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Prognostic v. Predictive

• Prognostic factors are used to know 

which patients should undergo 

treatment.

• Predictive factors are used to decide 

what treatment should be given to 

which patients.
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Laboratory assay for ER and HER2
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ASCO/CAP Guidelines 
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“Up to 20% of current IHC determinations of ER and 

PR testing worldwide may be inaccurate”

•Preanalytic variables

•Thresholds for positivity

•Interpretation criteria



Immunohistochemistry

Results depend on:

Antigen preservation

Fixation (adequacy and delays)

Fixative

Antigen retrieval

Antibody clone



Tumor removal to fixation         <1 hour 

Fixative and Fixation
Adequacy and Delays

Specimen sectioned at 5mm intervals 

10% Neutral Buffered Formalin 

NBF volume 10x greater than specimen volume 

Fixation time min 6 hrs and max 72 hrs 





“Artifact of Fixation”











IHC for ER

Commercially available antibody clones:

6F11

1D5

SP1



ER in Breast Cancer

•ER status is “all or none”

•ER in FNA/core biopsy = ER in excisional biopsy

•Do not find ER(-)/PR(+) results 

•ER is a stable phenotype in recurrence/metastases

Using ER1D5:

* Nadji M. Gomez-Fernandez C, Ganjei-Azar P et al. Immunohistochemistry of Estrogen and 

Progesterone Receptors Reconsidered. Experience with 5993 Breast Cancers. AJCP 2005; 

123:21-7.
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ER PR





SP11D5



Immunohistochemical Expression of Estrogen 

Receptor in Adenocarcinomas of the Lung

N

70

SP1

20 (28.6)

6F11

11 (15.7)

1D5

6 (8.6)

N (%) ER Positive Staining

ALL

Gomez-Fernandez C et al. AIMM, 2010

P=0.004

P<0.001

NS



Gomez-Fernandez C et al. AIMM 2010

ER in Pulmonary Adenocarcinoma

SP1

1D56F11



ER in Breast Cancer

•ER status is “all or none”

•ER in FNA/core biopsy = ER in excisional biopsy

•Do not find ER(-)/PR(+) results

•ER is a stable phenotype in recurrence/metastases

Using ER1D5:

Gomez-Fernandez C. et al. Am J Clin Pathol 2008



278 breast carcinomas with recurrence/metastasis 

From 2 mos to 21 yrs

ER phenotype using 1D5

Primary 

ER (+)  n=159

ER (-)   n=119

Recurrence/Metastasis 

ER (+) ER(-)

150 9

0 119





Threshold of positivity for ER and PR by IHC:

“Positive” for ER/PR         > 1% immunoreactive cells

*Levels as low as 1% positive staining cells are associated 

with significant clinical response



Low Positive ER: 1%-10% of tumor cell nuclei

ASCO/CAP Guideline Update 

for ER/PR Testing in Breast Cancer



Interpret assay as “positive”, “negative”, “uninterpretable”

Reject sample if non-neoplastic ducts fail to stain 

Reject sample if improperly fixed 

Reject sample if tumor section is necrotic

Results should correlate with subtype and grade

IHC  ER/PR Interpretation Criteria



ER is predictable in certain subtypes

Tubular carcinoma 100%

Colloid carcinoma 100%

Papillary carcinoma 100%

Lobular carcinoma 100%

Metaplastic carcinoma 0%

Medullary carcinoma 0%



Tubular Carcinoma



Mucinous (Colloid) Carcinoma



Papillary Carcinoma



Classic Lobular Carcinoma



Medullary Carcinoma



Medullary Carcinoma



ER can be predicted from the nuclear grade

Nuclear grade 1 +

Nuclear grade 2 +/-

Nuclear grade 3 -



Normal Cell Overexpressing  Cell

HER2 in Breast Cancer



HER2 Testing

FISH v. IHC

IHC (+) HecepTest 3+FISH(+) HER2/CEP17>2.0



HER2 in Breast Cancer

•1998: HERCEPTIN FDA-approved for the 

treatment of metastatic disease

•1998: HercepTest FDA-approved as the 

diagnostic assay for HER2 status

•2007: ASCO/CAP Guidelines for HER2 testing 

in breast cancer



2007 ASCO/CAP Guidelines for HER2 Testing

Positive HER2

•IHC 3+ (>30% of tumor cells) 

•FISH ratio HER2/CEP17>2.2; HER2 gene copy >6 

Equivocal HER2 

•IHC 2+ 

•FISH ratio 1.8-2.2; HER2 gene copy 4-6 

Negative HER2

•IHC 0-1+ 

•FISH ratio <1.8; HER2 gene copy <4 



ASCO/CAP Guidelines for HER2 Testing

Positive, negative, or reflex!



Overexpression of HER2 occurs in the absence of 

gene amplification in <5% of the cases 



Diploid for chrm 17

HER2 in Breast Cancer

HER2 gene/centromere = 4

Polysomic for chrm 17

HER2 gene/centromere = 2



FISH ratio = Indeterminate





HER2 in Breast Cancer
2013 ASCO/CAP Clinical Practice Guidelines for IHC

• HER2 (3+) positive       >10% of tumor cells with 

homogenous, dark circumferential staining 

• HER2 (2+) equivocal       incomplete and/or weak to 

moderate staining in >10% of the tumor cells or 

complete and dark staining in <10% of the tumor 

cells 



2013: ASCO/CAP Clinical Practice Guideline 

Update for HER2 testing in breast cancer



HER2 in Breast Cancer
Key Differences between 2013 and 2007 

ASCO/CAP Clinical Practice Guidelines for FISH

Major Difference:

Increased number of HER2 FISH 

positive and equivocal results





Arch Pathol Lab Med 2018

• What is the most appropriate definition for IHC HER2 (2+)?

• Must HER2 testing be repeated on surgical specimen if 

initially negative on a core biopsy?

• What is the optimal algorithm for the less common patterns 

of HER2 results with dual-probe FISH?



• HER2 (2+) equivocal       incomplete and/or weak to 

moderate staining in >10% of the tumor cells or 

complete and dark staining in <10% of the tumor cells 

ASCO/CAP 2013

ASCO/CAP 2018

• HER2 (2+) equivocal       complete weak to moderate 

staining in >10% of the tumor cells

What is the most appropriate definition for IHC HER2 (2+)?



• HER2 testing must be repeated on surgical specimen 

if initially negative on a core biopsy

ASCO/CAP 2013

ASCO/CAP 2018

• HER2 testing may be repeated on surgical specimen 

if initially negative on a core biopsy 

Must HER2 testing be repeated on surgical specimen if 

initially negative on a core biopsy?



What is the optimal algorithm for the less common patterns 

of HER2 results with dual-probe FISH?

Group 1 Group 5Group 2 Group 3 Group 4

2013



Group 2ASCO/CAP 

2018



Group 3ASCO/CAP 

2018



Group 4ASCO/CAP 

2018



2018  ASCO/CAP  Interpretation of 

HER2 Testing by Immunohistochemistry 

Absence of staining
Incomplete faint membrane 

staining in >10% of tumor cells

Complete weak membrane 

staining in >10% of tumor cells

Complete intense membrane 

staining in >10% of tumor cells



2018: ASCO/CAP Clinical Practice Guideline Update 

for HER2 Testing by IHC in Breast Cancer

• Must report a HER2 result as Indeterminate if:

• Inadequate specimen handling and not keeping to:

• Cold ischemic time <1 hr.

• Fixed in 10% neutral buffered formalin

• Fixation time is > 6 and < 72 hours

• Lab does not conform to standards set by CAP and/or 

does not participate in ongoing external proficiency testing

• Histopathologic discordance

• Technical artifacts, e.g. crush or edge artifacts, cytoplasmic 

staining, staining of non-neoplastic epithelial cells



Tubular Carcinoma

Mucinous (Colloid) Carcinoma

Papillary Carcinoma

Ductal Carcinoma, low grade

Classic Lobular Carcinoma

Medullary Carcinoma

Metaplastic Carcinoma

Usually HER2 Negative



“Indeterminate”





HER2/CEP17 ratio: 1.04

Avg HER2 copy number: 2.1

Avg CEP17 copy number: 2.02

NEGATIVE



Non-neoplastic ductal cells…

…should be HER2 negative.



Interpretation of HER2 by FISH

Potential problems:

• Under/over digestion

• Correct cell identification

• In Situ vs Invasive Ca

• Chromosomal polysomy



 

                  





Chromogenic In Situ Hybridization 

(CISH)

•Heat and 

enzyme 

digestion

•HER2 DNA 

probe

•DAB 

chromogen
High level 

amplification

HER2



Current Status of HER2 in Breast Cancer

• 10-15% of all breast cancer cases

• After lymph node status, ER and HER2 status are 

the most important prognostic/predictive factors

• In tumors that overexpress HER2, the entire 

machinery of the malignant cells is driven and 

dependent upon HER2

• It is critical to measure HER2 in all invasive 

breast cancers

• All HER2 positive breast cancers must be treated 

with HER2 directed therapy



• The addition of trastuzumab to chemotherapy in the 

metastatic setting improved PFS by 9 mos.

• More recently, the addition of trastuzumab to 

adjuvant chemotherapy has improved the cure rate 

by 50%

• In the neoadjuvant setting, dual HER2  blockade 

with trastuzumab and pertuzumab has improved 

the pCR rate from 30% to 45%

Current Status of HER2 in Breast Cancer




