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Biomarkers

• Characteristics able objectively measured and 
evaluated

• Indicators of normal biological processes, 
pathological processes or pharmacological 
responses to a therapeutic intervention



Biomarkers classified by Application

• Diagnostic biomarkers

• Disease prognostic biomarkers

• Biomarkers for predicting the clinical response 
to an intervention



Breast Cancer Categories for 
Management

• Early stage of breast cancer

• Locally advanced breast cancer

• Metastatic breast cancer



Management for Early Breast Cancer

Surgery

Adjuvant 
systemic Rx

Radiation Rx

Chemo +/- Hormonal

Chemo +/- Anti-HER2

Hormonalvs

Prognostic 

BIOMARKERS



Standard Prognostic Characteristics

• Age

• Menopausal status

• Tumor size

• Lymph node status

• Histological grade

• ER

• HER2

Prognostic 

BIOMARKERS



Management for Early Breast Cancer

Surgery

Adjuvant 
systemic Rx

Radiation Rx

Chemo +/- Hormonal

Chemo +/- Anti-HER2

Hormonalvs

Predictive 

BIOMARKERS



Breast Cancer Biomarkers

Essential

• IHC  - ER/PgR/HER2/Ki67

• ISH – HER2

Gene Expression Profile

• Oncotype DXtm

• Prosignatm (PAM 50)
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DNA/Gene/ 
Chromosome

mRNA

Cellular proteins

Cellular structure/ 
morphology

Cellular pattern/ 
tissue

DNA analysis

Gene Expression 
Profile (GEP) assay

Protein Expression 
Profile (PEP) assay



Case 01

• Female 57 years old

• Breast nodule, 1 cm, in left breast

• Wide excision + Sentinel node biopsy

• Tubular carcinoma, pT1N0











Case 01

• Age

• Menopausal status

• Tumor size

• Lymph node status

• Histological grade

• ER

• HER2

Prognostic 

BIOMARKERS

No chemotherapy was 
prescribed. 

favorable

favorable

favorable

favorable

favorable

favorable

favorable



…5 years later, she presented 
with bone metastasis.



ER

PgR

HER2

from metastases



Case 02

• Female 58

• Left breast nodule, 1.5 cm 

• Wide excision + sentinel node biopsy

• Invasive ductal carcinoma, grade II, pT1N0

• LVI – positive





ER

PgR

HER2

Ki67



Case 02

• Age

• Menopausal status

• Tumor size

• Lymph node status

• Histological grade

• ER

• HER2

Prognostic 

BIOMARKERS

Oncotype DX assay was 
done. 

favorable

favorable

?favorable

?favorable

favorable

favorable

favorable







She did not receive chemo Rx, to date 
(5 years later), she is well.
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Breast Cancer Biomarkers

• “One important aspect of the role of 
Pathology in the evaluation of breast cancer is 
biomarker testing, specifically the accurate 
assessment of the ER, PgR, HER2 status of a 
patient’ breast cancer”



Time to recurrence and survival by tumor type



Intrinsic subtype Clinico-pathologic surrogate 
definition

Luminal A ‘Luminal A-Like’
ER + and PgR +
HER2 –
Ki-67 ‘low’ (<20%)

Luminal B ‘Luminal B-like (HER2-)’
ER+
HER2-
And at least one of:
Ki-67 ‘high’
PgR ‘negative or low’

‘Luminal B-like (HER2+)’
ER+
HER2+ or amplified
Any Ki-67
Any PgR

HER2 overexpression ‘HER2+ (non-luminal)’
HER2+ or amplified
ER and PgR –

Basal-like ‘Triple negative (ductal)’
ER and PgR –
HER2 -

Breast cancer molecular subtypes

• have the best prognosis, with fairly high 
survival rates and fairly low recurrence 
rates 

• Luminal treatment for these tumors 
often includes hormone therapy

often diagnosed at a younger age than those 
with luminal A tumors 
compared to luminal A tumors, they tend to 
have factors that lead to a poorer prognosis 
including

often aggressive and have a poorer 
prognosis compared to the estrogen 
receptor-positive subtypes (luminal A and 
luminal B tumors)

fairly poor prognosis and are prone to early 
and frequent recurrence and metastases



Intrinsic subtype Clinico-pathologic surrogate 
definition

Luminal A ‘Luminal A-Like’
ER + and PgR +
HER2 –
Ki-67 ‘low’ (<20%)

Luminal B ‘Luminal B-like (HER2-)’
ER+
HER2-
And at least one of:
Ki-67 ‘high’
PgR ‘negative or low’

‘Luminal B-like (HER2+)’
ER+
HER2+ or amplified
Any Ki-67
Any PgR

HER2 overexpression ‘HER2+ (non-luminal)’
HER2+ or amplified
ER and PgR –

Basal-like ‘Triple negative (ductal)’
ER and PgR –
HER2 -

Critical values

• ER   negative,            positive

PgR 0-20%,                     51-100% 

Ki67 index   <20%               31%-100%

HER2      negative,      positive (score 3+)

21-50%

1-9% 

score 2+

20-30%



Estrogen Receptor (ER)

• What is Estrogen Receptor?
– Estrogen is a normal steroid hormone 

that stimulates breast epithelial 
growth.

– The receptor binds the hormone in 
the nucleus

• What does it stain?
– ER is directed against ER protein 

located in the nucleus of both normal 
and neoplastic (tumor) cells

• Why is it important?
– Receptor-negative tumors tend to 

have higher rates of recurrence

– Receptor-positive tumors can be 
treated with hormonal therapies, like 
Tamoxifen and Aromatase inhibitors



Progesterone Receptor (PgR)

• What is Progesterone Receptor?
– Progesterone is a normal steroid 

hormone that promotes ductal 
maturation and its receptor is 
induced by estrogen (if you don’t 
have ER you won’t have PgR).

• What does it stain?
– PgR is directed against PgR protein 

located in the nucleus of both normal 
and neoplastic (tumor) cells

• Why is it important?
– Receptor-negative tumors tend to 

have higher rates of recurrence
– Receptor-positive tumors can be 

treated with hormonal therapies, like 
Tamoxifen and Aromatase Inhibitors



HER-2/neu

• What is HER-2/neu?
– Also called ErbB2 or c-erbB-2

– Belongs to the EGFR family

– Protein that promotes cell cancer 
growth 

• What does it stain?
– Increased amount of HER-2/neu protein 

product on cancer cell surface

• Why is it important?
– High levels of HER-2/neu are related to 

poorer survival 

– HER-2/neu positivity indicates that a 
patient is more likely to respond to 
Herceptin™ therapy.



• IHC 2+: based on circumferential membrane  
staining that is incomplete and /or 
weak/moderate and >10% of the invasive tumor 
cells, or complete and circumferential membrane 
staining that is intense and ≤10% of the invasive 
tumor cells

• ISH: HER2/CEP17  ratio <2.0, average HER2 copy 
number ≥4.0 and  <6.0 signals per cell

Technical conditions may include:

• Inadequate specimen handling 

• Artifacts (crush or edge artifacts) that make 
interpretation difficult

• Analytic testing failure

Initial 

HER2 test result: 
EQUIVOCAL*

Initial 

HER2 test result: 
INDETERMINATE*

Important question to consider:

Is HER2 test result adequate?

Order reflex test 
(same specimen, alternative test )

OR
Order new test (new specimen if available, 

same or alternative test) if concerns 
exist about specimen

Request another specimen for HER2 
testing

Note reason for indeterminate test 
result on report



Equivocal IHC:

• Order reflex test on same

• Specimen (ISH) or new

• Specimen (IHC or ISH)

Equivocal ISH:

• Order reflex test on same

• Specimen (IHC) or new

• Specimen (IHC or  ISH)

Indeterminate:

• Retest new specimen 
if quality concerns 
exist



Ki-67

What does it stain?
Proliferating Cells:  cells 
that are growing or 
multiplying by rapidly 
producing new cells

Why is it important?
Cells with high levels of 
proliferative antigen are likely 
growing and dividing rapidly, 
which means that this is a more 
aggressive tumor.
A good Ki-67 clone will stain 
nucleoli

Nucleoli are stained too



QCmarkers

• Characteristics able objectively measured 
and evaluated 

• Indicators of performance of fixation and 
tissue processing

Tissue Section 

Quality 



poor section
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good ribbon



poor ribbon













Tissue Fixation: 
Summary of Best Practices

1. Khoury T, et al. Mod Pathol. 2009;22:1457-1467.
2. Wolff AC et al. J Clin Oncol. 2013; Oct 7. [Epub ahead of print]

Poor breast tissue fixation is a common source of 
error in HER2 testing1

Breast specimens should be placed in formalin 
fixative within 1 hour of collection2

Prolonged ischemic time may compromise the 
integrity of the HER2 test1

Delay to formalin fixation may invalidate HER2 
FISH test results by leading to undercounting the 
HER2 signal1

Time to fixation should be recorded on the 
pathology report for each breast tissue sample2



Preanalytical Variables: 
Tissue Fixation

Breast tissue samples should be fixed in 10% neutral 
phosphate buffered formalin for 6 hours to 72 hours 
before processing1

Breast core biopsy samples may not be optimal in 
some situations
 Under- or overfixation of tissue may compromise the accuracy of the HER2 test

 Duration of fixation should be recorded on the pathology report for each sample

 Misconception: Smaller breast biopsy samples will fix 
more quickly than large specimens and therefore 
require less time in formalin2,3

 Formalin will penetrate more quickly into smaller samples, but tissue fixation is a chemical 
reaction that takes time (“clock” reaction)  

 Small biopsy samples require the same amount of fixation time as larger resection samples

1. Wolff AC et al. J Clin Oncol. 2013;31(31):3997-4013; 2. Goldstein NS et al. Am J Clin Pathol. 2003;120(1):86-92; 3. Goldstein NS, Members of 
Ad-Hoc Committee On Immunohistochemistry Standardization. Appl Immunohistochem Mol Morphol. 2007;15:124-133. 



Importance of Time-to-Fixation on HER2 IHC and FISH 
Testing

Khoury T, et al. Mod Pathol. 2009;22:1457-1467 

HER2/CEP17 = 0.98

HER2/CEP17 = 0.29
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Under- or Over-fixation of Breast Tissue May 
Compromise HER2 Test Accuracy

Breast carcinoma 
shows 2+ staining 

with the 
appropriate fixation 

time

Breast carcinoma 
shows negative 
staining after 

extended fixation 
time





Take Home Message

• IHC – ER, PgR, HER2 and Ki67 are essential 
biomarkers for all breast carcinoma

• Gene Expression Profiling is biomarker that 
help planning whether hormonal Rx alone or 
combined hormonal and chemo Rx

• In addition to pre-analysis, tissue and 
laboratory process, critical values with 
refinement are key for analytical validity



Take Home Message

• Section quality reflects performance in pre-
analysis and tissue processing.

• Section quality assessment needs objective 
and relevant criteria. 

• Section quality affects primarily histological 
diagnosis and classification.

• Section quality is basic for accurate 
biomarkers testings.


