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• Understand the current ASCO/CAP biomarker guidelines

• Be familiar with the expected biomarker expression patterns for 

histologic types and grades of breast cancer

• Become familiar with evolving landscape of interpretation of HER2 

assays

• Recognize the indications and importance of multigene assays in 

breast cancer treatment decision making

• Become familiar with which ancillary tests are indicated in the 

advanced or metastatic setting

Learning Objectives



• Ancillary testing is required to determine effective treatment options for 

patients with breast cancer 

• Largely dependent on ER, PR and HER2 status

• Other contributing factors include size, grade, lymph node status and 

LVI (also age and co-morbidities)

• Results of multigene assays (e.g. Mammaprint, OncotypeDx)

• AJCC 8th Edition added clinical and pathologic prognostic staging 

which includes results of ancillary tests

Breast Cancer Treatment
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AJCC 8th Edition 



AJCC 8th Edition 





NCCN and St Gallen treatment recommendations organized by HR and 

HER2 status:

− HR+, HER2-

− HR+, HER2+

− HR-, HER2+

− HR-, HER2-

Molecular data support similar treatment groups, though correlation with 

IHC is imperfect

New HER2 low group has implications for “triple negative group”

Breast Cancer Treatment



Allison, Surg Pathol Clin, 2018



Ancillary 

Testing:

Further 

Refinements

ER, PR and HER2

ER low positive tumors

ER positive, node positive tumors, Ki-67 high

HER2 low tumors

Molecular assays to guide need for chemotherapy in 
ER+ tumors with low burden of nodal disease (and 
?tumors with Ki-67 index between 5-30%)



• High stakes tests

• Not only provide overall treatment and prognostic groupings, also 

determine specific targeted therapies

• Consequences of errors are significant

− Deprive potentially responsive patients of treatment

− Treat potentially unresponsive patients with possibility of treatment related 

toxicities/side effects

• Large scale errors have been made

• ASCO/CAP Guidelines have led to quality improvement and 

standardization of reporting

ER, PR and HER2



Proficiency Testing

Wolff, Arch Pathol Lab Med, 2018
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Estrogen Receptor Testing



• Nuclear receptor, activated upon binding to estrogen (17-

beta-estradiol)

• Role in normal breast development, differentiation and 

lactation

• ERα encoded by ESR1 on chromosome 6

• ERβ encoded by ESR2 on chromosome 14

• ER IHC antibodies recognize ERα

Estrogen Receptor



Multiple sources of variability exist in any given laboratory

– Pre-analytic variables (e.g. cold ischemic and fixation times)

– Choice of antibody

– Antigen retrieval techniques

– Use of controls

– Interpretation/scoring (?cut points too high or too low) 

Estrogen Receptor IHC Issues



ER



ER



Goldstein, Am J Clin Pathol, 2003

Influence of Fixation Time



Comparison of ER/PR Antibody Reagents

1D5 6F11 SP11D5 SP1

Cheang, 2005; Troxell, 2017



ER Interpretation/Scoring

>10% = positive

>1% = positive

End up with a lot more positives!

Pts potentially treated with little benefit

Fewer positives

Pts potentially denied therapy



2010

Hammond, Arch Pathol Lab Med, 2010



GOAL

Improve accuracy of hormone receptor testing and the utility of ER and PR as 

prognostic and predictive markers for assessing in situ and invasive breast carcinomas

Standardization



Accurate measurement of ER is critical 

for the care of all breast cancer patients



False positive ER is very rare

− More likely due to misinterpretation of entrapped normal epithelium

− Overinterpretation of cytoplasmic staining

− Reporting the result for the control on the same slide as the 

carcinoma, instead of the carcinoma

− Transcribing error

False Positive and Negative Results



• False negative ER results are more common

• Most relate to issues discussed earlier

−Cautery, decalcification procedures, prolonged ischemic time or poor 

fixation, technical issues, interpretation errors

• Tumor heterogeneity

• Transcribing error

• Check for normal internal control

• Correlate with histology

False Positive and Negative Results



• ER is a weak prognostic factor

• But a strong predictive factor

• Thus women with ER+ cancers have a strong likelihood 

for responding to hormonal therapies

Estrogen Receptor in Breast Cancer



Why quantify?

“The percentage of stained tumor cells may provide valuable predictive 

and prognostic information to inform treatment strategies”

Quantification of ER

ASCO/CAP Guidelines, 2010



ER Level and Disease-free Survival

Harvey J M et al. JCO 1999;17:1474-1474

©1999 by American Society of Clinical Oncology

Allred score of 3 

equivalent to 1% of 

nuclei positive



Highly endocrine responsive: 

• Tumors express high levels of both HRs in the majority of cells

Incompletely endocrine responsive: 

• Some expression of HRs but at lower levels or lacking either ER or PR

Endocrine non-responsive: 

• Tumors having no detectable expression of steroid hormone receptors

Categories of Endocrine Responsiveness 

Goldhirsch, St. Gallen Conference 2007, Ann Oncol



• Overall survival

• Disease-free survival

• Recurrence/relapse-free survival

• 5 year-survival

• Response to endocrine therapy

• Time to recurrence

All positively associated with ER levels

Quantification of ER

Cowen PN, 1990, Histopathology

Esteban JM, 1994, J Cell Biochem Suppl

Elledge RM, 2000 In J Cancer

Stendahl M, 2006, Clin Cancer Res

Yamashita H, 2006, Breast Cancer

Dowsett M, 2008, JCO



Does IHC Permit Reliable Quantification of ER?

Current IHC methods utilize highly sensitive antibodies and 

detection systems and often employ signal enhancement

Dichotomization of Results
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• We know from ligand binding assay days that ER in breast 

cancer is a continuous variable

• ER is not biologically bimodal

• ?Need for alternative methodologies

Quantification of ER



Iwamoto, JCO, 2012

Blue=0%

Green=1-9%

Purple=10%

Gold=>10%

Comparison of ER IHC, Gene Signature Score and mRNA 

Expression



• IHC qualitative test

• Semi-quantitative at best

• Sensitivity of antibody used, or antigen retrieval method can change a test result 

from negative/borderline to positive

• Newer data support bimodal distribution for ER, suggesting dichotomization of 

results by IHC is appropriate

• But, while decision to treat or not is binary, the response to treatment is usually 

more of a spectrum

• IHC is the gold standard; ER negativity by mRNA testing does not negate an IHC 

ER+ result

Quantification of ER

Allison, JCO, 2020



• Report per current ASCO/CAP guidelines

• Positive: 1-100% of tumor cell nuclei stained 

− ER low positive 1-10%; include recommended comment

− Confirmatory testing and/or adjudication for cases with weak staining or <10% of 

tumor cell nuclei staining 

− Report status of internal positive control for low positive group

• Negative: reported as either <1% or 0

• Be aware that results in the 1-5% range may vary by observer

• Some triple negative trials now including patients with low ER+

Reporting of ER

Allison, JCO, 2020



• Same reporting criteria as ER

• Extremely rare for a tumor to be ER-/PR+, thus PR essentially 

prognostic/predictive in the ER+ disease

• ER+, PR low + or negative typically higher grade, more proliferative 

tumors (luminal B-like)

• Worse prognosis, poorer response to therapy

• Proposed mechanisms of PR loss include:

− Abnormal ER alpha signaling pathways

− Loss of PR gene

− Downregulation by HER2

Reporting of PR



What about low ER group?



• Appears to be a heterogeneous group for which benefit 

from ER targeted therapy will be difficult to determine

• Some studies indicate tumors are more similar to triple 

negative cancers (e.g. are basal-like by molecular profiling, 

are more likely to be BRCA mutation carriers, are less 

likely to respond to tamoxifen-as a group)

Low ER positive group



Ann Oncol, 2014

DRFS RFS OS

Endocrine Rx

No endocrine Rx

2.6% of tumors ER 

borderline (1-9%)

ER>10%
ER 1-9%

Low ER+ (1-9%) tumors more similar to ER neg tumors

Patients do not appear to benefit from endocrine therapy



Heterogeneity suggests low ER+ group 

may need additional (molecular) testing 

to determine subtype/biology



Validated IHC Assay for ER

<1% cells = Negative

Expect 20%-30% overall

Retest if:

Low grade

Lobular

Tubular

Mucinous

Confirm/Retest on excision

No Endocrine Therapy

>1-10% cells = Low Positive

>10%= Positive

Expect 70%-80% overall

Quantification

Endocrine Therapy

ASCO/CAP, 2010, 2020

NCCN, 2022

BIDMC, 2023

All IBCs and DCIS

Testing done on CNB



• Low grade invasive and special type cancers (eg, tubular, 

invasive cribriform) should be ER+

• Know the low-grade ER- cancers (eg, adenoid cystic, 

secretory, TCCRP)

• High grade carcinomas may be ER+ or negative

• Consider additional testing or review of morphology when 

result does not make sense

Address Discordant Results



HER2 Testing



• HER2 belongs to a family of growth factor receptors (HER1/EGFR, 

HER3 and HER4) located on the cell surface

• Responsible for cell development, proliferation and survival

• Upon activation, HER2 proteins dimerize activating intracellular 

signaling via MAP-kinase and PI3-kinase pathways

• HER2 gene amplification leads to HER2 overexpression on cell 

surface

HER2 Receptor



2018

Wolff, Arch Pathol Lab Med, 2018



HER2 Scoring: HercepTest

1+

2+ 3+

0 

Visible at 2-4xVisible at 10-20x

Visible only at 40x



Everything changed on June 5, 2022



• Reduction in risk disease progression or death by ~50%

• Reduction in risk of death by 36%

NEJM, published online June 5, 2022

Destiny-Breast04 (DB-04)



June, 2023



T-DXd, an antibody drug conjugate (ADC) containing trastuzumab and 

deruxtecan (topoisomerase I inhibitor)

Lee, Future Oncol, 2022



HER2 low positive tumors: 

3-tier scoring system

Zhang, AJCP, 2022

1+ 2+



• HER2 IHC assays developed to detect HER2+ breast 

cancers (i.e., HER2 3+)

• Insufficient dynamic range to reliably distinguish between 

HER2 0 and HER2 1+ cases and were not meant to be 

used for this purpose

• Very poor interobserver reproducibility in distinguishing 

HER2 0 from HER2 1+

Problems with Diagnosis of HER2-Low 

Breast Cancer



• Many labs do not use Ventana platform and 4B5 antibody used in DB-

04 trial

• Sensitivity for identifying HER2 1+ cases varies among different 

assays (HercepTest > 4B5)

• Pre-analytic factors likely of critical importance

• Evolution of HER2-low expression over time

• For ~24 years (September 1998-June 2022), no need for us to 

distinguish HER2 0 from 1+ (both considered negative)

Problems with Diagnosis of HER2-Low 

Breast Cancer



• Different staining intensity using 

different FDA approved-HER2 

testing kits

• B. DAKO HercepTest showing 

essentially no staining (score 0) 

• C. Ventana antibody 4B5 clone 

showing weak to moderate, 

incomplete staining in more than 

10% of tumor cells (score 1+)

Zhang, AJCP, 2022

HER2 Low Positive Tumors-Variability in Staining



HER2-Low Breast Cancers 
What are we as pathologists really being asked to 

do?

Identify breast cancer patients with HER2-low 

tumors who may benefit from T-DXd using a test 

that was never developed to identify those patients 

and cannot be done reproducibly



“HER2-low” is a clinical interpretation of the IHC

results (analogous to “triple negative”)

Only some cases considered “HER2- low” can be 

categorized as such by IHC alone (i.e., those that 

are HER2 1+)

• Would result in inconsistency in reporting cases in “HER2-

low” based on IHC findings 

Rationale for Not Using HER2-Low 

Terminology in Reports



Tarantino, JCO, 2020



Tarantino, Eur J Can, 2022

Additional Challenge:

Evolution of HER2 low expression over time



Lessons Learned from monarchE and 

Ki67 Testing

Pathologists feverishly 

scramble to determine 

how best to distinguish 

Ki67 <20% vs >20% in 

their laboratories

October 12, 2021

Ki67 testing no longer 

required

March 3, 2023

(Companion diagnostic assay for Ki67 approved at the same time

to distinguish Ki67 >20% from <20%)



• Unknown whether patients with HER2 0 tumors will respond to ADCs

• Limited data from the single-arm phase II “DAISY” study suggest that 

T-DXd may harbor relevant antitumor activity even in patients with 

HER2 0 tumors, with an objective response rate of 30%.

• DESTINY-Breast-06 phase 3 trial includes a subset of patients with 

HER2 0 tumors (those with HER2 IHC >0 and <1+, considered by 

some as HER2 “ultralow”); does not include patients with tumors with 

no HER2 protein expression at all (considered by some as HER2 

“null”)

What about HER2 0?

Schnitt, AJCP, 2023



If patients with HER2 0 tumors are demonstrated to have a 

response rate to ADCs similar to that seen in HER2-low 

tumors, the attempt to distinguish HER2 1+ from HER2 0 

(ultralow and null) cases may become clinically irrelevant

Could all be unnecessary angst…



Tarantino, Cancer Discovery, 2022



Wolff, Arch Pathol Lab Med, 2018



FISH for HER2, Dual Probe (Vysis PathVysion)

Not Amplified Amplified

66



• At BIDMC all cases have IHC and FISH performed

• For ~5% of cases in groups 2-4, IHC slide is reviewed 

before FISH interpretation is rendered

• Refer to guidelines for comments associated with HER2 

interpretations for groups 2-4 

Our Practice



IHC 

3+ IHC 2+
IHC 

0/1+

Group 1

Positive
Group 2

Negative 
Group 3

Positive

Group 4

Negative

Group 5

Negative



• Concordance rates: 80-95%

• Very high concordance for cases scored as either negative (0-
1+) or strongly positive (3+) by IHC

• Only a minority of cases with weak (2+) staining by IHC show 
amplification by FISH

• Current guidelines mandate additional testing with ISH for all 
equivocal (2+) cases

• Patients treated based on positive result (IHC 3+, or IHC 
2+/FISH+)

IHC vs. FISH, Comparative Studies



• Patients with breast cancers demonstrating HER2 overexpression or 

amplification have significantly reduced risk of recurrence and mortality

• Newer evidence of benefit in HER2-low positive tumors (IHC 1+ or 2+ 

and ISH negative) with antibody drug conjugates (ADC) 

• e.g. Trastuzumab deruxtecan (T-DXd), a novel HER2-targeted ADC 

designed to deliver a topoisomerase I inhibitor payload to HER2-

expressing cancer cells

HER2 Targeted Therapy

Modi, JCO, 2020

Denkert, Lancet Oncol, 2021



• Inappropriate patient treatments

• Incorrect tumor classification for clinical trials

• Economic ramifications to society

− Treatment costs ~$70,000/year

− Cost of confirmatory test ~$90-$400

• Overstaining-normal epithelium should be negative

• Edge artifact, particularly noticeable in lobular carcinomas

• Cytoplasmic positivity-only membranous expression counts

• Overinterpretation of granular or incomplete membranous expression

HER2 False Positives



• May be seen when tumor is composed of different morphologic types 

or when there is subclonal diversity

• Subclonal diversity is rare, but important as there are treatment 

implications

• Interpretations must be on a contiguous area of tumor

• Report proportion of HER2+ tumor in heterogeneous cases

HER2 Heterogeneity



• HER2+ cancers are typically:

− High grade

− Often have abundant eosinophilic cytoplasm or apocrine differentiation

− High proliferative rate 

• But tumors with the above features may be HER2 negative

• Good prognosis tumors are usually HER2 negative

• Consider additional testing or review of morphology when result does 

not make sense

• Consider additional testing if tumor is HER2 negative on CNB and 

high grade on excision

Address Discordant Results



• Be aware of overall ER+ vs. ER- rate in your lab; should be 60-80%, 

but will vary with patient population

• Know your HER2 positive rate; should be 10-15%

• Also useful to monitor your HER2 2+ IHC to HER2 amplified rate

Know your patient population

74



Multigene assays
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Multigene Prognostic Tests

Assay # of genes 

assayed

Traditional 

prognostic factors 

included

Sendout

test

Cost (2018) Score reporting

OncotypeDx 21 No Yes ~$4000
0-100

Low/Int/High Risk

Mammaprint 70 No Yes ~$4000
-1 to +1

Low/High Risk

Breast Cancer

Index

2

+Molecular

Grade Index

No Yes ~$4000
0-10

Low/High Risk

EndoPredict

Clinical 

(EPClin)

12
Tumor size

Node status
Yes ~$2000

0-6

Low/High Risk

Prosigna (ROR)
50

+Proliferation 

signature

Tumor size No ~$2080

0-100

N0 Low/Int/High

N1a Low/High Risk

Adapted from Jane Brock MD PhD, Current Concepts and Controversies in Breast Pathology, 2018



NEJM 2004;351:2817

<18 Low

18-31 Intermediate

>31 High

RS = +0.47 x HER2 group score

-0.34 x ER group score

+1.04 x proliferation group score

+0.10 x invasion group score

+0.05 x CD68

-0.08  x GSMT1

-0.07  x BAG1

OncotypeDx

(Genomic Health, Inc.)



Paik, 2004

Recurrence Score and Prognosis in ER+, N- Breast Cancer



Expression signature consisting of 70 genes 

identified good and poor prognosis groups 

among both N- and N+ patients

Better than standard prognostic systems based 

on clinical and histologic features (e.g., St. 

Gallen, NIH)

MammaPrint

(Agendia)

NEJM, 2002

Drukker, BCRT, 2014



Prognostic value independent of:

•Nodal status

•Size

•Grade

•ER status

Predicted benefit from neoadjuvant 

chemotherapy

PAM50 Assay

J Clin Oncol 2009



Ki-67



• Tumor grade most widely used as a surrogate for proliferation

• Ki67 most widely used proliferation marker

• Use of Ki67 shifts some luminal A-like tumors to luminal B-like

• International Ki-67 working group (IKWG) developing guidelines

• Recently Ki-67 (MIB-1 pharmDx (Dako Omnis) assay) approved as a 

companion diagnostic for the CDK 4/6 inhibitor, abemaciclib, in patients with 

ER+, HER2- tumors and LN+ and Ki-67 index >20% (though benefit 

independent of Ki-67 index)

Surrogate Histologic Markers and Ki-67 IHC in Clinical 

Practice

Cirqueria, Breast J, 2015

Harbeck, Ann Oncol, 2021



Focke, BCRT, 2016

Using <20% cut point to define 

luminal A tumors



• Ki-67 useful in determining prognosis in ER+, HER2 negative breast cancer to identify those 

who do not need adjuvant chemotherapy (IKWG)

• Analytical validity for <5% or >30% tumors

• Tremendous observer variability in the clinically relevant 10-20% range

• Preanalytic variables, such as delay in fixation, can lead to decrease in labeling index

• In the 5-30% range, multigene expression assays recommended by ASCO

• While ki-67 is prognostic, abemecliclib + ET benefit found to be independent of Ki-67 index 

(monarchE Trial: CDx Ki-67 IHC MIB-1 pharmDx (Dako Omnis, Carpinteria, CA)

• A new tool for technical standardization of the Ki67 immunohistochemical assay; cell line with 

Ki-67 + and – cells present in incremental standardized ratios

Ki-67

Nielsen, JNCI, 2021

Royce, JCO, 2022

Harbeck, Ann Oncol, 2021

Aung, Mod Pathol, 2021



Multigene Signatures

and

Predictive Factors



Low Int High

Recurrence Score and Chemotherapy Benefit in 

ER+, N- Breast Cancer

Paik, 2006



2015

2016

Both studies have shown 

very low rates of 

recurrence among 

patients with low RS in 

whom chemotherapy was 

omitted 

Therefore, 21-gene RS 

being used clinically to 

identify patients with ER+ 

breast cancer who may 

safely be spared cytotoxic 

therapy

Overall survival 98% at 5 

years in TAILORx



Clinical-Path High/Mammaprint-Low group: 

− Distant metastasis-free survival 94.8% at 5 years

− Overall survival only 1.5% less than those receiving chemotherapy

− 14% absolute reduction in use of CT when risk assessed with Mammaprint



• “For patients with ER+ early breast cancer the benefits of 

OncotypeDX outweigh the acquisition costs” 

• Arguments to be made for use of alternate algorithms, such as 

Magee Equation (or variations thereof) which demonstrate $100M in 

cost savings to the health care economy 

• In a recent study of 1396 pts with low RS (<18) treated at MSKCC, 

LRR was 0.9%; 0.7% in women treated with endocrine therapy alone

Impact of Expression Signatures For Selecting 

Treatment

Rouzier, BCRT, 2013

Turner, Cancer Med, 2019

Turashvili, BMC Cancer, 2018



Use of Biomarker to Guide Decision on Adjuvant Systemic Therapy for 

Women with Early-Stage Invasive Breast Cancer

ER+, HER2-, node negative breast cancer

Age Recurrence Score Recommendation

<50 years old

<26 Endocrine Therapy

26-30
Consider 

Chemotherapy

>30 Chemotherapy

>50 years old

<16 Endocrine Therapy

16-30
Consider 

Chemotherapy

>30 Chemotherapy

Andre, JCO, 2019



• Three prospective randomized trials-MINDACT, TAILORx and RxPONDER-

are testing the usefulness of gene signatures in predicting benefit from 

adjuvant chemotherapy in patients with ER+ breast cancer in the intermediate 

risk groups

• Results demonstrate no statistically significant benefit for the addition of 

chemotherapy in the intermediate risk groups; with the exception of some 

benefit demonstrated in women <50yrs of age

Chemotherapy Benefit?



• Programmed death-ligand 1 (PD-L1) is a transmembrane protein that binds to 

the PD-1 receptor during immune system modulation

• The PD-1 receptor is typically expressed on cytotoxic T-cells and other 

immune cells, while the PD-L1 ligand is typically expressed on normal cells

• Normal cells use the PD-1/PD-L1 interaction as a mechanism of protection 

against immune recognition by inhibiting the action of T-cells

• Inactivation of cytotoxic T-cells downregulates the immune response such 

that the inactive T-cell is exhausted, ceases to divide, and might eventually 

die by programmed cell death, or apoptosis

PD-L1



• Tumor cells upregulate the expression of PD-L1 as a mechanism to evade 

immune response

• Activated T-cells recognize the PD-L1 marker on the tumor cell, and PD-L1 

signaling renders the T-cell inactive

• The tumor cell escapes the immune cycle, continues to avoid detection for 

elimination, and is able to proliferate

• PD-1/PD-L1 interaction between tumor cells and activated T-cells is a 

mechanistic pathway used by immunotherapeutic agents

• When the tumor cell is unable to interact with the activated T-cell, the immune 

system remains active, thereby preventing immunosuppression

PD-L1



• PD-L1 testing in advanced TNBC used to predict benefit from 

pembrolizumab

• 22C3 antibody (companion diagnostic to pembrolizumab) is scored 

using the combined positive scoring system (CPS) [positive > 10%]

• PDL-1 testing with SP142 no longer indicated [atezolizumab

withdrawn for this indication]

• Rare patients with mismatch repair deficient (MSI-H/dMMR) TMB-H 

metastatic breast cancer may be candidates for pembrolizumab

immunotherapy

PDL-1 testing

Najjar, Virchows Arch, 2022



• Targeted sequencing for genomic alterations/mutations in 

patients with metastatic disease to determine eligibility for 

clinical trials (e.g. for PI3 kinase inhibitors)

Where are we today? 



Signaling Pathways Under Blockade in Luminal 

Cancers

Ades, JCO, 2014



• Histologic Type (eg, special TNC types)

• Histologic Grade 

• Tumor Size

• LVI

• Biomarker status (ER, PR and HER2)

• Multigene assays in a subset of patients (ER+, >5mm, N0 or N1mi)

• (TILs)

Discriminants of Benefits from Chemotherapy 



• ER, PR and HER2 status are the major drivers of clinical decision 

making regarding the type of systemic therapy

• Performance of high-quality assays is critical to patient care

• Attention to common pitfalls, correlation with morphology and judicious 

additional testing can prevent errors

• Multigene assays are increasingly utilized in patients with ER+, HER2, 

pN0-pN1a to determine need for adjuvant chemotherapy

Summary


