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ABSTRACT Triple-negative breast cancer (TNBC) is an

operational term that refers to a heterogeneous collection of

breast cancers lacking expression of estrogen receptor

(ER), progesterone receptor, and HER2. These tumors

account for 12–17 % of all breast cancers, preferentially

affect young women, are more frequent in women of

African and Hispanic descent, and are enriched in the

population of patients diagnosed with ‘‘interval cancers.’’

TNBCs account for the majority of breast cancers arising in

BRCA1 germline mutation carriers (approximately 80 %),

and approximately 11–16 % of all TNBCs harbor BRCA1

or BRCA2 germline mutations. Well-known risk factors for

ER-positive cancers, such as reproductive history and

hormonal factors, do not appear to have the same corre-

lations for TNBC, and histologic risk factors for TNBC

have not been identified. Patients with TNBC have a higher

risk of both local and distant recurrence, but this is not

mitigated by bigger surgery, and standard criteria should be

used to select the approach to local therapy in these

patients. Although platinum drugs have shown promise in

the treatment of TNBC, standard chemotherapy remains

the standard of care outside of a clinical trial.

Triple-negative breast cancers (TNBCs) represent a dis-

tinct clinical and molecular subtype of breast cancer defined

by the lack of estrogen receptor (ER), progesterone receptor

(PR), and HER2 expression. Negativity for these three

molecular markers represents the unifying feature for this

phenotype, but substantial heterogeneity exists within the

TNBC subset. Nonetheless, several epidemiologic and clini-

cal patterns have been identified that distinguish the majority

of TNBC from non-TNBC tumors. The current state of the

literature on the epidemiology and molecular pathology of

TNBC, as well as local and systemic therapy considerations,

were the focus of the 2014 Society of Surgical Oncology

Susan G. Komen for the Cure Symposium, March 2014.

EPIDEMIOLOGY OF TNBC

Lisa A. Newman, MD, MPH

Incidence and Outcome TNBC accounts for an estimated

15 % of breast cancers in women in the United States. The

frequency and population-based incidence rates of these

tumors are approximately twofold higher for African-

American women compared to white/Caucasian-American

women.1–4

Patterns of metastatic relapse also differ for TNBC and

non-TNBC.1,5,6 TNBC is more likely to metastasize to the

brain and lungs compared with non-TNBC, which prefer-

entially metastasizes to bone. The overwhelming majority

of metastases from TNBC occur within the first 5 years of

diagnosis, and patients who have not recurred in this

timeframe are largely considered to be ‘‘cured.’’ In con-

trast, whereas a prolonged disease-free interval has

prognostic value with ER-positive breast cancer, distant
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organ metastatic disease is well-documented to occur even

decades after initial treatment.

Clinical Features The average age of diagnosis for TNBC

tends to be 5–10 years younger than for non-TNBC patients,

and this is partially explained by the association between

TNBC and BRCA mutation status, as discussed below.

TNBC tumors tend to be larger than non-TNBC; they are

more likely to present as mammographically occult, yet

palpable, breast cancers, and they are more likely to develop

as ‘‘interval’’ breast cancers—dominant invasive tumors that

become clinically evident between regularly scheduled

annual screening mammograms.7–10 Several studies have

demonstrated that TNBCs are less likely to be associated

with mammographically evident microcalcifications.

Magnetic resonance imaging (MRI) features that have

been associated with TNBC include rounded or oval

borders with surrounding edema and rim enhancement.11

Similarly, ultrasound imaging of these lesions features

prominent posterior shadowing.12

While the inherent aggressiveness of many TNBC tumors

represents a legitimate concern, it is nonetheless important to

emphasize the importance of screening and the prognostic

value of early detection with these breast malignancies. In a

Memorial Sloan Kettering Cancer Center study of nearly 200

TNBC tumors no larger than 1 cm, more than two-thirds

were detected by screening, and 5-year disease-free survival

rates were approximately 95 %, regardless of whether

adjuvant chemotherapy was delivered.13

Risk Factors

Hereditary Susceptibility Strong associations have

been observed between TNBC and BRCA mutation status,

with the association being strongest for BRCA1 mutations.

Approximately 70–90 % of BRCA1 mutation-associated

breast cancers are triple-negative and 16–23 % of BRCA2

mutation-associated cancers are triple-negative; conversely,

8–30 % of TNBC tumors are found to occur in BRCA1

mutation carriers.1,5,6,14 Kwon et al.15 demonstrated that

BRCA testing is cost-efficient for any TNBC diagnosed

younger than age 50 years, regardless of family history. As

shown by Greenup et al.16 the yield from BRCA mutation

testing in TNBC patients varies by age as well as by racial/

ethnic identity. Among 469 TNBC patients undergoing

genetic testing, this group found an overall BRCA1

mutation positivity rate of 31 %. For patients younger

than age 40 years, the frequency of BRCA1 mutation was

44 % compared with patients age 60–69 years, where the

frequency was 13 %. Twenty percent of the African-

American TNBC cases tested positive for a BRCA1

mutation compared with 33 % of the white/Caucasian

TNBC cases. The 2013 National Comprehensive Cancer

Network guidelines recommend genetic counseling

referral for any TNBC patient diagnosed at age 60 years

or younger.

Reproductive History and Hormonal Factors Menstrual

history and childbearing patterns are well-established

factors that impact the population-based breast cancer

burden, and they also are included in individualized breast

cancer risk assessment tools, such as the Gail Model. The

predominant observation has been that patterns associated

with exposure of mammary tissue to an increased volume

of estrogen cycles over the lifetime (e.g., early menarche,

late menopause, nulliparity, late age at first childbirth)

result in a higher risk of breast cancer. However, recent

epidemiologic studies of these reproductive factors

stratified by breast cancer subtype have demonstrated that

these correlations are mainly predictive for risk of hormone

receptor-positive breast cancer.17–20 A 2014 meta-analysis

by Anderson et al.21 reviewed 34 studies of reproductive

history and risk of TNBC versus non-TNBC. The most

consistent data reveal that while multiparity protects

against hormone receptor-positive breast cancer, it

increases the risk of TNBC, whereas lactation/breast

feeding reduces the risk of both TNBC and non-

TNBC.19,21,22 Hormone replacement therapy (HRT) in

postmenopausal women can increase risk of any breast

cancer subtype, but the association appears to be strongest

for risk of hormone receptor-positive disease, and at least

two studies demonstrated a trend for reduced risk of TNBC

among women with a history of HRT use.20,23–27

Racial/Ethnic Identity and Nationality TNBC is more

common among women with African ancestry (African-

American and sub-Saharan African women). This correla-

tion was first reported by Carey et al., based on data from

the Carolina Breast Cancer Study, where frequency of

TNBC tumors associated with other basal subtype features

(such as positivity for selected basal cytokeratins by

immunohistochemistry) was approximately twofold higher

for premenopausal African-American breast cancer

patients compared with white/Caucasian-American

patients.3 This race/ethnicity-associated predisposition for

TNBC has been confirmed by multiple single-institution

studies as well as population-based studies in the United

States, and it is seen within all deciles of age.2 Among male

breast cancer patients as well, TNBC is more common in

African-Americans compared with white Americans.28

Studies of breast cancer patients in Africa also reveal an

increased frequency of TNBC compared with comparable

data for white/Caucasian-American and European women.

Reported frequencies of TNBC among breast cancers

diagnosed in Ghana, Uganda, Nigeria, and Kenya range

from 20 % to as high as 80 %; most studies demonstrated
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that more than one-third of breast cancers in sub-Saharan

Africa are TNBC.29–32 In contrast, data from Canada,

England, Italy, France, Turkey, Greece, and China dem-

onstrate that TNBC accounts for 8–22 % of all breast

cancer cases.27,33–38

Other Breast Cancer Risk Factors While a variety of

lifestyle and mammary tissue characteristics have been

well studied in the context of overall breast cancer risk,

data are sparse regarding their association with TNBC

susceptibility. Of the commonly cited body habitus and

lifestyle risk factors, obesity and breast density have been

the most convincingly associated with increased likelihood

of developing TNBC. A meta-analysis of 11 studies by

Pierobon and Frankelfeld demonstrated that obesity

increased risk of TNBC by 20–24 %, with the strongest

association among premenopausal women.39 Obesity and a

sedentary lifestyle also were shown to increase risk of

postmenopausal TNBC based on data from the Women’s

Health Initiative.40 Mammographic analyses from the

Breast Cancer Surveillance Consortium demonstrated that

increased breast density is a risk factor for both TNBC and

non-TNBC.41 Interestingly, data from the Women’s Health

Initiative have demonstrated that while alcohol intake was

associated with increased risk for ER-positive breast can-

cer, it appeared to reduce the risk of TNBC.42

Atypical hyperplasia and lobular carcinoma in situ,

often detected as incidental findings in otherwise

benign breast biopsy specimens, are well-established risk

factors for breast cancer. Existing data reveal that

the majority of these lesions are ER positive and that

chemoprevention with selective ER modulators (which

only prevent ER-positive tumors) is effective in miti-

gating the risk associated with these lesions.43–46

Inferentially, it therefore appears unlikely that these

proliferative breast patterns would be associated with risk

for TNBC.

Therapeutic chest wall irradiation during adolescence

and early adult life increases risk for subsequent primary

breast cancers, and data from the Carolina Breast Cancer

Study demonstrated a trend for this exposure increasing the

risk of premenopausal ER-negative disease.47 Conversely,

a small prospective study of MR surveillance in patients

who received radiation for Hodgkin’s disease demonstrated

ER positivity in 88 % of the screen-detected breast cancer

cases.48

In summary, TNBCs are more common among African-

American women, and there is a strong association

between TNBC and BRCA1 mutation status. Well-known

risk factors for ER-positive cancers, such as reproductive

history and hormonal factors, do not appear to have the

same correlations for TNBC. Histologic risk factors for

TNBC have not been identified (Table 1).

MOLECULAR PATHOLOGY OF TNBC

Jorge S. Reis-Filho, MD, PhD

From a histopathologic standpoint, TNBCs show a

remarkable diversity of histologic patterns and subtypes.

Although the majority of these cancers are high-grade

invasive ductal carcinomas of no special type, often with

central necrosis or fibrosis and not uncommonly displaying a

brisk lymphocytic infiltrate, some special histological types

of breast cancers almost invariably display a triple-negative

phenotype (e.g., carcinomas with medullary features and

metaplastic breast cancers).49–53 In addition, there is a subset

of TNBCs that displays a rather indolent clinical behavior,

namely adenoid cystic carcinomas and secretory carcino-

mas.52,54 These rare types of indolent TNBCs also have in

common the characteristic of harboring recurrent chromo-

somal translocations that result in the formation of oncogenic

TABLE 1 Risk factors associated with TNBC versus non-TNBC

Risk factor TNBC Non-TNBC

Parity Multiparity increases

risk19,21,22
Multiparity decreases

risk17,19,21

Lactation Prolonged lactation

decreases risk19,21
Prolonged lactation

decreases risk19,21

Benign

proliferative

changes

Inadequate data Atypia, lobular

neoplasia increase

risk43–45a

Hereditary

susceptibility

Most strongly associated

with BRCA1

mutation89

Most strongly

associated with

BRCA2 mutation89

Ancestry/

nationality

African-American and

African identity/

ancestry associated

with increased

frequency1–4, 30,31

White/Caucasian-

American and

European identity/

ancestry associated

with increased

frequency

(compared to

women with African

ancestry)1–4, 33–35

Postmenopausal

hormone

replacement

therapy

Sparse data, but may

increase riskb20,23–25,

90

Increases risk20,23–90

Obesity Increases risk39,40 Increases risk39,40

Breast density Increases risk41 Increases risk41

Alcohol intake Sparse data, but may

decrease risk42,90
Increases risk42,90

TNBC triple-negative breast cancer, HRT hormone replacement

therapy
a Inferential association, based on estrogen receptor positivity

observed in majority of atypia and lobular neoplasia lesions
b Inconsistent data on association; at least two studies demonstrate

reduced risk of TNBC associated with HRT history26,27
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chimeric fusion genes (i.e., MYB-NFIB and ETV6-NTRK3 in

adenoid cystic carcinomas and secretory carcinomas,

respectively), and unlike the common types of TNBCs, they

not only have a less-aggressive clinical behavior, but also

patients with these cancers seem not to benefit from the

mainstay of chemotherapeutic regimens offered to patients

with triple-negative disease.37,49,52,54,55

Given the histopathologic diversity of TNBCs, their

heterogeneity at the molecular level should not come as a

surprise. Albeit initially perceived as a synonym for basal-

like breast cancers, TNBCs have now been shown to be

remarkably heterogeneous at the transcriptomic level.37,50

Several subtypes of triple-negative disease have been

identified over the years. Unsupervised analyses of breast

cancers in general have revealed at least three distinct

subtypes of tumors preferentially of triple-negative phe-

notype: basal-like, claudin-low, and molecular

apocrine.56–58 Basal-like breast cancers are tumors prefer-

entially of high histological grade and have transcriptomic

profiles characterized by the expression of genes usually

found in basal/myoepithelial cells of the normal breast.

Although initially thought to originate from basal cells of

the mammary gland, there are multiple lines of evidence

that basal-like breast cancers likely originate from ER-

negative luminal progenitor cells of the breast. As a group,

basal-like breast cancers have an aggressive clinical

behavior; however, up to 40 % of these cancers seem to

respond to current chemotherapy regimens.49,50,56 It is

unclear whether identifying the subset of TNBCs with a

basal-like phenotype has clinical significance.49,50 Claudin-

low tumors were originally perceived as a subset of TNBCs

enriched for the so-called cancer initiating cells; however,

this notion has been called into question, because 33 % of

claudin-low tumors express ER, 22 % express HER2, and,

contrary to the majority of TNBCs, up to 62 % of claudin-

low cancers are of histologic grades 1 or 2.57,59 Molecular

apocrine cancers are an aggressive subtype of breast can-

cers characterized by lack of ER and expression of

androgen receptor, androgen receptor-related genes, and

genes associated with apocrine differentiation.58

From a subtyping perspective, a microarray-based gene

expression profiling study focusing only on TNBCs

revealed the existence of at least six stable subtypes of this

disease: basal-like 1, basal-like 2, mesenchymal-like,

mesenchymal stem-like, immunomodulatory, luminal

androgen receptor, and a subset of TNBCs that could not be

stably classified.60,61 These subtypes were subsequently

validated in an independent dataset of TNBCs, and a

molecular classifier was employed to identify breast cancer

cell lines that would recapitulate the different subtypes of

triple-negative disease.60,61 Preclinical studies using these

models have demonstrated that there is an interaction

between these subtypes and response to specific therapeutic

agents (e.g., luminal androgen receptor subtype and sen-

sitivity to bicalutamide, and mesenchymal-like subtype and

sensitivity to dual PIK3CA and mTOR inhibition), and

initial clinical studies have suggested that subtyping of

TNBCs may help to predict response to neoadjuvant che-

motherapy.60–62 Interestingly, these molecular subtypes

may be underpinned by distinct patterns of somatic genetic

alterations. For instance, luminal androgen receptor sub-

type has been shown to harbor recurrent PIK3CA hotspot

mutations in up to 40 % of cases, whereas androgen

receptor-negative TNBCs display these mutations in

approximately 4 % of cases.63

From a therapeutic standpoint, despite the rather

aggressive clinical behavior of TNBC, approximately 40 %

of patients with TNBC benefit from chemotherapy.49,50

Interestingly, independent retrospective analyses of sam-

ples from prospective clinical trials have demonstrated that

quantifying the lymphocytic infiltrate in TNBCs provides

strong prognostic information for patients with triple-neg-

ative disease treated with current chemotherapy regimens,

which is now supported by level I evidence.64,65 Hence,

standardized histologic approaches to quantify the amount

of lymphocytic infiltrate will have to be implemented in the

pathology work-up for patients with TNBCs.66

LOCAL THERAPY OF TNBC

Monica Morrow, MD

The increased mortality rate seen with TNBC has raised

questions as to whether this subtype also is associated with

an increased risk of locoregional recurrence and thus might

influence the selection of breast-conservation therapy

(BCT) versus mastectomy, or the use of sentinel node

biopsy alone in patients with involvement of one or two

sentinel nodes being treated with BCT.

The presenting features of breast cancer relevant to sur-

gical decision making differ based on ER, PR, and HER2

status. Wiechmann et al., in a retrospective review of 6,072

patients, demonstrated that patients with TNBC were less

likely to have multifocal or multicentric cancer than their

counterparts with other subtypes, and a follow-up study of

11,000 cases also found a lower incidence of lymphovascular

invasion in TNBC.67,68 Despite this, multiple studies have

shown an increased rate of local recurrence (LR) after BCT

for the triple-negative subtype, even for tumors 1 cm or less

in size.69 In a meta-analysis of 7,174 cases, the relative risk of

LR after BCT for non-TNBC was 0.49 [95 % confidence

interval (CI) 0.33–0.73] compared with TNBC.70 When

HER2 overexpressing cancers not treated with trastuzumab

were removed from analysis, the relative risk decreased to

0.33 (95 % CI 0.1–0.61) for non-TNBC. Just as the majority
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of distant metastases occur within 5 years of diagnosis of

TNBC, so do the majority of LRs.71 Gangi et al. found that

TNBCs were more likely to occur in younger patients, be

larger, and be of higher grade and higher stage than other

subtypes, and that after adjustment for these features, the

5-year rate of LR did not vary by subtype.72 A meta-analysis

of LR after mastectomy (n = 5,418) also demonstrated an

increased rate of LR for TNBC with a relative risk of 0.66

(95 % CI 0.53–0.83) for non-TNBC when all subtypes were

considered, which decreased to 0.51 (95 % CI 0.36–0.73)

when HER2 overexpressing cases were removed.70 In

aggregate, these studies suggest that the behavior of TNBC is

not influenced by the choice of BCT versus mastectomy, a

finding confirmed in three retrospective studies that have

directly compared the outcome of mastectomy and BCT in

TNBC and found no difference in rates of LR or survival

between procedures.73–75 It is noteworthy that although rates

of LR are increased in TNBC, the 5-year cumulative rate of

locoregional recurrence was only 4.2 and 5.4 %, respec-

tively, for patients having BCT and mastectomy in the most

recent of these studies.75 Pilewskie et al. examined the

impact of margin width on LR after BCT in TNBC and found

no significant difference based on margins B2 mm and

[2 mm (5-year LR, 4.7 % vs. 3.7 %; p = 0.11) in a series of

535 consecutive patients, further supporting the concept that

excellent local outcomes can be achieved in TNBC.76

The impact of TNBC on axillary management has been

more controversial. The American College of Surgeons

Oncology Group (ACOSOG) Z0011 trial established the

safety of sentinel node biopsy alone for patients with

metastases in one or two sentinel nodes undergoing BCT

with whole breast irradiation, but 83 % of the patients in

this study had ER- or PR-positive cancers.77 There is no a

priori reason to believe that TNBC is more likely to

metastasize to axillary nodes, and several studies have

shown nodal metastases to be significantly less frequent in

this subtype.67,78 Ugras et al. found that after adjustment

for other features, patients with TNBC were significantly

less likely to have metastases to four or more nodes com-

pared with those with other subtypes (p \ 0.0001).68

Additionally, large studies examining factors associated

with nodal recurrence after axillary dissection have not

identified ER status as significant predictor.79,80 These

findings are supported by a prospective study from

Memorial Sloan Kettering Cancer Center, which examined

the applicability of the ACOSOG Z0011 findings to a

consecutive series of 287 patients meeting ACOSOG

Z0011 eligibility criteria.81 Only 16 % of clinically node-

negative patients in this study required axillary lymph node

dissection (ALND), and ER status was not a predictor of

the need for ALND.

In summary, available literature indicates that while

patients with TNBC have a higher risk of both local and

distant recurrence than other subtypes, this is not mitigated

by bigger surgery. A diagnosis of TNBC is not an indica-

tion for mastectomy or ALND; standard criteria should be

used to select the approach to local therapy in these

patients.

TNBC SYSTEMIC THERAPY: IS IT DIFFERENT?

Lisa A. Carey, MD

There are a few things we know about systemic therapy

for TNBC. The first is that prognosis in this subtype, as

with all other subtypes, is driven not only by biology, but

also by clinical variables. There is no subtype in which a

stage I cancer is high risk. That said, some stage I TNBCs

do relapse. Despite great enthusiasm for genomic prog-

nostic assays to determine need for adjuvant chemotherapy

in this subtype, none of the existing assays are effective.

Finally, although recent studies suggest both heterogeneity

and potential targetability within TNBC, at this time che-

motherapy is the only treatment option for either early or

advanced disease.

TNBC has been defined by various cutpoints; however,

it is increasingly clear that the most rigorous definition

using American Society of Clinical Oncology/College of

American Pathologists guidelines of \1 % ER, \1 % PR

staining by immunostains (IHC), and HER2 negative by

IHC or FISH, is appropriate. However, TNBC is itself

heterogeneous and includes a large number of molecular

entities. All the molecular intrinsic subtypes can be found

in TNBC, including the basal-like (at least 50 %), and

claudin-low (up to 30 %) subtypes that have low expres-

sion of both hormone receptor-related and HER2-related

genes; the remainder is made up of HER2 enriched or

luminal subtypes.82 The therapeutic implications of this

molecular heterogeneity are as yet uncertain.

In the early TNBC setting, there are two main debates.

The first surrounds when to recommend adjuvant chemo-

therapy. Recent studies suggest that small (T1ab) node-

negative breast cancers do well. Even in those with triple-

negative phenotype, 5-year distant disease-free and overall

survival exceed 90 % without therapy, and an impact of

adjuvant chemotherapy is uncertain.83,84 Online prognostic

tools overestimate risk in these very small node-negative

tumors. For example, in AdjuvantOnLine, relapse risk in

T1abN0 is estimated at close to 20 %; however, much of

this risk represents LR or second primary; the 10-year risk

of death is less than 10 %. For this reason, with very small

tumors, it may be best to use mortality estimates when

estimating baseline risk of recurrence. The second issue is

the nature of the chemotherapy itself and whether chemo-

therapy choices should be different in triple-negative
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disease. Multiple neoadjuvant chemotherapy studies in

unselected breast cancer have found high pathologic

complete response rates (pCR) in TNBC with conventional

anthracycline- or anthracycline/taxane-based regimens.

Preclinical data suggest that some TNBCs, particularly

those with a germline deleterious mutation in BRCA1, may

be particularly sensitive to the effects of direct DNA-

damaging agents, such as platinums or ionizing radiation;

clinical support for this hypothesis came from a small study

of cisplatin alone in 13 known BRCA1-associated breast

cancers, in whom 83 % had pCR.85 While randomized

trials in unselected TNBC have had more mixed results, the

largest, CALGB 40603, found a significant increase in pCR

from 46 to 60 % with the addition of carboplatin to pac-

litaxel followed by AC.86 What remains unclear is whether

this advance will translate into clinically meaningful end-

points; a recent meta-analysis of the relationship of pCR to

disease-free and overall survival failed to demonstrate an

impact of modest (\3-fold) changes in pCR on outcome.87

In the recurrent setting, the CALOR trial has informed

clinical practice in TNBC. In that study, patients with

isolated operable LR were randomized to receive ‘‘read-

juvant’’ chemotherapy or not. Despite considerable

methodological and statistical obstacles, this trial demon-

strated a strong advantage to those patients who received

chemotherapy, particularly those with hormone receptor-

negative tumors, in whom 5-year disease-free survival

improved to 67 % from 35 %.88 This management strategy

differs from that recommended for distant recurrence,

which is considered incurable and is managed with palli-

ative chemotherapy, typically using sequential single

agents.

In summary, TNBC is made up of a variety of biologic

subtypes; however, this knowledge has not yet translated

into therapy changes. Prognosis is driven in part by the

biology of triple-negative disease but also is driven by

clinical variables such as tumor size and nodal involve-

ment. Standard chemotherapy should be used as

(neo)adjuvant therapy. Alternatives, such as platinum

drugs, show promise but have not demonstrated an out-

come advantage. Unlike distant disease, which can be

managed with palliative intent, isolated LR should be

managed with multimodality therapy, including systemic

polychemotherapy.

REFERENCES

1. Boyle P. Triple-negative breast cancer: epidemiological consid-

erations and recommendations. Ann Oncol. 2012;23(Suppl 6):

vi7–12.

2. Amirikia KC, Mills P, Bush J, Newman LA. Higher population-

based incidence rates of triple-negative breast cancer among

young African-American women: implications for breast cancer

screening recommendations. Cancer. 2011;117(12):2747–2753.

3. Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D,

Conway K, et al. Race, breast cancer subtypes, and survival in the

Carolina Breast Cancer Study. JAMA. 2006;295(21):2492–2502.

4. Moran MS, Yang Q, Harris LN, Jones B, Tuck DP, Haffty BG.

Long-term outcomes and clinicopathologic differences of Afri-

can-American versus white patients treated with breast

conservation therapy for early-stage breast cancer. Cancer.

2008;113(9):2565–74.

5. Dawood S. Triple-negative breast cancer: epidemiology and

management options. Drugs. 2010;70(17):2247–2258.

6. Hudis CA, Gianni L. Triple-negative breast cancer: an unmet

medical need. Oncologist. 2011;16(Suppl 1):1–11.

7. Yang WT, Dryden M, Broglio K, Gilcrease M, Dawood S,

Dempsey PJ, et al. Mammographic features of triple receptor-

negative primary breast cancers in young premenopausal women.

Breast Cancer Res Treat. 2008;111(3):405–410.

8. Dogan BE, Gonzalez-Angulo AM, Gilcrease M, Dryden MJ,

Yang WT. Multimodality imaging of triple receptor-negative

tumors with mammography, ultrasound, and MRI. AJR Am J

Roentgenol. 2010;194(4):1160–1166.

9. Ko ES, Lee BH, Kim HA, Noh WC, Kim MS, Lee SA. Triple-

negative breast cancer: correlation between imaging and patho-

logical findings. Eur Radiol. 2010;20(5):1111-1117.

10. Kojima Y, Tsunoda H. Mammography and ultrasound features of

triple-negative breast cancer. Breast Cancer. 2011;18(3):146–151

11. Costantini M, Belli P, Distefano D, Bufi E, Matteo MD, Rinaldi

P, et al. Magnetic resonance imaging features in triple-negative

breast cancer: comparison with luminal and HER2-overexpress-

ing tumors. Clin Breast Cancer. 2012;12(5):331–339.

12. Irshad A, Leddy R, Pisano E, Baker N, Lewis M, Ackerman S,

et al. Assessing the role of ultrasound in predicting the biological

behavior of breast cancer. AJR Am J Roentgenol. 2013;200(2):

284–290.

13. Ho AY, Gupta G, King TA, Perez CA, Patil SM, Rogers KH,

et al. Favorable prognosis in patients with T1a/T1bN0 triple-

negative breast cancers treated with multimodality therapy.

Cancer. 2012;118(20):4944–4952.

14. Stevens KN, Vachon CM, Couch FJ. Genetic susceptibility to

triple-negative breast cancer. Cancer Res. 2013;73(7):2025–

2030.

15. Kwon JS, Gutierrez-Barrera AM, Young D, Sun CC, Daniels MS,

Lu KH, et al. Expanding the criteria for BRCA mutation testing

in breast cancer survivors. J Clin Oncol. 2010;28(27):4214–4220.

16. Greenup R, Buchanan A, Lorizio W, Rhoads K, Chan S, Leedom

T, et al. Prevalence of BRCA mutations among women with

triple-negative breast cancer (TNBC) in a genetic counseling

cohort. Ann Surg Oncol. 2013;20(10):3254–3258.

17. Phipps AI, Chlebowski RT, Prentice R, McTiernan A, Wactaw-

ski-Wende J, Kuller LH, et al. Reproductive history and oral

contraceptive use in relation to risk of triple-negative breast

cancer. J Natl Cancer Inst. 2011;103(6):470–477.

18. Ma H, Wang Y, Sullivan-Halley J, Weiss L, Marchbanks PA,

Spirtas R, et al. Use of four biomarkers to evaluate the risk of

breast cancer subtypes in the women’s contraceptive and repro-

ductive experiences study. Cancer Res. 2010;70(2):575–587.

19. Millikan RC, Newman B, Tse CK, Moorman PG, Conway K,

Dressler LG, et al. Epidemiology of basal-like breast cancer.

Breast Cancer Res Treat. 2008;109(1):123–139.

20. Yang XR, Chang-Claude J, Goode EL, Couch FJ, Nevanlinna H,

Milne RL, et al. Associations of breast cancer risk factors with

tumor subtypes: a pooled analysis from the Breast Cancer

Association Consortium studies. J Natl Cancer Inst. 2011;

103(3):250–263.

21. Anderson KN, Schwab RB, Martinez ME. Reproductive risk

factors and breast cancer subtypes: a review of the literature.

Breast Cancer Res Treat. 2014;144(1):1–10.

Triple-Negative Breast Cancer 879



22. Li CI, Beaber EF, Tang MT, Porter PL, Daling JR, Malone KE.

Reproductive factors and risk of estrogen receptor positive, triple-

negative, and HER2-neu overexpressing breast cancer among

women 20–44 years of age. Breast Cancer Res Treat.

2013;137(2):579–587.

23. Cui Y, Deming-Halverson SL, Beeghly-Fadiel A, Lipworth L,

Shrubsole MJ, Fair AM, et al. Interactions of hormone replace-

ment therapy, body weight, and bilateral oophorectomy in breast

cancer risk. Clin Cancer Res. 2014;20(5):1169–1178.

24. Chen WY, Hankinson SE, Schnitt SJ, Rosner BA, Holmes MD,

Colditz GA. Association of hormone replacement therapy to

estrogen and progesterone receptor status in invasive breast car-

cinoma. Cancer. 2004;101(7):1490–1500.

25. Colditz GA, Rosner BA, Chen WY, Holmes MD, Hankinson SE.

Risk factors for breast cancer according to estrogen and proges-

terone receptor status. J Natl Cancer Inst. 2004;96(3):218–228.

26. Phipps AI, Malone KE, Porter PL, Daling JR, Li CI. Reproduc-

tive and hormonal risk factors for postmenopausal luminal, HER-

2-overexpressing, and triple-negative breast cancer. Cancer.

2008;113(7):1521–1526.

27. Turkoz FP, Solak M, Petekkaya I, Keskin O, Kertmen N, Sarici F,

et al. Association between common risk factors and molecular

subtypes in breast cancer patients. Breast. 2013;22(3):344–350.

28. Chavez-Macgregor M, Clarke CA, Lichtensztajn D, Hortobagyi

GN, Giordano SH. Male breast cancer according to tumor sub-

type and race: a population-based study. Cancer. 2013;119(9):

1611–1617.

29. Trinkaus ME, Sayed S, Gakinya SM, Moloo Z, Hanna W, Rahim

Y. Triple negative and basal-like breast cancer in East Africa.

Breast J. 2011;17(4):438–440.

30. Roy I, Othieno E. Breast carcinoma in Uganda: microscopic

study and receptor profile of 45 cases. Arch Pathol Lab Med.

2011;135(2):194–199.

31. Stark A, Kleer CG, Martin I, Awuah B, Nsiah-Asare A, Takyi V,

et al. African ancestry and higher prevalence of triple-negative

breast cancer: findings from an international study. Cancer.

2010;116(21):4926–4932.

32. Bird PA, Hill AG, Houssami N. Poor hormone receptor expres-

sion in East African breast cancer: evidence of a biologically

different disease? Ann Surg Oncol. 2008;15(7):1983–1988.

33. Dent R, Trudeau M, Pritchard KI, Hanna WM, Kahn HK, Sawka

CA, et al. Triple-negative breast cancer: clinical features and

patterns of recurrence. Clin Cancer Res. 2007;13(15 Pt 1):4429–

4434.

34. Esserman LJ, Moore DH, Tsing PJ, Chu PW, Yau C, Ozanne E,

et al. Biologic markers determine both the risk and the timing of

recurrence in breast cancer. Breast Cancer Res Treat.

2011;129(2):607–616.

35. Minicozzi P, Bella F, Toss A, Giacomin A, Fusco M, Zarcone M,

et al. Relative and disease-free survival for breast cancer in

relation to subtype: a population-based study. J Cancer Res Clin

Oncol. 2013;139(9):1569–1577.

36. Mazouni C, Rimareix F, Mathieu MC, Uzan C, Bourgier C,

Andre F, et al. Outcome in breast molecular subtypes according

to nodal status and surgical procedures. Am J Surg.

2013;205(6):662–667.

37. Fostira F, Tsitlaidou M, Papadimitriou C, Pertesi M, Timothea-

dou E, Stavropoulou AV, et al. Prevalence of BRCA1 mutations

among 403 women with triple-negative breast cancer: implica-

tions for genetic screening selection criteria: a Hellenic

Cooperative Oncology Group Study. Breast Cancer Res Treat.

2012;134(1):353–362.

38. Song Q, Huang R, Li J, Fan J, Zheng S, Zhang B, et al. The

diverse distribution of risk factors between breast cancer subtypes

of ER, PR and HER2: a 10-year retrospective multi-center study

in China. PLoS One. 2013;8(8):e72175.

39. Pierobon M, Frankenfeld CL. Obesity as a risk factor for triple-

negative breast cancers: a systematic review and meta-analysis.

Breast Cancer Res Treat. 2013;137(1):307–314.

40. Phipps AI, Chlebowski RT, Prentice R, McTiernan A, Stefanick

ML, Wactawski-Wende J, et al. Body size, physical activity, and

risk of triple-negative and estrogen receptor-positive breast can-

cer. Cancer Epidemiol Biomarkers Prev. 2011;20(3):454–463.

41. Phipps AI, Buist DS, Malone KE, Barlow WE, Porter PL, Ker-

likowske K, et al. Breast density, body mass index, and risk of

tumor marker-defined subtypes of breast cancer. Ann Epidemiol.

2012;22(5):340–348.

42. Kabat GC, Kim M, Phipps AI, Li CI, Messina CR, Wactawski-

Wende J, et al. Smoking and alcohol consumption in relation to

risk of triple-negative breast cancer in a cohort of postmeno-

pausal women. Cancer Causes Control. 2011;22(5):775–783.

43. Oppong BA, King TA. Recommendations for women with lob-

ular carcinoma in situ (LCIS). Oncology (Williston Park).

2011;25(11):1051–1056, 1058.

44. Barr FE, Degnim AC, Hartmann LC, Radisky DC, Boughey JC,

Anderson SS, et al. Estrogen receptor expression in atypical

hyperplasia: lack of association with breast cancer. Cancer Prev

Res (Phila). 2011;4(3):435–444.

45. Allred DC, Mohsin SK, Fuqua SA. Histological and biological

evolution of human premalignant breast disease. Endocr Relat

Cancer. 2001;8(1):47–61.

46. Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah

M, Cronin WM, et al. Tamoxifen for prevention of breast cancer:

report of the National Surgical Adjuvant Breast and Bowel Pro-

ject P-1 Study. J Natl Cancer Inst. 1998;90(18):1371–1388.

47. Huang WY, Newman B, Millikan RC, Schell MJ, Hulka BS,

Moorman PG. Hormone-related factors and risk of breast cancer

in relation to estrogen receptor and progesterone receptor status.

Am J Epidemiol. 2000;151(7):703–714.

48. Ng AK, Garber JE, Diller LR, Birdwell RL, Feng Y, Neuberg DS,

et al. Prospective study of the efficacy of breast magnetic reso-

nance imaging and mammographic screening in survivors of

Hodgkin lymphoma. J Clin Oncol. 2013;31(18):2282–2288.

49. Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast

cancer. N Engl J Med. 2010;363(20):1938–1948.

50. Turner NC, Reis-Filho JS. Tackling the diversity of triple-nega-

tive breast cancer. Clin Cancer Res. 2013;19(23):6380–6388.

51. Weigelt B, Horlings HM, Kreike B, Hayes MM, Hauptmann M,

Wessels LF, et al. Refinement of breast cancer classification by

molecular characterization of histological special types. J Pathol.

2008;216(2):141–150.

52. Weigelt B, Reis-Filho JS. Histological and molecular types of

breast cancer: is there a unifying taxonomy? Nat Rev Clin Oncol.

2009;6(12):718–730.

53. Weigelt B, Eberle C, Cowell CF, Ng CKY, Reis-Filho JS.

Metaplastic breast carcinoma: more than a special type. Nat Rev

Cancer. 2014;14:147–148.

54. Wetterskog D, Lopez-Garcia MA, Lambros MB, A’Hern R,

Geyer FC, Milanezi F, et al. Adenoid cystic carcinomas constitute

a genomically distinct subgroup of triple-negative and basal-like

breast cancers. J Pathol. 2012;226(1):84–96.

55. Tognon C, Knezevich SR, Huntsman D, Roskelley CD, Melnyk

N, Mathers JA, et al. Expression of the ETV6-NTRK3 gene

fusion as a primary event in human secretory breast carcinoma.

Cancer Cell. 2002;2(5):367–376.

56. Parker JS, Mullins M, Cheang MC, Leung S, Voduc D, Vickery

T, et al. Supervised risk predictor of breast cancer based on

intrinsic subtypes. J Clin Oncol. 2009;27(8):1160–1177.

57. Prat A, Parker JS, Karginova O, Fan C, Livasy C, Herschkowitz

JI, et al. Phenotypic and molecular characterization of the clau-

din-low intrinsic subtype of breast cancer. Breast Cancer Res.

2010;12(5):R68.

880 L. A. Newman et al.



58. Guedj M, Marisa L, de Reynies A, Orsetti B, Schiappa R, Bibeau

F, et al. A refined molecular taxonomy of breast cancer. Onco-

gene. 2012;31(9):1196–1206.

59. Herschkowitz JI, Simin K, Weigman VJ, Mikaelian I, Usary J, Hu

Z, et al. Identification of conserved gene expression features

between murine mammary carcinoma models and human breast

tumors. Genome Biol. 2007;8(5):R76.

60. Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB,

Shyr Y, et al. Identification of human triple-negative breast

cancer subtypes and preclinical models for selection of targeted

therapies. J Clin Invest. 2011;121(7):2750–2767.

61. Lehmann BD, Pietenpol JA. Identification and use of biomarkers

in treatment strategies for triple-negative breast cancer subtypes.

J Pathol. 2014;232(2):142–150.

62. Masuda H, Baggerly KA, Wang Y, Zhang Y, Gonzalez-Angulo

AM, Meric-Bernstam F, et al. Differential response to neoadju-

vant chemotherapy among 7 triple-negative breast cancer

molecular subtypes. Clin Cancer Res. 2013;19(19):5533–5540.

63. Lehmann BD, Bauer JA, Schafer JM, Pendleton CS, Tang L,

Johnson KC, et al. PIK3CA mutations in androgen receptor-

positive triple negative breast cancer confer sensitivity to the

combination of PI3K and androgen receptor inhibitors. Breast

Cancer Res. 2014;16(4):406.

64. Loi S, Sirtaine N, Piette F, Salgado R, Viale G, Van Eenoo F,

et al. Prognostic and predictive value of tumor-infiltrating lym-

phocytes in a phase III randomized adjuvant breast cancer trial in

node-positive breast cancer comparing the addition of docetaxel

to doxorubicin with doxorubicin-based chemotherapy: BIG 02-

98. J Clin Oncol. 2013;31(7):860–867.

65. Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shulman

LN, et al. Prognostic value of tumor-infiltrating lymphocytes in

triple-negative breast cancers from two phase III randomized

adjuvant breast cancer trials: ECOG 2197 and ECOG 1199. J

Clin Oncol. 2014;32(27):2959–2966.

66. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F,

Pruneri G, et al. Harmonization of the evaluation of tumor

infiltrating lymphocytes (TILs) in breast cancer: recommenda-

tions by an international TILs-working group 2014. Ann Oncol.

2014

67. Wiechmann L, Sampson M, Stempel M, Jacks LM, Patil SM,

King T, et al. Presenting features of breast cancer differ by

molecular subtype. Ann Surg Oncol. 2009;16(10):2705–2710.

68. Ugras S, Stempel M, Patil S, Morrow M. Breast cancer molecular

subtype predicts lymphovascular invasion and lymph node

involvement. Ann Surg Oncol. 2014 (submitted).

69. Cancello G, Maisonneuve P, Rotmensz N, Viale G, Mastropasqua

MG, Pruneri G, et al. Prognosis in women with small (T1mic,-

T1a,T1b) node-negative operable breast cancer by immuno-

histochemically selected subtypes. Breast Cancer Res Treat.

2011;127(3):713–720.

70. Lowery AJ, Kell MR, Glynn RW, Kerin MJ, Sweeney KJ.

Locoregional recurrence after breast cancer surgery: a systematic

review by receptor phenotype. Breast Cancer Res Treat.

2012;133(3):831–841.

71. Millar EK, Graham PH, O’Toole SA, McNeil CM, Browne L,

Morey AL, et al. Prediction of local recurrence, distant metas-

tases, and death after breast-conserving therapy in early-stage

invasive breast cancer using a five-biomarker panel. J Clin Oncol.

2009;27(28):4701–4708.

72. Gangi A, Chung A, Mirocha J, Liou DZ, Leong T, Giuliano AE.

Breast-conserving therapy for triple-negative breast cancer.

JAMA Surg. 2014;149(3):252–258.

73. Abdulkarim BS, Cuartero J, Hanson J, Deschenes J, Lesniak D,

Sabri S. Increased risk of locoregional recurrence for women with

T1-2N0 triple-negative breast cancer treated with modified radi-

cal mastectomy without adjuvant radiation therapy compared

with breast-conserving therapy. J Clin Oncol. 2011;29(21):2852–

2858.

74. Adkins FC, Gonzalez-Angulo AM, Lei X, Hernandez-Aya LF,

Mittendorf EA, Litton JK, et al. Triple-negative breast cancer is

not a contraindication for breast conservation. Ann Surg Oncol.

2011;18(11):3164–3173.

75. Zumsteg ZS, Morrow M, Arnold B, Zheng J, Zhang Z, Robson

M, et al. Breast-conserving therapy achieves locoregional out-

comes comparable to mastectomy in women with T1-2N0 triple-

negative breast cancer. Ann Surg Oncol. 2013;20(11):3469–3476.

76. Pilewskie M, Ho A, Orell E, Stempel M, Chen Y, Eaton A, et al.

Effect of margin width on local recurrence in triple-negative

breast cancer patients treated with breast-conserving therapy. Ann

Surg Oncol. 2014;21(4):1209–1214.

77. Giuliano AE, Hunt KK, Ballman KV, Beitsch PD, Whitworth

PW, Blumencranz PW, et al. Axillary dissection vs no axillary

dissection in women with invasive breast cancer and sentinel

node metastasis: a randomized clinical trial. JAMA. 2011;305(6):

569–575.

78. Crabb SJ, Cheang MC, Leung S, Immonen T, Nielsen TO,

Huntsman DD, et al. Basal breast cancer molecular subtype

predicts for lower incidence of axillary lymph node metastases

in primary breast cancer. Clin Breast Cancer. 2008;8(3):249–

256.

79. Grills IS, Kestin LL, Goldstein N, Mitchell C, Martinez A, Ingold

J, et al. Risk factors for regional nodal failure after breast-con-

serving therapy: regional nodal irradiation reduces rate of axillary

failure in patients with four or more positive lymph nodes. Int J

Radiat Oncol Biol Phys. 2003;56(3):658–670.

80. Yates L, Kirby A, Crichton S, Gillett C, Cane P, Fentiman I, et al.

Risk factors for regional nodal relapse in breast cancer patients

with one to three positive axillary nodes. Int J Radiat Oncol Biol

Phys. 2012;82(5):2093–2103.

81. Dengel LT, Van Zee KJ, King TA, Stempel M, Cody HS, El-

Tamer M, et al. Axillary dissection can be avoided in the majority

of clinically node-negative patients undergoing breast-conserving

therapy. Ann Surg Oncol. 2014;21(1):22–27.

82. Prat A, Perou CM. Deconstructing the molecular portraits of

breast cancer. Mol Oncol. 2011;5(1):5–23.

83. Vaz-Luis I, Otteson RA, Hughes ME, Mamet R, Burstein HJ,

Edge S, et al. Outcomes by tumor subtype and treatment pattern

in women with small node-negative breast cancer: a multi-insti-

tutional study. J Clin Oncol. 2014;32(20):2142–2150

84. Theriault RL, Litton JK, Mittendorf EA, Chen H, Meric-Bern-

stam F, Chavez-Macgregor M, et al. Age and survival estimates

in patients who have node-negative T1ab breast cancer by breast

cancer subtype. Clin Breast Cancer. 2011;11(5):325–331.

85. Byrski T, Gronwald J, Huzarski T, Grzybowska E, Budryk M,

Stawicka M, et al. Pathologic complete response rates in young

women with BRCA1-positive breast cancers after neoadjuvant

chemotherapy. J Clin Oncol. 2010;28(3):375–359.

86. Sikov WM, Berry DA, Perou CM, et al. Impact of the addition of

carboplatin (Cb) and/or bevacizumab (B) to neoadjuvant weekly

paclitaxel (P) followed by dose-dense AC on pathologic complete

response (pCR) rates in triple-negative breast cancer (TNBC):

CALGB 40603 (Alliance) (abstract). 36th Annual AACR-CTRC

San Antonio Breast Cancer Symposium; San Antonio, TX:

AACR; 2013; pp. S5–01.

87. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wol-

mark N, et al. Pathological complete response and long-term

clinical benefit in breast cancer: the CTNeoBC pooled analysis.

Lancet. 2014;384(9938):164–172

88. Aebi S, Gelber S, Anderson SJ, Lang I, Robidoux A, Martin M,

et al. Chemotherapy for isolated locoregional recurrence of breast

cancer (CALOR): a randomised trial. Lancet Oncol. 2014;15(2):

156–163.

Triple-Negative Breast Cancer 881



89. Mulligan AM, Couch FJ, Barrowdale D, Domchek SM, Eccles D,

Nevanlinna H, et al. Common breast cancer susceptibility alleles

are associated with tumour subtypes in BRCA1 and BRCA2

mutation carriers: results from the Consortium of Investigators of

Modifiers of BRCA1/2. Breast Cancer Res. 2011;13(6):R110.

90. Tamimi RM, Colditz GA, Hazra A, Baer HJ, Hankinson SE,

Rosner B, et al. Traditional breast cancer risk factors in relation to

molecular subtypes of breast cancer. Breast Cancer Res Treat.

2012;131(1):159–167.

882 L. A. Newman et al.


	The 2014 Society of Surgical Oncology Susan G. Komen for the Cure Symposium: Triple-Negative Breast Cancer
	Abstract
	Epidemiology of TNBC
	Lisa A. Newman, MD, MPH
	Incidence and Outcome
	Clinical Features
	Risk Factors
	Hereditary Susceptibility

	Reproductive History and Hormonal Factors
	Racial/Ethnic Identity and Nationality
	Other Breast Cancer Risk Factors



	Molecular Pathology of TNBC
	Jorge S. Reis-Filho, MD, PhD

	Local Therapy of TNBC
	Monica Morrow, MD

	TNBC Systemic Therapy: Is It Different?
	Lisa A. Carey, MD

	References


