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Abstract: Triple negative breast cancer (TNBC] is a heterogeneous disease representing
about 15% of all breast cancers. TNBC are usually high-grade histological tumors, and are
generally more aggressive and difficult to treat due to the lack of targeted therapies available,
and chemotherapy remains the standard treatment. There is a close relationship between
pathological complete response after chemotherapy treatment and higher rates of disease-
free survival and overall survival. In this review of systemic treatment in early triple negative
breast cancer, our purpose is to analyze and compare different therapies, as well as to
highlight the novelties of treatment in this breast cancer subtype.

Keywords: chemotherapy, immunotherapy, neoadjuvant therapy, precision medicine, systemic

treatment, triple negative breast cancer

Received: 14 September 2020; revised manuscript accepted: 18 December 2020.

Introduction

Rationale

Triple negative breast cancer (TNBC) represents
15% to 20% of all breast cancers. According to
the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP)
guidelines, TNBC is defined in a standard way by
=<1% immunohistochemistry (IHC) expression of
estrogen and progesterone receptor and absence of
erbb2 (HER2) overexpression and/or amplifica-
tion.!? In addition, TNBC usually have high his-
tological grade and proliferation, and abundant
necrotic tissue. This type of cancer is more com-
mon in women under 40years of age, in African,
American or Latino women, or in those who carry
a BRCA mutation, mainly in the BRCA1 gene.?
The biological behavior of TNBC is usually more
aggressive, with early recurrences, and has a
greater tendency to present distant metastases
compared with other breast cancer subtypes.*7

TNBC has a poor prognosis, due mainly to the
lack of targeted treatments. The high response
rates to chemotherapy (CT) are not prolonged in
time due to the early development of resistance
mechanisms.® The relative 5-year survival rate of

localized TNBC is 91%, 65% in locally advanced
and 11% in metastatic stages.?

Objectives

Here, we present a bibliographic review and a
summary of the scientific literature on the system-
atic treatment of localized and locally advanced
TNBC, comparing different therapies and their
efficacy, as well as highlighting therapeutic novel-
ties, especially the appearance of immunotherapy
for these types of tumors.

Methods
We performed a review of the literature about sys-
temic treatment in early TNBC.

Study selection criteria

Clinical trials, prospective or retrospective cohort
studies, and meta-analyses published between
January 1995 and October 2020 whose stated pri-
mary intent was to assess the systemic treatment
of patients with local, or locally advanced, TNBC
were included in the review. No limits were placed
on the language of publication or on the treatment
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regimen received. Exclusion criteria were studies
that did not include TNBC subtype, studies ana-
lyzing only metastatic breast cancer, and those
with a sample size of fewer than 15 patients.

Search strategy and screening of articles

An electronic search was conducted in three
databases: Cochrane Library, MEDLINE and
EMBASE. As guidance, literature were reviewed
using journals with a high impact factor and
therapeutic guidelines from medical societies
such as ASCO (American Society of Clinical
Oncology), NCCN (National Comprehensive
Cancer Network) and ESMO (European Society
for Medical Oncology).

Discussion

The therapeutic strategy in the local or locally
advanced TNBC includes CT, surgery, and radi-
otherapy. The choice of treatment must be indi-
vidualized and carried out by a multidisciplinary
tumor board made up of, at least, medical oncol-
ogists, radiation oncologists, surgeons, patholo-
gists, and radiologists. The selected therapy is
based on the size and location of the primary
tumor, the number of lesions, adenopathic
involvement, as well as age, menopausal status,
and general health conditions, always considering
the preferences of each patient.® In premenopau-
sal and young patients, the genetic desires of the
patients must be taken into account and fertility
preservation techniques must be offered before
the start of any systemic treatment; BRCA1/2 sta-
tus should also be tested.

From the beginning of the disease, TNBC should
be considered as a systemic disease,!? since the
presence of micrometastases not visible by con-
ventional imaging techniques has been observed
in early stages of the tumor, so we must use CT to
attempt a potential healing. Some of the chemo-
therapeutic agents that have been shown to be
effective in TNBC are anthracyclines such as dox-
orubicin or epirubicin, cyclophosphamide, taxa-
nes, platinum salts, fluoropyrimidines, eribuline,
and gemcitabine, among others.!! Two treatment
strategies can be used, administering CT before
(neoadjuvant) or after (adjuvant) surgery.

Is CT better before or after surgery?
Neoadjuvant CT (NACT) is the standard treat-
ment in locally advanced breast cancer.!?

The concept of NACT is a newer addition to the
anti-neoplastic drug strategies employed in routine
cancer management. Several important and unique
goals associated with this approach are as follows:
to increase the resectability rate by decreasing
tumor size (especially tumors >2cm) thus allow-
ing conservative surgeries to be performed, early
control of micrometastatic disease, and testing of
the chemosensitivity or chemo-resistance of the
tumor i vivo. Response to NACT is a predictor of
long-term response and gives prognostic informa-
tion after a short follow-up time, unlike adjuvant
studies, which provide results at 5-10years of fol-
low up. A drawback to NACT is the surgical chal-
lenge posed by patients who present a tumor
progression to this therapy.!3

Some studies have confirmed the importance of
achieving a pathological complete response
(pCR) after NACT since pCR confers a better
prognosis and survival.%14

The study conducted by Symmans ez al. and pub-
lished in 2017,!5 aimed to measure residual dis-
ease after NACT in order to improve the
prognostic information that could be obtained
from evaluating pathologic response. Pathologic
slides and reports were reviewed from 382
patients in two different treatment cohorts:
sequential paclitaxel followed by fluorouracil,
doxorubicin, and cyclophosphamide (FAC) in
241 patients, and a single regimen of FAC in 141
patients. Residual cancer burden (RCB) was cal-
culated as a continuous index combining patho-
logic measurements of primary tumor (size and
cellularity) and nodal metastases (number and
size) for prediction of distant relapse-free survival
(DRFS). RCB was independently prognostic in a
multivariate model that included age, pretreat-
ment clinical stage, hormone receptor status, and
hormone therapy. Minimal RD (RCB-I) obtained
in 17% of the patients carried the same prognosis
as pCR (RCB-0). Extensive residual disease
(RCB-III) reached in 13% of the patients was
associated with poor prognosis, regardless of hor-
mone receptor status or adjuvant hormone ther-
apy. The generalizability of RCB for prognosis of
distant relapse was confirmed in the FAC-treated
validation cohort.!> RCB determined from rou-
tine pathologic materials was a significant predic-
tor of DRFS, and can be used to define categories
of near-complete response and CT resistance.!>

A recent meta-analysis carried out by Spring
et al.,'% which included 27,895 individuals from
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52 different studies from 1999 to 2016, aimed to
assess the prognostic significance of pCR after
NACT, using different CT schemes. pCR follow-
ing NACT appeared to be associated with
improved survival outcomes among patients with
breast cancer. Patients who experienced pCR
were 69% less likely to have disease recurrence
compared with their counterparts with residual
disease. Moreover, disease-free survival (DFS)
and overall survival (OS) outcomes appeared
comparable regardless of whether or not patients
received adjuvant chemotherapy.!® The associa-
tion between pCR and DFS was strongest among
patients with TNBC or HER2-positive breast
cancer, who were 82% and 68%, respectively, less
likely to have disease recurrence following pCR.
In addition, patients with pCR showed a 78%
lower risk of mortality compared with those who
did not have pCR — a trend that was consistent
among the TNBC subgroup. In the TNBC sub-
type, 5-year DFS (90% wersus 57%), and OS
(84% wversus 47%) were also significantly higher in
patients with pCR compared with those with
residual disease. The results of this comprehen-
sive meta-analysis overall suggest that pCR is a
strong surrogate endpoint for TNBC.!¢ Further
research is needed to evaluate the clinical utility
of escalation or de-escalation strategies in the
adjuvant setting based on neoadjuvant response.

NACT was first used in the 1980s in patients
with locally advanced breast cancer; its goal was
to make inoperable tumors operable.!1%13

Throughout these years, different randomized
phase III trials have been designed with the aim of
answering whether NACT is better than adjuvant
CT, administering the same CT regimens before
and after surgery. The main outcomes in most of
these studies were OS and DFS. The first well-
designed study with a good sample size was
NSABP-B18,!7 in which 1523 patients with local
or locally advanced breast cancer were rand-
omized (1:1) to receive four cycles of anthracy-
clines before or after surgery. Breast tumor size
was reduced in 80% of the patients after preop-
erative therapy and 36% had a pCR. An increase
in the percentage of clinical response and pCR
was observed in the group with NACT. Breast
conserving surgery was greater in the group in
which NACT was administered. In a subgroup
analysis, this was the first trial to demonstrate that
obtaining pCR was associated with higher DFS
and OS compared with those with lower degrees
of response.13:18

In the ECTO study published in 2005,18 1355
women were randomized to four cycles of doxo-
rubicin and paclitaxel followed by four cycles of
CMF (cyclophosphamide, methotrexate, 5-fluo-
rouracil) in a neoadjuvant way, compared with
the same adjuvant scheme and another arm with
four cycles of doxorubicin followed by four cycles
of CMF. The pCR in the NACT arm was 20%.
The percentage of breast conserving surgery was
higher with NACT. At 5years of follow up, DFS
and OS were similar in the different schemes.!?

The meta-analysis of Mauri ez al. was also pub-
lished in 2005.2° The authors evaluated nine ran-
domized studies, including a total of 3946 patients
with breast cancer, that compared neoadjuvant
therapy with adjuvant therapy regardless of what
additional surgery and/or radiation treatment was
used. The objective was to answer the question of
whether NACT was better than adjuvant CT.
This meta-analysis did not find statistically or
clinically significant difference in DFS or OS
between neoadjuvant therapy and adjuvant ther-
apy, and the probability of progression during the
NACT was extremely low (<5%). A higher rate of
conservative surgery was observed in the NACT
group. NACT was associated with an increased
risk of locoregional recurrence, especially when
radiotherapy was performed without surgery only
in patients who achieved a complete clinical or
radiological response. The latter emphasized the
importance of incorporating surgery in the locore-
gional treatment after NACT.13:20

A meta-analysis carried out by Mieog,?! including
14 studies with 5500 patients, was presented in
2007, in which no differences in OS between the
use of NACT or adjuvant CT were observed. A
lower percentage of mastectomies were detected
in the neoadjuvant group. This review demon-
strated that the increase in the percentage of local
recurrence associated with NACT is reduced sig-
nificantly after excluding studies in which patients
receive RT exclusively after complete tumor
regression on imaging tests.2!

Which CT scheme is more effective?

The clinical response by physical examination as
well as the tumor radiological response by imag-
ing tests such as magnetic resonance is observed
in 70-90% of patients with NACT, which varies
depending on the CT scheme and the number of
cycles administered,?? so several studies have
been designed to answer this question.
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The NSABP-B27 study included more than 2400
patients to receive four cycles of neoadjuvant AC
(doxorubicin 60 mg/m? plus cyclophosphamide
600 mg/m2), four cycles of AC followed by four
cycles of preoperative docetaxel 100mg/m2, or
four cycles of AC followed by surgery and then
four cycles of adjuvant docetaxel every 3 weeks.23
It was observed that the addition of four cycles of
preoperative docetaxel after four cycles of AC
significantly increased the rates of pCR (40.1%
versus 63.6%). In the ACCOG study,** 363
patients with inflammatory or locally advanced
TNBC were randomized to six cycles of AC (dox-
orubicin plus cyclophosphamide) or AD (doxoru-
bicin plus docetaxel). At 2 months follow up, there
were no significant differences between the two
arms in terms of percentage of tumor responses,
breast conserving surgery, pCR, and DFS.

The optimal NACT scheme has not been estab-
lished, although a combination of four anthracy-
cline cycles followed by four of taxanes (weekly
paclitaxel or 3-weekly docetaxel) is the combina-
tion that achieves the highest percentage of pCR
(about 30%).2>

Despite the fact that the standard treatment is
based on CT with anthracyclines and taxanes, in
those patients with a high risk of cardiovascular
toxicity, this scheme could be substituted by the
administration of four cycles of docetaxel and
cyclophosphamide despite obtaining somewhat
lower results.?%:27

Sequential or concurrent NACT administration?
Paclitaxel weekly or tri-weekly?

Other questions that needed to be answered were
whether the administration of anthracyclines and
taxanes had to be sequential or concurrent, and
whether the latter were to be administered weekly
or tri-weekly. To do this, several studies were
designed, such as those of GeparDuo er al.,?8
AGO,?° or Green,3® where it was observed that
the anthracycline and taxanes sequential scheme
was associated with better results than the con-
current scheme, in addition to achieving a higher
rate of pCR and conservative surgery. However, it
is impossible to determine whether the observed
benefit results from sequential use or from differ-
ences in CT doses administered (highest in the
sequential arm) or duration of treatment (highest
in the sequential arm).3! It is also concluded that
the weekly paclitaxel scheme is more active than
the 3-weekly docetaxel.13:31

How can we improve efficacy? Adding platinums
salts? Role of Nab-paclitaxel? Adding
antiangiogenics?

To assess the use of other CT regimens, several
clinical trials were carried out, such as the CALGB
40,603 study,3?-33 which assessed the impact of
adding carboplatin and/or bevacizumab in early
TNBC. A total of 443 patients with stage II to III
TNBC received paclitaxel 80mg/m? once per
week for 12weeks, followed by doxorubicin plus
cyclophosphamide once every 2weeks for four
cycles, and were randomly assigned to concurrent
carboplatin [area under curve (AUC) 6] once
every 3weeks for four cycles and/or bevacizumab
10mg/kg once every 2weeks for nine cycles. As
expected, regardless of treatment, patients who
achieved a pCR were associated with better DFS
and OS than those who did not obtain this
response. It was observed that the addition of
either carboplatin (60% versus 44%) or bevaci-
zumab (59% versus 48%) significantly increased
pCR breast, whereas only carboplatin (54% ver-
sus 41%) significantly raised pCR breast/axilla.
This trial evidenced that the addition of carbopl-
atin or bevazizumab to the NACT improved up
to 14% more the number of pCR without obtain-
ing a significantly better DFS.34

In the GeparSixto study,3®> 595 patients with
previously untreated, non-metastatic, stage II-
III, TNBC and HER2-positive breast cancer
were randomized 1:1. Patients were treated for
18 weeks with paclitaxel 80 mg/m? once a week
and non-pegylated liposomal doxorubicin
(npDOX) 20 mg/m? once a week. Patients with
TNBC received simultaneous bevacizumab
15mg/kg intravenously (iv) every 3 weeks.
Patients with HER2-positive disease received
simultaneous trastuzumab (8 mg/kg initial dose
with subsequent doses of 6mg/kg iv every
3 weeks) and lapatinib 750 mg daily. In the car-
boplatin arm, the pCR rate was 53.2% wversus
36.9% in the other arm. Definitive data were
published in 2018, and it was observed that the
addition of carboplatin correlated with better
DFS, especially in tumors with deficiencies in
homologous recombination.3%

GeparSixto and CALGB 40603 showed that add-
ing carboplatin increases the rate of pCR by 15%.
A retrospective analysis of CALGB40603 gene
expression found an increase in pCR with the
addition of carboplatin (from 47% to 61%) in
patients with TNBC — an increase that did not dif-
fer significantly from the total study population.3’

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

M Nunez, S Calabuig et al.

In other subsequent studies such as those pub-
lished by Alba ez al.,?8 Sharma et al.?° and Ando
et al.¥% that compared different combinations of
NACT with or without the addition of carbopl-
atin; these studies concluded that better pCR
rates were obtained in patients under treatment
with platinum-based NACT.

In 2018, the BrighTNess trial included 634
patients that were randomly assigned (2:1:1) to
one of three segment 1 regimens*: paclitaxel
(80 mg/m? intravenously weekly for 12 doses) plus
carboplatin (AUC 6 every 3 weeks, for four cycles)
plus veliparib 50 mg orally twice a day; paclitaxel
plus carboplatin plus veliparib/placebo (twice a
day); or paclitaxel plus carboplatin/placebo (every
3weeks for four cycles) plus veliparib/placebo.
Following segment 1, all patients were assigned to
segment 2, in which they received standard doxo-
rubicin and cyclophosphamide every 2-3weeks
for four cycles. This trial demonstrated that the
addition of veliparib to carboplatin and paclitaxel
followed by doxorubicin and cyclophosphamide
did not improve the rate of pCR. However, the
addition of carboplatin to the paclitaxel regimen
followed by doxorubicin and cyclophosphamide
obtained a pCR rate of 58% wversus 31%, with an
increase in toxicities in the carboplatin arm.4!

Poggio’s meta-analysis, including 2109 patients
from nine trials who had received neoadjuvant
treatment with platinum-based CT wersus plati-
num-free CT, was also published in 2018.42 The
results showed that platinum-based NACT
increased the pCR rate significantly from 37% to
52.1% at the expense of increased hematologic
toxicities. No difference in DFS was found. Among
the 96 BRCA mutation patients included in two
trials, the addition of carboplatin was not associ-
ated with a significant increase in the rate of pCR.42

In the same year, another study published by
Sharma et al. analyzed the pCR of NACT in
TNBC with anthracycline-free platinum plus tax-
ane.®3 A total of 190 patients with stage I-III
TNBC were treated with neoadjuvant carbopl-
atin (AUCG6) plus docetaxel (75mg/m?2) every
21days X 6 cycles, obtaining a pCR rate of 55%
and were not influenced by germline BRCA
mutation status (pCR 59% in BRCA-associated
TNBC wversus 56% in BRCA wild-type TNBC).
The 3-year DFS was 90% in patients with pCR
and 66% in those without pCR; 3-year OS was
94% in patients with pCR and 79% in those with-
out pCR.43

The results of the phasell trial [ClinicalTrials.gov
identifier: NCT02413320] were published in
2019.% A total of 100 patients with stage I-III
TNBC were randomized (1:1) to receive to either
paclitaxel 80 mg/m? every week x 12 plus carbopl-
atin (AUC 6) every 3weeks X 4, followed by dox-
orubicin 60mg/m? plus cyclophosphamide
600mg/m?2 every 2weeks X4, or to carboplatin
(AUC 6) plus docetaxel (75mg/m?) every
21 days X 6 cycles. pCR was 55% in the anthracy-
cline arm, and 52% in the non-anthracycline plat-
inum arm; obtaining similar rates of pCR, but
with a more favorable toxicity profile and higher
treatment completion in the non-anthracycline
regimen. The carboplatin + docetaxel regimen
should be further explored as a way to de-escalate
therapy in TNBC.4

The role of nab-paclitaxel was evaluated in the
GeparSepto clinical trial published in 2019,% in
which 1206 patients were randomized to receive
nab-paclitaxel 150mg/m? (after study amend-
ment, 125mg/m?2) on days 1, 8, and 15 for four
3-week cycles, or solvent-based intravenous pacli-
taxel 80mg/m?2 on days 1, 8, and 15 for four
3-week cycles followed by four cycles of epiru-
bicin 90mg/m? and cyclophosphamide 600 mg/
m?2, obtaining a higher pCR rate in nab-paclitaxel
arm (38% wversus 29%). At 4-year follow up, a
higher DFS was observed in the nab-paclitaxel
arm (84.0% versus 76.3%) without significant dif-
ferences in OS.46

Various antiangiogenic strategies have been
explored in breast cancer using anti-VEGF mono-
clonal antibodies. Specifically, bevacizumab is the
only one that has shown statistically significant
benefits in breast cancer but most of the trials were
performed in metastatic patients.4’#8 In addition,
this type of treatment has an incidence, greater
than its comparative arms, of serious adverse events
related to bevacizumab such as hypertension, pro-
teinuria, bleeding, heart failure, and thromboem-
bolic events, so currently there is no indication for
neoadjuvant treatment with bevacizumab in early
TNBC, limiting its use to advanced disease.*®

What do we do with patients who do not achieve
pCR? Can we improve their survival?

Regarding residual disease, patients who do not
achieve a pCR after NACT can benefit from
adjuvant treatment. In 2017 the CreateX and,
morerecently,theclinicaltrial GEICAM/2003-11_
CIBOMA/2004-01 were published,’%51 which
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Figure 1. Mechanisms of action of the main chemotherapeutic agents in TNBC. There are several
mechanisms by which chemotherapy act in the cancer cell: promote microtubule polymerization and
stabilization (taxanes); act as pyrimidine nucleoside antimetabolite (gemcitabine); inhibit TS (5-fluorouracil);
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f strands of DNA and RNA, and inhibition of protein
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and tumor cell death.
TNBC, triple negative breast cancer; TS, thymidylate synthase

aimed to objectify the benefit of adjuvant capecit-
abine (1250 mg/m? for 68 cycles in CreateX and
1000 mg/m? for eight cycles in the GEICAM trial)
in patients who did not obtain pCR. Both studies
showed improvement in DFS in patients who
received capecitabine, with a benefit around 14%
in CreateX and 3% in GEICAM trial. Recently,
the results of the phaselll trial conducted by
Wang in patients with operable TNBC who were
randomly assigned to receive capecitabine as
maintenance therapy wversus observation after
standard local and systemic treatment for curative
intent were presented at the ASCO Symposium
2020.52 A total of 434 patients were randomly
assigned to capecitabine (650 mg/m?2 twice daily
continuously for 1year) or observation. The
5-year DFS was significantly better with capecit-
abine oversus observation (83% wersus 73%).
However, 5-year OS was not significantly differ-
ent between the two groups (85% wversus 81%,
$»=0.203). In a subgroup analysis of the FinXX
trial,>3 where capecitabine was added to the adju-
vant CT with anthracyclines and taxanes, the

5- and 10-year survival data demonstrated a
higher DFS and OS in the triple negative histo-
logical subtype with the addition of capecitabine.

Different phaselIl studies have demonstrated an
improvement in DFS and OS with the use of
olaparib in patients with metastatic breast cancer
with BRCA mutations.5* The Olympia phaseIIl
clinical trial is also evaluating the efficacy of
olaparib 300mg orally for 12months compare
with placebo as an adjuvant treatment in patients
with TNBC and BRCA1/2 germline mutations
that did not achieve a pCR after NACT.>*

Immunotherapy

Immunotherapy offers a new opportunity in the
treatment of TNBC. Studies with NACT plus
immunotherapy with anti-programmed cell death-1
(PD-1) or anti-programmed death-ligand 1 (PD-
L1) in early TNBC have been published recently.
GeparNew is a phaseIl randomized trial with dur-
valumab 1500mg iv or placebo administered every
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4weeks in addition to nab-paclitaxel 125 mg/m?
weekly for 12weeks, followed by standard treat-
ment with epirubicin 75-90mg/m? and cyclo-
phosphamide 600mg/m?2 every 21 days, for four
cycles in TNBC patients.?> In the window phase,
durvalumab/placebo was administered 2weeks
before the start of nab-paclitaxel. The primary
pCR rate was 53.4% in the durvalumab arm
versus 44.2% in the placebo arm without being
statistically significant. Subgroup analysis sug-
gested that patients with the highest expression of
tumor infiltrating lymphocytes (TILs) had the
best results, with the greatest benefit from dur-
valumab. From this study, it appears that dur-
valumab could obtain a benefit in rate of pCR,
especially in patients with high lymphocytic infil-
trate in the tumor.>5

In the phaseIIl KEYNOTE-522 trial,>® patients
with stageIl or III TNBC were randomized to
receive therapy with four cycles of 200 mg pem-
brolizumab every 3 weeks plus paclitaxel 80 mg/m?
on days 1, 8, and 15 and carboplatin (AUC 5
every 3weeks on day 1 or AUC 1.5 weekly on
days 1, 8, 15) or placebo every 3 weeks instead of
pembrolizumab. The two groups subsequently
received four additional cycles of pembrolizumab
or placebo, and anthracyclines (doxorubicin
60mg/m?2 or epirubicin 90mg/m?2) plus cyclo-
phosphamide 600mg/m? on day 1 every 3 weeks
were administered in both arms. After definitive
surgery, patients received pembrolizumab or
adjuvant placebo every 3 weeks for a total of nine
cycles. The primary endpoint was the pCR rate at
the time of surgery and DFS. In this study, a sig-
nificantly higher pCR rate was observed when
pembrolizumab was added to sequential CT with
taxanes and platinums followed by anthracyclines
and cyclophosphamide, reaching almost 64.8%
versus 51.2% of pCR, this benefit being inde-
pendent of PD-L1 expression. At 18months,
91.3% of patients were disease-free in the pem-
brolizumab arm versus 85.3% in the placebo arm
without a large increase in toxicity.’® With these
data, we consider that the addition of immuno-
therapy to the NACT will become the new stand-
ard of treatment in early TNBC.

However, the phaseIIl NeoTRIP clinical trial
concluded that the addition of atezolizumab
1200 mg iv infusion every 3 weeks to nab-paclitaxel
125mg/m? and carboplatin AUC 2 given iv on
day 1 and day 8 every 3 weeks for a total of eight
cycles did not significantly increase the pCR
(43.5% wversus 40.8%) in a population of patients
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similar to that of the KEYNOTE-522 trial.56-58
Nevertheless, the main objective in the NeoTRIP
study was DFS (not yet reached) instead of pCR
as in GeparNew and KEYNOTE-522. Further-
more, the NACT scheme was different between
clinical trials, excluding the neoadjuvant anthra-
cyclines and cyclophosphamide in the NeoTRIP
trial, both quite immunogenic chemotherapeutic
agents.

Results from the Impassion 031 trial were pre-
sented at the ESMO Virtual Congress 2020.5°
Impassion031 is a phaselll, double-blind, rand-
omized, multicenter, placebo-controlled study for
which patients with a TNBC and primary tumor
size >2cm were eligible. A total of 333 patients
were randomized (1:1) to receive NACT plus
intravenous atezolizumab at 840 mg or placebo
every 2weeks. Chemotherapy comprised of nab-
paclitaxel 125mg/m? every week for 12weeks
followed by doxorubicin 60 mg/m?2 and cyclo-
phosphamide 600mg/m2 every 2weeks for
8weeks, followed by surgery. After surgery, 11
doses of atezolizumab were administered every
3weeks in the immunotherapy group. pCR was
significantly documented in 57.6% of the patients
in the atezolizumab plus CT group, and in around
41% of the patients in the placebo plus CT group.
In the PD-Ll-positive population, pCR was
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observed in 68.8% of the patients in the atezoli-
zumab versus 49.3% in the placebo group.>®

New strategies

Clinical trials or researching with new drugs and
targeted therapies based on molecular characteri-
zation to improve pCR and survival are currently
underway in TNBC.

The I-SPY trial (Investigation of Serial Studies to
Predict Your Therapeutic Response with Imaging
and Molecular Analysis) is a multi-institutional
study of stagell and III breast cancer patients,
including a TNBC subgroup, to identify diagnos-
tic markers, validate hypotheses, and develop new
treatment strategies against breast cancer.®® The
estimated enrollment is about 4000 participants,
and the primary outcome is to determine whether
adding experimental agents to standard neoadju-
vant medications increases the probability of pCR
over standard NACT for each biomarker signa-
ture established at trial entry. There are 21 differ-
ent arms in this trial.®°

The luminal androgen receptor (LAR) subtype,
which is characterized by >10% IHC expression of
the androgen receptor (AR) is currently the target
of ongoing clinical trials.®! Notwithstanding the
role of the AR in several signaling pathways, its
impact, from a biological and clinical standpoint, is
still controversial. The LLAR subtype has been asso-
ciated with better prognosis, less CT responsive-
ness and lower pCR after NACT. Clinical evidence
suggests a role for anti-androgen therapies such as
bicalutamide, enzalutamide, and abiraterone, offer-
ing an interesting chemo-free alternative for chemo-
unresponsive patients, and therefore potentially
shifting current treatment strategies.%!

ARTEMIS is a non-randomized phaselI clinical
trial, and one of the very few trials trying to iden-
tify CT-insensitive TNBC during AC neoadju-
vant therapy.5? Patients received four cycles of
doxorubicin-based NACT (AC scheme). If the
patient’s tumor was CT-sensitive by imaging, AC
CT was continued, but if not the patient was
offered the chance to participate in one of the
single-arm therapeutic clinical trials based on
molecular profiling of pre-treatment biopsies,
pCR being the primary outcome.%? These trials
could be a study with enzalutamide and paclitaxel
before surgery in patients with stage I-III LAR
subtype. Another sub-trial consisted of treatment

with pegylated liposomal doxorubicin, bevaci-
zumab, and everolimus. Another study was based
on panitumumab, carboplatin, and paclitaxel.
The last of the ARTEMIS trials consisted of the
association of nab-paclitaxel with atezolizumab in
patients who had evidence of lymphocytic infiltra-
tion into the tumor. In the LAR subtype, the
threshold for selecting enzalutamide (ZT) was
160 or 120mg orally daily plus paclitaxel 80 mg/
m? weekly for 12 cycles; 17 patients with
AC-insensitive TNBC received ZT. Out of 15
patients, 5 (33.3%) had responses (pCR or mini-
mal residual cancer burden). Among patients
with AC-insensitive TNBC, baseline upregulated
androgen response pathway and LAR subtype
may benefit from the ZT regimen, potentially by
phosphatidylinositol 3-kinase (PI3K) targeting.52

A few studies, such as a phasell trial with 50 par-
ticipants enrolled [ClinicalTrials.gov identifier:
NCTO02750358] are evaluating anti-androgen
drugs in the adjuvant setting.®®> This study is
designed to determine the feasibility of 1year of
adjuvant enzalutamide 160mg orally daily, for
the treatment of patients with early TNBC with
LAR subtype.®3

Regarding the PI3K/AKT/mammalian target of
the rapamycin (mTOR) pathway, we find some
ongoing clinical trials with targeted therapies such
as[ClinicalTrials.govidentifier: NCT04216472],64
a phasell trial comparing nab-paclitaxel and
alpelisib for the neoadjuvant treatment of anthra-
cycline refractory TNBC with PIK3CA or PTEN
alterations.

A study published in 2014 using everolimus
(mTOR inhibitor) in the neoadjuvant setting of
TNBC obtained negative results.% In this clinical
trial, 50 patients were randomized (1:1) to receive
NACT with paclitaxel followed by FEC (5-fluo-
rouracil, epirubicin, and cyclophosphamide) ver-
sus the combination of paclitaxel and everolimus
followed by FEC in early TNBC. The addition of
everolimus to neoadjuvant paclitaxel did not
improve the pCR rate.%>

AKT inhibition has also been studied in the neo-
adjuvant context through the randomized phase
II FAIRLANE trial with 151 participants.%0-67
Subjects with early TNBC were assigned (1:1) to
receive weekly paclitaxel 80mg/m?2 with ipata-
sertib (small molecule inhibitor of AKT) 400 mg
or placebo on days 1-21 every 28 days for 12 weeks
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before surgery. The addition of ipatasertib to neo-
adjuvant paclitaxel did not increase the pCR rate,
although the overall response rate by magnetic
resonance imaging was numerically higher with
this agent. The antitumor effect of ipatasertib was
most pronounced in biomarker-selected patients.
All patients with a complete response had
PIK3CA/AKT1/PTEN altered tumors.%®

EGPFR inhibitors such as panitumumab are being
studied for their effectiveness in early TNBC. In
a one-single-arm phase II trial published in
2018,%8 a pCR rate of 42% (8/19 patients) was
observed with the addition of panitumumab
(2.5mg/kg) to NACT with nab-paclitaxel and
carboplatin weekly during 12weeks followed by
four cycles of FEC every 3 weeks.%® A randomized
phase Il study is ongoing to determine the role of
panitumumab in patients with TNBC and to fur-
ther validate predictive biomarkers.8

Some tyrosine kinase inhibitors agents as apatinib
(anti-VEGFR) are under study. In a phasell trial
published in September 2020, 17 patients with
TNBC stageIIB-IIIC were randomly assigned
(2:1) to receive taxanes and platinums based chem-
otherapy with apatinib 500mg daily wversus placebo
added to NACT for six cycles every 3weeks. The

addition of apatinib to NACT significantly
increased the pCR rate (72.7% wversus 50%).%°

Nowadays, there are few studies with new thera-
pies based on antibody drug conjugates.
Antibody—drug conjugate is usually composed of
a humanized antibody and small molecular drug
via a chemical linker. Sacituzumab govitecan is a
first-in-class antibody-drug conjugate composed
of an anti-Trop-2 antibody coupled to the active
metabolite of irinotecan, SN-38, via a unique
hydrolyzable linker that allows for SN-38 release
intracellularly and in the tumor microenviron-
ment.”® The results of the ASCENT study were
presented at the ESMO Virtual Congress 2020.7!
A total of 529 patients with TNBC who had
relapsed or had refractory disease after at least
two prior CTs in the advanced/metastatic setting
(prior taxane required) were randomized (1:1) to
receive sacituzumab govitecan (10mg/kg iv on
days 1 and 8 every 3weeks) or single-agent CT
(capecitabine, eribulin, vinorelbine, or gemcit-
abine) until disease progression or unacceptable
toxicity. Sacituzumab govitecan significantly
improved PFS and median OS.7! Actually, this
drug is being tested in the neoadjuvant setting in
the phaselIl NeoSTAR trial.”2 The primary out-
come is the pCR and secondary outcomes are
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DFS, OS, change in breast conserving surgery
rate, number of participants with treatment-
related adverse events and assessment of quality
of life. The results are expected in 2022.72

Role of immune biomarkers, TILs, and BRCA
There is a close relationship between the immune
system and the development of cancer. The
immune response has the potential to specifically
destroy tumor cells without damaging healthy
body tissue, and to create long-term immune
memory capable of preventing recurrences. The
immune system has, on the one hand, the ability
to detect and eliminate tumor cells and, on the
other, it can provide a favorable microenviron-
ment for tumor growth. Due to the dual function
of some cytokines and molecules of the immune
system, it has not yet been possible to clearly dis-
tinguish tumor-promoting inflammatory immu-
nity from tumor suppressor immunity. Chronic
inflammation in the tumor microenvironment
and the tumor’s ability to evade the immune
response are conditioning factors for oncogenesis.>3
The tumor microenvironment consists of cancer
cells, inflammatory cells, and stromal cells. The
dynamic interactions of the cells that are part of
this microenvironment dictate the environmental
conditions in which tumor development occurs.
There is sufficient evidence to support the fact
that immune cells in the tumor microenviron-
ment can effectively promote or inhibit tumor
growth,”® which could be a prognostic indicator
also for breast cancer.

The presence of TILs has been shown in several
studies to be the most constant prognostic factor
in TNBC,7* which implicates the immune system
in the pathophysiology and, potentially, in the
treatment of these tumors.”> The stratification of
the TNBC based on the quantitative evaluation
of the TILs distinguishes a subset called “hot”
(high percentage of TILs) and another of “cold”
(low percentage of TILs) tumors, which seems to
be correlated with the response to immunother-
apy. It has been verified that a greater lympho-
cytic infiltration in the initial biopsy predicts a
higher rate of pCR after neoadjuvant therapy,
thus providing a better prognosis in early TNBC
regardless of the systemic treatment used and
conferring an improvement of around 10% in DFS
and OS due to each 10% increase in TILs.76-78
Furthermore, the expression of TILs may also be
a predictor of response to CT with carboplatin in
neodayuvance.”®

It has been observed that patients with high
expression of TILs have a similar DFS and OS
regardless of whether or not they received NACT
in very early stages of TNBC. The pooled analy-
sis published by Park in late 2019 included data
of 476 patients from four centers diagnosed
between 1989 and 2015, using four cohorts of
TNBC patients not treated with CT.80 The
median tumor size was 1.6cm and 83% were
node-negative. The average expression of TILs
was 10%. In patients with pathological stagel
tumors with TILs =30%, the 5-year DFS was
91%, metastasis-free survival was 97%, and OS
was 98%,80 these results being superimposable
for patients treated with CT. Furthermore, De
Jong and colleagues investigated in the
PARADIGM study group the prognostic value of
stromal TILs to resolve whether all women
younger than 40years with node negative TNBC
benefit from CT.8! For study inclusion, the inves-
tigators reviewed the Netherlands Cancer Registry
from 1989 to 2000 to identify all women <40 years
who were diagnosed with node-negative TNBC
but did not receive systemic adjuvant treatment.
This study was published recently at the ESMO
Virtual Congress 2020. The analysis comprised
481 patients with TNBC with a median age of
35years. A 15-year OS of 59% was found in
patients with <30% stromal TILs; an OS of 76%
in patients with TILS between 30% and 75%,
and a 93% of OS in very low-risk patients with
=75% stromal TILs.8! Nevertheless, evidence for
the role of TILs as a possible biomarker for de-
escalation is mostly from retrospective studies
and needs confirmation in prospective cohorts.

Despite the action of the immune system to
attack cancer, evasion of immune destruction
can occur through mechanisms such as the
expression of the ligand of the transmembrane
type 1 protein (PD-L1) in tumor cells, which has
an immunosuppressive role by binding to their
PD-1 or B7 receptors, transmitting an inhibitory
signal to T lymphocytes that reduces their prolif-
eration and decreases the immune response.$2
PD-L1 is not detected in normal breast tissue,
although its expression has been described in
about half of TNBC cases. Furthermore, the
tumor expression of PD-L1 and the existence of
TILs with PD-1 expression have been associated
with a high histological degree, negativity for
hormone receptors, and a greater lymphocytic
infiltration of the tumor.83 Unexpectedly, despite
a higher relapse rate in patients with positive
PD-L1; their OS was better than in patients with
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negative PD-LL1 — a fact that is attributed to a
stronger underlying antitumor immune response
due to treatment.83 Furthermore, PD-L1 protein
concentration has been correlated positively with
the expression of other immune regulators, such
as cytotoxic T-Lymphocyte antigen 4 (CTLA-4)
and indoleamine 2,3-dioxygenase 1 (IDO1) as
well as with the BRCA1 gene mutation.84

Despite their mismatch in absolute reported
PD-L1 concentrations in breast cancer, the data
from the previously mentioned studies support
the view that therapy with immune checkpoint
inhibitors has the potential to improve the prog-
nosis of TNBC by increasing the efficacy of the
tumor-associated immune response in Kkilling
breast cancer cells. A number of studies are cur-
rently underway with PD-1 and PD-L1 inhibitors
in combination with chemotherapy, radiation
therapy, targeted therapy, and other checkpoint
inhibitors. These combined approaches could
offer hope to improve current results and to vali-
date some of these drugs in daily clinical practice
in breast cancer.8’

CTLA-4 is a protein receptor located on the cell
membrane of T lymphocytes. The function of the
T lymphocyte is inhibited by stimulation of the
CTLA-4 receptor. A significant CTLA-4 overex-
pression of more than 50% has been found in
TNBC.8 Furthermore, increased expression of
CTLA-4 has also been linked to mutated BRCA1
TNBC due to its increased expression of immu-
nomodulatory genes and an increased somatic
mutational load.®” Studies are currently being
carried out with ipilimumab (CTLA-4 inhibitor).
A phasell trial [ClinicalTrials.gov identifier:
NCT03546686] aims to assess the treatment of
Ipilimumab + Nivolumab and perioperative cry-
oablation wversus standard CT in patients with
early TNBC.88 The phase II trial [ClinicalTrials.
gov identifier: NCT03342417] seeks to evaluate
the combination of nivolumab and neoadjuvant
ipilimumab in patients with stagell and III
TNBC.8°

Another important enzyme in immune regulation
in TNBC is IDO1. This immunomodulatory
enzyme is produced primarily by alternately acti-
vated macrophages. High expression of IDO1 has
been correlated with vascular density and poor
prognosis in patients with breast cancer.?® There
are currently initial studies with IDO1 inhibitors
alongside CT in the setting of advanced disease.

Mutation of BRCA1/2 tumor suppressor genes
occurs in 10-35% of patients with TNBC, and
mutation can occur in both the germline and
somatic lines.®! Of note, there is emerging evidence
of different sensitivity of systemic agents in BRCA-
associated breast cancer, and, more specifically, of
increased sensitivity of platinums and poly ADP-
ribose polymerase (PARP) inhibitors.92

Caramelo’s 2019 meta-analysis includes seven
studies with a total of 808 patients with early
TNBC, of which 159 had BRCA mutation.?? It
was shown that the addition of platinum to
NACT regimens tends to increase the rate of
pCR in patients with mutated BRCA compared
with non-mutated patients, although without
being significant.?3

As previously discussed, in the BrighTNess trial
published in 2018,4 adding veliparib (PARP
inhibitor) to carboplatin and paclitaxel followed
by doxorubicin and cyclophosphamide did not
improve the rate of pCR, although the study did
not stratify patients according to the BRCA
mutation.

More promising data are shown in the small
phase II trial [ClinicalTrials.gov identifier:
NCTO02282345] with 17 patients that evaluated
neoadjuvant single-agent talazoparib for 6 months
in patients with locally advanced mutated BRCA
TNBC, reporting 59% of pCR.%* To explore this
further, recruitment for a larger phasell trial
[ClinicalTrials.gov identifier: NCT03499353] is
underway and results are expected from 2021.95

GeparOLA is a phase II study comparing olapa-
rib + neoadjuvant paclitaxel oversus carbopl-
atin + paclitaxel, followed by a standard regimen
of epirubicin + cyclophosphamide in patients
with early HER2- breast cancer, including,
among others, BRCA mutations.?® The combina-
tion of olaparib + paclitaxel has shown a pCR rate
of 55%, similar to that of carboplatin-paclitaxel
(49%), pending the analysis of response rates in
the different subgroups.°

In addition, to evaluate the use of PARP inhibi-
tors in the adjuvant setting, the phase III Olympia
study is being conducted,?* comparing the adju-
vant use of olaparib wersus placebo in patients
with high-risk TNBC with germline mutations in
BRCA; first results are expected from the end of
2020.
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Table 1. Trials including platinum-based NACT and complete response rates comparison.

Clinical trial

TNBC patients  NACT scheme

pCR

CALGB40603 SABCS 2013%7 433

Geparsixto Lancet Onc 2014% 315

Ando et al. J Clin Oncol 201440 75
Alba et al. BCR 201238 94

BrighTNess Lancet 20184 634

Sharma et al. J ClinOnc 201937 100

(+/- Bevacizumab)

Paclitaxel + AC versus Paclitaxel + Carboplatin + AC

npDOX + Paclitaxel + Bevacizumab versus

41% versus 54%

42% versus 57%

npDOX + Paclitaxel + Bevacizumab + Carboplatin

Paclitaxel + FEC versus Paclitaxel + Carboplatin + FEC
EC + Docetaxel versus EC + Docetaxel + Carboplatin

Paclitaxel versus Paclitaxel + Carboplatin + Veliparib
versus Paclitaxel + Carboplatin

Paclitaxel + Carboplatin + AC versus
Carboplatin + Docetaxel

26% versus 62%

30% versus 35%

31% versus 53%
versus 58%

55% versus 52%

NACT, neoadjuvant chemotherapy; pCR, pathological complete response; TNBC, triple negative breast cancer

Table 2. Comparison of characteristics between clinical trials with neoadjuvant immunotherapy in TNBC.

Clinical trial Phase Immunotherapy drug NACT scheme Primary endpoint pCR

GeparNew Il Durvalumab Nab-paclitaxel followed by pCR 53.4%
anthracyclines and cyclophosphamide

KEYNOTE-522 I Pembrolizumab Paclitaxel and carboplatin followed by pCR and DFS 64.8%
anthracyclines and cyclophosphamide

NeoTRIP 1 Atezolizumab Nab-paclitaxel and carboplatin DFS 43.5%

IMPassion 031 I Atezolizumab Nab-paclitaxel followed by pCR 57.6%

anthracyclines and cyclophosphamide

DFS, disease-free survival; NACT, neoadjuvant chemotherapy; pCR, pathological complete response; TNBC, triple negative breast cancer

Proposal treatment for early TNBC

To assign a level of evidence and a grade of rec-
ommendation to the different statements of treat-
ments in this proposal, it was decided to use the
Infectious Diseases Society of America—US Public
Health Service Grading System for Ranking
Recommendations in Clinical Guidelines.®”

Systemic treatment proposal in early TNBC
according to evidence-based grade of recommen-
dations is as follows (see Tables 1, 2, and 3):

e Consider NACT in all patients with TNBC
tumors =2cm (I, A).

e A sequential regimen of anthracyclines and
taxanes is recommended for the vast major-
ity of patients (I, A).

Weekly nab-paclitaxel could replace neoad-
juvant paclitaxel (I, B).

The addition of a platinum (usually carbo-
platin) compound in the NACT scheme
may be considered (I, A).

For anthracycline non-fit patients, the
NACT regimen could consist in carbopl-
atin plus docetaxel (I, B).

In high-risk, patients not achieving pCR
after standard NACT, the addition of 6-8
cycles of capecitabine postoperatively may
be considered (I, B).

In the near future, immunotherapy drugs
such as durvalumab, atezolizumab, or pem-
brolizumab should be considered during
NACT (, B).

In some special cases, such as stage I tumors
with TILS =30%, we could consider saving
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Table 3. Strength of recommendation and quality of evidence score.

Category, grade

Description

Strength of recommendation:

A

B
C
D
E

Quality of evidence:

Good evidence to support a recommendation for use, strongly recommended

Moderate evidence to support a recommendation for use, generally recommended

Poor evidence to support a recommendation

Moderate evidence to support a recommendation against use, generally not recommended

Good evidence to support a recommendation against use, never recommended

Evidence from =1 properly randomized, controlled trial

Evidence from =1 well-designed clinical trial, without randomization; from cohort or case-controlled
analytic studies (preferably from >1 center); from multiple time series; or from dramatic results from
uncontrolled experiments

Evidence from opinions of respected authorities, based on clinical experience, descriptive studies, or
reports of expert committees

CT based on some data from retrospective
studies (III, C).

e We should consider clinical trials with new
strategies for all patients, especially with
antiandrogen drugs for the luminal andro-
gen receptor subtype or PARP inhibitors
for BRCA1/2 mutations.

Conclusion

Achieving pCR after NACT constitutes the main
factor that correlates with better outcomes and
improved survival in early TNBC. pCR occurs in
about 35% of the patients treated with NACT
using the standard four-cycle anthracycline regi-
men followed by weekly paclitaxel for 12 weeks.
However, patients who do not reach pCR have a
high recurrence rate, so under these circum-
stances they would benefit from adjuvant treat-
ment with capecitabine. To improve the
prognosis of these patients, new agents are cur-
rently being associated with NACT, such as
combinations with carboplatin and the substitu-
tion of paclitaxel by nab-paclitaxel, which can
lead to a 40-60% pCR that can be increased with
the addition of immunotherapy. In patients with
very early stages and high expression of TILs, we
could save the use of CT, since optimal surgery
would be potentially curative, but prospective
studies are needed. In addition, several trials with
new therapeutic agents such as PARP inhibitors,

antiandrogen drugs, antibody-drug conjugates or
immunotherapy doublets among others are
underway to find out the impact of various thera-
pies and improve cure rates in early TNBC.
Prospective clinical trials based on specific bio-
markers are required in order to personalize
TNBC treatment in the near future.
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