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Primary Objective

Objective BR2.7: Factors Affecting Response and Prognosis of

Breast Cancer. Explain the prognosis and likelihood of recur-

rence and response to therapy for breast cancer patients based

on knowledge of molecular classification and/or gene expres-

sion profiling, morphologic classification, grade, prognostic

marker studies, and other predictive factors.

Competency 2: Organ System Pathology, Topic: Breast

(BR), Learning Goal 2: Molecular Basis of Breast Neoplasms

Patient Presentation

A 65-year-old woman with no relevant past medical history is

found to have a spiculated right breast mass measuring approx-

imately 1.6 cm on routine mammogram. She has had unre-

markable annual screening mammograms since her first

mammogram at age 50. Her family history is significant for

breast cancer in her mother and maternal grandmother, both

older than 75 years at diagnosis.

Diagnostic Findings, Part 1

The patient undergoes an ultrasound-guided core needle

biopsy, shown in Figure 1. The biopsy demonstrates small

clusters and single cells with enlarged and pleomorphic, hyper-

chromatic nuclei and moderately increased mitoses infiltrating

through stroma. A diagnosis of poorly differentiated invasive

ductal carcinoma is rendered. There is no evidence of lympho-

vascular invasion or in situ carcinoma.

Questions/Discussion Points, Part 1

What Biomarkers Are Routinely Performed
on New Diagnoses of Breast Cancer?

Newly diagnosed cases of breast carcinoma undergo testing for

estrogen receptor (ER), progesterone receptor (PR), and human

epidermal growth factor (HER-2) receptor.
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How Are These Biomarkers Evaluated,
and What Is Their Clinical Significance?

Both ER and PR status are evaluated by immunohistochemistry

alone, while HER-2 status can be determined by immunohis-

tochemistry and/or fluorescence in situ hybridization (FISH).

The expression of these markers contributes to prognosis, as

well as targeted therapy.2

Estrogen receptor and PR are both nuclear hormone recep-

tors that operate as ligand-dependent transcription factors.

Approximately 50% to 60% of breast cancers are ER positive.

Hormone receptor positivity predicts tumor progression and

mortality benefit from endocrine therapies such as tamoxifen.2

HER-2 is a transmembrane receptor with tyrosine kinase

activity that mediates growth, differentiation, and survival of

cells via multiple signal transduction pathways. Approximately

15% to 25% of breast cancers overexpress this gene which is

typically associated with more aggressive tumor behavior.3 In

fact, the quantitative amount of HER-2 overamplification has

been found to be in direct association with worse clinical out-

comes.4 HER-2 overexpression and amplification have also

been found in cancers of other sites, such as the stomach, ovary,

colon, bladder, and esophagus.2

The first step in routine evaluation of HER-2 is immunohis-

tochemistry, following a scoring system illustrated in

Figure 2A to D. A tumor demonstrating circumferential mem-

brane staining that is complete, intense, and in >10% of the

tumor cells is scored immunohistochemistry (IHC) 3þ and is

considered HER-2 positive. Conversely, a tumor with incom-

plete membrane staining that is faint and in >10% of tumor

cells is classified as IHC 1þ and is considered HER-2 negative.

Weak to moderate complete membrane staining observed

in >10% of tumor cells is classified as IHC 2þ and is

considered equivocal. In equivocal cases, the sample should

be evaluated with FISH.

Fluorescence in situ hybridization is used to identify and

quantify amplification of the HER-2-neu gene and is viewed

as the “gold standard” for determining which patients would

benefit from HER-2-targeted therapy. Fluorescence in situ

hybridization is a molecular technique that utilizes fluorescent

probes complementary to the nucleic acid sequence of interest,

in this case, the HER-2-neu gene. The HER-2-neu copy number

can either be evaluated alone or in comparison to the copy

number of internal centromeric control (typically the region

termed CEP17), as summarized in Table 1. Under normal cir-

cumstances, each cell will demonstrate 2 copies of both the

HER-2-neu and CEP17 regions (1:1 ratio), but in the presence

of an amplified HER-2-neu gene, there will be an excess of

HER-2-neu signals in relation to CEP17 signals. Examples of

both negative and positive FISH results are included in

Figure 2E and F. A downside of FISH testing is that it is often

more expensive than immunohistochemistry.2,5

What Other Factors Affect the Prognosis
of Breast Cancer?

Tumor grade (well, moderately, or poorly differentiated),

determined through scoring of tubule formation, nuclear aty-

pia, and mitotic count, is a major factor affecting the prognosis

of breast cancer. In addition, molecular subtypes, including

luminal, normal breast-like, HER-2-enriched, and basal-like

types, identified through extensive molecular profiling of a

large number of breast cancer samples, play a major role in

prognosis and treatment response. These topics are further dis-

cussed in a previously published educational case.6

Diagnostic Findings, Part 2

This patient’s breast cancer is negative for ER and PR. Immu-

nohistochemistry staining results for HER-2 are shown in

Figure 3. HER-2 IHC is scored as 2þ (equivocal) for HER-2,

demonstrating weak to moderate complete membrane staining

in >10% of tumor cells. Due to this result, the sample is tested

reflexively by FISH.

Fluorescence in situ hybridization results demonstrate

amplification of the HER-2/neu gene. Using the CEP17 gene

as an internal centromeric control, the HER-2/CEP17 ratio is

3.7, while the average nucleus contains 9.4 copies of HER-2.

This result indicates that this patient’s breast cancer is HER-2

positive.

Questions/Discussion Points, Part 2

Discuss the Biology of the HER-2 Protein
and Its Role in Breast Cancer

The HER-2/neu belongs to a family of 4 human epidermal

growth factor receptors: HER-1, HER-2, HER-3, and HER-4.

Figure 1. Results of breast core needle biopsy. A hematoxylin &
eosin–stained tissue section from the breast core needle biopsy
demonstrates poorly differentiated invasive ductal carcinoma
(10� objective).
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Each is characterized by a cysteine-rich extracellular

ligand-binding site, a transmembrane lipophilic segment, and

an intracellular domain with tyrosine kinase activity. More

specifically, the HER-2 receptor is a 1255 amino acid,

185 kD transmembrane glycoprotein located on the long arm

of human chromosome 17 (17q12). It has no direct activating

ligand and thus requires heterodimerization with other epider-

mal growth factor receptor (EGFR) family receptors such as

HER-1 and HER-3. Dimerization and autophosphorylation of

the HER-2 receptor tyrosine residues initiates various signal

transduction pathways including mitogen-activated protein

kinase, phosphatidylinositol-4,5-bisphophate 3-kinase, and

protein kinase C.2 When amplified or overexpressed, uncon-

trolled overactivation of these pathways leads to tumorigenesis

and increased tumor aggressiveness. The HER-2 overexpres-

sion in breast cancer is related to the amplification of the oth-

erwise normal gene rather than mutation. For this reason,

HER-2 targeted therapy does inherently carry the risk of dama-

ging normal tissues which express the protein.

Discuss the Epidemiologic Features of HER-2
Positive Breast Cancer

It has been found that ER/PRþHER-2� breast cancers are asso-

ciated with better survival rates, followed by ER/PRþHER-2þ
breast cancers, while triple-negative cancers (ER/PR-HER-2�)

are associated with the shortest survival rates of these categories.

Although HER-2 positive breast cancers were historically

among the most aggressive cancers with the worst prognosis,

the advent of HER-2-targeted therapy has improved survival

rates significantly, such that HER-2 positive breast cancers now

demonstrate similar or better outcomes than triple-negative

Figure 2. Human epidermal growth factor (HER-2) immunohisto-
chemistry (IHC) and fluorescence in situ hybridization (FISH) guideline
summary. (A) No perceptible staining or barely perceptible
incomplete membrane staining in <10% of tumor cells (IHC 0;
40� objective), (B) faint, barely perceptible incomplete membrane
staining in >10% of tumor cells (IHC 1þ; 40� objective), (C) weak
to moderate complete membrane staining in >10% of tumor cells
(IHC 2þ; 40� objective), (D) intense, complete circumferential
membrane staining in >10% of tumor cells (IHC 3þ; 40� objective),
(E) negative HER-2 FISH demonstrating HER-2 copy number <4.0 and
HER-2/CEP17 ratio <2.0 (HER-2: red signal, CEP17: green signal;
100� objective), (F) positive HER-2 FISH demonstrating HER-2 copy
number >6.0 and HER-2/CEP17 ratio >2.0 (HER-2: red signal,
CEP17: green signal; 100� objective).

Figure 3. Human epidermal growth factor (HER-2) immunohisto-
chemistry (IHC) on breast core needle biopsy. The HER-2 IHC
demonstrates moderate complete membrane staining in >10% of
tumor cells (IHC 2þ; 10� objective).

Table 1. Summary of HER-2 FISH Reporting Guidelines.

HER-2/CEP
17 ratio

Average HER-2 copy
number Description

�2.0 �4.0 signals/cell HER-2 positive
<4.0 signals/cell Additional work-up

required*
<2.0 �6.0 signals/cell Additional work-up

required*
�4.0 and <6.0 signals/cell Additional work-up

required*
<4.0 signals/cell HER-2 negative

Abbreviations: FISH, fluorescence in situ hybridization; HER-2, human epider-
mal growth factor; IHC, immunohistochemistry.

* Additional workup varies depending on the HER-2/CEP17 ratio and average
HER-2 copy number in a particular case but may include review of HER-2 IHC,
repeat FISH scoring by a second observer, and/or use of alternate probe sets.
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breast cancers when matched for stage. The distribution of

breast cancer subtypes varies by age, race, ethnicity, and other

factors. Compared with women who have ER/PRþ/HER-2�
breast cancer, those diagnosed with other subtypes (ER/PRþ/

HER-2þ, ER/PR-/HER-2þ, or ER/PR-/HER-2�) are more

likely to be younger, belong to minority groups, and be diag-

nosed with cancer at a later stage.7 BRCA1/BRCA2 mutations

are associated with lower rates of HER-2 positive breast cancer.8

What Is the Prognosis of HER-2 Positive Breast Cancer?

HER-2 positive breast cancers have been found to have a worse

overall prognosis than HER-2 negative breast cancers.

Population-based studies have shown that overexpression of

HER-2 is associated with poorly differentiated, high-grade

tumors, high proliferative rates, lymph node involvement, and

relative resistance to certain types of chemotherapy.9

Studies have shown that HER-2 positive breast cancers

carry an increased risk of cerebral metastasis compared with

ER/PRþ breast cancers and that HER-2-positivity is associated

with earlier cerebral metastasis in the disease course.10 It is

believed that once HER-2 amplification occurs, the HER-2

phenotype is fixed throughout the tumor’s lifetime. As a result,

testing for HER-2 may be performed on either a primary tumor

or a metastatic deposit.2

Discuss the Management of HER-2
Positive Breast Cancer

The advent of HER-2-targeted therapies has significantly

improved the outlook for patients with HER-2 positive breast

cancer. Trastuzumab (Herceptin), a monoclonal antibody tar-

geting the HER-2 receptor, has been found to cause internali-

zation and downregulation of the receptor.11 It has also been

found to reduce mortality and recurrence rates in HER-2 pos-

itive breast cancers. Studies have shown that the addition of

trastuzumab to adjuvant chemotherapeutics such as paclitaxel,

doxorubicin, and cyclophosphamide can reduce the rates of

recurrence by half.3,11 Due to the persistence of the HER-2

phenotype, trastuzumab has also been found to improve out-

comes for both local and distant disease.2 Additional therapy

options include pertuzumab, a monoclonal antibody thought to

interrupt HER-2/HER-3 dimerization, and neratinib, a tyrosine

kinase inhibitor believed to interact with HER-2 and other

EGFR kinases.12

Approximately half of HER-2 positive breast cancers are

also ER positive, PR positive, or both. However, the levels of

these hormone receptors are typically lower than in HER-2

negative, hormone receptor positive tumors. For this reason,

most HER-2 positive breast cancers are relatively resistant to

tamoxifen and other endocrine therapies.9

Current guidelines do not recommend the use of trastuzu-

mab or other anti-HER-2 therapies in HER-2 negative breast

cancers. Treatment for these tumors typically includes endo-

crine therapy (if ER/PRþ) or single-agent chemotherapy.

Diagnostic Findings, Part 3

The patient’s stage is determined to be a clinical stage cT1cN0

based on physical examination and imaging findings.

Questions/Discussion Points, Part 3

How Is Breast Cancer Staged?

Breast cancer is staged using the TNM (tumor, node, metasta-

sis) system which assesses the size and local extent of the

primary tumor (T), presence or absence and number of axillary

lymph node (N) metastases, and presence or absence of metas-

tasis (M) at distant sites. Although clinical staging, designated

by the prefix “c” is performed prior to surgery using data gath-

ered from physical examination and imaging studies, including

breast, axillary, and whole body imaging as indicated; patho-

logic staging, designated by the prefix “p,” is performed after

surgery using data gathered from the resulting excision speci-

men.13 In this patient case, stage cT1cN0 refers to a localized

breast cancer measuring 1 to 2 cm on imaging without evidence

of nodal metastasis.

How Does the Clinical Stage Affect Initial
Management of Breast Cancer?

Treatment of breast cancer is interdisciplinary, utilizing exper-

tise from medical oncology, radiation oncology, and surgery.

Although low stage, localized cancer is often treated initially

by surgical excision, higher stage cancers may require up-front

neoadjuvant chemotherapy to reduce the tumor burden prior to

surgery. Patients with known or suspected lymph node metas-

tasis may undergo complete removal of the axillary lymph

nodes at the time of surgery, as well. However, patients such

as the one in this case without suspected lymph node metastasis

may undergo sentinel lymph node biopsy only (the primary

node draining from the breast lymphatics, as identified by a

blue dye and/or radiotracer injected into the breast at the time

of surgery). If the sentinel node is positive for metastatic tumor,

further surgery or radiation may be pursued to treat the remain-

ing axillary lymph nodes. The presence of distant metastasis

may preclude surgery altogether, with a focus on palliative

chemotherapy and radiation.

Teaching Points

� Pathologic factors affecting the prognosis of breast can-

cer include tumor grade, molecular subtype, and expres-

sion of ER, PR, and HER-2.

� HER-2 is part of a family of receptors that work together

within various signal transduction pathways to promote

growth, differentiation, and survival of cells. Amplifica-

tion and overexpression of HER-2 may be seen in a

subset of breast cancers.

� Primary evaluation for HER-2 status should be per-

formed by immunohistochemical staining, with equivo-

cal results evaluated by FISH. A positive FISH result is
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the gold standard for determining whether a patient

would benefit from HER-2-targeted therapy.

� HER-2 positive breast cancers are often more aggressive,

less responsive to treatment, and associated with decreased

survival rates, though the advent of HER-2-targeted

therapy has significantly improved prognosis.

� Current management recommendations for HER-2 pos-

itive breast cancer include HER-2-targeted therapy

(such as Trastuzumab) with adjuvant chemoradiation.

Endocrine therapies (such as tamoxifen) have not been

found to be effective for tumors with HER-2

amplification.
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