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Introduction

The immune system plays  a  complex role  in the 
recognition/prevention, early eradication as well as 
progression of cancer. The hypothesis of “immunoediting” 
describes three distinct phases of host immunosurveillance 
and response; elimination, equilibrium and escape (1). In 
the elimination phase, the innate and adaptive immune 
system work to detect cancer and eradicate it. Putatively, 
rare cancer cells that survive the elimination phase enter 
an equilibrium phase where the adaptive immune system 
prevents further tumor outgrowth and maintain them in 
a state of dormancy without complete tumor eradication. 
In the escape phase, tumor cells acquire the ability to 
circumvent immune recognition and elimination through a 

broad variety of mechanisms (1). Hence, tumor evasion of 
the immune system is a hallmark of cancer (2).

Enhancement of innate immune system mechanisms 
to treat cancer was initiated several decades ago with high 
dose interleukin-2 demonstrating durable clinical benefit 
in patients with advanced malignancies, most notably 
melanoma and renal cell carcinoma (3,4). More recently, 
there has been significant resurgence in the use of immuno-
oncology approaches following the identification of 
clinically relevant inhibitory pathways of T cell activation; 
the CTLA-4 and PD-1/PD-L1 axes (5,6). Blocking these 
pathways via immune checkpoint monoclonal antibody 
inhibitors has proven successful in a variety of cancers 
especially melanoma, renal cell carcinoma and non-small 
cell lung carcinoma. Importantly, following treatment 
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with checkpoint inhibitors, durable clinical responses have 
been observed along with an increase in the proportion 
of patients surviving beyond the historical median as 
previously reported with conventional chemotherapeutics. 

The molecular definition of breast cancer evolved from 
the initial identification of the estrogen receptor (ER) 
positive and negative subtypes followed by the human 
epidermal growth factor receptor 2 (HER2) positive 
or negative subtypes through to the more recent gene 
expression subtyping. Whilst these changes have led to 
refinement of stratified systemic therapy strategies, triple 
negative breast cancers (TNBC) and the luminal B ER-
positive, HER2-negative breast cancers, still have limited 
treatment options and poorer prognosis as compared to 
their luminal A or HER2 enriched counterparts. The 
early clinical data of a small number of meaningful clinical 
responses to immunotherapy in breast cancer is leading 
towards a rational approach to therapeutic targeting of the 
immune system that can be adopted through understanding 
why the host immune system has failed in natural tumor 
suppression as well as the processes evolved by the tumor to 
circumvent an active immune system. 

The immune response and cancer

Key to the initiation of an immune response against cancer 
is host immune system recognition of abnormally expressed 
tumor associated antigens (TAA). TAAs of suitable sizes 
and sequences are produced by partial digestion of parental 
tumor by cellular proteasome (7). Following combination 
with the major histocompatibility complex (MHC) within 
the endoplasmic reticulum, the TAA/MHC complex is 
presented at the cell surface (7,8). MHC class I (MHC-1) 
and MHC class II (MHC-2) both share this task of antigen 
presentation (8). MHC-1 complexes are presented on most 
nucleated cells whilst MHC-2 on antigen presenting cells 
(APC) such as dendritic cells (DC), macrophages or B cells. 
CD8-positive (CD8+) cytotoxic T lymphocytes (CTL) 
and CD4-positive (CD4+) T helper cells respectively 
can recognize these TAA/MHC complexes and activate 
a signaling cascade which ultimately triggers cellular 
destruction (8,9). The immune system consists of a tightly 
regulated system of checks and balances to protect the host 
from “self-destruction”. T cell activation is modulated both 
by stimulatory and inhibitory signals. Activation requires 
dual signaling both from the MHC peptides and from 
binding of co-stimulatory peptides such as CD28 which 
are present on T cell surfaces and specialized cells such 

as APCs (9). CD28 maintains T cell response through 
interaction with its ligands B7-1 (CD80) and B7-2 (CD86). 
CTL-associated antigen-4 (CTLA-4) is another cell surface 
molecule which binds with greater avidity to B7-1 and B7-2 
ligands. Binding of CTLA-4 to its ligands shifts the balance 
towards an inhibitory signal resulting in T cell anergy 
instead of activation (10).

The programmed death 1 (PD1)-programmed death 
ligand 1 (PD-L1) pathway is another mechanism of 
regulating the immune system. Upon activation, CD4+ 
T cells, CD8+ T cells, natural killer (NK) T cell, B cells 
and monocytes express PD1 (6). PD1 binds to one of 
two ligands, PD-L1 and PD-L2 generating an inhibitory 
signal resulting in T cell anergy (8). PD-L1, is more 
broadly expressed on B cells, DC, macrophages and T 
cells in addition to non-hematopoietic cells and at sites of 
immune privilege such as the placenta (6). The role of these 
inhibitory pathways is crucial in tolerance to self-antigens, 
promoting fetal-maternal tolerance, protecting tissues from 
autoimmune attacks and controlling immune-mediated 
tissue damage during infections (6).

In cancer, although antigens are present, tumors may 
be “invisible” to the immune system due to the loss or 
modification of surface antigens and lack of expression of 
co-stimulatory molecules (11). In addition, tumors can 
escape elimination becoming clinical diseases through 
processes which include activating negative regulatory 
pathways, enhancement of an immune-inhibitory tumor 
microenvironment through infiltration of inhibitory 
immune cells [regulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSC)] and elaboration of 
inhibitory cytokines [e.g., transforming growth factor-ß 
(TGFβ), interleukin-10 (IL-10) etc.] (11,12).

Rationale for immunotherapy in breast cancer

There are several lines of evidence in support of adopting 
an immune targeted approach in breast cancer.

Tumor infiltrating lymphocytes (TILs)

TILs are mononuclear immune cells which are observed 
in and around cancer cells. They consist of a combination 
of immune cell types including T lymphocytes, B 
lymphocytes, NK cells, macrophages and DC (13). The 
quantification of TILs is presently being used to imply 
tumor immunogenicity. Lymphocytic infiltration of breast 
cancer has been extensively reported (14,15). Consistent 
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with older reports, assessment of TILs using contemporary 
standardized scoring methodology has identified TILs 
to be associated with aggressive tumor features such as 
high histological grade, hormone receptor negativity and 
high Ki67 expression (16). In the analysis of 2009 breast 
cancer samples from the BIG 02-98 phase 3 adjuvant 
study, TILs were higher in TNBC and HER2-positive 
cohorts as compared to the ER-positive HER2-negative 
cohort (16). There are robust and consistent evidence 
from prospective-retrospective adjuvant chemotherapy 
and chemotherapy-trastuzumab studies reporting positive 
associations of increased levels of TILs with survival 
end points in TNBC and HER2-positive breast cancer  
(16-19). Chemotherapy is thought to interact with the 
immune system, inducing “immunogenic” tumor cell death 
which can result in induction of antitumor immunity as well 
as immunomodulation by depletion of immunosuppressive 
Tregs or MDSC (20). It is postulated that chemotherapy 
contributes to improving immune response to TIL-
rich breast cancers, thereby improving their elimination, 
reducing micro-metastases and resulting in more favorable 
outcomes. 

Immunomodulatory genes

Several groups have identified distinct subgroups of breast 
cancer patients beyond standard clinicopathological 
features (21-23). In a large comprehensive meta-analysis 
integrating gene expression and clinicopathological data 
of over 2,100 breast cancer patients, the immune response 
gene expression signature was described to be significantly 
associated with clinical outcomes in the ER-negative, 
HER2-negative as well as the HER2-positive breast cancer 
subgroups (24). High expression levels of immune related 
genes were associated with better outcomes. Similar 
transcriptional studies of TNBC by separate groups have 
consistently identified distinct TNBC subtypes displaying 
unique ontologies and characterized by differing clinical 
prognoses and response to therapies (23,25,26). Two 
distinguishable subtypes of TNBC have been identified by 
the presence or absence of TILs and immune cell markers 
and signaling (23,26). The immune activated/responsive 
TNBCs are defined by the presence of TILs and interferon 
(IFN)/signal transducer and activator of transcription 
(STAT) signaling. This subtype of TNBC has the best 
prognosis, a lower risk of relapse; and opens up a tantalizing 
prospect of identifying patients who may benefit from 
immune checkpoint inhibitors (23,26). Subsequently, work 

by Doherty et al. demonstrated a link between repressed 
IFN/STAT expression signature and a mesenchymal cancer 
stem cell like phenotype which was reversed to a non-
aggressive epithelial non stem cell like phenotype with 
IFN-ß treatment (27).

Programmed death ligand 1 (PD-L1) expression

The Cancer Genome Atlas (TCGA) RNA sequencing 
data demonstrated higher PD-L1 expression in TNBC 
versus non-TNBC samples (28). Immunohistochemical 
staining for PD-L1 expression as defined by more than 
5% membranous staining using the 5H1 antibody was 
identified in approximately 19% of the 105 assessed TNBC  
tumors (28). In a separate study, of the 44 breast cancer 
specimens evaluated by immunostaining using the MIH1 
clone PD-L1 antibody, 50% stained for the expression of 
PD-L1 in the tumor cells and/or TILs (29). The expression 
of PD-L1 was significantly associated with high histological 
grade (P=0.012), negative ER (P=0.036) and negative PR 
(P=0.04) (29).

Mutational burden 

To drive an effective anti-tumor immune response, the 
host immunosurveillance must be able to identify TAA. 
Preclinical studies have identified neoantigens as products 
of somatic cancer mutations driving antitumor immune 
response (30). An increase in mutational load is therefore 
predicted to be associated with increased antigenicity and 
immunogenicity (31). Tumor types such as melanoma 
and lung cancer, which have high mutational burdens 
and predicted higher numbers of neoantigens, are more 
responsive to checkpoint immunotherapies (32,33). The 
molecular profile and landscape of somatic mutations in 
breast cancer has been well described (34,35). Amongst 
the breast cancer subtypes, a higher mutational load was 
observed in ER negative tumors (36). Germline mutations 
in BRCA1 and 2 genes account for about 5% to 10% of all 
breast cancers (37). BRCA mutated tumors are homologous 
repair (HR) deficient and dependent on the error-prone 
non-homologous end joining mechanism for DNA repair. 
The result is genomic instability and a predicted increase 
in mutational burden as compared to non BRCA mutated 
tumors. In a study characterizing the tumor neoantigen 
repertoire of 20 germline BRCA mutated breast cancers, 
the neoantigen load was found to vary significantly with a 
moderate load of 50–150 predicted neoantigens in half of 
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the breast cancer patients studied, suggesting that a subset 
of these patients may benefit from an immune targeted 
strategy (38). HR deficiency is however complex and 
extends beyond germline mutations of the BRCA gene in 
a concept referred to as ‘BRCAness’. Much effort has been 
focused on identifying molecular features of tumors with 
characteristics similar to germline BRCA mutated tumors. 
Signatures of mutational processes imprinting a particular 
pattern of mutation has been described in breast cancer (35). 
A large study analyzing whole-genome sequences of 560 
breast cancer cases identified rearrangement mutation 
signatures which were characterized by tandem duplications 
or deletions and associated with a defect in homologous-
recombination-based DNA repair (35). More recently, 
a weighted model called HRDetect has been shown to 
accurately detect individuals with breast cancer harbouring 
BRCA1/BRCA2 mutations and identify additional tumors 
with germline and somatic mutations or in cases where 
BRCA mutations were previously not identified (39). 
Further validation of HRDetect in a separate cohort of 
breast cancers revealed up to 22% are BRCA deficient and 
potentially enriched for genomically unstable tumors (40).

Approach to targeting the immune system in 
breast cancer

There is a rapidly expanding compendium of strategies to 
overcome the diminution of immune stimulation through 
(I) revealing tumor antigens (vaccines) (II) elimination of 
cancer induced immunosuppression (checkpoint inhibitors) 
and (III) increasing the number of immune effector cells 
(adoptive T cell therapy).

Vaccines

Cancer vaccines are designed to prime the immune 
system to recognize TAAs and generate an immunological 
response specific to the cancer cells. Exploiting the adaptive 
immune system is appealing in its potential to result in 
immunological memory providing long term protection 
against the cancer without prolonged courses of therapy. 
Vaccines currently in development include peptide-based 
vaccines and cellular vaccines. Currently, no vaccine is 
approved by the U.S. Food and Drug Administration 
(FDA) for the treatment of breast cancer. On their own, 
vaccines are not effective in breast cancer patients with 
active metastatic cancers given the immunosuppressive 
nature of the metastatic tumor microenvironment and are 

probably more useful in those with minimal disease. This 
therapeutic strategy is an ongoing area of active research 
being evaluated for both primary and secondary prevention 
of breast cancer.

An example of a peptide-based vaccine, and the vaccine 
most advanced in development is the HER2 derived 
E75 peptide vaccine, nelipepimut-S (Neuvax, Galenda 
Biopharma). Nelipepimut-S was shown to have minimal 
toxicities and efficacious in raising E75-specific immunity in 
vaccinated HLA-A2+ and HLA-A3+ patients as measured 
by increasing CD8+ CTL and delayed type hypersensitivity 
reaction (41). Nelipepimut-S in combination with 
granulocyte-macrophage colony stimulating factor (GM-
CSF) was evaluated as adjuvant therapy to prevent disease 
recurrence in patients with lymph node positive and high-
risk lymph node negative patients in a combination of 
clinical trials (42). The 24-month combined analysis of 
these trials demonstrated disease recurrence in 5.6% 
of the vaccinated patients versus 13.1% of controls with a 
corresponding disease free survival (DFS) rate of 94.3% versus 
86.8% (P=0.08) (42). Importantly, this trial identified a group 
of patients whose tumors have low HER2 expression who 
benefited from E75 vaccination with a much more robust 
immunologic response after vaccination than patients whose 
tumors overexpress HER2 (42). The DFS in patients with 
low HER2 expressing [defined by immunohistochemistry 
(IHC) 1+ or 2+] tumors was 94% in vaccinated patients versus 
79.4% for controls (P=0.04) (42). Based on these encouraging 
results, the PRESENT trial (ClinicalTrials.gov identifier: 
NCT01479244), a phase 3 registration trial evaluating 
Nelipepimut-S in the prevention of recurrence in early 
stage node-positive breast cancers with low to intermediate 
HER2 expression was initiated but unfortunately 
terminated early due to futility following interim analysis on 
recommendations from the Independent Data Monitoring 
Committee (IDMC).

Cellular vaccines are vaccines which use either whole 
cells or cell lysates as a source of antigens presented ex vivo 
to patient derived mononuclear cells such as DC before 
being returned to patients (43). The group led by Dr. Brian 
Czerniecki developed a HER2 peptide pulsed DC vaccine 
engineered to polarize to the DC1 phenotype which 
induces a strong anti-HER2 immune response (44). DC1 
have potent antigen presenting capacity sensitizing both 
effector T cells as well as CD4+ helper cells potentiating 
T cell response. In a study evaluating the safety, immune 
and clinical responses of the vaccine, Czerniecki et al. 
randomized 54 patients with biopsy proven HER2 
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positive ductal carcinoma in situ (DCIS) to vaccination 
via intralesional, intranodal or a combination of both six-
weekly injections prior to surgery (45). The majority (81% 
of 53 patients evaluable for immune response) had a new 
or increased protocol specified immunogenic response 
following vaccination (45). The pathological complete 
response (pCR) rate in patients with pure DCIS without 
invasive cancer was 28.6% (45). Compared to historical 
responses of invasive cancers to DC vaccine, the achieved 
pCR rate is impressive and adds to the bulk of evidence 
suggesting vaccines as a strategy is more effective in patients 
with pre-invasive or early disease with low tumor burden. 

Checkpoint inhibitors

Two classes of immune blockade inhibitors (checkpoint 
inhibitor) have now entered the clinic: CTLA-4 blockers 
and blockers of the PD-L1/PD1 inhibitory pathway. 
Stunning successes have been seen first in the field of 
melanoma, renal cell carcinoma and non-small cell lung 
cancer, indications for which checkpoint inhibitors are 
already standard of care.

CTLA4
Ip i l imumab (Yervoy,  Br i s to l -Myers  Squibb)  and 
tremelimumab (AstraZeneca) are monoclonal antibodies 
which bind to CTLA-4 preventing interaction with its 
ligands B7-1 and B7-2 (10). Ipilimumab is currently 
approved for use in the treatment of unresectable metastatic 
melanoma on the basis of improvement in overall survival 
(OS) with ipilimumab of 10 vs. 6 months with tumor vaccine 
[hazard ratio (HR) 0.66, 95% confidence interval (CI): 0.51–
0.87] (46). In breast cancer, minimal activity has been seen 
thus far. Tremelimumab has been evaluated in combination 
with exemestane in a phase 1 study of 26 patients with 
previously treated advanced ER+ breast cancer (47).  
No responses were seen, 11 out of 26 (42%) patients 
had stable disease for more than 12 weeks. The group 
evaluated peripheral blood mononuclear cells (PBMC) by 
flow cytometry observing a marked increase in the ratio of 
biotinylated anti-human inducible costimulatory (ICOS)+ 
T cells to circulating FoxP3 Treg cells suggesting immune 
activation (47).

PD-1/PD-L1
The two PD-1 binding antibodies currently approved for 
clinical use in other indications are nivolumab (Opdivo, 
Bristol-Myers Squibb) and pembrolizumab (Keytruda, 

Merck). There are currently three PD-L1 targeted 
antibodies also approved for use in other indications: 
atezolizumab (Tecentriq, Genentech), durvalumab (Imfinzi, 
AstraZeneca UK Limited) and avelumab (Bavencio, EMD 
Serono). Given the multiple lines of evidence in support for 
targeting the PD1/PD-L1 pathway in TNBC, a major focus 
in development of PD1/PD-L1 inhibitors is in this group of 
patients. Table 1 summarizes notable studies of PD1/PD-L1 
inhibitor monotherapy in the treatment of advanced breast 
cancer.

KEYNOTE-012 is a non-randomized multi-cohort 
phase 1b study evaluating the safety, tolerability and 
efficacy of pembrolizumab in patients with PD-L1 positive 
advanced TNBC, gastric cancer, urothelial cancer and 
head and neck cancer (48). Approximately 59% of patients 
with metastatic TNBC were PD-L1 expressing tumors 
as defined by PD-L1 expression in ≥1% of tumor or 
stroma using the prototype assay and 22C3 antibody. The 
study enrolled 32 heavily pre-treated TNBC patients. 
Overall 37.5% of patients experienced a decrease in 
tumor size which was durable. The overall response rate 
(ORR) was 18.5% with 1 complete response (CR) and 4 
partial responses (PR). Three responders remained on 
study for over a year which is unprecedented given the 
aggressive natural history of this disease with a median 
OS of approximately 12 months (49). Of note, patients 
who had rapidly progressive disease identified through 
elevated LDH levels as a surrogate did not derive benefit 
from pembrolizumab which in a cohort of TNBC 
was associated with a long median time to response of  
18 weeks (range, 7 to 32 weeks). On the basis of these 
results ,  KEYNOTE-086 (NCT02447003),  a  two-
part multi-cohort non-randomized phase 2 study of 
pembrolizumab monotherapy in metastatic TNBC was 
initiated. Cohort A included patients who had previously 
received at least one line of treatment for metastatic disease 
regardless of PD-L1 status whilst cohort B included 
treatment naïve patients with PD-L1 positive tumors. 
Preliminary data from both cohorts were presented by Dr. 
Sylvia Adams at the American Society of Clinical Oncologist 
(ASCO) annual meeting in 2017. Of the 170 patients 
enrolled in cohort A, approximately 60% had PD-L1  
positive tumors. The ORR was approximately 5%. Twenty 
seven percent of patients had a decrease in size of target 
lesions from baseline which was sustained. In contrast, 
the ORR of the 52 patients enrolled onto cohort B was 
significantly higher at 22% (Adams et al., ASCO 2017). 
Early trial data indicate that patients treated earlier in 
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the course of metastatic disease are more likely to derive 
benefit from immune checkpoint inhibitors. We await 
results of KEYNOTE-119 (NCT02555657), a phase 3 
study of pembrolizumab monotherapy versus single agent 
chemotherapy of physician’s choice in previously treated 
(1 or 2 prior lines of systemic therapy) metastatic TNBC 
which has now completed accrual.

Atezolizumab was evaluated as a single agent in an 
expansion cohort of metastatic TNBC patients in a phase 
1a study (NCT01375842). Data from 115 evaluable TNBC 
patients was presented by Dr. Peter Schmid at the American 
Association for Cancer Research (AACR) annual meeting in 
July 2017. Two-thirds of the tumors had PD-L1 expression 
as defined by ≥5% of positive PD-L1 staining in immune-
infiltrating cells. The ORR based on immune-related 
Response Evaluation Criteria in Solid Tumors (irRECIST) 
in 112 evaluable patients was 26% and 11% in the first line 
and second line and beyond setting respectively. Notably, 
the median duration of response was 21 months and median 

OS of responders was not reached. Higher response rates 
were seen in patients who were treated in the first line 
setting, had stronger PD-L1 staining and had tumors 
with more TILs and CD8 positive T cells (Schmid et al., 
AACR 2017). This study supports the rationale for the 
development of atezolizumab in earlier line treatment of 
metastatic TNBC.

In other subtypes of breast cancer, the role of PD1 
inhibition in the ER-positive HER2-negative breast cancer 
was evaluated in KEYNOTE-028, an ongoing open label 
multi-cohort phase 1b basket study exploring the safety 
and efficacy of pembrolizumab in patients with PD-
L1 expressing tumors defined by membranous PD-L1 
expression in ≥1% of tumor, associated inflammatory cells 
or stroma using the prototype assay and 22C3 antibody. 
Data from the ER positive HER2 negative advanced breast 
cancer patient cohort was presented by Dr. Hope Rugo 
at the San Antonio Breast Cancer Symposium (SABCS) 
in 2015. Nineteen percent of the 248 patients screened 

Table 1 Key trials of PD1/PD-L1 monotherapy in HER2-advanced/metastatic breast cancer

Clinicaltrials.
gov identifier

Trial name
Study 
phase

Study drug
Study 

population
Study design

Primary 
endpoint

Study status/
outcome

NCT0184883 KEYNOTE-012 1b Pembrolizumab Advanced TNBC PD-L1+ tumors; single 
agent 10 mg/kg q2 weeks

Safety; ORR (45); ORR 18.5%

NCT02054806 KEYNOTE-028 1b Pembrolizumab ER+ HER2− 
ABC

Basket study of PD-L1+ 
tumors; single agent  
10 mg/kg q2 weeks

ORR Presented at SABCS 
2015; ORR 14%

NCT02447003 KEYNOTE-086 2 Pembrolizumab Advanced TNBC 3 cohorts. Cohort A: > 1L; 
Cohort B: treatment naïve 
PD-L1+; Cohort C: PD-L1 
strong, > 1L

ORR; safety Presented at ASCO 
2017. ORR: Cohort A 
5%; Cohort B 22%

NCT02555657 KEYNOTE-119 3 Pembrolizumab Advanced TNBC Pembrolizumab 200 mg 
q3 weeks vs. physicians 
choice of capecitabine or 
eribulin or gemcitabine or 
vinorelbine

OS Accrual complete

NCT01375842 – 1 Atezolizumab Advanced TNBC 1L or 2L+; 15 or  
20 mg/kg q 3 weeks

Safety Presented at AACR 
2017. ORR: 1L 26%; 
2L+ 11%. 1y OS 
41%, 2y OS 22% 3y 
OS 22%

NCT01772004 JAVELIN solid 
tumor

1 Avelumab MBC MBC Safety; ORR (47); ORR 3%

AACR, American Association for Cancer Research; ABC, advanced breast cancer; ASCO, American Society of Clinical Oncology; ER, 
estrogen receptor; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; ORR, overall response rate; OS, 
overall survival; PD-L1, programmed death ligand 1; SABCS, San Antonio Breast Cancer Symposium; TNBC, triple negative breast cancer.
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were PD-L1 positive; 25 heavily pre-treated patients were 
included in the study. The ORR was 14%. The median 
time to response was eight weeks with all three responders 
showing fairly durable response remaining on study for 
more than 26 weeks (Rugo et al. SABCS 2015). Lastly, in 
the phase 1b JAVELIN solid tumor trial, avelumab was 
evaluated in 168 patients with pre-treated advanced breast 
cancer (50). Approximately 43% of patients had hormone 
receptor-positive, HER2-negative disease, 34% TNBC and 
16% HER2 positive breast cancer. Patients had received a 
median of three prior therapies for metastatic disease. The 
confirmed ORR in the entire cohort was a disappointing 
3% (95% CI: 1.0–6.8). There was a signal of greater activity 
amongst patients with TNBC. Out of the eight responders, 
five had TNBC (50).

Studies of monotherapy PD1/PD-L1 inhibitors are 
indicative of a signal of activity in breast cancer, however, 
single agent therapy has only benefitted a small proportion 

of patients. The minority, who respond, have a substantially 
longer duration of response than that ever seen with 
conventional chemotherapeutics. Efforts have now shifted 
to evaluating combinatory strategies where PD-1/PD-
L1 inhibitors are used as a backbone in combination with 
therapies with complementary mechanisms of actions and 
non-overlapping toxicities (Figure 1). It is hypothesized that 
this strategy may further enhance the immune response 
broadening the group of patients who would benefit from 
an immune based cancer treatment.

Combinatory strategies

Chemo-immunotherapy combinations
Chemotherapy can be combined with immunotherapy 
to augment antitumor activity in a few ways. Firstly, 
chemotherapy can be used for cytoreduction and to achieve 
a state of minimal residual disease altering the balance of 

HER2 Directed Therapies
NCT02605915, NCT02649686, 
NCT03125928, NCT02318901, 
NCT03032107, NCT02924883

PARP inhibitor
NCT02657889,NCT02484404, 
NCT03330405,NCT02849496, 

NCT03101280

MEK inhibitor
NCT03106415, NCT02900664, 

NCT02322814

CDK inhibitor
NCT02779751, NCT02778685, 

NCT03294694

HDAC inhibitor
NCT02395627,
NCT02708680

Checkpoint 
inhibitors
CTLA4 - 

NCT02892734, 
NCT01975831

LAG3 - 
NCT02460224
A2Ar inhibitor - 
NCT02655822, 
NCT03207867 

IDO inhibitor 
NCT02178722

Co-stimulatory 
molecules 

NCT02554812

Cytokines
NCT02900664, 
NCT02807844, 
NCT02947165

Targeted therapy

Chemotherapy
Capecitabine, 
Carboplatin, 

Cyclophosphamide, 
Doxorubicin, Eribulin, 

Gemcitabine, 
Gemcitabine / 

Carboplatin, Nab-
paclitaxel, Vinorelbine

Radiotherapy
NCT02730130,
NCT03051672

Immunotherapy

Combination strategies

Figure 1 Immuno-oncology combination strategies in the treatment of breast cancer.
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disease burden in favour of the T cell response. Secondly, 
chemotherapy can promote tumor antigen presentation and 
priming of tumor specific T cells. Lastly, chemotherapy 
can stimulate immune effectors either directly or through 
altering host immune-inhibition. We direct you to an 
excellent review article eloquently discussing chemotherapy 
and its effects on the immune system (51).

In the non-metastatic setting, pembrolizumab is 
combined with standard therapy of paclitaxel followed 
by doxorubicin and cyclophosphamide as neoadjuvant 
treatment for patients with locally advanced TNBC or 
ER-positive, HER2-negative breast cancers in the I-SPY2 
trial. I-SPY2 is a novel adaptively randomized phase 2 
trial which employs an algorithm to efficiently identify 
combinations of molecular subtypes of breast cancer and 
promising neoadjuvant regimens. Therapies that reach an 
85% or greater predicted probability of success are moved 
forward to be tested in the I-SPY3 phase 3 program (52). 
Results of the pembrolizumab plus standard neoadjuvant 
therapy of weekly paclitaxel followed by doxorubicin plus 
cyclophosphamide were presented at ASCO 2017 (Nanda 
et al., ASCO 2017). Sixty-nine patients were randomized to 
four cycles of three-weekly pembrolizumab concurrent with 
paclitaxel. Compared to control, pembrolizumab tripled 
the estimated pCR rate in TNBC and is predicted to have 
a more than 99% chance of succeeding in a phase 3 trial. 

In the ER-positive, HER-2 negative arm, pembrolizumab 
increased the estimated pCR by 21% and is predicted 
to have an 88% chance of being successful in a phase 3 
trial. There were slightly more grade 3 and above fatigue 
and nausea. Immune related toxicities were consistent 
with previous reports but of note, there were higher rates 
of adrenal insufficiency being reported in six patients, 
three of which was related to hypophysitis (Nanda et al.,  
ASCO 2017).

Table 2 summarizes notable studies of PD1/PDL1 
inhibitors in non-metastatic breast cancer. KEYNOTE-522 
(NCT03036488) is an ongoing rapidly recruiting phase 3 
randomized, double-blind study evaluating neoadjuvant 
pembrolizumab plus chemotherapy versus placebo plus 
chemotherapy followed by pembrolizumab versus placebo as 
adjuvant therapy for TNBC. Atezolizumab is similarly being 
developed in this setting. IMpassion-031 (NCT03197935) is 
a phase 3 double blind, randomized, placebo-controlled study 
evaluating the safety and efficacy of atezolizumab and nab-
paclitaxel followed by doxorubicin and cyclophosphamide or 
placebo and the same regimen in stage 2 to 3 TNBC.

In the metastatic setting, nab-paclitaxel is one of the 
first chemotherapeutic agents to be established as an 
effective partner in combination with checkpoint inhibitor. 
Nab-paclitaxel is an albumin-bound paclitaxel which has 
greater tissue penetration and does not require steroid 

Table 2 Ongoing (neo)adjuvant chemo-immunotherapy trials

Clinicaltrials.gov 
identifier

Trial name
PD1/PD-L1 
inhibitor

Study regimen Study phase Study population Primary endpoint

NCT02622074 KEYNOTE-173 Pembrolizumab Nab-paclitaxel > AC; Nab-
paclitaxel/Carboplatin > AC; 
Paclitaxel/Carboplatin > AC

1b TNBC Safety

NCT03036488 KEYNOTE-522 Pembrolizumab Paclitaxel/Carboplatin > AC/
EC†

Randomised 
phase 3

TNBC PCR; EFS

NCT03281954 GeparDouze Atezolizumab Paclitaxel/Carboplatin > AC/
EC‡

Randomised 
phase 3

TNBC PCR; EFS

NCT03197935 IMpassion031 Atezolizumab Nab-Paclitaxel > AC‡ Randomised 
phase 3

TNBC PCR

NCT02620280 NeoTRIPaPDL1 Atezolizumab Nab-Paclitaxel/Carboplatin 
> surgery > AC/EC§

Randomised 
phase 3

TNBC EFS

NCT02926196 A-Brace Avelumab 1 year adjuvant avelumab Randomised 
phase 3

TNBC completed 
adjuvant 
chemotherapy

DFS

†, 9 cycle of adjuvant pembrolizumab post-surgery; ‡, total of 1 year atezolizumab; §, 8 cycles of atezolizumab, nab-paclitaxel and 
carboplatin. AC, doxorubicin/cyclophosphamide; DFS, disease free survival; EC, epirubicin/cyclophosphamide; EFS, event free survival; 
PCR, pathological complete response; TNBC, triple negative breast cancer.
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premedication. Nab-paclitaxel has been combined with 
atezolizumab in a phase 1b trial in metastatic TNBC 
reported at ASCO 2016 (Adams et al., ASCO 2016). The 
combination was fairly well tolerated with 53% all grade 
neutropenia and no dose limiting toxicities or treatment 
related deaths. ORR among 24 evaluable patients was 
approximately 71%, with higher responses seen in 
patients being treated in the first line. Responses were 
seen regardless of PD-L1 status. Three phase 3 trials  
(Table 3) evaluating atezolizumab with chemotherapy 
in earlier stage of metastatic disease are ongoing. 
IMpassion-130 (NCT02425891) and 131 (NCT03125902) 
evaluate the combination of atezolizumab with nab-
paclitaxel and paclitaxel respectively as first line therapy for 
metastatic TNBC whilst IMpassion-132 (NCT03371017) 
evaluates atezolizumab in combination with investigators 
selected chemotherapy (gemcitabine/carboplatin or 
capecitabine) in early relapsing TNBC who have not 
received chemotherapy for advanced disease.

In the same disease sett ing,  pembrolizumab in 
combination with chemotherapy is being evaluated in 
KEYNOTE 355, a two-part randomized double blind phase 
3 study of pembrolizumab plus one of three chemotherapy 
regimens—nab-paclitaxel, paclitaxel or gemcitabine/
carboplatin in previously untreated metastatic TNBC 
(NCT02819518) (Table 3). Eribulin, a microtubule inhibitor 

currently approved for the treatment of previously treated 
MBC has been combined with pembrolizumab in a phase 
1b/2 study in patients with previously treated metastatic 
TNBC. Interim analysis of this phase 1b/2 study were first 
presented at SABCS in 2016 and updated in 2017. The 
recommended phase 2 dose was eribulin 1.4 mg/m2 on days 
1 and 8 and pembrolizumab 200 mg on day 1 of a 21-day  
cycle. There were no dose limiting toxicities observed. 
The most frequent grade 3 and above adverse events were 
neutropenia and fatigue. The ORR was approximately 25% 
irrespective of PD-L1 status. A randomized phase 2 study 
of eribulin with or without pembrolizumab for ER-positive 
HER2-negative MBC has been initiated (NCT03051659). 

Targeted therapy in combination with immune 
checkpoint inhibitors
HER2 overexpression is associated with high levels of 
proliferation, high histological grade and a higher level of 
TILs suggesting HER2-positive breast cancers could also 
be treated with immunotherapy approaches. In addition 
to direct cytotoxicity, HER2 directed therapy such as 
trastuzumab also elicit antibody dependent immune 
response. Nelipepimut-S is being evaluated as adjuvant 
therapy in combination with trastuzumab in a randomized 
phase 2 study of high risk HER2-positive breast cancer as 
defined by residual disease post neoadjuvant chemotherapy 

Table 3 Ongoing phase 3 chemo-PD1/PD-L1 inhibitor combination trials in advanced breast cancer

Clinicaltrials.
gov identifier

Trial name
PD1/PD-L1 
inhibitor

Chemotherapy partner Study design Study population Primary endpoint

NCT02425891 IMpassion-130 Atezolizumab Nab-paclitaxel Randomised, 
double-blind, 
placebo-controlled

Treatment naïve 
mTNBC

PFS; OS

NCT03125902 IMpassion-131 Atezolizumab Paclitaxel Randomised, double 
blind, placebo-
controlled

Treatment naïve 
mTNBC

PFS

NCT03371017 IMpassion-132 Atezolizumab Investigator’s choice: 
Gemcitabine/
Carboplatin; 
Capecitabine

Randomised, double 
blind, placebo-
controlled 

TNBC progressing 
within 12 months 
from last treatment 
with curative intent

OS

NCT02819518 KEYNOTE-355 Pembrolizumab Nab-paclitaxel; 
Paclitaxel; Gemcitabine/
Carboplatin

2 parts. Part 1: open-
label, unblended 
safety run-in; Part 
2: double-blind, 
placebo-controlled, 
randomised

Treatment naïve 
mTNBC

PFS; OS; safety

mTNBC, metastatic triple negative breast cancer; OS, overall survival; PFS, progression free survival.
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or lymph node positive disease in those who had initial 
surgery (NCT02297698). The PANACEA (IBCSG 45-
13/BIG 4-13) trial (NCT0219556) is a single arm phase 
1b/2 study evaluating pembrolizumab in combination 
with trastuzumab in trastuzumab-resistant HER2-
positive MBC. Results were reported by Dr. Sherene Loi 
at SABCS 2017. Out of 146 patients screened, 68 were 
PD-L1-positive as defined initially by ≥1% tumor or 
stroma staining by the QualTek PD-L1 IHC assay and 
subsequently changed to combined positive score (CPS) 
of ≥1% using the 22C3 antibody. A total of 58 patients 
were enrolled. The ORR was 15%, disease control rate 
(DCR) of 24% and no responses were observed in the 
PD-L1-negative cohort. Consistent with prior reports 
with checkpoint inhibitors, responding patients achieved 
durable disease control of a median of 11 months (Loi 
et al., SABCS 2017). Trastuzumab-emtansine (TDM-1), 
the HER2-targeted antibody-drug conjugate is currently 
being evaluated in combination with pembrolizumab 
(NCT03032107) and atezolizumab (NCT02924883) in a 
phase 1 and 2 trial, respectively.

About 20% of breast cancers have mutation signatures 
of HR deficiency. Agents promoting DNA damage such as 
poly (ADP-ribose) polymerase (PARP)inhibitors results in 
anti-tumor response in BRCA mutation-associated breast 
cancers (53) and may potentially be active in a subset of HR 
deficient tumors. Preclinical studies show DNA damage 
promotes neoantigen expression. Thus, it is postulated that 
PARP inhibitor induced tumor mutational burden could 
increase neoantigen expression thereby improving immune-
tumor recognition. The combination of PARP inhibition 
and PD1/PD-L1 inhibitors is currently being evaluated. 
MEDIOLA (NCT02734004) is a multi-cohort phase 2 
study which includes patients with germline BRCA mutated 
HER2-negative metastatic breast cancers treated with 
olaparib in combination with durvalumab. The Javelin Parp 
Medley phase 2 study (NCT03330405) evaluates avelumab 
plus talazoparib in a cohort of TNBC and hormone receptor 
positive breast cancer patients and atezolizumab is currently 
being evaluated in combination with veliparib in patients 
with TNBC in a randomized phase 2 study (NCT02849496).

Figure 1 highlights other notable targeted therapy 
partners including MEK inhibitors, HDAC inhibitors and 
CDK inhibitors which are being evaluated in early phase 
trials in combination with PD1/PD-L1 inhibitors.

Immunotherapy combinations
CTLA-4 and PD-1 immune checkpoint pathways regulate 

T cells at different stages of the immune response. CTLA-4 
is confined to T cells and is inhibitory at the initial priming 
phase of naïve T cell activation whilst PD-1 is more broadly 
expressed on activated T cells, B cells or myeloid cells 
and inhibitory at a later effector phase. Dual targeting can 
augment anti-tumor activity of monotherapy checkpoint 
inhibitors. In advanced melanoma, the combination of 
nivolumab and ipilimumab resulted in longer PFS (11.5 
vs. 2.9 months, HR 0.43; 95% CI: 0.35–0.52), higher 
ORR [58% vs. 19%, odds ratio (OR) 6.46; 95% CI: 
4.45–9.35] and OS [not reached (NR) versus 19.9 months, 
HR 0.55; 95% CI: 0.45–0.69) as compared to ipilimumab 
monotherapy (54). The phase 1/2 study of this combination 
(NCT01928394) includes a TNBC cohort, the results 
of which have yet to be reported. The single arm study 
of durvalumab in combination with tremelimumab was 
presented at ASCO 2017. Using the Simon two-stage 
design, 18 patients with metastatic breast cancer (MBC) 
were enrolled in the first stage, seven TNBC and 11 ER-
positive. The ORR was 17% not meeting the criteria to 
proceed to the second stage. Of note, five out of seven (71%) 
patients with TNBC had clinical benefit to the combination 
(Santa-Maria et al., ASCO 2017). Other notable partnering 
immune-modulating agents are listed in Figure 1 and 
include: inhibitors of other immune checkpoints such as 
Tim-3. Lag-3, costimulatory molecules such as 4-1BB, 
glucocorticoid-induced TNFR (GITR), OX40, IDO 
inhibitor and cytokine targeting antibodies.

Radiation therapy in combination with immunotherapy
Lastly, local therapy with radiation can synergize with 
immunotherapy and augment local as well as distant 
(abscopal) antitumor effects through increasing the 
release of TAA, increase APC, improve DC function 
as well as enhance T cell priming (55). Ongoing phase 
2 studies evaluate the safety and efficacy of concurrent 
pembrolizumab with palliative radiotherapy (RT) in 
patients with metastatic TNBC (NCT02730130) and ER-
positive HER2-negative breast cancers (NCT03051672). 
The combination of radiotherapy and pembrolizumab was 
reported by Dr. Heather McArthur et al. at the European 
Society of Medical Oncology (ESMO) annual meeting 
2017. Seventeen heavily pre-treated women with mTNBC 
requiring RT to 1 measurable site of metastatic disease 
were enrolled however a significant proportion of women 
were not evaluable at 13 weeks illustrating the poor 
prognosis of this population of patients. The combination 
was well tolerated. Out of the 6 evaluable patients, 2 (33%) 
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showed responses outside of the RT field (McArthur et al.  
ESMO 2017).

Adoptive T cell therapy

Chimeric antigen receptor T (CAR-T) cell therapy is 
an exciting and developing field in immunotherapy for 
solid organ malignancies. CARs are synthetic receptors 
derived against predetermined TAAs and transfected into 
autologous T cells which then recognize TAAs independent 
of MHC (56,57). The second and third generations of 
CARs have an additional costimulatory domain providing 
the abovementioned second signal which contributes 
to expansion, antitumor activity and cytokine secretion 
(56,57). CAR T-cell therapy targeting the CD19 antigen 
is furthest along in development and has been approved by 
the FDA for B-cell acute lymphoblastic leukaemia following 
remarkable responses seen in the phase 2 trial in pediatric 
and young adult patients (58). In breast cancer, CAR-T cell 
therapy is still early in development. Target antigens being 
studied in breast cancer include HER2 (NCT02547961, 
NCT02713984), CEA (NCT02349724) and mesothelin 
(NCT02792114) among others.

The future

Although an increasing number of trials of immunotherapy 
in breast cancer are being registered, there is at present 
no FDA approval for the use of immunotherapy in breast 
cancer as there are in other malignancies. With reports of 
sustained and durable responses achieved in the minority 
of breast cancer patients treated with immune therapy, the 
development of this treatment strategy should remain one 
of high priority. 
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