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Introduction
Breast cancer (BC) is associated with approximately 2.1 mil-
lion new cases in 2018, mostly in women. BC is also the lead-
ing cause of cancer mortality in women.1 The incidence and 
mortality of BC have disparities worldwide.2 Triple-negative 
breast cancer (TNBC) is defined by the absence of the estrogen 
receptor, androgen receptor (AR), and human epidermal 
growth factor receptor 2 (HER2) and accounts for nearly 15% 
of BC. Patients are usually young (<50 years old), have a 
shorter time to relapse in the early stages, and are at higher risk 
for visceral metastasis, including brain metastasis.3 Most 
TNBC have a high pathological histological grade and high 
proliferation rates, especially invasive ductal carcinoma, meta-
plastic, apocrine, and medullary carcinoma. Rare histological 
subtypes, as salivary gland-type adenoid-cystic and secretory 
carcinoma, are low-grade neoplasms.4 The prevalence of ger-
mline BRCA1/2 mutations is higher in patients with TNBC.5 
This tumor subtype is also associated with more tumor-infil-
trating lymphocytes (TILs) than other subtypes.6 The survival 
curves in TNBC, different from other BC subtypes, are char-
acterized by an increase in relapse and a decrease in survival 
during the first 3 to 5 years after diagnosis. Late recurrences are 
more frequent in estrogen-positive BC than in TNBC.7,8 
Metastatic TNBC (mTNBC) is a heterogeneous and aggres-
sive disease that responds differently to standard chemotherapy 
and targeted drugs.3

A molecular classification of TNBC described by Lehmann 
et al identified 6 subtypes using gene expression signatures: basal-
like 1, basal-like 2, immunomodulatory (IM), mesenchymal 
(MES), mesenchymal stem-like, and luminal androgen receptor 
(LAR). Each subtype is enriched in distinct gene ontologies and 
gene expression patterns.9 The correlation between molecular 
subtype, gene expression, and cell pathway is essential to identify 
targeted agents.10,11 Regarding prognosis, the IM subtype is asso-
ciated with a better prognosis, and the LAR subtype to a poor 
prognosis.12 More recently, Burstein et al13 identified 4 TNBC 
subtypes: LAR, MES, basal-like immunosuppressed, and basal-
like immune-activated. Claudin-low tumors are recently dis-
cussed. This phenotype involves various intrinsic subtypes 
associated with high immune and stromal infiltration levels and a 
low mutation burden, proliferation, and genomic instability.14

Historically, mTNBC used to be treated with cytotoxic 
chemotherapy.15,16 The growing knowledge of biology, molec-
ular alterations, and genome sequencing has been essential in 
developing new drugs in recent years. Some targeted drugs, 
such as poly(ADP-ribose) polymerase (PARP) inhibitors, 
immune checkpoint inhibitors (ICIs), AR-targeted drugs, 
drugs targeting the PI3K/AKT pathway, or antibody-drug 
conjugates (ADCs), have demonstrated clinical benefit in these 
patients.17 The authors present in this article a review of the 
most recent drug advances in mTNBC, particularly in the last 
5 years, including the new data published in the year 2020.
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BRCA1/2 Mutations and Homologous 
Recombination Deficiency
DNA damage in cells, caused by extracellular agents or endog-
enous events, is repaired by various DNA repair mechanisms. 
Those are base excision repair (BER), nucleotide excision repair, 
mismatch repair, and double-strand break (DSB) repair that 
includes either homologous recombination during the S and 
G2 cell cycle phases and nonhomologous end joining.18 
BRCA1/2 is directly involved in DNA homologous recombina-
tion repair (HRR) and plays an essential role in genome stabil-
ity. Mutations in BRCA1/2 or other homologous recombination 
defects result in growth defects and genetic instability.19 
Germline BRCA1/2 mutations are present in approximately 
10% to 20% of patients with TNBC, especially in those aged 
<60 years.20-23 The presence of these mutations is associated 
with hereditary breast and ovarian cancer (HBOC) syndrome.24 
Almost all the known BRCA1 mutations have gene expression 
patterns coincident with basal-like subtype.9 BRCA2 mutation 
is more associated with lobular histology.25 Testing for germline 
BRCA1/2 mutations is essential in patients with mTNBC to 
predict future cancer risk and guide therapeutic strategies.26

There are other multiple genetic alterations beyond 
BRCA1/2 mutations that are associated with HBOC syn-
drome. Some of these alterations are also involved in the DNA 
repair mechanisms, like PALB2, ATM, CHEK2, RAD51, and 
TP53.27 The discovery of gene mutations that participate in 
DNA repair pathways supports the possibility for therapeutic 
targets by the synthetic lethality mechanism as occurs with the 
BRCA1/2 mutations tumors treated with PARP inhibitors. 
The evaluation of tumor tissue for loss of heterozygosity, HRR 
deficiency, or mutational signatures could support therapeutic 
strategies guided by the patient’s functional status.27 The analy-
sis of somatic mutation genome from cancers permitted identi-
fying more than 20 mutational signatures, including an 
identified signature 3 associated with the breast, ovarian, and 
pancreatic cancer and the inactivating BRCA1/2 mutations.28,29 
A study performing a comprehensive characterization of signa-
ture 3 revealed that it is associated with the biallelic BRCA1/2 
inactivation (germline, somatic, or epigenetic silencing). 
Nevertheless, many samples with signature 3 did not have the 
BRCA1/2 inactivation, suggesting that other HRR defects can 
contribute to this signature. The study verified an association 
with rare truncating variants in other HRR machinery compo-
nents: germline PALB2 mutations, epigenetic silencing, and 
somatic mutations in RAD51C. The authors conclude that 
signature 3 could represent a biomarker for HRR status and 
could help design the therapeutic trials.30

The Role of Platinum-Based Chemotherapy
In the last few years, chemotherapy was the only treatment 
strategy approved for mTNBC.15,16,31 The role of platinum 
drugs, by their mechanism of action—DNA adduct formation 

with subsequent DSBs, has been questioned in patients with 
TNBC, as it is associated with a high percentage of BRCA1/2 
mutations and other homologous recombination deficiency 
(HRD).32 In the absence of functional BRCA proteins, tumor 
cells are more sensitive to platinum drugs due to their mecha-
nism of action.33 A phase II multicentre clinical trial 
TBCRC009 evaluated the platinum monotherapy (cisplatin 
75 mg/m2 or carboplatin area under the curve [AUC] 6) in 
mTNBC. The results were published in 2015. The study 
included 86 patients, 69 as a first-line therapy, and 11 with 
BRCA1/2 mutations. The overall response rate (ORR) was 
25.6% (95% confidence interval [CI]: 16.8%-36%) in the over-
all population, numerically higher with cisplatin (32.6%) versus 
carboplatin (18.7%) and was 54.5% in patients with BRCA1/2 
mutations.34 Three years later, a phase III trial was published, 
the TNT trial. This study compares carboplatin AUC 6 versus 
the standard of care, docetaxel 100 mg/m2 in 376 patients with 
mTNBC. There were no differences in ORR between carbopl-
atin and docetaxel (31.4% vs 34.0%, respectively) in the overall 
population. There were no differences in median progression-
free survival (PFS) and overall survival (OS): 3.1 months (95% 
CI: 2.4-4.2) and 12.8 months (95% CI: 10.6-15.3) in carbopl-
atin versus 4.4 months (95% CI: 4.1-5.1) and 12.0 months 
(95% CI: 10.2-13.0) in docetaxel treated group, P = .40 and .96, 
respectively. There were 43 patients with germline BRCA1/2 
mutations included. In the BRCA-mutated patients, there was 
a significant difference in ORR between carboplatin treated 
(68%) versus docetaxel (33.3%), P = .03. There is also a signifi-
cant difference in median PFS in BRCA-mutated: 6.8 months 
in the carboplatin group versus 4.4 months in the docetaxel 
group, P = .002. Despite that, there were no differences in the 
OS evaluation. The safety profile was expected for both drugs. 
The benefit observed in BRCA-mutated patients was not 
observed in BRCA1 methylation, BRCA1 mRNA-low tumors, 
and a high score in Myriad HRD assay.35 In this trial, carbopl-
atin demonstrated similar clinical benefit compared with doc-
etaxel with a favorable toxicity profile and is currently an option 
for mTNBC.36

Table 1 describes the main characteristics of these two stud-
ies. A Cochrane systematic review that included 4418 women 
evaluated the platinum-containing regimens for metastatic 
BC. The authors concluded that in women with mTNBC, 
there is preliminary low-quality evidence of a moderate sur-
vival benefit from platinum-based drugs. In contrast, in patients 
with non-TNBC metastatic disease, there is evidence of no 
survival benefit and high toxicity from platinum-based regi-
mens.44 Despite these results, platinum agents have been widely 
used for treating patients with mTNBC. Regarding the pre-
sented results, it will be important to develop and understand 
which biomarkers could predict clinical benefit with platinum 
chemotherapy in mTNBC beyond the germline BRCA1/2 
mutations.
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Poly(ADP-Ribose) Polymerase Inhibitors in 
mTNBC
Poly(ADP-ribose) polymerase 1 is a DNA damage sensor and 
a signal transducer that binds to DNA breaks. The PARP 
inhibitors impair the repair of single-strand breaks (SSBs) by 
the following mechanisms: disruption of the BER pathway and 
inhibiting the auto-PARylation or PARP release from DNA 
(PARP1 trapping). The unresolved SSBs lead to DSBs that 
result in cell death in the HRR-deficient cells.45 Some clinical 
trials have evaluated multiple PARP inhibitors in patients with 
BC and BRCA1/2 germline mutations. The first phase III pub-
lished trial in this setting, demonstrating benefit, was OlympiAD 
trial in 2017. It is a randomized, open-label study that involves 
302 patients with previously treated (⩽2 previous chemother-
apy drugs) metastatic HER2-negative BC with a germline 
BRCA1/2 mutation. The study compares olaparib 300 mg twice 
daily versus physician’s choice chemotherapy (capecitabine, 
eribulin, or vinorelbine in the 21-day cycle) in a 2:1 ratio. The 
median PFS was meaningfully superior in the olaparib group: 
7.0 versus 4.2 months, the hazard ratio (HR) 0.58 (95% CI: 
0.43-0.80, P < .001). The ORR was almost double in the olapa-
rib group: 59.9% versus 28.8% in standard chemotherapy. The 
OS was not significantly different in the two groups, numeri-
cally nearly 20 months. The safety profile was favorable in the 
olaparib group: adverse events (AEs) grade ⩾3 Common 
Terminology Criteria for Adverse Events (CTCAE) were 
36.6% in the olaparib group and 50.5% in the standard chemo-
therapy arm. The most frequent any-grade AEs associated with 
olaparib were anemia, nausea, vomiting, fatigue, and neutrope-
nia.37 The EMBRACA trial was published in the next year. 
This study had a similar design: a randomized, open-label trial, 
including 431 patients with previously treated advanced BC 
(⩽3 cytotoxic agents) and germline BRCA1/2 mutations. 
Patients were randomized to talazoparib 1 mg once daily versus 
physician’s choice chemotherapy (capecitabine, eribulin, gem-
citabine, or vinorelbine) in a 2:1 ratio. The median PFS is sig-
nificantly higher in the talazoparib group: 8.6 versus 5.6 months, 
HR: 0.54 (95% CI: 0.41-0.71, P < .001). The ORR was also 
almost double in talazoparib-treated patients: 62.6% versus 
27.2% in the chemotherapy group, odds ratio 5.0 (95% CI: 2.9-
8.8, P < .001). There was no difference in median OS, nearly 20 
to 22 months. EMBRACA trial, unlike OlympiAD, permitted 
crossover to PARP inhibitor after progression, and 18% of 
patients in the standard group were treated with this drug. The 
safety profile was worse in talazoparib regarding hematological 
grade AEs grade ⩾3 CTCAE: 55% versus 38%. The talazo-
parib group revealed a significant improvement in the estimated 
overall mean change from the baseline in the global quality-of-
life (QoL) on the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire (EORTC 
QLQ)-C30, compared with a deterioration in the chemother-
apy group: 3.0 (95% CI: 1.2-4.8) versus −5.4 (95% CI: −8.8 to 
−2.0), P < .001.38 These 2 PARP inhibitors are approved and 

recommended in pretreated metastatic HER2-negative BC 
with germline BRCA1/2 mutations in the first- to third-line 
setting.16,36,46

Combining PARP inhibitors and chemotherapy to achieve 
an enhanced efficacy is also under investigation. There are some 
recently reported data on this issue. Veliparib, a PARP inhibitor 
with minimal PARP trapping, alone or with chemotherapy, was 
studied in early phase trials and demonstrated efficacy and a 
safety profile.47 A randomized phase II clinical trial 
(BROCADE) evaluated the combination of veliparib with car-
boplatin/paclitaxel or with temozolomide in patients with 
BRCA1/2 mutations in recurrent or metastatic BC with ⩽2 
previous therapeutic lines. Patients (n = 290) were randomized 
in a 1:1:1 ratio to veliparib plus carboplatin/paclitaxel, veliparib 
plus temozolomide, and placebo plus carboplatin/paclitaxel. 
The ORR was superior in the veliparib plus carboplatin/pacli-
taxel group (77.8%) versus placebo plus carboplatin/paclitaxel 
group (61.3%), P = .027. The median PFS and OS were numeri-
cally higher in the group containing veliparib than placebo, but 
without a statistically significant difference. There was no sig-
nificant increase in toxicity, comparing the addition of veliparib 
in the two carboplatin/paclitaxel groups. The veliparib plus 
temozolomide group was compared with placebo plus carbopl-
atin/paclitaxel. Temozolomide plus veliparib was inferior in 
terms of ORR, median PFS, and median OS.39 The first results 
of the phase III trial (BROCADE3) were presented at the 
European Society for Medical Oncology (ESMO) 2019 
Congress and published in 2020. The study included patients 
with HER2-negative advanced/metastatic BC with ⩽2 previ-
ous treatment lines and a germline BRCA1/2 mutation. Patients 
(n = 509) were randomized in a 2:1 ratio to carboplatin AUC 6 
on day 1 and paclitaxel 80 mg/m2 on days 1, 8, and 15, with or 
without veliparib 120 mg bid on days 2 to 5 in a 21-day cycle. 
Patients with no progression during the chemotherapy phase 
maintained veliparib or placebo 300 to 400 mg/day. Prior plati-
num exposure was allowed. The median PFS was superior in 
the veliparib group: 14.5 months (95% CI: 12.5-17.7) versus 
12.6 months (95% CI: 10.6-14.4), HR: 0.71 (95% CI: 0.57-
0.88), P = .0016. The authors verified a durable benefit with a 
3-year PFS rate of 25.7% (95% CI: 20.3-31.4) versus 10.7% 
(95% CI: 5.8-17.3). There were no significant differences in 
median OS (33.5 vs 28.2 months, HR: 0.95, P = .67), and the 
ORR was 75.8% and 74.1%, respectively. Emesis, neutropenia, 
anemia, and thrombocytopenia were the most frequent side 
effects, occurring similarly between the 2 arms.40 A subgroup 
analysis of hormone receptor-positive and mTNBC was pre-
sented in ESMO Breast Cancer Congress 2020: 243 patients 
(48%) were TNBC, and in this subgroup, the median PFS was 
16.6 months (95% CI: 12.3-22.7) in the veliparib arm versus 
14.1 months (95% CI: 11.0-15.8) in placebo, HR: 0.72 (95% 
CI: 0.52-1.00), P = .051. The benefit was durable, with a PFS 
rate at 3 years of 35.3% (95% CI: 27.2-43.6) versus 13.0% (95% 
CI: 5.3-24.2). The median OS was 35.0 and 30.0 months, 
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respectively.48 There were no significant differences in the two 
subgroups relating QoL evaluation through EORTC QLQ-
C30, QLQ-BR23, EQ-5D-5L, and Brief Pain Inventory.49

This year, the results from SWOG S1416 were presented at 
the American Society of Clinical Oncology 2020 annual meet-
ing. This phase II study evaluated the combination of cisplatin 
75 mg/m2 with veliparib or placebo 400 mg bid days 1 to 14 in 
a 21-day-cycle in pretreated with <1 prior line. Three groups 
of mTNBC (n = 335) were analyzed: germline BRCA-mutated 
(n = 37), BRCA-like with HRD evaluated by 4 somatic or ger-
mline biomarkers (n = 101), and non-BRCA-like (n = 110). In 
germline BRCA-mutated, the median PFS difference was not 
statistically different, although with a better numerically 
median PFS. In non-BRCA-like patients, there was no benefit 
when veliparib was associated with cisplatin. In the BRCA-like 
group, the median PFS was higher in patients treated with veli-
parib plus cisplatin (5.7 months) in comparison with placebo 
(4.3 months), HR: 0.58, P = .023. The ORR and median PFS 
were numerically better but without significant difference. 
Grade 3 to 4 CTCAE hematological side effects were higher 
in veliparib groups.41 The last 3 trials evaluated the combina-
tion of a platinum agent with a PARP inhibitor. There are no 
data regarding the comparison of a PARP inhibitor and plati-
num drugs in mTNBC and specifically in patients with 
BRCA1/2 mutations. A study in this setting would be extremely 
relevant to guide the better treatment for this subgroup of 
patients, including the choice of drug, drug sequence, and to 
know whether it needs a combination approach. This knowl-
edge is even more critical in countries where patients do not 
have access to the new targeted drugs like PARP inhibitors, 
and platinum drugs might have an essential role. So, it is crucial 
to know the specific role of platinum, PARP inhibitor, or their 
combination in the future.

Combining PARP inhibitors with ICIs is another combina-
tion strategy under investigation with promising results and an 
acceptable safety profile. The MEDIOLA trial is a phase II 
basket study that evaluated olaparib plus durvalumab in 
patients with advanced solid tumors. The metastatic BC with 
germline BRCA1/2 mutations cohort was presented. Patients 
(n = 34) were submitted to olaparib 300 mg bid for 4 weeks, and 
after that, 300 mg bid plus durvalumab 1.5 g every 4 weeks until 
disease progression. The disease control rate (DCR) was 80% 
(24 of 30) at 12 weeks and 50% (15 of 30) at 28 weeks. The 
ORR was 63.3% in the overall population, with better results in 
patients without previous lines and only 1 prior line. The 
median PFS was 8.2 months (95% CI: 4.6-11.8), and the 
median OS was 20.5 months (95% CI: 16.2-23.9). The most 
frequent grade ⩾3 side effects were anemia, neutropenia, and 
pancreatitis.42 Another PARP inhibitor, niraparib 200 mg id, 
was evaluated in association with pembrolizumab 200 mg in a 
21-cycle in TOPACIO/Keynote-162 phase II study. 
Preliminary results involving 54 patients (12 with BRCA1/2 
mutation) revealed an ORR of 29% and a DCR of 49%. The 

ORR was 33% in programmed death-ligand 1 (PD-L1) posi-
tive with a combined positive score (CPS) ⩾1% and 15% in 
PD-L1 negative. Patients had durable responses with 13 
patients (6 with BRCA1/2 mutations) with >6 months on 
treatment.43 The DORA trial (NCT03167619) is a phase II 
study that evaluates olaparib’s role alone or combined with dur-
valumab as maintenance therapy in patients with advanced 
TNBC treated with platinum drugs. The primary endpoint is 
PFS.50 It warrants more data on these 2-drug combinations 
after these promising preliminary results.

The combination of PARP inhibitors with other targeted 
drugs or with radiation therapy is also under investigation. The 
VIOLETTE study (NCT03330847) is evaluating the efficacy 
and safety of olaparib in association with AZD1775 (a WEE1 
checkpoint inhibitor) or with AZD6738 (an ataxia telangiecta-
sia and Rad3-related protein inhibitor), two DNA damage 
repair agents, in patients with mTNBC with ⩽2 prior lines.51 
The RadioPARP study (NCT03109080) is evaluating the 
combination of olaparib plus radiation therapy in TNBC.52

Immune Checkpoint Inhibitors
Triple-negative breast cancer is the BC subtype that has dem-
onstrated the highest incidence of TILs.6 The high TILs are 
also associated with a better prognosis and better treatment 
response in the early stage in TNBC.53 Tumors may suppress 
T-cell activity by activating inhibitory checkpoint pathways, 
limiting the antitumor immune response. The ICIs target the 
T-cells’ regulatory pathways to enhance antitumor immune 
responses, as the examples of the cytotoxic T-lymphocyte anti-
gen 4, programmed death-1, or lymphocyte antigen 3.54 The 
associated immunogenicity related to high TILs led to clinical 
trials using ICIs in metastatic and early TNBC, with the essen-
tial characteristics described in Table 2. The safety and antitu-
mor efficacy of pembrolizumab 10 mg/kg were initially 
evaluated in a phase Ib trial in patients with heavily treated 
TNBC with PD-L1 ⩾1%. This trial included 32 patients, and 
pembrolizumab demonstrated an acceptable toxicity profile 
and an ORR of 18.5%.55 A phase II clinical trial was then 
developed in patients with previously pretreated mTNBC 
(cohort A) and untreated mTNBC (cohort B). It evaluated the 
efficacy and safety of pembrolizumab 200 mg in a 21-day cycle. 
In cohort A, 170 patients were treated in second or later lines. 
The ORR was 5.3% (2.7-9.9) in all patients, and the median 
duration of response (DOR) was not reached when data were 
published. Grade 3 to 4 AEs occurred in 12.9%.56 In cohort B, 
84 patients with untreated mTNBC without central nervous 
system metastases and PD-L1 CPS ⩾1% were treated with 
pembrolizumab. The ORR was 21.4% (95% CI: 13.9-31.4), 
and the DCR was 23.8% (95% CI: 15.9-34.0). The median 
DOR was 10.4 months, with 44.4% responses ongoing at the 
cutoff, and the median PFS was 2.1 months and median OS 
18.0 months. Grade 3 AEs occurred in 9.5% of patients with-
out grade 4 AEs, with a manageable safety profile.57
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A phase III trial (Keynote-119) compared pembrolizumab 
200 mg in a 21-day cycle versus single-agent chemotherapy 
(capecitabine, eribulin, gemcitabine, or vinorelbine) in previ-
ously treated patients with mTNBC (1 or 2 previous lines, 
anthracycline and/or taxane). The study included 622 patients. 
The median OS and PFS were not significantly superior when 
treated with pembrolizumab, in intention to treat (ITT) popu-
lation, in CPS ⩾1% or ⩾10%. Regarding OS, although not 
significant, the HR was inferior per PD-L1 percentage (0.78 
in CPS ⩾10%, 0.86 in CPS ⩾1%, and 0.97 in the ITT popula-
tion). An exploratory analysis demonstrated benefit in OS in 
patients with CPS ⩾20% (14.9 vs 12.5 months, HR: 0.58 [95% 
CI: 0.38-0.88]). The duration of the response was higher with 
pembrolizumab. This trial demonstrated a trend toward pem-
brolizumab to respond accordingly to PD-L1 enrichment. The 
safety profile was favorable in pembrolizumab, with a grade 3 
to 5 CTCAE AEs 14% in pembrolizumab versus 36% in the 
chemotherapy arm.58 Immune checkpoint inhibitors have 
shown the role of PD-L1 positive in selecting patients for ICIs 
as it is associated with better clinical outcomes. Immune check-
point inhibitors as monotherapy have demonstrated low ORR 
in previously pretreated patients with better results in first-line 
setting. Indeed, ICIs as monotherapy in later lines are currently 
not recommended outside a clinical trial.36

The combination of ICIs with chemotherapy in first-line 
setting is under evaluation and has already been approved. The 
first phase III trial in this situation was IMpassion130. Patients 
(n = 902) with untreated advanced TNBC, that relapsed 
>12 months after completion of early-stage treatment, were 
treated with nabpaclitaxel 100 mg/m2 on days 1, 8, and 15 with 
atezolizumab or placebo 840 mg on days 1 and 15 (28-day 
cycle) in a 1:1 ratio. The median PFS was superior in the ate-
zolizumab group: 7.2 versus 5.5 months in the placebo group, 
HR: 0.80 (95% CI: 0.69-0.92), P = .002. In the PD-L1-positive 
subgroup (the expression on tumor-infiltrating immune cells 
⩾1%), the median PFS was also higher in atezolizumab: 7.5 
versus 5.0 months, HR: 0.62 (95% CI: 0.49-0.78), P < .001. 
The ORR was 56.0% in atezolizumab versus 45.9% in placebo, 
P = .002, and 58.9% in PD-L1 positive treated with atezoli-
zumab and 42.6% when treated with placebo, P = .002. Although 
not statistically significant, the median OS was numerically 
higher in the immunotherapy group: 21.3 versus 17.6 months, 
HR: 0.84 (95% CI: 0.69-1.02), P = .08. In the PD-L1-positive 
subgroup, formal testing for OS was not performed. The median 
OS was 25.0 months in atezolizumab, and 15.5 months in pla-
cebo, HR: 0.62 (95% CI: 0.45-0.86). The most frequent AEs 
were similar between the two groups, with a higher hypothy-
roidism rate in the atezolizumab group.59 The final OS analysis 
was presented recently with a median follow-up time of 
18.8 months, and 73.8% died. In ITT, the median OS was 
21.0 months in the atezolizumab arm versus 18.7 months in 
placebo, HR: 0.87 (95% CI: 0.75-1.02), P = .0770. Although not 
statically significant, numerically median OS was superior in 

the PD-L1 population with a 7.5-month median improvement: 
25.4 versus 17.9 months, HR: 0.67 (95% CI: 0.53-0.86).63 The 
nabpaclitaxel plus atezolizumab combination is already 
approved and recommended for mTNBC with PD-L1-positive 
patients.16,36 Another phase III trial (Keynote-355) compared 
pembrolizumab with chemotherapy (nabpaclitaxel, paclitaxel, 
or gemcitabine/carboplatin) versus placebo plus chemotherapy 
in the first line. The study included 847 patients with mTNBC, 
with >6 months from completion of early-staged treatment. 
This study allowed chemotherapy beyond taxanes, including 
carboplatin-based treatment, which has an important role in 
these patients. The PFS analysis was done by a hierarchical 
model by PD-L1 status using CPS. The median PFS was supe-
rior in the pembrolizumab arm in patients with CPS ⩾10%, 9.7 
versus 5.6 months, HR: 0.65 (95% CI: 0.49-0.86), P = .0012. 
The estimated PFS at 12 months was 39.1% in the pembroli-
zumab group and 23.0% in the placebo group. According to 
statistics prespecified methods, although with a numerically 
superior median PFS, PFS was not significantly superior in the 
CPS ⩾1% subgroup (7.6 and 5.6 months, P = .0014) and was 
not compared in the ITT population. The benefits of pembroli-
zumab plus chemotherapy were irrespective of chemotherapy 
protocol in a subgroup analysis. The OS analysis is ongoing. 
The rate of grade 3 to 5 AEs was comparable between the 2 
arms (68.1% and 66.9%), with no new safety concerns.64,60 In 
November 2020, based on the Keynote-355 trial, the Food and 
Drug Administration (FDA) approved pembrolizumab plus 
chemotherapy for advanced irresectable or metastatic TNBC 
with CPS ⩾10%.65

The IMpassion130 and Keynote-355 have some concerns 
that might limit the use of their criteria in clinical practice. 
They excluded patients with early relapses, and IMpassion130 
used nabpaclitaxel to avoid corticoid exposure. Still, this drug is 
no currently the standard of care, and it would be difficult to 
have access to this drug in some countries.66 A phase III trial 
(IMpassion131) evaluates the combination of atezolizumab 
and paclitaxel in first-line treatment for mTNBC. A phase III 
trial (IMpassion132) evaluated the combination of atezoli-
zumab and chemotherapy (carboplatin/gemcitabine or capecit-
abine) in patients with early relapses (within 12 months after 
completion of the curative intention treatment).67-69 The pri-
mary results of the IMpassion131 trial were presented at 
ESMO 2020 Congress. Patients (n = 651) were randomized in 
a 2:1 ratio for atezolizumab 840 mg on days 1 and 15 or pla-
cebo plus paclitaxel 90 mg/m2 on days 1, 8, and 15 every 28 days. 
Programmed death-ligand 1 status was evaluated through 
immune cell expression, positive if ⩾1%, and the primary end-
point is the PFS test hierarchically first in the PD-L1 positive 
and then in the ITT population. The median PFS was not sig-
nificantly different between the two arms in the PD-L1 posi-
tive or ITT population. In the PD-L1 positive, the median 
PFS was 5.7 months in the placebo and 6.0 months in atezoli-
zumab, HR: 0.82 (95% CI: 0.60-1.12), P = .20. The median OS 
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was not significantly different between the 2 groups analyzed 
in PD-L1 and the ITT population. In PD-L1 positive, median 
OS was 28.3 months in the placebo arm and 22.1 months in 
the atezolizumab arm, HR: 1.12 (95% CI: 0.76-1.65). Grade 
⩾3 side effects were balanced in each arm.61 Contradictory to 
IMpassion130, combination of atezolizumab with paclitaxel 
did not improve survival in PD-L1 or in ITT population. The 
ways why the combination of atezolizumab with nabpaclitaxel 
improved survival but not with paclitaxel are still unknown. In 
the future, it will be necessary to understand this question.

The IM agents can also play a role when associated with 
ICIs. A phase II multicohort trial (TONIC) evaluated some 
strategies to improve the ICI efficacy. Patients (n = 70) were 
randomized to 1 of the 5 arms with different induction treat-
ments: irradiation to a single lesion, low-dose cyclophospha-
mide, cisplatin, or doxorubicin a 2-week waiting period, and 
after that were submitted to a biopsy and treated with 
nivolumab. The ORR was 20%, and the median DOR was 
9 months (95% CI: 4.7-not reached). The induction cisplatin 
and doxorubicin arms were associated with a better ORR, 23% 
and 35%, respectively, which may induce a more favorable 
tumor microenvironment and increased probability nivolumab 
responses. The responders had higher levels of TILs and higher 
levels of CD8 and PD-L1, and low levels of Ca15-3. An 
increased T-cell infiltration after induction, a higher T-cell 
receptor clonality, and upregulation of inflammation-related 
signatures were observed in cisplatin and doxorubicin.62 This 
trial enhances the importance of microenvironment and other 
IM-associated agents.

Anti-AR Antagonists
The AR promotes cell proliferation in TNBC and is an 
emerging biomarker in mTNBC.70 Some trials studied the 
role of anti-AR antagonists in advanced TNBC (Table 3). 
Bicalutamide, an oral AR antagonist, was the first drug stud-
ied in AR-positive mTNBC. In a phase II study (TBCRC011), 
AR was positive when immunohistochemistry (IHC) stain-
ing was >10%, which corresponds to 12% of all screened 
patients (n = 51). This trial included 28 patients. The clinical 
benefit rate (CBR) was the primary endpoint. The CBR at 
6 months was 19% (95% CI: 7-39). The median PFS was 
12 weeks. The most common AEs were fatigue, hot flashes, 
limb edema, and aspartate and alkaline aminotransferase  
elevations.71 Abiraterone is an irreversible and potent inhibi-
tor of CYP17. Abiraterone 1000 mg plus prednisolone 5 mg 
bid was evaluated in a phase II study (UCBG 12-1) in patients 
with AR-positive (⩾10% by IHC staining) advanced TNBC. 
The percentage of AR-positive was 37.6%, but only 34 
patients entered the study. The CBR was 20% (95% CI: 7.7-
38.6) at 6 months, and the ORR was 6.7% (95% CI: 0.8-
22.1). The median PFS was 2.8 months (95% CI: 1.7-5.4). 
The most frequent AEs were fatigue, hypertension, hypoka-
lemia, and nausea, mostly grades 1 and 2.72 Seviteronel, 

another inhibitor of CYP17, was studied in a phase I trial 
with an acceptable safety profile.80 A phase II clinical trial 
(TBCRC) in advanced TNBC with AR expression evaluated 
the enzalutamide, a potent AR inhibitor. AR was positive if 
>0%, which was present in 80% of patients, and negative 
when 0%. The study involves 118 patients, with 78 of them 
with evaluable possible. At 16 weeks, the CBR was 33% (23-
45) and 22% (19-39) at 24 weeks. The ORR was 8%, the 
median PFS was 3.3 months (95% CI: 1.9-4.1), and the 
median OS was 17.6 months (95% CI: 11.6-not reached) in 
the evaluable group. The most frequent AEs were fatigue, 
nausea, and decreased appetite.73 The combination of bicalu-
tamide with CDK4/6 palbociclib (NCT02605486) and ribo-
ciclib (NCT03090165) is studying in AR-positive metastatic 
BC in phase II trials.81,82

PI3K/AKT Pathway in mTNBC
Genetic alterations in the phosphatidylinositol 3-kinase/AKT/
mammalian target of the rapamycin (PI3K/AKT/mTOR) 
pathway are frequent in all BC subtypes, including TNBC.11 
The Cancer Genome Atlas Network reported 7% PIK3CA 
mutations, 35% PTEN mutations/loss, and 30% INPP4B loss 
in basal-like BC subtype.83 In patients with TNBC, 70% har-
bored a PIK3CA, AKT1, or a PTEN aberration, and PI3K 
mutation is more frequent in the LAR subtype.84 Buparlisib is 
a pan-class PI3K inhibitor studied as first-line treatment with 
paclitaxel in HER2-negative advanced BC in phase II/III trial 
(BELLE-4). The addition of buparlisib did not improve PFS, 
and the trial was stopped at the end of the phase II part.85

Ipatasertib is an oral AKT inhibitor studied in a randomized 
phase II study in advanced or metastatic untreated TNBC 
(LOTUS). Patients (n = 166) were randomized in a 1:1 ratio to 
paclitaxel 80 mg/m2 on days 1, 8, and 15 plus ipatasertib 400 mg 
or placebo on days 1 to 21 in a 28-day cycle. The median PFS 
was superior in the ipatasertib group: 6.2 versus 4.9 months, 
HR: 0.60 (95% CI: 0.37-0.98), P = .037. In the 48 PTEN-low 
tumor patients, the median PFS was 6.2 months in ipatasertib 
and 3.7 months in placebo, HR: 0.59 (95% CI: 0.26-1.32), 
P = .18. In PIK3CA/AKT1/PTEN-altered tumors, the median 
PFS was 9.0 months in ipatasertib versus 4.9 months in pla-
cebo, HR: 0.44 (95% CI: 0.20-0.99), P = .041. In ITT, the ORR 
was 40% in ipatasertib and 32% in placebo. The median DOR 
was comparable in ITT and PTEN-low but was higher in 
PIK3CA/AKT1/PTEN-altered tumors (11.2 vs 6.1 months). 
The most frequently documented grade 3 AEs were diarrhea 
and neutropenia, with a higher proportion of all grade ⩾3 AEs 
(54% vs 42%). There was no difference in QoL using EORTC 
QLQ-C30.74 Another AKT inhibitor, capivasertib, was evalu-
ated in combination with paclitaxel as first-line mTNBC ther-
apy in phase II randomized trial (PAKT). Patients (n = 140) 
were randomized to paclitaxel 90 mg/m2 on days 1, 8, and 15 
plus capivasertib or placebo 400 mg bid on days 2 to 5, 9 to 12, 
and 16 to 19 in a 28-day cycle. The median PFS was 5.9 months 
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in the capivasertib arm and 4.2 months in the placebo arm, 
HR: 0.74 (95% CI: 0.50-1.08), P = .11. In PIK3CA/AKT1/
PTEN-altered subgroup, the median PFS was 9.3 months with 
capivasertib versus 3.7 months with placebo, HR: 0.30 (95% 
CI: 0.11-0.79), P = .01. The ORR in the ITT population was 
34.8% in capivasertib, and 28.8% in placebo. In PIK3CA/
AKT1/PTEN-altered subgroup, the ORR was 35.3% in capiv-
asertib versus 18.2% in placebo. The median OS was signifi-
cantly higher in the capivasertib arm in the ITT population: 
19.1 versus 12.6 months, HR: 0.61 (95% CI: 0.37-0.99), P = .04. 
The median OS was not reached in capivasertib-treated 
patients with PIK3CA/AKT1/PTEN-alterations. Diarrhea, 
neutropenia, infection, rash, and fatigue were the most frequent 
AEs associated with capivasertib.75

As we can see in these phase II referred trials (Table 3), the 
addition of an AKT inhibitor to paclitaxel in first line prolongs 
the PFS, especially in patients with PIK3CA/AKT1/PTEN-
altered tumors. The phase III clinical trial (IPATUNITY130) 
evaluates the combination of ipatasertib and paclitaxel versus 
placebo and paclitaxel in PIK3CA/AKT1/PTEN-altered 
advanced irresectable or metastatic untreated TNBC (cohort A) 
or hormone receptor–positive/HER2-negative BC. The pri-
mary endpoint was investigator-accessed PFS.86 The primary 
results from this trial were published at the end of 2020. In 
cohort A, 255 patients were enrolled, 51% with PIK3CA/AKT1 
mutations and 49% with PTEN alterations. With a median 
follow-up of 8.3 months and 33% patients remaining on treat-
ment, there was no difference in PFS between the 2 groups: 
median PFS 7.4 months (95% CI: 5.6-8.5) in the ipatasertib arm 
and 6.1 months (95% CI: 5.5-9.0) in the placebo arm, HR: 1.02 
(95% CI: 0.71-1.45), P = .9237. The proportion of grade ⩾3 AEs 
was similar in the 2 arms (46% and 44%). The most frequent 
AEs were diarrhea (80% and 31%), alopecia (46% and 44%), and 
nausea (36% and 23%).76 These results did not corroborate the 
previous results from phase II trials. A phase III randomized trial 
is also investigating the clinical benefit and safety of capivasertib 
plus paclitaxel combination in first-line treatment in patients 
with mTNBC (CAPItello290).87

PI3K/AKT pathway inhibitors are also under investigation 
in combination with other drugs. Luminal androgen receptor 
subtype is enriched in PIK3CA mutations (40%-50%). 
Enzalutamide combined with taselisib (PI3K inhibitor) was 
studied in a phase Ib/II study (TBCRC032) in AR-positive 
mTNBC. In phase II, 17 pretreated patients were randomized 
to receive enzalutamide 160 mg with or without taselisib 4 mg. 
Hyperglycemia and rash were the most frequent AEs. All the 
patients had disease progression at 16 weeks, and the CBR was 
35.7% in the combination arm compared with no one in the 
enzalutamide arm. The median PFS was 3.4 months. There 
were no different results when patients were stratified using 
PIK3CA mutations. The LAR signature corresponded to a 
better clinical benefit (75.0%) compared with 12.5% in other 

subtypes.77 Ipatasertib is also under investigation combined 
with atezolizumab and paclitaxel in phase III randomized trial 
(IPATUNITY170) in untreated advanced or mTNBC.88

Antibody-Drug Conjugates
The ADC is recently being studied in mTNBC and is showing 
promising results. There are some ADCs in ongoing trials, as 
the examples of sacituzumab-govitecan, ladiratuzumab-vedo-
tin, trastuzumab-deruxtecan, AVID100, U3-1402, CAB-
ROR2-ADC, Anti-CA6-DM4 immunoconjugate, and 
glembatumumab-vedotin. Almost all these ADCs are under 
investigation in early phase trials, except sacituzumab-govite-
can and trastuzumab-deruxtecan. There are phase III clinical 
trials evaluating the last two drugs.89

Sacituzumab-Govitecan
Sacituzumab-govitecan is an ADC that incorporates a human-
ized monoclonal antibody (hRS7) that targets the target human 
trophoblast cell-surface antigen 2 (Trop-2) and enables the 
internalization and delivery of SN-38 (govitecan). This is an 
active metabolite of irinotecan, a topoisomerase I inhibitor. 
Trophoblast cell-surface antigen 2 is highly overexpressed in 
mTNBC and has limited expression in normal tissues.90 
Sacituzumab-govitecan delivers more SN-38 than irinotecan, 
which may overcome RAD51-mediated HRR pathway in 
Trop-2-expressing tumors. Also, sacituzumab-govitecan deliv-
ers SN-38 in its most active nonglucuronidated form, explain-
ing the lower incidence of diarrhea with sacituzumab-govitecan 
compared with irinotecan.91 A phase I/II basket study (IMMU-
132-01) evaluated it in previously treated metastatic cancers. 
The metastatic BC cohort was published at the end of the year 
2019. This trial included 108 heavily treated mTNBC patients 
with median previous lines of 3 (range: 2-10). They were treated 
with 10 mg/kg of the studied drug on days 1 and 8 in a 21-day 
cycle. The most frequent grade ⩾3 side effects were anemia and 
neutropenia and febrile neutropenia. Nausea and diarrhea were 
frequent any-grade side effects. The ORR was 33.3% (95% CI: 
24.6-43.1), and the median DOR was 7.7 months. Median PFS 
was 5.5 months (95% CI: 4.1-6.3) and the median OS 
13.0 months (95% CI: 11.2-13.7).78 A phase III confirmatory 
trial (ASCENT) in heavily pretreated mTNBC (⩾2 lines) has 
compared sacituzumab-govitecan versus physician’s choice 
chemotherapy (capecitabine, gemcitabine, vinorelbine, and 
eribulin). This study was stopped earlier this year due to signifi-
cant potential benefits in these patients. The results of 529 
patients enrolled were recently presented. The primary end-
point is PFS in the brain metastasis–negative population. The 
median PFS was 5.6 months in sacituzumab-govitecan versus 
1.7 months in the physician’s choice chemotherapy arm (HR: 
0.41; P < .0001). The median OS was also higher in the experi-
mental drug arm: 12.1 versus 6.7 months (HR: 0.48; P < .0001). 
The most frequent grade ⩾3 side effects were neutropenia (51% 
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vs 31%), diarrhea (10.5% vs <1%), anemia (8% vs 5%), and 
febrile neutropenia (6% vs 2%). No treatment-related deaths 
were reported.79 A postbiomarker analysis revealed that the 
clinical benefit was independent of Trop-2 expression, accessed 
using IHC.92 The FDA approved the sacituzumab-govitecan 
for patients who have received at least 2 previous treatment lines 
in the mTNBC setting.93 Ongoing multiple trials are testing 
the combination of sacituzumab-govitecan with chemotherapy, 
talazoparib, and immunotherapy.91

Other Targeted Pathways
Epidermal growth factor repair is highly expressed in basal 
TNBC subtypes. Epidermal growth factor repair inhibitors 
were previously evaluated but with disappointing results.94 The 
role of angiogenesis is also being questioned in TNBC, mostly 
in neoadjuvant strategies and metastatic disease. Some trials 
have demonstrated a benefit in PFS, although without benefit 
in OS.16 Ongoing trials are evaluating the combination of bev-
acizumab plus chemotherapy or ICIs. Cabozantinib, a multiple 
tyrosine kinase inhibitor, including MET and vascular 
endothelial growth factor receptor 2, was evaluated in mTNBC 
in a phase II study, including 35 patients. The CBR was 31% 
(95% CI: 17%-49%), and the median PFS was 1.9 months 
(95% CI: 1.3-3.3).95 More recently, cabozantinib was evaluated 
in combination with nivolumab, but without achieving the pri-
mary endpoint of ORR.96

Mitogen-activated protein kinase activity is 1 of the mecha-
nisms of resistance to taxane-based chemotherapy. This path-
way was evaluated in TNBC in a phase II study (COLET). 
Cobimetinib (MEK inhibitor) was combined with paclitaxel as 
first-line treatment in advanced TNBC in multiple cohorts. 
Cohort I compared paclitaxel plus cobimetinib versus pacli-
taxel plus placebo in 90 patients. The median PFS was 
5.5 months for the combination strategy versus 3.8 months, 
HR: 0.73 (95% CI: 0.43-1.24), P = .2. The ORR was 38.3% 
versus 20.9%, and the safety profile was expected for both 
drugs.97 Atezolizumab was combined with cobimetinib and 
taxane in cohorts II (paclitaxel, n = 63) and III (nabpaclitaxel, 
n = 62). The ORR was 34% in cohort II (44% in PD-L1 posi-
tive and 11% in PD-L1 negative) and 29% in cohort III (33% 
in PD-L1 positive and 27% in PD-L1 negative). The 6-month 
PFS was 40.5% in cohort II and 50.1% in cohort III.98

Trilaciclib is a cell cycle selective inhibitor of cyclin-depend-
ent kinases-4/6 that transiently maintain immune cells, 
hemopoietic stem, and progenitor cells in G1 arrest. So, it is 
believed to have the potential to optimize antitumor activity 
and minimize myelotoxicity. The drug was studied in a phase II 
clinical trial in recurrent or mTNBC with ⩽2 previous lines. 
Patients (n = 142) were randomized in a 1:1:1 ratio to gemcit-
abine 100 mg/m2 and carboplatin AUC 2 on days 1 and 8 
(group 1), gemcitabine and carboplatin plus trilaciclib 240 mg/m2 
on days 1 and 8 (group 2) or on days 1, 2, 8, and 9 on a 21-day 

cycle. No significant difference was observed in myelosuppres-
sion endpoints. Regarding efficacy, median OS was superior in 
trilaciclib groups: 17.8 months (8.8-not reached) in group 3, 
20.1 months (9.4-not reached) in group 2, and 12.6 months in 
group 1. It was believed that the induced decreased activity of 
FOXM1, overexpressed in TNBC, induced by trilaciclib, lead-
ing to increased sensitivity for chemotherapy, contributed to a 
better outcome.99

Conclusions
Metastatic TNBC is a heterogeneous disease that used to be 
treated only with chemotherapy-based strategies. The discov-
ery of genomic alterations like BRCA1/2 mutations, HRD, 
and the molecular subtypes has led to the development of 
promising drugs in this disease. Indeed, it is changing the way 
how we treat mTNBC. Platinum-based chemotherapy is non-
inferior to other systemic chemotherapy in mTNBC and has 
better outcomes than a taxane in BRCA1/2-mutated patients 
regarding ORR and PFS. A platinum drug should be consid-
ered in these patients. PARP inhibitors olaparib and talazo-
parib were both approved for patients with germline BRCA1/2 
mutations and metastatic BC. The combinations of PARP 
inhibitors and chemotherapy or ICIs are under investigation 
with promising results. Questions remain on what patients 
should be treated with PARP inhibitors as monotherapy or in 
combination therapy. Perhaps, PARP inhibitors may have a 
role in maintenance therapy after platinum chemotherapy 
leading to chemotherapy-free interval for the patients. Immune 
checkpoint inhibitors demonstrated clinical benefit associated 
with chemotherapy in patients with PD-L1 positive. They 
should be used in the first-line setting, with the two combina-
tions approved: atezolizumab plus nabpaclitaxel or pembroli-
zumab plus various chemotherapy protocols (nabpaclitaxel, 
paclitaxel, and carboplatin plus gemcitabine). Also, in the first-
line setting, two AKT inhibitors—ipatasertib and capivasertib 
associated with paclitaxel—have demonstrated promising out-
comes in patients with PI3K/AKT pathway alterations in 
phase II trials. Nevertheless, a phase III trial IPATunity was 
negative regarding PFS, with immature OS data and other 
studies ongoing. Androgen receptor antagonists in the LAR 
subtype showed encouraging results in a poor prognostic sub-
population, with the need for more data in this setting. The 
ADC sacituzumab-govitecan also showed clinical benefit in 
heavily pretreated patients and is already approved by the FDA 
for the third line or beyond in the mTNBC setting. The incor-
poration into earlier lines is awaited as well as in combination 
with other drugs. A proposed algorithm that includes approved 
therapies for treating mTNBC is described in Figure 1. Other 
targeted drugs and combinations of some referred drugs are 
under investigation and will bring us results shortly. Knowing 
the tumor’s biology and targeting drugs in a personalized med-
icine era brings us new hope for patients with mTNBC.
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