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The following fictional case is intended as a learning tool within the Pathology Competencies for Medical Education (PCME),

a set of national standards for teaching pathology. These are divided into three basic competencies: Disease Mechanisms and

Processes, Organ System Pathology, and Diagnostic Medicine and Therapeutic Pathology. For additional information, and

a full list of learning objectives for all three competencies, see http://journals.sagepub.com/doi/10.1177/2374289517715040.1
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Primary Objective

Objective BR2.6: Categories of Breast Cancer. Construct a

table to compare and contrast invasive ductal carcinoma

(NOS), invasive lobular carcinoma, medullary carcinoma, col-

loid (mucinous) carcinoma, tubular carcinoma, and metaplastic

carcinoma of the breast in terms of incidence, age predilection,

etiology, pathogenesis, clinical presentation, gross and micro-

scopic morphology, grade, molecular classification, patterns of

spread, clinical course, prognostic indicators, treatment

options, and survival rates, and indicate which are more com-

mon in males versus females.

Competency 2: Organ System Pathology; Topic BR: Breast;

Learning Goal 2: Molecular Basis of Breast Neoplasms.

Secondary Objectives

Objective BR2.5: Gene Expression in Breast Cancer. Explain

the major molecular classes of invasive ductal carcinoma of

the breast identified by gene expression profiling, and

describe how each correlates with prognosis and response to

therapy.

Competency 2: Organ System Pathology; Topic BR: Breast;

Learning Goal 2: Molecular Basis of Breast Neoplasms.

Objective N3.1: Morphologic Features of Neoplasia.

Describe the essential morphologic features of neoplasms and

indicate how these can be used to diagnose, classify, and pre-

dict biological behavior of cancers.

Competency 1: Disease Mechanisms and Processes; Topic

N: Neoplasia; Learning Goal 3: Characteristics of Neoplasia.

Patient Presentation

A 65-year-old woman presents to her physician with a palpable

right breast mass that she discovered while showering. The

patient lives by herself on a farm and does not go to doctors

aside from emergencies. She does not take any medications and

is nulliparous.
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Diagnostic Findings, Part 1

The patient appears anxious. Clinical breast examination

reveals a palpable mass in the right breast of approximately 2

cm in size that is located 3 cm lateral to the nipple. The nipple

is retracted, and there is no nipple discharge. There are no

palpable abnormalities in the left breast. The remainder of the

physical examination is unremarkable.

Questions/Discussion Points, Part 1

Given the Clinical Presentation of a Palpable Breast Mass,
What Is the Most Likely Diagnosis, and How Does This
Vary at Different Ages?

In postmenopausal women, 60% of palpable breast masses are

malignant. In women less than 40 years old, about 10% of

palpable masses are malignant; in this younger population, the

most likely diagnosis of a breast mass is either a fibroadenoma

or fibrocystic change. A breast mass becomes palpable and

amenable to detection by self-breast examinations only once

it has grown to approximately 2 to 3 cm. At that point, many

breast carcinomas will have already metastasized.2

What Questions Should be Asked as Part of the Patient’s
History and Why?

1. When was her last mammogram?

Regular mammographic screening detects breast cancers at

an earlier stage than they would be otherwise, at a point that

they are more easily treatable.3 Several professional organiza-

tions provide recommendations regarding mammography for

breast cancer screening, including the US Preventive Services

Task Force, the American Cancer Society, the American Col-

lege of Obstetricians and Gynecologists, and the American

College of Radiology. Screening mammograms may be initi-

ated in women starting at age 40, on an annual basis. Some

organizations suggest that screening may wait until the age of

50. All basic guidelines apply to women of average risk, while

those women with higher risk of developing breast cancer may

start screening earlier and be screened more frequently.4 A

breast cancer that grows between annual mammograms (so-

called “interval breast carcinoma”) is likely to be an aggressive

tumor.5 In this case, the patient’s last mammogram was 5 years

ago.

2. Is there a family history of any malignancies? If so,

what type of cancer, and in which relatives?

Most breast cancers are sporadic, while about 12% are

familial. A family history of breast or ovarian cancer in a

first-degree relative diagnosed at a premenopausal age raises

the possibility of a genetic mutation. The most common muta-

tions involved in breast cancers are BRCA1 and BRCA2 (80%-

90% of familial cases). Patients with either of these mutations

have a higher lifetime risk of developing breast cancer, and

these breast cancers tend to occur at a younger age and be more

aggressive than sporadic breast cancers. BRCA mutations are

also associated with ovarian surface epithelial malignancies

most notably, as well as other tumors. Other genes known to

be involved in breast cancer include TP53, CHEK2, PTEN,

STK11, and ATM. These mutated genes account for less than

10% of hereditary breast cancer. Most genes that increase sus-

ceptibility for breast cancer are tumor suppressor genes that

normally function to in DNA repair and maintenance of geno-

mic integrity.2,6 In this case, the patient has no known family

history of breast cancer.

What Is the Next Step?

Standard of care for a newly discovered breast mass is to obtain

tissue via a minimally invasive biopsy technique such as core

needle biopsy. This can discern a benign versus malignant

mass. In the event of malignant or premalignant diagnosis,

early tissue diagnosis guides preoperative management, allow-

ing for potential additional imaging, neoadjuvant chemother-

apy, and surgical decision-making.7

Diagnostic Findings, Part 2

The patient undergoes an ultrasound-guided core needle

biopsy, shown in Figures 1 and 2 (H&E) and Figure 3 (immu-

nostain for myoepithelial cells, p63).

Questions/Discussion Points, Part 2

What Are the Biopsy Findings and Diagnosis?

Biopsies show cores of breast tissue with atypical glands infil-

trating the stroma in an irregular pattern. P63, an immunohis-

tochemical stain for myoepithelial cells, is negative around

tumor cells, while positive around benign ducts. Based upon

the morphology and immunohistochemical staining, this is an

invasive ductal carcinoma of the breast.

Figure 1. Breast core needle biopsy, H&E, �100.
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Ductal carcinomas have a wide range of appearances and are

thus also referred to as “no special type.” Classically, well-

differentiated tumors show an infiltration of glands through the

breast stroma; however, the more poorly differentiated the

tumor is, the less tubules it shows, with more solid sheets of

tumors. In fact, grading of breast carcinomas takes into account

the extent of glandular differentiation, degree of nuclear pleo-

morphism, and the mitotic rate; these 3 variables are combined

into a grade ranging from 1 (well differentiated) to 3 (poorly

differentiated). The grade is one of the many prognostic factors

for breast carcinomas.2

What Additional Testing Is Required for
Predictive/Prognostic Purposes?

All new cases of invasive breast adenocarcinomas are tested for

estrogen receptors (ERs), progesterone receptors (PRs), and

human epidermal growth factor receptor (HER2) status.8

Estrogen receptor and PR are tested by immunohistochemis-

try; HER2 can be tested by either immunohistochemistry or in

situ hybridization (usually fluorescent or FISH). Estrogen

receptor and/or PR positivity is predictive for successful treat-

ment with tamoxifen or aromatase inhibitors. Human epider-

mal growth factor receptor positivity is predictive for

successful treatment with Trastuzumab. These are also all

prognostic and can be used in the molecular classification

of breast adenocarcinomas.9

Diagnostic Findings, Part 3

In this patient’s case, ER shows strong nuclear staining in

almost all tumor cells (Figure 4), and HER2 is negative (Fig-

ure 5). Thus, the patient has an invasive ductal carcinoma that

is ER-positive and HER-2/neu- negative.

Figure 2. Breast core needle biopsy, H&E, �200.

Figure 3. p63 immunohistochemical stain for myoepithelial cells,
�50.

Figure 4. Estrogen receptor (ER) immunohistochemical stain shows
strong nuclear staining, �100.

Figure 5. HER-2/neu immunohistochemical stain is negative, �100.
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Questions/Discussion Points, Part 3

How Are Types of Invasive Breast Carcinoma
Categorized?

The vast majority of breast malignancies are adenocarcinomas

arising from the ducts or lobules. Traditionally, these were

categorized by morphology. The most common histologic type

of breast cancer is invasive ductal carcinoma or carcinoma of

no special type (40%-75%). The remainder of carcinomas is

classified as specialized types. These include but are not lim-

ited to lobular carcinoma (5%-15%), mucinous carcinoma

(2%), tubular carcinoma (2%), medullary carcinoma (<1%),

and metaplastic carcinoma (0.2%-5%).2,10

Molecular gene expression profiling studies heralded a new

era in the classification of breast carcinomas. In addition to

morphology, breast carcinomas now are categorized into 1 of

3 subtypes based on the tumor’s expression of HER2 and ERs.

Although testing is almost always performed for PR as well as

ER, descriptions of molecular classifications generally use ER

status as a surrogate marker for PR as well. The 3 subtypes are:

� ER-positive/HER2-negative (50%-65% of tumors).

� HER2-positive (10%-20% of tumors).

� ER-negative/HER2-negative (10%-20% of tumors).

These subtypes have different pathological features, treat-

ments, and outcomes.2

Describe the Mechanisms of Disease, Prognosis, and
Therapy for ER-Positive/HER2-Negative Invasive
Carcinomas

The ER-positive/HER2-negative breast cancers are often asso-

ciated with losses of chromosome 16q and gains in chromo-

some 1q, as well as activating mutations in PIK3CA, a growth

factor receptor signaling molecule. This type of breast carci-

noma often progresses through a sequence that can include flat

epithelial atypia, atypical ductal hyperplasia, ductal carcinoma

in situ (DCIS), and eventually invasive ductal carcinoma. The

ER-positive/HER2-negative invasive ductal carcinoma can be

further categorized by whether it shows a low or high prolif-

eration rate. Low proliferation tumors are more common. Many

of these are detected early and are often cured by surgery

because they take several years to metastasize. This subtype

is primarily treated with hormone therapy instead of che-

motherapy because very few of these carcinomas respond to

chemotherapeutic drugs. The high proliferation subtype com-

poses approximately 10% of cancers and has a 10% complete

response to chemotherapy. This type tends to carry a much

higher mutational burden than the low proliferation subtype.

This subtype is associated with BRCA2 mutations. Well-

differentiated tumors tend to fall into the ER-positive/HER2-

negative category. Many different histologic types of tumors

may be ER-positive/HER2-negative, including ductal, muci-

nous, and lobular.2

Describe the Mechanisms of Disease, Prognosis, and
Therapy for HER2-Positive Invasive Carcinomas

These tumors are defined by HER-2 positivity, regardless of

ER status. The HER2-positive carcinomas are characterized by

mutations in tumor suppressor TP53, which allow amplifica-

tion of HER2 on chromosome 17q. The suggested precursor

lesion for this type of carcinoma is atypical apocrine adenosis

that progresses to DCIS. This subtype is more common in

nonwhite and young women and in patients with Li-

Fraumeni syndrome (hereditary TP53 mutation). These cancers

can metastasize early, often to the brain and viscera, and even

when small in size. The drug trastuzumab (Herceptin) is a

monoclonal antibody that inhibits HER2 and vastly improves

survival. Once metastasized, survival is uncommon. These tend

to be poorly differentiated, and there is no association with a

specific morphologic type of breast carcinoma.2

Describe the Mechanisms of Disease, Prognosis, and
Therapy for ER-Negative/HER2-Negative Invasive Breast
Carcinomas

The ER-negative/HER2-negative cancers, also known as triple

negative as PR is also negative, are the least understood of the

subtypes of invasive ductal carcinoma. This subtype arises

through a pathway independent from changes in HER-2 and

ERs. A precursor lesion has not been identified other than

DCIS. Most carcinomas in women with BRCA1 mutations are

triple negative. These are also seen in young often premeno-

pausal women and African-American women. These cancers

grow and metastasize quickly to the brain and viscera. Approx-

imately 30% respond to chemotherapy and they tend to recur

within 5 years. Triple-negative breast carcinomas (TNBCs)

tend to be poorly differentiated. Although these may be asso-

ciated with several histologic patterns, many of them show

poorly differentiated cells with a surrounding lymphoplasma-

cytic infiltrate and are described as having medullary features.2

Describe the Pathogenesis, Microscopic Morphology,
Molecular Classification, and Clinical Features of the
Most Common Specialized Types of Breast Carcinoma

Lobular carcinoma is the most common type of breast cancer

following ductal carcinoma and is composed of dyscohesive

monomorphic cells that lack tubule formation (see Figure 6).2

The dyscohesion is due to inactivation of the cell adhesion

molecule E-cadherin. These tumors are invariably ER-

positive in 60% to 70% of tumors, and generally negative for

HER2. The prognosis of this tumor is favorable; however, this

type is associated with a worse long-term outcome relative to

ductal carcinoma in terms of higher incidences of mortality,

recurrence, and distant metastasis.10

In mucinous carcinoma, well to moderately differentiated

neoplastic cells are clustered in small groups within large pools

of mucin (see Figure 7).2 This type of carcinoma is typically

ER-positive and HER2-negative. Mucinous carcinoma has an
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excellent 5-year survival rate and low rate of distant and local

recurrence.10

Tubular carcinoma is composed of well-formed tubules,

often shaped like teardrops (see Figure 8).2 This type of carci-

noma is uncommon, at only 2% of invasive breast carcinomas,

and is associated with an excellent prognosis. Tubular carci-

noma is generally ER-positive/HER2-negative.10

Metaplastic carcinoma is a heterogenous category of neo-

plasms that have differentiated into squamous or mesenchymal

cells. Greater than 90% of metaplastic carcinomas are ER-neg-

ative/HER2-negative. When compared with other TNBCs,

metaplastic carcinoma has a worse clinical outcome and lower

chemotherapy response rate.10

Medullary carcinoma is comprised of solid syncytial sheets

of pleomorphic cells with prominent nucleoli, a lymphoplas-

macytic infiltrate, numerous mitoses, and a pushing border (see

Figure 9).2 These tumors are typically triple negative and often

associated with BRCA mutations. Traditionally, these tumors

were reported to have a relatively favorable prognosis; how-

ever, due to low level for reproducibility for the diagnosis as

well as the poor prognosis associated with TNBCs, these

tumors are now termed “carcinomas with medullary features”

and treated with aggressive therapy.10 These special types of

tumors are summarized in Table 1.

Teaching Points

� Mammography is the recommended screening tech-

nique for breast carcinomas and can be started in women

after the age of 40.

� A palpable nodule in a postmenopausal woman is statis-

tically most likely to be an invasive carcinoma.

� Invasive ductal carcinoma, also known as “no special

type,” is the most common type of breast cancer. The

morphologic features are variable but generally show

malignant ducts invading surrounding stroma.

Figure 6. Invasive lobular carcinoma, �100.

Figure 7. Mucinous carcinoma, �100.

Figure 8. Tubular carcinoma, �100.

Figure 9. Medullary carcinoma, �100.

Scholl and Flanagan 5



� There are 3 major molecular subtypes of invasive ductal

carcinoma—ER/HER-2 negative, HER-2-positive, and

ER-positive/HER-2-negative. Each is characterized by

a different pathogenesis and has unique treatment and

prognosis.

� Specialized types of breast carcinoma include but are

not limited to lobular, mucinous, tubular, metaplastic,

and medullary. These each have distinct histomorpholo-

gic features, molecular classifications, and prognoses

that vary from ductal carcinoma.
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