
Abstract. Besides limited success in treatment of melanoma
and renal cell carcinoma, immune treatments of cancer (cancer
immunotherapy) had not until recently met the great expectations
associated with them over the years. This failure appears now
to be reversed with the introduction of checkpoint (immune
blockade) inhibitors. Two receptor-ligand checkpoint inhibition
pairs, the one based on the inhibition of inhibitory receptor
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and the
other based on the inhibition of the programmed death-ligand
1/programmed cell death-1 (PD-L1/PD-1) pair have entered the
clinical arena. Melanoma leads the way followed by non-small
cell lung cancer (NSCLC) in both of which such drugs are
already approved for clinical use. Several other cancer types will
follow as trials data accumulate. Breast cancer clinical data are
mixed so far and the arising picture is one of efficacy dependent
on sub-types and sub-sets. This article will review available data
on checkpoint molecules expression in breast cancer cells that
may be one determinant factor of effective inhibition, as well as
other possible biomarkers of immune blockade inhibitors
effectiveness in breast cancer. Emerging data of clinical trials of
immune checkpoint inhibitors in breast cancer will also be
presented. Development and validation of reliable predictive
markers of response to this new category of anti-cancer drugs
will help optimize results and spare patients not expected to
respond the toxicity and cost of the drugs. Moreover, predictive
markers may advance the understanding of resistance to these
therapies in order to reverse it.

Breast cancer has been the solid tumor that led the way of
targeted treatments, building on the early characterization of
clinical and later molecular sub-types. Identification of
estrogen receptor (ER)-positive and -negative sub-sets
formed the basis for the success of targeted hormonal
therapies initially with tamoxifen and later with aromatase
inhibitors (1). Breast cancer was also the first solid tumor
treated with a monoclonal antibody, trastuzumab, for the
Her2-positive sub-set, that is still probably the most
successful monoclonal antibody treatment in solid tumor
oncology and has changed the natural history of Her2-
positive disease (2, 3). Therapeutic improvements based in
these targets either with introduction of additional drugs or
extension of treatment with existing drugs are still
forthcoming (4, 5). Nevertheless, there exist sub-types of
breast cancer where targeted treatment options have not
been so successful or are non-existent. These include the so
called triple-negative cancers and the luminal B ER-
positive, Her2-negative cancers that are less sensitive to
hormonal manipulations than the luminal A counterparts. At
least part of the therapeutic targeting problem in these
cancers stems from the fact that these types of breast
cancers are heterogeneous and, thus, lack a unifying target.
This is clear for triple-negative cancers, for example, which
can be divided molecularly to several further subtypes (6,
7). The subtype that possesses breast cancer
(BRCA)1/BRCA2 mutations or BRCA-related functional
deficits (so called BRCAness) is particularly sensitive to
poly ADP ribose polymerase (PARP) inhibitors, as BRCA
deficits are synthetically lethal with PARP inhibition (8).
There is a need for improved treatments for both triple-
negative and luminal B cancers, as well as luminal A and
Her2-positive cancers that become resistant to currently
approved targeted therapies. 

The immune system has been viewed for decades (if not
for centuries given that Hippocrates wrote for forces within
the body in neutralizing disease) as an invaluable ally in the
fight against cancer, despite the fact that, except in very
specific cases, attempts to harness its anti-cancer potential
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have been met with minimal success mainly in a minority of
melanoma and renal carcinoma patients. This seems to be
changing with the introduction of immune blockade
inhibitors in various cancers. Immune blockade inhibitors
(also called immune checkpoint blockers) may represent
novel therapies addressing the unmet need of therapy in
breast cancers resistant to current treatments or for which no
current targeted treatments exist. These treatments, their
biology and biomarkers to guide their development will be
discussed in this paper.

Immune Blockade Basic Biology

In contrast to other monoclonal antibody therapies used
currently in oncology that block receptors expressed on the
surface of tumor cells, such as Her2 or epidermal growth
factor receptor (EGFR), monoclonal antibodies blocking
immune receptors bind receptors on immune cells or their
ligands that are expressed on both immune and tumor cells.
In this regard, immune blockade blockers are more
reminiscent of the monoclonal antibody bevacizumab that
binds the ligand vascular endothelial growth factor (VEGF)
whose receptor, VEGFR, is expressed by both tumor cells
and endothelial cells of the tumor microenvironment. In
contrast to all other currently used monoclonal antibodies in
oncology, both the ligand and receptor pair targets of
immune blockers are expressed on the surface of cells,
although soluble forms exist.

Activation of immune cells requires ligation of the
antigen presentation receptor TCR (T cell receptor) and
concomitant engagement of co-stimulatory receptors. This
co-stimulation is of defining importance as witnessed by
the fact that if instead of it, a co-inhibitory signal is
present, receiving immune cells become anergic and may
die (9). In cancers, co-inhibitory signals impede the anti-
neoplastic immune response both at the level of activation
of immune effector cells by antigen presenting cells and in
the phase of immune recognition of tumor cells by immune
effectors. The first step, presentation of antigens by antigen
presenting cells (APCs) involves co-stimulatory ligand-
receptor pairs, such as OX40L and OX40, CD40L and
CD40, 4-1BBL and 4-1BB, as well as CD80/CD86 and
CD28 in APCs and effector cells, respectively. If CD80 or
CD86 is ligated by cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4; alternatively called CD152) instead of
CD28, an inhibitory signal is generated (10). The avidity
of CD80 and CD86 ligands for CTLA-4 is several hundred
times higher than for CD28 and, thus, the inhibitory signal
is favored when both receptors are expressed in the cell
surface. A soluble form of CTLA-4 is secreted after
lymphocyte activation and has a role in containing the
immune response and avoiding perpetuation of response
beyond the initial stimulation (11). Other ligand-receptor

couples generating inhibitory signals are programmed
death-ligand 1 (PD-L1; also known as CD274 or B7-
H1)/PD-L2 (also called CD272 or B7-DC)- programmed
cell death-1 (PD-1; also known as PDCD1 or CD279) and
galectin-9/ CEACAM-1- TIM-3 (12). 

The second step of immune destruction of cancer cells that
involves the synapse of activated immune cells with the
target cancer cell may be inhibited by engagement of co-
inhibitory signals, which, in this step, involve mainly the
PD-L1/PD-L2- PD-1 ligand-receptor pairs. CTLA-4 has been
additionally detected in tumor cells and may play a role in
inhibiting the anti-tumor immune response in this phase, in
addition to the activation phase (13). Prerequisites of the
second step are avoidance of inhibition in the first step,
presence of signals to attract effector cells and infiltrate the
tumor microenvironment, avoidance of inhibition in this
microenvironment by regulatory T cells before the
engagement with tumor cells and presentation of tumor
antigens by the tumor cells in the context of major
histocompatibility complex (MHC) class I molecules. If any
of these prerequisites is not present the immune system
would be unable to mount an effective tumor response. In
addition, if the inability to mount a response is due to any
other reason besides immune blockade at the presentation or
effector synapse, drug treatment with monoclonal immune
blockade inhibitors would be predicted to be less effective
or ineffective.

Expression of Immune Blockade 
Molecules in Breast Cancer and Prognosis

Experience from other targeted therapies, such as hormone
therapy and Her2 targeted therapies, have shown that these
treatments are only effective when the target is expressed
in tumor cells. In other occasions, expression of target is
not sufficient to guarantee success of treatment. This is the
case for EGFR-directed therapies in colorectal cancer,
where activation of pathways down-stream of the receptor
due to K-ras or other mutations reduce the efficacy of
these therapies, even when the target receptor is expressed.
In the case also of therapies directed against the VEGF-
VEGFR ligand-receptor couple, expression of the targets
are not markers of response. This is possibly because these
proteins interfere with neo-angiogenesis and are expressed
in other types of cells, such as endothelial, besides tumor
cells, and this expression may be equally or more
important for the success of therapy. This is also relevant
for immune blockade therapies that have targets expressed
in immune effector cells. Nevertheless, expression of the
target proteins in both cancer and immune cells is worth
investigating as a response marker because, although it
may not be a guarantor of response, it may be a
prerequisite.
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CTLA-4. CTLA-4 expression in tumor cells and tumor
infiltrating lymphocytes (TILs) was examined using a semi-
quantitative counting method in a retrospective series of breast
cancer patients (13). Forty eight of 130 patients (37%) in this
series had a higher intensity CTLA-4 expression in the breast
cancer cells using the cut-off established by the authors and
73 of 130 (56%) had a high intensity of CTLA-4 expression
in TILs infiltrates. Patients with both a high intensity of
CTLA-4 expression in TILs and a low expression of CTLA-4
in breast cancer cells had a statistically significantly better
overall and disease-free survival than the rest of the patients
(13). Another study employed immunohistochemistry and
confirmed the presence of CTLA-4 protein in four different
breast cancer cell lines, while two non-tumorigenic cell lines
had a lower positivity (14). Expression was also present in
breast cancer tissues from patients and included both the
invasive and the in situ part of the tumors but not adjacent
normal breast epithelium. These data suggest that some tumors
up-regulate CTLA-4 expression early in carcinogenesis in the
pre-invasive stage. CTLA-4 mRNA expression was increased
in peripheral lymphocytes from breast cancer patients
compared to healthy controls (15). CTLA-4 mRNA expression
increase was correlated with an increase in the expression of
FOXP3 mRNA expression, a marker of regulatory T
lymphocytes (Tregs). Higher levels of the soluble form of
CTLA-4 were observed in the serum of breast cancer patients
compared with healthy controls (16). Thus, it seems that, in
many breast cancers, a tumor immune response is triggered,
which is subsequently impeded by CTLA-4 expression and
Tregs up-regulation.

PD-L1/PD-1. In breast cancer tissues PD-L1 mRNA
expression was detected in 55 to 59% of cases and correlated
with a better recurrence-free survival independently of other
known prognostic factors in stage I to III patients (17). PD-
L1 mRNA positivity was not associated with ER or Her2
status. TILs were evaluated in the same study by a visual
semi-quantitative method. Cases positive for TILs
represented 16.6% of total and most (12%) were positive for
PD-L1 mRNA. TILs negative cases were PD-L1 mRNA
positive in 46% and PD-L1 mRNA negative in 37% of total
breast cancers examined. TILs were associated with ER-
negative status but were not overall prognostic (17). Another
mRNA analysis showed PD-L1 up-regulation (compared to
normal breast tissue) in 20% of breast cancers (18). Up-
regulation of PD-L1 mRNA was more common in basal and
Her-2-enriched sub-types compared to luminal sub-types. In
addition, in basal tumors high PD-L1 mRNA expression was
prognostic of a better metastasis-free and overall survival,
whereas no prognostic value of this expression was observed
in the breast cancer cohort as a whole (18).

The locus of PD-L1 and PD-L2 at human chromosome
9p24 was found to be amplified in 12 of 41 (29%) triple-

negative breast carcinomas, but not in any of the 23 ER-
positive or Her2-positive carcinomas examined (19). The
amplicon, which included also the locus of the JAK2 kinase
gene, was confirmed to be translated producing higher levels
of mRNA than those observed in non-amplified patients.
Patients harboring the amplification of the PD-L1 and PD-
L2 locus seemed to have tumors with less TILs and a worse
prognosis (19).

A genomic study examining the invasive lobular carcinoma
histologic sub-type, representing about 10-15% of total breast
cancers, found that these cancers could be classified in two
groups, an immune-related and a hormone-related group (20).
Cases in the immune-related group displayed high expression
of PD-L1, PD-1 and CTLA-4 in the mRNA level and were
more sensitive to DNA-damaging agents.

An extensive study of PD-L1 protein expression in breast
cancer using tissue microarrays found a very low expression
of 6% in TILs and an even lower expression of 1.7% in
tumor cells (21). Basal-like tumors defined genomically or
by surrogate triple negativity in immunohistochemistry were
more often positive and displayed more often (19%) an
infiltration by PD-L1-expressing TILs. Another study
confirmed a higher positivity for PD-L1 in triple-negative
carcinomas, which were positive in about 20% of cases
(22). Others have reported PD-L1 expression in both the
tumor cells and TILs of breast cancers in 34% and 41% of
cases respectively (23). ER- and progesterone receptor (PR)-
negative tumors, as well as Her2-positive ones had a higher
PD-L1 positivity. A tissue microarray immuno -
histochemistry series of 650 breast cancer patients found
23.4% of patient samples to be positive for PD-L1 in tumor
cells (24). Basal and Her-2 overexpressing carcinomas
displayed an even higher positivity of 29% to 34%,
consistent with the previous study, while luminal A and
Her2-negative luminal B cancers were PD-L1 positive in
12.1% and 20.4% of cases respectively. In multivariate
analysis, PD-L1 positivity was associated with a worse
overall survival in the entire cohort and the basal subset but
not in other sub-types (24). A study of 870 breast cancer
patients from China used immunohistochemistry for PD-L1
detection and found positivity in 21.7% of patients (25).
PD-L1 expression was associated with triple-negative
tumors, higher grade and size, node positivity and a worse
prognosis. Still, another immunohistochemistry study
examining both PD-L1 and PD-L2 in 192 stage I to III
breast cancer patients showed 56.6% and 50.8% to be
positive, respectively, and confirmed that positive tumors
were more often ER-negative and lymph node-positive (26).
Unexpectedly, despite a higher distant recurrence rate in
PD-L1 positive patients, their overall survival was better
than PD-L1-negative patients, a fact that the authors
attributed to a stronger underlying anti-tumor immune
response leading to the observed PD-L1 positivity (26).
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Interestingly circulating breast cancer cells from
metastatic ER-positive Her2-negative breast cancers express
PD-L1 in a higher percentage (68%) than that seen in this
sub-type of patients discussed above, arguing for increased
expression of the molecule along with progressing disease
(27). An additional study showed an increase of PD-L1
mRNA expression in peripheral blood cells of breast cancer
patients compared with healthy controls (28). Patients with
metastatic disease had even higher PD-L1 mRNA expression
in their peripheral blood cells than patients with localized
disease (28).

A tissue microarray-based immunohistochemistry analysis
similar to the one performed for PD-L1 was also undertaken
for expression of PD-1 in TILs of breast cancer (29). 15.8%
of the cases were positive for PD-1 TILs. Again, basic-like
cancers had the higher positivity rate (27.3%), followed by
Her-2 positive cancers, while luminal cancers had a lower
positivity (4.7% for luminal A and 12.1% for luminal B). In
the cohort as a whole and the basal-like subset, cases with
PD-1-positive TILs had a worse overall survival than
patients without PD-1-positive TILs (29).

Overall, most expression studies of immune blockade
molecules in breast cancer confirm expression in a
significant percentage of patients that is higher in triple-
negative and Her2-positive subtypes than in ER-positive
cancers (Table I). Regarding prognosis, a high expression of
immune blockade molecules in TILs and low expression in
cancer cells may be associated with the best survival
outcomes. This profile may be associated with an activated
immune response. It also appears that there are increases in
expression of immune blockade molecules as a tumor
progresses from in situ to invasive and then to metastatic.

TILs as a Prognostic Marker and 
Possible Predictive Marker of Response to 
Immune Blockade Inhibitors in Breast Cancer

As described in the previous section, studies have examined
the presence of TILs in conjunction with expression of
immune blockade molecules given that the two constitute
elements of the immune response initiation and subsequent
regulation and presence of the immune cells in the tumor
microenvironment is thought to be a prerequisite for the
mounting of a successful anti-tumoral immune response.
Several studies have examined TILs independently of
immune blockade molecules as prognostic markers
influencing breast cancer outcomes in chemotherapy trials.
Increased TILs were an independent good prognostic factor
in a meta-analysis of triple-negative breast cancers (30). A
meta-analysis of studies examining TILs in early stage triple-
negative breast cancer confirmed that increased infiltrates
were associated with a better disease-free survival, distant
disease-free survival and overall survival (31).  

In Her2-positive early breast cancer treated in a phase III
trial, a higher number of TILs was predictive of a benefit of
trastuzumab treatment (32). Patients with higher numbers of
stromal TILs in their tumors had a significant better survival
when treated with trastuzumab compared with those having
high TILs but no trastuzumab treatment. In patients with low
TILs, addition of trastuzumab in their adjuvant chemotherapy
treatment did not affect outcome (32). These results argue for
an important role of antibody-mediated cytotoxic immune
response as a mechanism of trastuzumab action in Her2-
positive breast cancer. In the overall Her2-positive population
in this study, TILs density was not prognostic of distant
disease-free survival, while in the triple-negative population
TILs were prognostic for this outcome (32).

In a study of TILs in localized triple-negative and Her2-
positive breast cancers that used a three tier evaluation
system in pathologic slides (high TILs >50%, intermediate
10-50% and low TILs <10%), a high TILs infiltration was
associated with a better prognosis in triple-negative patients
treated with adjuvant chemotherapy but not in Her2-positive
patients (33). In contrast, high post-treatment TILs had a
good prognostic implication after neo-adjuvant treatment in
Her2-positive cancers but displayed no statistically
significant prognostic value in triple-negative ones.
Nevertheless, the four triple-negative patients in the high
TILs tier had all remained relapse-free, while eleven of 24
patients in the intermediate and low TILs tiers had relapsed
within about 3 years of follow-up (33).

Additional studies in the neo-adjuvant setting were
performed and reviewed in a meta-analysis that studied the
value of TILs as a predictor of pathologic complete response
(pCR) after neo-adjuvant chemotherapy (34). Higher TILs
numbers were associated with a better rate of pCR overall
and in triple-negative and Her2-positive carcinomas but not
in ER-positive cancers. Data from the NeoSphere trial that
compared different combinations of neo-adjuvant therapies
in Her2-positive breast cancers used a three tier TILs grading
system (<5%, 5-50% and >50%) and showed that 14%, 69%
and 17% of cases belonged to the low, intermediate and high
TILs categories, respectively (35). In the three arms of the
study that neo-adjuvant treatment consisted of doublets of
docetaxel, trastuzumab and pertuzumab, the pathologic
complete response rate in the breast (pCRB) was lower for
the low TILs carcinomas (4.3%) than for the intermediate
and high TILs carcinomas (26.9% and 26.4%, respectively).
In the triplet arm receiving all three drugs a more balanced
pCRB rate was observed (28.6%, 48.9% and 22.2% in the
low, intermediate and high TILs groups, respectively) (35).
A study of anthracycline and taxane-based neo-adjuvant
chemotherapy, which included only Her2-negative patients,
showed that 36.5% of ER-negative patients (triple-negative)
were lymphocyte-predominant (defined as having more than
60% TILs), while only 12% of ER-positive patients had
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lymphocyte predominance (36). Patients with lymphocyte
predominance had a significantly higher percentage of
complete pathologic response to neo-adjuvant chemotherapy
(36). In another neo-adjuvant study of triple-negative
patients who received chemotherapy with or without the anti-
EGFR antibody panitumumab, patients with higher CD8+
TILs (defined in this study as a TILs count >118) had an
84% pCR rate as compared to 10% in patients with low TILs
(37). In addition, a positive correlation of TILs with PD-L1
expression in cancer cells and stroma and with complete
pathologic response (pCR) following neo-adjuvant
chemotherapy was shown in another study (38). Specific
sub-sets predicting for a good pCR rate included CD8+
infiltrates and FOXP3+ but persistence of FOXP3+ TILs
after neo-adjuvant treatment was associated with an inferior
complete pathologic response rate (34). 

The types of immune cells in the tumor microenvironment
is equally or even more important than the number of TILs.
Effector CD8+ cells are the lymphocytes that, when activated,
execute the immune surveillance, while regulatory FOXP3+
lymphocytes are inhibitory and impede immune responses
having the physiologic role of preventing excessive activation
but in the tumor microenvironment they may act as inhibitors
of the anti-tumor response. A study in breast cancer patients
showed that higher FOXP3+ and lower CD8+ cell infiltrates

in the tumor were associated with metastatic disease to the
lymph nodes (39). Nevertheless, despite a negative prognostic
value in univariate analysis, multivariate analysis concluded
that FOXP3+ TILs had no independent prognostic influence
in a series of more than 1,400 breast cancer patients, possibly
due to association with other immune cell sub-sets and other
prognostic factors (40). Another study of circulating
lymphocyte populations reported that the absolute numbers
of FOXP3+ cells were not different between breast cancer
patients of early or late stages of breast cancer and healthy
controls but the total number of CD4+ was lower in patients
(41). In another study of neo-adjuvant chemotherapy, yet,
patients that responded positively to treatment had a decrease
in circulating FOXP3+ lymphocytes, although their levels
were not completely normalized (42). CD20+ B cells show
also a positive correlation with an improved survival in breast
cancer (43). These infiltrates are mostly located at the
periphery of the tumors and are, similarly to T cell sub-sets,
associated with ER-negative tumors. The periphery of the
tumor is also the most common part of the tumor
environment where CD8+ T cells are observed and, due to
this predominance, they become statistically predictive for a
positive prognosis in breast cancer (44).

Overall, available data lead to conclude that TILs have a
higher prevalence in triple-negative and Her2-positive breast
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Table I. Overview of CTLA-4 and PD-L1/PD-1 expression in breast cancer.

•   High expression of CTLA-4 in tumor cells in 37% of breast cancer cases and in TILs in 56% of breast cancer cases.
•   CTLA-4 expression also observed in associated carcinomas in situ but not adjacent normal breast epithelium.
•   Higher expression of CTLA-4 in tumor cells and lower expression in TILs associated with better prognosis.
•   PD-L1 expression is observed in about 20% of all breast cancers and varies with breast cancer sub-type: Higher in triple-negative and Her2-

positive cancers (30-35%), less in luminal B cancers ( about 20%) and least in luminal A cancers (about 10%).
•   PD-L1 expression seems to be associated with adverse prognostic features (higher grade and size and node positivity)
•   PD-L1 expression was documented in circulating ER-positive Her2-negative breast cancer cells. 
•   Prognostic value of PD-L1 expression in breast cancer is not clear and may be confounded by associations with other prognostic factors or

expression of other immune modulators.
•   PD-1 expression is observed in TILs in about 15% of breast cancers with the higher expression again in triple-negative cancers followed by Her2-

positive, luminal B and luminal A cancers in decreasing order of positivity.

Table II. Overview of TILs presence and significance in breast cancer.

•   Lymphocyte-predominant (TILs more than 50-60%) breast cancers represent about 12%, 18% and 36% of ER+, Her2+ and triple-negative cancers,
respectively.

•   TILs presence is associated with better prognosis in triple-negative and Her2-positive cancers.
•   TILs presence is associated with a higher benefit from addition of trastuzumab in Her2-positive cancers.
•   Post-neoadjuvant treatment TILs presence is associated with good prognosis in Her2-positive cancers.
•   No association of TILs (as a continuous variable) with pathologic response after neoadjuvant treatment in ER-positive cancers.
•   Possible association of lymphocyte predominance with complete pathologic response post-anthracycline/ taxane-based chemotherapy in ER-

positive cancers.
•   Positive correlation of TILs with PD-L1 expression in cancer cells and stroma.
•   A possible predictive value of TILs in immune blockade inhibitor therapies efficacy is suggested by their association with triple-negative cancers

but remains to be confirmed.



cancers and portend an improved prognosis (Table II).
Specific immune cell type of infiltrates may be of
importance. In ER-positive cancers, TILs prevalence is lower
and it becomes more difficult to confirm their prognostic
value. Whether TILs predict indeed for immune blockade
inhibitors efficacy in breast cancer remains to be confirmed
in the clinical trials under way. Utility of TILs as biomarkers
will be greatly improved by establishing consensus criteria
for their identification and quantification in clinical practice
(45). The fact that triple-negative tumors tend to respond to
these drugs in the initial clinical trials as will be discussed
in a following section would argue for the value of TILs as
predictors of response markers.

Genetic Instability as a Predictor 
of Immune Blockade Efficacy

Another predictor of response of an individual tumor to
immune blockade inhibition could be its propensity to
present neo-antigens, novel antigens derived from mutant or
abnormally expressed proteins. Immune CD8+ cells targeting
tumor neo-antigens are kept under control inside the tumor
site by inhibitory molecules, such as CTLA-4 and PD-L1
(46). The number of CD8+ immune cells bearing a TCR able
to recognize a tumor epitope and infiltrating the tumor may
be directly related to the number of new mutated proteins
that a tumor cell harbors, related in its turn to genetic
instability, despite the fact that only a minority of mutations
are actually able to produce neo-antigens (47). This has been
studied experimentally in colon cancer where there is a well-
established dichotomy between microsatellite stable and
instable cancers (MSS and MSI, respectively). MSI colon
cancers are associated with down-regulation of one of the
mismatch repair genes, such as MSH2, MSH6, MLH1 and
PMS2, producing a high load of mutations and tumor neo-
antigens that are 10- to 50-times higher than those in MSS
cancers (48). These neo-antigens are associated with
increased TILs in MSI cancers (49). Nevertheless, TILs are
not producing robust immune rejections because of the
actions of immune blockade molecules (50). Thus, immune
blockade inhibitors have been proposed and are studied as
treatment, specifically in MSI colorectal cancers and other
mismatch repair deficient cancers. Despite the fact that
colorectal cancers overall have shown low rates of response
to immune blockade inhibitors, MSI cancers displayed a
40% response rate and 50% stability (51). In breast cancer,
the incidence of MSI is much lower than the incidence
observed in colorectal or endometrial carcinomas and ranges
between 1-3% only (52, 53). This is depicted in studies of
mutational landscapes across different types of cancers
where breast cancer has one of the lowest mutation burden
compared with other locations, such as melanoma and lung
cancers (54, 55). These considerations, though, do not

exclude the possibility that a sub-set of breast cancers are
immunogenic and may be appropriate for immune blockade
treatments. In addition, even a low mutational burden could
theoretically be sufficient if presentation of neo-antigens is
efficient. In this regard, a study that used an in silico epitope
prediction algorithm proposed that both breast and colorectal
cancers present an average of seven to ten human leukocyte
antigen (HLA)-A*0201-associated neo-antigens (56).
Specifically in the lobular histology sub-type of breast
cancer, some lobular carcinomas contain a higher number of
somatic mutations than other lobular cancers and have a
worse prognosis (20). These could represent an opportunity
for therapeutic targeting.

The number of mutations in a tumor may predict benefit
from CTLA-4 inhibitor treatment. This was the conclusion
of a study in melanoma patients treated with ipilimumab
that examined mutation load by whole exome sequencing
(57). Patients with long-term benefit from the drug had a
higher number of exomic missense mutations than patients
that did not derived any benefit or had only minimal
benefit. In addition, patients with more than 100 mutations
in their exomes had a higher overall survival after
ipilimumab treatment than patients with a lower number of
mutations (57).

Presentation of neo-antigens involves MHC I molecules
expression in tumor cell surface. This expression is regulated
by γδ T cells and natural killer (NK) cells infiltrating the
tumor microenvironment and producing interferon γ (IFN-γ)
(58). MCH II expression is also important in immune
response regulation in triple-negative breast cancers (59).
Tumors with high MHC II expression are able to mount an
immune response and have a better progression-free survival
than counterparts with low MCH II. This is an important step
because unstable cancers may still not respond optimally to
immune treatments if they are unable to present neo-antigens
to the immune system. Moreover, infiltration by CD4+
helper T cells may decrease expression of PD-L1 on the
surface of breast tumor-specific cytotoxic CD8+ cells,
preventing their exhaustion (60). Thus, a variety of cells in
the immune infiltrate are necessary for antigen presentation
and mounting an antitumor response by the immune system
to an immunogenic cancer, which explains the fact that the
type of the immune infiltrate is a parameter that has to be
taken into consideration, in addition to the total number of
TILs, as mentioned in the previous section (61).

Preclinical Studies on Immune Blockade 
in Breast Cancer

Molecular pathways and factors that modulate expression of
immune blockade molecules in tumor cells are of interest
because their knowledge may lead to interventions to
manipulate them for clinical benefit. Regulation may result
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from exogenous signals from the tumor microenvironment
but also from intra-cellular signals resulting from
oncogenesis-related pathways (Figure 1). Molecular lesions
affecting the PI3K/Akt pathway are common in breast
cancers. Phosphatase and tensin homolog (PTEN) down-
regulation or loss is one of these lesions and leads to up-
regulation of PD-L1 expression (22). Breast cancer cells with
high activity of the pathway displayed high PD-L1
expression, which was decreased by treatment with an Akt
inhibitor or the mammalian target of rapamycin (mTOR)
inhibitor rapamycin (kinase mTOR is down-stream of
PI3K/Akt). PI3K/Akt pathway is also downstream of
EGFR/Her2 receptors and activation leads to trastuzumab
resistance (62). Treatment with combination of a Her2
antibody and the Akt inhibitor triciribine reverses this
resistance and inhibits human xenografts overexpressing
Her2 in a mouse model. In addition, increased T cell
infiltrates were observed after combination treatment and
further enhancement of antineoplastic effect of the
combination was obtained by adding an anti-CTLA-4
antibody (62). The RAS/MAPK pathway is also situated
downstream of EGFR/Her2 receptors signaling and their
activation is associated with reduced TILs in triple-negative
breast cancer (63). Inhibition of the pathway with a MEK
inhibitor results in up-regulation of both MHC I molecules
and PD-L1 in triple-negative cancer cell surface and
combination of MEK and PD-L1 inhibition synergize to
inhibit the growth of these cells in an in vivo mouse model
(63). Up-regulation of PD-L1 through activation of both the
RAS/MAPK and the PI3K/Akt pathway is observed
additionally in non-small cell lung cancer (NSCLC) mutant
for EGFR or carrying the EML4-ALK translocation,
suggesting that these oncogenic pathways have a consistent
role in PD-L1 expression regulation in several types of
cancers where they are activated (64).

The oncogene MYC is a transcriptional regulator of PD-
L1 and additionally of receptor CD47 that inhibits innate
response in murine and human cancer cells (65). MYC
inactivation led to suppression of both immune molecules
expression and tumor growth inhibition and increased
immune cells infiltration in vivo.

Chemotherapeutic agents, such as paclitaxel, 5-
fluorouracil (5-FU) and etoposide, used in breast cancer
treatment (the first two in both the adjuvant and metastatic
setting and the third in the metastatic setting) have been
found to up-regulate PD-L1 in the breast cancer cell line
MDA-MB-468 (66) (Figure 1). This up-regulation promoted
apoptosis of co-cultured T cells. IFN-γ could up-regulate
PD-L1 expression in breast cancer cell lines and this up-
regulation was more pronounced in basal type cell lines that
have a higher baseline PD-L1 expression (67).

Tumor suppressor p53 down-regulates PD-L1 expression
through induction of miR-34 and miR-200 (68, 69). In tumor

cells with mutated p53, these miRs are down-regulated and,
as a result, PD-L1 mRNA is translated, contributing to
immune evasion (Figure 1). Both miR-34 and miR-200
families have additional targets. For example miR-200s
participate in epithelial mesenchymal transition (EMT),
associating invasion and metastasis with immune evasion.

The regulation of immune blockade molecules in cancer
cells by carcinogenesis-associated pathways could be used
therapeutically in combination treatments, including
inhibitors of these pathways and immune blockade inhibitors
whence the first drug would contribute to down-regulation
of expression of immune blockade molecules making their
inhibition by the second drug easier to effect. On the other
hand, activation of down-regulated tumor suppressor
pathways, such as p53, have been notoriously difficult to
accomplish but, theoretically, it could be boosted by
combining with immune blockade inhibitors.

Integration of Predictive Factors

Integration of predictive factors for response to immune
blockade inhibitors could be the optimal means of predicting
response at the individual patient level and optimizing
treatment offered. An interesting model of classifying cancers
taking into consideration PD-L1 expression by tumor cells and
presence of TILs has been proposed and could be used as a
predictive tool of response to PD-L1 inhibitors (70).
According to this schema, cancers can be viewed as belonging
to one of four categories: Cancers expressing PD-L1 and
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Figure 1. Activation of PD-L1 expression by oncogenic pathways
downstream of receptor tyrosine kinases. The EGFR1/ Her2 heterodimer
is depicted in the figure as an example. PD-L1 is up-regulated
additionally by oncogene MYC and chemotherapeutic drugs.
Debilitating mutations of tumor suppressor p53 that would otherwise
down-regulate PD-L1 translation through miR-34 and miR-200 family
miRs result in PD-L1 up-regulation. The RAS/MAPK pathway down-
regulates the expression of MHC I molecules in tumor cells decreasing
their ability to present neo-antigens to the immune system.



positive for TILs, cancers negative for PD-L1 and TILs,
cancers expressing PD-L1 but without TILs and, lastly,
cancers negative for PD-L1 expression but infiltrated by TILs
(70). Cancers in the first category are believed to have
acquired an adaptive immune resistance by expressing PD-L1
in order to neutralize invading TILs. They constitute the most
probable candidate group for effective anti-PD-L1 immune
blockade treatment. Those cancers in the second group are
believed to be ignored by the immune system, for example
because they do not present neo-antigens. Cancers in the third
group express PD-L1 due to intrinsic activation of expression,
for example due to oncogene pathways activity and not due to
extrinsic TILs pressure. Both the second and third group could
be candidates for combination treatments with anti-CTLA4
inhibitors to induce TILs by improved antigen presentation in
remote lymphoid organs, as well as chemotherapy or
radiotherapy to induce tumor neo-antigen presentation due to
tumor cell death with or without addition of anti-PD-L1
inhibitors. The fourth group, cancers with TILs but without
PD-L1 expression on tumor cells are believed to have
developed immune tolerance due to alternative immune
blockade pairs, such as T-cell immunoglobulin and mucin-
domain containing-3 (TIM3)/ galectin 9 or B and T
lymphocyte attenuator/herpes virus entry mediator
(BTLA/HVEM), and could benefit for development of
inhibitors of these molecules in the future (71). This schematic
framework could be further improved by including other
parameters, such as genetic instability and types of TILs in
order to increase its usefulness. Additional candidates could
be circulating lymphocytes or serum proteins associated with
immune responses such, as C-reactive protein (CRP) and
lactate dehydrogenase (LDH) (72, 73). The model could also
be modified to include CTLA4 expression for use in
prediction of anti-CTLA4 therapies efficacy. If validated
clinically, it could aid in personalized immunotherapy
development and, thus, increase efficacy and decrease adverse
effects and cost by avoiding treatment in patients predicted not
to benefit from a specific treatment. Any predictive model
would have to be robust and reproducible to enter the clinic
as clinicians are generally reluctant to exclude patients from
a treatment even if the probability of benefit is small,
especially if there are no many therapeutic alternatives. 

Immune Blockade Inhibitors Currently 
Used and Investigated in Cancer

The first immune blockade pair that was pharmacologically
targeted in cancer was the CD80/CD86 ligand- CTLA-4
receptor present in the presentation synapse, but also in the
tumor microenvironment. When an antigen bearing MHC II
molecule on an APC binds the TCR on an effector T cell and
concomitantly CD80 or CD86 ligands bind CTLA-4
inhibiting co-receptor, instead of the activating CD28

receptor, the T cell becomes anergic instead of activated. The
monoclonal antibody ipilimumab binds CTLA-4 and
prevents its interaction with CD80 and CD86 that may then
engage the activating CD28. In this way, activation is
favored at the expense of anergy and apoptosis of the T cell
that bears the blocked CTLA-4. Ipilimumab is currently
approved for the treatment of metastatic melanoma and
benefit has been demonstrated with adjuvant treatment of
node-positive melanoma, which led to the recent approval of
ipilimumab for this indication by the American Food and
Drug Administration (FDA) (74, 75).

More recently, inhibitors of the PD-L1/PD-L2- PD-1 pair
have become clinically available. Inhibition of this interaction
may activate the immune anti-tumor response in both the
presentation and the effector step as PD-L molecules are
expressed by both APCs and cancer cells. Two monoclonal
antibodies against PD-1, nivolumab and pembrolizumab, are
currently in clinical use. Nivolumab is approved alone and in
combination with ipilimumab in metastatic melanoma and as
monotherapy in metastatic NSCLC and renal cell carcinoma.
Pembrolizumab is used in metastatic melanoma. Both drugs
have shown impressive activity in phase III trials in these
cancers with a very manageable toxicity profile (76-80).
Several advanced trials seek to expand these indications to
other cancers, among which is breast cancer, and investigate
additional immune blockade inhibitors. For example, in an
expanded phase I study of metastatic bladder transitional cell
carcinoma patients, the monoclonal anti-PD-L1 antibody
atezolizumab (also known as MPDL3280A) has shown
remarkable activity (81). About 25% of patients obtained an
objective response and another 30% had stable disease.
Response rates were even higher (42%) in patients with the
highest expression of PD-L1 in their TILs. Atezolizumab has
just obtained regulatory approval for the indication of
metastatic platinum-refractory transitional carcinoma of the
urinary bladder. In another expanded phase I multinational
study of the anti-PD-1 antibody pembrolizumab in patients
with mostly pretreated advanced gastric cancers, the response
rate observed was 22% (eight of 36 evaluable patients) and
an additional five patients had stable disease (82). This cohort
was part of a larger study that included also other cancer sites
and only patients positive for PD-L1 (defined as at least 1%
positive tumor cells in a single histologic section).

More rare sub-types of common cancers, such as small-
cell lung cancer (SCLC) or rare types of cancer, such as
Merkel-cell carcinoma have, additionally, been studied and
displayed sensitivity to immune blockade inhibitors (83, 84).

Clinical Studies of Immune Blockade 
Inhibitors in Breast Cancer

Initial results of immune blockade inhibitors clinical studies
in breast cancer have been reported. A phase I study examined
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the combination of the aromatase inhibitor exemestane with
the anti-CTLA4 monoclonal antibody tremelimumab in
patients with pre-treated hormone-sensitive metastatic breast
cancer (85). The maximal tolerated dose (MTD) of
tremelimumab was determined to be 6 mg/kg every 90 days
in combination with the standard 25 mg oral dose of
exemestane daily. Although no objective responses were
observed, 42% of patients had stable disease for at least three
months (85). A third of these patients had previously
progressed in exemestane monotherapy. Of interest, an
increase in the ratio of ICOS+ activated T cells to FOXP3+
regulatory T cells was observed after tremelimumab treatment.

Pembrolizumab has been evaluated in patients with ER-
positive, Her2-negative metastatic breast cancer and in triple-
negative patients (86, 87). Twenty five heavily pretreated
patients were included in the ER-positive, Her2-negative
study and 19% had tumors positive for PD-L1 (86). The
overall response rate (ORR) observed was 14% and responses
seemed to be long-lived. Overall tolerance was good and no
new concerns regarding auto-immune toxicity have emerged.
In the triple-negative phase Iβ study, 111 heavily pre-treated
patients with PD-L1-positive (defined as >1% expression in
tumor or stromal cells) disease were included and received
10 mg/kg of pembrolizumab every 2 weeks as monotherapy
(87). Twenty-seven patients were evaluable for response and
had an ORR of 18.5% with a duration of 15 weeks to more
than 47 weeks. Grade 3 or higher toxicity was observed in
15.6% of patients and there was one treatment-related death
from disseminated intravascular coagulation in a patient with
rapidly progressive disease not responding to three previous
lines of therapy (87).

A study examining the PD-L1 monoclonal antibody
avelumab had included 168 pretreated (up to three lines of
therapy) patients with locally advanced or metastatic breast
cancer with all sub-types (88). About 43% of patients had
hormone receptor-positive, Her2-negative disease, 15.5%
were Her2-positive and 34.5% were triple-negative. ORR was
only 4.8% but in triple-negative patients it was somewhat
higher at 8.6%. Median duration of response in responding
patients exceeded 6 months and tolerance was acceptable.

Another PD-L1 monoclonal antibody, atezolizumab, was
studied in metastatic triple-negative breast cancer patients (89).
Of 53 patients included, 21 had expression of PD-L1 in 5% or

more of their TILs. Five of these 21 patients (24%) showed a
response (3 PR and 2 CR) and an additional three patients
(14%) had a pseudoprogression (a mixed response, occasionally
followed by regression). Six of the 54 patients (11%) had severe
(grade 3 and 4) adverse events (mainly cytopenias).

Several other trials are in progress but results are not
available yet. These include studies in the neoadjuvant setting,
studies with additional drugs as monotherapies, such as the
PD-1 antibody PDR001 (study number NCT02404441,
clinicaltrials.gov, accessed July 29, 2016), as well as
combinations, some of which will be discussed in the
following section.

Perspectives: Combination Treatments 
to Increase Efficacy

Immune blockade inhibitors may be a valid treatment for
some patients with breast cancer, especially of triple-negative
or Her2-positive sub-sets. Nevertheless, based on the
available data the majority of patients, even in these sub-sets,
do not respond and responses are even rarer in ER-positive
sub-sets. Prognostic markers present the opportunity to better
define expected responders and possibly could guide
improved therapeutic plans with combinations of immune
blockade inhibitors with other drugs and therapeutic
modalities, if coupled with a better understanding of the
cause of resistance (Table III).

A combination treatment that could produce superior
responses compared to monotherapy based on the melanoma
experience is with immune blockade inhibitors targeting
different molecules. In patients with metastatic melanoma
having received no previous therapy, the combination of
ipilimumab and nivolumab was more effective than
monotherapy with ipilimumab (90). Response rate in the
combination arm was 61% (22% complete responses) and in
the ipilimumab arm only 11% (all partial responses).
Progression-free survival also significantly increased with
the combination. This study included mostly BRAF wild-type
patients, but the small number of BRAF V600E mutant
patients included had a similar benefit (90). Adverse effects
were more common in the combination arm and were the
most common reason of discontinuation of treatment in this
arm, as opposed to the monotherapy arm where disease
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Table III. Candidate treatments for combination with immune blockade inhibitors.

•   Chemotherapy (e.g. nab-paclitaxel).
•   Radiation therapy (abscopal phenomenon).
•   Other immune modulators (CD73 inhibitors, adenosine receptor antagonists).
•   Other targeted therapies used in breast cancer (e.g. ado-trastuzumab emtansine in Her2-positive carcinomas).
•   Repurposing of drugs used in other indications for combination (e.g. avacimibe).
•   Stem cells/stemness inhibitors.



progression was the most common discontinuation cause.
Based on these encouraging results, combinations with
checkpoint inhibitors could be a strategy to pursue in other
types of cancers, including breast cancer, to increase
response rates and induce responses in patients unresponsive
to monotherapies. The effectiveness of this combination
strategy may rely on the fact that inhibition of PD-1
engagement in immune cells, besides activating these cells,
induces activation of CTLA4 receptors in cell surface, thus
leading to feedback inhibition (91).

Another inhibitory immune receptor that is induced after
PD-1 inhibition resulting in T cell activation is the adenosine
receptor 2A (92). This receptor is activated by ligation to its
ligand adenosine, produced from hydrolysis of AMP
catalyzed by ectonucleotidase CD73. Activation of the
adenosine receptor 2A in the membrane of T cells leads to a
feedback inhibition of T cell activation. Inhibition of CD73
by the use of a monoclonal antibody enhanced the activity of
anti-PD-1 and anti-CTLA-4 antibodies in mouse models of
colon, prostate and breast cancer xenografts (93).
Alternatively, adenosine receptor 2A may be inhibited directly
by receptor antagonists. One such drug, tozadenant, is in
clinical trials for Parkinson’s disease and has been proved to
be safe (94). Thus, it could be more easily repurposed for
combination immunotherapy treatment in cancer. In addition
of being a potential therapeutic target, expression of CD73 in
triple-negative breast cancers is a predictive marker of
anthracycline resistance (95). It has also been proposed as a
marker of response to anti-PD-1 treatments (96). Thus, CD73
deserves to be further studied as a predictive marker of
multiple other treatments in addition to being a putative
predictive bio-marker of its own pathway inhibition.

Her2-positive breast cancer patients receive anti-Her2
monoclonal antibodies as part of their treatment that work
by direct cytotoxicity to tumor cells but also by eliciting
antibody dependent immune responses. A preclinical in vivo
study in mice has shown that the monoclonal anti-Her2
antibody- drug conjugate ado-trastuzumab emtansine (T-
DM1) in combination with anti-CTLA4 or anti-PD-1
antibodies led to responses in xenografted tumors that had
been resistant to T-DM1 monotherapy (97). The combination
of trastuzumab with pembrolizumab is now investigated in a
phase Ib-II trial (PANACEA trial, NCT02129556) in patients
with metastatic Her-2 positive breast cancers resistant to
trastuzumab (clinicaltrials.gov, accessed July 2, 2016).

Another combination that has produced encouraging pre-
clinical results in a melanoma mouse model used the
combination of an anti-PD-1 antibody and the cholesterol
lowering drug avasimibe, an ACAT1 (Acyl-coenzyme A:
cholesterol acyltransferase 1) inhibitor (98). Avasimibe
boosts CD8+ lymphocytes cytotoxicity by increasing
cholesterol content in their membrane, which enhances T cell
receptor clustering and immune synapses formation. The

combination of avasimibe with an anti-PD-1 antibody led to
improved tumor control and survival of melanoma-bearing
mice than either drugs alone (98).

Chemotherapy drugs are currently the backbone of therapy
for triple-negative metastatic breast cancers. As previously
discussed, these drugs up-regulate immune blockade
molecules and, thus, immune blockade inhibitors combined
with chemotherapeutics could reverse resistance derived
from this up-regulation. A phase III trial comparing the
combination of a protein-bound form of paclitaxel (nab-
paclitaxel) and atezolizumab with nab-paclitaxel
monotherapy in patients with metastatic triple-negative
breast cancer is on-going (99). 

Radiation therapy has systemic effects derived from
immune stimulation and its combination with immune
blockade inhibitors to boost these effects is under
investigation (100, 101). Systemic effects of radiation,
referred to as abscopal, are derived from destruction of
tumor cells that elicit antigen production, as well as other
effects, such as production of cytokines, that stimulate the
immune system and up-regulation of MHC I molecules and
danger signals (102). Concomitantly, checkpoint molecule
PD-L1 is also up-regulated in irradiated tissues. Thus, the
combination of inhibitors blocking PD-L1, PD-1 or CTLA-
4 has the potential to act synergistically with radiation (103).

Significant enthusiasm and resources have been dedicated
over the past decades to the field of cancer vaccines with
frustratingly disappointing results overall (104). Various
techniques and antigens have been used over the years with
concomitant adjuvants to induce clones of cytotoxic
lymphocytes with tumor antigen specificity. This production
has been used as evidence of “success” for the strategy but
clinical responses had been rare. More recently with the
understanding that immune blockade molecules may be one
of the major hurdles of in vivo activity for the produced anti-
tumor clones, a combination of vaccination with checkpoint
inhibitors has been studied in early trials in melanoma (105).
Although still early, so far, the addition of vaccines has not
increased the effectiveness of ipilimumab, suggesting that
optimization of the techniques and timing is needed.

As discussed in a previous section, resistance to PD-
L1/PD-1 inhibition may be associated with up-regulation of
alternative immune blockade pairs. An in vivo pre-clinical
study in mice bearing non-small cell carcinoma xenografts
has shown that resistant tumors developed in mice treated
with anti-PD-1 antibodies and were associated with higher
expression of TIM-3 in T cells (106). Treatment with anti-
TIM-3 antibodies concomitantly to anti-PD-1 antibodies
prevented development of resistance and, thus, could be a
candidate therapy to be further pursued. Activating
antibodies of immune co-activators, such as OX40, could be
an alternative strategy for combination development (107).
Another immune co-activator, ICOS, though, promotes
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interaction of Tregs with plasmacytoid dentritic cells in
breast tumor microenvironment, leading to immune escape
(108). Thus, not all co-activator pair stimulation would
necessarily result in anti-tumors immune response
promotion and effects of specific interventions need to be
carefully studied in preclinical models before advancing to
clinical trials. 

Resistance to therapies in cancer in general and breast
cancer in particular may be mediated by cancer stem cells
(CSCs), a sub-set of cancer cell populations with the ability
to repopulate tumors and produce the cell heterogeneity of
cancers (109). Cells with the breast cancer stem cell
phenotype arise after treatment of Her2-positive tumors with
trastuzumab and polyclonal NK cells mediating antibody-
dependent cell-mediated cytotoxicity (ADCC) (110). These
cells that arise after treatment have undergone an EMT that
is associated with expression of pluripotency phenotypes
(111). A similar phenomenon with expression of pluripotency
proteins, such as Nanog, has been observed following
development of resistance to antitumor vaccines (112).
Decreased expression of immune response molecules, such
as MCH I and II and NK cells activating ligands by CSCs
may mediate their lower immunogenicity as suggested for
CSCs in the case of glioblastoma (113). Immune checkpoint
proteins in breast CSCs could also mediate their decreased
immunogenicity as suggested by these studies and could be
reversed by immune blockade inhibitors, providing an
additional rational for combinations with existing
monoclonal antibody therapies in breast cancer. 

As evidenced from this discussion, not all of the
combinations proposed have been studied in breast cancer
models but, based on the experience with immune blockade
inhibitors so far, their effectiveness is more dependent on the
immunogenicity of the cancers and the role played by the
molecule to be inhibited in the particular tumor
microenvironment. These considerations would argue for a
high probability of success of these combinations in breast
cancer under the right conditions. These “right conditions”
are the biomarkers needed to be developed in parallel
(companion diagnostics) with the immune blockade inhibitor
drugs in clinical trials for harnessing their maximal benefit
in breast cancer patients (114). With these predictive
biomarkers as tools it may become possible to target not only
the more immunogenic triple-negative and Her2-positive
cancers but also sub-sets of ER-positive ones. 
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