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Abstract

Check-point inhibitors have erupted as a treatment option for numerous
kinds of neoplasms. Although there have been some achievements, the
evidence supporting their use in breast cancer is scarce. Combinations with
chemotherapy seem to provide better outcomes, and triple negative is the
subtype most likely to benefit from them. New combination strategies are
undergoing research to improve these results. Other approaches to determining
biomarkers that identify which populations clearly benefit from these therapies
are needed. Here, we review the clinical data of the role of immune check-point
inhibitors in early and advanced breast cancer and present emerging strategies.
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Abbreviations

BC: Breast Cancer; ICIs: Immune Checkpoint Inhibitors; PD-1:
Programmed cell Death protein 1; CTLA-4: Cytotoxic T-Lymphocyte-
Associated Protein 4; PD-L1: Programmed Death-Ligand 1;
PD-L2: Programmed Death-Ligand 2; TILs: Tumor Infiltrating
Lymphocytes; TNBC: Triple Negative Breast Cancer; HR: Hormone
Receptor; HER2: Human Epidermal Growth Factor Receptor 2; OS:
Overall Survival; ORR: Overall Response Rate; PFS: Progression Free
Survival; CPS: Combined Positive Score; ITT: Intention To Treat;
pCR: Pathological Complete Response; EFS: Event-Free Survival;
AEs: Adverse Events; TMB: Tumor Mutational Burden; PR: Partial
Response; SD: Stable Disease; T-DM1: Trastuzumab Emtansine;
PARPi: Poly-ADP-Ribose-Polymerase inhibitors; DCR: Disease
Control Rate; TPS: Tumor Proportion Score

Introduction

Breast Cancer (BC) is the most common malignancy and the
second leading cause of cancer death in women worldwide. There
were over 2.1 million newly diagnosed cases in 2018, accounting for
one out of four cancer cases in women, and a total of 630,000 deaths
[1]. Prognosis in western countries has improved in recent years, due
to advances in treatment and earlier detection [2,3]. Nevertheless,
metastatic disease is still a deadly illness, and finding new therapeutic
strategies is of the utmost importance.

The hostimmune system has an important role in tumor initiation
and progression. Exploiting intrinsic mechanisms of the host immune
system to eradicate cancer cells has achieved impressive success. James
Allison and Tasuku Honjo developed Immune Checkpoint Inhibitors
(ICIs) which have dramatically changed the prognosis of multiple
types of neoplasms such as lung cancer and melanoma, among others.
Under normal conditions, the immune system uses an inhibitory
checkpoint pathway to stop the immune response against pathogens
and prevent autoimmune activity. This mechanism is carried out
by the Programmed cell Death protein 1 (PD-1) and the Cytotoxic
T-Lymphocyte-Associated protein 4 (CTLA-4) which down-regulate

and inhibit T-cells by binding to their ligands: Programmed Death-
Ligand 1 (PD-L1), Programmed Death-Ligand 2 (PD-L2) and CD80/
CD86 [4]. Tumor cells take advantage of this mechanism to create an
immunosuppressive microenvironment in which they can hide from
the immune system [5]. The anti-PD-1, anti-PD-L1 and anti-CTLA-4
monoclonal antibodies circumvent this immune down-regulation
and boost the immune response to tumor cells [6-12].

BC is a heterogeneous disease with different molecular and
clinical features. It has not traditionally been considered a highly
immunogenic disease since it is characterized by a relatively
low mutation burden in comparison to other neoplasms [13].
Nevertheless, BC immunogenicity is also heterogeneous, with
different rates of immune infiltration depending on tumor subtype.
The capacity to induce an immune response is also determined by
other factors such as tumor neoantigens [14] or PD-L1 expression
in the tumor and its microenvironment [15]. Additionally, some
genetic mutations such as BRCA1 and BRCA2 result in homologous
repair deficiency, which cause more genomic instability and high
mutational loads [16]. Triple-Negative Breast Cancers (TNBC) are
generally considered more immunogenic than Hormone Receptor
(HR)-positive/Human Epidermal Growth Factor Receptor 2 (HER2)-
negative BC, and differences in immunogenicity exist also among
intrinsic molecular subtypes [17].

Tumor microenvironment includes a wide range of immune cells
from both the innate and adaptive response. The quantification and
morphological evaluation of these immune infiltrates have acquired
great transcendence as a prognostic and predictive factor for response.
Currently, PD-L1 has been established as the main biomarker for
response to ICIs. In BC, it is up-regulated in approximately 20% -
34% of cases and has been linked to younger patients, high-grade
and more aggressive tumors [18]. Tumors infiltrating lymphocytes
(TILs) and some of its subpopulations have also been related to ICIs
effectiveness. Increased TILs infiltration usually correlates with high
PD-L1 expression, especially in TNBC. Among BC subtypes, high
PD-L1 expression and TILs are more frequent in HER2-positive and
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TNBC [19,20].

The aim of this review is to summarize the current evidence of
ICIs in both early and advanced BC, as well as review future directions
and perspectives.

Triple Negative Breast Cancer

TNBC represents around 15% of BC cases. It is characterized by a
lack of estrogen and progesterone receptors and HER2 [21]. It is often
related to an earlier age at diagnosis, a more aggressive course, and a
worse prognosis with more frequent visceral involvement. Although
early-stage TNBC is often associated with high rates of response to
chemotherapy, relapse is common and tends to appear in the first 3
years after the treatment [22-24]. Once metastasis occurs, TNBC is
incurable, with a median Overall Survival (OS) of only 10-13 months
[25-27]. At present, there are no specific treatments other than
chemotherapy, but efforts are being made to find new therapeutic
approaches for these patients.

Some features make TNBC more likely to respond to
immunotherapy than other BC. For that reason, ICIs have mainly
been tested in this subtype. It has the highest PD-L1 expression
and TILs. In fact, an increased TILs infiltration and high PD-L1
expression have been both associated with better prognosis in early
TNBC [28,29]. Moreover, TNBC holds a greater mutational load,
which is related to higher tumor-specific neoantigens [30]. This may
activate more neoantigen-specific T cells to trigger an anti-tumor
response that can be strengthened by IClIs.

Several trials have evaluated therapies with the anti-PD-1
antibody pembrolizumab and the anti-PD-L1 antibodies avelumab,
durvalumab and atezolizumab in TNBC.

ICl as single-agent in metastatic TNBC

The first trial reporting the clinical benefit of ICIs in TNBC was
the KEYNOTE-012 (NCT01848834) which studied pembrolizumab
in patients with metastatic TNBC with at least 1% of PD-L1
expression in either immune or tumor cells. Although most patients
had previously been treated (84.4%), and over 46% of them had
received 23 previous lines, the trial showed promising results with an
Opverall Response Rate (ORR) of 18.5% [31].

Atezolizumab was also tested in metastatic TNBC in the phase I
trial PCD4989g (NCT01375842). Of the 116 total patients included,
58% had received at least one prior line of treatment. Those who
received atezolizumab as first-line therapy with PD-L1 positive
tumors presented better ORR, (Table 1) whereas none of the PD-L1
negative patients responded [32].

A further approach was made in the KEYNOTE-086
(NCT02447003), a phase II trial where patients with advanced TNBC
were divided into two cohorts according to the treatment previously
received in the metastatic setting and PD-L1 expression (Table 1).
Cohort A included patients who had received at least one prior
treatment regardless of PD-L1 status; while cohort B included only
patients in the first line with positive PDL1 expression. In cohort
A, the ORR was similar in PDL-1 positive and negative tumors. In
Cohort B, the ORR was much higher. Progression Free Survival
(PFS) was similar in both cohorts but patients in cohort B presented
longer OS. These results suggest that pembrolizumab provides
more benefits when given in the first line setting and in tumors with
positive PD-L1 expression. Investigators evaluated TILS levels in the
population included in this study, and correlated it with response to
pembrolizumab. Interestingly, the median TILs levels were higher in
untreated patients, and those whose tumors had greater stromal TILs
showed a better response to immunotherapy [33,34].

Supporting the results of the trial PCD4989¢g and cohort A of
the KEYNOTE-086, avelumab (JAVELIN trial, NCT01772004)
showed similar outcomes in terms of ORR, PFS, and OS in pretreated
advanced TNBC patients [35].

The phase III KEYNOTE-119 (NCT02555657) trial compared
pembrolizumab ~ monotherapy investigator-choice
chemotherapy (capecitabine, eribulin, gemcitabine or vinorelbine)
in pre-treated patients with advanced TNBC. Neither OS nor
PES showed improvement with pembrolizumab in any subgroup.
Nevertheless, higher ORR was achieved in patients with combined
positive score (CPS) 210 and CPS 21. In an exploratory analysis,
patients with a CPS >20 seemed to have lower risk of death in the
pembrolizumab arm, with an increase in OS (14.9 vs. 12.5 months),
and longer maintained responses, but no statistically significant
improvement in PES (3.4 vs. 2.4 months) [36].

versus

Although immunotherapy was expected to have a significant
impact on advanced TNBC, the efficacy shown by ICIs as a single
agent has been poor so far. Taking these results together (Table 1),
it is possible to gather two major insights. First, patients with PD-L1
positive tumors are more likely to obtain clinical benefit. Second, ICIs
in monotherapy provide a higher response rate in earlier lines (ORR
0f 20-25% vs. 5-8% in later lines).

IClin combination with chemotherapy in metastatic TNBC

Chemotherapy can decrease the number of immunosuppressive
cells and up-regulate pro-inflammatory cytokines in the tumor
environment. Moreover, when tumor cells are destroyed by
chemotherapy, they release molecules such as ATP, calreticulin or

Table 1: Phase I-ll clinical trials assessing checkpoint inhibitors as single-agent in metastatic TNBC.

Trial Phase ICI % PD-L1 + population | Prior lines ORR ORR PD-L1 +vs.PD-L1- | mDoR | mPFS mOS
KEYNOTE-012 | Pembrolizumab 100% Any 18.50% - NR 1.9m 11.2m
JAVELIN | Avelumab 68.80% 1-3 5.20% 22.2% vs. 2.6% NR 1.5m 9.2m
PCD4989g | Atezolizumab 78% 201 261;? 12% vs. 0% 21m 1.4m 8.9m
KEYNOTE-086 A 1l Pembrolizumab 61.80% 21 5.30% 5.7% vs. 0% NR 2.0m 9.0m
KEYNOTE-086 B 1l Pembrolizumab 100% 0 21.50% - 10.4m 2.1m 18.0m

ICI: Immune Check-Point Inhibitor; PD-L1: Programmed Death-Ligand 1; ORR: Overall Response Rate; mDoR: Median Duration of Response; mPFS: Median
Progression Free Survival; mOS: Median Overall Survival; NR: Not Reached; m: Months.
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Table 2: Phase Il clinical trials assessing checkpoints inhibitors plus chemotherapy in TNBC.

Trial n angry Experimental Arm Control Arm Results
Endpoint/s
Metastatic Setting
KEYNOTE Nab-paclitaxel/Paclitaxel/Carboplatin plus Nab-paclitaxel /Paclitaxel/Carboplatin plus CPS>10 mPFS: 9.7 vs.
355 847| PFSandOS emcitabine + Pembrolizumab emcitabine + Placebo 5-6m
9 9 HR=0.65; p=0.0012
IMpassion . . . PD-L1+ mPFS: 7.2 vs. 5.5m
130 902 PFSand OS Nab-paclitaxel + Atezolizumab Nab-paclitaxel + Placebo HR=0.62: p<0.001
IMpassion . . . PD-L1+ mPFS: 6.0 vs. 5.7m
131 651 PFS Paclitaxel + Atezolizumab Paclitaxel + Placebo HR=0.82: p=0.20
Neoadjuvant Setting
KEYNOTE 602 pCR rate and Carboplatin + Paclitaxel + Pembrolizumab Carboplatin + Paclitaxel + Placebo followed pCR: 64.8% vs. 51.2%
522 EFS followed by AC + Pembrolizumab by AC+ Placebo p<0.001
IMpassion 333 CR rate Nab-paclitaxel + Atezolizumab followed by ACdd | Nab-paclitaxel + Placebo followed by ACdd pCR: 58% vs. 41%
031 P + Atezolizumab + Placebo p=0.0044
. 0, 0,
NeoTRIP | 280 EFS Carboplatin + Nab-paclitaxel + Atezolizumab Carboplatin + Nab-paclitaxel PCR: 43'?@".5' 40.8%
not significant

PFS: Progression Free Survival; OS: Overall Survival; CPS: Combined Positive Score; mPFS: Median Progression Free Survival; m: Months; HR: Hazard Ratio;
pCR: Pathological Complete Response; EFS: Event Free Survival; AC: Doxorubicin and Cyclophosphamide; ACdd: Doxorubicin and Cyclophosphamide Dose Dense.

Table 3: Clinical trials with ICls plus anti HER-2 therapy in metastatic HER2-positive disease.

ORR PFS
Trial Phase n ICI Anti-HER2 Therapy
PD-L1- PD-L1* PD-L1- PD-L1*
CCTGIND.229 b 15 Durvalumab Trastuzumab 0% - 1.35m -
JAVELIN | 26 Avelumab Trastuzumab 0% - - -
PANACEA 1b-11 58 Pembrolizumab Trastuzumab 0% 15% 2.5m 2.7m
KATE 2 1l 202 Atezolizumab/placebo T-DM1 39 vs. 50% 54 vs. 33% 6.8vs.82m 85vs.41m
NCT03523572 Ib 48 Nivolumab Trastuzumab-deruxtecan 59.40% 8.6m

ICI: Immune Check-Point Inhibitor; PD-L1: Programmed Death-Ligand 1; ORR: Overall Response Rate; PFS: Progression Free Survival; m: Months.

HMGBI that activate dendritic cells and work as neoantigens to
stimulate T-cells [37]. This process is called immunogenic death,
and can enhance the effect of ICI. Based on this evidence, some
clinical trials have assessed the combination of chemotherapy with
immunotherapy in BC (Table 2).

The phase III KEYNOTE-355 (NCT02819518) compared the
efficacy of several chemotherapy regimens (nab-paclitaxel, paclitaxel,
or carboplatin plus gemcitabine) in combination with pembrolizumab
or placebo as first line treatment in patients with advanced TNBC.
PD-L1 expression was tested by Dako 22C3 pharmDx assay, used
22C3 antibody and it is calculated by the number of PD-L1-positive
cells (tumor cells, lymphocytes, and macrophages) divided by the total
number of tumor cells. Co-primary endpoints were PFS and OS by
PDL-1 tumor expression (CPS =10 or CPS >1) and Intention to Treat
(ITT) population. Although the combination only showed statistically
significant benefit for PES in the patients with CPS =10, a tendency
toward higher pembrolizumab efficacy with PD-L1 enrichment was
observed. The hazard ratio for PFS favored pembrolizumab despite
the chemotherapy background [38]. OS follow-up is still ongoing.
Based on PES benefit, the FDA approved pembrolizumab with
chemotherapy in the first line of advanced TNBC with PD-L1 CPS
>10 [39].

Pembrolizumab was also tested in combination with eribulin
in the single arm phase I study ENHANCE-1 (NCT02513472). This
clinical trial enrolled patients with advanced TNBC and <2 prior
lines of treatment. The ORR was 23.4%, and similar to the studies
in monotherapy, the ORR was higher in non-previously treated and
PD-L1 positive patients [40].

The first study evaluating atezolizumab with chemotherapy
was a phase Ib trial (NCT01633970) in which 33 patients received
atezolizumab in combination with nab-paclitaxel. The treatment
provided benefit in terms of ORR of 39.4%, with a PFS and OS of
5.5 months (95% CI, 5.1-7.7 months) and 14.7 months (95% CI,
10.1-not able to be estimated), respectively [41]. Following these
positive results, the phase III trial IMpassion130 (NCT0242589)
was conducted. It included advanced TNBC patients with no prior
treatment regardless of PD-L1 status. PD-L1 expression was assessed
by VENTANA SP142 PD-L1 clone on immune cells, and levels over
1% were considered positive. At the first interim analysis with a
median follow up of 12.9 months, atezolizumab improved the PFS
slightly within 2 months in the ITT and the PDL-1 positive population
[42]. At a median follow-up of 18-months, the median OS in the ITT
population was 21.0 months with atezolizumab, and 18.7 months
with placebo. Median OS was even longer (25 months) in the PD-L1
positive group [43]. Succeeding these achievements, the FDA and the
EMA approved the use of atezolizumab (840mg iv. on day 1 and day
15 of every 28-day cycle) in combination with nab-paclitaxel (100mg/
m? iv. on days 1, 8 and 15 ) in the first line treatment for patients with
advanced TNBC and positive PD-L1 expression (=1%).

The Impassion131 trial studied the combination of paclitaxel plus
either atezolizumab or placebo in advanced TNBC. Although the
design was similar to the IMpassion 130, it was a negative trial and
neither ITT nor PDL1-positive population obtained benefit from the
combination [44]. The contradictory outcomes in the IMpassion130
and the IMpassion131 were deceptive. This was initially related to
divergences in the patients included in the two trials. Nevertheless,
this theory was rejected because a subgroup analysis of the population

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Surg 8(3): id1270 (2021) - Page - 03



Pernas S

Austin Publishing Group

Table 4: Ongoing phase llI clinical trials with checkpoint inhibitors in metastatic breast cancer.

Trial Setting n Experimental Arm Control Arm Combinatory drug Prlma_ry
MoA endpoint
NCT04732598 . ) Bevacizumab + Paclitaxel + ) ) ;
(AMBITION) 1%t line HER2 negative 280 Atezolizumab Bevacizumab + Paclitaxel antiVEGF PFS
*Paclitaxel + Ipatasertib + Atezolizumab PFS
NCT04177108 1stline TNBC 242 Paclitaxel + Placebo *Paclitaxel + Ipatasertib + Placebo AKTi os
*Paclitaxel + Atezolizumab + Placebo
NCT04191135 . o Carboplatin + Gemcitabine +
(MK-7339-009/ 1% line TNBC 932 Ca’bosg";'r:t;*r;‘iz‘;g%b'”e * Pembrolizumab followed by PARPi POFSS
KEYLYNK-009) pembrolizumab + Olaparib
NCT04148911 - Paclitaxel + Atezolizumab ) ’
! - + -
(EL1SSAR) 1%tline TNBC 280 (per investigator choice) Nab-paclitaxel + Atezolizumab Safety
NCT03199885 (NRG- - i Pertuzumab + Trastuzumab Pertuzumab + Trastuzumab + dual HER2
BR004) 1#line HER?Z positive | 600 | | 5 itaxel + Atezolizumab +Paclitaxel + Placebo blockade PFS
up to 3“line HER2 HER2-targeted PES
NCT04740918 (KATE3) positive and PD-L1 350 TDM1 + Atezolizumab TDM1 + Placebo antibody-drug os
positive BC conjugate

MoA: Mechanism of Action; PARPI: Poly-ADP-Ribose-Polymerase Inhibitors; VEGF: Vascular Endothelial Growth Factor, AKTi: AKT Inhibitor; PARPI: Poly-ADP-
Ribose-Polymerase Inhibitors; PFS: Progression Free Survival; OS: Overall Survival; mTNBC: Metastatic Triple Negative Breast Cancer; PD-L1: Programmed Death-

Ligand 1.
Table 5: Ongoing phase lll clinical trials with checkpoint inhibitors in early-stage breast cancer.
Trial Setting n Experimental Arm Control Arm Primary endpoint
3726879 (IMpassion | HER2-positive 453 AC + atezolizumab followed by Paclitaxel + AC + placebo followed by Paclitaxel + pCRin the ITT and
050) Neoadjuvancy Pertuzumab + Trastuzumab + atezolizumab Pertuzumab + Trastuzumab + placebo PDL1+ population
NCT03595592 HER?2-positive *AC + atezohzumab_ followed by HTCP +
(APTneo) Neoadiuvanc 650 atezolizumab HTCP EFS
juvancy *HTCP + atezolizumab
NCT02954874 disease 1050 Pembrolizumab Observation Severity of fatigue
- : Physical function
Ajduvancy
. . . Paclitaxel + carboplatin + placebo
+ +
NCT03281954 TNBC 1520 Paclitaxel ca_rboplatm ate_z olizumab fo.llowed followed by AC + placebo and adjuvant PCR
by AC + atezolizumab and adjuvant atezolizumab placebo EFS
NCT03498716 TNBC 2300 Pachtaxe! + atezollzumgb followed by EC/AC + Paciitaxel followed by EC/AC iDFS
(IMpassion030) atezolizumab and adjuvant atezolizumab
) ) ) pCRin the ITT and
NCT03197935 Nab-paclitaxel + atezolizumab followed by AC + Nab-paclitaxel + placebo followed by -

) TNBC 324 ) ) : : PD-L1 positive
(IMpassion031) atezolizumab and adjuvant atezolizumab AC + placebo and adjuvant placebo population
NCT04109066 HR+ 1200 Paclitaxel + nivolumab followed by AC/EC + Paclitaxel + placebo followed by AC/EC pCR

(CheckMate 7FL) nivolumab + and adjuvant ET + nivolumab + placebo and adjuvant ET + placebo EFS
NCT03725059 Paclitaxel + pembrolizumab followed by AC/ .
(MK-3475-756/ HR+ 1140 EC + pembrolizumab and adjuvant + ET + F:La"'lgac’;i'o*a‘:gZedijf;’:t"‘é"?ib’; aAc(e:l’)iC EIEF;
KEYNOTE-756) pembrolizumab P ! P

PD-L1: Programmed Death-Ligand 1; pCR: Pathological Complete Response; ITT: Intention to Treat; EFS: Event Free Survival; iDFS: Invasive Disease-Free Survival;
AC: Doxorubicin and Cyclophosphamide; HTCP: Herceptin + Paclitaxel + Carboplatin + Pertuzumab; EC: Epirubicin and Cyclophosphamide; ET: Endocrine Therapy.

in the KEYNOTE-355 and the IMpassion130 showed that those
experiencing greater benefit had positive PD-L1 expression,
metastasis at the onset of the illness, disease free survival over 6
months and no prior chemotherapy in the early stage of the disease.
These characteristics were equally present in the IMpassion130
and IMpassion131 participants. Another explanation for this was
a possible deleterious effect of the corticosteroid premedication
given with paclitaxel. Nevertheless, a subgroup analysis of the
KEYNOTE-355 was recently presented. In contrast to IMpassion131
results, patients treated with paclitaxel obtained a benefit in PFS with
the addition of pembrolizumab [39]. Based on this information,
definitive conclusions cannot be reached yet.

It should be pointed out that in all studies testing the combination
of chemotherapy and ICIs, safety and toxicity profiles were similar
to those observed with immunotherapy or chemotherapy alone.
However, the increasing number of immune-related Adverse
Events (AEs) in the combination arms stands out, with 25.6% of
patients experiencing an immune-related adverse event in any grade,
including 5.2% of grade 3-5 [38,40-44].

IClin early-stage TNBC

TNBC has a worse prognosis than the other subtypes, even in
early stages. Neoadjuvant chemotherapy is the preferred therapeutic
approach in most of the cases. Pathological Complete Response (pCR)
is achieved in one third of patients with stage II-III BC receiving an
anthracycline and taxane-based neoadjuvant chemotherapy. With
the addition of platinum compounds to neoadjuvant chemotherapy,
about one half of patients achieve a pCR [45-51]. pCR is a surrogate
marker of long-term survival outcomes, and it is a valid endpoint for
accelerated drug approval. In early BC, ICI have mainly been tested
in association with chemotherapy, with the goal of achieving higher
PCR rates and reducing rates of recurrence disease [51-53].

Two early trials tested pembrolizumab added to chemotherapy
in the neoadjuvant setting of high risk TNBC, and both described
similar pCR rates in favor of the combination. First, the I-SPY2
trial (NCT01042379) tested pembrolizumab with weekly paclitaxel
and anthracyclines in early HER-2 negative BC (TNBC cohort
and HR+ cohort), regardless PD-L1 status. In the TNBC cohort,
pembrolizumab-chemotherapy provided a pCR rate of 60% vs. 22%
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in the control arm [54]. The KEYNOTE-173 (NCT02622074) was a
single arm phase Ib study in which pembrolizumab was added to six
different chemotherapy regimens. In this trial, higher rates of PD-
L1 expression and stromal TILs levels were associated with a higher
probability of achieving a pCR [55].

Following these encouraging results, several phase III trials
evaluated the role of immunotherapy in combination with
neoadjuvant chemotherapy in TNBC (Table 2). The KEYNOTE-522
trial (NCT03036488) randomized patients with high risk TNBC to
receive weekly paclitaxel plus carboplatin and anthracyclines either
plus pembrolizumab or placebo. Pembrolizumab was continued in
the adjuvant setting to complete one year treatment. The two primary
endpoints, pCR and Event-Free Survival (EFS) were improved in
favor of the combination arm. Notably, unlike previous findings in
the metastatic setting and KEYNOTE 173, the benefit of the anti PD-
L1 drug in this setting was not related to PD-L1 expression [56].

The phase ITI IMpassion031 (NCT03197935) trial also studied the
combination of atezolizumab and chemotherapy in the neoadjuvant
setting. Chemotherapy regimen consisted of weekly nab-paclitaxel
for 12 weeks, followed by 4 cycles of dose dense doxorubicin plus
cyclophosphamide. The pCR rate in the ITT population was 58%
vs. 41% in favor of the atezolizumab arm. Although atezolizumab
provided a higher pCR rate in the PD-L1 positive population (69% vs.
49%), patients without PD-L1 expression also showed a higher pCR
rate with atezolizumab (48% vs. 34%) [57].

The randomized phase II study GeparNuevo investigated the
addition of durvalumab/placebo to neoadjuvant chemotherapy
based on nab-paclitaxel followed by dose-dense epirubicin plus
cyclophosphamide. The pCR rate in the durvalumab arm for PD-
L1 positive tumors was 58.0% vs. 44.4% in the PD-L1 negative
group, while in the placebo arm pCR was 50.7% vs. 18.2%, but these
differences were not statistically significant. This trial was also designed
to identify potential biomarkers of response to immunotherapy. The
only biomarker that predicted benefit with the combination was the
increase of intratumoral TILs following the window-phase in the
durvalumab arm. In the placebo arm, the change of intratumoral
TILs did not predict pCR. PD-L1 positivity was also associated with
an increased pCR rate in both arms [58].

The NeoTRIP study (NCT02620280) is a phase III clinical
trial that compared carboplatin (AUC2) plus nab-paclitaxel with
atezolizumab or placebo as neoadjuvant treatment in high-risk
TNBC. After surgery, 4 cycles of anthracycline-based regimen were
administered as per investigator choice. The primary endpoint was
EFS at 5 years, and pCR was a secondary endpoint. Results for EFS
analysis are still not available. In contrast to results from other trials,
PCR rate was not significantly higher either in the ITT population or
in patients with PD-L1 positive tumors [59]. The lack of benefit for
atezolizumab was initially related to the population characteristics.
In a subgroup analysis of the KEYNOTE-522 and the IMpassion031,
nodal involvement was the only clinical characteristic related to
greater benefit with the combination. The KEYNOTE-522 showed a
difference in pCR rate of 20.5% vs. 6.3%, whereas the IMpassion031
showed a difference of 26.6% vs. 8.8% in favor of patients with nodal
involvement. Nevertheless, the proportion of patients with nodal
involvement was higher in the NeoTRIP study which contradicts

this theory. Differences in the chemotherapy backbone could be
responsible for the lack of benefit observed with atezolizumab in
the NeoTRIP study. The phase II TONIC trial compared the ORR
with nivolumab after several induction schemes (radiotherapy,
cyclophosphamide, cisplatin and doxorubicin). In the overall
population, the ORR was 20%, but best responses were seen following
cisplatin and doxorubicin induction, with ORR of 23% and 35%,
respectively [60]. These results support the idea that the lack of
anthracyclines might cause the negative outcomes of the NeoTRIP
trial.

As observed in the metastatic setting, the combination of ICIs
and chemotherapy was well tolerated with a similar safety profile
apart from mild grade 1 and 2 immune mediated toxicities. The
most frequent toxicity related to ICIs was thyroid dysfunction and
transaminitis. Nevertheless, around 14-15% of patients experienced
immune-mediated AE side effects, some of which were potentially
serious (above 0.1%) [54-60]. This fact is especially important in
the setting of a curable disease. Training to identify and treat these
serious AEs is crucial.

ICI in Hormone Receptor-Positive Breast
Cancer

Hormone Receptor Positive BC is the most prevalent subtype,
accounting for 60-65% of all BC cases. Luminal disease has an
immunologically cold nature. It is associated with lower rates of PD-
L1 expression and TILs as well as less genomic instability and Tumor
Mutational Burden (TMB) [61-64]. ICIs have also been tested in the
metastatic and early setting, with less encouraging results than those
observed in TNBC.

Avelumab and pembrolizumab have been studied as single-
agent in the metastatic disease. Avelumab only achieved an ORR of
2.8% (95% CI; 0.3-9.7%) in the HR+ BC cohort of the JAVELIN trial
[35]. The KEYNOTE-028 (NCT02054806) included 25 patients with
metastatic HR+ BC with positive PD-L1 expression. Every patient
had already received at least one prior line of chemotherapy, and 48%
were heavily pretreated (=5 prior lines). Pembrolizumab activity was
modest with 3 patients achieving a Partial Response (PR) (12%) and 4
(16%) Stable Disease (SD). Median PFS (1.8 months) and median OS
were low, with median response duration of 20 weeks (range, 15.7-
37.4 weeks) [65].

The combination of pembrolizumab with eribulin in advanced
HR+ BC was evaluated in a randomized phase II clinical trial
(NCT03051659). The primary end point of this study was PFS. After
a median follow up of 10.5 months, no benefit in PFS was observed
either in the ITT population (4.1 months in the combination arm vs.
4.2 months in the single-agent eribulin arm) nor in the PD-L1 positive
population (4.2 months vs. 4.3 months). No statistically significant
differences in the ORR were observed either. The ORR was 27% (95%
CI, 14.9%-42.8%) for patients receiving eribulin with pembrolizumab
and 34% (95% CI, 20.5%-49.9%) for patients receiving eribulin alone.
Moreover, there were no complete responses in either arm, and no
significant differences in duration of response (1.5 months for the
combination arm vs. 2.1 months). The OS data are still immature, but
there are no statistically significant differences so far [66].

Treatment with ICI neither in monotherapy nor in combination

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Surg 8(3): id1270 (2021) - Page - 05



Pernas S

Austin Publishing Group

hasbeen able to improve the outcomes for patients with advanced HR+
disease. In contrast, results of the combination of pembrolizumab
with chemotherapy as neoadjuvant treatment explored in the I-SPY2
clinical trial are encouraging. Patients with HR+ BC treated with the
combination achieved a pCR rate of 30%, that doubled the pCR of
13% observed in the chemotherapy alone arm [54].

ICI in HER2-Positive Breast Cancer

The HER2 receptor is amplified or overexpressed in 15%-20%
of BC. The introduction of anti-HER2 targeted therapies such as
trastuzumab, pertuzumab, and trastuzumab emtansine (T-DMI)
has significantly improved the prognosis of both the early and
advanced settings [67-70]. Despite this breakthrough, nearly all
metastatic HER2-positive BC patients eventually progress on anti-
HER2 therapy. In this context, ICIs have mainly been tested in
combination with anti-HER2 directed therapy. Preclinical studies
in immunocompetent mice showed promising results in favor of the
addition of ICIs to the antiHER2 blockade [71]. Nevertheless, these
data have not been consistent with the clinical evidence (Table 3).

The combination of the anti-HER2 drug trastuzumab plus
durvalumab (CCTGIND.229, NCT02649686) and avelumab
(JAVELIN, NCT01772004) in metastatic disease has been tested
in two phase I trials, failing to achieve meaningful clinical benefits
[35,72]. Nevertheless, in the phase I PANACEA trial (NCT02129556)
pembrolizumab seemed to offer some benefit in terms of PFS and
ORR when added to trastuzumab in the PD-L1 positive subgroup
population [73].

In the phase II KATE2 trial (NCT02924883) patients were
randomized to receive either T-DM1 plus atezolizumab or T-DM1
plus placebo. After 8.4 months of follow up, atezolizumab improved
the median PFS, in the ITT population and PD-L1 positive subgroup,
but none were statistically significant [74]. The phase IIT KATE3,
which only includes HER2-positive and PD-L1 positive population,
is ongoing (Table 4).

The combination of the antibody drug conjugate trastuzumab-
deruxtecan with nivolumab, was explored in a phase Ib clinical trial
(NCT03523572) recently presented. This trial included not only
patients with HER2-positive BC but also with HER2-low expression.
The combination demonstrated antitumor activity in both HER2-
positive and HER2-low breast cancer patients with an ORR of 59.4%
and 37.5%, respectively. Although the safety profile was generally
manageable, interstitial lung disease was reported in the 10.4% of the
patients [75].

Results in HER2-positive advanced BC suggest that the benefit
from ICI in terms of ORR and/or PFS may be restricted to patients
with PD-L1-positive disease. However, research is ongoing to
enhance immune activation in HER2-positive breast cancer and to
better identify which patients can benefit from it.

Future Directions

The important benefits of immunotherapy in other cancer
types should encourage finding a role for these treatments in BC.
Other drugs such as nivolumab, ipilimumab, tremelimumab or
spartalizumab are also under study.

Since immunotherapy as a single-agent has not shown significant

benefit, the majority of the pipelines are focused on testing
combinations of ICI with other agents (Table 4 and 5). Not only
different types of chemotherapy, but also cryoablation, radiotherapy,
oncolytic virus or targeted therapies are being studied in combination
to ICIL. Some ICI combinations are being tested, too. The aim of all
these strategies is to make BC more immunogenic and enhance the
host immune response. Window of opportunity trials are especially
interesting because they allow for an appreciation of the molecular
changes in the tumor following short course treatment, and
consequently learn from their molecular biology.

Currently, oncology is moving towards a precision medicine
where targeted therapies and their combination are becoming crucial.
Combinations of ICIs with other targeted therapies are being assessed
in many clinical trials. Preclinical models have shown that Poly - ADP
- Ribose - Polymerase inhibitors (PARPi) and anti-PD-1 antibodies
may have synergistic anti-tumor activity [76]. The TOPACIO
trial (NCT02657889) evaluated the combination of niraparib with
pembrolizumab in patients with advanced TNBC regardless of the
presence of a germline mutation in BRCA and PD-L1 expression.
Among the 47 patients who could be evaluated for response, ORR
was 21%, with a Disease Control Rate (DCR) of 49%. Response rate
was considerably higher in PD-L1 positive patients (32% vs. 14%) and
in BRCA mutated patients compared with BRCA wild type (47% vs.
11%). The clinical activity of the combination was more pronounced
in patients with germline BRCA mutation than in those with PD-L1
positive tumors [77].

The PI3K/AKT/mTOR pathwayinducesatranscriptional program
that promotes immune suppression during tumor growth [78]. It has
proven to have an important role in BC within endocrine resistance,
so the combination of ICIs with PI3K, AKT and mTOR inhibitors is
also being explored in clinical trials. A phase Ib study (NCT03800836)
in which untreated patients with metastatic TNBC were assigned to
a taxane (either paclitaxel or nab-paclitaxel) combined with the AKT
inhibitor Ipatasertib and atezolizumab showed preliminary results
with an impressive ORR of 73%, regardless PD-L1 expression [79].

Identifying those patients who may benefit from ICI is essential.
So far, the main biomarker associated with ICIs benefit has been
PD-L1 expression. However, there is no standardized method for
measurement, and no clear cutoff of positivity has been defined.
The studies with pembrolizumab used the CPS score, measured with
Dako 22C3 pharmDx assay, while the studies with atezolizumab used
the tumor proportion score (TPS) measured with the VENTANA
PD-L1 (SP142) IHC assay. However, these methods are not always
consistent [80], and have shown a marked variability among
observers. Moreover, it has even been proven that PD-L1 expression
differ from the primary and the metastatic specimens.

TILs include different cell types, with T-cells being the most
common, but with variable proportions of natural killer cells,
dendritic cells, macrophages, and B-cells. As referred before, the
prevalence of TILs depends not only on tumor subtype, but also on
the stage of the disease, and on metastases sites (with lungs showing
the highest degree of TIL infiltration, and the liver and skin the
lowest). Early disease shows the greatest rate of TILs infiltration
which seems to weaken as the tumor progresses to metastatic disease
and across successive lines of treatment. This has been described
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as a tumoral mechanism of avoiding surveillance in which it turns
into an inert phenotype. In contrast to early stages, where TILs have
been related to better prognosis and sensitivity to chemotherapy
(specially in TNBC), in the metastatic setting there is yet much to
do. Deeper evaluation integrating both TILs quantity and quality
(cells subpopulations), is urgently needed to establish the role of this
biomarker [19,20].

Nevertheless, it is important to emphasize that other
characteristics such as TMB [81], epigenetic signatures or some
clinical features, may also influence the immune checkpoint blockade
response. Therefore, future perspectives in biomarkers should cover
all these characteristics to integrate them as a prognostic factor and a
predictive tool of response [82-86].

Conclusions

Although the majority of clinical trials have come up with
negative results, they show a tendency toward clinical benefit in
certain subgroups of patients. Best achievements have been observed
with combinations of chemotherapy and immunotherapy, especially
in the first line of metastatic TNBC where the FDA approved
pembrolizumab with chemotherapy in the first line of advanced
TNBC with PD-L1 CPS 210. The FDA and EMA also authorized
atezolizumab in combination with nab-paclitaxel in patients with
PD-L1 positive tumors. In contrast to TNBC, currently there is no
approved approach with immunotherapy in patients with HR-
positive or HER2 positive BC.

Promising results have been obtained with ICIs in combination
with chemotherapy in early-stage BC, especially in TNBC with nodal
involvement and PD-L1 positive expression. Patients diagnosed
with early TNBC already achieve a high rate of pCR with only
chemotherapy, and the addition of ICIs can increase the pCR rate but
also the probability of potential serious AEs. Window of opportunity
studies could assume a crucial role in identifying new biomarkers to
select patients who benefit the most from this strategy.
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