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Abstract

Triple-negative breast cancers (TNBCs) are aggressive tumors that are more common in young women,
African American populations, and those with hereditary mutations. These tumors are notable for their high
recurrence rate and predilection for chemoresistance. The goal of this narrative review is to describe the
current treatment options for patients diagnosed with TNBC and to review the studies that have put forward
these recommendations. We searched PubMed and Cochrane databases for free full-text, English-language
studies published within the last several years pertaining to the search items “triple negative breast cancer”
and “treatment”. We included clinical trials and retrospective reviews that had clear designs and assessed
their findings against a gold standard or placebo and included evidence of overall response and/or survival
outcomes.

Patients with early-stage (I-IIT) TNBC still benefit from treatment with chemotherapeutic regimens
involving anthracyclines, taxanes, and antimetabolites. Platinum-based therapies have been shown to
improve the overall pathologic complete response (pCR), but there is conflicting evidence with regard to
their contribution to disease-free survival (DFS) and overall survival (OS), even with the addition of a poly
(ADP-ribose) polymerase (PARP) inhibitor. Patients with residual disease after neoadjuvant chemotherapy
and surgical intervention have shown a significant improvement in OS when treated with adjuvant
capecitabine. The high mutation burden in metastatic TNBC (mTNBC) allows for targeted therapies and
immune checkpoint inhibitors. mTNBCs that express programmed death ligand-1 (PD-L1) receptors may
achieve improved response and survival if their regimen includes a monoclonal antibody. Antibody-drug
conjugates (ADCs) can deliver high doses of chemotherapy and significantly impact survival in mTNBC
regardless of the level of biomarkers expressed by the tumor cells. PARP inhibitors significantly improve
survival in newly diagnosed, treatment-naive mTNBC, but have shown mixed results in patients with a
history of previous therapy. PARP inhibitors may also target patients with somatic breast cancer (BRCA) and
partner and localizer of BRCA-2 (PALB2) mutations, which would allow for more options in this subset of
patients. While other rare targets have shown mixed results, the future of treatment may lie in anti-
androgen therapy or the development of cancer vaccinations that may increase the immunogenicity of the
tumor environment.

The management of TNBC includes treatment with multimodal chemotherapy, immune checkpoint
inhibitors, and ADCs. The optimal approach depends on a multitude of factors, which include the stage of
the tumor, its unique mutational burden, comorbid conditions, and the functional status of the

patient. Physicians should be familiar with the advantages and disadvantages of each therapy in order to
appropriately counsel and guide their patients.

Categories: General Surgery, Oncology, Therapeutics
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Introduction And Background

Advancements in genomic techniques have improved the assessment and diagnosis of breast cancer,
enabling the classification of the condition into four molecular subtypes based on the predominant genes
[1,2]. Triple-negative breast cancers (TNBCs) are a heterogenous subgroup characterized by their lack of
expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2). TNBC is unique in that its lack of receptor expression often portends a poorer prognosis
and poses unique therapeutic challenges. The variation in its gene expression has created a dynamic tumor
microenvironment, which is often associated with chemoresistance, aggressive behavior, and frequent
recurrence [3,4].

Breast cancer remains the most common cancer diagnosed in women, with an overall lifetime risk of 13%
[5]. In 2021, 282,000 new cases of breast cancer were diagnosed, with approximately 13.1 new cases of TNBC
per 100,000 women [5]. TNBC carries a higher mortality risk with a relative five-year survival of 65% in

How to cite this article
Landry I, Sumbly V, Vest M (February 07, 2022) Advancements in the Treatment of Triple-Negative Breast Cancer: A Narrative Review of the
Literature. Cureus 14(2): €21970. DOI 10.7759/cureus.21970


https://www.cureus.com/users/204690-ian-landry
https://www.cureus.com/users/217405-vikram-sumbly
https://www.cureus.com/users/267316-mallorie-vest

Cureus

regional disease and a dismal 12% when diagnosed at a distant stage [5]. Its aggressive nature often leads to
early recurrence rates within the first three to five years with a predilection for the central nervous system
and lungs [3]. Overwhelmingly, black women experience a higher incidence of TNBC and a
disproportionately higher mortality rate [6]. Women aged less than 35 years make up a significant proportion
of TNBC patients, and in them, the condition may present as a poorly differentiated, aggressive tumor with
multiple germline mutations [7,8,9].

There is no clear consensus on the standardization of care for TNBC, and research on this group of patients
has been limited due to poor outcomes. The goal of our review is to compile and condense the most recent
and relevant studies to present a clear picture of the current options for the treatment of this underserved
population.

Review
Methods

We searched PubMed and Cochrane databases with the addition of ClinicalTrials.gov for ongoing and future
research. The keywords included “triple negative breast cancer”, “metastatic triple negative breast cancer”,
“treatment”, and “guidelines”. The inclusion criteria for evaluation included publications that involved only
basic research, clinical research, and translational research papers written in English. Case reports and case
series were excluded. Since the goal was to obtain a consensus on the effects of treatment as it relates to
patient outcomes, clinical trials that evaluated new therapies against standard chemotherapy or placebo
were specifically sought out. Studies that had information on pathologic complete response (pCR), disease-
free survival (DFS), and/or overall survival (OS) were included. Exclusion criteria were as follows: those
studies that did not contain an appropriate control group, such as ones involving placebo or the current
standard of care. In total, 1,246 records were assessed and analyzed. Studies that met the inclusion criteria
were compiled into a table and classified based on their assessment of chemotherapy and

immunotherapy. The co-authors assessed eligible studies in the same manner and any disputes between
reviewers were deliberated to mutual satisfaction. Outcomes of interest included overall response rate
(ORR), DFS or progression-free survival (PFS), and OS. These outcomes were extracted and are displayed

in Tables 1, 2.
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Study Population

Chemotherapy trials

Green et al. (2005)  I-IlIA TNBC without previous
[10] treatment (n=258)

GeparSixto, von

. K II-11l TNBC without previous treatment
Minckwitz et al.

n=315
(2014) [11] ( )
CALGB 40603 ) )
. . II-11l TNBC without previous treatment
(Alliance), Sikov et
(n=433)
al. (2014) [12]
BrighTNess, Loibl II-11 TNBC without previous treatment

etal. (2018) [13] (n=634)

CREATE-X, I-1l TNBC who did not achieve a pCR
Masuda et al. after NAC/surgery (n=286, 32% of
(2017) [14] total population)

GEICAM, Lluch et II-1ll TNBC previously treated with

al. (2019) [15] anthracycline +/- taxane (n=448)

Zhang et al. (2015) mTNBC previously treated with at
[16] least 1 line of CTx (n=379)

Regimen

Weekly
paclitaxel

Every 3
weeks

PM + Bev

PM + Bev +
Cbp

T-AC + Bev

T-Cbp-AC +
Bev

T-AC
T-Cbp-AC
T/Cbp-V-AC

Control

Capecitabine

Observation

Capecitabine

Platinum
CTx

Non-
platinum CTx

Complete
response
(CR)

48%

23%

36.9%

53.2%

46%

60%

31%
58%
53%

NA

NA

NA

NA

NA

NA

value

0.007

0.005

0.0018

<0.001

NA

NA

NA

Disease-
free
survival
(DFS)

NA

NA

76%

86%

71%

76%

68.5%
79.3%
78.2%

56.1%

69.8%

76.8%

79.6%

7.8
months

4.9
months

TABLE 1: Current chemotherapy options for triple-negative breast cancer

P-value

NA

0.035,
HR:
0.56
(0.33-
0.96)

0.36,
HR:
0.84
(0.58-
1.22)

HR:
0.58
(0.39-
0.87)

HR:
0.58
(0.39-
0.87)

HR:
0.82
(0.63-
1.06)

<0.001

Overall
survival value
(0S)
NA
NA
NA
NA
NA
NA
NA
NA
NA
13.9%
10% NA
12%
70.3% HR:
0.52
78.8%  (0-30-
0.90)
85.9% HR:
0.92
ge.2% (066
1.28)
19.6
months
0.82
19.2
months

pCR: pathologic complete response; TNBC: triple-negative breast cancer; DFS: disease-free survival; OS: overall survival; CTx: chemotherapy; PM:
paclitaxel/non-pegylated liposomal doxorubicin; Bev: bevacizumab (Avastin); Cbp: carboplatin; TAC: docetaxel (Taxotere), doxorubicin (Adriamycin),

cyclophosphamide; HR: hazard ratio
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Study Population Regimen

Immunotherapy trials

CTx only
GeparNuevo,
Loibl et al. II-Il TNBC without previous treatment (n=174) ~ Duravalumab
(2019) [17] + Nab-Pac +
EC
Placebo +
NEOTRIPAPDL1, o Cbp/Nab-Pac
Bianchini (2020) Early high-risk or locally advanced TNBC .
(n=280) Atezolizumab
[18] + Cbp/Nab-
Pac
Pembro +
CTx*
Keynote-355,
Schmid et al. Previously untreated mTNBC (PD-L1+) (n=847) Placebo +
(2020) [19] CTx
Placebo +
IMpassion130, mTNBC or unresectable TNBC without prior Nab-Pac
Emens et al. treatment or completed neoadjuvant CTx longer
(2021) [20] than 12 months (PD-L1+) (n=396) Atezolizumab
+ Nab-Pac
Placebo +
IMpassion131, mTNBC without prior treatment or completed Pac
Miles et al. neoadjuvant CTx longer than 12 months (PD-
(2021) [21] L1+) (n=333) Atezolizumab
+ Pac + DEX
GC alone

O’Shaughnessy mTNBC or locally recurrent who received no
etal. (2011) [22]  more than 2 previous CTx regimens (n=116)

GC + Iniparib
Talazoparib
EMBRACA, Litton BRCA+/HER2- mTNBC who received no more
etal. (2019) [23]  than 3 lines of previous CTx (n=412)
TPC**
i Olaparib
OlympiAD, .
BRCA+/HER2- mTNBC who received no more
Robson et al. . .
than 2 lines of previous CTx (n=205)
(2019) [24] TPCH

Complete
response
(CR)

41.40%

61%

55%

32%

NA

NA

NA

NA

NA

32%

52%

NA

NA

NA

NA

P-value

0.035,
OR:
2.22
(1.06-
4.64)

0.148

NA

NA

NA

<0.02

NA

NA

Disease-
free
survival
(DFS)

79.50%

91.40%

NA

9.7

months

5.6

months
NA

5.3

months

7.5
months

221

months

28
months

3.6
months

59
months

8.6
months

5.6
months

NA

NA

TABLE 2: Current immunotherapy options for triple-negative breast cancer

P-value

0.015,
HR: 0.37
(0.15-
0.87)

NA

<0.001,
HR: 0.65

<0.05,
HR: 0.63
(0.50-
0.80)

HR: 1.12
(0.76-
1.65)

HR: 0.59
(0.39-
0.90)

<0.001,
HR: 0.54
(0.41-
0.71)

NA

Overall
survival
(0s)

NA

NA

NA

NA

NA

18

months
25

months

NA

NA
7.7
months

12.3
months

19.3
months

19.5
months

22.6
months

14.7

months

value

NA

NA

NA

<0.05,
HR:
0.71
(0.54-
0.93)

NA

HR:
0.57
(0.36-
0.90)

0.17,
HR:
0.85
(0.67-
1.07)

0.02,
HR:
0.51
(0.29-
0.90)

*Chemotherapy options included nab-paclitaxel, paclitaxel, or gemcitabine/carboplatin. **TPC (treatment of physician’s choice) included capecitabine,

vinorelbine, or eribulin

pCR: pathologic complete response; TNBC: triple-negative breast cancer; DFS: disease-free survival; OS: overall survival; CTx: chemotherapy; Cbp:
carboplatin; Nab-Pac: nab-paclitaxel; pembro: pembrolizumab; EC: epirubicin/cyclophosphamide; GC: gemcitabine/carboplatin

Key findings
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Seven of the included studies [10-16] evaluated chemotherapeutic options in TNBC, while eight studies [17-
24] evaluated advances in immunotherapy.

Early-Stage TNBC results

Green et al. [10] compared weekly vs. every-three-week dosing of paclitaxel, and five of the studies
contained treatment arms that evaluated carboplatin use with or without immunotherapy or targeted
treatment. Five of the six studies (Figure /) found a greater complete response in the treatment group when
compared to the controls (placebo vs. current guideline of care). One study did not find a statistically
significant difference between the treatment groups while the findings of other studies were all statistically
significant.

Four of these original studies also had information on DFS. Two additional studies that had information on
survival were included and are visualized in Figure 2. Five of the studies found significant differences
between the treatment group and placebo or controls. Four of these had significantly improved DFS.

70
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— 40
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FIGURE 1: Pathologic complete response (pCR) in early-stage triple-
negative breast cancer*

*[10-13,17,18]
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FIGURE 2: Disease-free survival (DFS) in early-stage triple-negative
breast cancer*

*11-15,17]

Metastatic TNBC (mTNBC)

Survival outcomes were evaluated in six different studies. One of the studies compared platinum versus
non-platinum chemotherapy, two of the studies evaluated the use of poly (ADP-ribose) polymerase

(PARP) inhibitors, and three of the studies evaluated the effects of immunotherapy in mTNBC (Figure 3). All
studies showed improved DFS in the treatment arm compared to controls or placebo with only one study
finding insignificant results [[MPASSION131]. OS was significantly improved in the treatment arms of four
separate studies included in the analysis (Figure 4).

Zhang et al [16] 4. FR p-<0.001

KEYNOTE (all) [19]

KEYNOTE (PD-L1+) [19]

Elm

p=<0.05

p=<0.001
IMpassion130 (PD-L1+) [20] | ecois
IMpassion131 (PD-L1+) [21] — e T
QO'Shaughnessy [22] “ﬂ] p=<D.05
everaca (23] | o<
0 5 10 15 20 25 30

Disease Free Survival (months)

m DFS (Control)  m DFS (Experimental)

FIGURE 3: Disease-free survival (DFS) in metastatic triple-negative
breast cancer*

*116,19-23]
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Discussion

Current Treatment Options

The current treatment protocol includes the common chemotherapeutic groups: anthracyclines, alkylating
agents, anti-microtubule agents, and antimetabolite agents [5]. Early-stage (I-III) TNBC patients are often
candidates for neoadjuvant chemotherapy. In contrast, metastatic TNBC (mTNBC) is an aggressive subtype
with poorer disease-specific survival than hormone receptor-positive subtypes, with a median survival of
one year [5]. The prevalence of TNBC is higher in young African American females with an average age at
diagnosis of 53 years [5]. TNBC has a strong correlation with BRCA mutation with nearly 20% of patients
testing positive for the germline mutation [5]. The advancement of targeted therapies, immune checkpoint
inhibitors, and antibody-drug conjugates (ADCs) holds promise in the improvement of PFS and OS.

Taxanes and Anthracyclines

Taxanes and anthracycline-based chemotherapeutic regimens are the mainstays of TNBC treatment [5]. In
the neoadjuvant setting, the addition of taxanes (T) to Adriamycin-cyclophosphamide (AC) regimens
incrementally improves the proportion of patients who achieved pCR [5]. Green et al. [10] found that weekly
paclitaxel use in TNBC patients led to a marked improvement in pCR compared to those who were treated
every three weeks (48% vs. 23%, p=0.007).

Platinum-Based Therapy

The GeparSixto trial [17] was a phase II trial that evaluated the neoadjuvant use of standard chemotherapy
with the addition of a carboplatin regimen. Patients were treated with paclitaxel and non-pegylated
liposomal doxorubicin with or without carboplatin. The pCR was significantly improved in the carboplatin
group (53% vs. 36%, p=0.005). However, the use of this regimen was associated with higher toxicity, with less
than 60% of the population able to tolerate the complete course of treatment. At three-year follow-up, DFS
was also improved in the carboplatin group (86%) vs. the non-carboplatin group (76%) with a hazard ratio of
0.56 (0.33-0.96), p=0.035.

The CALGB40603/Alliance trial [12] randomized patients with stage II or III TNBC to four treatment arms [T-
AC, T-AC (Bev), T/carbo-AC, T/carbo-AC (Bev)]. When stratifying the patients by carboplatin (n=221) vs. no
carboplatin (n=212), the pCR was significantly better in the carboplatin group (60% vs. 46%, p=0.0018). In
this trial, toxicity also affected the completion of the therapy with fewer patients able to complete their
prescribed regimen. Although the pCR was statistically different, it was not interpreted as clinically
significant as the overall event-free survival (EFS) was similar [carboplatin: 76%, non-carboplatin: 71%; HR:
0.84 (0.58-1.22), p=0.36].
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While it was clear that platinum could increase the pCR, its addition remained questionable based on the
conflicting survival results from these trials. The BrighTNess trial [13], which randomized stage II-1II TNBC
patients into three treatment arms, evaluated whether the addition of a PARP inhibitor (veliparib) to
platinum-based therapy would further increase the pCR. The pCR was not statistically different between the
groups. The four-year EFS for the combined paclitaxel-carboplatin-veliparib group was 78.2% vs. 79.3% in
the paclitaxel-carboplatin group, and 68.5% in the paclitaxel-only group. The triple combination was
associated with a significantly higher EFS than paclitaxel alone (HR: 0.63, p=0.016); however, it was not
superior to the combined paclitaxel-carboplatin group (HR: 1.12, p=0.62). Overall, the mortality rate was low
in all three groups: 10% (carboplatin group), 12% (triple combination group), and 13.9% in the paclitaxel-
only group.

Antimetabolites

CREATE-X [14] studied stage I-III breast cancer patients who did not achieve a pCR with neoadjuvant
therapy (NAC) and surgery. These patients were then randomized to a control group or adjuvant-therapy
group with capecitabine. Among patients with TNBC who received capecitabine (n=286), the DFS was
significantly improved [HR: 0.58 (0.39-0.87)] as well as OS [HR: 0.52 (0.30-0.90)]. This led to the justification
of its use in TNBC patients with residual disease. Conversely, the GEICAM trial [15] randomized stage II-III
patients who had previously been treated with anthracyclines with or without taxanes into capecitabine vs.
observation-only. The DFS was not significantly higher in the capecitabine group (79.6%) vs. the observation
group (76.8%) [HR: 0.82, (0.63-1.06), p=0.136].

Immunotherapy

The GeparNuevo trial [17] evaluated early-stage TNBC patients without previous treatment to determine
whether the addition of an anti-program death-ligand 1 (PD-L1) checkpoint inhibitor influenced complete
response or survival. There was a modest improvement in pCR in the group treated with durvalumab (61%)
vs. chemotherapy only (41%) [OR: 2.22 (1.06-4.64), p=0.035]; however, durvalumab combined with
neoadjuvant chemotherapy significantly improved outcomes as DFS markedly improved in these patients
[91.4% vs. 79.5%: HR: 0.37 (0.15-0.87), p=0.0148].

Overall, the results of these trials show that the addition of an immune checkpoint inhibitor increases the
PCR, regardless of PD-L1 activity. The overall effect on survival may be significantly improved but requires
continued follow-up. The landmark KEYNOTE trial [19] found that patients with early TNBC had a
significantly higher pCR when treated with pembrolizumab plus neoadjuvant chemotherapy as opposed to
neoadjuvant chemotherapy with placebo (64.8% vs. 51.2%, respectively; p<0.01). In early TNBC, this benefit
was seen regardless of PD-L1 level, leading to the FDA approval of pembrolizumab for the treatment of
mTNBC. The NeoTRIPaPDL1 [18] trial found that in patients with early-stage TNBC, when chemotherapy
alone was evaluated against the addition of atezolizumab, there was no significant difference in the pCR
(42.3% in placebo vs. 47.1% in atezolizumab group, p=0.66). PD-L1 expression was found to be significantly
associated with the pCR but was highest in the “immune-rich” groups, or those tumors that overexpressed
PD-L1 or had a higher proportion of tumor-infiltrating lymphocytes (TILs) [19]. In patients who had PD-L1
expression of at least 5%, the pCR was 55%, compared to 32% in those with PD-L1 expression between 1-5%
(p=0.148).

Metastatic TNBC (mTNBC)

Chemoresistance and early recurrence remain predominant features of TNBC, especially in metastatic
lesions. The current regimen in mTNBC is multimodal and dependent on both patient characteristics and
mutational burden. Platinum-based therapies have shown mixed benefits in mTNBC patients (DFS: 7.8
months vs. 4.9 months, p<0.001; mOS: 19.6 months vs. 19.2 months, p=0.82) [16]. A comprehensive
approach includes immunotherapy, ADC, and targeted therapies.

Role of Inmunotherapy in mTNBC

The combined positive score (CPS) algorithm is a pathologic testing procedure developed for the evaluation
of PD-L1 expression. CPS is determined by calculating the number of PD-L1 staining cells divided by the
total number of viable tumor cells, multiplied by 100. The KEYNOTE [19] study assessed metastatic TNBC
patients but allowed for a broad range of chemotherapeutic options in the stratification. Patients were
randomized to either chemotherapy with pembrolizumab or chemotherapy with placebo. In the primary
analysis of tumors regardless of mutation status, there was a mildly significant increase in PFS in the
pembrolizumab group [7.5 months vs. 5.6 months; HR: 0.82 (0.69-0.97)]. When stratified, this improvement
was similar in the PD-L1 negative group (7.6 months vs. 5.6 months; HR: 0.74, p<0.001), but markedly
improved in the PD-L1 positive group (9.7 months vs. 5.6 months; HR: 0.60, p<0.01). However, due to the
design of the trial, this finding was not considered statistically significant and pembrolizumab was only
approved for patients with CPS >10.

TNBC remains a strong candidate for immunotherapy due to its high mutation complexity, availability of
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limited therapeutic options, and the presence of increased amounts of PD-1+ tumor-infiltrating
lymphocytes (TILs). The IMpassion130 [20] trials studied metastatic or locally advanced TNBC patients who
were treatment-naive in their metastatic setting and were randomized to either nab-paclitaxel with placebo
vs. nab-paclitaxel with atezolizumab. The addition of atezolizumab in the PD-L1 positive tumors showed a
significant increase in the PFS from 7.5 months vs. 5.3 months [HR: 0.63, (0.50-0.80), p<0.05] and marginally
significant improvements in OS of 25 months vs. 18 months [HR: 0.71, (0.54-0.93), p<0.05]. These
improvements were not observed in the PD-L1 negative population.

The IMpassion131 trial [21] had a similar design; however, the chemotherapy agent was paclitaxel in this
group and was administered with concurrent dexamethasone. This study found no advantage with the
addition of atezolizumab in PD-L1+ patients [22.1 vs. 28.3 months; HR: 1.12 (0.76-1.65)]. It is hypothesized
that differences in the chemotherapy types, the heterogeneity of TNBC, the addition of steroids in the
management, and unknown variables (i.e., antibiotic use/microbiome) may act as confounders for the
association that was seen in the IMpassion130 trial.

There are a variety of immune-specific adverse events that occur with the utilization of immune checkpoint
inhibitors, which have been displayed in the treatment of TNBC. The most common adverse events tend to
be dermatitis, endocrinopathies (hypo- or hyperthyroidism, diabetes), pneumonitis, autoimmune
cytopenias, and hepatitis. However, severe-grade adverse events (grade 5) are relatively uncommon (less
than 0.2%) [16-21].

Role of Antibody-Drug Conjugates in nTNBC

Trop-2 is a transmembrane glycoprotein that is upregulated in all cancer types and is associated with a
poorer prognosis, which makes it an attractive chemotherapeutic target [25]. Sacituzumab govitecan (SG;
Trodelvy) is an ADC highly specific for trop-2 and with a high drug:antibody ratio (7:1). This ADC contains a
linker protein that triggers the release of a highly potent form of irinotecan named SN-38 upon

intracellular hydrolysis [26].

SG received FDA approval in 2020 for use in the treatment of mTNBC previously treated with at least two
prior chemotherapeutic agents. This recommendation was based on the ASCENT trial [27], which
randomized patients into SG versus a treatment of physician’s choice (TPC). The patients were continued on
therapy until progression or unacceptable toxicity. The trial was discontinued early due to significant
improvement in the treatment arm. Notably, 30% of patients had previously received a checkpoint

inhibitor. In patients treated with SG, the median PFS (mPFS) was 5.6 months vs. 1.7 months [HR: 0.41
(0.32-0.52), p<0.001]. The median OS (mOS) was significantly increased at 12.1 months vs. 6.7 months [HR:
0.48; (0.38-0.59), p<0.001] [27]. Adverse effects were common with nearly half of the population (46%)
presenting with grade-3 neutropenia and 10% with diarrhea. Severe adverse effects (grade 4 or above) were
less likely than in chemotherapy. Biomarker analysis [27,28] was performed to assess whether high
expression of trop-2 was more likely to respond to SG therapy, but the objective response rate (ORR) showed
that there was a significant benefit from SG despite trop-2 quantity. This effect was still present regardless
of the germline BRCA status.

Role of PARP Inhibitors in mTNBC

PARP is an important regulator of DNA repair and has been shown to augment platinum-based
chemotherapy [29-31]. O’Shaughnessy et al. [22] studied the effects of gemcitabine and carboplatin with or
without augmentation with iniparib. More than half (52%) of the iniparib group achieved a pCR compared to
32% in the GC-only group (p=0.02). Additionally, iniparib increased DFS [5.9 months vs. 3.6 months; HR:
0.59 (0.39-0.90)] and OS [12.3 months vs. 7.7 months; HR: 0.57 (0.36-0.90)].

There are two major phase-III studies that have evaluated the use of PARP inhibitors in the treatment of
advanced breast cancer [31,32]. The OlympiAD trial [24] randomized germline BRCA patients into olaparib or
TPC, while the EMBRACA [23] trial randomized patients into talazoparib vs. TPC. In the OlympiAD trial, the
eligible patients had received less than two prior chemotherapeutic regimens, while the EMBRACA trial
allowed for less than three regimens. Both trials assessed the PFS of patients undergoing treatment.

In OlympiAD, there was no statistically significant improvement in the OS with olaparib compared to

TPC. However, in a subset analysis, patients with no prior chemotherapy had a clear advantage in PFS with
PARP inhibitors [HR: 0.51; (0.29-0.90), p=0.02]. However, those with prior chemotherapy had less of an
impact [HR: 1.13; (0.79-1.64)], which may suggest that early use could generate a greater

response. Similarly, the EMBRACA trial showed that patients who received PARP inhibitor therapy had
significantly increased PFS of 8.6 months vs. 5.6 months [HR: 0.54; (0.41-0.71), p<0.001]. However, in the
final OS analysis, there was no statistically significant difference between the two groups [19.3

months (talazoparib) vs. 19.5 months (TPC); HR: 0.848 (0.67-1.07), p=0.17]. When the investigators adjusted
for subsequent PARP and/or platinum use, the HR for OS was 0.75 (0.503-1.029). While talazoparib did not
significantly improve OS compared to TPC chemotherapy, subsequent treatments may have affected the
analysis. Tung et al. [32] presented an abstract at the 2020 American Society for Clinical Oncology (ASCO),
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which suggested that patients with mTNBC that possess PALB2 mutations or somatic BRCA mutations have
a significant response to olaparib (ORR: 82%, PALB2; ORR: 50%, sBRCA), which may allow for new treatment
options in these subsets of patients.

Other targets
Role of Pan-AKT Inhibitors

The PI3K/AKT/mTOR signaling pathway is a complex intracellular biochemical cascade that is routinely
disrupted in breast cancer and its activation favors cellular growth, proliferation, and survival

[33,34]. Ipatasertib and Capivasertib are both pan-AKT inhibitors that are still under consideration for the
treatment of mTNBC [35,36]. Both competitively inhibit all AKT isoforms and suppress the phosphorylation
of AKT substrates that mediate cellular processes such as mitosis, apoptosis, and glucose or fatty acid
metabolism.

LOTUS is a phase II clinical trial that compared Ipatasertib with paclitaxel against a placebo in mTNBC
patients [35]. The intent-to-treat group that received the Ipatsertib/paclitaxel combination benefitted from a
higher mPFS of 6.2 months compared to 4.9 months in the placebo group [HR: 0.60 (0.37-0.98),

p=0.037]. Although these results were only marginally significant, a similar phenomenon was observed in 48
patients with PTEN-low tumors who shoed a higher mPFS while on Ipatsertib/paclitaxel compared to
placebo [6.2 months vs. 3.7 months; HR: 0.59 (0.26-1.32), p=0.18]. The FAIRLANE trial also demonstrated
that Ipatsertib had a pCR of 17%, which was higher than that in the 13% of patients in the placebo group
[37].

In the PAKT trial, the mTNBC patients who received Capivasertib/paclitaxel had an mPFS of 5.9 months,
while it was 4.2 months in the placebo group [HR: 0.74 (0.50-1.08), one-sided p=0.06] [36]. Furthermore, the
Capivasertib/paclitaxel group also had a higher mOS than the placebo group [19.1 months vs. 12.6 months;
HR: 0.30 (0.11-0.79), two-sided p=0.01].

Role of Bromodomain Inhibitors in mTNBC

Bromodomain-containing proteins (BCPs) are enzymes that modulate the transcription of various genes by
binding to the acetylated lysine residues of histones [38,39]. The BRD2, BRD3, BRD4, and BRDT proteins are
a part of the bromodomain and extraterminal (BET) domain family, which are responsible for the regulation
of various physiologic functions from cardiovascular health to inflammation and have shown great promise
in the treatment of mTNBC [40,41].

GSK-2801 is a BAZ3/BRD9 bromodomain inhibitor that is currently being studied in cellular cultures

[41]. Bevill et al. have observed that GSK-2801 thoroughly silenced the transcription of ribosomal DNA and
the expression of ETS-regulated genes, which forced mTNBC cells to undergo apoptosis [41]. The
bromodomain inhibitor OTX015 (Birabresib) has also shown antiproliferative properties in TNBC-derived
cell lines [42]. This inhibitor has been shown to induce cell cycle arrest after 72 hours, decrease c-Myc
expression, and affect cancer stem cells. A phase-I clinical trial evaluating the effects of Birabresib is
currently underway [43].

Role of Aurora Kinase Inhibitors in mTNBC

In human cells, the Aurora kinase family represents highly conserved serine/threonine protein kinases; it
was first discovered in the early 1990s and has been shown to tightly control several mitotic

events [44,45]. Recent studies have uncovered that Aurora kinase dysregulation is associated with
carcinogenesis and confers tumor cell radio- and chemoresistance [46]. ENMD-2076 and alisertib are Aurora
kinase inhibitors that are currently under investigation for the treatment of TNBC [47,48].

A phase-II clinical trial evaluating the effects of ENMD-2076 in 41 TNBC patients revealed that the clinical
benefit rate (CBR) at four months was 27.8%, and it was 16.7% at six months [47]. The average duration of
benefit was determined to be 6.5 cycles. In mTNBC, alisertib has shown increased mPFS compared to the
paclitaxel group [10.2 months vs. 7.1 months; HR: 0.56 (0.37-0.84), p=0.005]. Alisertib was also associated
with a higher mOS than paclitaxel alone [26.3 months vs. 25.1 months; HR: 0.89 (0.58-1.38), p=0.61], albeit it
was not statistically significant [48].

Role of CHK1 Inhibitors in mTNBC

Checkpoint kinase-1 (CHK-1) is a serine/threonine kinase that plays an important role in the DNA damage
response (DDR) pathway by facilitating cell cycle arrest [49]. Liu et al. revealed that CHK-1 acts as a cell cycle
checkpoint control with the help of ATR once exposed to ultraviolet radiation, gamma-radiation, or
hydroxyurea [50]. In comparison, the ATM-CHK-2 pathway is activated in response to DNA double-stranded
breaks [50]. Surprisingly, CHK-1 expression patterns are increased in TNBC and are thought to be associated
with tumor grade and disease recurrence [49,51,52]. Prexasertib, UCN-01, GDC-0425, and MK-8776 are some
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of the CHK-1 inhibitors that are currently under evaluation for TNBC [53-56].

A phase-II single-arm pilot study of prexasertib showed that its ORR was 11.1% in nine patients diagnosed
with TNBC [53]. Four of these patients had stable disease at follow-up with an mPFS of 86 days. Prexasertib-
treated cells experienced a 55% reduction in homologous recombination [53]. UCN-01 has also shown
promising results in a phase-II study with a CBR of 12% and ORR of 4% [54].

Future directions
Cancer Vaccines With or Without PD-L1 Inhibitors

The discovery of the increased immunogenicity of TNBC tumors and their association with TILs has led to
the advent of cancer vaccination to generate tumor-specific immunity and prevent disease recurrence [57]. A
summary of the current clinical trials evaluating these therapies in TNBC is presented in Table 5.

Some types of TNBC, termed HER2-low, express low levels of HER2, albeit not enough for targeted therapy
[58]. AE37 is an MHC class-II peptide that is derived from HER2 and is thought to promote the increase of
TILs that may target these tumors. A phase-II trial evaluating the use of the AE37 peptide vaccine showed
improvement in DFS among mTNBC patients [59]. This led to the NSABP FB-14 Phase-II (NCT04024800) [60]
trial, which is currently studying AE37 peptide vaccines with pembrolizumab to enhance tumor-specific
immune responses in mTNBC. In other studies, the combination of a HER2-derived peptide vaccine,
nelipepimut-S (NPS), with trastuzumab induced a strong T-cell response, which correlated to improvements
in DFS when compared to trastuzumab alone [61]. Finally, PVX-410 is an HLA A2-restricted cancer vaccine
that has shown significant improvements in smoldering multiple myeloma [62]. The phase-I trial
(NCT03362060) is currently evaluating PVX-410 with pembrolizumab in metastatic patients [63].

Tumor-specific neoantigens are derived from tumor somatic mutations and chromosomal rearrangements
[64,65]. These neoantigens have been studied in RNA immunotherapy and their use in mRNA vaccines is a
new and bright focus in the development of personalized cancer treatment [66]. The phase-I TNBC-MERIT
trial (NCT02316457) [67] is currently studying RNA immunotherapy by utilizing two methods: the
WAREHOUSE approach and the IVAC MUTANOME concept. The WAREHOUSE approach treats patients with
a selected group of breast cancer-associated antigens that have proven immunogenicity. The MUTANOME
arm targets multiple neoantigens from mutated epitopes with the idea that mutation-specific T cells bear
enormous potential for anti-tumor activity. Turner et al. [68] and Gillanders et al. [69] are also studying
circulating tumor DNA (ctDNA) or neoantigens in vaccines to determine how their effect on standard
therapies with or without monoclonal antibodies affect patient outcomes.

Anti-Androgen Hormonal Therapy

TNBCs may express other hormone receptors such as androgen receptors (AR). In fact, the AR is expressed in
approximately 30% of all TNBC and its inhibition has been shown to reduce proliferation, migration, and
invasion of TNBC cell lines in vitro [70]. Enzalutamide is a promising new targeted therapy that is currently
being studied in a phase II trial (NZCT01889238) for the treatment of AR+ TNBC [71]. Additionally, the
nonsteroidal AR inhibitor bicalutamide, which is currently used in locally advanced and metastatic prostate
cancer, is currently being studied in a phase II trial (NCT03090165) for the treatment of TNBC [72].

Table 3 provides a summary of the select ongoing clinical trials in TNBC.
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Clinical trial
IDI:wa na Phase Patients Interventions Outcomes of interest
NCT04024800 AE37 tid ine +/- GMCSF +
1] mTNBC (n=29) pe.p 'de vaccine Recommended dose, ORR
[60] pembrolizumab
NCT03362060 HLA-A2+ mTNBC . .
| PVX-410 vaccine + pembrolizumab Immune response, ORR
[63] (n=20)
NCT02316457 o Number of adverse events, induced T-cell
| TNBC (n=42) IVAC_W_bre1_ulD vaccination
[67] response
NCT03145961 11 Early-stage TNBC Pembrolizumab ctDNA levels
[68] (n=208)
NCT03199040 ) . .
[69] | TNBC (n=13) Neoantigen DNA vaccine +/- durvalumab  Safety immune response
NCT01889238 Advanced AR+ TNBC ) e )
1] Enzalutamide Clinical benefit rate
[71] (n=118)
NCT03090165 . . X . Maximum tolerated dose, clinical benefit
| AR+ TNBC (n=37) Ribociclib + bicalutamide
[72] rate, ORR

TABLE 3: Selection of current clinical trials in triple-negative breast cancer

mTNBC: metastatic triple-negative breast cancer; ORR: overall response rate; ctDNA: circulating tumor DNA; AR: androgen receptor

Limitations

This study has a few limitations. The articles utilized for this review were extracted from only two separate
databases. which may have led to the possibility of publication bias. However, the goal of this narrative
review was to organize and summarize the latest studies that have impacted the clinical management of
both early- and late-stage TNBC. The results of comparisons between trials must be analyzed with the
understanding that the patient populations studied were diverse as they differed in terms of functional
status and previous therapies. This makes the extrapolation of these findings to the general population
difficult. However, we feel that we have identified specific subgroups of TNBC that could benefit from
individual therapies and have highlighted the studies that show these benefits.

Conclusions

Patients with early triple-negative breast cancer retain the benefit from standard anthracycline/taxane
regimens. The use of platinum-based therapies may enhance pCR but it has not been shown to improve
survival. Patients with residual disease after neoadjuvant chemotherapy and surgical management may
benefit from adjuvant capecitabine. The addition of immunotherapy with checkpoint inhibitors may
enhance pCR in the neoadjuvant setting, especially in those who overexpress PD-L1 or have high numbers of
TILs. mTNBC patients have shown improved survival when treated with immunotherapy as their high
mutation burden correlates with increased immunogenicity. ADCs such as sacituzumab govitecan may
provide additional benefits for patients who have progressed through other therapies. PARP inhibitors can
improve survival in patients with germline BRCA mutations but show the most benefit in those without
prior treatment. However, PARP inhibitors may have a selective advantage in those with somatic BRCA or
PALB2 mutations. Novel targets such as pan-AKT inhibitors, bromodomain inhibitors, aurora kinase
inhibitors, and CHK1-inhibitors have shown promising results as adjuvants to chemotherapy, but these
trials are still in their early stages.

The future of TNBC treatment may lie in two well-studied options: vaccination and hormonal blockade. The
immunogenic tumor microenvironment responds well to immunotherapy; however, the results have been
more significant in PD-L1-positive tumors. The vaccination of patients with tumor neoantigens may
increase the immunogenicity of these patients, thereby making them responsive to proven
immunotherapies. While being historically low-positive or negative for estrogen and progesterone receptors,
nearly one-third of TNBC patients express ARs and may benefit from targeted androgen blockade with well-
studied prostate cancer treatments.

Additional Information
Disclosures

2022 Landry et al. Cureus 14(2): e21970. DOI 10.7759/cureus.21970 12 of 15



Cureus

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Perou CM, Serlie T, Eisen MB, et al.: Molecular portraits of human breast tumours. Nature. 2000, 406:747-
52.10.1038/35021093

Yersal O, Barutca S: Biological subtypes of breast cancer: prognostic and therapeutic implications . World |
Clin Oncol. 2014, 5:412-24. 10.5306/wjco.v5.i3.412

Dent R, Trudeau M, Pritchard KI, et al.: Triple-negative breast cancer: clinical features and patterns of
recurrence. Clin Cancer Res. 2007, 13:4429-34. 10.1158/1078-0432.CCR-06-3045

Dent R, Hanna WM, Trudeau M, Rawlinson E, Sun P, Narod SA: Pattern of metastatic spread in triple-
negative breast cancer. Breast Cancer Res Treat. 2009, 115:423-8. 10.1007/s10549-008-0086-2
Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER*Stat Database:
Incidence - SEER Research Data, 9 Registries, Nov 2020 Sub (1975-2018) - Linked To County Attributes -
Time Dependent (1990-2018) Income/Rurality, 1969-2019 Counties, National Cancer Institute, DCCPS,
Surveillance Research Program. (2020). Accessed: April 5, 2021: https://seer.cancer.gov.

Dietze EC, Sistrunk C, Miranda-Carboni G, O'Regan R, Seewaldt VL: Triple-negative breast cancer in
African-American women: disparities versus biology. Nat Rev Cancer. 2015, 15:248-54. 10.1038/nrc3896
LiuY, Xin T, Huang DY, et al.: Prognosis in very young women with triple-negative breast cancer:
retrospective study of 216 cases. Med Oncol. 2014, 31:222. 10.1007/s12032-014-0222-2

Atchley DP, Albarracin CT, Lopez A, et al.: Clinical and pathologic characteristics of patients with BRCA-
positive and BRCA-negative breast cancer. ] Clin Oncol. 2008, 26:4282-8. 10.1200/]C0.2008.16.6231
Bianchini G, Balko JM, Mayer IA, Sanders ME, Gianni L: Triple-negative breast cancer: challenges and
opportunities of a heterogeneous disease. Nat Rev Clin Oncol. 2016, 13:674-90. 10.1038/nrclinonc.2016.66
Green MC, Buzdar AU, Smith T, et al.: Weekly paclitaxel improves pathologic complete remission in
operable breast cancer when compared with paclitaxel once every 3 weeks. ] Clin Oncol. 2005, 23:5983-92.
10.1200/JC0.2005.06.232

von Minckwitz G, Schneeweiss A, Loibl S, et al.: Neoadjuvant carboplatin in patients with triple-negative
and HER2-positive early breast cancer (GeparSixto; GBG 66): a randomised phase 2 trial. Lancet Oncol.
2014, 15:747-56. 10.1016/S1470-2045(14)70160-3

Sikov WM, Berry DA, Perou CM, et al.: Impact of the addition of carboplatin and/or bevacizumab to
neoadjuvant once-per-week paclitaxel followed by dose-dense doxorubicin and cyclophosphamide on
pathologic complete response rates in stage II to III triple-negative breast cancer: CALGB 40603 (Alliance). |
Clin Oncol. 2015, 33:13-21. 10.1200/]C0O.2014.57.0572

Loibl S, O'Shaughnessy J, Untch M, et al.: Addition of the PARP inhibitor veliparib plus carboplatin or
carboplatin alone to standard neoadjuvant chemotherapy in triple-negative breast cancer (BrighTNess): a
randomised, phase 3 trial. Lancet Oncol. 2018, 19:497-509. 10.1016/51470-2045(18)30111-6

Masuda N, Lee SJ, Ohtani S, et al.: Adjuvant capecitabine for breast cancer after preoperative chemotherapy .

N Engl ] Med. 2017, 376:2147-59. 10.1056/NE]Moal612645

Lluch A, Barrios CH, Torrecillas L, et al.: Phase III trial of adjuvant capecitabine after standard neo-
/adjuvant chemotherapy in patients with early triple-negative breast cancer (GEICAM/2003-
11_CIBOMA/2004-01). J Clin Oncol. 2020, 38:203-13. 10.1200/]C0.19.00904

Zhang J, Fan M, Xie ], et al.: Chemotherapy of metastatic triple negative breast cancer: experience of using
platinum-based chemotherapy. Oncotarget. 2015, 6:43135-43. 10.18632/oncotarget.5654

Loibl S, Untch M, Burchardi N, et al.: A randomised phase II study investigating durvalumab in addition to
an anthracycline taxane-based neoadjuvant therapy in early triple-negative breast cancer: clinical results
and biomarker analysis of GeparNuevo study. Ann Oncol. 2019, 30:1279-88. 10.1093/annonc/mdz158
Bianchini G: Tumour infiltrating lymphocytes (TILs), PD-L1 expression and their dynamics in the
NeoTRIPaPDLI trial (Online only). 202013.

Schmid P, Cortes J, Pusztai L, et al.: Pembrolizumab for early triple-negative breast cancer. N Engl ] Med.
2020, 382:810-21. 10.1056/NEJMoa1910549

Emens LA, Adams S, Barrios CH, et al.: First-line atezolizumab plus nab-paclitaxel for unresectable, locally
advanced, or metastatic triple-negative breast cancer: IMpassion130 final overall survival analysis. Ann
Oncol. 2021, 32:983-93. 10.1016/j.annonc.2021.05.355

Miles D, Gligorov J, André F, et al.: Primary results from IMpassion131, a double-blind, placebo-controlled,
randomised phase III trial of first-line paclitaxel with or without atezolizumab for unresectable locally
advanced/metastatic triple-negative breast cancer. Ann Oncol. 2021, 32:994-1004.
10.1016/j.annonc.2021.05.801

O'Shaughnessy ], Osborne C, Pippen JE, et al.: Iniparib plus chemotherapy in metastatic triple-negative
breast cancer. N Engl ] Med. 2011, 364:205-14. 10.1056/NE]Moal011418

Litton JK, Hurvitz SA, Mina LA, et al.: Talazoparib versus chemotherapy in patients with germline BRCA1/2-
mutated HER2-negative advanced breast cancer: final overall survival results from the EMBRACA trial. Ann
Oncol. 2020, 31:1526-35. 10.1016/j.annonc.2020.08.2098

Robson ME, Tung N, Conte P, et al.: OlympiAD final overall survival and tolerability results: olaparib versus
chemotherapy treatment of physician's choice in patients with a germline BRCA mutation and HER2-
negative metastatic breast cancer. Ann Oncol. 2019, 30:558-66. 10.1093/annonc/mdz012

Zaman S, Jadid H, Denson AC, Gray JE: Targeting Trop-2 in solid tumors: future prospects . Onco Targets
Ther. 2019, 12:1781-90. 10.2147/0TT.S162447

Syed YY: Sacituzumab govitecan: first approval. Drugs. 2020, 80:1019-25. 10.1007/540265-020-01337-5

2022 Landry et al. Cureus 14(2): €21970. DOI 10.7759/cureus.21970

13 0of 15


https://dx.doi.org/10.1038/35021093
https://dx.doi.org/10.1038/35021093
https://dx.doi.org/10.5306/wjco.v5.i3.412
https://dx.doi.org/10.5306/wjco.v5.i3.412
https://dx.doi.org/10.1158/1078-0432.CCR-06-3045
https://dx.doi.org/10.1158/1078-0432.CCR-06-3045
https://dx.doi.org/10.1007/s10549-008-0086-2
https://dx.doi.org/10.1007/s10549-008-0086-2
https://seer.cancer.gov
https://seer.cancer.gov
https://dx.doi.org/10.1038/nrc3896
https://dx.doi.org/10.1038/nrc3896
https://dx.doi.org/10.1007/s12032-014-0222-2
https://dx.doi.org/10.1007/s12032-014-0222-2
https://dx.doi.org/10.1200/JCO.2008.16.6231
https://dx.doi.org/10.1200/JCO.2008.16.6231
https://dx.doi.org/10.1038/nrclinonc.2016.66
https://dx.doi.org/10.1038/nrclinonc.2016.66
https://dx.doi.org/10.1200/JCO.2005.06.232
https://dx.doi.org/10.1200/JCO.2005.06.232
https://dx.doi.org/10.1016/S1470-2045(14)70160-3
https://dx.doi.org/10.1016/S1470-2045(14)70160-3
https://dx.doi.org/10.1200/JCO.2014.57.0572
https://dx.doi.org/10.1200/JCO.2014.57.0572
https://dx.doi.org/10.1016/S1470-2045(18)30111-6
https://dx.doi.org/10.1016/S1470-2045(18)30111-6
https://dx.doi.org/10.1056/NEJMoa1612645
https://dx.doi.org/10.1056/NEJMoa1612645
https://dx.doi.org/10.1200/JCO.19.00904
https://dx.doi.org/10.1200/JCO.19.00904
https://dx.doi.org/10.18632/oncotarget.5654
https://dx.doi.org/10.18632/oncotarget.5654
https://dx.doi.org/10.1093/annonc/mdz158
https://dx.doi.org/10.1093/annonc/mdz158
https://scholar.google.com/scholar?q=intitle:Tumour infiltrating lymphocytes %28TILs%29%2C PD-L1 expression and their dynamics in the NeoTRIPaPDL1 trial %28Online only%29
https://dx.doi.org/10.1056/NEJMoa1910549
https://dx.doi.org/10.1056/NEJMoa1910549
https://dx.doi.org/10.1016/j.annonc.2021.05.355
https://dx.doi.org/10.1016/j.annonc.2021.05.355
https://dx.doi.org/10.1016/j.annonc.2021.05.801
https://dx.doi.org/10.1016/j.annonc.2021.05.801
https://dx.doi.org/10.1056/NEJMoa1011418
https://dx.doi.org/10.1056/NEJMoa1011418
https://dx.doi.org/10.1016/j.annonc.2020.08.2098
https://dx.doi.org/10.1016/j.annonc.2020.08.2098
https://dx.doi.org/10.1093/annonc/mdz012
https://dx.doi.org/10.1093/annonc/mdz012
https://dx.doi.org/10.2147/OTT.S162447
https://dx.doi.org/10.2147/OTT.S162447
https://dx.doi.org/10.1007/s40265-020-01337-5
https://dx.doi.org/10.1007/s40265-020-01337-5

Cureus

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bardia A, Tolaney SM, Punie K, et al.: Biomarker analyses in the phase III ASCENT study of sacituzumab
govitecan versus chemotherapy in patients with metastatic triple-negative breast cancer. Ann Oncol. 2021,
32:1148-56. 10.1016/j.annonc.2021.06.002

Bartsch R: ESMO 2020: highlights in breast cancer . Memo. 2021, 30:1-4. 10.1007/s12254-021-00713-5
Dziadkowiec KN, Gasiorowska E, Nowak-Markwitz E, Jankowska A: PARP inhibitors: review of mechanisms
of action and BRCA1/2 mutation targeting. Prz Menopauzalny. 2016, 15:215-9. 10.5114/pm.2016.65667
Alli E, Sharma VB, Sunderesakumar P, Ford JM: Defective repair of oxidative dna damage in triple-negative
breast cancer confers sensitivity to inhibition of poly(ADP-ribose) polymerase. Cancer Res. 2009, 69:3589-
96.10.1158/0008-5472.CAN-08-4016

Ossovskaya V, Li L, Broude EV, et al.: BSI-201 enhances the activity of multiple classes of cytotoxic agents
and irradiation in triple negative breast cancer (Online only). 2009,

Tung NM, Robson ME, Ventz S, et al.: TBCRC 048: phase II study of olaparib for metastatic breast cancer
and mutations in homologous recombination-related genes. J Clin Oncol. 2020, 38:4274-82.
10.1200/]C0.20.02151

Paplomata E, O'Regan R: The PI3K/AKT/mTOR pathway in breast cancer: targets, trials and biomarkers .
Ther Adv Med Oncol. 2014, 6:154-66. 10.1177/1758834014530023

Willems L, Tamburini J, Chapuis N, Lacombe C, Mayeux P, Bouscary D: PI3K and mTOR signaling pathways
in cancer: new data on targeted therapies. Curr Oncol Rep. 2012, 14:129-38. 10.1007/s11912-012-0227-y
Kim SB, Dent R, Im SA, et al.: Ipatasertib plus paclitaxel versus placebo plus paclitaxel as first-line therapy
for metastatic triple-negative breast cancer (LOTUS): a multicentre, randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet Oncol. 2017, 18:1360-72. 10.1016/51470-2045(17)30450-3

Schmid P, Abraham ], Chan S, et al.: Capivasertib plus paclitaxel versus placebo plus paclitaxel as first-line
therapy for metastatic triple-negative breast cancer: the PAKT Trial. ] Clin Oncol. 2020, 38:423-33.
10.1200/]C0.19.00368

Oliveira M, Saura C, Nuciforo P, et al.: FAIRLANE, a double-blind placebo-controlled randomized phase II
trial of neoadjuvant ipatasertib plus paclitaxel for early triple-negative breast cancer. Ann Oncol. 2019,
30:1289-97. 10.1093/annonc/mdz177

Winter GE, Mayer A, Buckley DL, et al.: BET bromodomain proteins function as master transcription
elongation factors independent of CDK9 recruitment. Mol Cell. 2017, 67:5-18. 10.1016/j.molcel.2017.06.004
Ferri E, Petosa C, McKenna CE: Bromodomains: structure, function and pharmacology of inhibition .
Biochem Pharmacol. 2016, 106:1-18. 10.1016/j.bcp.2015.12.005

Bhattacharya S, Piya S, Borthakur G: Bromodomain inhibitors: what does the future hold?. Clin Adv
Hematol Oncol. 2018, 16:504-15.

Bevill SM, Olivares-Quintero JF, Sciaky N, et al.: GSK2801, a BAZ2/BRD9 bromodomain inhibitor, synergizes
with BET inhibitors to induce apoptosis in triple-negative breast cancer. Mol Cancer Res. 2019, 17:1503-18.
10.1158/1541-7786.MCR-18-1121

Vazquez R, Riveiro ME, Astorgues-Xerri L, et al.: The bromodomain inhibitor OTX015 (MK-8628) exerts
anti-tumor activity in triple-negative breast cancer models as single agent and in combination with
everolimus. Oncotarget. 2017, 8:7598-613. 10.18632/oncotarget.13814

Lewin ], Soria JC, Stathis A, et al.: Phase Ib trial with birabresib, a small-molecule inhibitor of bromodomain
and extraterminal proteins, in patients with selected advanced solid tumors. J Clin Oncol. 2018, 36:3007-14.
10.1200/7C0.2018.78.2292

Lin X, Xiang X, Hao L, et al.: The role of Aurora-A in human cancers and future therapeutics . Am | Cancer
Res. 2020, 10:2705-29.

Kollareddy M, Dzubak P, Zheleva D, Hajduch M: Aurora kinases: structure, functions and their association
with cancer. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2008, 152:27-33.
10.5507/bp.2008.004

Tang A, Gao K, Chu L, Zhang R, Yang ], Zheng J: Aurora kinases: novel therapy targets in cancers .
Oncotarget. 2017, 8:23937-54. 10.18632/oncotarget.14893

Diamond JR, Eckhardt SG, Pitts TM, et al.: A phase II clinical trial of the Aurora and angiogenic kinase
inhibitor ENMD-2076 for previously treated, advanced, or metastatic triple-negative breast cancer. Breast
Cancer Res. 2018, 20:82. 10.1186/513058-018-1014-y

O'Shaughnessy ], McIntyre K, Wilks S, et al.: Efficacy and safety of weekly paclitaxel with or without oral
alisertib in patients with metastatic breast cancer: a randomized clinical trial. JAMA Netw Open. 2021,
4:e214103. 10.1001/jamanetworkopen.2021.4103

Zhang Y, Hunter T: Roles of Chk1 in cell biology and cancer therapy . Int ] Cancer. 2014, 134:1013-23.
10.1002/ijc.28226

Liu Q, Guntuku S, Cui XS, et al.: Chkl1 is an essential kinase that is regulated by Atr and required for the
G2/M DNA damage checkpoint. Genes Dev. 2000, 14:1448-59.

Verlinden L, Vanden Bempt [, Eelen G, et al.: The E2F-regulated gene Chk1 is highly expressed in triple-
negative estrogen receptor/progesterone receptor/HER-2 breast carcinomas. Cancer Res. 2007, 67:6574-81.
10.1158/0008-5472.CAN-06-3545

Patil M, Pabla N, Dong Z: Checkpoint kinase 1 in DNA damage response and cell cycle regulation . Cell Mol
Life Sci. 2013, 70:4009-21. 10.1007/s00018-013-1307-3

Gatti-Mays ME, Karzai FH, Soltani SN, et al.: A phase II single arm pilot study of the CHK1 inhibitor
prexasertib (LY2606368) in BRCA wild-type, advanced triple-negative breast cancer. Oncologist. 2020,
25:1013-e1824. 10.1634/theoncologist.2020-0491

Ma CX, Ellis MJ, Petroni GR, et al.: A phase II study of UCN-01 in combination with irinotecan in patients
with metastatic triple negative breast cancer. Breast Cancer Res Treat. 2013, 137:483-92. 10.1007/s10549-
012-2378-9

Infante JR, Hollebecque A, Postel-Vinay S, et al.: Phase I study of GDC-0425, a checkpoint kinase 1
inhibitor, in combination with gemcitabine in patients with refractory solid tumors. Clin Cancer Res. 2017,
23:2423-32. 10.1158/1078-0432.CCR-16-1782

Zhou ZR, Yang ZZ, Wang SJ, et al.: The Chk1 inhibitor MK-8776 increases the radiosensitivity of human

2022 Landry et al. Cureus 14(2): €21970. DOI 10.7759/cureus.21970

14 of 15


https://dx.doi.org/10.1016/j.annonc.2021.06.002
https://dx.doi.org/10.1016/j.annonc.2021.06.002
https://dx.doi.org/10.1007/s12254-021-00713-5
https://dx.doi.org/10.1007/s12254-021-00713-5
https://dx.doi.org/10.5114/pm.2016.65667
https://dx.doi.org/10.5114/pm.2016.65667
https://dx.doi.org/10.1158/0008-5472.CAN-08-4016
https://dx.doi.org/10.1158/0008-5472.CAN-08-4016
https://scholar.google.com/scholar?q=intitle:BSI-201 enhances the activity of multiple classes of cytotoxic agents and irradiation in triple negative breast cancer %28Online only%29
https://dx.doi.org/10.1200/JCO.20.02151
https://dx.doi.org/10.1200/JCO.20.02151
https://dx.doi.org/10.1177/1758834014530023
https://dx.doi.org/10.1177/1758834014530023
https://dx.doi.org/10.1007/s11912-012-0227-y
https://dx.doi.org/10.1007/s11912-012-0227-y
https://dx.doi.org/10.1016/S1470-2045(17)30450-3
https://dx.doi.org/10.1016/S1470-2045(17)30450-3
https://dx.doi.org/10.1200/JCO.19.00368
https://dx.doi.org/10.1200/JCO.19.00368
https://dx.doi.org/10.1093/annonc/mdz177
https://dx.doi.org/10.1093/annonc/mdz177
https://dx.doi.org/10.1016/j.molcel.2017.06.004
https://dx.doi.org/10.1016/j.molcel.2017.06.004
https://dx.doi.org/10.1016/j.bcp.2015.12.005
https://dx.doi.org/10.1016/j.bcp.2015.12.005
https://pubmed.ncbi.nlm.nih.gov/30067623/
https://dx.doi.org/10.1158/1541-7786.MCR-18-1121
https://dx.doi.org/10.1158/1541-7786.MCR-18-1121
https://dx.doi.org/10.18632/oncotarget.13814
https://dx.doi.org/10.18632/oncotarget.13814
https://dx.doi.org/10.1200/JCO.2018.78.2292
https://dx.doi.org/10.1200/JCO.2018.78.2292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7539775/
https://dx.doi.org/10.5507/bp.2008.004
https://dx.doi.org/10.5507/bp.2008.004
https://dx.doi.org/10.18632/oncotarget.14893
https://dx.doi.org/10.18632/oncotarget.14893
https://dx.doi.org/10.1186/s13058-018-1014-y
https://dx.doi.org/10.1186/s13058-018-1014-y
https://dx.doi.org/10.1001/jamanetworkopen.2021.4103
https://dx.doi.org/10.1001/jamanetworkopen.2021.4103
https://dx.doi.org/10.1002/ijc.28226
https://dx.doi.org/10.1002/ijc.28226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC316686/
https://dx.doi.org/10.1158/0008-5472.CAN-06-3545
https://dx.doi.org/10.1158/0008-5472.CAN-06-3545
https://dx.doi.org/10.1007/s00018-013-1307-3
https://dx.doi.org/10.1007/s00018-013-1307-3
https://dx.doi.org/10.1634/theoncologist.2020-0491
https://dx.doi.org/10.1634/theoncologist.2020-0491
https://dx.doi.org/10.1007/s10549-012-2378-9
https://dx.doi.org/10.1007/s10549-012-2378-9
https://dx.doi.org/10.1158/1078-0432.CCR-16-1782
https://dx.doi.org/10.1158/1078-0432.CCR-16-1782
https://dx.doi.org/10.1038/aps.2016.136

Cureus

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

triple-negative breast cancer by inhibiting autophagy. Acta Pharmacol Sin. 2017, 38:513-23.
10.1038/aps.2016.136

Brown TA 2nd, Mittendorf EA, Hale DF, et al.: Prospective, randomized, single-blinded, multi-center phase
1I trial of two HER2 peptide vaccines, GP2 and AE37, in breast cancer patients to prevent recurrence. Breast
Cancer Res Treat. 2020, 181:391-401. 10.1007/s10549-020-05638-x

Won KA, Spruck C: Triple-negative breast cancer therapy: current and future perspectives (review) . Int |
Oncol. 2020, 57:1245-61. 10.3892/ij0.2020.5135

McCarthy PM, Clifton GT, Vreeland TJ], Adams AM, O'Shea AE, Peoples GE: AE37: a HER2-targeted vaccine
for the prevention of breast cancer recurrence. Expert Opin Investig Drugs. 2021, 30:5-11.
10.1080/13543784.2021.1849140

Establishing the recommended biological dose for AE37 peptide vaccine in combination with
pembrolizumab that will enhance the tumor-specific immune response and demonstrate efficacy in patients
with advanced triple-negative breast cancer (NSABP FB-14). (2019). Accessed: February 5, 2022:
https://clinicaltrials.gov/ct2/show/NCT04024800.

Clifton GT, Hale D, Vreeland TJ, et al.: Results of a randomized phase IIb trial of nelipepimut-s +
trastuzumab versus trastuzumab to prevent recurrences in patients with high-risk HER2 low-expressing
breast cancer. Clin Cancer Res. 2020, 26:2515-23. 10.1158/1078-0432.CCR-19-2741

Nooka AK, Wang ML, Yee AJ, et al.: Assessment of safety and immunogenicity of PVX-410 vaccine with or
without lenalidomide in patients with smoldering multiple myeloma: a nonrandomized clinical trial. JAMA
Oncol. 2018, 4:e183267. 10.1001/jamaoncol.2018.3267

Isakoff SJ, Tolaney SM, Tung NM: A phase 1b study of safety and immune response to PVX-410 vaccine
alone and in combination with durvalumab (MEDI4736) in HLA-A2+ patients following adjuvant therapy for
stage 2/3 triple negative breast cancer. | Clin Oncol. 2017, 35:2-3.

Li L, Zhang X, Wang X, et al.: Optimized polyepitope neoantigen DNA vaccines elicit neoantigen-specific
immune responses in preclinical models and in clinical translation. Genome Med. 2021, 13:56.
10.1186/513073-021-00872-4

Yang X, Fan ], Wu 'Y, et al.: Synthetic multiepitope neoantigen DNA vaccine for personalized cancer
immunotherapy. Nanomedicine. 2021, 37:102443. 10.1016/j.nano.2021.102443

Haque S, Cook K, Sahay G, Sun C: RNA-based therapeutics: current developments in targeted molecular
therapy of triple-negative breast cancer. Pharmaceutics. 2021, 13:2-5. 10.3390/pharmaceutics13101694
BioNTech. RNA-immunotherapy of IVAC_W _brel_ulD and IVAC_M_uID (TNBC-MERIT). Identifier
NCT02316457. (2021). Accessed: February 5, 2022: https://clinicaltrials.gov/ct2/show/NCT02316457.

A trial using ctDNA blood tests to detect cancer cells after standard treatment to trigger additional
treatment in early stage triple negative breast cancer patients (c-TRAK-TN). (2020). Accessed: February 5,
2022: https://clinicaltrials.gov/ct2/show/NCT03145961.

Neoantigen DNA vaccine alone vs. neoantigen DNA vaccine plus durvalumab in triple negative breast cancer
patients following standard of care therapy. (2017). Accessed: February 5, 2022:
https://clinicaltrials.gov/ct2/show/NCT03199040.

Barton VN, D'Amato NC, Gordon MA, et al.: Multiple molecular subtypes of triple-negative breast cancer
critically rely on androgen receptor and respond to enzalutamide in vivo. Mol Cancer Ther. 2015, 14:769-78.
10.1158/1535-7163.MCT-14-0926

Traina TA, Miller K, Yardley DA, et al.: Enzalutamide for the treatment of androgen receptor-expressing
triple-negative breast cancer. ] Clin Oncol. 2018, 36:884-90. 10.1200/]C0O.2016.71.3495

Ribociclib and bicalutamide in AR+ TNBC. Identifier NCT03090165 . (2017). Accessed: February 5, 2022:
https://clinicaltrials.gov/ct2/show/NCT03090165.

2022 Landry et al. Cureus 14(2): €21970. DOI 10.7759/cureus.21970

150f 15


https://dx.doi.org/10.1038/aps.2016.136
https://dx.doi.org/10.1007/s10549-020-05638-x
https://dx.doi.org/10.1007/s10549-020-05638-x
https://dx.doi.org/10.3892/ijo.2020.5135
https://dx.doi.org/10.3892/ijo.2020.5135
https://dx.doi.org/10.1080/13543784.2021.1849140
https://dx.doi.org/10.1080/13543784.2021.1849140
https://clinicaltrials.gov/ct2/show/NCT04024800
https://clinicaltrials.gov/ct2/show/NCT04024800
https://dx.doi.org/10.1158/1078-0432.CCR-19-2741
https://dx.doi.org/10.1158/1078-0432.CCR-19-2741
https://dx.doi.org/10.1001/jamaoncol.2018.3267
https://dx.doi.org/10.1001/jamaoncol.2018.3267
https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.TPS1126
https://dx.doi.org/10.1186/s13073-021-00872-4
https://dx.doi.org/10.1186/s13073-021-00872-4
https://dx.doi.org/10.1016/j.nano.2021.102443
https://dx.doi.org/10.1016/j.nano.2021.102443
https://dx.doi.org/10.3390/pharmaceutics13101694
https://dx.doi.org/10.3390/pharmaceutics13101694
https://clinicaltrials.gov/ct2/show/NCT02316457
https://clinicaltrials.gov/ct2/show/NCT02316457
https://clinicaltrials.gov/ct2/show/NCT03145961
https://clinicaltrials.gov/ct2/show/NCT03145961
https://clinicaltrials.gov/ct2/show/NCT03199040
https://clinicaltrials.gov/ct2/show/NCT03199040
https://dx.doi.org/10.1158/1535-7163.MCT-14-0926
https://dx.doi.org/10.1158/1535-7163.MCT-14-0926
https://dx.doi.org/10.1200/JCO.2016.71.3495
https://dx.doi.org/10.1200/JCO.2016.71.3495
https://clinicaltrials.gov/ct2/show/NCT03090165
https://clinicaltrials.gov/ct2/show/NCT03090165

	Advancements in the Treatment of Triple-Negative Breast Cancer: A Narrative Review of the Literature
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: Current chemotherapy options for triple-negative breast cancer
	TABLE 2: Current immunotherapy options for triple-negative breast cancer

	Key findings
	FIGURE 1: Pathologic complete response (pCR) in early-stage triple-negative breast cancer*
	FIGURE 2: Disease-free survival (DFS) in early-stage triple-negative breast cancer*
	FIGURE 3: Disease-free survival (DFS) in metastatic triple-negative breast cancer*
	FIGURE 4: Overall survival (OS) in metastatic triple-negative breast cancer*

	Discussion
	Other targets
	Future directions
	TABLE 3: Selection of current clinical trials in triple-negative breast cancer

	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


