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Introduction
Breast cancer is the most common cancer in women with an 
estimated 268 670 new cases in the United States in 2018.1 
It is also the second leading cause of cancer death in women. 
Fortunately, with advances in detection and treatment, death 
rates from breast cancer are declining. More recent advance-
ments in breast cancer therapy using novel mechanisms 
involving actionable cancer mutations and the body’s 
immune system have opened up new avenues for reducing 
the death rate further. Many of the obvious successes in 
immunotherapy have been in the field of melanoma, renal 
cancer, lung cancer, and others that have traditionally been 
known to be immunogenic. However, these are not the only 
cancers in which strides in immunotherapy are being made. 
Breast cancer is one cancer that, although not originally 
thought to be immunogenic, has had many encouraging 
results in the past few years. We aim to provide a succinct 
overview of breast cancer immunotherapy as well as possible 
future directions.

Background
The basis for immunotherapy in cancer has revolved around 
the concept of immunogenicity. For a long time, breast cancer 
has been considered nonimmunogenic. However, the role of 
the immune system in the emergence of breast cancer has 
been firmly established.2-8 Random or inherited genetic and 
epigenetic abnormalities confer proliferative and/or survival 
advantages on certain cells. These incipient cancer cells face 
internal and external control mechanisms including those 
from the immune system. By targeting the new antigens cre-
ated by these genetic changes, the immune system plays a 

central role in cancer control that can be host-protective or 
tumor promoting. A mutated gene leads to the production of 
a neoantigen when it is transcribed then translated, high-
lighting the autoantigenicity of self-antigens as observed in 
model protein antigens.9

Epitopes from the neoantigen are presented after process-
ing by the mammary epithelial cells in association with major 
histocompatibility complex (MHC) class I (MHC-I) on 
their surface. When an antigen-presenting cell (APC) 
encounters a neoantigen released from debris of cancer cells 
or secreted in the environment, it internalizes it via several 
mechanisms including endocytosis. The antigen resurfaces 
again after processing on the MHC class II (MHC-II) recep-
tors and can be recognized by helper T-cell receptors (TCR). 
Helper T (TH) cells stimulate and drive cytotoxic T cells (Tc) 
and B cells to further maturation. T-cell maturation, prolif-
eration, and survival require antigen-independent costimula-
tory signals from APCs. If the costimulatory signal is lacking, 
then the process of activation will be ineffective and may lead 
to Tc anergy. Once activated, Tc can attack the target cell by 
several mechanisms, including TCR-MHC-I recognition 
and binding. This leads to secretion of cytotoxic granules 
including perforin that result in cell lyses and demise.10 
Another mechanism by which Tc can attack target cells is via 
FAS receptors on Tc that bind FASL on the target cell lead-
ing to caspase 3 and 8 activation in the target cell and eventu-
ally apoptosis.11 To ensure effective immune regulation, the 
very same APCs that send costimulatory signals (through 
CD27, CD28, CD40, OX40, 4-1BB, GITR, and ICOS sur-
face proteins on T cells) to intensify the activation of naïve T 
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cells also send inhibitory signals (through CTLA-4, PD-1, 
and LAG-3) to the already activated T cells and natural killer 
(NK) cells when the immune response has to wind down. The 
activated T cell starts synthesizing CTLA-4, which has 
higher affinity for B7 and competes with the stimulatory 
B7-CD28 binding.12 This mechanism prevents overstimula-
tion by transient T-cell activation (Figure 1).

The interaction between the immune system and incipi-
ent cancer cells, also called immunoediting, goes through 3 
phases: elimination, equilibrium, and escape.13-15 Elimination 
is supported by a wealth of experimental evidence in animals 
and humans. The innate and adaptive arms of the immune 
system recognize incipient cancer cells by the new antigens 
(resulting from mutations or translocations) presented on 
their surface in association with MHC-I or by the distress 
signals usually expressed by transformed cells that have 
undergone chromosomal changes (aneuploidy or hyper-
ploidy)16,17 and eliminate them. Equilibrium is reached when 
the immune system fails to eliminate the transformed cells 
but stops them from progressing further. This can be con-
ceived as the dormancy phase of primary cancer development. 
This phase is mediated by equilibrium between cells and 
cytokines that promote elimination (IL-12, IFN-γ, TNF-α, 
CD4 TH1, CD8+ T cells, NK cells, γδT cells) and those that 

promote persistence of the nascent tumor (IL-23, IL-6, 
IL-10, TGF-β, NKT cells, CD4 Th2, Foxp3+ regulatory T 
[Treg] cells, and MDSCs).18-20 Monocytes play an impor-
tant role in this process. Under the influence of the tumor 
microenvironment (TME), they may differentiate into pro-
inflammatory M1 or anti-inflammatory M2 types.21,22 
Immune escape of cancer cells occurs by different mecha-
nisms. In HR-positive breast cancer, the absence of strong 
tumor antigens and low expression of MHC-I allow the 
tumor to progress unnoticed by the immune system.23 
Estrogen plays an immunosuppressive role in the TME that 
promotes tolerance of the weakly immunogenic cancer. 
Most immune cells including macrophages, T and B lym-
phocytes, and NK cells express estrogen receptor (ER).24 In 
presence of estrogen, the immune response is polarized to 
Th2− rather than Th1-effector immune response.25 In 
HER2-positive cancer cells, MHC-I presentation is 
inversely correlated with HER2 expression.26 Triple-
negative breast cancers (TNBC) exhibit a spectrum of 
MHC-I presentation and strong tumor antigen expression, 
but immune escape in this subtype is mostly related to the 
development of the immunosuppressive TME (Tregs, 
MDSCs, PD-1/PD-L1).

Although it is true that single-transformed cells may 
remain dormant in inactive noncycling state, some trans-
formed cells may continue dividing until they reach equilib-
rium between the newly produced cells and those undergoing 
cell death. These 2 models (of dormant single cells or a small 
cluster of transformed cells that remain microscopic and stay 
dormant) may also apply to disseminated tumor cells that land 
in a new environment and have to renegotiate a license to 
grow with the new TME.27

Factors promoting immune escape

Many factors play a role in tilting the balance established 
during the equilibrium phase toward tumor progression. 
Aging is associated with reduced production of new B and T 
lymphocytes in the bone marrow and the thymus, respec-
tively, and with decreased function of the existing mature 
lymphocytes.28 Systemic inflammation associated with aging 
and the local pro-inflammatory microenvironment in the 
breast is incriminated in promoting the cancerous transfor-
mation of mammary stem cells that have been primed by 
losing tumor suppressor genes.20,29 Pro-inflammatory 
cytokines (TNF-α and IL-6) are associated with overexpres-
sion of COX2 and the aromatase enzyme,30 which lead to 
increased local concentrations of estrogens. Estrogens induce 
the expansion of Tregs and MDSCs, as well as the inhibition 
of antigen-presenting cells.31-34 In addition to the gradual 
decline of the immune system, dietary, commensal microbi-
ota, use of antibiotics, procreational and hormonal factors, all 
play some role of variable importance in tilting the balance 
from equilibrium to escape.35-38

Figure 1. Antigen-presenting cells (APCs) process tumor-associated 

antigens (TAAs) and present them in combination with MHC surface 

proteins to T-cell receptor (TCR) on T-helper cells (MHC-II) and some 

CD8+ T cells (MHC-I). In the beginning of the immune reaction, 

costimulatory signals (CD27, CD28, CD40, OX40, 4-1BB, GITR, and 

ICOS surface proteins on T cells) help intensify the activation of naïve 

helper or cytotoxic T cells. As the immune reaction reaches its goal of 

eliminating the transformed cells, inhibitory signals (CTLA-4, PD-1, and 

LAG-3) help wind down T-cell activation. The expression of the inhibitory 

molecules by the transformed cells or other cells in the tumor 

microenvironment leads to local immunosuppression and the persistence 

of cancer cells. Inhibitory monoclonal antibodies (MAbs) targeting 

CTLA-4, PD-1, or PD-L1 have opened the way to a new era in IO. 

Targeting stimulatory pathways with agonist MAbs is being explored by 

multiple clinical trials (see below). Bispecific antibodies (BsABs) target 

T-cell surface receptors such as CD3 and TAA and recruit other effector 

cells through the Fc receptor such as macrophages or natural killer cells.
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Immune escape, the angiogenic switch, and cancer 
cell dissemination

The immune escape and angiogenic switch may be closely con-
nected. Tumor-associated macrophages (TAMs; and other 
immune and microenvironment cells) release proangiogenic 
factors that play an important role in triggering the angiogenic 
switch that leads to the expansion of the tumor mass (Figure 
2).39

Tumor progression is traditionally conceived in a linear 
fashion suggesting that once the tumor has undergone immune 
escape and turned the angiogenic switch on, it will grow locally 
and release cancer cells (disseminated tumor cells = DTCs) into 
the circulation (Figure 2A). Accumulating evidence suggests 
that DTCs may be released with the very early stages of trans-
formation even during the in situ phase and before the tumor 
has established its own vasculature or before becoming clini-
cally detectable (Figure 2B).40-42

Breast cancer stem cells and immune escape

Two models have been proposed to explain the emergence of 
breast cancer and its dissemination. The stochastic model stipu-
lates that all cancer cells in a tumor are potentially capable of 
being tumor-initiating cells and the hierarchical model that stip-
ulates the presence of a distinct cell population called cancer 
stem cells (CSCs; the concept of CSC is controversial43,44) 
endowed with the self-renewal capacity and tumor initiation 
function is necessary for the emergence and progression of 

cancer. The hierarchical model states that CSCs are capable of 
asymmetric division that gives rise to CSCs that join the stem 
cell compartment and to other cells that continue proliferating 
and differentiating allowing the expansion of the tumor mass 
while losing their self-renewal potential (transit-amplifying 
cells).45 Cancer stem cells are characterized by being metaboli-
cally quiescent and long-lived. They are responsible for the 
propagation and dissemination of cancer and resistance to clas-
sical cytotoxic treatments, contrary to the rest of tumor cells 
that are short-lived and possess limited proliferative capacity 
and are sensitive to cytotoxic agents.46-48 Recently, the discov-
ery of phenotypic plasticity allows reconciling these 2 models by 
establishing the reversibility of differentiated cells to a stem cell 
phenotype in certain conditions. Based on the phenotypic plas-
ticity model, stem cell function is the result of the interaction 
between the genetic make-up of a cancer cell and its microen-
vironment or niche.44

The immune system as a part of the CSC niche

Cancer stem cell niche is a distinct part of the TME.49 It plays a 
major role in protecting CSCs from the immune system and in 
maintaining their plasticity. The frequent success of transplanta-
tion experiments of cancer cells (regardless of their stemness 
characteristics or the size of the inoculate) in extremely immune-
deficient models and their failure in immune-competent animals 
suggest a major role for the immune system in facilitating or 
hindering cancer cell growth, respectively.50

This fascinating concept suggests that the niche (of which 
the competence the immune system is an important part) shapes 
cancer cell stemness45 and determines the fate of dormant DTCs 
or microscopic tumors. Myeloid-derived suppressor cells 
(MDSCs), tumor- TAMs and tumor-associated neutrophils 
(TANs) recruited by cancer-released cytokines and chemokines 
participate in the local immune suppression in TME.51,52 The 
TAMs and TANs secrete TNF-α that induces the expression of 
Slug, Snail, and Twist transcription factors responsible for the 
induction of epithelial–mesenchymal transition in transformed 
epithelial cells that acquire CSC characteristics. Hypoxia, result-
ing from the increase in the tumor mass beyond certain size, has 
a CSC-protective effect against chemotherapy and radiotherapy. 
It activates the hypoxia-inducible factor 1α (HIF1α) pathway, 
vascular endothelial growth factor (VEGF), and TGF-β. The 
expression of TGF-β in the TME and the activation of WNT 
lead to an undifferentiated state in tumor cells,53 whereas the 
expression of VEGF stimulates tumor angiogenesis. The impor-
tance of the permissive role of the innate and adaptive immune 
systems in establishing distant metastases by DTCs is increas-
ingly recognized.49

Assessment of Breast Cancer Immunogenicity
Traditional pathology and immunohistochemistry, gene expres-
sion profiling, RNA sequencing, and combined scores have been 
used to assess the immunogenicity of breast cancer. Traditional 

Figure 2. Immune and angiogenic dormancy in maintaining the cancer at 

a microscopic size. (A) Once the tumor undergoes immune escape and 

the angiogenic switch is turned on, the tumor grows locally and spreads 

metastases. In this model, DTCs are released at a later stage because 

DTCs do not gain access to the bloodstream until the tumor has acquired 

its own vasculature. (B) Another model stipulates that dissemination of 

cancer cells may occur very early in the beginning of the nascent cancer 

and continues throughout its growth and development. In this model, the 

role of immune escape is more important than the role of the angiogenic 

switch because microscopic tumors (and even in situ tumors) may spawn 

DTCs/micrometastasis before the angiogenic switch has taken place. 

DTCs indicate disseminated tumor cells.
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pathology tools allow the assessment of breast cancer immuno-
genicity by studying the presence of tumor-infiltrating lympho-
cytes (TILs) and assessing their types and correlation with 
survival and recurrence. While TILs were not found to have a 
prognostic value in the overall breast cancer population or 
ER-positive/human epidermal growth factor receptor 2–negative 
(ER+/HER2−) patients, TILs were found to have a prognostic 
value for disease-free survival (DFS) and overall survival (OS) in 
TNBC.54 In patients with TNBC who had residual disease after 
neoadjuvant chemotherapy, the presence of TILs was found to be 
associated with better OS as well as with metastasis-free survival. 
In ER-negative breast cancers, TILs, specifically CD8+ lympho-
cytes, were associated with better breast cancer–specific sur-
vival.54,55 The presence of CD8+ lymphocytes in patients with 
ER-negative breast cancers was also related to longer DFS.55 In 
general, the presence of TILs was positively correlated with 
MHC-I expression and inversely correlated with ER expression. 
The more immunogenic the breast cancer, the higher the concen-
tration of TILs will be. Hence, it is not surprising that HR-positive 
breast cancer is considered the least immunogenic.

Mutational load and neoantigens

Recent advances in genomics and proteomics allow the detec-
tion of neoantigens that underlie immunogenicity in breast 
cancer and shed light on possible targets for therapy.56,57 
Immunogenicity of a tumor is evaluated by the assessment of 
its antigenicity and the latter is evaluated by assessing its muta-
genicity. Mutational load, the average number of somatic muta-
tions per cancer cell, is associated with antigenicity and is, in 
general, lower in breast cancer compared with other tumors 
such as melanoma or lung cancer. However, major differences 
exist between different subtypes of breast cancer; TNBC has 
the highest mutational load compared with HR-positive breast 
cancers58,59 and high mutational load is associated with better 
prognosis in TNBC and HER2+ compared with low muta-
tional load in the same type of breast cancer (see below). 
Conversely, higher mutational load is associated with higher 
concentrations of TILs and with poor prognosis in HR-positive 
breast cancer. Mutational load continues increasing in meta-
static breast cancer (MBC) but TILs, PD-1, and PDL-1 
expression decreases, very likely as a result of immune exhaus-
tion and not because of decreased immunogenicity in advanced 
disease as suggested by Luen et al.60 Some specific mutations in 
DNA repair mechanisms such as those in the BRCA1/2 and 
MMR genes are associated with high mutational loads that can 
be localized (kataegis) or generalized.61,62 High mutational 
load is associated with high rates of neoantigens, which predict 
OS and response to checkpoint inhibitors.56,57,63-65

TILs and immune response

In assessing response to neoadjuvant treatment, the benefit of the 
presence of TILs can be seen here as well. Breast cancers with 

higher levels of TILs have better responses to neoadjuvant chem-
otherapy.7 In patients with HER2+ or TNBC, those with >60% 
TILs treated with an anthracycline plus taxane combination were 
more likely to have a pathologic complete response (pCR) and 
the rates of pCR were even higher when carboplatin was added 
to the treatment regimen.8 The ER-negative breast cancers that 
are lymphocyte-rich have far greater pCR rates when treated 
with neoadjuvant anthracycline-based chemotherapy compared 
with patients with lymphocyte-poor ER breast cancers.66 HER2+ 
breast cancers with TILs were associated with better DFS as well 
as OS in response to treatment with anthracyclines.2 There was a 
significantly associated decreasing risk of distant recurrence in 
patients being treated with adjuvant chemotherapy simultane-
ously with trastuzumab in HER2+ breast cancer for every 10% 
increase in TILs.3 Moreover, irrespective of whether or not a 
patient received systemic adjuvant chemotherapy, TILs and 
immune signatures were associated with better prognosis in 
HER2+ breast cancer.67 In patients with HER2 overexpression, a 
higher CD8+ infiltrate was seen after chemotherapy and this was 
associated with improved relapse-free survival.68

Strategies to Harness the Power of the Immune 
System
Several strategies have been used to harness the power of the 
immune system and redirect it to eradicate breast cancer or to 
induce immune dormancy:

1. Breast cancer vaccines;
2. Monoclonal antibodies (MAbs);
3. Antibody-drug conjugates (ADCs);
4. Checkpoint inhibitors;
5. Stimulatory molecule agonist antibodies;
6. Combination immunotherapy trials;
7. Enhance the immune-mediated effect of chemotherapy.

Breast cancer vaccines

Breast cancer vaccines are used for primary or secondary pre-
vention and some are therapeutic. Several strategies have been 
used including peptide vaccines, recombinant protein vaccines, 
dendritic cell (DC) vaccines, whole tumor cell vaccines, DNA 
vaccines, and recombinant viral vectors vaccines.

They are all designed to stimulate an intrinsic antitumor 
response targeting tumor-associated antigens (TAAs). Tumor-
associated antigens that are specifically recognized by T cells 
include HER2, mucin 1 (MUC1), carcinoembryonic antigen, 
sialyl-Tn (STn), human telomerase reverse transcriptase 
(hTERT), Wilms tumor gene (WT1), and tumor-associated 
carbohydrate antigens (TACAs).69 The antigens where current 
studies are primarily focused around include HER2, MUC1, 
and TACAs. DNA vaccines will not be discussed in this review.

HER2-targeted vaccines. As for the use of HER2 in vaccine 
developments, there have been a few attempts involving the 
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E75, GP2, and AE37 peptides. Nelipepimut-S (NeuVax) is a 
combination of E75, a peptide from the extracellular domain of 
HER2 and granulocyte-macrophage colony-stimulating factor 
(GM-CSF); it stimulates cytotoxic T lymphocytes and CD8+ 
memory cells with high affinity for HLA-A2/A3. However, 
the immunity induced by the E75 vaccine waned after 6 months 
from initial vaccination requiring a booster given at 6 months 
from completion of the primary vaccination.70 NeuVax was 
tested in a phase I/II trial and showed improvement of DFS in 
HER2-positive breast cancer patients.71 The study enrolled 
187 patients with early-stage breast cancer deemed at high risk 
for recurrence. Patients received 6 injections of NeuVax after 
tumor resection with standard of care (chemotherapy or radia-
tion therapy [RT]) as indicated. The 5-year DFS was 89.7% 
for the vaccinated group versus 80.2% for the controls (P = .08). 
When the optimally dosed cohort was considered, DFS was 
increased to 94.8% versus 80.2% (P = .05). Apparently, the 
induction of cytotoxic T lymphocytes was crucial for the 
response to NeuVax as only 1 recurrence was observed in 30 
patients (3%) who achieved cytotoxic T lymphocytes above the 
mean, compared with 8 of 56 (14%) for patients with levels of 
cytotoxic T lymphocytes below the mean.72 A phase III regis-
tration PRESENT trial is evaluating E75 in 758 early-stage, 
node-positive HLA-A2/A3 patients with low to intermediate 
HER2 expression with no evidence of disease after standard 
treatment. Patients are randomized to GM-CSF with E75 or 
GM-CSF with placebo, receiving 6 monthly injections, fol-
lowed by a booster vaccination every 6 months for 3 years. The 
primary end point is DFS at 3 years.73

Work with the GP2 peptide is currently ongoing in a phase 
II clinical trial where vaccines containing GP2, a class I epitope 
derived from the HER2 transmembrane domain, is combined 
with GM-CSF and then compared with treatment of patients 
with GM-CSF only. Interim analysis presented in 2009 was 
already showing a decreased recurrence rate at 17.9 months in 
a group of patients treated with GP2 and GM-CSF (VG) ver-
sus GM-CSF alone (CG), 7.4% (2/27) compared with 13% 
(3/23), respectively (P = .65).74 At 34-month (1-60) median 
follow-up, DFS was compared in the intent to treat (ITT) 
(85% VG versus 81% CG, P = .57) and per treatment (PT) 
(94% VG versus 85% CG, P = .17) populations. In patients with 
HER2 overexpression (51 VG and 50 CG) DFS was 94% VG 
versus 89% CG, P = .86 (ITT) and 100% VG versus 89% CG, 
P = .08 (PT).75

The premise behind the AE37 vaccine is that it stimulates a 
CD4+ T-lymphocyte response that could potentially result in a 
more sustained immune response. The current data from clini-
cal trials suggest that this vaccine has an effect on the risk of 
recurrence.76 The trial enrolled 298 patients: 153 received 
AE37 + GM-CSF and 145 received GM-CSF alone. At the 
time of the primary analysis, the recurrence rate in the vacci-
nated group was 12.4% versus 13.8% in the control group (rela-
tive risk reduction = 12%, hazard ratio [HR] = 0.885, 95% 

confidence interval (CI) = 0.472-1.659, P = .70). The Kaplan-
Meier–estimated 5-year DFS rate was 80.8% in vaccinated 
versus 79.5% in control patients. In planned subset analyses of 
patients with IHC 1+/2+ HER2-expressing tumors, 5-year 
DFS was 77.2% in vaccinated patients (n = 76) versus 65.7% in 
control patients (n = 78) (P = .21). In patients with TNBC 
(HER2 IHC 1+/2+ and hormone receptor negative), DFS was 
77.7% in vaccinated patients (n = 25) versus 49.0% in control 
patients (n = 25) (P = .12).77 Although the trial was negative for 
the whole population, the results in the triple-negative subset 
of patients were encouraging and warrant further investigation. 
Another approach to HER2-positive early breast cancer was 
the use of the patients’ stimulated DCs. Monocytic DC precur-
sors harvested by apheresis are pulsed with 6 HER2 MHC 
class II–binding peptides then given back to the patients as 
injections into the lymph nodes, the breast lesions, or both, 
weekly for 6 weeks prior to surgery. A total of 54 patients (44 
with ductal carcinoma in situ [DCIS] and 12 with invasive 
ductal carcinoma) were enrolled in the study. There was no dif-
ference in the immune response by injection site. Patients with 
DCIS reached higher rate of pCR (28.6%) compared with 
those with invasive cancer (8.3%).78 The failure of therapeutic 
vaccines and the success of this vaccine and other cancer pre-
vention vaccines are attributed to the robustness of the immune 
system in the early stage or the preinvasive setting, making 
their use for breast cancer prevention in high-risk populations 
a promising next step.79

MUC1-targeted vaccine. The presence of high levels of antibod-
ies to specific glycoforms of the MUC1 antigen has been shown 
to be associated with reduced rates and delay to metastasis in 
patients who have early-stage breast cancer.80 One of these par-
ticular glycoforms, STnMUC1, has already been used in a phase 
III trial in the form of the vaccine Theratope (STnMUC1, key-
hole limpet hemocyanin, and the adjuvant Detox-B). Given as a 
single agent, Theratope did not show any improvement in sur-
vival. However, when given along with endocrine therapy, there 
was a demonstrated improvement in time to progression and 
OS.81 The reactivity of antibodies to MUC1 glycoforms might 
still be deceptive and can be related to an artifact rather than a 
true immune response to MUC1. The example of anti-Gal alpha 
(1,3) Gal antibodies is instructive. These antibodies are observed 
to react with mucin 1 (MUC1) found on the surface of human 
breast cancer cells.82 Natural occurring anti-Gal alpha (1,3) Gal 
antibodies found in all human serum can react with self-peptides 
(MUC1) expressed in large amounts on the surface of tumor 
cells, but not on normal cells. These findings are of interest and 
serve to explain reported findings that human cells can, at times, 
express Gal alpha (1,3) Gal; in reality, such expression is sug-
gested as an artifact in that anti-Gal alpha (1,3) Gal antibodies 
react with mucin peptides.82 However, some antibodies display 
exquisite specificity, like those directed toward the Thomsen-
Friedenreich (TF) antigen.83 The TF antibodies may arise in the 
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postpartum period against carbohydrate structures expressed on 
the cell walls of the gastrointestinal flora and, presumably, may 
provide an early barrier against TF-carrying tumor cells.

Tumor-associated carbohydrate antigens. The widely used regi-
men of neoadjuvant chemotherapy is demonstrated to stimu-
late the immune response to TACA in some patients.84 Small 
retrospective studies have suggested that postchemotherapy 
lymphocyte infiltrates could be associated with better out-
comes in patients who did not reach pCR.84 The high levels of 
anti-TF antibody before surgery is another example in which 
antibody targeting is associated with a better survival of patients 
with stage II breast cancer.85 This may indicate that the selec-
tion of immunopotentiating regimens of neoadjuvant chemo-
therapy might be beneficial for the host in conjunction with 
the functional activity of natural anticancer antibodies.

Because tumor tissue rejection is the goal of cancer immuno-
therapies, broad-spectrum TAAs, such as TACAs, are plausible 
targets once the problem of their low immunogenicity is solved.86 
The fact that multiple proteins and lipids on the cancer cell are 
modified with the same carbohydrate structure creates a power-
ful advantage for TACAs as cancer targets in immunotherapy 
strategies. Thus, targeting TACAs has the potential to broaden 
the spectrum of target pathways recognized by the immune 
response, thereby lowering the risk of developing escape variants 
due to the loss of a given protein or carbohydrate antigen. 
Although TACAs are poor immunogens, certain investigators 
succeeded in eliciting cytotoxic antibodies reactive with naturally 
occurring forms of TACA using molecular mimicry to generate 
peptide mimotopes of TACA (carbohydrate mimetic peptides 
[CMPs]). Vaccination of mice with TACA peptide mimotopes 
reduced tumor growth and prolonged host survival in a murine 
tumor model.87 The first reports of this strategy in humans are 
promising and trials exploring their role in different types of 
breast cancer are underway.88

Multivalent vaccines comprising 2 or more candidate pro-
teins are considered to substantially enhance the efficacy of 
vaccination against breast tumors. The enhancement in antitu-
mor effect using a multivalent vaccination approach would be 
achieved on 2 levels: (1) by increasing the strength of immune 
response against arising tumor due to activation of a larger 
T-cell repertoire comprising multiple T-cell lineages reactive 
to more than one tumor-specific target and (2) by covering a 
broader range of tumors, including those that do not express 
the target protein by a univalent vaccination approach such as 
HER2 or MUC1. In addition, a multivalent vaccine will have 
the potential to target tumors that have lost or downregulated 
expression of one or more proteins or acquired expression of 
alternate proteins due to transcriptional dysregulation during 
their evolution from normal to dysplastic, to carcinoma in situ, 
to invasive, and to metastatic stages of breast tumor evolution. 
In other words, a multivalent vaccine approach could apply 
greater multitarget immunological pressure both on early and 
evolving tumors. It will thereby cover a larger tumor variety 

and increase efficacy of prevention as well as provide more 
effective therapy by lowering the probability of tumor escape 
and generation of resistance to the vaccine. Such approaches 
are heading to the clinic.

In contrast to a multivalent approach, a pan-immunogen 
that elicits responses to several antigens but as a univalent vac-
cine can achieve the same end as a multivalent vaccine. Tumor-
associated carbohydrate antigens are among the most 
challenging of clinical targets for cancer immunotherapy, but 
this difficulty can be overcome by CMPs. Carbohydrate mimetic 
peptides are sufficiently potent to activate broad-spectrum anti-
tumor reactivity. However, the activation of immune responses 
against terminal mono- and disaccharide constituents of TACA 
raises concerns regarding the balance between “tumor destruc-
tion” and “tissue damage,” as mono- and disaccharides are also 
expressed on normal tissue. To support the development of 
CMPs for clinical trial testing, we have demonstrated in pre-
clinical safety assessment studies in mice that vaccination with 
CMPs can enhance responses to TACAs without mediating tis-
sue damage to normal cells expressing TACA89 and are pursu-
ing such an approach in multiple phase II trials. Particularly 
important is that these CMP-induced antibodies can overcome 
resistance to anoikis and drug resistance against breast cancer 
and enhance the efficacy of taxanes. This aspect might suggest 
that immunization with such CMPs can change the clinical 
paradigm in the neoadjuvant/adjuvant setting.

Monoclonal antibodies

Monoclonal antibodies are an integral part of our armamen-
tarium in the fight against cancer. They can be divided into 
those that target the immune system (checkpoint inhibitors) 
and those that target oncogenic membrane receptors (HER2) 
or other surface molecules of unknown function (CD20). 
Trastuzumab is a standard component of the treatment of 
HER2-positive breast cancer. Its development in the 1990s 
was considered a landmark achievement in the field of targeted 
therapy. When combined with chemotherapy, it improves pro-
gression-free survival (PFS) and OS in metastatic HER2-
positive breast cancer and DFS and OS in early-stage 
HER2-positive breast cancer. These conclusions have been 
consistently proven by multiple phase III clinical trials in the 
metastatic and adjuvant settings.90-95 First generation of small-
molecule tyrosine kinase inhibitors (TKIs) were not found 
effective in the adjuvant setting, whereas second-generation 
TKIs had modest activity in the adjuvant setting (see below). 
The failure of TKIs to make a significant difference in the out-
comes of these patients suggests that blocking the oncogenic 
stimulation of HER2 might not be the main mechanism of 
action of HER2-targeting MAbs.

Indeed, trastuzumab’s mechanism of action remains elusive. 
It targets HER2 and leads to its internalization and degrada-
tion. It inhibits downstream signaling pathways leading to 
decreased proliferation and increased apoptosis of cancer cells. 



Makhoul et al 7

Recently, its role in activating the immune system against 
tumor cells emerged as the main mechanism of action. The 
FinHer investigators found that every 10% increase in TILs 
was associated with decreased distant recurrence2 and other 
studies found that TILs had a prognostic and predictive value 
as their presence predicted for higher pCR to trastuzumab-
containing chemotherapy and better DFS.19,96 A meta-analysis 
of neoadjuvant RCTs showed that the pCR rate was signifi-
cantly higher in patients with lymphocyte-predominant breast 
cancer in HER2-positive breast cancer settings, with an abso-
lute difference of 33.3% (95% CI = 23.6%-42.7%).97

The nature of tumor-infiltrating immune cells is more 
important than the mere presence or absence of TILs. Using 
CIBERSORT (leukocyte gene matrix LM22) to characterize 
immune cell composition of 7270 unrelated breast cancer sam-
ples from their gene expression profiles, Bense et  al showed 
that the composition of the immune cell types differed per 
breast cancer subtype and interacted with the treatment. 
Increased fraction of Treg cells in HER2-positive tumors was 
associated with a lower pCR rate (odds ratio [OR] = 0.15) as 
well as shorter DFS (HR = 3.13) and OS (HR = 7.69). Increased 
fraction of γδT cells in all patients with breast cancer was asso-
ciated with a higher pCR rate (OR = 1.55), prolonged DFS 
(HR = 0.68) and, in HER2-positive tumors, with prolonged 
OS (HR = 0.27). A higher fraction of activated mast cells was 
associated with worse DFS (HR = 5.85) and OS (HR = 5.33) in 
HER2-positive tumors. Furthermore, a high CD8+ T-cell 
exhaustion signature score was associated with shortened DFS 
in patients with ER-positive tumors regardless of HER2 status 
(HR = 1.80).98

The implications of these findings are substantial. Sorting 
out the antioncogenic from the immune stimulating roles of 
trastuzumab may be very difficult. However, the available data 
from the ALTTO (Adjuvant Lapatinib and/or Trastuzumab 
Treatment Optimization) study suggest that interrupting 
HER2 downstream signaling using lapatinib does not add any 
benefit in early-stage breast cancer.99 The role of extended 
HER2 inhibition with neratinib, a second-generation HER2-
targeting TKI, after completing trastuzumab therapy in the 
patients with HER2-positive breast cancer was tested in the 
ExteNET trial. This trial showed a modest benefit of 2% 
improvement in invasive DFS leading the Food and Drug 
Administration (FDA) to approve the drug.100 It is not clear 
whether all TKIs will behave like lapatinib and neratinib. The 
challenge for future development of novel drugs is to capitalize 
on the immune mechanism.

Antibody-drug conjugates

Antibody-drug conjugates are MAbs targeting a cancer-spe-
cific antigen and are linked to a payload of a cytotoxic drug by 
a linker.101 Antibody-drug conjugates are stable in the systemic 
circulation and most of the drugs in use to date have cleavable 
linkers that, after enzymatic cleavage or the exposure to a 

reduced pH (potential of hydrogen)  or reduction by cytosolic 
thiols, release the cytotoxic drug inside the antigen-expressing 
cells.102 Antibody-drug conjugates using noncleavable linkers 
require a thorough catabolism in the lysosomes leading to the 
release of their cytotoxic drug that should exit the lysosome to 
cause cell death. The example of the latter is TDM1. The most 
commonly used payloads target either tubulins or DNA. 
TDM1 employs DM1, a strong microtubule inhibitor of the 
maytansinoid class. The selection of the surface targets depends 
on their high expression on cancer cells and low or no expres-
sion on normal cells. Rapid internalization of the ADCs after 
antibody binding is a prerequisite to their activity.

TDM1 or ado-trastuzumab emtansine is now FDA 
approved for patients with HER2-positive MBC whose dis-
ease has progressed on trastuzumab and a taxane based on the 
results of the EMILIA (emtansine versus capecitabine plus 
lapatinib in patients with previously treated HER2-positive 
advanced breast cancer) trial. The trial randomly assigned the 
991 patients enrolled in the study to capecitabine and lapatinib 
(control, n = 496) or trastuzumab emtansine (n = 495). The 
study had 2 coprimary end points: PFS and OS. Both end 
points were reached and were statistically superior in patients 
receiving ado-trastuzumab emtansine (difference in PFS medi-
ans of 3.2 months, HR = 0.65 [95% CI = 0.55-0.77], P < .0001 
and difference in OS medians of 5.8 months, HR = 0.68 [95% 
CI = 0.55-0.85], P = .0006).103 Thrombocytopenia (14%), 
increased aspartate aminotransferase (5%), and anemia (4%) 
were the most frequently reported grade 3 adverse events on 
the TDM1 arm and diarrhea (21%) followed by palmar-plan-
tar erythrodysesthesia syndrome (18%) in the control arm. 
Despite the success of TDM1 in HER2-positive breast cancer, 
50% of the patients did not respond on the EMILIA trial. To 
meet the need of those patients, other ADCs targeting HER2 
are being investigated. Three ADCs targeting HER2 are using 
trastuzumab, DS-8201a (drug/target: exatecan/topoisomerase 
I), SYD985 (drug/target: duocarmycin/DNA), and ADCT-
502 (drug/target: pyrrolobenzodiazepine dimer/DNA). The 
other ADCs targeting HER2 are using different MAbs and 
different drugs and targets.102 Three ADCs are being devel-
oped for TNBC (Table 1).

Checkpoint inhibitors

Targeting programmed death-1 and programmed death-ligand 
1 (PD-1/PD-L1) in breast cancer appears increasingly appeal-
ing after the success of such an approach in other cancers. The 
PD-1 receptor inhibits innate and adaptive immunity when 
upregulated on immune cells and engaged by its ligand, 
PD-L1.104 Cancers take advantage of this mechanism to induce 
a local immunosuppression by overexpressing PD-L1. The 
prognostic significance of PD-L1 is still unclear, as some studies 
have described its value as a positive and other as negative prog-
nostic factor.105,106 Regardless, the inhibition of the PD-1/
PD-L1 pathway is based on the idea of “inhibiting the 
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inhibition” of the immune system. The agents being tried in 
breast cancer draw from those already being used in melanoma 
and other malignancies including nivolumab and pembroli-
zumab (anti-PD-1 antibodies) and atezolizumab (PD-L1 
inhibitor). Currently, results from a phase Ib study in heavily pre-
treated patients with TNBC who received pembrolizumab dem-
onstrated an acceptable toxicity and good safety profile.107 The 
KEYNOTE-086 trial is a phase II study with pembrolizumab in 
patients with metastatic TNBC as first-line (cohort B; n = 52; 
100% were positive for PD-L1 expression) and subsequent line 
therapies (cohort A; n = 170; 60% were positive for PD-L1 
expression).108,109 Overall response rate (ORR) was 4.7% in 
cohort A and 23% in cohort B. The 1- and 2-year OS rates were 
37% and 18% in cohort A and 63% and 47% in cohort B, respec-
tively. Similar results for ORR were obtained using single-agent 
atezolizumab in frontline (first line 23%) and subsequent line 
settings (second line 4% and third line 8%).110

Combinations of checkpoint inhibitors with chemotherapy 
were found to be promising in preclinical studies. The combina-
tion of pembrolizumab and eribulin was tested in a phase Ib/II 
study in 39 patients with TNBC, half of them were chemo-naïve 
and 43.6% were PD-L1 positive.111 Overall response rate with 
the combination was 33.3% (95% CI = 19.5%-48.1%). The CR 
rate was 2.6%. Stable disease for ⩾8 weeks was seen in 28.2% of 
patients. KEYNOTE-355, a phase III trial is underway to 
explore the safety and efficacy of pembrolizumab plus chemo-
therapy as first-line therapy in 858 patients with locally recurrent 
inoperable or metastatic TNBC (NCT02819518).112 The com-
bination of atezolizumab and nab-paclitaxel in first-line meta-
static TNBC showed an ORR at 46% with 8% of patients 
achieving complete response.113 Based on the results of this 
study, a phase III trial was launched (NCT02425891).114 When 
pembrolizumab was added to standard neoadjuvant chemother-
apy using anthracycline and paclitaxel, it increased pCR rates 
from 20% (15/21) in the control arm to 71% (16/83) in the pem-
brolizumab arm in a group of patients with TNBC.111

More trials using PD-1/PD-L1 inhibitors are being planned 
in TNBC as this is the breast cancer subtype in which PD-1+ 
TILs and PD-L1+ cancer cells are more commonly seen.115 A 
randomized, phase III trial to evaluate the efficacy and safety of 
pembrolizumab as adjuvant therapy for TNBC with ⩾1 cm 

residual invasive cancer or positive lymph nodes (ypN+) after 
neoadjuvant chemotherapy started accruing patients in 
November 2016.116

CTLA-4 is another immune checkpoint that is being tar-
geted in breast cancer. Similar to the PD-1/PD-L1 inhibitors, 
most ongoing clinical trials involving CTLA-4 generally 
revolve around melanoma. Ipilimumab is a CTLA-4 MAb 
FDA approved for the treatment of unresectable melanoma.117 
It is currently being used in a phase I study examining its safety 
in combination with a new anti-B7-H3 mAb, enoblituzumab, 
to patients with multiple refractory cancers, including 
TNBC.118 Ipilimumab is also being combined with entinostat 
and nivolumab in a phase I study for metastatic HER2-
negative breast cancer as well as with just nivolumab in a phase 
II study for patients with recurrent stage IV HER2-negative 
breast cancer.119 There are other ongoing trials evaluating the 
combination of a CTLA-4 inhibitor, with additional treat-
ments. There is a phase II study of tremelimumab (CTLA-4 
inhibitor) with a PD-L1 inhibitor, MEDI4736, in patients 
with HER2-negative breast cancer to look for the safety and 
efficacy of this regimen.120 A phase I study has already been 
completed with the combination of tremelimumab and 
exemestane in patients with hormone-responsive advanced 
breast cancer.121 Besides demonstrating that this treatment 
regimen is tolerable, the study showed that there was an associ-
ated increase in T cells with inducible costimulators (ICOS) 
and that more of the patients with stable disease tended to 
express higher levels of ICOS+ T cells versus the patients with 
progressive disease.121 CTLA-4 inhibitors have been evaluated 
in combination with other interventions as well. A phase I trial 
evaluating preoperative intervention in the form of ipilimumab 
and/or cryoablation in early-stage breast cancer showed these 
treatments to be safe and tolerable and plans are being made 
for a phase II trial with this regimen.122

Future development of these treatments should balance 
their benefit with their potential toxicity. CTLA-4 mAbs have 
been shown to have immune-related adverse events mostly 
affecting the skin and gastrointestinal tract.117 Other toxicities 
include hepatitis, thyroiditis, colitis, and hypophysitis.123 
Compared with treatments targeting CTLA-4, therapies tar-
geting PD-1/PD-L1 appear to have a lower frequency of 

Table 1. ADCs in development for triple-negative breast cancer.

NAME ADC TARGET DRUG CLASS/TARGET LATEST 
DEvELOPMENT STAGE

SPONSOR/TRIAL ID

Sacituzumab govitecan 
IMMU-132

Trophoblast cell surface 
antigen 2 (TROP2)

Irinotecan/topoisomerase I Metastatic TNBC
Phase III

Immunomedics 
NCT02574455

Glembatumumab vedotin 
CDX-011 CR011-vc-
MMAE

Glycoprotein 
nonmetastatic b 
(GPNMB)

Auristatin/tubulin Metastatic TNBC
Phase II

Celldex Therapeutics 
NCT01997333

SAR566658 anti-CA6-
DM4

CA6 sialoglycotope of 
MUC1

Maytansinoid/tubulin Metastatic TNBC
Phase II

Sanofi NCT02984683

Abbreviations: ADC, antibody-drug conjugate; TNBC, triple-negative breast cancer.
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immune-related adverse events.124 The combinations of anti-
PD-1/PD-L1 mAbs and anti-CTLA-4 mAbs are more effec-
tive than single agents but they may be associated with 
increased incidence of pneumonitis that responds to holding 
the drug and/or using immunosuppressive agents; the rate of 
pneumonitis was 5% in one study.125

Lymphocyte activation gene-3 (LAG-3) is expressed on 
activated T cells, NK cells, and DCs and has more affinity for 
the MHC-II than CD4. It suppresses activation and prolif-
eration of these cells allowing the immune reaction to wind 
down. IMP321 is a soluble form of LAG-3. It prevents the 
inhibition of LAG-3–bearing cells. It was evaluated in com-
bination with paclitaxel in patients with MBC in a phase I/II 
trial. Overall response rate was 50% and clinical benefit was 
90% at 6 months.126 A randomized phase II trial is enrolling 
(NCT02614833).

Stimulatory molecule agonist antibodies

The optimal immune response requires the engagement of 
costimulatory receptors expressed by CTLs, NK cells, CD4+T 
cells, or APCs. The most relevant receptors are CD27, CD28, 
CD40, OX40, 4-1BB, GITR, and ICOS. In addition to acti-
vating the proliferation and function of the cells carrying these 
receptors, their activation is associated with suppression of 
Tregs. The MAbs and fusion proteins were produced to target 
these receptors and many of them are now in phase I or II 
trials.127

MEDI6469, OX40 agonist MAb with strong stimulatory 
activity of T cells, is now in clinical investigation. It is being 
studied with stereotactic body RT in patients with breast can-
cer with metastatic lesions.128

4-1BB:4-1BBL is expressed on T cells and APCs, respec-
tively. The engagement of the receptor by its ligand leads to 
stimulation of CD8+ T cells and NK cells with increased 
ADCC (antibody-dependent cell-mediated cytotoxicity), pro-
inflammatory cytokines, and cytolytic activity.129 Urelumab 
(BMS-663513), a 4-1BB agonist MAb, was found to have a 
synergistic effect with trastuzumab in murine xenotranplant 
model of human breast cancer.130

CD40 can be expressed on immune cells and breast cancer 
cells. CD40 is expressed on APCs and its ligation is necessary 
to increase their antigen presentation and cytokine production 
that are culminated by increased T-cell activation.131 Although 
increased cytoplasmic expression of CD40 is the highest in 
hormone receptor–positive breast cancer,132 its membrane 
expression is higher on TNBC cell lines such as MDA-MB 
231.133 The use of recombinant human CD40 ligand 
(rhCD40L) in cell culture of a TNBC cell line inhibited pro-
liferation and synergized with the addition of interferon 
gamma and doxorubicin.134 Hence, CD40 agonist antibodies 
may exert their antitumor effect directly by targeting cancer 
cells and indirectly by activating the effector arm of the immune 
system targeting the tumor.131

Combination immunotherapy trials with other 
therapies

The PD-1 MAbs (nivolumab and pembrolizumab) and PD-L1 
MAbs (atezolizumab, durvalumab, and avelumab) are being 
tested in many combination clinical trials (Tables 2 and 3). 
Some trials are exploring combinations with chemotherapy 
and others with biological agents targeting HER2-positive or 
hormone receptor–positive breast cancers. However, most of 
these studies are designed for TNBC due to its known immu-
nogenicity and results from single-agent checkpoint inhibitors 
that showed efficacy in this subtype. Likewise, many IO 
(immuno-oncology) combination trials have been designed in 
the neoadjuvant and adjuvant settings using different combi-
nations of checkpoint inhibitors with other checkpoint inhibi-
tors, with chemotherapy, cytokines, or with vaccines (Table 4).

The immune-mediated effect of chemotherapy

Traditionally, the effect of chemotherapy has been explained by 
the induction of apoptosis of cancer cells after interrupting 
their cell cycle apparatus. However, alternative mechanisms 
involving the immune system have been recently invoked.135,136 
Taxanes, doxorubicin, and cyclophosphamide, which are stand-
ard chemotherapeutic agents in the treatment of breast cancer, 
are known to have major effects on the immune system in ani-
mals and human experiments.136-141 For example, taxanes, as a 
class, increase serum IFN-γ, IL-2, IL-6, and GM-CSF levels 
as well as reducing the levels of IL-1 and TNF-α.142 Paclitaxel 
given neoadjuvantly increases the levels of TILs within the 
tumor itself.143

The immune effects of chemotherapy may be summarized 
by (1) rendering dying cancer cells more visible to the immune 
system by exposing their TAAs, (2) stimulating the innate 
immune system, (3) stimulating T-cell differentiation, (4) pro-
moting a cytokine profile that increases the likelihood of TH1 
polarization, (5) inhibition of MDSCs and M2 macrophages, 
and (6) suppression of FOXP3+ Treg cells.141 Acknowledging 
these mechanisms is of major importance to optimize their 
benefit and minimize toxicity to the immune system that 
becomes an important executioner of chemotherapy effect. 
Furthermore, integrating chemotherapy with vaccines or 
checkpoint inhibitors is promising.144,145

Conclusions and Future Directions
Immunogenicity of breast cancer is subtype dependent with a 
spectrum that spans from the most immunogenic to the nonim-
munogenic subtypes. On one hand, TNBC is the most immuno-
genic with high mutation and neoantigen load and high MHC-I 
expression. The immune system is already activated against the 
cancer as attested by the high TILs, but the cancer is counterat-
tacking by creating an immune suppressive environment (Tregs, 
MDSCs) or expressing checkpoint immune inhibitory mole-
cules (CTLA-4, PD-1/PD-L1). On the other hand, luminal A 
is the least immunogenic with the lowest mutation and 
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neoantigen load and the loss or downregulation of the expression 
of TAAs. MHC-I expression is significantly reduced or absent. 
Hence, infiltration with TILs is minimal if any. High local 

concentrations of estrogen stimulate growth and maintain a local 
immune suppression by attracting Tregs and MDSCs. The other 
breast cancer subtypes fall in between these 2 extremes.

Table 2. Ongoing PD-1 MAb combination trials in MBC.

STUDy 
PHASE

IMMUNOTHERAPy 
TyPE

OTHER THERAPIES BREAST CANCER TyPE CLINICALTRIALS.ORG 
NUMBER

 PD-1  

I Nivolumab Nab-paclitaxel ± gemcitabine or 
carboplatin

MBC, pancreatic cancer, 
and NSCLC

NCT02309177

II Nivolumab Cabozantinib (MET inhibitor) TN-MBC NCT03316586

Ib/II Pembrolizumab Eribulin TN-MBC NCT02513472

II Pembrolizumab Carboplatin MBC NCT03213041

II Pembrolizumab Anthracycline or endocrine 
therapy

HR+ and TN-MBC NCT02648477

II Pembrolizumab Nab-paclitaxel TN-MBC NCT02752685

Expl. Pembrolizumab Nab-paclitaxel and carboplatin TN-MBC NCT03121352

II Pembrolizumab Eribulin HR+ MBC NCT03051659

II Pembrolizumab Cyclophosphamide TN-MBC NCT02768701

II Pembrolizumab With carboplatin versus 
carboplatin alone

Chest wall breast cancer NCT03095352

II Pembrolizumab Capecitabine TN-MBC NCT03044730

Expl. Pembrolizumab Paclitaxel HR+ and TN-MBC NCT03018080

II Pembrolizumab IBC NCT02411656

II Pembrolizumab with vorinostat and tamoxifen HR+ MBC NCT02395627

II Pembrolizumab Chemotherapy TNBC NCT02734290

II Pembrolizumab Carboplatin and gemcitabine TN-MBC NCT02755272

II Pembrolizumab XRT TN-MBC NCT02730130

II Pembrolizumab Imprime PGG TN-MBC and metastatic 
melanoma

NCT02981303

II Pembrolizumab BRCA-mutated MBC NCT03025035

II Pembrolizumab XRT HR+ MBC NCT03051672

II Pembrolizumab Selective androgen receptor 
modulator (SARM) GTX-024

TN-MBC NCT02971761

II Pembrolizumab Abemaciclib HR+ MBC NCT02779751

Ib Pembrolizumab TDM1 HER2+ MBC NCT03032107

II Pembrolizumab BGB324 TN-MBC or LABC NCT03184558

II Pembrolizumab Letrozole and palbociclib HR+ MBC NCT02778685

I/II Pembrolizumab Binimetinib TN-MBC or LABC NCT03106415

I Pembrolizumab JAK2 inhibition TNBC NCT03012230

II Pembrolizumab BGB324 TN-MBC or LABC NCT03184558

II Pembrolizumab Letrozole and palbociclib HR+ MBC NCT02778685

Abbreviations: IBC, inflammatory breast cancer; LABC, locally advanced breast cancer; MBC, metastatic breast cancer; NSCLC, non–small-cell lung cancer; TNBC, 
triple-negative breast cancer; TN-MBC, triple-negative metastatic breast cancer.
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Table 3. Ongoing PD-L1 MAb combination trials in MBC.

STUDy PHASE IMMUNOTHERAPy 
TyPE

OTHER THERAPIES BREAST CANCER TyPE CLINICALTRIALS.
ORG NUMBER

 PD-L1  

II Atezolizumab Cobimetinib (MEK inhibitor) MIBC NCT03202316

II Atezolizumab Carboplatin TN-MBC NCT03206203

IIA Atezolizumab Paclitaxel, trastuzumab, and 
pertuzumab

HER2+ MBC NCT03125928

III Atezolizumab Chemotherapy TN, recurrent LABC, or MBC NCT03371017

Ib Atezolizumab TDM1 or TP HER2+ BC NCT02605915

II Atezolizumab veliparib either alone or in 
combination

HDR-deficient TNBC NCT02849496

Ib/II Atezolizumab With or without entinostat TN-MBC NCT02708680

I Durvalumab Hypofractionated XRT and 
tremelimumab

MBC, metastatic lung, 
melanoma, and pancreatic 
cancer

NCT02639026

I/II Durvalumab Olaparib or cediranib TN-MBC or LABC, metastatic 
lung, prostate, and CRC

NCT02484404

II Avelumab Palbociclib and fulvestrant HR+/HER2− MBC, after CDK 
and endocrine therapy (PACE)

NCT03147287

Abbreviations: CRC, colorectal cancer; LABC, locally advanced breast cancer; MBC, metastatic breast cancer; NSCLC, non–small-cell lung cancer; TNBC, triple-negative 
breast cancer; TN-MBC, triple-negative metastatic breast cancer.

Table 4. Ongoing neoadjuvant and adjuvant combination immune-oncology trials in breast cancer.

STUDy PHASE IMMUNOTHERAPy TyPE OTHER THERAPIES BREAST CANCER TyPE CLINICALTRIALS.
ORG NUMBER

 PD-1  

Expl. Pembrolizumab Nab-paclitaxel HR+ BC NCT02999477

III Pembrolizumab CTx TNBC NCT03036488

III Pembrolizumab CTx TNBC NCT02819518

II Pembrolizumab Hormonal therapy Adjuvant HR+ NCT02971748

II Pembrolizumab Decitabine HR+/HER2−
TNBC

NCT02957968

 PDL-1  

II Atezolizumab Carboplatin and paclitaxel TNBC NCT02883062

Expl. Durvalumab Tremelimumab HR+ NCT03132467

I/II Durvalumab Weekly nab-paclitaxel 
and ddAC

TNBC NCT02489448

II MPDL3280A Nab-paclitaxel TNBC NCT02530489

III Atezolizumab Paclitaxel TNBC NCT03125902

III Atezolizumab CTx TNBC NCT03281954

III Atezolizumab Anthracycline/nab-
paclitaxel

TNBC NCT03197935

 (Continued)
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The overall goal of cancer immunotherapy is the activation 
of the immune system against the cancer. Vaccination has tra-
ditionally been to boost the latent immune response to tumor-
specific antigens. Approaches have included cell-based 
protocols involving immunization with whole autologous or 
allogeneic tumors, as well as antigen-based strategies involving 
immunization with proteins or peptides overexpressed in 
tumors and underexpressed in normal tissues. HER2 and 
MUC1 are the predominant antigens used in human breast 
cancer vaccine trials. Although vaccination using these anti-
gens may demonstrate tumor-reducing effects, neither antigen 
provides any tissue or tumor specificity because both are 
expressed in a variety of normal tissues and tumors raising con-
cerns about the possibility of off target damage if a robust 
immune response is developed. However, despite the lack of 
inherent tissue specificity of HER2 and MUC1, these con-
cerns about systemic autoimmune sequelae have not been sub-
stantiated so far. Tumor-associated carbohydrate antigens are 
pan-immunogens that elicit responses to several antigens, thus 
achieving the same goal as a multivalent vaccine. To overcome 
their low immunogenicity, investigators have used CMPs that 
seem to elicit a broad-spectrum antitumor reactivity. Here 

again, the activation of immune responses against TACAs 
raises concerns regarding the balance between “tumor destruc-
tion” and “tissue damage,” as TACAs are also expressed on nor-
mal tissues. The evidence gleaned from phase I and II trials is 
reassuring. It is not clear which subtype of breast cancer would 
benefit from this approach.

Monoclonal antibodies are an integral part of our arma-
mentarium in the fight against cancer. They can be divided into 
those that target the immune system and those that target 
oncogenic membrane receptors (HER2) or other surface mol-
ecules of unknown function (CD20). Anti-HER2 antibodies 
have changed the outlook of this disease. The failure of small 
molecules that inhibit the oncogenic stimulation of HER2 and 
the lack or minimal response to these antibodies in tumors that 
lack TILs suggest that their action is more immune mediated 
than oncogenic mediated.

Monoclonal antibodies that inhibit checkpoints (check-
point inhibitors) are changing the paradigm of care in many 
solid tumors. The first results of their use in breast cancer sug-
gest that they are the most effective in TNBC. Their use is 
being investigated in the other subtypes. Due to the low immu-
nogenicity of luminal A and B breast cancers, a combination 

STUDy PHASE IMMUNOTHERAPy TyPE OTHER THERAPIES BREAST CANCER TyPE CLINICALTRIALS.
ORG NUMBER

 CyTOKINES  

Ib/II IRX 2 Preoperative early-stage BC NCT02950259

Expl. Anakinra (IL-1R antagonist) 
+

Chemotherapy + dendritic 
cell vaccine

TNBC NCT02018458

 vACCINE  

I/II Talimogene laherparepvec CTx TNBC NCT02779855

I Personalized polyepitope 
DNA vaccine

Adjuvant
TNBC with persistent disease following 
neoadjuvant chemotherapy

NCT02348320

I Personalized synthetic 
long-peptide breast cancer 
vaccine

Adjuvant
TNBC with persistent disease following 
neoadjuvant chemotherapy

NCT02427581

II Herceptin and the HER2 
vaccine E75

Adjuvant
HER2+ BC

NCT01570036

III Pembrolizumab Adjuvant
TNBC

NCT02954874

I/II Pembrolizumab ± XRT TNBC NCT02977468

II Nivolumab Ipilimumab BC (also in ovarian and gastric cancer) NCT03342417

IB Mammaglobin-A DNA 
vaccine

Neoadjuvant hormonal 
therapy

HR+ BC NCT02204098

Ib PvX-410 vaccine Alone and in combination 
with durvalumab

Adjuvant in stage II and III TNBC NCT02826434

II Nelipepimut-S + GM-CSF 
(Neuvax)

Trastuzumab HER2+ BC (high risk) NCT02297698

Abbreviation: TNBC, triple-negative breast cancer.

Table 4. (Continued)
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strategy using vaccines to stimulate the immune response fol-
lowed by checkpoint inhibitors is rational but its clinical use-
fulness remains to be proven.

Finally, the immune mechanism of chemotherapy is being 
increasingly recognized. Its contribution in the total effect of 
chemotherapy relative to the direct cytotoxic effect is not 
known. Any further development of chemotherapy in the 
future should take this aspect into consideration to maximize 
the immune stimulatory effect and minimize the immune sup-
pressive effect of chemotherapy.
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