 
neglected area in clinical 
trials design.

• A good diagnostic must 
have analytical validity, 
clinical validity, and 
clinical utility.

• We are now beginning to 
learn from our past 
mistakes—the resulting 
biomarkers will be that 
much better for it!

Dan Hayes, 2013
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