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ISSUES

* Changing guidelines / positivity rates
* Discordance between labs
* IHC vs FISH
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What we have learned in 20 years
« HER2 targeted therapy significantly improves outcome in metastatic,
adjuvant and neoadjuvant settings

* However, this improvement is limited to HER2 positive cancers

« Definition of HER2 positivity has been a moving target, frustrating
clinicians and pathologists alike

« Initial reported rates of 25%-30% is NOT correct. It is about 15%.

Do HER2 negative tumors benefit from targeted therapies?
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Some patients tested positive at local hospitals and
entered trial but were found to be HER2 negative on
central testing




Do HER2 negative tumors benefit from targeted therapies?

Tabla 1. Ralativa Risks of D grassion and Death among Patiants in the ACTH Group as Comparsd
with the ACT Group.*

End Point and Relative Risk P Value for
Central HERZ Assay} act ACTH (953 €1 Pialue  the Interaction

e of events/tatal na. of events

Disease progression

HERZ-positive 163875 B5/804 047 (037-062) <0001 047
HERZ-negative 092 782 034 (0.14-0.0
Death

HERZ-positive 55/875 38804 0.66 (0.43-0.99) 0.047 0.08

HERZ-negative 1092 182 5.08 (0.01-0.64

Paik et al, NEJM 2008

NSABP-47
Do women with HER2-low cancer improve DFS with targeted
therapy?

NSABP-47

HER2 IHC 1+or 2+
[ chumstiarsry | chansthey oot | » |
Invasive Disease-free 89.2% 89.6% 0.90
Survival
Recurrence-free Survival 92.2% 92.0% 0.97
Distant Recurrence-free 92.7% 92.7% 0.55
Survival

Overall Survival 94.8% 94.8% 0.14
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Do women with HER2-low cancer improve DFS with targeted
therapy?
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HER?2 Testing Issues
Community vs Central Lab

18-26% of community based positive assays could not be
confirmed in central lab

Central Central FISH result§
HercepTesi™ scoret
Not
0 1+ 2 3+ Toul amplified Amplified Total
Local HER2 testing Local HER2 testing
THC: 8 9 12 8l 110 THC i7 73 1o
FISH 0 79 FISH 3 9
Total 9 10 12 8 119 Total 40 Ll 19

Paik et all INCI 2002
Roche et al JNCI 2002




IHCvs FISH

HER2 Testing by Local, Central, and Reference Laboratories
in Specimens From the North Central Cancer Treatment
Group N9831 Intergroup Adjuvant Trial

Perez et al JCO 2006

IHCvs FISH

HED, 1eor2e

o

IHCvs FISH

* Discordance rate between local and central HER2 test results:
* IHC: 18.4%
* FISH: 11.9%

Perez et al JCO 2006




Is FISH more reproducible than [HC?

* Breast Cancer International Research Group (BCIRG)
* ~2600 women, prospective, Herceptin based clinical trials

« Outside/Local labs vs Central Labs:
* 79% agreement between local IHC and central FISH
* 77.5% agreement between local IHC and central IHC
* 92% agreement between local FISH and central FISH

* CAP
* 100% agreement between FISH labs
* 72.3% agreement between IHC labs

What is HER2 Positive?

Initial Clinical Trials

HER2 positive defined as weak to moderate (2+) or strong
(3+) circumferential membrane staining in >10% of the tumor
cells

HER2 positive metastatic breast cancer:
* Herceptin monotherapy effective in patients who failed
treatment with prior chemotherapy
« Herceptin + chemotherapy is more effective than chemotherapy
alone




+ Companion
Diagnostic

Despite targeted therapy companion diagnostic
test we have had two decades of problems

HER2 Testing Issues

« Antibody used in HercepTest and in the antibodies used in clinical
trials (4D5 and CB11) are not the same.

* HercepTest was not evaluated in a clinical trail before its FDA
approval

« It shows 79% concordance with clinical trials assay

* There was no standardization of pre-analytic factors (ischemic time,
fixation time)

* Variations in testing, interpretation and reporting

Early days of testing

* FDA Criteria




* Lack of standardization
* Preanlytical: ischemic time, fixation time

* Analytic

* Post-analytic

* High number of false positives

2007 ASCO/CAP
2013 ASCO/CAP

2018 ASCO/CAP

* 2007 ASCO/CAP Guidelines
* 2013 ASCO/CAP Guidelines

* 2018 Modifications to 2013 Guidelines

ASCO/CAP Guidelines

Reduce false positive
results
Reduce false negative
results
Addresses issues with less
common dual FISH
pattern

Ratio >2.2 (dual probe)
26 HER2 (single probe)
Ratio >2.0 (dual probe)
26 HER?2 (single probe)
Ratio >2.0 (dual probe)
26 HER?2 (single probe)

>30%

>10%

>10%




ASCO/CAP Guidelines

2007 ASCO/CAP Reduce false positive Ratio >2.2 (dual probe) >30%
results 6 HER2 (single probe)
2013 ASCO/CAP Reduce false negative  Ratio >2.0 (dual probe) >10%
results 26 HER2 (single probe)
2018 ASCO/CAP Addresses issues with less  Ratio >2.0 (dual probe) >10%
common dual FISH 26 HER2 (single probe)
pattern

ASCO/CAP Guidelines
I - T T

2018 ASCO/CAP Addressesissueswith  Ratio >2.0 (dual probe) >10%
less commondual FISH 6 HER2 (single probe)
pattern

What has NOT changed?

Specimen handling is critical!

* Breast tissue undergoes ischemic changes from the minutes it is removed
from the patient
« Enzymatic activity is not stopped until fixation begins

* Breast tissue should be cut and placed in 10% NBF within less than 1 hour of
removed from the patient
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IHC and FISH

HER2/CEP17 = 0.98
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schemisty: d 4n N

Time in Fixation

* 6-72 hours

* Cores and excisions need similar
time in fixation

IHG 2¢ with appropriate fixation time
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2018 ASCO/ CAP Update

Human Epidermal Growth Factor Receptor 2 Testing
in Breast Cancer

American Society of Clinical Oncology/College of American Pathologists
Clinical Practice Guideline Focused Update

2018 ASCO / CAP Update

« Clinical Question 1 :

« What is the most appropriate definition for IHC 2+ (IHC equivocal)?

* 2013 HER2 Testing Update as invasive breast cancer showing “circumferential
membrane staining that is incomplete and/or weak/moderate and within
>10% of tumor cells or complete and circumferential membrane staining that
is intense and within < 10% of tumor cells.”

* Revised / 2018 definition of IHC 2+(equivocal) is invasive breast cancer with
“‘weak to moderate complete membrane staining observed in > 10% of tumor
cells”

12



Uncommon patterns that are not covered by these
definitions but should be considered 2+ / equivocal:
* Moderate to intense but incomplete (basolateral or lateral) staining but can be

found to be HER2 amplified
* Micropapillary carcinoma

* Intense <10% circumferential membrane staining

Micropapillary carcinoma with incomplete basolateral staining where HER2 FISH was amplified

13
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2018 ASCO / CAP Update

* Clinical Question 2

* Must HER2 testing be repeated on a surgical specimen if initially negative test
on core biopsy?

* HER2 testing may be repeated on the surgical specimen if initially negative on
core biopsy

ASCO/CAP Guidelines

2007 ASCO/CAP Reduce false positive Ratio >2.2 (dual probe) >30%
results 26 HER2 (single probe)
2013 ASCO/CAP Reduce false negative Ratio >2.0 (dual probe) >10%
results 26 HER? (single probe)
2018 ASCO/CAP Addresses issues with Ratio>2.0 (dual probe) >10%
lesscommondual FISH 26 HER2 (single probe)
pattern

2018 ASCO / CAP Update
FISH related questions

Clinical Question 3

Should invasive cancers with an HERZIchromosome
enumeration probe 17 (CEP17) ratio of >2.0 but an average
HER2 copy number of <4.0 signals per cell be considered
ISH positive?

Clinical Question 4
Should invasive cancers with an average HERZ copy
number of >6.0 signals per cell but a HER2ICEP17 ratio of
<2.0 be considered ISH positive?
Clinical Question 5
What is the appropriate diagnostic workup for invasive
cancers with an average HER2 copy number of 24.0 but
<6,0 signals per cell and an HER2/CEP17 ratio of <2.0, and
initially deemed to have an equivocal HER2 ISH test result?

15
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HER2 Gene Amplification Testing by Fluorescent In Situ

Hybridization (FISH): Comparison of the ASCO-College of
American Pathologists Guidelines With FISH Scores Used for
Enrollment in [Breast Cancer International Rescarch Group |
Jlinical Trials

Guido Sauter, Mar
wnanr, Nicholar

. Hiléme Fourmanors,
Y vt

W .
Johm & Mackey ing M I
Mary- Ao Lindugy, and Do J. S

HERZ FISH Groups of Breast Cancers Screened for Patient Enrollment Onto

BCIRG Trials, 2000-2004

ASCO-CAP
FISH
Group Description of HER2 FISH Category  No. of Cases (%)
1 Ratio = 2.0, HERZ average = 4.0 4,269 (40.8)
2 Ratio = 2.0, HERZ average < 4.0 7107
3 Ratio < 2.0, HERZ average = 6.0 55 (0.5)
4 Ratio < 2.0, HERZ average = 4.0, < 6.0 432 (@.1)
5 Ratio < 2.0, HERZ average < 4.0 5,641 (63.9)
Total* 10,468* (100.0)
Patients screaned
successtully in central lsh
(N - 10,488
HERZ not amplified HERZ ampiified
i =6.199; 59.2%) = 4,268; 40.8%)
BCIRG-005 BCIRG-006 BCIRG-007
participants (n - 3,298) participants (n - 3.222)  participants (n = 263}
Arm 1: ACT Arm 2: TAC Arm 1: ACT Arm 2 ACTH Arm3: TCH
in=1,649) in = 1,629] n = 1,073} n=1,074) (n =1,075)

BCIRG
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Group 1
HER2/CEP1722.0
Average HER2 signal / cell = 4.0 (FISH Positive)

Press JCO 2016

Group 2

HER2/CEP1722.0

Average HER?2 signal / cell < 4.0 (FISH Positive)

Press JCO 2016
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Group 3
HER2/CEP17<2.0
Average HER2 signal / cell 2 6.0 (FISH Positive)

Press JCO 2016

Group 4
HER2/CEP17<2.0
Average HER2 signal / cell 2 4.0 and <6.0 (FISH Equivocal)

Press JCO 2016

Group 5
HER2/CEP17<2.0
Average HER2 signal / cell < 4.0 (FISH Negative)

Press JCO 2016
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HER2CEP17 ratio 2.0

Group 1
Average HERZ copy
numbar » 4.0 signalsicell

HER2CEP17 ratio » 2.0

proba ISH assay

Bateh controls and on-slide controls show sppropriate hybridizstion

HER2CEP17 ratic < 20

95% of cases

15H assay.

Batch controls and on-slide controls show sppropriate hybridizstion

I

HER2CEP17 ratic < 20

|

Average HER2 copy.
number < 4.0 signalsicall

[

Group 1 Group3
Average HER2 copy Averoge HERZ copy Averogo HERZcopy  Average HERZeopy
numbar numbar number > pekreedon
1sH o
Soukioe required (sse Fig 4) required (see Fig 5) roquired {see Fig 6)

5% of the cases

i
Addressed in 2018 ASCO/CAP Update

|

Group

copy
number < 4.0 signalsicell

ISH
negative

2018 ASCO/CAP Update for Less Common FISH

Patterns

* It is not based only on FISH but a combination of FISH and IHC testing.
* Requires review of IHC before designation of HER2 status (positive or

negative)
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1SH assay

Bateh controls and on-slide controls show sppropriate hybridizstion

HERICEPY oo :20 MER2CEP17 ratio <20
Group 4
Group 3 Group §
Average reRzeopy | Aversae HeRzcopy Avecoge HERzopy  Aveaoe HERZeoor  pverage HER2copy
number number < aumber priirsoie number < 4.0 signalsicall
I15H w ISH
it Tequied tsme i & (auid e 0D  requred 0o ) e

2018 ASCO/ CAP Update

Clinical Question 3 (Group 2) :

* FDA: trastuzumab regardless of HER2 copy number; 2013
ASCO/CAP considered these as positive

* Rare: 0.8% in HERA trial ; 0.7 % in BCIRG
* HERA trial : “Sample size insufficient to r/o benefit”

* Almost always HER2 negative by IHC -
* Most are estrogen receptor (ER) positive

LS

2018 ASCO / CAP Update

Clinical Question 3 (Group 2) :
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1SH assay

Bateh controls and on-slide controls show sppropriate hybridizstion

HER2CEP17 ratio » 2.0

HER2CEP17 ratic < 20

|
[ |
Avscage HERZopy  Avsags ERZcopy
it sty

Group 3
Average HERZ copy

number

Group 4
Avrage HER2 copy
number > 4.0 and < 6.0
signasicell

1SH

positive required (sse Fig &)

required (see Fig 5)

up
required {see Fig 6)

2018 ASCO/ CAP Update

| Question 4 (Group 3) :

* Heterogeneous group: HER2 + and HER2-ive by IHC

HERA trial: 75% of 20 cases were IHC positive / 3+
Trial with three centers: 31% of 63 cases were IHC positive / 3+

USC: 8.3% of 48 cases were IHC positive / 3+

Group
Average HER2 copy.
number < 4.0 signalsicall

ISH
negative

2018 ASCO / CAP Update

Clinical Question 4 (Group 3) :

21



1SH assay

Bateh controls and on-slide controls show sppropriate hybridizstion

HER2CEP17 ratio = 2.0 HER2CEP17 ratio « 2.0
Group 1 Group2 Growp3 Forai k8 Groups
Aversge ERzcomy  Averson Rz copy aversou negzeopy | Aveaoe Henzeooy e copy
numbar numbar number > 6.0 si UODICE LY 0% <0 Inumber < 4.0 signalsicall
iqnaiscel
1SH w ISH
positive required (soe ig 4 Toquired (see Fi9 5) oquired (300 F0 6 e

2013 ASCO/CAP
FISH Equivocal

* Mayo Clinic: 14% of all FISH cases were
equivocal>50% of which became positive with
alternate probe (D175122) increasing overall FISH
positivity to 23.6%

« ARUP : 15% of all FISH cases were equivocal =30%
of which became positive with alternate probe
(RIA1) increasing overall FISH positivity to 21.6%

* Some labs used 4 or more FISH alternate probes,
reported the positive one, increasing the overall
FISH positivity rate even further

Mayo Clinic

= iz

) At
et Testng Aonal Tesing
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University of Utah / ARUP

2018 ASCO/ CAP Update

Clinical Question 5 (Group 4) :

NO ALTERNATE PROBE !

2018 ASCO / CAP Update

Clinical Question 5 (Group 4) :

23



What to expect after 2018
ASCO/CAP Update?

15H assay.

Batch controls and on-slide controls show sppropriate hybridizstion

HeRacep1 mio 20 Heacep o <20
G
Grow 1 Gou2 Gow3 =
ottt [l e P ciur Al [
numbar > numbaer < number > s % number < 4.0 signatsicell
pd
% &
px:lsn::w required (see Fig 4) required (see Fig 5) required {see Fig 6) negative

5% of the cases

2018 ASCO / CAP Update

§00--0
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2018 ASCO / CAP Update

Table 3. Distribulion by Dual Farescent 1051 o FISH) and Inamanais tochesisry (I Tesing Resulis
in Beported Diats Sets
=

BORG S et

In most labs , these three groups will be ~5-10% of all FISH cases.

However, the proportion will be much higher in reference lab setting.

Almost 1/4th (127/521; 24.4%) of all HER2 FISH tests from primary or
metastatic breast cancers at the University of Utah / ARUP Labs fell
under the three groups (Groups 2,3, and 4)

2018 ASCO/CAP recommendations may result in some drop in HER2
FISH positivity rate which may be limited to reference labs.

Reference Lab / ARUP HER2 FISH Results

2013 ASCO/CAP 2013 ASCO/CAP 2018 ASCO/CAP

(after
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HER2/CEP17 Ratio <2.0
HER2 signal /cell > 4.0 and <6.0
FISH Equivocal

HER2/CEP17 Ratio >2.0
FISH Positive

NCCN Guidelines NOT Updated

. NCCN Guidelines Version 32018
Invasive Breast Cancer
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Common Problem in Interpretation of
HER2 IHC

« Overcalling 2+ / Equivocal HER2 as positive (3+)

* When there is heterogeneous IHC staining i.e. some areas look like 3+ and
others 0-2+ - stop and think before calling it 3+

* Most HER2 IHC positives (3+) are homogenously positive and you do not need
a microscope to call it positive !
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Lastly ...

If you are using ink for breast cores to prevent specimen mix-up , avoid
using orange ink as it auto- fluoresces and interferes with FISH
interpretation.




