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Triple negative breast cancer
Trojno negativni rak dojk

Tanja Tašner Rajtmajer,1 Darja Arko,1,2 Iztok Takač,1,2 Monika Sobočan1

Abstract
Triple negative breast cancer (TNBC) represents 10–20% of all breast cancer types and is characterized by the lack of ex-
pression of oestrogen receptors, progesterone receptors and HER2 receptor. If the tumour is negative also for androgen 
receptors, it is called quadruple negative breast cancer. TNBC differs in many ways from other types of breast cancer. The 
incidence is higher in Afro-Americans and younger women. Histologically, tumours are mainly high-grade invasive ductal 
carcinomas. Systemic spread is more common than local recurrence, and there are more visceral metastases. Compared 
to other types of breast cancer, time to disease recurrence is shorter and overall survival is worse. The only effective stan-
dard systemic treatment is chemotherapy. PARP inhibitors and immunotherapy show promising results in some subtypes 
of TNBC. Several clinical trials are still ongoing.

Izvleček
Trojno negativni rak dojk (TNRD) predstavlja 10–20 % vseh primerov raka dojk. Zanj je značilno, da estrogenski receptorji, 
progesteronski receptorji in receptor HER2 niso izraženi. Kadar je tumor negativen tudi za androgene receptorje, govorimo 
o četverno negativnem raku dojk. TNRD se v številnih lastnostih razlikuje od ostalih tipov raka dojk. Incidenca je višja pri 
Afroameričankah in mlajših ženskah. Histološko gre večinoma za invazivne duktalne karcinome, ki so v večjem deležu 
slabo diferencirani. Pogosteje pride do sistemskega razsoja bolezni kot pa do lokalnega recidiva. Pogosteje kot ostale vrste 
raka dojk zaseva v visceralne organe. Slabše je celokupno preživetje, čas do ponovitve bolezni pa je krajši. Edino učinkovito 
standardno sistemsko zdravljenje je kemoterapija. Med novejšimi zdravili za zdravljenje TNRD kažejo svojo učinkovitost 
zaviralci PARP in imunoterapija, vendar le pri določenih podtipih TNRD. Številne klinične raziskave na tem področju že 
potekajo.
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1 Introduction

According to the Cancer Registry of the Republic 
of Slovenia for 2016, breast cancer is (with the excep-
tion of non-melanoma skin cancer) by far the most 
common cancer in women in Slovenia (1). In 2016, 
1,386 women were newly diagnosed with breast can-
cer in Slovenia. This means the incidence is 133.2 per 
100,000 women (1).

One of the types of breast cancer is triple-negative 
breast cancer (TNBC). This is a heterogeneous group 
of cancer cases characterized by the fact that they are 
negative for expression of oestrogen receptors, pro-
gesterone receptors and the human epidermal growth 
factor receptor 2 (HER2). TNBC has a more aggressive 
behaviour and worse survival (2).

2 Epidemiology and aetiology

TNBC accounts for 10–20% of all breast cancer cas-
es (3-8). The incidence of the disease is higher in Afri-
can-American women and younger women (8,9). Data 
analyses from the California Cancer Registry collected 
between 1988 and 2006 showed that TNBC is more 
common in African-American women compared to 
other races in all age groups. The analyses also show 
that the incidence of other types of breast cancer in-
creases with age, while the incidence of TNBC is con-
stantly below 50 cases per 100,000 women. The plateau 
in the incidence of TNBC occurs after the age of 60 
(10). A larger study, which included 2,658 breast cancer 
patients (of which 554 had TNBC) and 2,448 controls, 
investigated the link between reproductive factors and 
TNBC and found that breastfeeding reduces the risk of 
TNBC; age at menarche, age at first birth, and number 
of births were not associated with the risk of TNBC 
(11). Unlike other types of breast cancer, TNBC is not 
associated with age at menopause, menopausal status, 
and type of menopause. Also, the use of exogenous hor-
mones – oral contraception and hormone replacement 
therapy – does not seem to be associated with TNBC. 
A positive family history increases the risk of all types 
of breast cancer (9). The link between TNBC and obe-
sity, however, remains controversial. A meta-analysis 
published by Pierobon et al. in 2013 showed that obese 
women (body mass index – BMI >30) had a 20% high-
er risk of TNBC compared to women with BMI <30 
(12). Another study found that 50% of women with 
TNBC were obese, while this proportion was lower in 

other types of breast cancer at 36% (13). A later study 
published in 2015, which included African-American 
women, did not confirm this. However, they found 
that higher BMI (>35) in postmenopausal women was 
associated with a lower risk of TNBC, and in younger 
women, BMI was not associated with the incidence of 
TNBC compared to other types of breast cancer (14).

Due to the aggressive course of the disease, TNBC, 
despite the smaller proportion among breast cancer 
types, is responsible for a large proportion of deaths 
associated with this disease (8). A retrospective study 
published by Dent et al. found that women with TNBC 
were younger at diagnosis, had a higher risk of recur-
rence and of death within 5 years of diagnosis, but not 
later. Also, in patients with TNBC, the tumours were 
larger compared to tumours of other types of breast 
cancer at diagnosis (5).

BRCA 1 and BRCA 2 are tumour suppressor genes 
involved in repairing DNA damage. Mutations in these 
genes increase the chance of developing breast cancer. 
In 2018, a meta-analysis that examined the relation-
ship between BRCA status and TNBC was published. 
It showed that TNBC is more common in patients 
with the BRCA 1 mutation compared to carriers of the 
BRCA 2 mutation and in those without the mutation 
(15). Among carriers of the BRCA 1 mutation who are 
diagnosed with breast cancer, 70% are TNBCs (16). 
Mutations in BRCA 1 and BRCA 2 occur in 3.4% of 
breast cancers (17) and up to 37% in TNBC (18,19).

3 Characteristics, histological 
examinations and classification of TNBC

As with all types of breast cancer, the vast major-
ity (approximately 95%) of TNBCs are histologically 
invasive ductal carcinomas. Other histological types 
include medullary carcinoma, lobular carcinoma, met-
aplastic carcinoma, and other rarer types (2,20,21).

Diagnosis of TNBC is based on determining the 
status of hormone receptors (HR) and the HER2 re-
ceptor on samples of core needle biopsies or on sam-
ples of removed tumours. Determination of oestrogen 
receptors (ER) and progesterone receptors (PR) in 
breast cancer is immunohistochemical. The HR and 
the HER2 status are determined in accredited labora-
tories in accordance with the recommendations of the 
American Society of Clinical Oncology (ASCO) and 
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the College of American Pathologists (CAP), which set 
out precise protocols for tissue preparation and evalu-
ation of samples (22,23). It is important that the time 
from tissue acquisition to fixation should be as short 
as possible and the samples should be sliced at 5-mm 
intervals. The laboratory must have a precise record of 
the time the samples are processed, and must also have 
internal and external quality control. When receptors 
on the nucleus of tumour cells are present in 1–100% 
of breast cancer tissue samples, the result is defined as 
a hormone-positive tumour. The proportion of posi-
tive cells must be stated in the pathohistological report. 
The efficacy of hormone therapy is corresponding to 
the proportion of hormone-positive cells, so in the 
case where receptors are present in only 1–10% of cells, 
we speak of low-positive tumours. Particularly in such 
cases, quality control is important, as data on the effec-
tiveness of hormone therapy in low-positive tumours 
are limited. A tumour is hormone receptor negative 
when hormone receptors are present in less than 1% of 
cells (22,24). It is important that the percentage reflects 
the number of positive cells in the whole sample, not 
just the areas with the highest expression (24).

The HER2 gene encodes a growth factor receptor 
and is amplified in about 15% of breast cancers (25). 
HER2 status is determined immunohistochemically 
and/or by fluorescence in situ hybridization (FISH). 
When a tumour is immunohistochemically negative or 
has a weak membrane immunohistochemical reaction 
and a normal number of HER2 genes, we speak of a 
HER2-negative tumour (23,25). Immunohistochemi-
cally, tumours are classified according to the propor-
tion of stained cells into four groups: negative reaction 
(0), weak positive reaction (1+), moderate positive re-
action (2+) and positive (3+) reaction. When the reac-
tion is 0 or 1+, the tumour is HER2 negative and when 
it is 3+, it is positive. In the case of 2+, the result is 
considered borderline, so in situ hybridization is nec-
essary (23).

Although the diagnosis is made immunohisto-
chemically based on the absence of receptors, TNBC 
also has certain typical histological features. Within 
the tumour, areas of necrosis and connective tissue 
proliferation are common, and lymphocyte infiltration 
is present, which is also more pronounced in the tissue 
around the tumour (20,21). It is the lymphocytes that 
infiltrate tumour tissue (tumour infiltrating lympho-
cytes; TIL) that are becoming an increasingly import-
ant prognostic marker. The presence of many TIL in 
TNBC is associated with a better response to adjuvant 
and neoadjuvant chemotherapy, as well as prolonged 

survival and time to progression (24). TNBCs are more 
often poorly differentiated compared to other types of 
breast cancer and are mostly basal-like (17).

Based on gene expression, TNBC can be divided 
into four subtypes: basal-like 1 and 2 (differing in im-
mune response), mesenchymal, and luminal andro-
gen. Individual subtypes are differently sensitive to 
chemotherapy and also differ in survival. Based on the 
analysis of DNA and RNA profiles, TNBC is divided 
into four subtypes: luminal androgen, mesenchymal, 
basal-like immune-suppressed subtype and basal-like 
immune-activated. Each subtype has certain specific 
treatment targets (e.g. androgen receptor in the lumi-
nal androgen subtype) and a different prognosis (e.g. a 
basal-like immune-activated type has a better progno-
sis than the immune-suppressed one) (24).

For TNBC, in which androgen receptors (AR) are 
also absent, the term quadruple-negative breast cancer 
(QNBC) is used in the literature. These are 10–50% of 
all TNBCs (26,27).

The impact of AR on TNBC prognosis is not en-
tirely clear, although most data suggest that the pres-
ence of AR is associated with better prognosis. The 
rate of pathological complete responses to neoadju-
vant chemotherapy is lower in TNBCs with expressed 
AR, but the time to disease recurrence is longer and 
overall survival is better (27). In clinical trials, AR is 
being considered as a possible target for treatment with 
antiandrogenic drugs (bicalutamide, enzalutamide) 
and cytochrome P450 17α-hydroxylase/17,20-lyase 
(CYP17) enzyme inhibitors such as abiraterone acetate 
(28), but clear conclusions which would affect clinical 
practice are not yet available.

4 Clinical features and imaging

Due to the faster growth of TNBC – compared to 
other types of breast cancer – this type of cancer is 
more often detected clinically than during mammog-
raphy as part of a screening programme (8). This is al-
so due to the fact that TNBC mainly affects younger 
women who are not included in breast cancer screen-
ing programmes.

On mammography, TNBC is presented  as a tumour 
mass, usually without the characteristic calcifications 
(20). Several studies have compared the characteristics 
of TNBC and other types of breast cancer according 
to a series of imaging studies. A study published by 
Kim et al. in 2013 showed that TNBC is presented on 
a mammogram as a hyperdense tumour mass (89%), 
oval (69%) or lobular (29%) in shape, with indistinct 
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(43%) or circumscribed (32%) margins (29). In other 
types of breast cancer, the margins are often irregular-
ly shaped, spiculated, with calcifications present (20). 
According to data published in 2008 by Yang et al., cal-
cifications in TNBC were present in 15% of tumours 
and in more than 60% in other types of breast cancer 
(30,31).

The ultrasound shows TNBC as a hypodense struc-
ture without microcalcifications (20). According to data 
from the aforementioned Kim study, TNBC was a hy-
poechoic mass (82%), irregular (69%) or oval (29%) in 
shape, with circumscribed (18%) or indistinct (18%) 
margins. Paralel tumour orientation (69%) was also 
characteristic (29). Posterior acoustic shadow is also de-
scribed in the literature as one of the characteristics of 
a malignant breast tumour. But opinions on this are di-
vided. In some cases, it has been found to be present in 
only 5% of TNBCs (31) and, according to other data, in 
up to 40% (20). Ultrasound examination is particularly 
important in women under the age of 35, and in case of 
suspicious abnormalities at  mammogram (32). In ad-
dition, magnetic resonance imaging (MRI) can also be 
used for imaging (20).

The diagnosis of TNBC is made on the basis of a his-
tological examination of the primary tumour, although 
the degree of HR expression and HER2 status can also 
be determined in samples of fine-needle biopsies by cy-
tological examination. However, such a method is suit-
able only in diagnosing metastases (32).

5 Metastases and survival

In the way the disease recurs, TNBC differs from 
other types of breast cancer. TNBC has the highest rates 
of distant metastases in the timeframe of three to five 
years from the time of diagnosis and then rapidly sub-
sides; this is in contrast to other types of breast cancer, in 
which there is no apparent decline in the risk of disease 
recurrence (5,8,33). Systemic recurrence is more com-
mon than local recurrence (20). With the appearance of 
distant metastases local recurrence is rarely present. In 
addition, a conclusion about the occurrence of distant 
metastases cannot be made on the basis of local recur-
rence in TNBC (5). The mean time to disease recurrence 
is 1.2 years shorter in TNBC than in other types of breast 
cancer (34). According to a Slovenian study published 
in 2011 by Ovčariček et al. showing 269 TNBC patients 
treated at the Institute of Oncology in Ljubljana between 
March 2000 and December 2006, systemic recurrences 
predominated in 92%, while exclusively local recurrenc-
es of the disease were rare and occurred in 2% (33).

TNBC patients have an increase incidence of vis-
ceral metastases compared with other types of breast 
cancer (11,33). The results of a study published by Dent 
et al. showed that within five years of diagnosis bone 
metastases occurred with about the same frequency in 
TNBC as in other types of breast cancer, whereas vis-
ceral metastases occurred four times as often in TN-
BC (35). A 2013 study by Tsenga et al. found that in 
TNBC the first site of distant metastases was bones in 
22.9%, lungs in 20%, liver in 13.7%, pleura in 8.8%, and 
brain in 6.8%. 18% of patients had metastases at mul-
tiple sites when they were diagnosed with the systemic 
recurrence (36).

The average survival after recurrence was 9 months, 
according to a study by Dent et al. (5). According to a 
retrospective study published in 2009 by Kassam et al., 
which included 111 patients with TNBC that had me-
tastasized, the median survival was 13.3 months (37).

The aggressive characteristics of TNBC (higher de-
gree of differentiation, larger size of the tumour at diag-
nosis, higher Ki-67 expression) are most likely the main 
reason for poorer overall survival and shorter time to 
disease recurrence. The high risk of recurrence of TN-
BC decreases with age and is almost the same after five 
years as with other types of breast cancer (34).

In the aforementioned Slovenian study, the 5-year 
overall survival was 74.5% and the 5-year-disease-free 
survival was 68.2% (33). Similar findings were shown 
by a larger study published by James et al. in 2018, cov-
ering 1,390 patients with TNBC. A 5-year survival was 
72% and a 10-year survival was 61%, considering that 
there were no distant metastases at diagnosis. This study 
also found that 69.8% of patients were disease-free after 
5 years and 60.9% after 10 years (38). A small retrospec-
tive study published by Gonçalves et al. in 2018, which 
included 447 breast cancer patients, shows a 5-year 
survival and disease-free survival 62.1% and 57.5% for 
TNBC compared to 80.8% and 75.3% in other types of 
breast cancer (39).

6 Systemic treatment

6.1 Standard treatment

Due to the absence of hormone receptors and HER2 
receptors, treatment with conventional cytostatics is 
the only effective standard systemic treatment. Anth-
racyclines and taxanes are used in adjuvant treatment. 
Several studies have shown that platinum derivatives 
are effective in the treatment of TNBC in patients with 
the BRCA mutation in neoadjuvant regimen. There 
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is currently no strong evidence to support the use of 
platinum derivatives in the adjuvant treatment of all 
TNBCs (40-42). According to the recommendations of 
the European Society for Medical Oncology (ESMO), 
platinum derivatives are not routinely used, but are 
suitable for selected young patients carrying BRCA 1 
and BRCA 2 mutations with larger tumours (43,44). 
For TNBC stage II and III, European and Slovenian 
guidelines recommend neoadjuvant chemotherapy 
(43,45). As a recent meta-analysis has shown, a patho-
logical complete response after neoadjuvant chemo-
therapy, especially in TNBC, is associated with a sig-
nificantly longer period of disease-free survival and 
overall survivall. In patients with TNBC who achieved 
a pathologically complete response with neoadjuvant 
chemotherapy, the 5-year survival was 90%, and in 
those who had residual disease present after neoad-
juvant chemotherapy, only 57% (46). In patients who 
do not achieve a pathological complete response with 
neoadjuvant chemotherapy with anthracyclines and 
taxanes, it is sensible to add adjuvant treatment with 
capecitabine. A prospective CREATE-X study showed 
that disease-free survival was significantly longer in pa-
tients receiving capecitabine (69.8%) compared to the 
control group (51.6%). Overall survival was also better 
(80.8% vs. 70.3%) (47). On the other hand, data from 
the CIBOMA/GEICAM study published at the end of 
2018 did not confirm the benefit of capecitabine after 
neoadjuvant treatment for all TNBCs. Significantly 
better results regarding disease-free survival and the 
overall survival were shown only for the non-basal-like 
TNBC subgroup (48).

Treatment of metastatic TNBC depends on a vari-
ety of factors, notably the localization of the metasta-
ses, prior treatment, and the general condition of the 
patient. The choice of cytostatics is therefore individu-
al. Given that TNBC most often disseminates to viscer-
al organs and is usually aggressive, it is often sensible 
to use combinations of cytostatics instead of a mono-
therapy (42).

6.2 Treating patients with BRCA 1 and BRCA 2 
mutations with PARP inhibitors

PARP inhibitors are drugs that inhibit the enzyme 
poly(adenosine diphosphate-ribose) polymerase 
(PARP). Tumour cells with the BRCA 1 and BRCA 
2 mutations need PARP to repair defects that occur 
during single-strand division. Healthy cells eliminate 
such defects by other mechanisms, so PARP inhibitors 
have no significant effect on them.

The OlympiAD clinical trial compared the efficacy 
of standard mono-chemotherapy and the PARP inhib-
itor olaparib in patients with the BRCA 1 or BRCA 2 
mutation with metastatic breast cancer. In the group 
receiving olaparib, 45.3% of patients had TNBC. The 
response to treatment was better in patients receiving 
olaparib (59.9%) compared to patients receiving stan-
dard chemotherapy (28.8%), and there was a longer 
disease-free survival (7.0 months vs. 4.2 months) (49). 
Based on this study, the US Food and Drug Adminis-
tration (FDA) approved olaparib for the treatment of 
advanced, HER2-negative breast cancer in carriers of 
the BRCA 1 and BRCA 2 mutations in early 2018, and 
the European Medicines Agency (EMA) a year later.

The largest study in the treatment of metastatic 
breast cancer with PARP inhibitors is the EMBRACA 
study, which evaluated the efficacy of talazoparib. In 
patients with talazoparib, the time to progression was 
statistically significantly longer than in the group re-
ceiving standard chemotherapy (8.6 vs. 5.6 months). 
Among those receiving talazoparib, half of the patients 
(49.8%) had TNBC (50). However, the latest results of 
this study, published in the spring of 2020 at a meet-
ing of the American Association for Cancer Research 
(AACR), showed that there were no differences in 
overall survival between the group receiving talazopa-
rib and the control group (51).

The efficacy of new PARP inhibitors such as velipa-
rib and rucaparib is currently being studied.

6.3 Immunotherapy

In recent years, more emphasis is being put on 
the importance of the immune system in the course 
of TNBC. Among the newer drugs that have shown 
efficacy in clinical trials is the monoclonal antibody 
atezolizumab, which acts on the PD-L1 protein (pro-
grammed cell death ligand-1). PD-L1 binds to PD-1 
(programmed cell death protein-1), which is present 
on T lymphocytes, thereby inhibiting the immune re-
sponse. Increased expression of PD-L1 on some tu-
mour cells ensures that tumour cells avoid an immune 
response (52,53).

The IMpassion 130 clinical trial compared the ef-
ficacy of atezolizumab in combination with the cyto-
statics nab-paclitaxel and nab-paclitaxel with placebo 
in patients with metastatic TNBC who had not previ-
ously been treated with systemic therapy. After a good 
year of follow-up, the median time to progression was 
longer in the group receiving atezolizumab (7.2 vs. 
5.5 months), with a slightly larger difference in the 
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