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Abstract: Triple-negative breast cancer (TNBC) is considered one of the highest-risk subtypes of
breast cancer and has dismal prognosis. Local recurrence rate after standard therapy in the early
breast cancer setting can be upwards to 72% in 5 years, and in the metastatic setting, the 5-year
overall survival is 12%. Due to the lack of receptor expression, there has been a paucity of targeted
therapeutics available, with chemotherapy being the primary option for systemic treatment in both
the neoadjuvant and metastatic setting. More recently, immunotherapy has revolutionized the
landscape of cancer treatment, particularly immune checkpoint inhibitor (ICI) therapy, with FDA
approval in over 20 types of cancer since 2011. Compared to other cancer types, breast cancer has
been traditionally thought of as being immunologically cold; however, TNBC has demonstrated
the most promise with immunotherapy use, a timely discovery due to its lack of targeted therapy
options. In this review, we summarize the trials using checkpoint therapy in early and metastatic
TNBC, as well as the development of biomarkers and the importance of immune related adverse
events (IRAEs), in this disease process.
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1. Introduction

With the number of predicted breast-cancer cases in the United States reaching 250,000
in the year 2020, it is estimated that 10-15% of these newly diagnosed cases will be
triple-negative breast cancer (TNBC) [1-4]. TNBC lacks the expression of the estrogen
receptor (ER) and progesterone receptor (PR) and human epidermal growth factor receptor
2 (Her2) [5,6]. It is associated with earlier age of onset, higher rates of recurrence, increased
risk of visceral metastasis, and poorer prognosis when compared to hormone sensitive
subtypes [7-11]. Additionally, TNBC disproportionately affects young women (<40 years)
and has a higher incidence among African American and Hispanic women when compared
with other breast-cancer subtypes [12-15]. The lower survival rate is attributable to various
aspects of the disease, such as higher genomic instability, higher-grade and mitotic index,
mutations of the p53 and BRCA1 gene, and lymphatic dissemination [16,17]. TNBC also
tend to be more aggressive and larger at time of diagnosis, due to more difficulty with
detection by conventional imaging [7,18-20]. Some of the early gene-expression profiling
studies identified and categorized breast cancers into luminal-like, Her-2-positive, basal-
like, and normal breast-like [5]. Luminal A subtype is hormone receptor-positive and
is known to have the best prognosis, followed by the Luminal B subtype. In contrast,
“basal-like” breast cancers often correlate histologically and clinically with TNBC and
tend to have poor relapse-free survival rates and the worst prognosis [21]. Among TNBC,
the lack of expression of measured receptors, defined molecular targets, and significant
heterogeneity make chemotherapy the mainstay of systemic treatment to date; targeted
therapeutic agents specific to TNBC remain under investigation and, until recently, have not
demonstrated significantly improved survival in patients [22-24].Thus, historically, there
have been limited treatment options for this high-risk breast-cancer phenotype [18,25].
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Immunotherapy has prolonged survival in other solid tumors, including melanoma,
lung, and kidney cancers with the most successful immunotherapeutic agents consisting
of immune checkpoint inhibitors (ICIs). ICIs block immune checkpoints or immunosup-
pressive receptors, such as cytotoxic-T-lymphocyte-associated protein 4 (CTLA-4) and
programmed death receptor-1 (PD-1) to improve the cytotoxicity and proliferative capacity
of tumor-infiltrating lymphocytes (TILs) [26-35]. T-cells have the CTLA-4 receptor, which
acts as an immune checkpoint, helping to downregulate the immune system. Alternatively,
PD-1, which is expressed on the surface of T-cells, suppresses the autoimmunity of T-cells
and is a marker for T-cell exhaustion [36,37]. When a person develops a malignancy, tumor
antigens create an upregulation by T-cells of multiple inhibitory receptors, which can
lead to impaired tumor recognition [38]. Solid organ tumor cells express programmed
death-ligand 1 (PD-L1) that attaches to the PD-1 receptors on T-cells, resulting in challenges
of the immune system to recognize proliferating tumor cells [39]. Inmunotherapies, such a
pembrolizumab, Nivolumab, and Atezolizumab, help to augment antitumor immunity by
either targeting PD-1 receptors on T-cells or PD-L1 ligand on tumor cells [40].

Unlike other solid organ cancers, breast cancer has long been considered more im-
munologically “cold” with low T-cell infiltration. However, several lines of evidence
have demonstrated the immune system’s role in the prognosis and outcomes of TNBC.
First, TNBC has more TILs, with several studies demonstrating that these are associated
with a higher response to ICIs in other tumors and improved prognosis in early stage
TNBC [26,27,41-45]. Second, studies suggest that there is significant activation of inhibitory
immune checkpoints with higher PD-L1 expression in TNBC compared to luminal sub-
types. As discussed, the binding of PD-1 to its ligand (PD-L1) activates the PD-1/PD-L1
axis, suppressing the immune response [46]. PD-L1 expression inhibits immune cells in the
innate and adaptive immune system, including T-cells, B-cells, natural killer cells, dendritic
cells, and macrophages [47]. This high level of PD-L1 expression in TNBC provides direct
targets for ICIs, including anti-PD-1 therapies [28,46,48]. Finally, TNBC possesses a higher
rate of nonsynonymous somatic mutations compared to other subtypes; this increase in
tumor mutational burden (TNB) generates more tumor-specific neoantigens which can be
a putative target for the immune system [49].

In this review, we focus on the role of immune checkpoint inhibitors in early stage
and metastatic triple-negative breast cancer either in the neoadjuvant or adjuvant settings.
In addition, we summarize the effects of combination treatments with chemotherapy and
immune checkpoint inhibitors, as well as recent and ongoing trials attempting to elucidate
the role of promising therapeutic strategies that target specific subsets of TNBC. We briefly
outline other potentially immunotherapy strategies and future directions.

2. Heterogeneity of Triple-Negative Breast Cancer

Triple-negative breast cancer is uniquely heterogeneous at the clinical, histologic, and
molecular level. Breast tumors that do not overexpress the estrogen, progesterone, or
Her2neu receptor are histologically known as TNBC. The American College of Pathology,
the American Society of Clinical Oncology, and the St. Gallen have established that ER
and PR negativity are defined by 1% positivity of either receptor [50,51]. Molecularly,
TNBC has been classified into six subtypes, namely basal-like subtypes (BL1 and BL2),
mesenchymal (M), mesenchymal stem-like (MSL), immunomodulatory (IM), and luminal
androgen receptor (LAR) [52]. A study by Lehmann and colleagues analyzed 587 TNBCs
by gene-expression profiling and identified these specific six subtypes which are now used
in subdividing this particular breast cancer [52]. This distinct heterogeneity contributes to
limited therapeutic treatment options for TNBC.

3. Monoclonal Antibodies Targeting Immune Checkpoints in Metastatic Setting

Immune checkpoints are molecules that protect against normal tissue damage caused
by over-activity of T-cells [9]. PD-1 and its ligand PD-L1, the most widely studied im-
mune checkpoint receptors in the treatment of breast cancer, are expressed on activated
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T-cells, B-lymphocytes, and natural killer cells and are associated with tumor immune
resistance [53]. An abundancy of genes involved in immune cell processes and high levels
of tumor-infiltrating lymphocytes implying high immunogenicity for the IM subtype of
TNBC [49]. These characteristics suggest that immune checkpoint inhibitors (ICIs) are
feasible therapeutic agents for TNBC. ICIs were first investigated amongst metastatic
TNBC patients as a monotherapy. Subsequently, there have been trials to investigate ICIs
in combination with chemotherapy agents to enhance response rates, as well as using ICIs
in the neoadjuvant setting.

3.1. PD-1 Inhibitors
Pembrolizumab

One of the most studied ICIs, pembrolizumab is a humanized IgG4 antibody targeting
PD-1. Pembrolizumab first gained initial FDA approval for unresectable or metastatic
melanoma in 2014 [37] and has more recently shown promise in other solid organ can-
cers [54]. In breast cancer, pembrolizumab was first tested as a monotherapy in the initial
phase Ib KEYNOTE-012 study of 32 patients with both pretreated with chemotherapy
and treatment-naive PD-L1-positive TNBC [55]. It demonstrated an encouraging overall
response rate (ORR) of 18.5%, which lead to the first ICI approval in TNBC. The following
large phase I KEYNOTE-086 study did not demonstrate as impressive ORR-in 170 patients
with a PD-L1-unselected pretreated tumor the ORR was only 5.3 In the same study, 84 pa-
tients who were treatment-naive on the trial, the ORR was 21.4% suggesting that ICIs have
greater efficacy in the first-line metastatic setting [56]. A phase III study, the KEYNOTE-119
trial, demonstrated similar findings as KEYNOTE-086 with pretreated metastatic TNBC
not showing any improvement in progression-free (PFS) or overall survival (OS) with
single-agent pembrolizumab versus single-agent chemotherapy [57]. Monotherapy in early
stage TNBC has not been evaluated, due to tempered response of monotherapy in the
metastatic setting.

3.2. PD-L1 Inhibitors
Atezolizumab / Avelumab

A humanized IgG1 antibody targeting PD-L1, called Atezolizumab, has also been
explored as ICI monotherapy in metastatic TNBC. It selectively targets PD-L1 to prevent
interaction with the receptors PD-1 and B7-1, reversing T-cell suppression [58]. In a
phase 1 trial, Atezolizumab led to an ORR of 10% in 115 pretreated patients, with no
responses seen in the PD-L1 negative subgroup [59]. The phase 1b JAVELIN trial examined
Atezolizumab as a monotherapy and demonstrated a ORR of only 5.2% in 58 heavily
pretreated patients [60]. With particularly low response rates in the pretreated metastatic
disease groups, these trials demonstrate the limited efficacy as a single agent in metastatic
TNBC.

4. Chemotherapeutic Agents Used in Combination with Immunotherapy

It is generally accepted that most TNBC is chemotherapy-sensitive, but the opti-
mal treatment regimen continues to be investigated. Most chemotherapy regimens in-
clude anthracyclines, taxanes, and/or platinum compounds, dose-dense AC (doxoru-
bicin/cyclophosphamide), or TC (docetaxel/cyclophosphamide). The addition of plat-
inum to standard chemotherapy has shown to increase the pathologic complete response
rate [61,62]. Multiple guidelines support the use of chemotherapy in the neoadjuvant
setting for early stage TNBC [63]. Often a surrogate endpoint for clinical trials, pathological
complete response after neoadjuvant chemotherapy is predictive of long-term survival out-
comes [64]. Administration of anthracycline and taxane-based chemotherapy sequentially
is the most common neoadjuvant approach, with the consideration of adding carboplatin,
as it has been demonstrated to improve the pathologic complete response (pCR) rate [65].

With the introduction of ICIs, the therapeutic landscape has changed. Generally,
ICI monotherapy was effective against metastatic TNBC when there was limited disease
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present; however, in women with advanced disease and a high metastatic tumor burden,
there was minimal or no response. Therefore, most studies began to focus on combination
therapy of ICI with chemotherapy. The hypothesis was that chemotherapy could augment
tumor-antigen release and antitumor responses to ICI. Specifically, taxanes were thought to
have the potential to activate toll-like receptor activity and promote dendritic-cell activ-
ity [66]. The KEYNOTE-355 trial reported first-line chemotherapy with pembrolizumab
significantly improved PFS compared with chemotherapy in patients with metastatic TNBC
expressing PD-L1 [67].

The Impassion130 trial demonstrated significantly prolonged median PFS with a
regimen of atezolizumab plus nab-paclitaxel compared to placebo plus nab-paclitaxel.
(7.2 months and 5.5 months respectively); the PD-L1 positive immune cells subgroup
demonstrated an even more dramatic difference in PFS. The difference between PFS
of atezolizumab and control groups was 7.5 months vs. 5.0 months) [58]. There was
no difference in OS between these two groups when not selected for PD-L1 positivity.
When the PD-L1 positive group was analyzed, OS was improved by 7 months in the
atezolizumab group (25.0 vs. 18.0 months). With these promising results, the Food and
Drug Administration granted accelerated approval to atezolizumab in March of 2019. Thus,
the combination therapy of immunotherapy and chemotherapy became standard of care in
patients with unresectable locally advanced or metastatic PD-L1 positive TNBC [26]. There
is an ongoing Impassion131 trial which is evaluating atezolizumab in combination with
paclitaxel compared with placebo and paclitaxel for patients with previously untreated
inoperable locally advanced or metastatic TNBC. Early results show that atezolizumab
with paclitaxel failed to improve outcomes for patients [68].

5. Early Stage Chemotherapy Combination Regimens

Due to the promising results in the metastatic setting of combination chemotherapy
and ICIs, studies have now been conducted in early stages of TNBC. They have demon-
strated preliminary success thus far. In the I-SPY 2 trial, patients with stage II/III disease
treated with combination chemotherapy and pembrolizumab had estimated the pCR rate
to be nearly three times that of those individuals with chemotherapy alone [55]. The
KEYNOTE-522 trial also demonstrated improved pCR rates (51.2% to 64.8%) and 18-month
event-free survival (EFS) (85.3% to 91.3%) when pembrolizumab was delivered in combina-
tion with chemotherapy in both the neoadjuvant and adjuvant settings [27,69]. In contrast
to the aforementioned findings, the NeoTRIPaPDI1 study demonstrated that standard
chemotherapy in combination with atezolizumab did not significantly impact pCR rates
in patients with early stage high-risk or locally advanced TNBC [70]. High-risk disease
was defined as disease with high proliferation or grade. The contrasting results of these
two studies may be explained by chemotherapy backbones or due to differences in the
ICI activity, given that PD-1 inhibitors but not PD-LA inhibitors block PD-L2 inhibitory
signaling [27,71,72].

There are several ongoing early stage disease trials that will further clarify the efficacy
of ICIs in the neoadjuvant setting for TNBC and whether these agents should be utilized
as adjuvant treatments. Two key trials—namely SWOG 51418 and the A-brave trial—
are investigating if adjuvant anti-PD-1/L1 therapy prolongs event-free survival (EFS) or
disease-free survival (DFS). Concurrently, two large trials are investigating if the addition of
atezolizumab to both neoadjuvant and adjuvant therapy prolongs EFS or invasive DFS-the
NSABP B-59 trial and the Impassion030 trial.

6. Phase 3 Randomized Controlled Trials
6.1. KEYNOTE-119

KEYNOTE-119 is a phase 3 trial that compared pembrolizumab with chemotherapy
for second-line or third-line treatment of patients with metastatic TNBC. The trial included
1098 patients who were randomly assigned to receive either pembrolizumab or chemother-
apy. The primary endpoints were OS in PD-L1 positive patients and all patients. In the
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PD-L1-positive patients, the median OS was 12.7 months in the pembrolizumab group and
11.6 months for the chemotherapy group (0.057). In the overall population, the median OS
was 9.9 months for the pembrolizumab group and 10.8 months for the chemotherapy group
(non-significant). The most common adverse events were anemia and neutropenia [57].

6.2. KEYNOTE-355

Based upon the findings of the KEYNOTE-119 trial, this trial is a phase 3 trial that com-
pared pembrolizumab with chemotherapy versus placebo with chemotherapy untreated
locally recurrent inoperable or metastatic TNBC. The trial included 1372 patients who were
randomly assigned to the two treatment groups and the primary endpoint was PFS. IN
the PD-L1 positive patients, the PFS in the pembrolizumab group was 9.7 months and
5.6 months in the placebo group (p = 0.0012). Among all patients, the median PFS was
7.5 months compared to 5.6 months. The pembrolizumab treatment effect increased with
PD-L1 enrichment. Adverse events were seen in 68% of the pembrolizumab group and
67% in the placebo group [71].

6.3. KEYNOTE-522

Previous trials demonstrated promising results with pembrolizumab in addition to
chemotherapy. As a result, the KEYNOTE-522 study was a phase 3 trial that compared
pembrolizumab with chemotherapy versus placebo with chemotherapy in the neoadjuvant
setting among untreated stage II or stage II TNBC. The two groups received additional
adjuvant cycles of either pembrolizumab or placebo and both groups received adjuvant
chemotherapy. The trial included 602 patients who were randomized into the two treatment
groups and the primary pCR at the time of definitive surgery and event-free survival. The
PCR was 64.8% in the pembrolizumab group versus 51.2% in the placebo group and there
were 7.4% of patients in the pembrolizumab group who had disease progression prior to
surgery vs. 11.8% in the placebo group. The adverse events were similar across the two
groups; 78.0% versus 73.0%, respectively. Unlike trials in the metastatic setting, there was
an improvement in the pCR rate compared to chemotherapy alone, irrespective of PD-L1
levels; however, the PD-L1+ group had the highest absolute pCR of 81.7%.

6.4. KEYNOTE-242

KEYNOTE-242 is a phase 3 trial that is comparing pembrolizumab for 1 year in
the adjuvant setting versus placebo in patients with >1 cm of residual invasive cancer
and/or positive lymph nodes after neoadjuvant chemotherapy. The trial includes TNBC
or low estrogen-receptor (ERO-positive and/or Her2 borderline breast cancers). The pri-
mary outcomes are DFS and OS. The trial is ongoing and continues to accrue patients
(NCT02954874).

6.5. Impassion130

Impassion130 is a phase 3 trial that compared atezolizumab in combination with
nab-paclitaxel or a placebo in patients with untreated metastatic TNBC. The trial included
451 patients in each group and was randomized. The intervention was continued until dis-
ease progression or an unacceptable level of toxic effects occurred. The primary endpoints
were PFS and OS. The median PFS was 7.2 months with atezolizumab, as compared with
5.5 months (p = 0.01) with placebo with the median OS being 21.3 months compared with
17.6 months (p = 0.01), respectively within the two groups. Among the patients with PD-L1
positive tumors, the median OS was 25.0 months and 15.5 months, respectively. Adverse
events that led to the discontinuation of any agent occurred in 15.9% of the patients who
received atezolizumab and 8.2% of those who received a placebo [69].

6.6. Impassion030

Another ongoing phase 3 trial, the Impassion030, compares atezolizumab in combina-
tion with standard arthracycline/taxane adjuvant chemotherapy in early TNBC patients.
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There are 2300 patients included who have operable stage II or IIl TNBC. They were ran-
domized and stratified based upon type of surgery, nodal status, and PD-L1 status. The
adjuvant treatment was either weekly paclitaxel for 12 weeks, followed by four doses
of dose dense anthracycline and cyclophosphamide, or the same chemotherapy regimen
given concomitantly with atezolizumab every 2 weeks, followed by every third week of
maintenance atezolizumab until completion of 1 year of therapy. DFS is the primary end
point [72]. Active recruitment to this trial continues, and no results have been released
(NCTO03498716).

6.7. Impassion031

Impassion031 is a phase 3 trial, similar to Impassion030, that compared atezolizumab
versus placebo combined with nab-paclitaxel followed by doxorubicin plus cyclophos-
phamide as neoadjuvant treatment for early stage TNBC. The trial included 333 patients
who were randomly assigned to either atezolizumab plus chemotherapy or placebo plus
chemotherapy, and the primary endpoints were pCR in all patients and in PD-L1 positive
patients. In all patients, the pCR with atezolizumab was 58% vs. 41% in the placebo group
(p = 0.004). In the PD-L1 positive patients, the difference was more pronounced—with 69%
achieving a pCR in the atezolizumab group and 49% in the placebo group. The adverse
events were balanced across the two groups [73].

6.8. ISPY-2

The I-SPY?2 study is an ongoing open-label, multicenter, adaptively randomized phase
2 platform trial for high-risk, stage II/III breast cancer patients that evaluates multiple
investigational arms in parallel. In this hypothetical confirmatory phase 3 trial, patients
are randomized to receive taxane- and anthracycline-based neoadjuvant chemotherapy
with or without pembrolizumab, followed by definitive surgery. There were 250 people
included in the final analysis, and the primary endpoint was pathologic complete response.
In the TNBC cohort, the pCR rates were 44% versus 17% for the pembrolizumab vs. control,
respectively. Adverse events included immune-related endocrinopathies, notably thyroid
abnormalities, and adrenal insufficiency [55].

6.9. NSABP B-59/GBG 96-GeparDouze

NSABP B-59 is a phase 3 trial that is comparing neoadjuvant chemotherapy with
atezolizumab or placebo in patients with early stage TNBC followed by adjuvant ate-
zolizumab or placebo. The primary endpoints are EFS and pCR in the breast and lymph
nodes. Patients are actively being recruited to this trial currently [74] (NCT03281954).

7. Other Novel Immunotherapy Strategies

Already discussed, CTLA-4 acts earlier in the T-cell activation process and is significant
contributes to the suppressive mechanism of the regulator T-cell (Treg) [75]. Recent research
in both lung cancer and melanoma has revealed that the exhaustion of T-regulatory cells
by anti-CTLA-4 therapy is one of the main reasons leading to therapeutic responses [76].
The combination of PD-1 abd anti-CTLA- antibodies, Nivolumab and ipilimumab, respec-
tively, have demonstrated better responses in melanoma and lung cancer compared to
nivolumab or chemotherapy alone [77,78]. There are ongoing phase I/1I trials exploring
the combinatorial effect of CTLA-/PD-1 antibodies in metastatic TNBC (NCT02536794).

BRCA-1-mutated tumors have been demonstrated to be deficient in DNA-repair, as
well as 25% of sporadic breast cancers. PARP (poly (ADP-ribose) polymerase) is a nuclear
enzyme that helps repair DNA single-strand breaks and is highly expressed in more than
90% of TNBC [79]. Polymerase inhibitors (PARPi) that target these recombination repair
pathways and have been found to be effective in the treatment of BRCA1/2 mutation
carriers with TNBC are being used in combination with immune checkpoint blockade
to trigger a stronger antitumor immune response. PARPi-induced cell death causes the
release of tumor antigens that activate infiltrating T-cells. PARPi also upregulate PD-L1
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expression in animal models, further strengthening the rationale for combining treatment
with PD1/PD-L1 inhibitors [80,81]. (NCT03281954). There are ongoing trials that are
currently in the recruitment phase to investigate the use of PARPi in treating TNBC.

Another novel strategy in cancer immunotherapy are cancer vaccines, with the poten-
tial to illicit an immune response against tumor-specific and tumor-associated antigens.
Ongoing trials in TNBC are investigating using tumor vaccines or oncolytic viruses with
csfg312blockade against TNBC [75] and poly (ADP-Ribose).

8. Immunotherapy Challenges

There are many promising results in past and ongoing trials using immunotherapy
for treatment in TNBC. However, there are ongoing challenges with these treatments,
including development of biomarkers for optimal patient selection and immune-related
adverse events (IRAEs) [82,83].

Biomarker Development

Enriching the population with the development of biomarkers to determine who
may derive benefit from ICI is an area of active investigation (Figure 1). One of the
most established biomarkers includes expression of PD-L1: TNBC patients with PD-L1
expression on immune cells received most clinical benefit in the Impassion130 trial. In the
KEYNOTE 522 trial, incremental improvement of pCR (~15%) with addition of ICI was not
dependent on PD-L1 expression; however, PD-L1+ population had the highest overall pCR
rate at 81.7%. PD-L1 expression on macrophages and tumor cells has been demonstrated
to be a possible predictor for pCR in other neoadjuvant ICI studies [84].

Patient Selection and Biomarkers

Microsatellite

Tumor Infiltrating

Instability A
Maximal lymesEe
Tumor Mutational Clinical
Burd
i Benefit

PD-L1
expression

BRCA-1 Status

Figure 1. Biomarker development for optimization of immunotherapy use in patients.

Quantitative and qualitative TIL levels have also shown promise in predicting patient
response to ICL In the Impassion130 trial, metastatic TNBC patients with higher CD8+
TILs demonstrated increased PFS and OS when treated with chemo-immunotherapy. In
early stage TNBC patients treated with pembrolizumab-based combination therapy, higher
quantities of TILs and PD-L1 expression was associated with a higher pCR rates and
improved ORR [43]. Further refining the TIL population is also being actively studied;
a TIL signature of CD8+ tissue-resident memory T (Try) cell differentiation expressing
high levels of immune checkpoint molecules has been associated with survival in an early
TNBC population and was better prognosticator than the CD8+ TIL population alone [85].

Other biomarkers that are under investigation include tumor mutation burden (TMB),
microsatellite instability (MSI), and BRCA status. TNBC harbors more TMB or non-
synonymous somatic mutations than other breast-cancer subtypes. In other cancers, a
higher TMB is correlated with improved response to ICI therapy. One study has shown that
higher levels of TMB with high TIL infiltrates have been shown to be correlated with better
prognosis in TNBC [86]. In addition, adoptive transfer of TILs specific for these somatic
mutations have mediated durable complete responses in the metastatic setting in breast
and other epithelial cancers in clinical trials [87,88]. Tumors with high levels of MSI have
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been shown to be highly responsive to ICI-based immunotherapy, and pembrolizumab
has been uniquely FDA approved for any metastatic solid tumor that harbors high-MSI.
The incidence of MSI in breast cancer still needs to be fully evaluated, though the existing
studies have shown a low incidence of <2% thus far [89]. Interestingly, BRCA1 mutations
are predisposed to TNBC, and BRCA1-deficient TNBCs are also known to have higher
levels of TILs, higher levels of somatic mutations, and higher levels of immunomodula-
tory genes which can represent a subgroup that would benefit from immunotherapeutic
approaches [90]. Inmunotherapy has also been explored and used in BRCA-associated
ovarian cancers. With the advent of poly (ADP-ribose) polymerase (PARP) inhibitors,
outcomes have significantly improved for BRCA-associated ovarian cancers [91]. There
are many ongoing trials investigating the use of other immunotherapy agents for ovarian
cancers.

9. Immune-Related Adverse Events (IRAEs)

Immunotherapy hyper-activates the immune system, causing a wide variety of tox-
icities called immune-related adverse events (IRAEs) [82,83]. IRAEs can vary from mild
flu-like symptoms to more serious manifestations, such as pneumonitis, colitis, hepatitis,
and endocrinopathies such as type 1 diabetes and adrenal insufficiency, which may result
in the need for lifelong replacement therapies. The incidence of most of these serious
manifestations are less than 5%; however, when they do occur, it requires immediate and
significant attention. There is a wide variability of severity and time of onset of IRAEs:
some can manifest as a severe event after just one dose, while others develop months
after. In addition, there appears to be higher risk of IRAEs when ICIs are combined with
chemotherapy vs. monotherapy alone overall in all disease processes [92-96]. As the use
of ICIs appears to be more efficacious in early stage breast cancer and will mainly be used
in the combinatorial setting with chemotherapy, the sequalae of developing IRAEs that are
permanent or severe may have significant ramifications compared to other malignancies
where ICI will be used mainly as monotherapy and in the metastatic setting.

Predicting who will develop IRAEs is an active area of investigation and may include
assessment of personal and/or genetic risk factors. Studies have shown that obesity, kidney
disease, and personal or family history of autoimmune disease have been linked with
increased risk, while other factors, such as history of steroid use or female sex, may be
protective. Currently, the treatment of IRAEs include cessation of the ICI, and use of
glucocorticoids and/or monoclonal ab, including TNF (infliximab) or IL-6 (Tocilizumab).
Preliminary investigation on how the use of these agents affects the antitumor response of
the ICI is reassuring in other malignancies, but requires longer-term follow-up [97-100].

Another challenge of immunotherapy is the wide variety of different response patterns
seen across patients with what appears to be the same disease. In other solid organs such
as non-small-cell lung cancer, there is a phenomenon known as “pseudo-progression”,
where patients appear to be progressing, with tumor enlargement secondary to lympho-
cyte infiltration, prior to demonstrating regression. With ongoing investigations into
immunotherapy in the TNBC setting, hopefully we will gain some answers to these ongo-
ing questions.

10. Conclusions

The understanding of immune-checkpoint-based treatment in TNBC has radically
changed the therapeutic options for women who have been diagnosed with this disease.
Existing trial data have clearly demonstrated that ICIs should be combined with other
agents to improve their benefit. It is also recognized that immunotherapy should be
implemented in the first-line setting of metastatic treatment to improve overall survival
rates [101]. Additional promise exists in the early stage setting; improvements in pCR
rates have been shown across multiple trials, especially in the neoadjuvant setting and
irrespective of PD-L1 levels. Due to this, investigation into the prediction and treatment
of severe or permanent IRAEs is of particular importance among women with curative
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disease. Ongoing research efforts aim to identify biomarkers that better predict excellent
pathologic and clinical responses, allowing for refined patient selection that justifies the
side-effect risk profile. Inmunotherapy has revolutionized the treatment of cancers overall
in the last decade; since its first FDA approval for melanoma in 2011, there are now over 20
cancers that have an FDA approval for checkpoint therapy. With the promising evidence
thus far, we anticipate checkpoint therapy approaches for TNBC to lead to a paradigm shift
regarding treatment options for a very aggressive form of breast cancer.
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