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Breast cancer is heterogeneous

The goal is…

… to tailor treatment
Move away from “one size fits all” 
strategy → individualize therapy



Predictive assays

ER & PR Presence of target protein

HER 2 Presence and overexpression TP
Gene amplification

Quality Assurance
Standardisation



ER/PR - biology & treatment selection

ER/PR are important in breast cancer biology and are key 
markers to classify subtypes of breast cancer with different 
treatment needs 

Phenotype Incidence 
(%)

Response to Tamoxifen 
(%)

ER+/PR+ 58 77
ER+/PR– 23 27
ER–/PR+ 4 46
ER–/PR– 15 11

Allred et al. Mod Pathol 1998;11:155-168
Goldhirsch et al. Ann Oncol 2005;16:1569-1583



Allred Score

clinically validated



ER & PR - obligatory quantitative predictive markers

• The more ER and/or PR expressed the higher the benefit 
from endocrine therapy, and depending on risk, the lower 
the benefit from chemotherapy

• ER and PR also provide prognostic information

adapted from Goldhirsch et al. Ann Oncol 2005;16:1569-1583

St. Gallen: endocrine responsiveness

non-responsive uncertain responsive
negative low positive positive

Allred 0,2 Allred 3,4 Allred 5-8

>1%
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Endocrine therapy
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ER/PR status defines different 
treatment needs in breast cancer



ER/PR status defines different treatment needs in breast cancer

Basic 
Definition

Additional 
Features

Main 
Therapy

Endocrine 
responsive*

Strong 
ER expression

Some 
PR expression

Endocrine
Therapy

Endocrine 
Response 
Uncertain*

Low 
ER expression

No detectable
PR expression or

HER2 
overexpression

Endocrine Therapy
(upfront AI**?) with 

possible chemotherapy 
depending on risk level & 

menopausal status

Endocrine 
Non-Responsive

No detectable 
ER or PR 

expression
– Chemotherapy

•Exact boundary between “endocrine responsive” and “endocrine response uncertain” is 
undecided  ** Aromatase Inhibitor 
•Adapted from AdjuvantOnline.com and Goldhirsch et al. Ann Oncol 2005;16:1569-1583



PositiveLow positiveNegative

too low sensitivity and/or too high cutpoint

Add chemotherapy?No endocrine treatment?

‘False-negativity’



PositiveLow positiveNegative

too high sensitivity and/or too low cutpoint
No chemotherapy?Endocrine treatment?

‘False-positivity’



Oestrogen Receptor (ER): Run 65

IDC: 90 –95%
Intensity: High

IDC: 50 –75% 
Intensity: Medium

IDC: 0%
Intensity: Negative



NEQAS RUN 65 ‘ER’ Results

'In House' Sections 
Scores > 12/20  253(78%)
Scores 10-12/20  53(17%)
Scores <10/20    17(  5%)

UK NEQAS Sections
Scores >12/20  116 (36%)
Scores 10-12/20 77 (23%)
Scores <10/20   132 (41%)

ANTIGEN RETRIEVAL: main factor responsible for weak staining
(Rhodes et al Am J Clin Pathol 2001; 115: 44–58)



ER/PR immunohistochemical results
are variable from lab to lab

ER false-negative results (n=172 labs)

2000 2002
strongly ER-positive cases 5% 7%
moderately ER-positive cases 28% 14%
weakly ER-positive cases 44% 29%

von Wasielewski et al. Am J Clin Pathol 2002;118:675-682

• Main reason for false-negative results: 
inefficient heat-induced epitope retrieval

• Further reasons for variability: diverse primary antibodies, dilutions, 
incubation temp/time, detection systems, methods of scoring, 
arbitrary definition of positivity (cutpoint), reporting of results



ER/PR immunohistochemical
results variable from lab to lab

Variable PR immunostaining using 
different PR antibodies on a strongly 
PR-positive breast carcinoma.
Press et al. Steroids 2002;67:799-813



No. Participants using a  Specific PR Clone: Run 75
46%  15%  11%



2003                                                                                 2006

Effective Feedback = Better Performance 
ER pass rates 2003-2006



Only Use Standardised Validated Assays

• Breast cancer is a heterogeneous disease. 
• Accurate and reproducible measurement of ER and PR 

expression is critical for optimal care of breast cancer 
patients.

• Validated assays are required to correctly classify breast 
cancer and optimize treatment efficacy and safety.



Clinical validation is important

• Clinical validation is what makes biomarkers, such as ER, 
PR, and HER2, clinically useful

• Helps selecting the right treatment for the right patient 
(avoids both under- and overtreatment)

• Allows for cost-effective use of therapies

ER PR

Harvey et al. JCO 1999;17:1474. Mohsin et al. Mod Pathol 2004;17:1545



ER/PR IHC Scoring

• Lack of standardization 
• Lack of validation (link to patient outcome)
• Validated assay / Allred score ≥3 have been shown to predict 

response to endocrine therapy (including as few as 1% positive 
tumor cells)

• Adding to variability in IHC protocols, many labs use different 
cutpoints, historically 10% positive tumor cells

• External quality assessment schemes in Europe (eg. UK NEQAS, 
NordiQC) and the US (CAP) have determined the rate of false-
positive and false-negative results: 5-44% depending on HR 
expression level

• Semi-quantitative scoring (negative, low positive, positive) 
recommended by CAP, ASCO, and St. Gallen 2005 consensus 
statements and the IBCSG

Goldhirsch et al. Ann Oncol 2005;16:1569-1583 
Diaz & Sneige Adv Anat Pathol 2005;12:10-19
McCann JNCI 2001;93:579-580
Fitzgibbons et al. Arch Pathol Lab Med 2000;124:966-978 



Predictive assays

ER & PR Presence of target protein

HER 2 Presence and overexpression TP
Gene amplification

Quality Assurance
Standardisation



Breast Intergroup (N9831 trial)

•1699 patients considered eligible (IHC3+) by 
local testing

•355 (20.9%) not confirmed by central testing*

*Perez E, et al: JCO 24:3032, 2006

HERA trial

•10,890 Patients screened at central lab

• 3132 (28.8%) not confirmed HER2 positive

HER2 





HER2 immunohistochemistry

0 1+ 2+ 3+



HER2 FISH



ER immunohistochemistry



0 2+ 3+

Positive controls – tissue sections



0 3+1+

Positive controls – cell lines



The swinging pendulum

HER2 Testing Guidance

28



Original FDA approved HER2 testing method

29

VALIDATED IHC ASSAY
INVASIVE TUMOUR

0/1+
NEGATIVE

2+
EQUIVOCAL
>10% mod or 

weak complete 
membrane 

staining

3+
POSITIVE

>30% strong 
complete 

membrane 
staining

ISHHER2 RATIO
< 2.0

NOT AMPLIFIED

NEGATIVE

HER2 RATIO
≥2.0

AMPLIFIED

POSITIVE



2013 ASCO CAP HER2 Guidelines

Many controversial recommendations



ASCO CAP 2013

“Circumferential membrane
staining that is incomplete”

What does this mean?

An example of one of the controversial recommendations



2018 focused update ASCO CAP HER2 Guidelines

• Most controversies resolved but one new significant change
• Focus on primary ISH testing



UK/EU: All invasive primary breast carcinomas and in recurrent and 
metastatic tumours where biopsy tissue is available. 

ASCO CAP: Primary, Recurrent and Metastatic cancers. 
Every primary invasive breast cancer and on metastatic site, if 
specimen available

HER2 Guidelines:When to Test



UK/EU:
Validated standardised IHC

ISH includes fluorescence ISH (FISH) technique. Bright-field 
ISH, which can be used to assess HER2 status with a regular 
light microscope, can be used as an alternative to FISH. 

Currently, other available HER2 testing techniques (polymerase 
chain reaction, enzyme-linked immunosorbent assay, Southern 
blotting, mRNA assays and DNA microarray) should be used for 
research only. 

HER2 Guidelines: Acceptable Methods



UK/UK: Core biopsy or surgical specimen
Excellent concordance between core biopsy and surgical 
specimens has been shown using a combination of 
immunohistochemistry (IHC) and in situ hybridisation (ISH ).  
In the majority of UK centres HER2 testing is performed on the 
diagnostic needle core biopsy 

ASCO CAP: Core biopsy or incisional or excisional biopsy
2013 – if neg on core must repeat on excision
2018 – if neg on core may repeat on excision

HER2 Guidelines: Which Specimen?



UK/EU: 
Perform on an incisional or excisional surgical specimens if 
the core biopsy is not available (ie there is only a cytology sample) 
there is a possibility that HER2 test on the core biopsy is unreliable or 
unrepresentative of the tumour identified in the resection specimen as 
follows:

Technical artefacts present
Suspected testing error
Core sample very small
The core biopsy scored 2+ & borderline negative ISH (ratio 1.8 - 1.99; copy number 
<6)  
Core v surgical Clearly different tumour morphology
Unexpected result e.g 3+ observed in grade 1 special type cancer

<10% 3+ positivity

HER2 Guidelines:Repeat Testing



UK/EU: 
The current recommendations are for a two tier testing strategy

Main recommendation for testing is IHC with analysis of 
equivocal cases by ISH 

Does not preclude laboratories, from using primary HER2 ISH 
testing. 

Excellent concordance between IHC and gene amplification 
status is reported

HER2 Guidelines:Testing Algorithm



Score Significance Definition

0 Negative No staining is observed, OR incomplete or faint/barely perceptible membrane staining 

in ≤10% of tumour cells

1+ Negative A faint/barely perceptible OR weak incomplete membrane staining is detected in >10% 

of tumour cells*

2+ Borderline (mandates 

alternative test)

A weak to moderate complete membrane staining is observed in >10% of tumour cells 

OR 

strong complete membrane staining in ≤10% of tumour cells.

3+ Positive  A strong complete membrane staining is observed in >10% of the tumour cells**

UK/EU HER2 IHC scoring

*Insufficient data is available to comment on moderate complete membrane staining in ≤10% of tumour cells or 
strong incomplete membrane staining in >10% of tumour cells. A repeat on another specimen/tissue block is 
advisable. 
**Membrane staining must be intense and uniform and resemble chicken wire.  Ignore incomplete or pale membrane 
staining in the percentage estimation.



Published in: Antonio C. Wolff; M. Elizabeth Hale Hammond; Kimberly H. Allison; Brittany E. Harvey; Pamela B. Mangu; John M.S. Bartlett; Michael Bilous; Ian O. Ellis; Patrick Fitzgibbons; 
Wedad Hanna; Robert B. Jenkins; Michael F. Press; Patricia A. Spears; Gail H. Vance; Giuseppe Viale; Lisa M. McShane; Mitchell Dowsett; Journal of Clinical Oncology 2018, 36, 2105-
2122.
DOI: 10.1200/JCO.2018.77.8738
Copyright © 2018 American Society of Clinical Oncology

ASCO CAP 2018 focused update

2+ reverts back 
to circumferential 
membrane
staining 



ISH Significance Definition

ISH Negative Dual‐probe HER2/CEP17 ratio <2.0 and an average HER2 copy number <6.0 

signals per cell

ISH Positive  Dual‐probe HER2/CEP17 ratio ≥2.0 or an average HER2 copy number ≥6.0 signals 

per cell

Borderline Negative Ratios of 1.80 to 1.99 and a HER 2 copy number <6 Report as borderline, but not 

amplified

Repeat on excision or another tumour block is advised

UK/EU Recommended HER2 ISH scoring method

Cases showing amplified and non‐amplified fields should be 
reported as Positive showing heterogeneous amplification



• In borderline cases, HER2/CEP17 ratio of 1.80-2.20, additional 
cells should be counted when possible (optimally a minimum of 
60 per case)

• Ideally this should include a dual count (from a second 
observer; either internally or in a second centre). 

• The optimal approach to improving accuracy in this range is to 
increase the number of cells counted to 60-120, and/or repeat 
the test.

HER2 Guidelines: Borderline FISH Result
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A ratio of 1.80-1.99, after counting further cells and/or repeating the test, should be 
reported as borderline but not amplified and include a clear statement that the 
carcinoma is regarded as HER2 negative (taking the mean HER2 copy number 
into consideration (mean <6 copies/cell)). 

UK/EU: A ratio of ≥2.00 regardless of HER2 copy number should be reported as 
amplified, and classified as HER2 positive. 

ASCO CAP 2018: A ratio of >2.00 with HER2 copy no >4.0 should be reported as 
amplified, and regarded as HER2 positive. 

However a ratio of >2.00 with HER2 copy no <4.0 should be reported as 
non amplified, and regarded as HER2 negative 

UK/EU HER2 Guidelines
HER2 Guidelines  FISH Result Implication



Data on the response of patients to trastuzumab whose cancers fall 
within the borderline amplified category are not available; a 
statement to this effect can be included in reports.

While these guidelines are sufficient for the majority of cases, there 
are occasions when difficult cases should be referred to expert 
centres for guidance.

HER2 Guidelines: Borderline FISH Result



Cases exhibiting HER2 2+ immunocytochemistry subject to reflex in situ hybridisation 
showing: 

HER2 CEP17 ratio of >2.0 but HER2 gene copy number <4.0 

Are still considered HER2 positive but of a borderline / equivocal nature with uncertain 
or low probability of response to targeted anti HER2 therapy. 

It is recommended that MDT discussion take place with regard to use of adjuvant 
treatment in these cases. Should chemotherapy be advised on the basis of other 
variables then the addition of targeted anti HER2 therapy is recommended. It is not 
recommended that adjuvant chemotherapy be recommend solely on the basis of these 
HER2 characteristics alone.

UK 2018 HER2 Guidelines update



Validated IHC assay – Invasive primary or recurrence cancer

Score = 0/1+ 
No membrane staining or incomplete 
membrane staining in ‹10% of invasive 

tumour cells (0+) OR faint/barely 
perceptible or weak incomplete membrane 

staining in >10% of tumour cells (1+)*
Significance=Negative 

Score = 3+ 
A strong (intense and uniform ) 
complete membrane staining is 

observed in >10% of the invasive 
tumour cells**

Significance=Positive 

Score  = 2+ 
A weak to moderate complete 

membrane staining is observed in >10% 
of tumour cells OR strong complete 

membrane staining in ≤10% of tumour 
cells.

Significance=Borderline 

Alternative test: In Situ Hybridization (FISH or bright field ISH)

Dual-probe HER2/CEP17 ratio <2.0 
AND an average HER2 copy number 

<6.0 signals per cell
Significance=Negative 

Dual‐probe HER2/CEP17 ratio ≥2.0 OR an 
average HER2 copy number ≥6.0 signals 

per cell
Significance=Positive 

Cases with dual-probe HER2/CEP17 
ratio of 1.80-1.99

Significance=Borderline / Not 
amplified 

Count more cells OR retest on an 
alternative specimen/different 

tumour tissue block



Key Points
• The original FDA approved scoring method is evidenced based
• Use validated standardised methods
• Participate in EQA
• Use the practical experience gleaned by pathologists over years 

of HER2 testing practice 
• Some “Guidelines” may need interpretation / common sense 

approach to use in routine clinical practice

HER2 Guidelines





MIB1 growth fraction in breast cancer



BCSS in Months
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Kaplan-Meier survival plot for luminal BC 
using Ki67LI and Mitotic Index 

MI BCSS

Ki67 BCSS

MI DMFS

Ki67 DMFS

10 and 70% 
Ki67LI

MI taken 
from Grade 
score



Why not just grade tumours properly?




