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Objectives OFF YOUR CELL PHONES

• Recognize the role of ER as both a prognostic and predictive marker
• Describe the criteria and clinical implications for the newly proposed 

ER ‘low positive’ category 
• Apply and evaluate recommended external and internal controls
• Recognize discordant ER and PR as informed by breast cancer 

morphology



Prognostic & Predictive markers in breast 
cancer

Feature Prognostic: 
general outcome

Predictive: response to specific 
therapy

Estrogen receptor 
(ER)

ER+ tumors less aggressive ER+ tumors respond to anti-
hormonal therapy

HER2 HER2+ tumors more aggressive HER2+ tumors respond to anti-
HER2 Rx

Recurrence score 
(if ER+)

Low recurrence score less 
aggressive

Low recurrence score less benefit 
from cytotoxic chemotherapy



ER: The first predictive marker
RT-PCR

Multigene assays

IHC-image 
analysis  (AI?)

Other

Molecular era

?

?
Ligand Binding 

Assays (DCC)
1970’s

ELISA
1980’s

Immunohistochemistry
1990’sà present

Fresh Fresh

FFPE
FFPE

“No other assay types are recommended as the primary screening test for 
....predicting benefit from endocrine therapy” 



Gene Expression Profiling
Molecular (intrinsic) subtypes: 
luminal, HER2, basal

Sorlie. PNAS. 100:8418-23.

IHC surrogate: ER+PR+Her2-

ER+PR+Her2+/- High 
proliferation

ER-PR-Her2-

Her2+ (pre-Hercept)

ER+PR+Her2-

ER+PR+Her2+/- High 
proliferation

ER-PR-Her2-

Her2+ (pre-Hercept)



Allison KH. WHO 5th ed. Fig 2.83
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subclasses



Tang & Tse. Arch Pathol Lab Med. 2016;140:806–14; WHO 5th edition

Luminal A-like Luminal B-like Luminal 
HER2+

HER2+ TN-Basal TN-other

ER + + + - - -
PR + +/low/- + - - -
HER2 - - + + - -
Ki-67 Low* High* Any Any Often high -
CK5/ER + -

*Ki-67 cut point varies between 14% and 20% in St. Gallen criteria & WHO
Luminal B: low PR or high Ki-67



Special Types of Breast Cancer
Type Rate Hormones

Lobular, classic 5-15% ER+ Her2-

Tubular, pure <2% ER+ Her2-

Cribriform, pure 0.8-3.5% ER+ Her2-

Mucinous, pure ~2% ER+ Her2-

Neuroendocrine 2-5% ER+ Her2-

Micropapillary <2% ER+ Her2+/-

Apocrine <4% ER- Her2- AR+ (TN*)

Adenoid cystic 0.1% ER- Her2- (TN*)

Secretory <0.15% ER- Her2- (TN*)

Metaplastic <1% ER- Her2- (TN)

Weigelt & Reis-Filho Nat Rev Clin Oncol 2009; 6:718-30.

Low grade IDC/ILC
should be ER+

*Some special types of TN less 
aggressive

Nadji. AJCP2005;123:21-27



Arch Pathol Lab Med. 2020;144:545-563; JCO 2020;38:1346-66



Arch Pathol Lab Med. 2020;144:545-563; JCO 2020;38:1346-66

Comprehensive 
tables & helpful 
flow charts



Appropriate ER threshold?

• Focus on ER Low positive
• 1-10% of tumor cell nuclei immunoreactive

• Biologic low mRNA/protein expression?
• Erroneously low ER results in a truly ER-positive tumor?
• Borderline (false) positive IHC results in an ER negative tumor? 
• Test reproducibility?

• Small ER+ subpopulation

Allison. Arch Pathol Lab Med. 2020;144:545-563



Focus on ER Low positive: 1-10% of tumor cell 
nuclei immunoreactive

0- <1% 1%-10% 11%-100% of nuclei positive

After Allison KH unpublished

0% 100%

Biologic continuum with arbitrary cut points



Focus on ER Low positive: 1-10% of tumor cell 
nuclei immunoreactive

0- <1% 1%-10% 11%-100% of nuclei positive

0- <1%

Harvey…Allred. 
1999;17:1474-81

Patients receiving any endocrine Rx (n=777)

To select high likelihood of benefit from Endocrine Rx
àuse 1%

To select those who will not benefit from Endocrine Rx
àuse <1%

After Allison KH unpublished months

0% 100%

1%-100% of nuclei positive



Focus on ER Low positive: 1-10% of tumor cell 
nuclei immunoreactive

0- <1% 1%-10% 11%-100% of nuclei positive

1%-100% of nuclei positive0- <1%

Threshold for better/worse prognosis?

Threshold intrinsic type?

To select overall treatment pathway àuse 10%
Triple negative trials, neoadjuvant chemotherapy

To forecast overall prognostic group àuse 10%
After Allison KH unpublished

0% 100%



ER Low Positive: 1-10% of tumor cell nuclei 
immunoreactive
• May benefit from hormonal therapy
• BUT, heterogeneous group
• “clinical outcomes and biologic/molecular profiles that are often more similar 

to those of ER-negative cancers”
• “base decisions on the totality of information available"

Intrinsic type ER 0 
(n=183)

ER 1-9%
(n=25)

ER>10% 
(n=251)

Luminal A 1% 0% 48%
Luminal B <1% 8% 24%
Basal 61% 48% 6%

Iwamoto. J Clin Oncol 30:729-34
Allison. Arch Pathol Lab Med. 2020;144:545-563

ER Low Positive should not 
disqualify appropriate patients 
from TNBC trials or therapy



ER Low positive: 1-10% tumor nuclei 
immunoreactive
Recommended comment:
“The cancer in this sample has a low level (1%–10%) of ER expression 
by IHC. There are limited data on the overall benefit of endocrine 
therapies for patients with low level (1%–10%) ER expression, but they 
currently suggest possible benefit, so patients are considered eligible 
for endocrine treatment. There are data that suggest invasive cancers 
with these results are heterogeneous in both behavior and biology and 
often have gene expression profiles more similar to ER-negative 
cancers.”

Allison. Arch Pathol Lab Med. 2020;144:545-563



ER Low positive: 1-10% tumor nuclei 
immunoreactive
• Reproducibility
• Laboratories should establish and follow an SOP stating the steps the 

laboratory takes to confirm or adjudicate ER results for cases with 
weak stain intensity or 10% of cells staining
• The status of internal controls should be reported for cases with 0%–

10% staining. For cases with these results without internal controls 
present and with positive external controls, an additional report 
comment is recommended

Allison. Arch Pathol Lab Med. 2020;144:545-563



Guideline supplement: 
ER Weak or Low positive SOP

Allison. Arch Pathol Lab Med. 
2020;144:545-563

v



Allison. Arch Pathol Lab Med. 
2020;144:545-563

Figure 1a.



Guideline 
supplement

Allison. Arch Pathol Lab Med. 
2020;144:545-563



Guideline 
supplement

Allison. Arch Pathol Lab Med. 
2020;144:545-563



ER low positive: our experience
Category 
(Based on 
Majority) # Cases

Cases with 
100% (6 of 6) 
agreement 

Cases with
>80%  (5 of 6) 
agreement

Negative (<1%) 16 67% 87%
Low Positive 

(1-10%) 6 0% 17%
Positive (>10%) 8 75% 100%

Winters C, Allison KH, unpublished

ER >10%
80%

ER 1-10%
4%

ER <1%
16%

ER >10%

ER 1-10%

ER <1%

Cases 
requiring 
2nd review

• Disagreements esp. between 
Negative v Low Positive results 
(61%) 

• All disagreements close to the 1% 
threshold

• SOP now requires a second 
pathologist review:
• Prior to reporting any case 

with 1-10% ER staining 
• Consider if close to <1% 

threshold. 



CAP Q-probes
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81-90%

91-100%

Positive hormone receptors: 
% of tumor nuclei staining

ER PR

• CAP Q-probes
• N=21 labs
• 687 breast cancer cases 

(2019)
• Overall
• 86% ER+

• ER 1-10%: 3% of cases
• 75% PR+

• PR more heterogeneity

• Yale 1% low ER Caruana D, et al. NPJ Breast Cancer. 2020 Feb 5;6:5. 
doi: 10.1038/s41523-020-0146-2.



Pre-analytic factors

• Testing of core biopsies 
reaffirmed
• Ischemia/fixation parameters re-

affirmed
• Ischemia as short as possible
• 10% NBF 6-72 hours
• Document

• Age of cut slides >6 weeks

Further impromptu comments on:
• Rapid processing

• Decalcification
• Cytology fixative (alcohol based)
• Widely variable between labs
• Very important for correct therapy 

of metastatic disease

Allison. Arch Pathol Lab Med. 2020;144:545-563



ER: Ischemic time 

AJCP. 2010. 134:813-9



ER: fixation time

Goldstein et al. AJCP 120:86-92. 2003

24 Large breast tumors
Timed fixation (3, 6, 8, 12, 24, 48, 168 hr)
of subsamples



Fixation: weak ER in low grade tumor

Check internal controls for ER, PR, Ki-67



Fixation: Ki-67 negative w/ mitotic figures

Check internal controls for ER, PR, Ki-67



Rapid processing?

AJSP 2014;38:1071–78

Am J Clin Pathol 2014;142:16-22

J Clin Pathol 2017;70:781–786.

Not 
recommended.



Appl Immunohistochem Mol Morphol 2017;25:144–149)



Decalcification

• Bone biopsies are often done to 
obtain biomarker data!
• Recommend separating grossly:
• Bony fragmentsà decal
• Non-bony fragments àNO DECAL
• Helpful for FISH & molecular

Maclary. AIMM. 
2017;25:144–149

DecalStat (HCl)

See also: Clark. AIMM. 2019;27:223-30
Schrivjer. Mod Pathol. 2016;29:1460-70
Gertych. Diagn Pathol. 2014;9:213
Miquelestorena-Standley Mod Pathol. 2020;33:1505–17 (not breast markers)



Decalcification• Validate your lab’s decal/FFPE/Ab if high 
volume
• Evaluate internal control, if any
• Clinician request for stains on decal:
• + result, report as not validated
• - result, report as not validated with 

disclaimer re: false negative
• CAP checklist disclaimer “This assay has not 

been validated on decalcified tissues. Results 
should be interpreted with caution given the 
possibility of false negative results on 
decalcified specimens.”

• Helpful to consider primary breast CA 
data

Decal EDTA Acetic HCl/ 
Formic

ER % change -0.5% -2.5% -21%
ER false neg 0 0 42%
PR % change -1.5% -0.5% -14.5%
PR false neg 0 0 33%
HER2 change -0.3 -0.3 -0.8
ISH failure 1/16 15/16 all

Van Es. AJSP. 2019;43:1355–60
See also: Clark. AIMM. 2019;27:223-30
Schrivjer. Mod Pathol. 2016;29:1460-70
Gertych. Diagn Pathol. 2014;9:213
Miquelestorena-Standley Mod Pathol. 2020;33:1505–17 (not breast markers)



Cytologic fixative

• FNAB are often done to obtain 
biomarker data!
• Most cyto fixatives alcohol based
• Differ widely between labs
• Many labs use formalin-only for 

suspected breast metastasis, or
• Validate your lab’s cyto fix/cell 

block/Ab
• Evaluate internal control, if any

Formalin

MCF-7 cell block

MCF-7 cytospin

Maleki. Diagn. Cytopathol. 2013;41:864-70
(one of many various examples)

Saccomanno



Retest metastatic disease is well-established

0
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ER PR Her2

Discordance in biomarker: Primary vs. Metastasis

Schrijver meta anal Yeung meta anal Walter

% 
discordant 
cases

Walter. Breast Cancer Research and Treatment 2020;183:137–144



IHC, ISH and molecular are affected 
by pre-analytic factors in other 

organs also

Bass. Arch Pathol Lab Med. 2014;138:1520–30
Jones. Sci Rep. 2019;9(1):6980



External on-slide TMA 
or multi-tissue 
controls

Allison. Arch Pathol Lab Med. 2020;144:545-563

Controls  & validation
• Routine use of external controls
• Routine evaluation of internal controls
• Including + and – samples
• Including samples with lower % ER+ (tonsil)
• On slide controls are recommended

• Assay validation: deferred to upcoming CAP 
IHC analytic validation guideline update
• External PT as required by accreditors (semi-

annual CAP)
àprimarily based on ER



Onslide TMA external: ER stained

Onslide TMA external: PR stained

ER PR controls

External on-
slide TMA or 
multi-tissue 
controls

Range of + 
intensity



Onslide TMA: PR stained ideal
Onslide TMA: PR stained

What happened?



ER: normal breast internal

PR: normal breast internal

ER: tonsil

PR: tonsil



PR control: cervix

• PR stains basal squamous layer only
• PR stains stromal cells
• PR stains 
glands, variable

Allison. Arch Pathol Lab Med. 
2020;144:545-563



Carcinoma & 
benign breast

B & C concern for 
weak internal 
control

Allison. Arch Pathol Lab Med. 
2020;144:545-563



Track lab predictive 
marker statistics
--Internal consistency
--External benchmark %
--Differs by population

--Concordance with 
sendout (or RT-PCR)

%

AIMM. 2018;26:697–700 Journal of Cancer Research and Clinical Oncology 
2019;145:2983–94
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PT data: a wealth of information
See discussion, results by core, antibody etc



ER: difference by antibody 

Above: ER CAP PT: TMA cores with difference 
by Ab (63/80 same)

Cheang. J Clin Oncol 24:5637-44.
Frozen before FFPE IHC

Breast ca specific survival

Troxell. Arch Pathol Lab 
Med 2017;141:1402-12. 1D5 6F11 SP1



NordiQC.org

EQA handy ref



NordiQC.org

ER
runs

Each run links to pdf with detailed
Analysis of protocols and examples 
of good and poor result



What about PR?
Predictive
• Higher response to endocrine Rx if 

ER+/PR+ in metastatic, 
neoadjuvant settings
• No difference in benefit by PR 

status in adjuvant setting

Prognostic
• Lower PR, poorer prognosis
• PR helps forecast intrinsic type
• PR is element of IHC4, Magee 

equations, nomograms

• “Continue to recommend routine PR testing of invasive…”
• Use 1% as positivity threshold
• Report % and intensity
• No Low PR category
• PR optional for DCIS

Allison. Arch Pathol Lab Med. 2020;144:545-563



Does ER-/PR+ breast cancer exist?
• False negative ER in a truly ER+ tumor?

• Check controls; consider repeat

• False-positive PR in an ER-PR- tumor?
• Tumor heterogeneity?
• ER-/PR+ as a rare subgroup?

• Add endocrine Rx to chemo
as per TN breast cancer?

Itoh. Breast Cancer Res Treat (2014) 143:403–409

ER+/PR+ 
(45%)

ER+/PR-
(15%)

ER-/PR+ 
(4%)

ER-/PR-
(37%)

LumA 59% 29% 15% 1%
LumB 23% 30% 5% 2%
Basal 6% 18% 65% 80%



Troubleshooting
PR stain: ILC with normal breast 
What happened?
Next step?

PR



Troubleshooting
PR stain: ILC with normal breast 
What happened?
Next step?
àCheck ischemia/fixation

Ischemia: 1 hr
Fixation: 10 hr 10% NB formalin
ER worked!?

PR

ER

Allison. Arch Pathol Lab Med. 
2020;144:545-563



Troubleshooting
PR stain: ILC with normal breast 
What happened?
Next step?
àCheck onslide external control

PR

PR PR



Troubleshooting
PR stain: ILC with normal breast 
What happened?
Next step?
àCorrelate with clinical history

Prior core ER+++/PR+++
Neoadjuvant letrozole Rx

àRepeat stain? Same
Now what?

PR

Allison. Arch Pathol Lab Med. 
2020;144:545-563



ER PR IHC with endocrine therapy
• Profound decrease in PR with 

Aromatase inhibitor
• Tumor and normal
• Letrozole, anastrozole, exemestane

• Effects of tamoxifen may vary over 
time and differ in tumor/normal

Miller. J Steroid Biochem Mol Biol. 2005;95:83-9
Dowsett. J Clin Oncol 23:2477-2492.
Kurosumi. J Cancer Res Clin Oncol.2008;134:715–22

Anastrozole Tamoxifen

ER PR
Tam Partial decrease Variable
AI Stable Decrease/neg

Dowsett



ER PR IHC with endocrine therapy

Rosal. Breast Cancer Res Treat 2011;125:797–801
Normal breast, 20 day course

PRER



Mucinous carcinoma; 1.1 cm



ER

PR

Her2

Internal controls +
Now what??



Resection
• Multinodular
• Hypo/Hypercellular 

areas
• ER-
• PR-
• Her2-



LG metaplastic “matrix producing” ddx: of salivary type/myoepithelial; has recurred 



ER: histologic 
concordance
Expected ER+++
• Low grade IDC
• Classic ILC
• Mucinous
• Tubular 
• Cribriform
• Low grade DCIS
• Encapsulated/solid papillary

Low grade, but expected ER-
• Adenoid cystic
• Secretory
• Metaplastic
• Low-grade adenosquamous
• Well-differentiated squamous
• Low grade fibromatosis-like

• Low-grade apocrine
• Microglandular adenosis (not 

carcinoma!)
• Metastasis (Gyn ER+)

Allison KH. Surg Pathol Clin. 2018;1:147-76



ER & PR in real life
ER PR



ER PR

Internal

Internal



How would you score this ER?

A. Negative (0 to <1%)
B. Low Positive (1-10%, weak)
C. Positive (10-50%, weak)

Estrogen
Receptor

Allison. Arch Pathol Lab Med. 2020;144:545-563



Estrogen
Receptor



How would you score this ER?

A. Negative (0 to <1%)
B. Low Positive (1-10%, weak)
C. Positive (10-50%, weak)

Winters C, Allison KH, unpublished
Allison. Arch Pathol Lab Med. 2020;144:545-563



How would you score this ER?

A. Negative (0 to <1%)
B. Low Positive (1-10%, weak)
C. Positive (10-50%, weak)

Allison KH. Surg Pathol Clin. 2018;1:147-76
Allison. Arch Pathol Lab Med. 2020;144:545-563



ER PR: consider retest on surgical specimen

• Initial core biopsy result is borderline, insufficient (or very small), 
equivocal, unusual
• Result discordant with histologic or clinical findings
• Heterogeneity of grade or morphology on surgical sample
• Questionable specimen handling of initial core (long ischemic time, 

short time in fixative, alterative fixative used)
• Stanford practice, also retest:
• Core results from outside lab
• Post-neoadjuvant chemotherapy

Allison KH. Surg Pathol Clin. 2018;1:147-76



ER PR: recap

• Perform and report hormone receptor studies as per ASCO/CAP 
guidelines
• Attention to pre-analytic (fixation/ischemic time)
• Attention to internal and external controls (esp. on-slide)
• Positive threshold: >=1% of tumor nuclei

• New Low Positive category: 1-10+% tumor nuclei, and lab SOP’s
• May behave more similar to ER-negative; clinicopathologic correlation needed

• Report % positive nuclei and intensity
• Proficiency testing, pathologist concordance, benchmark data
• Test validation

Allison KH. Surg Pathol Clin. 2018;1:147-76



END




