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ABSTRACT: Breast cancer (BC) is among the most prevalent and aggressive cancers affecting women. One of the main subtypes of 
BC, triple-negative breast cancer (TNBC), is considered the most aggressive and it is associated with high mortality, poor prognosis, 
and early and frequent recurrence, especially in premenopausal women. Unlike other subtypes, hormone receptor (HR) positive 
and human epidermal growth factor receptor 2 (HER2) positive, TNBC does not have specific cellular receptor markers, which 
would favor response targeted treatments. For this reason, the conventional standard-of-care (SOC) for early onset TNBC consists 
of neoadjuvant/adjuvant chemotherapy, alone or in combination with surgery and/or radiotherapy despite its toxic and off-target 
side effects. In recent years considerable efforts have been made to identify specific predictive biomarkers for TNBC to open a 
window for more targeted and precise therapy to improve overall survival and quality of life. Along with immunotherapy immune 
checkpoint inhibitors, targeted-therapies with poly (ADP-ribose) polymerase (PARP) inhibitors and mammalian target of rapamycin 
(mTOR) inhibitors have emerged and show promising results. One of the most recent targeted therapies approved by the FDA and 
EMA is an antibody-conjugate drug (ACD or ADC) called sacituzumab govitecan (SG) (Trodelvy). The results of clinical trials point to 
Trodelvy as a potential novel targeted therapy for TNBC.

Impact statement: Recent advancements in drug development 
have led to an expanded list of FDA and EMA approved drugs 
against triple-negative breast cancer. 

INTRODUCTION
Breast cancer (BC) is a genetically and clinically het-
erogeneous disease with different biological, clinical, 
and molecular characteristics (1). Molecular classi-
fications divide breast cancer into six sub-groups: 
luminal A, luminal B, HER-2, basal, normal breast 
like and claudin-low (2). According to immunohisto-
chemistry (IHC) or a combination of IHC and microar-
ray expression methods (gene signatures), there 
are three main subtypes of BC: Hormone receptor 
positive – estrogen receptor (ER+) or progesterone 
receptor (PR+), human epidermal growth factor re-
ceptor 2 (HER2) positive, and triple-negative (low or 
absence of ER, PR, and HER2 amplification) (3).  

More recent data on molecular classification of 
BC indicate prognostic associations which include 
intrinsic subtypes, integrative cluster subtypes, tri-
ple-negative sub-classification and mutation-based 
profiling (4). Triple-negative breast cancer (TNBC) 
accounts for 15-20% of all invasive breast cancers 
(5). Among the subtypes, TNBC is associated with 
high mortality, early and frequent recurrence and 
poor treatment response. Unfortunately, TNBC 
cases in premenopausal women and in women 
of African descent are more frequent compared 
to other subtypes (6). Additionally, there is a sig-
nificant overlap of the BRCA (BReast CAncer) gene, 
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Figure 1. Graphic represantiation of an antibody-drug conjugate (ADC) 
mechanism of action an antibody-drug conjugate (ADC) is composed 
of three components: monoclonal antibody (mAb), cytotoxic agent/
drug, and a linker. The antibody will recognize a specific antigen 
target primarily expressed on the surface of the cancerous cells at 
higher levels compared to normal (healthy) cells. In this way, delivery is 
efficient and precise, reducing toxity to normal cells. An example of and 
ADC used in clinical trials in TNBC is Sacituzumab govitacan (Trodelvy). 
The antibody is designer to revognize the surface expression of Trop-2 
and is connected to chemotherapeutic SN-38. Adapted from "Antibody-
Drug Conjugate Mechanism of Action," by BioRender.com (2023). 
Retrieved from https://app.biorender.com/biorender-templates.

BRCA-associated TNBC phenotypes which may fur-
ther contribute to a poor prognosis (7). However, it 
is important to mention that not all patients with 
TNBC harbor BRCA mutations. 
Lehmann et al. (8) genetically profiled 587 TNBC pa-
tient tumor samples identifying different groups: ba-
sal-like 1 (BL1), basal-like 2 (BL2), mesenchymal (M), 
mesenchymal stem-like (MSL), immunomodulatory 
(IM) and luminal androgen receptor (LAR) (8). Their 
study determined the expression of cell-cycle regu-
lating and specific DNA repair-related genes, abnor-
mal activation of signaling pathways involved in cell 
migration, extracellular matrix-receptor interactions, 
and differentiation in order to subdivide the samples 
into various subtypes (8). Through the genomic clas-
sification of TNBC, there may be gradual advance-
ments to more precise treatments and therapeutic 
targeting based on the specific subclassifications.  
The latest clinical trials are mainly focusing on test-
ing the efficacy of antibody-drug conjugates (ADCs). 
ADCs are biopharmaceutical drugs composed of 
highly selective monoclonal antibodies (mAb), a cy-
totoxic drug, and a chemical linker (see Figure 1). 
The mAbs are designed for tumor-associated anti-
gens expressed at lower levels in normal (healthy) 
cells (9, 10). The cytotoxic drug will induce targeted 
cell death whereas the chemical linker is processed 
with the release of the cytotoxic agent in target 
cells. The first successful ADC administered ina 
clinical trials was used in patients with advanced 

metastatic carcinoma, colorectal and ovarian can-
cers in 1983 (11). Almost four decades later, after 
numerous clinical trials, ADCs are emerging as a 
promising targeted therapy for cancer (9).

STANDARD-OF-CARE FOR EARLY 
ONSET TRIPLE-NEGATIVE BREAST 
CANCER 
Due to the molecular signatures of TNBC, patients 
do not benefit from therapies designed to target 
hormone receptors or HER2 (7). The conventional 
standard-of-care (SOC) for early onset TNBC, as is 
the case with other malignancies, consists of neo-
adjuvant/adjuvant chemotherapy, alone or in com-
bination with surgery and/or radiotherapy (12). Ne-
oadjuvant therapy has proven advantageous for 
early-stage TNBC based on the results of various tri-
als including KEYNOTE-172 Phase 1b (NCT02622074), 
I-SPY2 Phase II (NCT01042379), KEYNOTE-522 Phase 
III (NCT03036488), and NeoTRIPaPDL1 Phase III 
(NCT02620280) which explored the effects of neoadju-
vant chemotherapy with or without pembrolizumab or 
atezolizumab, immune checkpoint inhibitors that bind 
to protein PD-1 or PD-L1, respectively (52, 53, 57, 40). 
In addition to the cytotoxic chemotherapy agents, plat-
inum agents, which interfere with DNA repair mecha-
nisms, and the use of antimetabolite adjuvant capecit-
abine, which inhibits DNA and RNA synthesis, have 
proven to be advantageous for the treatment of TNBC 
(15, 16). The role of the antimetabolite oral prodrug, 
capecitabine, has been tested in the adjuvant setting 
for early and metastatic BC (62). Several randomized 
controlled trials (RCTs), such as the FinXX trial, inves-
tigated the role of capecitabine standard adjuvant or 
neoadjuvant therapies in combination with docetax-
el, epirubicin and cyclophosphamide and these trials 
demonstrated no clinical benefits (63). The CREATE-X 
trial evaluated adjuvant capecitabine in patients with 
HER2-negative BC who had not achieved a patholog-
ical complete response (pCR) after standard neoad-
juvant chemotherapy (64). Both disease-free survival 
and overall survival were significantly improved in the 
capecitabine group, and the effect was more promi-
nent in the subgroup of patients with TNBC (62, 64). 
A downside to these agents are the off-target 
effects resulting in toxicity and severe side ef-
fects lowering quality of life for the individual pa-
tient (17). A way to manage the off-target effects 
is through surgical excision, a method to locally 
control the tumor; however, not all patients can 
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be candidates for surgical removal. Furthermore, 
surgery does not eliminate the possibility of future 
local or regional recurrence for TNBC (13).
Along with surgery and chemotherapy, radiation 
therapy is considered a SOC for early onset TNBC. 
However, similar to the former, the latter presents 
the drawback of off-target effects. To avoid major 
side effects and irritation to normal tissues, radia-
tion doses are carefully determined by the radio-
therapist or radiation oncologist (18). Radiation ad-
ministered on the chest wall, nodal and non-nodal 
irradiation after mastectomy or breast-conserving 
surgery (BCS) in TNBC benefits patients and improve 
survival (19). On the other hand, partial-breast radi-
ation therapy for TNBC is not beneficial (20). Fur-
thermore, a study conducted by Wang et al. (2019) 
investigated the benefits of BCS in combination with 
adjuvant radiation therapy and concluded that for 
early staged TNBC patients there was a better prog-
nosis with BCS and radiation rather than mastecto-
my alone (51). There is currently no SOC chemother-
apy regimen for patients with relapsed/refractory 
TNBC (40). Patients with advanced TNBC are treated 
with anti-metabolites capecitabine and gemcitabine, 
non-taxane microtubule inhibitor eribulin, and DNA 
cross-linker platinums (40). These available treat-
ments for advanced TNBC are not SOC and research 
is being conducted to develop new treatment options 
for patients, especially if surgery is not an option (40). 

THE NEED FOR TARGETED 
THERAPIES FOR EARLY AND 
ADVANCED TNBC
In contrast to hormone receptor (ER/PR)-positive and 
HER2-positive breast cancers, TNBC does not respond 
to hormonal or anti-HER2 monoclonal antibody trastu-
zumab-based targeted therapies (21). For this reason, 
there is great effort aiming at developing targeted ther-
apies specific for TNBC. In response to this unmet clini-
cal need, the U.S. Food and Drug Administration (FDA), 
after numerous clinical trials, has approved several 
targeted therapies. Nonetheless, there is still an urgent 
demand to develop and test additional targeted ther-
apies. Such targeted therapeutic drugs based on the 
specific TNBC subtype include PARP inhibitors, geno-
toxic agents for the BL1 subtype, mTOR inhibitors and 
growth factor inhibitors (lapatinib, gefitinib, and cetux-
imab) for the BL2 and M subtypes, phosphoinositide-3 
kinase (PI3K) inhibitors, Src antagonists or antiangio-
genic drugs for the MSL subtype, immune checkpoint 

inhibitors for the IM subtype, or anti-androgen recep-
tor (AR) therapy for the LAR subtype (23). Continued 
research is being conducted to better characterize the 
molecular signature of TNBC and identify novel target-
ed therapies based on gene expression profiles. 

TARGETED THERAPIES AND 
IMMUNOTHERAPIES 

PARP inhibitors, mTOR inhibitors, immune 
checkpoint inhibitors 

Through sophisticated analytical technologies in re-
cent years researchers have acquired insight into dif-
ferent possible molecular biomarkers and targets for 
TNBC treatment and therapies. The targeted thera-
pies that have emerged in recent years are promising. 
Despite significant efforts to find novel molecular 
biomarkers, only a few potentials have been iden-
tified such as noncoding RNAs (ncRNA), microRNAs 
(miRNA) and long noncoding RNAs (lncRNAs) (24). 
There is a relevant lack of predictive biomarkers. 
However, BRCA1 and BRCA2 mutations have been 
beneficial markers for targeted therapy. These 
genes encode for proteins involved in regulating cell 
growth and division, aiding in suppressing tumor 
growth through homologous recombination (HR) 
repair pathway. Approximately 10-30% of TNBC 
patients have a BRCA germline (BRCAg) mutation 
(25). BRCA1 and BRCA2-deficient tumors exhibit 
impaired homologous recombination repair (HRR) 
and synthetic lethality with PARP inhibitors (26). 
PARP1 is a chromatin-associated enzyme involved 
in cell proliferation, DNA repair, maintenance of ge-
nome stability and pro-inflammatory signals while 
PARP2 regulates DNA damage response (28). Thus, 
PARP inhibitors target underlying defects in DNA 
repair causing a block in cancer cell division (29). 
The limitation of this therapy is that PARP inhibitors 
are often associated with resistance developed by 
tumor cells (30). Additionally, PARP inhibitors can 
only be used in specific patient subsets defined by 
their DNA repair biomarker signatures (28). 
Numerous studies have been conducted utilizing 
PARP inhibitors on TNBC with BRCA mutations, and 
the results indicate promising response and out-
come for patients (27). In 2018, the FDA approved 
olaparib and talazoparib to treat advanced-stage 
HER2-negative BC in patients with BRCA1 or BRCA2 
mutation (BRCAg mutation) (40). The results from 
OlympiAD Phase III (NCT02000622) and EMBRACA 
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grammed cell death-ligand 1 (PD-L1), a regulatory 
molecule expressed in T cells with immunoregulato-
ry function, immunotherapies have been developed, 
such as atezolizumab and pembrolizumab, anti-PD-L1 
antibodies (36-38). Based on the IMpassion130 trial 
(NCT02425891), the immunochemotherapy approach 
of utilizing atezolizumab in combination with nano-
particle albumin-bound (nab)-paclitaxel has become 
SOC for patients with PD-L1+, unresectable, locally 
advanced, or metastatic TNBC (40). These immune 
checkpoint inhibitors (ICIs) are quite promising nov-
el therapies specifically for TNBC leading to durable 
tumor remission and prolonged anti-tumor immuni-
ty (39). Despite the development of novel agents for 
specific subtypes of TNBC, only a fraction of patients 
responds to immune checkpoint or PARP inhibitors 
and often develop resistance and relapse (40). For this 
reason, clinical studies have been conducted and are 
underway to further assess the synergy and cross-
talk that exists between PARP inhibition and the PD-
L1/PD-1 immune checkpoints (58). Such clinical trials 
include MEDIOLA Phase I/II trial (NCT02734004) in 
which the combination of olaparib and durvalumab, 
an immunotherapeutic that binds to PD-L1, is studied 
in patients with BRCAg mutation metastatic BC (59) as 
well as the DORA Phase II trial (NCT03167619) evalu-
ating olaparib with or without durvalumab in patients 
with advanced TNBC (40).
Due to the limited range of scope of current im-
munotherapy targeted treatments, further investi-
gation is needed in the networks of DNA damage 
response (DDR), cell surface or intracellular recep-
tors, cell surface markers, and signaling pathways 
for selective drug delivery and ADCs. This need is 
widely recognized and has contributed to the devel-
opment and ultimate approval of therapeutic drugs 
for TNBC. However, the list of approved FDA drugs 
for treating TNBC is limited in number (Table 1). 

CLINICAL TRIALS FOR EMERGING 
TARGETED THERAPY 
In recent years, several clinical trials have been 
conducted to study the effects of numerous ADC 
as potential BC targeted therapies. The results of 
ADC clinical trials have been presented at major 
oncology conferences, such as ESMO and ASCO. 
Although most ADC clinical trials have focused on 
the subtype HER2-positive breast cancer, there is 
growing interest in investigating the potential effi-
cacy of ADCs for treating TNBC. 

Phase III (NCT01945775) lead to the approval of 
olaparib and talazoparib, respectively (54-56). These 
PARP inhibitors are effective and improve patient 
survival compared to other physician choice stand-
ard chemotherapeutic agents, such as capecitabine, 
vinorelbine, eribulin, or gemcitabine (40). 
Several other signaling pathways have been ana-
lyzed and tested for TNBC treatment. The PI3K/
protein kinase B (AKT) signaling pathway, which is 
involved in angiogenesis, tumor proliferation and 
inhibition of apoptosis, is an important target for 
BC treatments. Due to the potential of the PI3K/AKT 
pathway to cause resistance to immunotherapy 
and chemotherapy, various inhibitors targeting the 
pathway components have been evaluated in mul-
tiple clinical trials (40). For patients with advanced 
TNBC, various PI3K/AKT inhibitors have been stud-
ied in combination with other therapies such as pa-
clitaxel and immunotherapies. The EPIK-B3 Phase 
III trial (NCT04251533) plans to assess the effect of 
alpelisib, an oral PI3K inhibitor, with nab-paclitaxel 
(40). In LOTUS Phase II trial, ipatasertib, a pan-AKT 
inhibitor, was assessed with first-line paclitaxel and 
improved Progression Free Survival (PFS) in locally 
advanced or metastatic TNBC (60). The IPATuni-
ty130 Phase III trial (NCT03337724) is assessing the 
efficacy of ipatasertib + paclitaxel for phosphatase 
and tensin homolog (PTEN)/PI3K/AKT-altered ad-
vanced TNBC or HR+, HER2-negative breast cancers, 
to corroborate the results from the LOTUS trial (61).
When investigating the possible role of the PI3K 
pathway and the mTOR pathway for TNBC treat-
ment, it remains unclear if the inhibition of these 
pathways has a significant effect on tumor growth 
and for this reason must be further investigated 
(31). In recent years, a combination of the mTOR 
inhibitor, Everolimus, with tyrosine kinase inhibi-
tors (TKIs) has been effective for treatment of TNBC 
carrying activating mutations of the PI3K (32). Addi-
tional clinically investigated drugs include stimula-
tor of interferon genes (STING) agonists involved in 
activation of the transmembrane protein, STING, 
utilized in the innate immune response, immune 
checkpoint inhibitor, Maternal Embryonic Leucine 
Zipper Kinase (MELK) inhibitors, which inhibit the 
mitotically regulated kinase MELK overexpressed 
in TNBC, and many other agents based on the ge-
netic profile of the individual TNBC patient (33, 34). 
A characteristic of TNBC that may prove beneficial 
for treatment is the fact that TNBC cells are more 
immunogenic compared to the other BC subtypes 
(35). Since TNBC cells may exhibit high levels of pro-
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Antibody-drug conjugate: trastuzumab 
deruxetcan 

Another subclassification of BC is HER2-low BC. 
HER2-low advanced BC is characterized by low 
levels of HER2 receptor protein and may include 
both hormone receptor-positive and hormone 
receptor-negative breast cancers (15). Promising 
results have emerged from the clinical trial DESTI-
NY-Breast04 (NCT03734029) testing the ADC, tras-
tuzumab deruxetcan, and its effects on HER2-low 
advanced BC (15). Patients with HER2-low metastat-
ic BC who were treated with trastuzumab deruxe-
tcan resulted in longer progression-free and over-
all survival compared to the physician’s choice of 
chemotherapy (15). Of the 557 patients, 63 (11.3%) 
were hormone receptor-negative, a small propor-
tion of patients. The median progression-free sur-
vival for the hormone receptor-negative cohort 
was 8.5 months (95% CI, 4.3 to 11.7) in the trastu-
zumab deruxetcan group and 2.9 months (95% CI, 
1.4 to 5.1) in the physician’s choice group while the 
median overall survival was 18.2 months (95% CI, 
13.6 to not evaluable) in the trastuzumab deruxe-
tcan group and 8.3 months (95% CI 5.6 to 20.6) in 
the physician’s choice group (15). These results not 
only point to a possible targeted therapy for HER2-
low advanced BC but may provide further evidence 
for a tailored treatment for TNBC. 

Antibody-drug conjugate: sacituzumab 
govitecan 

A handful of ADC has been approved by the Euro-
pean Medicine Agency (EMA) and the FDA. The ADC 
called Sacituzumab govitecan (SG) (Trodelvy) was 
approved by the FDA in April 2021 and by EMA in 
November 2021 (41, 42). SG consists of a monoclo-
nal antibody designed against human trophoblast 
cell-surface antigen 2 (TROP-2) linked to a cytotoxic 
drug called SN-38. TROP-2 is a protein expressed 
on the surface of TNBC cells as well as other ep-
ithelial and metastatic breast cancers. SN-38, an 
active metabolite of irinotecan, is a topoisomerase 
inhibitor, which blocks the enzyme topoisomer-
ase I, involved in copying DNA of the cell (42). The 
mechanism of this ADC action is initially mediated 
by anti-TROP-2 monoclonal antibody binding to the 
TROP-2 protein on the breast cancer cell surface. 
Then, the cytotoxic agent, SN-38, is delivered into 
the cancerous cells where it becomes active and 
inhibits cancer cells proliferation (43). Thus, SG is 
considered a promising new targeted therapy for 
locally advanced or metastatic TNBC (mTNBC) (41). 
Several clinical trials have been conducted since the 
development of ADC, SG (Table 2). A phase I/II single 
group study was done to evaluate the activity of SG 
in a cohort of 108 TNBC patients who had undergone 
two prior treatment methods (NCT01631552). The 

Table 1. Table of Therapeutic Drugs for Triple-Negative Breast Cancer (TNBC) as of September 2021. Drugs that have been approved by the 
FDA for patients with TNBC include Paclitaxel, Doxorubicin, Ixabepilone, Pembrolizumab, Atezolizumab, and Trodelvy. 

DRUG NAME TARGET DRUG 
TYPE

DOSAGE 
FORM

FDA APPROVAL 
DATE

Liposomal Doxorubicin (Doxil) 
Anthracycline – Top2, 
Topoisomerase II
DNA intercalation 

Chemical IV infusion February 1999

Paclitaxel protein-bound particles for 
injectable suspension (Abraxane)

Taxane – microtubule 
target Chemical IV infusion January 2005

Ixabepilone (Ixempra) Taxane – microtubule 
target Chemical IV infusion October 2007

Atezolizumab (Tecentriq) in 
combination with nab-paclitaxel 
(Abraxane)

PD-L1 Monoclonal 
antibody IV infusion March 2019

Pembrolizumab (Keytruda) in 
combination with chemotherapy PD-1 Monoclonal 

antibody IV infusion November 2020

Sacituzumab govitecan-hziy (Trodelvy) Trop2, Topoisomerase I ADC IV infusion April 2020 

ADC: antibody-drug conjugate; PARP: poly (ADP-ribose) polymerase; PD-1: programmed cell death protein 1; Trop2: trophoblast cell surface 
antigen 2; PD-L1: programmed cell death ligand 1. 
Source: Mandapati 2022 “Triple negative breast cancer: approved treatment options and their mechanisms of action” and FDA.gov 
drugsatfda. https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approved-drugs-breast-cancer.
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possible therapeutics that will one day overtake 
the SOC of neoadjuvant/adjuvant chemotherapy, 
alone or in combination with surgery and/or radi-
otherapy. Taxane- and anthracycline-based com-
bination chemotherapy remains the standard-of-
care for early-stage TNBC while advanced stage 
usually consists of chemotherapy, targeted therapy 
and immunotherapy (14). The treatment options 
available for patients are dictated by the stage of 
the tumor, local or metastasized (7). However, the 
estimated five-year TNBC survival rates greatly de-
crease depending on the status of metastasis. The 
five-year survival rate for a patient with localized 
TNBC is 91.3%. For patients with regional spread to 
lymph nodes, the five-year survival is 65.8% where-
as for patients with distant metastasis to bones, liv-
er, or lungs is 12.0%, as shown in Table 3 (Surveil-
lance, Epidemiology, and End Results (SEER) 2020 
(46)). These estimates establish a baseline for the 
likelihood that a treatment will be successful. When 
comparing the five-year relative survival percentag-
es in Table 3, it is evident that TNBC, labeled (‘HR-/
HER2-’), has the lowest survival percentage com-
pared to all other subtypes. There are many factors 
contributing to this outcome including stage at di-
agnosis, environmental factors, age, race, stand-
ard-of-care, and availability of treatments. For this 
reason, the development of pharmaceutical drugs 
aimed at targeting TNBC is imperative. 
With the recent EMA and FDA approval of SG, the 
potential future treatments for TNBC appear very 
promising. With the use of this ADC, there is limited 
off-target toxicity to normal cells since the monoclo-
nal antibody is acting against an antigen or receptor 
expressed at low levels on the healthy cells, reduc-
ing therefore the level of toxicity usually associated 
with chemotherapy. Since the antibody portion of 
the ADC can be modified for specific cell surface anti-
gens or receptors, this targeted therapy can be wide-
ly adapted (47). Thus, further investigation is needed 
to identify potential cell surface antigens and recep-
tors specific to TNBC. 
The future aims for breast cancer research and 
pharmaceutical drug development, specifically 
with regards to TNBC, should be centered on the 
understanding of the molecular complexity of the 
disease, improving the efficacy of current treat-
ments, discovering reliable predictive biomarkers, 
determining mechanisms and pathways to over-
come resistance to treatments and continuing to 
develop and test novel targeted treatments to im-
prove survival rate and quality of life for patients. 

drug was administered intravenously with a concen-
tration of 10 mg/kg on days 1 and 8 of a 21-day cycle. 
The Overall Response Rate (ORR) was 33% and the 
median duration of response (DOR) was 7.7 months. 
The median progression-free survival (PFS) was 5.5 
months, and the median overall survival (OS) was 13 
months. The confirmatory ASCENT Phase III study 
of a cohort of 529 patients evaluated SG compared 
to physician’s choice of chemotherapy, e.g., eribulin, 
gemcitabine, capecitabine or vinorelbine. The AS-
CENT Phase III study showed great promise and was 
granted accelerated approval by the FDA based on 
the results of the IMMU-132-01 Phase II clinical trial 
treatment of adult mTNBC. Thus, SG is the first ADC 
approved by the FDA specifically for relapsed or re-
fractory mTNBC (40). However, this targeted thera-
py has some relevant side effects, including anemia, 
neutropenia, and gastroenteritis (44). 

DISCUSSION 
The five pillars of cancer treatment consist of sur-
gery, radiotherapy, chemotherapy, targeted thera-
py, and immunotherapy. While great progress has 
been made in certain BC subtypes to have more 
than one option as standard-of-care (SOC) thera-
pies, TNBC still remains treated with SOC consist-
ing of neoadjuvant/adjuvant chemotherapy alone 
or in combination with surgery and/or radiation. 
Thus, there is urgent need to move beyond these 
treatments and uncover possible predictive bi-
omarkers or immune checkpoint markers that 
could help in developing novel targeted therapies 
and immunotherapies for TNBC patients. 
The technology and principle of ADC is very rev-
olutionary since it links a monoclonal antibody 
to a cytotoxic agent, thereby allowing for precise 
targeted treatment against tumor cells. Emerging 
evidence shows that SG is one of the most effec-
tive ADCs for TNBC (43). Although SG has been 
approved by EMA and FDA for metastatic TNBC, 
further investigations must be conducted with the 
goal of comparing this ADC with multiple stand-
ard-of-care chemotherapies (43). 

CONCLUSIONS AND FUTURE 
DIRECTION  
In conclusion, studies of heterogeneity and sub-
types of TNBC have opened the doors to many 



92

Vol. 3(2), 86-98, 2023

 T
ab

le
 2

. P
ar

tia
l l

is
t o

f C
lin

ic
al

 T
ria

ls
 fo

r S
ac

itu
zu

m
ab

 G
ov

ite
ca

n 
(S

G
) i

n 
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r t

ak
en

 fr
om

 c
lin

ic
al

tr
ia

ls
.g

ov
 a

s 
of

 S
ep

te
m

be
r 2

02
2.

ST
A

TU
S

ST
U

D
Y 

TI
TL

E
CO

N
D

IT
IO

N
S

IN
TE

RV
EN

TI
O

N
S

Re
cr

ui
tin

g 
Tr

ila
ci

cl
ib

 in
 p

at
ie

nt
s 

re
ce

iv
in

g 
Sa

ci
tu

zu
m

ab
 

G
ov

ite
ca

n-
hz

iy
 fo

r 
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 
Ca

nc
er

Tr
ip

le
 n

eg
at

iv
e 

br
ea

st
 c

an
ce

r 
D

ru
g:

 T
ri

la
ci

cl
ib

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

Re
cr

ui
tin

g 
St

ud
y 

of
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

 (S
G

) i
n 

Ja
pa

ne
se

 P
ar

tic
ip

an
ts

 w
ith

 a
dv

an
ce

d 
so

lid
 

tu
m

or
s 

or
 T

ri
pl

e-
ne

ga
tiv

e 
Br

ea
st

 C
an

ce
r

Ad
va

nc
ed

 S
ol

id
 tu

m
or

s 
or

 T
ri

pl
e-

ne
ga

tiv
e 

Br
ea

st
 C

an
ce

r 
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n-
hz

iy

Re
cr

ui
tin

g 

St
ud

y 
of

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n-
hz

iy
 v

er
su

s 
tr

ea
tm

en
t o

f P
hy

si
ci

an
’s 

ch
oi

ce
 in

 p
at

ie
nt

s 
w

ith
 p

re
vi

ou
sl

y 
un

tr
ea

te
d 

m
et

as
ta

tic
 T

ri
pl

e-
N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 

Tr
ip

le
 N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 
PD

-L
1 

N
eg

at
iv

e 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

D
ru

g:
 P

ac
lit

ax
el

D
ru

g:
 n

ab
-P

ac
lit

ax
el

D
ru

g:
 G

em
ci

ta
bi

ne
 

D
ru

g:
 C

ar
bo

pl
at

in
 

Ac
tiv

e,
 n

ot
 r

ec
ru

iti
ng

 
Sa

ci
tu

zu
m

ab
 G

ov
ite

ca
n 

in
 C

hi
ne

se
 P

at
ie

nt
s 

w
ith

 m
TN

BC
 o

f a
t l

ea
st

 2
 p

ri
or

 tr
ea

tm
en

ts
 

M
et

as
ta

tic
 T

ri
pl

e-
ne

ga
tiv

e 
Br

ea
st

 C
an

ce
r 

Bi
ol

og
ic

al
: S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

Re
cr

ui
tin

g 

St
ud

y 
of

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n-
hz

iy
 

an
d 

Pe
m

br
ol

iz
um

ab
 v

er
su

s 
tr

ea
tm

en
t o

f 
Ph

ys
ic

ia
n’

s 
Ch

oi
ce

 a
nd

 P
em

br
ol

iz
um

ab
 in

 
Pa

tie
nt

s 
w

ith
 P

re
vi

ou
sl

y 
un

tr
ea

te
d,

 lo
ca

lly
 

ad
va

nc
ed

 in
op

er
ab

le
 o

r 
m

et
as

ta
tic

 T
ri

pl
e-

N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r

Tr
ip

le
 N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 
PD

-L
1 

po
si

tiv
e 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

D
ru

g:
 P

em
br

ol
iz

um
ab

 
D

ru
g:

 P
ac

lit
ax

el
 

D
ru

g:
 n

ab
-P

ac
lit

ax
el

D
ru

g:
 G

em
ci

ta
bi

ne
 

D
ru

g:
 C

ar
bo

pl
at

in

N
ot

 r
ec

ru
iti

ng
 

Pr
ev

en
tiv

e 
st

Ra
te

gy
 fo

r 
IM

M
U

13
2-

re
la

tE
D

 A
Es

 
in

 T
N

BC
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

Br
ea

st
 C

an
ce

r 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

D
ru

g:
 L

op
er

am
id

e 
D

ru
g:

 G
ra

nu
lo

cy
te

 C
ol

on
y-

St
im

ul
at

in
g 

Fa
ct

or
 

Re
cr

ui
tin

g 
Sa

ci
tu

zu
m

ab
 G

ov
ite

ca
n 

+/
- P

em
br

ol
iz

um
ab

 in
 

m
et

as
ta

tic
 T

N
BC

Br
ea

st
 C

an
ce

r 
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

PD
-L

1 
N

eg
at

iv
e 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

D
ru

g:
 P

em
br

ol
iz

um
ab

 

Ac
tiv

e,
 n

ot
 r

ec
ru

iti
ng

 

A 
st

ud
y 

of
 S

ac
itu

zu
m

ab
 w

ith
 

ch
em

oi
m

m
un

ot
he

ra
py

 to
 tr

ea
t a

dv
an

ce
d 

Tr
ip

le
-N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 
af

te
r 

pr
io

r 
th

er
ap

ie
s 

Ad
va

nc
ed

 T
ri

pl
e 

N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

Bi
ol

og
ic

al
: N

-8
03

Bi
ol

og
ic

al
: P

D
-L

1 
t-

ha
N

K
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n-
hi

zy
D

ru
g:

 C
yc

lo
ph

os
ph

am
id

e 

N
ot

 y
et

 r
ec

ru
iti

ng
 

Sa
fe

ty
 a

nd
 e

ffi
ca

cy
 a

na
ly

si
s 

of
 a

n 
an

tib
od

y 
as

so
ci

at
ed

 w
ith

 a
 c

he
m

ot
he

ra
py

 fo
r 

Pa
tie

nt
s 

w
ith

 a
 T

ri
pl

e 
N

eg
at

iv
e 

M
et

as
ta

tic
 B

re
as

t 
Ca

nc
er

 

Tr
ip

le
 N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 
M

et
as

ta
tic

 B
re

as
t C

an
ce

r 
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n

Re
cr

ui
tin

g 
Sa

ci
tu

zu
m

ab
 G

ov
ite

ca
n 

in
 P

ri
m

ar
y 

H
ER

2-
ne

ga
tiv

e 
Br

ea
st

 C
an

ce
r 

H
ER

2-
ne

ga
tiv

e 
Br

ea
st

 C
an

ce
r 

Tr
ip

le
 N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 

D
ru

g:
 C

ap
ec

ita
bi

ne
D

ru
g:

 C
ar

bo
pl

at
in

 
D

ru
g:

 C
is

pl
at

in
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n 

Co
m

pl
et

ed
 

H
as

 r
es

ul
ts

 

Tr
ia

l o
f S

ac
itu

zu
m

ab
 G

ov
ite

ca
n 

in
n 

Pa
rt

ic
ip

an
ts

 w
ith

 r
ef

ra
ct

or
y/

re
la

ps
ed

 
m

et
as

ta
tic

 tr
ip

le
-n

eg
at

iv
e 

br
ea

st
 c

an
ce

r 
(T

N
BC

)

Br
ea

st
 C

an
ce

r

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

D
ru

g:
 E

ri
bu

lin
D

ru
g:

 C
ap

ec
ita

bi
ne

 
D

ru
g:

 G
em

ci
ta

bi
ne

D
ru

g:
 V

in
or

el
bi

ne



93

Vol. 3(2), 86-98, 2023

ST
A

TU
S

ST
U

D
Y 

TI
TL

E
CO

N
D

IT
IO

N
S

IN
TE

RV
EN

TI
O

N
S

Ac
tiv

e,
 n

ot
 r

ec
ru

iti
ng

 
Sa

ci
tu

zu
m

ab
 G

ov
ite

ca
n 

in
 T

N
BC

In
va

si
ve

 B
re

as
t C

an
ce

r 
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

ER
-n

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 
PR

-n
eg

at
iv

e 
br

ea
st

 c
an

ce
r 

H
ER

2-
ne

ga
tiv

e 
br

ea
st

 c
an

ce
r 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

D
ru

g:
 P

em
br

ol
iz

um
ab

Re
cr

ui
tin

g 
At

ez
ol

iz
um

ab
 +

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n 
to

 
pr

ev
en

t r
ec

ur
re

nc
e 

in
 T

N
BC

 (A
SP

RI
A)

 

Br
ea

st
 C

an
ce

r 
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

Re
si

du
al

 C
an

ce
r 

Ci
rc

ul
at

in
g 

Tu
m

or
 D

N
A

D
ru

g:
 A

te
zo

liz
um

ab
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n

Re
cr

ui
tin

g

St
ud

y 
to

 E
va

lu
at

e 
th

e 
Sa

fe
ty

 a
nd

 E
ffi

ca
cy

 
of

 M
ag

ro
lim

ab
 C

om
bi

na
tio

n 
Th

er
ap

y 
in

 
Ad

ul
ts

 w
ith

 u
nr

es
ec

ta
bl

e,
 lo

ca
lly

 a
dv

an
ce

d 
or

 
m

et
as

ta
tic

 tr
ip

le
-n

eg
at

iv
e 

br
ea

st
 c

an
ce

r 

Tr
ip

le
-N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 

Bi
ol

og
ic

al
: M

ag
ro

lim
ab

D
ru

g:
 N

ab
-p

ac
lit

ax
el

 
D

ru
g:

 P
ac

lit
ax

el
 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

Re
cr

ui
tin

g 

Av
el

um
ab

 w
ith

 B
in

im
et

in
ib

, S
ac

itu
zu

m
ab

 
G

ov
ite

ca
n,

 o
r 

Li
po

so
m

al
 D

ox
or

ub
ic

in
 in

 
tr

ea
tin

g 
pa

tie
nt

s 
w

ith
 S

ta
ge

 IV
 o

r 
un

re
se

ct
ab

le
, 

re
cu

rr
en

t t
ri

pl
e 

ne
ga

tiv
e 

br
ea

st
 c

an
ce

r 

St
ag

e 
III

 B
re

as
t C

an
ce

r 
St

ag
e 

III
A 

Br
ea

st
 C

an
ce

r 
St

ag
e 

III
B 

Br
ea

st
 C

an
ce

r 
St

ag
e 

III
C 

Br
ea

st
 C

an
ce

r 
St

ag
e 

IV
 B

re
as

t C
an

ce
r 

In
va

si
ve

 B
re

as
t C

ar
ci

no
m

a 
Re

cu
rr

en
t B

re
as

t C
ar

ci
no

m
a 

Tr
ip

le
-N

eg
at

iv
e 

Br
ea

st
 C

ar
ci

no
m

a 
U

nr
es

ec
ta

bl
e 

Br
ea

st
 C

ar
ci

no
m

a 

Bi
ol

og
ic

al
: A

nt
i-O

X4
0 

An
tib

od
y 

PF
- 0

45
18

60
0

D
ru

g:
 A

ve
lu

m
ab

D
ru

g:
 B

in
im

et
in

ib
Bi

ol
og

ic
al

: U
to

m
ilu

m
ab

D
ru

g:
 L

ip
os

om
al

 D
ox

or
ub

ic
in

 
D

ru
g:

 S
ac

itu
zu

m
ab

 G
ov

ite
ca

n

Re
cr

ui
tin

g 

A 
st

ud
y 

ev
al

ua
tin

g 
th

e 
effi

ca
cy

 a
nd

 s
af

et
y 

of
 

m
ul

tip
le

 im
m

un
ot

he
ra

py
-b

as
ed

 tr
ea

tm
en

t 
co

m
bi

na
tio

ns
 in

 p
at

ie
nt

s 
w

ith
 m

et
as

ta
tic

 o
r 

in
op

er
ab

le
 lo

ca
lly

 a
dv

an
ce

d 
tr

ip
le

-n
eg

at
iv

e 
br

ea
st

 c
an

ce
r 

Tr
ip

le
 N

eg
at

iv
e 

Br
ea

st
 C

an
ce

r 

D
ru

g:
 C

ap
ec

ita
bi

ne
 

D
ru

g:
 A

te
zo

liz
um

ab
D

ru
g:

 Ip
at

as
er

tib
D

ru
g:

 S
G

N
-L

IV
1A

D
ru

g:
 B

ev
ac

iz
um

ab
D

ru
g:

 C
he

m
ot

he
ra

py
 (G

em
ci

ta
bi

ne
 +

 C
ar

bo
pl

at
in

 o
r 

Er
ib

ul
in

)
D

ru
g:

 S
el

ic
re

lu
m

ab
D

ru
g:

 T
oc

ili
zu

m
ab

D
ru

g:
 N

ab
-P

ac
lit

ax
el

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n

Co
m

pl
et

ed
 

H
as

 r
es

ul
ts

 
St

ud
y 

of
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

 
(IM

M
U

13
2)

 in
 a

du
lts

 w
ith

 e
pi

th
el

ia
l c

an
ce

r 

G
as

tr
ic

 A
de

no
ca

rc
in

om
a

Sm
al

l C
el

l L
un

g 
Ca

nc
er

 
Ca

rc
in

om
a 

Br
ea

st
 S

ta
ge

 IV
Tr

ip
le

 N
eg

at
iv

e 
Br

ea
st

 C
an

ce
r 

D
ru

g:
 S

ac
itu

zu
m

ab
 G

ov
ite

ca
n-

hz
iy

 (S
G

)

Ba
se

d 
on

 t
he

 v
ar

io
us

 fi
lte

rs
 a

pp
lie

d 
(F

em
al

e,
 n

ot
 y

et
 r

ec
ru

iti
ng

, r
ec

ru
iti

ng
, e

nr
ol

le
d 

by
 in

vi
ta

tio
n,

 c
om

pl
et

ed
, c

lin
ic

al
 t

ria
l),

 t
he

re
 a

re
 s

ev
en

te
en

 c
lin

ic
al

 t
ria

ls
 w

or
ld

w
id

e 
w

hi
ch

 s
ee

k 
or

 h
av

e 
so

ug
ht

 t
o 

be
tte

r 
un

de
rs

ta
nd

 th
e 

fu
nc

tio
n 

an
d 

m
ec

ha
ni

sm
 o

f t
he

 a
nt

ib
od

y-
dr

ug
 c

on
ju

ga
te

 (A
D

C)
, S

ac
itu

zu
m

ab
 g

ov
ite

ca
n 

(S
G

) e
ith

er
 in

 c
om

bi
na

tio
n 

w
ith

 o
th

er
 d

ru
gs

 o
r 

al
on

e.
 T

he
re

 h
av

e 
be

en
 tw

o 
co

m
pl

et
ed

 c
lin

ic
al

 tr
ia

ls
 fo

r 
SG

. T
he

se
 re

su
lts

 d
o 

no
t i

nc
lu

de
 S

co
pu

s.
go

v 
cl

in
ic

al
 tr

ia
l r

es
ul

ts
, t

hu
s 

el
im

in
at

in
g 

gr
an

t c
lin

ic
al

 tr
ia

ls
. S

ou
rc

e:
 c

lin
ic

al
tr

ia
ls

.g
ov

. 



94

Vol. 3(2), 86-98, 2023

Publication ethics 

Plagiarism

This is a review article and all original studies are 
cited as appropriate.

Data falsification and fabrication 
The contents of the article are original and any 
overlaps with other articles are by the Authors 
themselves and appropriately cited. 

REFERENCES 
1.	 Li Y, Tang XQ, Bai Z, Dai X. Exploring the in-

trinsic differences among breast tumor sub-
types defined using immunohistochemis-
try markers based on the decision tree.  Sci 
Rep. 2016;6:35773. doi: 10.1038/srep35773.

2.	 Eliyatkın N, Yalçın E, Zengel B, Aktaş S, Vardar 
E. Molecular Classification of Breast Carcino-
ma: From Traditional, Old-Fashioned Way to 
A New Age, and A New Way. J Breast Health. 
2015:11(2):59-66. doi:10.5152/tjbh.2015.1669.

3.	 Uscanga-Perales GI, Santuario-Facio SK, Or-
tiz-López R. Triple negative breast cancer: De-
ciphering the biology and heterogeneity. Me-
dicina Universitaria. 2016;18(71):105-14. doi: 
10.1016/j.rmu.2016.05.007.

4.	 Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani 
S, et al. The 2019 World Health Organization clas-

ACKNOWLEDGEMENTS
AM and SB are supported by the Sbarro Health Re-
search Organization (SHRO), www.shro.org. 

COMPLIANCE WITH ETHICAL 
STANDARDS

Fundings

There were no institutional or private fundings for 
this article.

Conflict of interests
The authors have declared no conflict of interests. 

Authors’ contributions
SB and AM worked on the conception of the work. 
SB worked on drafting and revising it critically for 
important intellectual content. AM provided ap-
proval for publication of content. SB and AM agree 
to be accountable for all aspects of the work. 

Availability of data and materials  
The data underlying this article are available in the 
public domain, using various datasets primarily 
from ClinicalTrials.gov, PubMed, GCO, SEER, U.S. 
FDA, EMA etc. 

Ethical approval
N/A. 

 Table 3. 5-year relative survival percent, female breast subtypes by SEER. 

SUBTYPE LOCALIZED REGIONAL DISTANT

HR+/HER2- 100.0% 90.1% 31.9%

HR-/HER2- 91.3% 65.8% 12.0%

HR+/HER2+ 98.8% 89.3% 46.0%

HR-/HER2+ 97.3% 82.8% 38.8%

Unknown 96.1% 76.4% 15.6%

Total 99.1% 86.1% 30.0%

The 5-year survival rate presents the percentage of survival of patients after five years. In this table, TNBC is identified as subtype ‘HR-/
HER2’. Data was collected over the span of 6 years in women of all ages, races living in the 22 registered areas of the United States (see 
list below).  Table taken from National Cancer Institute: Surveillance, Epidemiology, and End Results (SEER) Program, 2020. Data source: 
SEER 22 areas (San Francisco, Connecticut, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Native 
Registry, Rural Georgia, California excluding SF/SJM/LA, Kentucky, Louisiana, New Jersey, Georgia excluding ATL/RG, Idaho, New York, 
Massachusetts, Illinois, and Texas).



95

Vol. 3(2), 86-98, 2023

sification of tumours of the breast. Histopatholo-
gy. 2020;77(2):181-5. doi:10.1111/his.14091.

5.	 Kumar P, Aggarwal R. An overview of triple-negative 
breast cancer. Arch Gynecol Obstet. 2016;293(2):247-
69. doi: 10.1007/s00404-015-3859-y. 

6.	 Burk S, Giordano A. Incidence of breast cancer in 
ethnic minority groups in North America and pop-
ulations in Western Europe. Annals of Research 
in Oncology. 2022;2(2):116-22. doi:  10.48286/
aro.2022.45.

7.	 Yao H, He G, Yan S, Chen C, Song L, Rosol TJ, et al. 
Triple-negative breast cancer: is there a treatment 
on the horizon? Oncotarget. 2017;8(1):1913-24. 
doi: 10.18632/oncotarget.12284. 

8.	 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):2750-67. 
doi: 10.1172/JCI45014. 

9.	 Baah S, Laws M, Rahman KM. Antibody - 
Drug Conjugates-A Tutorial Review. Mole-
cules. 2021;26(10):2943. doi: 10.3390/ mole-
cules26102943. 

10.	Stepan, L. P., Trueblood, E. S., Hale, K., Bab-
cook, J., Borges, L., & Sutherland, C. L. Ex-
pression of Trop2 cell surface glycoprotein 
in normal and tumor tissues: potential impli-
cations as a cancer therapeutic target.   J His-
tochem Cytochem. Official Journal of the His-
tochemistry Society. 2011;59(7),701-10. doi: 
10.1369/0022155411410430

11.	 Ford CH, Newman CE, Johnson JR, Woodhouse 
CS, Reeder TA, Rowland GF,  et al. Localisation 
and toxicity study of a vindesine-anti-CEA conju-
gate in patients with advanced cancer. Br J Can-
cer. 1983;47(1):35-42. doi: 10.1038/bjc.1983.4. 

12.	 Ismail-Khan R, Bui MM. A review of triple-negative 
breast cancer. Cancer Control. 2010;17(3):173-
6. doi: 10.1177/107327481001700305. 

13.	Yagata H, Kajiura Y, Yamauchi H. Current strat-
egy for triple-negative breast cancer: appro-
priate combination of surgery, radiation, and 
chemotherapy. Breast cancer 2011;18(3): 165-
73. doi: 10.1007/s12282-011-0254-9.

14.	 Landry I, Sumbly V, Vest M. Advancements in 
the Treatment of Triple-Negative Breast Cancer: 
A Narrative Review of the Literature. Cureus. 
2022;14(2):e21970. doi: 10.7759/cureus.21970.

15.	Modi S, Jacot W, Yamashita T, Sohn J, Vidal M, 
Tokunaga E, et al. Trastuzumab Deruxtecan in 
Previously Treated HER2-Low Advanced Breast 

Cancer. New England J Med. 2022;387(1):9-20. 
doi:10.1056/NEJMoa2203690.

16.	Tian H, Ma D, Tan X, Yan W, Wu X, He C, et al. 
Platinum and Taxane Based Adjuvant and Ne-
oadjuvant Chemotherapy in Early Triple-Nega-
tive Breast Cancer: A Narrative Review. Front 
Pharmacol. 2021;12:770663. doi: 10.3389/
fphar.2021.770663.

17.	Amjad MT, Chidharla A, Kasi A. Cancer Chemo-
therapy. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2022.

18.	Haussmann J, Corradini S, Nestle-Kraemling C, 
Bölke E, Njanang FJD, Tamaskovics B, et al. Re-
cent advances in radiotherapy of breast can-
cer. Radiat Oncol. 2020;15(1):71. doi: 10.1186/
s13014-020-01501-x. 

19.	Wickberg Å, Magnuson A, Holmberg L, Adami 
HO, Liljegren G. Influence of the subtype on 
local recurrence risk of breast cancer with or 
without radiation therapy. Breast. 2018;42:54-
60. doi: 10.1016/j.breast.2018.08.097.

20.	Pashtan IM, Recht A, Ancukiewicz M, Brachtel 
E, Abi-Raad RF, D’Alessandro HA, et al. Exter-
nal beam accelerated partial-breast irradiation 
using 32 gy in 8 twice-daily fractions: 5-year 
results of a prospective study. Int J Radiat On-
col Biol Phys. 2012;84(3):e271-7. doi: 10.1016/j.
ijrobp.2012.04.019. 

21.	Pal SK, Childs BH, Pegram M. Triple negative 
breast cancer: unmet medical needs. Breast 
Cancer Res Treat. 2011;125(3):627-36. doi: 
10.1007/s10549-010-1293-1. 

22.	 Lehmann BD, Pietenpol JA. Identification and 
use of biomarkers in treatment strategies for tri-
ple-negative breast cancer subtypes. J Pathol. 
2014;232(2):142-50. doi: 10.1002/path.4280. 

23.	Sporikova Z, Koudelakova V, Trojanec R, 
Hajduch M. Genetic Markers in Triple-Neg-
ative Breast Cancer. Clin Breast Can-
cer. 2018;18(5):e841-e850. doi: 10.1016/j.
clbc.2018.07.023. 

24.	Volovat SR, Volovat C, Hordila I, Hordi-
la DA, Mirestean CC, Miron OT, et al. MiR-
NA and LncRNA as Potential Biomarkers in 
Triple-Negative Breast Cancer: A Review. 
Front Oncol. 2020;10:526850. doi: 10.3389/
fonc.2020.526850. 

25.	Okuma HS, Yonemori K. BRCA Gene Mutations 
and Poly(ADP-Ribose) Polymerase Inhibitors in 
Triple-Negative Breast Cancer. Adv Exp Med 
Biol. 2017;1026:271-86. doi: 10.1007/978-981-
10-6020-5_13. 



96

Vol. 3(2), 86-98, 2023

35.	Thomas R, Al-Khadairi G, Decock J. Immune 
Checkpoint Inhibitors in Triple Negative 
Breast Cancer Treatment: Promising Future 
Prospects. Front Oncol. 2021;10:600573. doi: 
10.3389/fonc.2020.600573. 

36.	Schmid P, Adams S, Rugo HS, Schneeweiss A, 
Barrios CH, Iwata H, et al. Atezolizumab and 
Nab-Paclitaxel in Advanced Triple-Negative 
Breast Cancer. N Engl J Med. 2018;379(22):2108-
21. doi: 10.1056/NEJMoa1809615. 

37.	Dudley JC, Lin MT, Le DT, Eshleman JR. Micro-
satellite Instability as a Biomarker for PD-1 
Blockade. Clin Cancer Res. 2016;22(4):813-20. 
doi: 10.1158/1078-0432.CCR-15-1678. 

38.	Kurata K, Kubo M, Kai M, Mori H, Kawaji H, 
Kaneshiro K, et al. Microsatellite instability in 
Japanese female patients with triple-negative 
breast cancer. Breast Cancer. 2020;27(3):490-
8. doi: 10.1007/s12282-019-01043-5. 

39.	Polk A, Svane IM, Andersson M, Nielsen D. 
Checkpoint inhibitors in breast cancer - Cur-
rent status. Cancer Treat Rev. 2018;63:122-
134. doi: 10.1016/j.ctrv.2017.12.008. 

40.	Won KA, Spruck C. Triplenegative breast can-
cer therapy: Current and future perspectives 
(Review). Int J Oncol. 2020;57(6):1245-61. doi: 
10.3892/ijo.2020.5135. 

41.	 U.S. Food and Drug Administration 2021. FDA 
grants regular approval to sacituzumab govite-
can for triple-negative breast cancer. Available 
from: https://www.fda.gov/drugs/resources-in-
formation-approved-drugs/fda-grants-regu-
lar-approval-sacituzumab-govitecan-triple-neg-
ative-breast-cancer. Accessed: June 2022.  

42.	European Medicine Agency 2021. Trodelvy. 
Available from: https://www.ema.europa.
eu/en/medicines/human/EPAR/trodelvy. Ac-
cessed: June 2022. 

43.	Bardia A, Hurvitz SA, Tolaney SM, Loirat D, Pu-
nie K, Oliveira M, et al. Sacituzumab Govitecan 
in Metastatic Triple-Negative Breast Cancer. 
N Engl J Med. 2021;384(16):1529-1541. doi: 
10.1056/NEJMoa2028485. 

44.	 Bardia A, Mayer IA, Vahdat LT, Tolaney SM, Isak-
off SJ, Diamond JR, et al. Sacituzumab Govite-
can-hziy in Refractory Metastatic Triple-Negative 
Breast Cancer. N Engl J Med. 2019;380(8):741-
51. doi: 10.1056/NEJMoa1814213. 

45.	U.S. National Library of Medicine 2022. Saci-
tuzumab Govitecan in TNBC (NeoSTAR). Avail-
able from: https://clinicaltrials.gov/ct2/show/
NCT04230109. Accessed: June 2022. 

26.	 Bryant HE, Schultz N, Thomas HD, Parker KM, 
Flower D, Lopez E, Kyle S, Meuth M, Curtin NJ, 
Helleday T. Specific killing of BRCA2-deficient 
tumours with inhibitors of poly(ADP-ribose) 
polymerase. Nature. 2005;434(7035):913-7. 
doi: 10.1038/nature03443. Erratum in: Nature. 
2007;447(7142):346. 

27.	 Hartman AR, Kaldate RR, Sailer LM, Paint-
er L, Grier CE, Endsley RR, et al. Prevalence 
of BRCA mutations in an unselected popula-
tion of triple-negative breast cancer. Cancer. 
2012;118(11):2787-95. doi: 10.1002/cncr.26576. 

28.	 Wang X, Weaver DT. The ups and downs of DNA 
repair biomarkers for PARP inhibitor therapies. 
Am J Cancer Res. 2011;1(3):301-27. Available 
from: https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC3180060/.  Accessed: May 10, 2023. 

29.	 O’Shaughnessy J, Osborne C, Pippen J, Yoffe M, 
Patt D, Monaghan G, et al. Efficacy of BSI-201, a 
poly (ADP-ribose) polymerase-1 (PARP1) inhibi-
tor, in combination with gemcitabine/carboplatin 
(G/C) in patients with metastatic triple-negative 
breast cancer (TNBC): results of a randomized 
phase II trial [abstract]. J Clin Oncol. 2009;27(Sup-
pl 18). Abstract 3. doi: 10.1200/jco.2009.27.18s.3. 

30.	 Fong PC, Boss DS, Yap TA, Tutt A, Wu P, Mer-
gui-Roelvink M, et al. Inhibition of poly(ADP-ri-
bose) polymerase in tumors from BRCA muta-
tion carriers. N Engl J Med. 2009;361(2):123-34. 
doi: 10.1056/NEJMoa0900212.

31.	Shah SP, Roth A, Goya R, Oloumi A, Ha G, Zhao 
Y, et al. The clonal and mutational evolution 
spectrum of primary triple-negative breast 
cancers. Nature. 2012;486(7403):395-9. doi: 
10.1038/nature10933. 

32.	 El Guerrab A, Bamdad M, Bignon YJ, Penault-Llor-
ca F, Aubel C. Co-targeting EGFR and mTOR 
with gefitinib and everolimus in triple-negative 
breast cancer cells. Sci Rep. 2020;10(1):6367. 
doi: 10.1038/s41598-020-63310-2. 

33.	 Lee KM, Lin CC, Servetto A, Bae J, Kandagatla V, Ye D, 
et al. Epigenetic Repression of STING by MYC Pro-
motes Immune Evasion and Resistance to Immune 
Checkpoint Inhibitors in Triple-Negative Breast 
Cancer. Cancer Immunol Res. 2022;10(7):829-43. 
doi: 10.1158/2326-6066.CIR-21-0826. 

34.	Cao W, Jiang Y, Ji X, Guan X, Lin Q, Ma L. Identifi-
cation of novel prognostic genes of triple-neg-
ative breast cancer using meta-analysis and 
weighted gene co-expressed network analysis. 
Ann Transl Med. 2021;9(3):205. doi: 10.21037/
atm-20-5989. 

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.ema.europa.eu/en/medicines/human/EPAR/trodelvy
https://www.ema.europa.eu/en/medicines/human/EPAR/trodelvy
https://clinicaltrials.gov/ct2/show/NCT04230109
https://clinicaltrials.gov/ct2/show/NCT04230109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3180060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3180060/


97

Vol. 3(2), 86-98, 2023

Cancer in Patients with a Germline BRCA Mu-
tation. N Engl J Med. 2017;377(6):523-33. doi: 
10.1056/NEJMoa1706450. Erratum in: N Engl J 
Med. 2017;377(17):1700. 

55.	 Robson ME, Tung N, Conte P, Im SA, Senkus E, Xu 
B, et al. OlympiAD final overall survival and tol-
erability results: Olaparib versus chemotherapy 
treatment of physician’s choice in patients with a 
germline BRCA mutation and HER2-negative met-
astatic breast cancer. Ann Oncol. 2019;30(4):558-
66. doi: 10.1093/annonc/mdz012. 

56.	 Litton JK, Rugo HS, Ettl J, Hurvitz SA, Gonçalves 
A, Lee KH, et al. Talazoparib in Patients with 
Advanced Breast Cancer and a Germline BRCA 
Mutation. N Engl J Med. 2018;379(8):753-63. 
doi: 10.1056/NEJMoa1802905. 

57.	Gianni L, Huang CS, Egle D, Bermejo B, Zam-
agni C, Thill M, et al. Pathologic complete re-
sponse (pCR) to neoadjuvant treatment with or 
without atezolizumab in triple-negative, early 
high-risk and locally advanced breast cancer: 
NeoTRIP Michelangelo randomized study. Ann 
Oncol. 2022;33(5):534-43. doi: 10.1016/j.an-
nonc.2022.02.004. 

58.	 Jiao S, Xia W, Yamaguchi H, Wei Y, Chen MK, 
Hsu JM, et al. PARP Inhibitor Upregulates PD-
L1 Expression and Enhances Cancer-Associ-
ated Immunosuppression. Clin Cancer Res. 
2017;23(14):3711-20. doi: 10.1158/1078-0432.
CCR-16-3215. 

59.	Domchek S, Postel-Vinay S, Im S, Park YH, Delord 
J, Italiano A, et al. Phase II study of olaparib (o) 
and durvalumab (d) (MEDIOLA): Updated re-
sults in patients (pts) with germline BRCA-mu-
tated (gBRCAm) meta-static breast cancer 
(mbc) Ann Oncol. 2019;30(Suppl 5):v475-v532. 
doi: 10.1093/annonc/mdz253.017. 

60.	Kim SB, Dent R, Im SA, Espié M, Blau S, Tan AR, 
et al. Ipatasertib plus paclitaxel versus placebo 
plus paclitaxel as first-line therapy for meta-
static triple-negative breast cancer (LOTUS): a 
multicentre, randomised, double-blind, pla-
cebo-controlled, phase 2 trial. Lancet Oncol. 
2017;18(10):1360-172. doi: 10.1016/S1470-
2045(17)30450-3. Erratum in: Lancet Oncol. 
2018 Dec;19(12):e667. 

61.	Dent R, Kim SB, Oliveira M, Isakoff SJ, Barrios 
CH, O’Shaughnessy J, et al. IPATunity130: A 
pivotal randomized phase III trial evaluating 
ipatasertib (IPAT) + paclitaxel (PAC) for PIK3CA/
AKT1/PTEN-altered advanced triple-negative 
(TN) or hormone receptor-positive HER2-neg-

46.	 SEER*Explorer: An interactive website for 
SEER cancer statistics. Surveillance Research 
Program, National Cancer Institute. Available 
from https://seer.cancer.gov/statfacts/html/
breast-subtypes.html. Accessed: June 14, 2022.

47.	Rugo HS, Bardia A, Tolaney SM, Arteaga C, 
Cortes J, Sohn J, et al. TROPiCS-02: A Phase III 
study investigating sacituzumab govitecan in 
the treatment of HR+/HER2- metastatic breast 
cancer. Future Oncol. 2020;16(12):705-15. doi: 
10.2217/fon-2020-0163. 

48.	Mandapati A, Lukong KE. Triple negative breast 
cancer: approved treatment options and their 
mechanisms of action. J Cancer Res Clin Oncol. 
2022. doi: 10.1007/s00432-022-04189-6. Epub 
ahead of print. 

49.	U.S. Food and Drug Administration 2023. FDA 
Drug Approval Package. Available from: https://
www.accessdata.fda.gov/drugsatfda_docs/
nda/2006/050807s000TOC.cfm#:~:text=Ap-
proval%20Date%3A%2009%2F15%2F2006. Ac-
cessed: Feb 2023. 

50.	Ryu WJ, Sohn JH. Molecular Targets and Promis-
ing Therapeutics of Triple-Negative Breast Can-
cer. Pharmaceuticals (Basel). 2021;14(10):1008. 
doi: 10.3390/ph14101008. 

51.	Wang SE, Sun YD, Zhao SJ, Wei F, Yang G. Breast 
conserving surgery (BCS) with adjuvant radi-
ation therapy showed improved prognosis 
compared with mastectomy for early staged 
triple negative breast cancer patients Running 
title: BCS had better prognosis than mastecto-
my for early TNBC patients. Math Biosci Eng. 
2019;17(1):92-104. doi: 10.3934/mbe.2020005. 

52.	Schmid P, Salgado R, Park YH, Muñoz-Couselo 
E, Kim SB, Sohn J, et al. Pembrolizumab plus 
chemotherapy as neoadjuvant treatment of 
high-risk, early-stage triple-negative breast 
cancer: results from the phase 1b open-la-
bel, multicohort KEYNOTE-173 study. Ann 
Oncol. 2020;31(5):569-81. doi: 10.1016/j.an-
nonc.2020.01.072. 

53.	Nanda R, Liu MC, Yau C, Shatsky R, Pusztai 
L, Wallace A, et al. Effect of Pembrolizumab 
Plus Neoadjuvant Chemotherapy on Patho-
logic Complete Response in Women With 
Early-Stage Breast Cancer: An Analysis of the 
Ongoing Phase 2 Adaptively Randomized 
I-SPY2 Trial. JAMA Oncol. 2020;6(5):676-84. doi: 
10.1001/jamaoncol.2019.6650. 

54.	Robson M, Im SA, Senkus E, Xu B, Domchek SM, 
Masuda N, et al. Olaparib for Metastatic Breast 

https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/050807s000TOC.cfm#:~:text=Approval%20Date%3A%2009%2F15%2F2006
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/050807s000TOC.cfm#:~:text=Approval%20Date%3A%2009%2F15%2F2006
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/050807s000TOC.cfm#:~:text=Approval%20Date%3A%2009%2F15%2F2006
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/050807s000TOC.cfm#:~:text=Approval%20Date%3A%2009%2F15%2F2006


98

Vol. 3(2), 86-98, 2023

Docetaxel, Epirubicin, and Cyclophosphamide 
for Early Breast Cancer: The Randomized Clini-
cal FinXX Trial. JAMA Oncol. 2017;3(6):793-800. 
doi: 10.1001/jamaoncol.2016.6120. 

64.	Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, 
Yokota I, et al. Adjuvant Capecitabine for 
Breast Cancer after Preoperative Chemother-
apy. N Engl J Med. 2017;376(22):2147-59. doi: 
10.1056/NEJMoa1612645. 

ative (HR+/HER2-) breast cancer (BC). J Clin On-
col. 2018;36(Suppl 15), TPS1117. doi: 10.1200/
JCO.2018.36.15_suppl.TPS1117.

62.	 Varshavsky-Yanovsky AN, Goldstein LJ. Role of 
Capecitabine in Early Breast Cancer. J Clin Oncol. 
2020;38(3):179-82. doi: 10.1200/JCO.19.02946. 

63.	 Joensuu H, Kellokumpu-Lehtinen PL, Huovinen 
R, Jukkola-Vuorinen A, Tanner M, Kokko R, et 
al. Adjuvant Capecitabine in Combination With 


