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Abstract
Purpose of Review To summarize and discuss the available evidence and ongoing efforts in order to establish the efficacy and
safety of immunotherapeutic approaches in HER2-positive breast cancer.
Recent Findings The introduction into the clinic of anti-HER2–targeted therapies more than 15 years ago resulted in a substantial
improvement in the outcome of patients with HER2-overexpressing breast cancer. However, only patients with the highest levels
of HER2 expression will potentially benefit from these therapies and, unfortunately, many patients progress or relapse after
optimal treatment. As metastatic breast cancer remains an incurable disease, new therapeutic strategies are urgently needed to
improve clinical outcomes in these patients. Immunotherapy is emerging as a new treatment modality in breast cancer. Although
it has long been regarded as a non-immunogenic disease, new preclinical and clinical studies have emphasized the therapeutic
potential of the use of anti-HER2 therapies in combination with immune checkpoint inhibitors in improving outcomes in breast
cancer patients.
Summary Emerging results from clinical trials evaluating immunotherapeutic agents, either as monotherapy or in combination
with anti-HER2–targeted therapies, are showing promising results in the management of HER2-positive breast cancer.
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Introduction

The immune system is the hardwired host defense mechanism
that acts against pathogens and cancer. Immune cells present
in the tumor microenvironment play a critical role in regulat-
ing tumor progression and control, and themanipulation of the
immune microenvironment has already emerged as a promis-
ing tool for novel cancer treatments [1•, 2]. Although the idea

of harnessing immune cells to fight cancer is not new, it has
only recently gained interest thanks to advances in both basic
immunology research [3] and the advent of immuno-oncology
[4]. The 2018 Nobel Prize in Physiology or Medicine was
awarded to Dr. James P. Allison and Dr. Tasuku Honjo for
their respective discoveries of the immune checkpoint proteins
cytotoxic T lymphocyte–associated antigen 4 (CTLA-4) and
programmed cell death 1 (PD-1) [5]. The discovery of im-
mune checkpoints, which regulate immune activation, and
their successful inhibition with monoclonal antibodies has
led to a surge in new investigational therapies for the treatment
of solid tumors and hematological malignancies [6, 7•, 8].

Although breast cancer has not been traditionally consid-
ered as an immunogenic malignancy, it is a heterogeneous
disease comprising several biologically defined subtypes that
are associated with distinct clinical behavior, each requiring
specific therapeutic strategies [9–11]. The mutational burden
in breast cancer and the presence of tumor-infiltrating lympho-
cytes (TILs), which have been associated with clinical out-
comes, vary by subtype. Both triple-negative breast cancer
(TNBC) and HER2-positive (HER2+) breast cancer have
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been associated with high rates of cell proliferation and geno-
mic instability as well as significantly higher TIL levels than
hormone receptor –positive tumors [9, 12, 13]. This supports
the hypothesis that genomic instability can promote antitumor
immune responses owing to the availability of a large number
of tumor-associated antigens.

Given the superior response to immunotherapy of human
malignancies with a high mutational load and immune cell
infiltrates, HER2+ breast cancer represents a candidate setting
for the exploration of the potential of cancer immunotherapy
[14]. Although the development of immunotherapy drugs in
breast cancer has been slower than that in other cancers, the
number of clinical trials of immunotherapies for breast cancer,
either as monotherapy or in combination with other treat-
ments, has grown rapidly in recent years [15•]. Given the
findings of the IMpassion130 phase III trial, the U.S. Food
and Drug Administration recently granted accelerated approv-
al to atezolizumab (anti-PD-L1 antibody) in combination with
chemotherapy for adult patients with unresectable locally ad-
vanced or metastatic TNBC PD-L1–positive tumors [16, 17].

Role of TILs as Predictors of Clinical Outcomes
in HER2-Positive Breast Cancer

The complex interplay between cancer cells and the tumor
microenvironment plays a critical role in tumor growth, path-
ogenesis, and progression and is continuously evolving across
the different stages of disease [18, 19]. The molecular and
cellular immune components of the tumor microenvironment
influence disease outcome by altering the balance of suppres-
sive versus cytotoxic responses in the surroundings of the
tumor [3, 20]. Evidence is accumulating to suggest that the
presence of a lymphocytic infiltrate in cancer tissue is associ-
ated with favorable long-term prognosis and better response to
therapy in various types of cancer [20, 21], including breast
cancer, especially more aggressive and proliferative forms,
such as TNBC and HER2+ breast cancer [22••].

Overexpression of human epidermal growth factor receptor
2 (ErbB2/HER2) in breast cancer cells, found in approximate-
ly 20% of patients, has long been established as a major neg-
ative prognostic factor associated with an aggressive form of
the disease, reduced responses to traditional therapies, in-
creased risk of disease recurrence, and poor survival [23,
24]. The introduction into the clinic of the anti-HER2–human-
ized monoclonal antibody (mAb) trastuzumab more than 15
years ago revolutionized the treatment of HER2+ breast can-
cer, forever changing the clinical landscape of the disease. The
combination of anti-HER2 therapies with chemotherapy is the
standard treatment for HER2-positive breast cancer in current
practice [25, 26].

In a seminal study, conducted nearly 30 years ago, inflam-
matory cell infiltrates were shown to be related with several

clinicopathological features in breast cancer and predicted ax-
illary node metastasis (p < 0.001) and were also significant
predictors of recurrence-free survival (p = 0.08) and breast
cancer–related survival (p = 0.0164) in rapidly proliferating
breast tumors, particularly axillary lymph node–negative tu-
mors. These results clearly demonstrated the presence of effi-
cient immunological antitumor defense mechanisms against
breast cancer [27].

TILs in the HER2-Positive Breast Cancer Adjuvant
Setting

Several studies have analyzed the prognostic value of TILs in
predicting benefit from anti-HER2 therapies in the adjuvant
setting. In a prospectively designed retrospective study con-
ducted using samples from the FinHERadjuvant phase III trial,
232 patients with early-stage HER2+ breast cancer were ran-
domized to receive or not receive 9 weeks of trastuzumab in
addition to their adjuvant chemotherapy. Itwas shown that each
10% increment in lymphocytic infiltrate was associated with a
significant 18% reduction in the relative risk of distant recur-
rence in patients who received trastuzumab (HR 0.82; 95% CI
0.58–1.16;p<0.025). Thiswas the first report of anassociation
between higher levels of TILs and increased benefit from the
addition of trastuzumab to chemotherapy in HER2+ disease. It
was also the first time that an immune biomarker was demon-
strated to be predictive of therapeutic benefit [28]. In another
study, the NSABP trial B-31, a surrogate gene expression sig-
nature ofTILs, including119genes,was developed andused to
evaluate the potential predictive value for the degree of benefit
from trastuzumab plus standard adjuvant chemotherapy in
early-stage HER2+ breast cancer. It was shown that patients
with high TIL-associated gene expression treated with
trastuzumab showed a higher benefit in the relapse-free surviv-
al, compared to those who received chemotherapy alone (HR
0.06; 95%CI0.01–0.47;p=0.007).This study confirmedTILs
as another complementary predictive marker for trastuzumab
benefit in HER2-positive breast cancer [29]. In line with these
results, data from a whole transcriptome analysis performed in
the North Central Cancer Treatment Group (NCCTG) N9831
adjuvant trastuzumab trial suggested that increased relapse-free
survival was linked to a subset of immune function genes.
Among patients with immune response–enriched tumors and
contrary to findings in patients with non-immune response–
enriched tumors, there was a significant difference in relapse-
free survival amongpatients treatedwith trastuzumab plus che-
motherapy compared with those who received chemotherapy
alone (HR 0.36; 95%CI 0.23–0.56; p < 0.001) [30]. However,
anexploratoryanalysis fromasubsetofN9831 trialparticipants
withHER2-positivedisease foundnoassociationbetweenhigh
levels of TILs and trastuzumab therapy benefit. Patients with
high levelsof lymphocyte infiltration, consistingofat least 60%
TILs, did not appear to derive any additional benefit from the
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addition of trastuzumab to chemotherapy (HR 2.43; 95% CI
0.58–10.22; p = 0.22). These results should be interpretedwith
caution, sinceonly94out of945patients (9.9%)wereclassified
as having lymphocyte-predominant breast cancer (LPBC) and
only 8 disease recurrence events were registered, probably
undermining the power of the study to detect the real treatment
effect in this group of patients [31]. According to a recent com-
prehensive biomarker analysis of data from the randomized
phase III APHINITY trial [32], higher levels of TILs are asso-
ciated with favorable outcomes in patients with HER2+ breast
cancer treated with trastuzumab and pertuzumab (HR 0.91;
95% CI 0.86–0.96; p = 0.001), with the highest quartiles of
TILs predicting the greatest pertuzumab benefit for these pa-
tients (HR 0.35; 95% CI 0.19–0.65; p = 0.003) [33].

TILs in the HER2-Positive Breast Cancer Neoadjuvant
Setting

In the neoadjuvant setting, the prognostic value of TILs for
predicting benefit from anti-HER2 therapies was evaluated in
different clinical trials, including more than 2000 patients in
total. In a prospectively planned secondary analysis of the ran-
domized NeoALTTO phase III trial, the presence of TILs at
diagnosis (cutoff value for high TILs was 30%) was seen to be
an independent, positive prognostic marker for both pathologic
complete response (pCR) and event-free survival (EFS) in
early-stage HER2+ breast cancer treated with chemotherapy
and neoadjuvant anti-HER2 agents. The relationship between
pCR and presence of TILs was nonlinear; i.e., rates of pCR
increased sharply when the levels of stromal TILs were greater
than 5%, regardless of treatment group (adjusted odds ratio
2.60; 95% CI 1.26–5.39; p = 0.01). In contrast, the relationship
between the presence of TILs and EFS was found to be linear:
the higher the level of TILs in the primary tumor at diagnosis,
the better the EFS after treatment with trastuzumab, lapatinib,
or the combination of both; each 1% increase in TILs was
associated with a 3% decrease in the rate of an event (adjusted
HR 0.97; 95%CI 0.95–0.99; p = 0.002). This was the first time
that high levels of stromal TILs were shown to be associated
with improved clinical outcomes, regardless of the anti-HER2
agent administered [34]. Results from the TIL biomarker anal-
ysis performed in the randomized CHER-LOB phase II trial
showed that TILs predicted the achievement of pCR for early
HER2+ breast cancer patients undergoing neoadjuvant chemo-
therapy plus anti-HER2–targeted therapy. This predictive ef-
fect seemed to be limited to hormone receptor–negative pa-
tients [35]. In the low-powered survival analysis of this trial,
a nonsignificant trend suggested a positive correlation between
increased levels of intratumoral TILs and better EFS (5-year
EFS rate for patients with intratumoral TILs above vs. patients
with intratumoral TILs below the median, 89% vs. 76%, re-
spectively, with borderline significance for the comparisons
between the two groups). No differences were found when

levels of stromal TILs were compared. Among patients with
residual disease, no association was observed between levels
of intratumoral TILs and stromal TILs and EFS [36]. The
randomized GeparSixto phase II trial prospectively validated
TILs as predictive biomarkers of pCR in HER2+ and triple-
negative breast carcinomas. Stromal TILs and LPBC pheno-
type (≥ 60% of either intratumoral or stromal TILs) were seen
to be significant predictors of pCR (p < 0.001). In patients with
HER2+ breast cancer, pCR rates ≥ 75%were observed in those
with the LPBC phenotype (p = 0.006) [37]. In the randomized
NeoSphere phase II trial, an exploratory analysis in patients
with operable or locally advanced HER2+ breast cancer who
received anti-HER2–targeted therapies (trastuzumab,
pertuzumab, or dual blockade) showed that the group with
low levels of TILs had the lowest rate of pCR (4.3%), com-
pared to those with intermediate levels (26.9%) and LPBC
phenotype (26.7%) (p = 0.018 for low-TIL vs. intermediate-
TIL/LPBC). These results demonstrated that the immune sys-
tem modulates response to therapies containing trastuzumab
and pertuzumab [38]. The randomized phase II NeoLath study
(JBCRG-16) examined the correlation between TILs and treat-
ment outcomes of neoadjuvant dual-HER2 blockade therapy
with trastuzumab and lapatinib in HER2+ early breast cancer.
Univariate analysis showed that the percentages of TILs and
neuropilin 1 (NRP-1)–positive TILs were associated with
pCR, and multivariate analysis showed that the percentage of
NRP-1–positive TILs was significantly associated with pCR
(adjusted OR 1.08; 95% CI 1.04–1.13; p < 0.0001) [39].

Data from a meta-analysis of published results from
five large clinical trials (a total of 1256 patients), includ-
i ng CHER-LOB, Gepa rQua t t r o , Gepa rQu in to ,
GeparSixto, and NeoALTTO studies (cutoff value for
high TILs was 60% in the first four trials and 30% in
NeoALTTO), showed a significant association between
pCR rates and high pretreatment levels of TILs (OR
2.46; 95% CI 1.36–4.43; p = 0.003). This association
was greater in patients from the studies that used a 60%
cutoff to define high TILs (OR 2.88; 95% CI 2.03–4.08; p
< 0.001). On the other hand, no interaction was observed
between TIL subgroup (high vs. other) and response to
anti-HER2 agents (p = 0.747) and chemotherapy (p =
0.201). This meta-analysis concluded that, in HER2+
breast cancer, high baseline TILs were associated with
an increased probability of pCR, regardless of the anti-
HER2 agent(s) and neoadjuvant chemotherapy regimens
used. In addition, patients with TIL levels > 60% prior to
treatment demonstrated a greater benefit from neoadjuvant
chemotherapy combined with anti-HER2 therapy [40].

All these studies showed that the TIL status of primary
HER2+ breast tumors might predict pCR to neoadjuvant che-
motherapy in combination with trastuzumab and, moreover,
that patients with high TIL levels in residual tumors exhibit
better prognosis than those with low levels. Therefore,
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evaluation of TILs in the residual tumor after neoadjuvant
treatment with trastuzumab might be necessary to identify
patients with good prognosis among those without pCR.

TILs in Advanced HER2-Positive Breast Cancer

Compared to the previous scenarios, data on the role of TILs
in the metastatic setting of HER2+ breast cancer are very
limited. The randomized phase III CLEOPATRA study com-
pared the addition of either pertuzumab or placebo to first-line
therapy with trastuzumab and docetaxel in patients with local-
ly recurrent, unresectable, or metastatic HER2+ breast cancer.
It was found that each 10% increase in stromal TILs was
significantly associated with longer overall survival (OS) (ad-
justed HR 0.89; 95% CI 0.83–0.96; p = 0.0014), suggesting
that the effect of antitumor immunity extends to the advanced
setting. No significant association between TIL values and
progression-free survival (PFS) was observed (adjusted HR
0.95; 95% CI 0.90–1.00; p = 0.063), and no significant differ-
ences were found in the treatment effect of pertuzumab by
stromal TIL value for either PFS (Pinteraction = 0.23) or OS
(Pinteraction = 0.21). Of interest, freshly obtained tumor samples
were found to have significantly lower TIL values than archi-
val samples [10.0% (95% CI 5.0–20.0) vs. 15.0% (5.0–35.0);
p = 0.00036] [41]. Other studies have made contributions to
the association between TIL levels and clinical outcomes in
the metastatic setting. In a secondary analysis of the random-
ized Canadian Cancer Trials Group MA.31 phase III trial, in
which patients with HER2+ metastatic breast cancer were
randomized to receive trastuzumab or lapatinib in combina-
tion with a taxane, a low level of preexisting cytotoxic (CD8+)
stromal TILs predicted the most benefit from an antibody-
based (trastuzumab) versus a small molecular-based
(lapatinib) therapy against the same target [42].

In a study performed in the Oulu University Hospital
(Finland) between 2009 and 2014, patients who received at
least one dose of intravenous trastuzumab for the treatment of
metastatic HER2+ breast cancer were retrospectively identi-
fied (limited to those who had prechemotherapy tumor sam-
ples available, n = 48). Using a computer-assisted method to
count the immune cells present in tumor samples, the potential
prognostic and predictive value of TILs in metastatic HER2+
breast cancer treated with trastuzumab was examined.
Interestingly, a positive correlation between time to
trastuzumab discontinuation in response and CD8+ T cells
was shown (rs = 0.541, p = 0.046, for lymphocytes in the
invasive margin; rs = 0.620, p = 0.018, for lymphocytes in
the center of the tumor; and rs = 0.623, p = 0.017, for lym-
phocytes in the whole tumor area). Furthermore, time to
trastuzumab discontinuation was found to be associated with
high CD8+ Tcells (p = 0.038, for lymphocytes in the center of
the tumor, and p = 0.007, for lymphocytes in the whole tumor
area). The results suggested a significant role for a high

number of lymphocytes in the center of the tumor, especially
CD8, in improved survival and benefit from trastuzumab ther-
apy in patients with metastatic HER2+ breast cancer [43].

These data highlight the clinical relevance of antitumor
immunity in the efficacy of anti-HER2 therapies, paving the
way for the evaluation of novel treatments or combinations
that might further improve clinical outcomes in HER2+ breast
cancer patients.

Immunotherapy for HER2-Positive Breast
Cancer: Recent Advances and Combination
Therapeutic Approaches

Role of the Immune Response in HER2-Positive Breast
Cancer

Trastuzumab has been thought to act primarily by directly
affecting tumor cells, but results from the clinical setting sug-
gest that anti-HER2 therapy may also serve to relieve suppres-
sion of antitumor effector immunity. Trastuzumab binding to
the extracellular domain of HER2 prevents receptor dimeriza-
tion, increases receptor internalization and degradation, and
inhibits receptor shedding [44]. Collectively, these actions in-
hibit RAS-MAPK and PI3K-AKT-mTOR signaling path-
ways, leading to the suppression of cancer cell proliferation
and growth [45]. In addition, trastuzumab activity has been
shown to be mediated through antibody-dependent cellular
cytotoxicity (ADCC) [44–47]. Increased receptor degradation
enhances HER2 peptide presentation on major histocompati-
bility complex (MHC) receptors. Moreover, while the anti-
body binds to HER2 on the cell surface, the crystalline frag-
ment (Fc) of the immunoglobulin interacts with Fc-gamma
receptors (FcγR) on innate immune effector cells, such as
natural killer (NK) cells and macrophages, activating ADCC
activity [48, 49].

The importance of trastuzumab-mediated ADCC activity
was initially shown in preclinical models in which experimen-
tal molecules containing only the Fab fraction of trastuzumab
did not exert any antitumor effect [50]. In patients, studies in
early-stage breast cancer who received single-agent
trastuzumab before surgery reported data suggesting a role
for ADCC. In particular, patients induced to complete or partial
remission by trastuzumab alone were found to have higher
ADCC and higher in situ infiltration of cytotoxic lymphocytes,
including NK cells [47]. Likewise, even when used in combi-
nation with docetaxel, neoadjuvant trastuzumab was associat-
ed with significantly increased numbers of tumor-associated
NK cells and increased lymphocyte expression of cytotoxic
activity markers compared with controls [51••]. In a pilot study
in patients with operable HER2+ breast cancer, ADCC activity
increased significantly after short-term (4 weeks) preoperative
therapywith trastuzumab in 15 of 18 (83%) patients enrolled in
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the study and was found to be significantly related with the
number of lymphocytes coexpressing CD16 and CD56, but
not with trastuzumab serum levels. The association of maximal
ADCC activity with pCR and low-to-absent ADCCwith a lack
of clinical response suggests that high or lowADCC can either
increase or limit trastuzumab clinical activity, respectively.
Evidence suggests that in some instances, specific FcγR poly-
morphisms might be associated with higher antibody-binding
affinities and improved clinical responses to trastuzumab-
based therapy [52]. However, conflicting data have been re-
ported in this regard [53–55]. All these observations suggest
that the immunostimulatory effect of monoclonal antibodies
may contribute to their superior therapeutic response compared
to other treatments.

More important evidence on the fundamental role of
ADCC in the mode of action of trastuzumab against HER2+
breast cancer cells came from the randomized phase II
EGF104900 trial. In this study, patients with HER2+ metasta-
tic breast cancer (n = 296) whose disease progressed during
prior trastuzumab-based therapies were randomly assigned to
receive lapatinib monotherapy or lapatinib in combination
with trastuzumab. In this study, lapatinib plus trastuzumab
showed superiority to lapatinib monotherapy in PFS (HR
0.74; 95% CI 0.58–0.94; p = 0.011) and offered significant
OS benefit (HR 0.74; 95% CI 0.57–0.97; p = 0.026) [56].
ADCC could account for the improved clinical activity ob-
served with trastuzumab when administered in combination
with lapatinib. By inhibiting phosphorylation of the HER2
tyrosine domain, lapatinib prevents HER2 internalization
and degradation, inducing accumulation of HER2 on the cell
membrane, thus increasing the number of binding sites for
trastuzumab [57] and trastuzumab-dependent ADCC activity
[58].

Pertuzumab is another mAb directed against the extracel-
lular dimerization domain of HER2, targeting a different epi-
tope than trastuzumab. Upon binding, pertuzumab inhibits
dimerization of HER2 with other receptors of the HER family
[59]. Like trastuzumab, pertuzumab can mediate ADCC, and
simultaneous binding of both antibodies to the receptor in-
creases the concentration of FcγR binding sites on HER2+
cells, possibly enhancing NK-mediated ADCC responses
[60]. Studies in mouse models have shown that adding
pertuzumab to trastuzumab increases the total number of
tumor-infiltrating NK cells and the percentage that are actively
engaged in killing tumor cells, enhancing ADCC activity [61].
In addition, only tumor cells treated with both antibodies are
likely to have a sufficient number of cell-bound antibodies to
induce efficient C3 opsonization, required to initiate
complement-mediated cytotoxicity and macrophage-
mediated tumor cell killing [62]. In any case, it is still unclear
if the observed synergism and improved clinical efficacy of
the pertuzumab plus trastuzumab combination is a conse-
quence of this enhanced immune activity [63].

Immunogenic Cell Death

The new concept of immunogenic cell death (ICD) has
emerged as an exciting strategy for the activation of the im-
mune system against cancer [64, 65]. Depending on the trig-
gering stimulus, cancer cell death can be immunogenic or
non-immunogenic. ICD involves changes in the composition
of the cell surface, as well as the release of damage-associated
molecular patterns (DAMPs), such as calreticulin or ATP,
among others. These DAMPs operate as natural adjuvants
and communicate a state of danger to the organism, although
they are unable to initiate an adaptive immune response unless
dying cells display antigenic epitopes that have not previously
elicited central or peripheral tolerance [66]. Such neo-epitopes
may be encoded by host genes that mutate in the course of
oncogenesis and tumor progression [67]. The interaction of
DAMPs with pattern recognition receptors (PRRs) expressed
on a variety of cells, such as monocytes, macrophages, den-
dritic cells (DCs), and other components of the innate immune
system, not only establishes a first line of defense (innate
response) but also generates the optimal conditions for the
initiation of antigen-specific immune responses (adaptive re-
sponse) [64, 65]. Human malignancies with a high mutational
load show a superior response to immunotherapy with check-
point blockers than tumors with a relatively low number of
somatic mutations, and such a response mostly depends on
adaptive immunity [14]. Therefore, DAMP signaling consti-
tutes a promising target for the development of therapeutic
agents with oncological applications.

In the phase II NeoPHOEBE trial, 50 patients with HER2+
primary breast cancer were randomized to receive neoadju-
vant trastuzumab, combined with either the pan-PI3K inhibi-
tor buparlisib or placebo for 6 weeks, followed by the addition
of paclitaxel. A preplanned exploratory analysis revealed that
tumor samples obtained after just 15 days of therapy showed a
higher percentage of stromal TILs and, importantly, the abso-
lute increase from baseline to day 15 in both arms, in the
setting of trastuzumab without chemotherapy, was significant-
ly associated with a higher chance of achieving pCR (OR per
10% absolute change 1.94; 95% CI 1.14–3.28; p = 0.014).
These results further supported the concept that trastuzumab
monotherapy can enhance a functional antitumor immunity,
resulting in augmented tumor responses [68, 69].

The recently approved antibody-drug conjugate T-DM1
(trastuzumab emtansine) [70], developed to improve the effi-
cacy of trastuzumab, is composed of trastuzumab linked to the
cytotoxic antimicrotubule agent emtansine. Upon binding to
HER2, T-DM1 undergoes receptor-mediated internalization
and subsequent proteolytic digestion, releasing the cytotoxic
catabolite. At the same time, T-DM1 blocks HER2-mediated
signal transduction, induces ADCC, and inhibits shedding of
the HER2 extracellular domain [71]. It has been reported that
ansamitomicin P3, a direct precursor in the synthesis of DM1
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which is cytotoxic for tumor cells, induces maturation of DCs
and facilitates antigen uptake and migration of tumor-resident
DCs to tumor-draining lymph nodes, resulting in a robust
activation of antitumor immunity [72, 73].

A study of matched tumor biopsies (pretherapeutic vs. on-
treatment) from 28 treatment-naïve patients diagnosed with
HER2-positive/estrogen receptor (ER)–positive breast cancer,
who underwent a single treatment of T-DM1monotherapywith-
in a subtrial of the WSG-ADAPT protocol (NCT01745965),
showed that stromal TILs increased in response to T-DM1; on
average, the percentage of stromal TILs was significantly higher
in on-treatment biopsies (pretherapeutic: mean, 13.77% ± 2.7%;
on-therapy: mean, 20.84% ± 2.9%). Furthermore, in line with
previous observations in human primary breast cancers, the in-
crease in TILs, particularly T cells, with T-DM1 treatment was
confirmed in a murine model of human HER2-overexpressing
breast cancer. On the other hand, a markedly increased expres-
sion of CTLA-4 was observed on both CD4+ and CD8+ Tcells
upon T-DM1 treatment. Although PD-1 expression was only
slightly upregulated, its ligand PD-L1 showed a strong upregu-
lation on tumor-associated macrophages (TAMs). On the basis
of the previous findings, the potential synergistic effect of T-
DM1 plus blocking antibodies against CTLA-4 and PD-1 has
been tested. Although the tumor model presented primary resis-
tance to trastuzumab, the combination of T-DM1 with anti-PD-
1/CTLA-4 blocking antibodies resulted in strong in vivo antitu-
mor efficacy, achieving almost 100% complete cure and greatly
enhanced T cell responses, including complete tumor rejection
and memory formation [74]. Encouraged by these data, the use
of checkpoint inhibitors (anti-PD-1 and anti-CTLA-4) to en-
hance antitumor immunity in HER2+ breast cancer has become
an attractive strategy.

Preclinical evidence suggests that immune-mediated resis-
tance to trastuzumab can be overcome by combining it with
checkpoint inhibitors, so several trials have been testing the
association of checkpoint inhibitors and HER2-targeted treat-
ment. The single-arm phase Ib/II PANACEA trial examined
the antitumor activity of pembrolizumab, a PD-1 inhibitor
antibody, added to trastuzumab in advanced HER2+ breast
cancer patients who progressed while on trastuzumab treat-
ment. Seven patients (15%; 95% CI 7–27) in the PD-L1–pos-
itive cohort (n = 46) and none in the PD-L1–negative cohort (n
= 12) achieved objective response with the combined therapy.
Likewise, 11 patients (24%; 95% CI 14–36) in the PD-L1–
positive cohort and none in the PD-L1–negative cohort
achieved disease control. Although the majority of patients
had low levels of stromal TILs (median 1.5%, IQR 0–5),
significantly higher levels were observed in the PD-L1–posi-
tive cohort than in the PD-L1–negative cohort. Furthermore,
there was significantly greater lymphocytic infiltration in ob-
jective responders and in patients with disease control. This
study suggested that a subset of patients whose tumors are PD-
L1 positive and have high TILs would be the group most

likely to benefit of checkpoint inhibition and trastuzumab or
trastuzumab-based therapies [75]. The phase I CCTGIND.229
trial tested the combination of durvalumab, a PD-L1 inhibitor
antibody, added to trastuzumab in 15 patients with metastatic
HER2+ breast cancer who had received extensive previous
HER2-targeted therapies. The best response documented in
the trial was stable disease at week 6 of treatment in 4 (29%)
of 14 evaluable patients. All patients had PD-L1 expression
lower than 1% on archival tissue or prestudy biopsy [76]. The
randomized phase II KATE2 trial evaluated the efficacy and
safety of atezolizumab (PD-L1 inhibitor antibody) in combi-
nation with T-DM1, compared with T-DM1-placebo, in pa-
tients with HER2+ locally advanced or metastatic breast can-
cer previously treated with trastuzumab and taxane-based
therapy. Exploratory analyses showed improved time to pro-
gression with T-DM1 plus atezolizumab in patients with PD-
L1–positive tumors with no improvement seen in patients
with PD-L1–negative tumors [77]. A randomized phase III
trial, comparing the PFS in patients with HER2+ metastatic
breast cancer treated with first-line paclitaxel, trastuzumab,
and pertuzumab with or without atezolizumab, is ongoing
(NCT03199885). Another trial, the phase III APTneo neoad-
juvant study, is comparing the EFS in women with early high-
risk and locally advanced HER2+ breast cancer treated with
trastuzumab, pertuzumab, and chemotherapy with or without
atezolizumab (NCT03595592).

Novel Anti-HER2 Antibodies to Enhance ADCC

New engineered antibodies against HER2 are in development
for breast cancer treatment. Margetuximab (formerly
MGAH22) is an investigational mAb derived from 4D5, the
parent antibody of trastuzumab. It is a chimeric IgG1 anti-
HER2 antibody, containing a Fab fragment identical to that
of trastuzumab, and an Fc domain engineered to present in-
creased affinity for both high-affinity 158V and low-affinity
158F isoforms of FcγR-IIIA (CD16A), while decreasing af-
finity for the inhibitory FcγR-IIB (CD16B) in immune cells. It
was designed to increase the ability to kill tumor cells through
an Fc-dependent mechanism, including ADCC [78].
Margetuximab showed promising activity as a single agent
against HER2+ advanced breast cancer in a phase I trial [79]
and was evaluated in the randomized phase III SOPHIA trial
in heavily pretreated patients (at least two prior lines of anti-
HER2 therapies, n = 536) with HER2+ metastatic breast can-
cer. Margetuximab plus chemotherapy led to significant im-
provements in PFS, response, and clinical benefit compared to
trastuzumab plus chemotherapy. The benefits were enhanced
in patients with low-affinity CD16A-158F genotypes. The
median PFS of patients treated with margetuximab and che-
motherapy was 5.8 months versus 4.9 months in patients treat-
ed with trastuzumab and chemotherapy (HR 0.76; 95% CI
0.59–0.98; p = 0.033). Among the approximately 85% of
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patients carrying the CD16A low-affinity 158F allele, a
prespecified exploratory subpopulation in the study, PFS
was prolonged by 1.8 months in the margetuximab arm com-
pared to the trastuzumab arm (6.9 months vs. 5.1 months; HR
0.68; 95% CI 0.52–0.90; p = 0.005). The objective response
rate (ORR), a secondary outcome measure in the SOPHIA
study, was 22% in the margetuximab arm (95% CI 17.3–
27.7%) compared to 16% in the trastuzumab arm (95% CI
11.8–21.0%). At the time of the primary PFS analysis, OS
data were immature [80].

T Cell–Bispecific Antibodies

Tcell–bispecific antibodies (bsAbs) are engineered molecules
that include, within a single entity, binding sites to the invari-
ant CD3 chain of the T cell receptor (TCR) and to tumor-
associated or tumor-specific antigens. Binding to the tumor
antigen results in crosslinking of the TCR and subsequent
lymphocyte activation and tumor cell killing. MCLA-128 is
a novel bsAb targeting HER2 and HER3 receptors with en-
hanced ADCC activity. MCLA-128 has been developed to
overcome HER3-mediated resistance to EGFR and HER2-
targeted therapies. In vitro preclinical activity of MCLA-128
was shown to be superior to that of anti-HER3 antibodies and
trastuzumab, alone or combined with either pertuzumab or
anti-HER2 antibodies. In addition, the ADCC activity of
MCLA-128 was equivalent to trastuzumab when targeting
HER2-overexpressing cell lines, but significantly superior
when targeting cells with low expression of HER2 and when
low-affinity FcγR-III effector cells were used. In vivo,
MCLA-128 reduced tumor burden significantly compared to
lapatinib or trastuzumab plus pertuzumab treatment groups.
MCLA-128 specifically and potently inhibits ligand-
dependent HER2:HER3 signaling resulting in suppression of
tumor growth in vitro and in vivo [81]. A first-in-human phase
I/II dose-finding study in malignant solid tumors, including
relapsed/refractory HER2–amplified breast cancer, is ongoing
(NCT02912949). ZW25 is another bsAb that binds to two
different epitopes on the extracellular domain of HER2,
resulting in increased tumor cell binding, blockade of
ligand-dependent and ligand-independent growth, and im-
proved internalization and downregulation relative to
trastuzumab. Results from the phase I study demonstrated
promising antitumor activity. In patients with heavily
pretreated HER2+ breast cancer that had progressed on a me-
dian of five anti-HER2 regimens for metastatic disease, a par-
tial response rate of 33% was observed, with a disease control
rate of 50% [82]. GBR1302 is a HER2xCD3 bsAb designed
to direct T cells to HER2-expressing tumor cells. A first-in-
human phase I study of single-agent GRB1302 in progressive
HER2+ solid tumors is ongoing (NCT02829372). PRS-343, a
bsAb targeting HER2 and the costimulatory immune receptor
CD137/4-1BB, is an antibody designed to promote CD137

clustering in HER2+ tumor cells. PRS-343 has demonstrated
tumor inhibition and TIL expansion in a humanized murine
model. Two clinical studies evaluating PRS-343 in patients
with advanced or metastatic HER2+ solid tumors, including
breast cancer, are ongoing, either as a single agent
(NCT03330561) or in combination with atezolizumab
(NCT03650348).

Novel Complex Immunotherapy Combinations

The randomized phase II AVIATOR trial is comparing
trastuzumab and vinorelbine in combination with avelumab
(PD-L1 inhibitor antibody) or avelumab and utomilumab
(CD137/4-1BB agonistic mAb) in patients with advanced
HER2+ breast cancer who have progressed on prior
trastuzumab and pertuzumab (NCT03414658). The rationale
is that CD137 is expressed on activated T cells and NK cells,
and trastuzumab upregulates CD137 expression on NK cells.
Moreover, CD137 agonists stimulate NK function. The com-
bination of a CD137 agonist with trastuzumab is synergistic in
nu/nu HER2+ xenografts models.

Other Immunotherapeutic Approaches
for HER2-Positive Breast Cancer Treatments

Promising approaches to harness the immune system against
HER2+ breast cancer are in development [46, 83•, 84]. These
include (i) interleukin-2 fusion proteins: the anti-erbB2 single-
chain (sc) Fv-Fc-IL-2 fusion protein (HFI) is the basis for the
development of a novel targeted anticancer agent, in particular
for the treatment of HER2+ cancer patients. In vivo, HFI
showed signif icant act ivi ty in inhibi t ing HER2-
overexpressing tumor growth and demonstrated potency in
initiating a cytotoxic activity on unstimulated peripheral blood
mononuclear cells (PBMCs) against human breast and ovari-
an cancer cells [85]; (ii) vaccination against HER2 peptides to
augment antitumor immunity against HER2-overexpressing
breast cancers. DCs are considered a master regulator of im-
mune response against various pathogens and are critical for T
cell–mediated antitumor immunity. Given their role in medi-
ating antitumor immunity, DCs are being explored for tumor
antigen–targeted vaccination in breast cancer. Since complete
loss of anti-HER2–specific Th1 immunity in breast cancer
patients has been correlated with poor therapy response and
diminished disease-free survival rates [86], HER2 is a prom-
ising target of interest for the development of DC vaccine
immunotherapy in HER2-overexpressing breast cancers
[87]; (iii) adoptive transfer of T cells targeting tumors via
chimeric antigen receptor T cell (CAR-T) therapy. CAR-T
therapy involves the initial removal of the patient’s immune
cells from the blood via leukapheresis. Antibody-coated beads
targeting tumor-associated antigens are added to activate the
isolated T lymphocytes which are simultaneously transduced
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with a lentiviral vector encoding the CAR into the T cell via
reverse transcription. The T cells are then expanded and
reinfused into the patient [88].

Conclusions

Despite remarkable progress in understanding the immune
landscape of the tumor microenvironment of the different sub-
types of breast cancer, immunotherapy has yet to realize its
full potential in the management of the disease. Breast cancer
has long been regarded as a non-immunogenic disease, but
new preclinical and clinical studies have highlighted the po-
tential of immunotherapy in improving outcomes in breast
cancer patients.

The immunogenic nature of breast cancer was illustrated
by the identification of TILs in breast tumors, which are par-
ticularly abundant in HER2+ breast cancer. TILs have been
shown to be clinically relevant and are regarded not only as
predictive of response but also as significant prognostic
markers in HER2+ disease. Blockade of immune checkpoints
with monoclonal antibodies has been shown to restore the
activity of cell-mediated immunity and promote antitumor
response. Preliminary results from early-phase clinical trials
have emphasized the therapeutic potential of the use of anti-
HER2 therapies in combination with immune checkpoint
inhibitors.

However, several aspects must be considered if we are to
properly position immunotherapy in HER2+ breast cancer in
the near future. First, although the available evidence favors
the selection of patients with PD-L1–positive tumors, it is
rather early to anticipate a lack of efficacy of these therapies
in PD-L1–negative patients; second, our knowledge of the
role that chemotherapy might play in this setting is still very
scant; third, the effectiveness of immunotherapy in earlier
lines of treatment in HER2+ breast cancer is still controver-
sial; fourth, dealing with tumor heterogeneity will probably
help us to better understand the exact role of immunotherapy
in breast cancer in general, and HER2+ breast cancer in par-
ticular; and fifth, the integration of PD-1/PD-L1 expression
and TILs in clinical research and the optimal way of measur-
ing them remain to be fully characterized.

While trastuzumab and other anti-HER2 therapies are high-
ly efficacious, only patients with the highest levels of HER2
expression—about 20%—have the potential to respond to
these treatments. Furthermore, many patients with HER2-
overexpressing tumors progress or relapse even after treat-
ment wi th op t imized HER2-d i rec ted the rap ies .
Unfortunately, HER2+ metastatic breast cancer is still an in-
curable disease and, therefore, new and more effective thera-
peutic strategies are urgently needed to improve clinical out-
comes, particularly for those with advanced disease. Our sin-
cere desire to cure more patients keeps us working to find

better treatments to fight this disease, and it will become clear
in the very near future whether immunotherapy is a useful
approach in achieving this goal.
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