
Triple-Negative Breast Cancer: Histopathologic 
Features, Genomics, and Treatment

Beatriz E. Adrada, MD • Tanya W. Moseley, MD • Megha M. Kapoor, MD • Marion E. Scoggins, MD • Miral M. Patel, MD • Frances Perez, MD 
 Emily S. Nia, MD • Laila Khazai, MD • Elsa Arribas, MD •Gaiane M. Rauch, MD, PhD •Mary S. Guirguis, MD

Author affiliations, funding, and conflicts of interest are listed at the end of this article.

IMAGING CHALLENGES This copy is for personal 
use only. To order copies, 
contact reprints@rsna.org

Triple-negative breast cancer (TNBC) is a heterogeneous and aggressive group of tumors that are defined by the absence of estro-
gen and progesterone receptors and lack of ERBB2 (formerly HER2 or HER2/neu) overexpression. TNBC accounts for 8%–13% of 
breast cancers. In addition, it accounts for a higher proportion of breast cancers in younger women compared with those in older 
women, and it disproportionately affects non-Hispanic Black women. TNBC has high metastatic potential, and the risk of recur-
rence is highest during the 5 years after it is diagnosed. TNBC exhibits benign morphologic imaging features more frequently than 
do other breast cancer subtypes. Mammography can be suboptimal for early detection of TNBC owing to factors that include the 
fast growth of this cancer, increased mammographic density in young women, and lack of the typical features of malignancy at im-
aging. US is superior to mammography for TNBC detection, but benign-appearing features can lead to misdiagnosis. Breast MRI is 
the most sensitive modality for TNBC detection. Most cases of TNBC are treated with neoadjuvant chemotherapy, followed by sur-
gery and radiation. MRI is the modality of choice for evaluating the response to neoadjuvant chemotherapy. Survival rates for indi-
viduals with TNBC are lower than those for persons with hormone receptor–positive and human epidermal growth factor receptor 
2–positive cancers. The 5-year survival rates for patients with localized, regional, and distant disease at diagnosis are 91.3%, 65.8%, 
and 12.0%, respectively. The early success of immunotherapy has raised hope regarding the development of personalized strategies 
to treat TNBC. Imaging and tumor biomarkers are likely to play a crucial role in the prediction of TNBC treatment response and 
TNBC patient survival in the future.
©RSNA, 2023 • radiographics.rsna.org
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Introduction
Breast cancer is among the most commonly diagnosed cancers 
worldwide and is the second leading cause of cancer-related 
death among women in the United States (1). At one time, 
the histopathologic features were the basis for the traditional 
classification of breast cancer. However, advancements in the 
analysis of gene expression arrays during the past 2 decades 
have made it possible to molecularly characterize breast can-
cers as different subtypes. As gene-expression profiling is not 
widely available, a surrogate classification system based on 
clinical-pathologic features has been adopted. With this sys-
tem, estrogen receptor (ER) and progesterone receptor levels 
are assessed by using immunohistochemistry, and human epi-
dermal growth factor receptor 2 (HER2) levels are assessed by 
using immunohistochemistry or fluorescence in situ hybridiza-
tion. These breast cancer subtypes are luminal A and luminal B 
cancers, which are positive for ER; HER2-enriched cancers that 
demonstrate amplification of ERRB2; and basal-like cancers, in 
which ER, progesterone receptor, and HER2 are absent.

Basal-like breast cancers are also characterized by over-
expression of oncogenes that promote cell proliferation 
and carcinogenesis, such as the epidermal growth factor 
gene, EGFR. The most common basal-like breast cancer 
is triple-negative breast cancer (TNBC), which is negative 
for ER, progesterone receptor, and HER2. About 80% of 
TNBCs are basal-like cancers, and most basal-like cancers are 
TNBCs. Therefore, the terms basal-like cancer and triple-neg-
ative breast cancer are frequently used interchangeably, even 
though they are not synonymous (2). An aggressive subtype, 
TNBC accounts for 8%–13% of all breast cancers, affecting 
nearly 13 in 100 000 women yearly, and is the second most 
common breast cancer subtype among all age groups (3).

TNBC includes a wide spectrum of tumors with different 
molecular features, histologic characteristics, and clinical be-
havior. It accounts for a higher proportion of breast cancers in 
younger patients than in older patients, is more common in 
patients with germline BRCA and PALB2 mutations (4), and 
disproportionately affects non-Hispanic Black women, who 
also have a higher mortality rate associated with TNBC than 
do women of other races and ethnicities (5). Interval cancers, 
which are cancers diagnosed between regular mammographic 
screenings, are two times more likely than screening-detected 
cancers to be TNBC (6). Factors such as the fast growth of 
TNBC, increased mammographic density in young women, 
and lack of the typical features of malignancy at imaging of 
TNBC contribute to the delayed diagnosis of these cancers.

The mainstay of treatment for TNBC is neoadjuvant chemo-
therapy (NAC); rates of pathologic complete response (pCR) to 
NAC range from 40% to 50% (7). Patients who achieve pCR have 
a 5-year overall survival rate of 84%, whereas the 5-year overall 
survival rate for those who do not achieve pCR is 47% (8).

Although TNBC is chemosensitive, it is associated with a 
poor prognosis because it grows and spreads rapidly and is 
likely to recur. Howlader et al (9) reported that TNBC was as-
sociated with a worse 5-year survival rate (77.0%) than was 
hormone receptor–positive, HER2-negative malignancies 
(94.4%) between 2010 and 2014 (9). The 5-year survival rates 
associated with TNBC based on the extent of disease at ini-
tial diagnosis are 91.3% for localized disease, 65.8% for disease 
spread to regional lymph nodes, and 12.0% for distant disease 
(3). The rate of development of distant metastases among pa-
tients with TNBC who are treated with NAC, surgery, and ra-
diation is approximately 27.4%, with a peak incidence in the 
3rd year after diagnosis and a median survival of 13.3 months 
after the diagnosis of metastasis (10). TNBC has a propensity 
to metastasize to the brain and lung (9) and is less likely than 
other breast cancer subtypes to metastasize to bones (10).

The purpose of this article is to provide readers with an 
overview of TNBC, including the epidemiologic and genomic 
factors, histopathologic features, imaging findings, treatment, 
and prognoses associated with this malignancy.

Epidemiologic Factors

TNBC Trends Based on Patient Age
In a study in which data from the National Cancer Da-
tabase were used, Plasilova et al (11) noted that 13.1% of 
295 801 female patients with breast cancer and 5.9% of 
3136 male patients with breast cancer who were diagnosed 
in 2010–2011 had TNBC. Across all races and ethnicities,  
hormone receptor–positive, HER2-negative cancer was the 
most common breast cancer subtype (11). TNBC accounted 
for a higher proportion of breast cancer cases among younger 
patients: 479 of 2059 (23.3%) cases among patients aged 30 
years or younger, 3183 of 15 094 (21.1%) cases among patients 
aged 31–40 years, 7850 of 51 793 (15.2%) cases among patients 
aged 41–50 years, 10 423 of 72 543 (14.4%) cases among pa-
tients aged 51–60 years, 8912 of 77 870 (11.4%) cases among 
patients aged 61–70 years, and 7966 of 79 578 (10.0%) cases 
among patients older than 70 years.
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Zhu et al (12) evaluated National Cancer Institute Sur-
veillance, Epidemiology, and End Results (SEER) Program 
data on women who were diagnosed with TNBC from 2010 
to 2011. The patients were divided into two groups based on 
their age: an older group, who were aged 70 years or older, 
and a younger group, who were younger than 70 years. The 
older group accounted for 20.4% (n = 2017) of all 9908 of 
the patients whose data were reviewed. Compared with the 
younger group, the older group had less aggressive tumors 
more often. For instance, this group had a lower probability 
of lymph node metastasis (30.5% vs 36.2% in the younger 
group; P < .001), an earlier TNM stage more frequently 
(stage I in 42.5% of cases vs in 35.2% of cases in the younger 
group; P < .001), and better differentiation (grade I or II in 
28.4% of cases vs in 17.0% of cases in the younger group; P 
<.001). Despite these findings, there was an increased rate 
of early mortality in the older group. In terms of cancer-spe-
cific mortality, a larger number of older patients (5.9%) than 
younger patients (2.7%) died (P < .001) (12). After correcting 
for confounding factors, Zhu et al (12) noted that advanced 
age (>70 years) at diagnosis was independently predictive of 
poor overall survival and poor cancer-specific survival.

Racial Disparities
In an analysis of data on women with TNBC who were diag-
nosed during 2015–2019, Sung et al (13) found a downward 
trend in the incidence of TNBC across all races. The incidence 
of TNBC was highest among non-Hispanic Black women. 
TNBC incidences, expressed in numbers of cases per 100 000 
individuals per year, were 25.2 cases among non-Hispanic 
Black women, 12.9 cases among White women, 11.2 cases 
among American Indian or Alaska Native women, 11.1 
cases among Hispanic women, and 9.0 cases among Asian 
or Pacific Islander women (13).

Cho et al (14) compared TNBC cases among non-Hispanic 
Black women with those among White women. This group 
found that non-Hispanic Black women with TNBC were 
younger at diagnosis (aged 56.3 years vs 59.7 years among 
white women) and had higher rates of stage III disease 
(20.0% vs 15.2% in white women), tumor size larger than 
5 cm (14.3% vs 9.6% in white women), and positive lymph 
nodes (39.0% vs 31.6% in white women). The mortality rate 
was greater for non-Hispanic Black women (16.0%) than for 
White women (13.2%); this result was partially explained by 
the fact that non-Hispanic Black women had a lower proba-
bility of undergoing surgery and chemotherapy (14).

The increased incidence of TNBC among non-Hispanic 
Black women may be attributed to several biologic and en-
vironmental factors. Mutations in BRCA1 and BRCA2 and 
other genetic mutations are more common in non-Hispanic 
Black women than in the white population and may contrib-
ute to their increased susceptibility to TNBC. Obesity and 
lack of breastfeeding also contribute to the high burden of 
TNBC among non-Hispanic Black women (4). In addition, 
sociodemographic and health care quality behaviors have 
been associated with the high incidence of TNBC among 
non-Hispanic Black women (13). The highest proportion of 
TNBC among non-Hispanic Black women is in the south-

ern part of the United States (59.0%), a region characterized 
by lower socioeconomic status, worse health care behaviors, 
and worse health care services than other regions of the 
United States (13). However, the reasons for the disparities 
in outcomes among the non-Hispanic Black women with 
TNBC are not entirely clear, and further research is war-
ranted. Compared with other women with TNBC, non-His-
panic Black women with this malignancy are diagnosed at a 
younger age and have larger tumors, more advanced tumor 
stages, and higher mortality rates.

Histologic Characteristics of TNBC
TNBCs include a spectrum of tumors with diverse histologic 
characteristics. Plasilova et al (11) evaluated a large data-
base of patients with TNBC (n = 38 843) and found that 85% 
of TNBCs were invasive ductal carcinomas, whereas 1.4% 
were invasive lobular carcinomas (11). The remaining cases 
were those of rare histologic types. The invasive ductal car-
cinomas that are TNBCs are characterized by a high grade, 
pushing borders, prominent nuclear pleomorphisms, and 
geographic zones of necrosis (15). Rare subtypes of TNBC 
include metaplastic carcinomas and medullary carcinomas, 
both of which are high grade, and adenoid cystic carcinomas 
and secretory carcinomas, both of which are low grade.

Genetic Mutations in TNBC
TNBCs, as compared with other subtypes of breast cancer, are 
associated with germline BRCA mutations more often. Under 
normal conditions, BRCA1 and BRCA2 are tumor suppressor 
genes that promote gene integrity by repairing double-stranded 
DNA breaks. BRCA2 is the larger of the two genes, located on 
chromosome 13, and a mediator of homologous recombina-
tion. BRCA1 is located on chromosome 17 and plays a mul-
tifunctional role in DNA metabolism. Nearly 60% of breast 
cancers in premenopausal women who are BRCA1 mutation 
carriers are TNBCs (16), and 30% of TNBCs in women of Ash-
kenazi Jewish ancestry carry the BRCA1 mutation (17).

BRCA2 mutations are associated with TNBC but not as 
strongly; 16% of breast cancers in BRCA2 mutation carriers 
are TNBCs (18). It is interesting that the incidence of TNBC in 
BRCA1 mutation carriers decreases with age, whereas in BRCA2 
mutation carriers, TNBC incidence increases with age (18).

Additional mutations have also been identified in patients 
with TNBC. Mutations in TP53 are seen in 62% of basal-like 
and 43% of non–basal-like TNBCs (19). Shimelis et al (20) 
identified germline pathogenic variants in BARD1, BRCA1, 
BRCA2, PALB2, and RAD51D that were associated with a 
high risk of TNBC and a greater than 20% absolute risk of 
breast cancer. A multigene hereditary panel may identify 
women at high risk for TNBC. Currently, the National Com-
prehensive Cancer Network guidelines recommend genetic 
risk assessment with possible genetic testing for all patients 
with TNBC who are aged 60 years or younger (21).

TNBC Subtypes Based on Genomic Profiling
Efforts to classify TNBC by using gene expression profiling 
are underway, and there are several subtypes and classifying 
methods, all of which are aimed at identifying biologically 
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relevant differences that would influence prognoses and 
treatment decisions. Among these efforts, one of the most 
studied is the Lehmann classification system, also known as 
the Vanderbilt classification (Lehmann). Lehmann et al (22) 
performed genomic profiling and categorized TNBC into four 
subtypes: basal-like 1, basal-like 2, mesenchymal, and luminal 
androgen receptor. They examined 306 patients with TNBC and 
found that 35% of them had basal-like 1 TNBC; 22%, basal-like 
2 TNBC; 25%, mesenchymal TNBC; 16%, luminal androgen re-
ceptor TNBC; and 2%, an unclassified subtype (Fig 1).

Compared with the other subtypes, basal-like 1 TNBC is 
more likely to be of a higher grade, but it is characterized by a 
high rate of pCR to NAC and better survival compared with the 
other subtypes. In contrast, the basal-like 2 subtype is charac-
terized by the lowest rate of pCR to NAC and a worse survival.

The nonbasal subtypes of TNBC, luminal androgen receptor 
and mesenchymal TNBCs, tend to initially manifest at a higher 
stage than the basal-like subtypes. Luminal androgen receptor 
TNBC is characterized by the expression of androgen receptor. 
This subtype is diagnosed most frequently in older women and 
is characterized by a higher rate of regional nodal spread and 
preferential metastasis to the bones. Women with luminal an-
drogen receptor TNBC have a better chance of surviving despite 
having low rates of pCR to NAC. The mesenchymal subtype has 
sarcoma-like or squamous cell–like tissue and a relatively low 
rate of pCR and preferentially metastasizes to the lungs (23).

Immune Biomarkers in TNBC
Immunologic evasion through multiple mechanisms is a key 
factor in the development of malignancy. The immune system 
typically plays a significant role in preventing carcinogenesis. 
A growing understanding of the interactions between the 
tumor and the host, including the blockade of immunologic 
checkpoints and the activation of specific pathways and cells, 
has allowed the discovery of promising biomarkers that can 
predict what subset of patients will have a good prognosis 
and treatment response to chemotherapy (24). Among TNBC 

immune biomarkers identified to date are programmed cell 
death protein 1 (PD-1), programmed cell death ligand 1 (PD-
L1), and tumor-infiltrating lymphocytes (TILs).

PD-1 and PD-L1
The immune system can differentiate between normal cells 
and foreign cells. Tumor cells can use upregulation of check-
point proteins to evade the immune system. The checkpoint 
proteins act like switches that need to be turned on or off for 
the cell to start an immune response. PD-1 is a checkpoint 
protein expressed on T cells that can bind to PD-L1, a protein 
on tumor cells. When PD-1 binds to PD-L1, the T cell does not 
attack the tumor (Fig 2). Breast cancer, among other tumors, 
can use upregulation of PD-L1 expression to escape an antitu-
mor immune response. PD-L1 is expressed in approximately 
20% of TNBCs; it is used as a predictive biomarker for sensitiv-
ity to immunotherapy and is associated with a better progno-
sis. Different U.S. Food and Drug Administration–approved 
immunohistochemical tests are available to measure expres-
sion of immune biomarkers. Currently, the PD-L1 22C3 anti-
body test is used in breast cancer cases (24).

Tumor-infiltrating Lymphocytes
TILs are cytotoxic lymphocytes that infiltrate tumors and 
stroma (Fig 3A) as a host immune response. In TNBCs, 
the presence of TILs has been shown to be a predictive and 
prognostic biomarker. An increase in TILs, especially in the 
stroma, is predictive of a higher likelihood of pCR and better 
overall and disease-free survivals. TIL evaluation is performed 
on hematoxylin-eosin–stained tumor sections (Fig 3B, 3C), 
and a semiquantitative score is provided by using the 2014 
International TILs Working Group guidelines (25). No con-
sensus on the cutoff values for TIL levels has been established.

Investigators in several studies have tried to determine 
whether there is a correlation between the imaging features 
of TNBC and TIL levels. Ku et al (26) reported that round 
shape, circumscribed margins, homogeneous enhancement, 

Figure 1. Lehmann subtype classifica-
tion of TNBC (2016 version), with the pro-
portions of TNBC tumors in each of the 
four subgroups cited (22).
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and absence of multifocality on breast MR images were asso-
ciated with high TIL levels, whereas irregular shape, noncir-
cumscribed margins, multifocality, and heterogeneous en-
hancement were associated with low TIL levels. Candelaria 
et al (27) reported similar findings on sonographic images; 
in their study, oval or round shape, circumscribed margins, 
complex cystic and solid masses, and posterior acoustic en-
hancement were associated with high TIL levels (27). The 

findings in these studies indicate that there is a potential to 
use imaging features to complement the TIL information ob-
tained from core needle biopsy tumor specimens.

Imaging Features of TNBC

Mammographic Features
TNBC is detected more often at diagnostic mammography 
performed for evaluation of a clinical finding (eg, palpable 
mass, breast pain, nipple discharge) than at screening mam-
mography. Sixty-eight percent of TNBCs, as compared with 

Figure 2. Immune checkpoint inhibitors in TNBC. T cells nor-
mally attack the tumor, but the presence of PD-L1 proteins on 
tumor cells prevents T cells from causing death to tumor cells. 
PD-1 is a checkpoint protein on T cells that can bind to PD-L1, a 
protein on some cancer cells. When PD-1 (on the immune cell) 
binds to PD-L1 (on the tumor cell), the T cell does not attack the 
tumor. This is the basis of immunotherapy, whereby monoclo-
nal antibodies block PD-1 or PD-L1 proteins. Pembrolizumab is 
a PD-1–targeted antibody, and combined with chemotherapy, 
it has been approved as the standard of care for patients with 
TNBC.

Figure 3. TILs in TNBC. Normal breast tissue does not contain large aggregates 
of immune cells. (A) As cancer grows, lymphocytes recognize the cancer cells as 
abnormal and infiltrate the tumor. TILs are mononucleated lymphoid cells that in-
filtrate the tumor and its stroma and reflect the host immune response against the 
tumor cells. Quantification of TILs is performed on hematoxylin-eosin (H-E)–stained 
tissue sections from biopsy specimens obtained at the time of diagnosis and in the 
residual disease after NAC. Only those TILs located in the stromal portions between 
cancer cells are considered when counting. (B, C) Photomicrographs show two 
cases of TNBC, one with high (B) and one with low (C) levels of TILs. Arrows point to 
lymphocytes in the stroma associated with the invasive carcinoma. (H-E stain; origi-
nal magnification, 400.)
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48% of non-TNBCs, are clinically detected (28). The majority 
of TNBCs (48%–85%) manifest as irregularly shaped masses 
(Fig 4) without calcifications. Margins most commonly are ill 
defined or indistinct (45%–46% of cases) or spiculated (15%–
21% of cases) (28–31).

A less common manifestation is a mass with associated cal-
cifications (12%–29% of TNBC cases) (28–31). One study (31) 
showed a mass associated with calcifications to be a feature in 
21% of TNBCs, 28% of luminal tumors, and 45% of HER2-pos-
itive breast cancers. Similarly, ductal carcinoma in situ, which 
commonly manifests as calcifications on mammograms, is 
less frequent in cases of TNBC than in cases of luminal and 
HER2-positive breast cancers. Yang et al (30) found that 18% 
of women with TNBC had associated in situ carcinoma. In 
contrast, 57% of women with HER2-positive breast cancers 
had associated in situ carcinoma (30).

While the majority of TNBCs manifest as irregularly 
shaped masses at mammography, approximately 8%–32% of 
them manifest as round or oval masses (Fig 5) (28–32). Asym-
metries and architectural distortions are less common mam-
mographic features of TNBC.

A relatively recent study by Aslan et al (33) showed vari-
ability in the imaging features of TNBC, depending on meno-
pausal status. The TNBC tumors in premenopausal patients 
were more likely to appear as oval or round masses, while 
those in postmenopausal patients were more likely to mani-
fest as irregularly shaped masses (33).

TNBCs have been reported to be mammographically occult 
in 9%–18% of cases (29,34), possibly owing to the absence of 
spiculated margins or architectural distortion or to the sur-
rounding tissue density. TNBCs frequently can be seen in a 
posterior location (ie, close to the chest wall) (Fig 6), and in 
relatively recent studies, 47.0%–57.1% of TNBC cases were in 
the posterior third of the breast (33,35). The most common 
appearance of TNBC on mammograms is that of an irregu-
larly shaped mass without calcifications.

US Features
The typical sonographic manifestation of TNBC is an irreg-
ularly shaped (65%–83% of cases), hypoechoic (77%–89% of 
cases) mass (Fig 7A) with noncircumscribed margins (87% of 
cases) (28–31). The most common (38%–42% of cases) noncir-
cumscribed margins are microlobulated (35,36).

However, at US, TNBC may also appear with features typ-
ically seen in benign tumors, including circumscribed mar-
gins, parallel orientation, and posterior acoustic enhance-
ment (Fig 7B). One study (29) found that 27% of TNBCs had 
circumscribed margins. In another study (35), two-thirds of 
TNBCs exhibited parallel orientation, and one-third of them 
exhibited posterior acoustic enhancement. Aslan et al (33) 
showed that TNBC tumors in premenopausal patients were 
more likely to be round or oval (Fig 7C), whereas those in 
postmenopausal patients were more likely to manifest as 
irregularly shaped masses (Fig 7D), indicating that meno-
pausal status may play a role in the sonographic appearance 
of TNBC. Given that TNBC may resemble a benign tumor 
such as a fibroadenoma at US (appearing as an oval mass 
with parallel orientation and posterior acoustic enhance-
ment), careful review of the margins of breast tumors at so-
nography is recommended to evaluate for any features that 
would necessitate biopsy (Fig 8).

In the Dogan and Turnbull (34) study, the US findings were 
negative in 6.8% of cases of TNBC. In their study, three of the 
44 (6.8%) cancers were sonographically occult. Two of these pa-
tients had calcifications detected at presentation, and the third 
patient had axillary metastasis from an occult breast cancer 
that was identifiable with MRI only (34). At US, TNBC most 
commonly manifests as an irregularly shaped hypoechoic mass 
with microlobulated margins. However, TNBC may have the 
sonographic appearance of a benign mass.

MRI Features
The most common MRI feature of TNBC is an enhancing 
mass, which is seen in 82%–95% of affected patients (37,38). 
While the margins can be noncircumscribed or circumscribed, 
circumscribed margins are more suggestive of TNBC. Rim 
enhancement (Fig 9) is the most common internal enhance-
ment pattern in TNBC, seen in 41%–80% of patients (37,38). 
Rim enhancement reflects active tumoral angiogenesis, and 

Figure 4. TNBC of the right breast in a 74-year-old 
woman. Right mediolateral oblique mammogram 
shows a 3-cm irregular noncalcified mass (dashed 
arrow) with spiculated margins and a 2.5-cm enlarged 
axillary lymph node (solid arrow).
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its presence has been closely associated with lymphovascular 
invasion, a known risk factor for recurrence (39).

Additional imaging characteristics that are strongly sug-
gestive of TNBC include high T2 intratumoral signal intensity 
(seen in 52% of cases) (40) and intratumoral necrosis (seen 
in 25%–48% of cases), which is characterized by the presence 
of areas of very high intratumoral signal intensity on T2-
weighted MR images (Fig 10A). Costantini et al (40) found 
that peritumoral edema was more common with TNBC (52% 
of cases) than with HER2-positive (45% of cases) and luminal 
(13% of cases) cancers. Because peritumoral edema reflects 
the fast growth of TNBC, it has been tied to chemotherapy 
resistance (Fig 10B–10D) and early recurrence of TNBC (41).

Peritumoral edema can sometimes be misdiagnosed as 
areas of nonmass enhancement (Fig 11). Nonmass enhance-
ment is not a typical TNBC imaging feature; it is seen in 
16% of TNBCs versus in 29% of HER2-positive cancers and 
17.3% of luminal cancers (40). Youk et al (42) reported that 
on diffusion-weighted MR images, the mean apparent dif-
fusion coefficient (ADC) value for TNBC was higher (1.03) 
than that for ER-positive (0.89) and HER2-positive (0.84) 
 cancers (P < .0001). TNBCs are more likely to be unifocal, but 
multifocal or multicentric disease is seen in 27% of cases (Fig 
12) (43). At breast MRI, TNBC most commonly manifests as 
an enhancing mass with irregular or circumscribed margins. 
The most characteristic internal enhancement pattern is that 
of rim enhancement.

PET/CT Features
In patients with breast cancer, fluorine 18 fluorodeoxyglucose 
(FDG) PET/CT has been used for initial staging, identifying dis-
tant metastases, restaging local-regional recurrence, and mon-
itoring response to treatment (44). Studies have demonstrated 
a correlation between the degree of FDG uptake and the sub-

type of breast cancer, with higher avidity seen in patients with 
poor prognostic features such as high tumor grade, hormone 
receptor negativity, triple negativity, and metaplastic tumors 
(45). In a study by Koo et al (46), TNBC and HER2-positive 
cancers showed higher maximal standardized uptake values 
than those of luminal A malignancies. This higher FDG avidity 
in TNBCs is believed to be related to their aggressive biologic 
behavior (Fig 13). In addition, significantly higher maximal 
standardized uptake values have been correlated with certain 
MRI breast features that are often seen in TNBC, such as high 
T2 signal intensity and a heterogeneous or rim enhancement 
pattern (47).

Imaging Features Predictive of TNBC Response to 
Treatment
Assessment of the TNBC response to NAC is dependent on 
the type of imaging modality being used. Conventional an-
atomic imaging modalities such as mammography and US 
rely on changes in tumor size, density, and morphology. 

Figure 5. Right breast TNBC in a 44-year-old 
woman who is a BRCA1 mutation carrier and 
has a Ki-67 index (proportion of Ki-67-express-
ing cells divided by the proportion of tumor 
cells) of 91%. (A) Right mediolateral oblique 
mammogram shows an 8-cm, high-density, 
noncalcified round mass (solid arrow) in the 
upper outer quadrant and associated axillary 
adenopathy (dashed arrow). (B) Axial chest 
CT image shows the mass (solid arrow) with 
microlobulated and indistinct margins invading 
the overlying skin (dashed arrow).

Figure 6. Right breast TNBC in a 54-year-
old woman. Right breast mediolateral oblique 
mammogram shows a 3.5-cm, high-density, ir-
regularly shaped mass (arrow) in the lower inner 
breast, correlating with the palpable abnormality 
(triangular marker). Note the posterior location 
of the tumor.
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Functional imaging modalities such as breast MRI can be 
used to evaluate not only changes in size and morphology 
but also vascularity and metabolic activity.

With MRI assessment of breast cancer response to NAC, the 
pattern of tumor shrinkage, in addition to the size of the tumor, 
should be evaluated and reported, as the shrinkage pattern is 

Figure 7. US features of TNBC in four patients. 
(A) Longitudinal image in a 50-year-old woman 
shows TNBC as a 3-cm round mass with microlo-
bulated and angular margins (arrow). (B) Longitu-
dinal image in a 40-year-old woman shows TNBC 
as a 3-cm oval mass that is parallel in orientation 
with posterior acoustic enhancement (arrows). 
Note that this mass has a microlobulated superfi-
cial margin. (C) Transverse image in a 30-year-old 
woman shows TNBC as a 5-cm oval complex cys-
tic and solid mass (arrows). (D) Transverse image 
in a 64-year-old woman shows TNBC as a 2-cm 
irregularly shaped mass with angular margins 
(arrow).

Figure 8. Left breast palpable abnormality 
in a 39-year-old woman. (A) Left craniocaudal 
mammogram shows a 0.9-cm oval mass (dashed 
arrow) in the upper outer breast correlating with 
the palpable area of concern (triangular marker 
[*] ). This lesion was shown to represent an intra-
mammary lymph node at subsequent US. A 1-cm 
oval mass (solid arrow) at the posterior depth was 
incidentally noted. (B) On a transverse US image, 
the 1-cm mass appears to have an oval shape 
and circumscribed margins (arrow). (C) Six-month 
follow-up US image shows a 1.4-cm irregularly 
shaped mass with microlobulated margins (arrow). 
US-guided biopsy revealed TNBC.
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Figure 9. MRI features of TNBC in a 
66-year-old woman. Axial postcontrast 
T1-weighted subtraction MR image shows 
TNBC as a 3-cm round mass with thick and 
irregular rim enhancement (arrows).

Figure 10. Metaplastic (spindle cell) TNBC of the right breast in a 57-year-old woman. (A) Axial T2-
weighted MR image shows a 6-cm round mass with areas of very high T2 signal intensity (arrows) 
consistent with areas of intratumoral necrosis and surrounding peritumoral edema. The patient 
was started on NAC. (B–D) Serial postcontrast MR images show increased tumor size, indicating 
progression of disease and resistance to chemotherapy. Axial postcontrast T1-weighted pretreat-
ment MR image (B) shows a 6-cm heterogeneously enhancing mass (arrow in B). Axial postcontrast 
T1-weighted midtreatment MR image (C) shows that the mass (arrow in C) has increased in size and 
now measures 7 cm. Axial postcontrast T1-weighted posttreatment MR image (D) shows that the 
mass (arrows in D) is continuously growing and now measures 8 cm. The surgical-pathologic speci-
men (not shown) revealed a residual mass measuring 8 cm in largest diameter.

useful for surgical planning. Two types of shrinkage patterns 
are possible in patients who undergo NAC: concentric and non-
concentric. The concentric pattern is the most common in the 
setting of TNBC (Fig 14), occurring in 66.2% of cases, and is a 
favorable predictor for pCR (48) and achievement of negative 
surgical margins in patients who are selected for breast con-
servation surgery (49). Breast MRI outperforms conventional 
imaging and clinical examination in the prediction of residual 
disease after NAC (50). In a meta-analysis (51), breast MRI had 
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an area under the receiver operating characteristic curve of 0.88 
for predicting residual disease across all subtypes. However, 
Kim et al (52) found that the performance of breast MRI varied 
according to breast cancer subtype. In their study, the accuracy 
of MRI in predicting pCR was 85.6% for TNBC and 69.3% for 
hormone receptor–positive, HER2-positive disease.

Breast MRI in the setting of TNBC has been shown to have 
high negative predictive values (60%–90%) (53,54), implying 
that if breast MRI shows a complete response after NAC, the 
likelihood of pCR at surgical-pathologic analysis is high. Breast 
MRI also facilitates the best agreement between the imag-
ing-determined size of the residual tumor after NAC and the 
pathologically determined size of the residual tumor. The agree-
ment between breast MRI–determined residual tumor size and 
pathologically determined residual tumor size is best for TNBC 
and worst for ER-positive, HER2-negative tumors (52,55).

To enable tailored treatment, efforts have been made to find 
imaging biomarkers that can be used to predict response to 
NAC. Findings at diffusion-weighted imaging are some of the 
imaging biomarkers that are being investigated for determin-
ing early treatment response. One study (56) showed that mean 

TNBC pretreatment apparent diffusion coefficient (ADC) val-
ues (± standard deviations) were lower in complete responders 
(1.060 × 10−3 mm2/sec ± 0.143) and higher in partial responders 
(1.227 × 10−3 mm2/sec ± 0.271). Partridge et al (57) found no 
difference in the absolute pretreatment ADC values between 
responders and nonresponders to neoadjuvant therapy. How-
ever, they found that the ADC value progressively increased 
among patients who achieved a pCR compared with patients 
who did not achieve a pCR and that there was a significant dif-
ference in the mean percentage change in ADC after treatment 
of the TNBC. The increase in ADC values after NAC reflects 
the decreased cellularity that allows water to diffuse freely (57). 
Breast MRI has a high negative predictive value for pCR in the 
setting of TNBC and is the imaging modality at which the im-
aging-determined residual tumor size is most concordant with 
the pathologically determined residual tumor size.

Figure 11. TNBC of the right breast in a 63-year-old woman. (A) Axial postcontrast T1-weighted subtraction MR image shows a 5-cm complex cystic and 
solid enhancing mass (*) with thick irregular rim enhancement (arrow). (B) Axial late phase postcontrast T1-weighted subtraction MR image shows associated 
nonmass enhancement (arrow). (C) Axial T2-weighted MR image shows peritumoral edema (arrow). MRI-guided biopsy of the area of nonmass enhancement 
(not shown) showed reactive changes and lymphocytic perilobulitis, indicating that the nonmass enhancement represented peritumoral edema.

Figure 12. TNBC in both breasts in a 32-year-old woman. Maximum in-
tensity projection breast MR image shows a unifocal 2-cm mass (dashed 
arrow) in the right breast upper outer quadrant. Also demonstrated are 
multiple masses (solid arrows) of varying sizes in the left breast, consistent 
with multicentric disease.

Figure 13. Triple-negative invasive ductal carcinoma in a 33-year-old 
woman. Axial PET/CT image shows focal FDG uptake in the mass (arrow). 
PET/CT has high sensitivity for TNBC. Higher FDG uptake is related to en-
hanced glycolysis and a higher proliferation rate, which are characteristic 
of TNBC.
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Clinical Management and Outcomes of TNBC

Lymph Node Involvement
Plasilova et al (11) reported that TNBC had a lower rate of 
lymph node involvement than other molecular subtypes of 
breast cancer after adjustments for tumor size and grade. 
This was confirmed by Liu et al (58) in a study involving 528 
women with primary breast cancer. They found that TNBC 
and luminal A breast cancers were node negative more often 
(in 77.4% and 73.4% of cases, respectively) than luminal B and 
HER2-positive breast cancers (in 45.3% and 40.0% of cases, 
respectively). Nodal involvement with TNBC significantly 
affects overall survival. Hernandez-Aya et al (59) reviewed 
1711 TNBCs and found that the 5-year overall survival rate 
decreased with increasing number of positive axillary lymph 
nodes, with 5-year overall survival rates of 80% for node-neg-
ative disease, 65% for N1 disease (one to three positive lymph 
nodes), 48% for N2 disease (four to nine positive lymph nodes), 
and as low as 44% for 10 or more positive lymph nodes.

Treatment
The local-regional treatment options for TNBC are similar to 
those for other types of breast cancer and include lumpec-
tomy with radiation therapy and mastectomy with or without 
radiation therapy (Fig 15). Neoadjuvant systemic therapy is 
the standard of care for stages II–III TNBC but remains con-
troversial for treatment of stage T1 TNBC (60). Owing to the 
absence of actionable targets in TNBC, such as estrogen, pro-
gesterone, and HER2 receptors, until very recently the only 
systemic treatment option for TNBC was traditional cytotoxic 
chemotherapy consisting of anthracycline- and cyclophos-
phamide-based treatment combined with taxane therapy, 
sometimes with the addition of platinum agents. pCR after 
NAC has been shown to correlate with excellent long-term re-
sponse and survival, establishing pCR as an important prog-
nostic marker for TNBC (61).

Improved understanding of TNBC biologic factors, tumoral 
intrinsic and microenvironment heterogeneity, and co-evolu-
tion of the tumor-immune system has led to the development 
of advanced targeted agents (61). One of the most promising 
targeted therapies for TNBC is inhibition of the poly (adenos-
ine diphosphate–ribose) polymerase (PARP) enzyme system 
in BRCA1- and BCRA2-deficient cells. The rationale for this 
therapy is the inhibition of one of the mechanisms to repair 
DNA (Fig 16). PARP1 is involved in the repair of single-strand 
breaks (SSBs) in DNA. If the ability of a cell to repair SSBs is 
inhibited, as in the case with a PARP1 inhibitor, SSBs accumu-
late and become double-strand breaks (DSBs).

DSBs are lethal to cells unless they are repaired by the ho-
mologous recombination repair pathway. The homologous 
recombination repair pathway is deficient in BRCA mutation 
carriers. Accordingly, TNBCs carrying BRCA mutations and/
or other similar DNA repair pathway mutations are sensitive 
to PARP inhibitor therapy (62). Thus, the use of PARP inhibi-
tors will hinder the repair of SSBs, and without a functioning 
homologous recombination repair pathway, two DNA repair 
systems will be damaged and result in cell death. This briefly 
explains how PARP inhibitors can kill tumor cells that are de-
fective in BRCA genes without affecting the survival of cells 
with normal BRCA functioning. PARP1 inhibitors have been 
approved as targeted treatments for TNBC in patients with 
BRCA mutations (62). Their role in the treatment of sporadic 
TNBC is still under investigation.

Similarly, the discovery of the high activity of immune 
checkpoint inhibitors in TNBC led to multiple clinical trials be-
ing conducted to evaluate the role of anti–PD-1 and anti–PD-
L1 inhibitors for the treatment of TNBC. The KEYNOTE-522 
trial (63) showed higher rates of pCR with use of combined 
pembrolizumab, a PD-1–targeted antibody, and chemother-
apy, as compared with the use of chemotherapy alone, leading 
to the U.S. Food and Drug Administration approval of pem-
brolizumab for treatment of TNBC in 2021. Multiple ongoing 

Figure 14. Triple-negative invasive ductal carcinoma of the right breast in a 40-year-old woman. (A) Axial postcontrast T1-weighted subtraction pretreat-
ment MR image shows a 3-cm round mass (arrow) with homogeneous enhancement in the upper inner quadrant. (B) Axial postcontrast T1-weighted subtrac-
tion midtreatment MR image shows a 1-cm mass (arrows) with a pattern of concentric shrinkage. The central area with a signal void is related to susceptibility 
artifact from a biopsy clip. (C) Axial postcontrast T1-weighted subtraction posttreatment MR image shows a biopsy clip susceptibility artifact (*) but no evi-
dence of enhancement, indicating complete resolution of the mass. The imaging findings are consistent with a complete imaging response. Final pathologic 
analysis revealed no residual carcinoma in the breast.
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Figure 15. Options for treatment of TNBCs. AR = androgen receptor, PARP = poly (ADP-ribose), PI3K/AKT/mTOR = phosphoinositide 3–kinase/protein ki-
nase B/mammalian target of rapamycin.

Figure 16. Diagram illustrates how normal cells use several 
mechanisms to repair DNA. One of these mechanisms involves 
the use of BRCA1 and BRCA2 proteins to help repair DNA 
double-strand breaks (DSBs) by means of homologous recombi-
nation (HR). Another mechanism used to repair DNA is the poly 
(adenosine diphosphate–ribose) polymerase (PARP) system, 
which helps to repair DNA single-strand breaks (SSBs). Efficient 
SSB repair is essential for cell survival. Unrepaired SSBs can 
be converted to DSBs, which are toxic to cells. HR is the major 
pathway to repairing such DSBs during cell replication. HR-pro-
ficient cells can repair DSBs to ensure genome stability and cell 
survival, while HR-deficient cells (in BRCA mutation carriers) 
cannot repair DSBs and undergo apoptosis and eventually cell 
death.
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clinical trials are being conducted to evaluate other targeted 
agents for the treatment of TNBC (64).

Recurrence after Treatment of TNBC
There are three main types of breast cancer recurrence: lo-
cal, regional, and distant. With local recurrence, the cancer 
recurs in the breast where it was initially diagnosed. With 
regional recurrence, the cancer recurs in nearby lymph 
nodes or the chest wall. With distant recurrence, also re-
ferred to as metastasis, the cancer recurs at another site in 
the body. Local and regional recurrences are often grouped 
together and termed local-regional recurrences. A part of 
what makes TNBC notoriously aggressive is the high rates 
of local and distant recurrences following initial regression 
with chemotherapy.

The rate of local-regional recurrence of TNBC is 7.4%–
13.5% (65,66) and is higher than that of other breast can-
cer subtypes. Sixty percent of local-regional recurrences of 
TNBC involve the lymph nodes (67). The high rate of lo-
cal-regional recurrence of TNBC is probably related to the 
fact that therapies targeting hormone receptor and HER2 
are not effective against TNBC.

The rate of distant recurrence of TNBC is approximately 
27.4% (67), and the risk of distant recurrence peaks the 3rd 
year after the diagnosis. The median survival time after the 
diagnosis of metastasis is 13.3 months (10). Lin et al (10) re-

ported that 46% of cases of distant metastasis of TNBC are in 
the central nervous system and that 41% of these cases are in 
the lung.

The risk of recurrence of TNBC is unique in that it is the 
highest within the first 5 years after diagnosis. Investigators 
in one study (68) found that patients with TNBC had high re-
currence rates 1–4 years after the initial diagnosis and that 
the risk of recurrence rapidly decreased to virtually no risk of 
recurrence at 8 years after the diagnosis. Conversely, the risk 
of recurrence for non–TNBCs is steady, continuing for more 
than 10 years after diagnosis. Recurrent TNBC usually pro-
gresses rapidly and exhibits a strong resistance to chemother-
apy and radiation therapy (Fig 17).

Imaging Biomarkers for TNBC Recurrence
Identification of patients who are at high risk for TNBC re-
currence is important for guiding posttreatment surveillance. 
Therefore, efforts have been made to determine whether any 
TNBC MRI features are associated with the likelihood of re-
currence. The functional tumor volume (FTV) measured by 
using breast MRI during the course of neoadjuvant treatment 
has been shown to be a strong predictor of recurrence. The 
FTV assessed after one cycle of chemotherapy can be helpful 
in predicting recurrence-free survival for patients with ear-
ly-stage TNBC (69).

Currently there is extensive research on potential radio-
mic predictors of outcome. Such research has shown that 
tumors with higher heterogeneity are associated with poor 
survival. Koh et al (70) analyzed the three-dimensional radio-
mic features of TNBC. They extracted 3995 radiomic features, 
selected 32 features, and generated a radiomic score. The ra-
diomic score was correlated with clinicopathologic features 
and accurately predicted disease-free survival. Investigators 
in one study (71) reported that radiomic models based on the 

Figure 17. Triple-negative metaplastic carcinoma of the left breast in a 38-year-old woman. (A) Axial 
postcontrast T1-weighted MR image shows the malignancy as an 8-cm area of nonmass enhancement 
with regional distribution (arrows). (B) Axial postcontrast T1-weighted subtraction MR image in the 
early phase after NAC shows no residual enhancement. A biopsy clip–related susceptibility artifact 
(arrow) is noted. (C) Axial postcontrast T1-weighted subtraction MR image in the late phase after NAC 
shows no residual enhancement, with the biopsy clip–related susceptibility artifact (arrow) still seen. 
The patient underwent surgery, which revealed a 1-mm focus of residual carcinoma. (D) Maximum 
intensity projection breast MR image 1 year after the completion of segmental mastectomy and radia-
tion therapy shows numerous areas of nonmass enhancement and multiple foci suggestive of recur-
rence involving four quadrants (arrows). US-guided biopsy confirmed the recurrence.
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combination of pre- and post-MRI features performed well in 
predicting recurrence within 3 years after NAC. However, the 
results of these studies need to be validated with multicenter 
studies and large cohorts of patients. Radiomic features are 
expected to be key prognostic factors in TNBC in the future.

Conclusion
TNBCs are an aggressive and heterogeneous group of can-
cers with a wide range of histologic, molecular, and imag-
ing profiles and variable responses to treatment. TNBCs may 
have benign imaging features, which can lead to radiologists 
misdiagnosing them, and may rapidly progress to a higher 
stage if not properly diagnosed and treated.

Racial and age disparities have been observed among pa-
tients with TNBC, and it is critical that future research be de-
signed to improve understanding of the factors that contrib-
ute to these disparities.

As a result of advances in genomic profiling, TNBC has 
been classified into molecular subtypes that respond differ-
ently to systemic therapy. Although traditional chemotherapy 
is currently the mainstay of systemic therapy for TNBC, it has 
limited effectiveness. Immunotherapy drugs and other ad-
vanced therapies, such as PARP inhibitors, have recently been 
added to the options that are available for treating patients 
with TNBC. Numerous clinical trials on TNBC therapy are 
underway. In addition, imaging and pathologic biomarkers to 
predict tumor recurrence and response to chemotherapy are 
under investigation. The use of these biomarkers may pave 
the way to personalized treatment for patients with TNBC.
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