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Abstract

While checkpoint inhibitors have been approved in patients with newly metastatic PDL1-positive triple negative breast cancer,
similar clinical benefit with immunotherapy alone or in combination with chemotherapy has not been observed in patients
with hormone receptor-positive, HER2— negative breast cancer in the metastatic setting. However, in the ISPY?2 trial, an
increase in pathologic response has been observed with the addition of immunotherapy (+ PARP inhibition) to chemotherapy
compared to chemotherapy alone in patients with high-risk hormone receptor-positive, HER2— breast cancer. We review
strategies to enhance the immunotherapeutic activity in this subtype of breast cancer, including combinations of checkpoint
inhibition with chemotherapy, endocrine therapy, PARP inhibitors, HDAC inhibitors, CDK4/6 inhibitors, and radiotherapy.
Combinations with agents targeting novel immunotherapeutic targets are also discussed. Though there remains an unmet need
for immunotherapy approaches in patients with hormone-receptor positive breast cancer, there are a number of approaches
that may lead to increased anti-tumor activity with immunotherapy in this tumor subtype.

Keywords Immunotherapy - Checkpoint inhibitors - Novel immunotherapeutic combinations - Hormone receptor-positive
breast cancer

Introduction

Results from the IMpassion130 [1] and KEYNOTE-355 [2]
trials have demonstrated that the combination of chemo-
therapy and immunotherapy improves progression free
survival (PFS) in the front-line treatment of patients with
PD-L1+metastatic triple negative breast cancer (TNBC),
moving immunotherapy into the treatment algorithms for
patients with metastatic breast cancer (mBC). On the other
hand, patients with hormone receptor -positive, HER2— neg-
ative (HR+, HER2-) cancers have lower levels of tumor
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infiltrating lymphocytes (TILs) [3] and PD-L1 expression
[4] and are traditionally considered immunologically cold
tumors. Despite this, a minority of patients will have clini-
cally meaningful responses to immunotherapy and identify-
ing better predictive biomarkers for response and the opti-
mal setting for checkpoint inhibition is imperative. Here, we
discuss the current landscape of immunotherapy in HR+,
HER2- disease and emerging combination strategies to aug-
ment responses to these agents, which are summarized in
Fig. 1 and Table 1.

Strategies in the metastatic setting:
immunotherapy alone

Anti-PD-1/PD-L1 monotherapy

The phase Ib KEYNOTE-028 trial evaluated pembrolizumab
monotherapy among patients with metastatic PD-L1-posi-
tive pretreated solid tumors, including a cohort of patients
with HR+, HER2— breast cancer [5]. PD-L1 positivity was
defined as tumor combined positive score (CPS>1. Of
note, among 261 patients with HR+, HER2— breast cancer
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who were screened for tumor PD-L1 expression, only 48
(19.5%) had PD-L1 positive tumors. Among 25 enrolled
patients with a median number of prior therapies of 9, the
ORR was 12% [all partial responses (PR)], and clinical ben-
efit rate (CBR), defined as complete response (CR) plus PR
plus stable disease (SD) for at least 6 months, was 20%. The
median duration of response was 12.0 months for the three
patients with PR, and one patient had sustained response for
69.3 weeks at time of analysis. Of note, all patients with PR
had progressed on at least three lines of therapy in the meta-
static setting. Median PFS and overall survival (OS) for the
entire cohort were 1.8 months and 8.6 months, respectively.
The durable responses observed among those who had at
least stable disease highlighted both the potential activity
of pembrolizumab in a subgroup of this population and the
need to identify additional or alternative predictive biomark-
ers than PD-L1 status for HR+, HER2— patients.

The PD-L1 inhibitor avelumab has similarly been evalu-
ated as monotherapy in pretreated patients with HR+,
HER2—- mBC, with mixed success. In the phase Ib JAVE-
LIN Solid Tumor trial, 168 patients with pretreated mBC
of all subtypes received avelumab monotherapy, including
72 women with HR+, HER2— cancers [6]. Unlike KEY-
NOTE-028, JAVELIN did not selectively enroll patients
with PD-L1 positive tumors. The ORR for the entire cohort
was only 3.0% (five patients), of whom three had TNBC
and two had HR+, HER2— disease. The one patient with
a CR had TNBC. Disease control rate (DCR), defined as
those with response or SD, was 28.0% for the entire cohort,
and median PFS and OS were 6.0 weeks and 9.2 months,
respectively. While PD-L1 expression on tumor cells was not
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Fig. 1 Therapies combined with checkpoint inhibition
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associated with a statistically significant difference in clini-
cal efficacy, PD-L1 expression of > 10% tumor-associated
immune cells at any intensity was associated with improved
ORR (16.7% vs. 1.6%, p=0.039).

In 2020, the United States Food and Drug Adminis-
tration granted accelerated approval to pembrolizumab
monotherapy in previously treated, unresectable/metastatic
solid tumors with high tumor mutational burden (TMB),
defined as > 10 mutations/Mb, based upon the results of
KEYNOTE-158, which showed an ORR of 34.3% among
233 patients with 27 tumor types [7]. Analysis of nearly
4000 tumor samples from women with primary or meta-
static breast cancer revealed that HR-positive breast can-
cers have significantly lower mean TMB compared to TNBC
and HER2-positive cancers, but among those with meta-
static breast cancer, the frequency of breast cancers with
high TMB was similar among tumor subtypes (3.7-3.9%)
[8]. While less than 5% of mBCs have high TMB, analy-
sis of TMB can identify a minority of patients who might
derive benefit from pembrolizumab, independent of PD-L1
expression.

Immunotherapeutic combinations

Based upon the success of combinations of anti-PD-(L)1
therapies in other solid tumors [9, 10], the combination
of nivolumab plus ipilimumab is currently being investi-
gated in patients with pretreated HER2-negative mBC who
have high TMB (> 10 mutations/Mb) in the NIMBUS trial
(NCT03789110) [11]. The combination of durvalumab, an
anti-PD-1 monoclonal antibody, with tremelimumab, an
anti-CTLA4 monoclonal antibody, was evaluated in a pilot
study among 18 women with mBC, and did not show activ-
ity in patients with HR+, HER2— tumors [12]. While the
ORR was 17% in the overall population, no patient with
HR-positive mBC responded.

Maintenance anti-PD-1 after chemotherapy

Immunotherapy has also been evaluated as potential main-
tenance therapy among patients with HER2-negative mBC
who have response to first-line chemotherapy, with the goals
of reducing the burden of chemotherapy-related toxicity,
as well as potentiating an immune response after chemo-
therapy. In a substudy of the SAFIR02-IMMUNO trial, 199
patients with metastatic HER2-negative mBC without a
targetable mutation and who had SD, PR, or CR after six
to eight cycles of chemotherapy were randomized 2:1 to
receive maintenance durvalumab at 10 mg/kg every 14 days
or maintenance chemotherapy [13]. Overall, maintenance
durvalumab did not improve PFS compared with chemo-
therapy, and in the HR-positive subgroup, chemotherapy
provided greater PFS benefit than durvalumab [hazard ratio
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(HR)=2.08, 95% confidence interval (CI)=1.28-3.40;
p=0.0025]. While exploratory analyses suggested that
patients with PD-L1 positive tumors had improved PFS
and OS with durvalumab, the majority of patients with PD-
L1-positive tumors had TNBC, with only 14.9% of patients
with HR-positive disease having a PD-L1-positive tumor.

Combination strategies in the metastatic
setting with chemotherapy, targeted
therapies, and/or radiation therapy

Chemotherapy and radiotherapy have the potential to aug-
ment responses to immunotherapy, though the degree as to
which this happens clinically remains unclear. Chemother-
apy and radiotherapy induce immunogenic cell death, result-
ing in the release of tumor related neoantigens and damage
associated molecular patterns which ultimately stimulate
cytotoxic T-cells and add to the anti-tumoral potential of
immune checkpoint blockade [14]. Additionally, chemother-
apy has been shown to have various favorable immunogenic
effects on the tumor microenvironment, including reduction
in myeloid derived suppressor cells, reduction in regulatory
T-cells (Tregs), and promotion of dendritic cell maturation
[15, 16].

Clinically, IMpassion130 [1] and KEYNOTE-355 [2]
demonstrated that combination chemo-immunotherapy
improves PFS in the frontline setting in patients with meta-
static, PD-L1 positive TNBC when compared to chemo-
therapy alone. Success has been seen in other solid tumor
types, with combination chemo-immunotherapy approved
frontline in the metastatic setting in non-small cell lung can-
cer [17, 18], small cell lung cancer [19] and PD-L1 positive
squamous cell carcinoma of the head and neck [20]. Radio-
therapy has also been shown to induce responses at non-
irritated sites though the abscopal effect [21] and a variety of
trials, predominantly in melanoma and non-small cell lung
cancer, have evaluated combinations of immune checkpoint
blockade and radiotherapy alone with mixed results [22].
Maintenance immunotherapy is approved after concurrent
chemoradiotherapy in both non-small cell lung cancer [23]
and esophageal cancer [24]. Given these successful combi-
nations, trials have evaluated the efficacy of these combi-
nations in attempts to improve the response to checkpoint
inhibition in HR+, HER2— breast cancer.

Chemotherapy

The combination of pembrolizumab with chemotherapy
has been evaluated in patients with HER2-negative breast
cancers in a similar approach to IMpassion130 and KEY-
NOTE-355 without demonstration of a similar survival ben-
efit among patients with HR-positive disease. A single-arm

phase II trial evaluated the efficacy of the combination of
pembrolizumab and capecitabine in 30 patients with pre-
treated HER2-negative breast cancer, including 14 patients
with endocrine-refractory metastatic HR+, HER2— mBC
[25]. In a 21-day cycle, patients received pembrolizumab
200 mg every two weeks and capecitabine 1000 mg/m2
oral (p.o.) twice daily (BID) on days 1-14. Median PFS for
the entire cohort was 4.0 months and for the HR-positive
subgroup was 5.1 months, which was not statistically better
than a historical control of 3.0 months and therefore did not
meet the prespecified endpoint. ORR was 14%, with two
PRs observed in the HR-positive subgroup, and 21% of HR-
positive patients had disease control for greater than one
year. One patient with HR-positive disease died of immune
related hepatitis.

A second phase II trial randomized patients with HR+,
HER2- breast cancer to eribulin with or without pembroli-
zumab [26]. Eligible patients must have progressed on at
least two prior lines of endocrine therapy, and 0-2 lines
of prior chemotherapy in the metastatic setting. Patients
were treated with 1.4 mg/m?2 of eribulin on days 1 and 8
and 200 mg of pembrolizumab on day 1 of a 21-day cycle,
and the primary endpoint was PFS. In total, 88 patients
were enrolled and 37% were PD-L1 positive, defined as a
modified proportion score of at least 1%. The addition of
pembrolizumab did not improve PFS compared to eribulin
alone in the entire cohort (4.1 months vs 4.2 months) or
in the PD-L1 positive subgroup (4.2 vs 4.3 months). OS
data was immature at the time of publication. Exploratory
analysis of biomarkers for response included PD-L1 status,
tumor infiltrating lymphocytes, and TMB, all of which could
not identify a population that statistically benefited from the
addition of pembrolizumab. Two patients died of immune-
related adverse events (irAEs) in the pembrolizumab arm.

Endocrine therapy

While endocrine therapy is the backbone of standard first-
line therapies with cyclin-dependent kinases (CDK) 4/6
inhibitors for HR+, HER2— mBC, it has not been frequently
investigated in combination with immunotherapy in this
population. In theory, endocrine therapy is an attractive
combination therapy because it is not immunosuppressive
and therefore not likely to blunt anti-tumor T-cell responses
to tumor antigens. A phase I trial investigating the com-
bination of tremelimumab and exemestane enrolled 26
women with metastatic HR+, HER2— breast cancer who
had progressed on at least one line of systemic therapy in
the metastatic setting [27]. While most adverse events were
grade 1 or 2, five patients developed dose-limiting toxici-
ties (diarrhea, transaminitis) and one patient had diarrhea
refractory to oral steroids and required treatment with inflixi-
mab. The best overall response was stable disease in 11 of
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26 patients (42%), which was durable for at least 12 weeks,
and no patient had PR or CR. While there was no associa-
tion between clinical response and total circulating CD4+
or CD8+ T-cells, the investigators noted that most patients
with SD demonstrated increased co-expression of induc-
ible costimulator (ICOS) on circulating CD4+ and CD8+
T-cells, likely signally immune activation. This combination
did not proceed to a phase II trial, but it provided support for
the further investigation of endocrine therapy in combination
with immunotherapy.

PARP inhibitors

BRCA1 and BRCAZ2, in conjunction with a variety of other
proteins including Chk2, ATM, RADS51 and others, play
important roles in the homologous recombination pathway
utilized in the repair of DNA double stranded breaks [28].
PARP inhibitors are thus felt to work through “synthetic
lethality” in which cells with a deficiency in homologous
recombination undergo cell death with PARP inhibition sec-
ondary to an inability to maintain genomic stability [29].
Multiple trials have demonstrated the efficacy of PARP
inhibition in germline BRCA1/2-mutated, HER2-negative
breast cancers [30, 31], with ongoing trials such as TBCRC
048 investigating if deficiencies in other components of the
homologous recombination pathway also predict benefit
with PARP inhibition [32].

Preclinical data suggest potential synergy with combin-
ing of PARP inhibition and immune checkpoint blockade.
PARP inhibition and double-stranded DNA breaks have
both been shown to increase PD-L1 expression in an ATM/
ATR/Chk1 dependent manner [33], and the combination of
PARP inhibition with checkpoint inhibition was more effec-
tive than either agent alone in an EMT6 breast cancer mouse
model [34]. Additionally, PARP inhibition has been shown
to result in the accumulation of cytosolic DNA with con-
sequent activation of the cGAS-STING pathway and type
I IFN production [35, 36], which can be further augmented
when combined with checkpoint inhibition [37].

The phase Ib/Il MEDIOLA trial evaluated the safety
and efficacy of olaparib with durvalumab in patients with
advanced solid malignancies, including a cohort of patients
with germline BRCA 1/2-mutated, HER2-negative mBC [38].
Patients with HR+, HER2— mBC were eligible if they had a
tumor that had progressed on at least one line of endocrine
therapy, had previously received an anthracycline or taxane,
and received no more than two lines of prior chemotherapy
for metastatic disease. Thirty-four patients with mBC were
enrolled, of whom 16 (47%) had HR-positive breast cancer.
The most common adverse were fatigue, GI effects, and ane-
mia, and the most common grade 3/4 adverse events were
anemia (12%), consistent with known toxicities of PARP
inhibition. Overall, the median OS was 21.5 months and
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median PFS was 8.2 months with an 80% DCR at 12 weeks.
Median OS and PFS in the HR-positive subgroup were 22.4
and 9.9 months respectively, with 8§ PRs and no CR. Though
not formally calculated, PD-L1 status did not appear to pre-
dict benefit. Intrinsic subtype and TMB also did not cor-
relate with outcomes. Additional studies, such as JAVELIN
PARP medley [39], are evaluating the combination of check-
point and PARP inhibition.

CDK4/6 inhibitors

CDK 4/6 regulate the transition from the G1 to S phases
of the cell cycle, and alterations in the CDK4/6 pathway
are associated with resistance to endocrine therapy [40].
CDK4/6 inhibition with endocrine therapy is now standard
of care among patients with HR+, HER2— breast cancer
in the first-line metastatic setting, given improved survival
outcomes compared to endocrine therapy alone [41-43].
There is preclinical evidence that CDK4/6 inhibitors elicit
an anti-tumor immune response through enhanced antigen
presentation by tumor cells, reduced proliferation of immu-
nosuppressive Tregs, and stimulation of effector T-cells [44,
45]. In the neoMONARCH study, which randomized post-
menopausal women to a two-week run in of neoadjuvant
abemaciclib alone, anastrozole alone or the combination of
both, post treatment biopsies demonstrated increased gene
expression in inflammatory and PD-1 pathways by RNA-
seq [46]. In mouse models, the addition of anti-PD-L1 anti-
body to abemaciclib enhanced tumor regression compared
to either agent alone [44].

A multicohort phase Ib study is currently evaluating the
efficacy and safety of the combination of pembrolizumab
and abemaciclib, including two patient cohorts with HR+,
HER2—- mBC [47]. Eligible patients must be naive to
CDK4/6 inhibition and have received at least one but not
more than two lines of systemic therapy. The first cohort is
evaluating the combination of pembrolizumab and abemaci-
clib alone, and the second cohort is evaluating this combi-
nation with anastrozole. Early data from 28 patients in the
pembrolizumab and abemaciclib arm, all with tumors which
had progressed on endocrine therapy, demonstrated an ORR
of 29%, with PR in 8 patients. Median PFS and OS were
8.9 months and 26.3 months, respectively. Adverse events
were consistent with known toxicities of immune checkpoint
inhibition and CDK4/6 inhibition, and the most common
grade 3/4 adverse was neutropenia.

Recently, a non-randomized phase II trial evaluated the
combination of nivolumab, abemaciclib, and either fulves-
trant or letrozole in the first- or second-line setting among
women with HR+, HER2— mBC [48]. In contrast to the
combination of pembrolizumab and abemaciclib + anastro-
zole, this combination resulted in significant toxicity, with
trial closure for safety concerns. Among 17 women who
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were enrolled, over half had grade 3 or higher immune-
related adverse events, and one died of treatment-related
toxicity (interstitial lung disease). While the ORR were
54.5% and 20% among patients who received fulvestrant
and letrozole, respectively, the significant toxicity associated
with this combination raises concerns.

Histone deacetylase (HDAC) inhibitors

Histone deacetylases (HDAC) are epigenetic modifiers
responsible for acetylation modulation which subsequently
opens chromatin and allows for transcription of genes and
results in cell cycle arrest, differentiation and/or cell death
[49]. There are currently four HDAC inhibitors approved for
various malignancies, with ongoing investigations evaluat-
ing the anti-tumor potential of these agents in breast cancer.

In HR-positive disease, preclinical data have demon-
strated that HDAC inhibition in MCF-7 breast cancer models
induces estrogen receptor alpha degradation, downregulates
estrogen receptor transcription and reduces tumor growth
[50]. The combination of checkpoint inhibition with the
HDAC inhibitor entinostat in 4T1 bearing mice resulted in
greater anti-tumor efficacy than immune checkpoint alone,
and while the combination did not increase TILs, the addi-
tion of entinostat reduced myeloid-derived stem cells and
tumor associated Tregs.

A phase II trial investigated the combination of tamox-
ifen, vorinostat, and pembrolizumab among 34 women with
heavily-pretreated HR+, HER2— mBC [51]. While the ORR
was only 4% and CBR only 19%, the combination was well-
tolerated without excess toxicity beyond what was expected
from endocrine therapy and checkpoint inhibitors. Among
the five patients with clinical benefit, increased markers of
CD8+ T-cell exhaustion and treatment-induced depletion
of Tregs correlated with improved response and prolonged
PFES. Of note, only two patients had PD-L1 positive tumors,
and both were non-responders to therapy, indicating the need
to identify alternative biomarkers of response to these thera-
pies. Ultimately, this study was terminated early due to low
efficacy in unselected patients.

Radiation

A phase II study evaluated the efficacy of pembrolizumab
with palliative radiation therapy to non-visceral metastases in
patients with metastatic HR+, HER2— mBC [52]. Patients
received pembrolizumab 200 mg 2-7 days prior to 20 Gy
of radiation over five fractions. Eight patients were enrolled
at the time of interim analysis, but the trial was closed due
to futility after no responses. Five of eight patients had pro-
gressive disease as best response, and there were no abscopal
responses. Paired biopsies were attempted but only collected
in two patients, in which there appeared to be an increase in

stromal TILs. It was hypothesized that fractionation schedule,
radiation to bone lesions as opposed to alternative sites, and
the overall treatment-refractory population may have contrib-
uted to lack of response.

Novel immunomodulatory therapies
in the metastatic setting

As the complex interplay between the immune system,
stroma and tumor becomes better understood, multiple co-
stimulatory and co-inhibitory receptors have been described
with the potential to increase responses to immunotherapy
in traditionally immunologically “cold” tumor like HR-posi-
tive breast cancers. There are preclinical data supporting the
anti-tumoral potential of OX40 and GITR agonist antibod-
ies or LAG3, TIM3, and adenosine receptor antagonism in
breast cancer, typically in combination with anti-PD1/PD-L1
blockade.

IMP321 is a recombinant soluble LAG3-Ig protein that
was originally developed as a LAG3 antagonist but was later
determined to be a potent stimulator of major histocompat-
ibility complex class II. This agent was evaluated with single
agent paclitaxel in a phase I/II trial in patients with HER2-
negative mBC [53]. Patients received IMP321 subcutane-
ously at various doses every two weeks on days 2 and 16 of
a 28-day cycle for up to 12 injections with weekly paclitaxel
80 mg/m2 on days 1, 8 and 15. Thirty patients were enrolled,
most of whom were HR-positive, and the ORR was 50%,
which compared favorably to historical control with weekly
paclitaxel alone. IMP321 increased the number of mono-
cytes in a dose dependent manner and additionally increased
dendritic cells, activated CD8+ cells and natural killer cells.
These results prompted the randomized phase IIb AIPAC
trial of paclitaxel alone compared to IMP321 plus pacli-
taxel in 227 patients with HR+, HER2— mBC [54]. PFS and
OS was not improved with the addition of IMP321 with a
median PFS of 7.29 months in both arms, though the com-
bination did improve OS in patients younger than 65 years
of age with a median OS of 21.9 months vs. 14.8 months in
with paclitaxel alone (p=0.012).

Multiple ongoing phase I/II trials are evaluating novel
immuno-oncology combinations in advanced refractory
solid malignancies including breast cancer. While TNBC
remains the focus of many of these trials, investigations with
combinatorial immunotherapeutic approaches are ongoing
in HR-positive disease.
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Combination with chemotherapy
in the neoadjuvant setting

In early-stage breast cancer, the benefits of neoadjuvant
systemic therapy include less morbid breast surgery [55],
the ability to assess tumor response to therapy, and evi-
dence that pathologic complete response (pCR) is asso-
ciated with improved long-term clinical outcomes [56].
However, higher rates of pCR are observed in patients
with HER2-positive and triple-negative cancers, with a
PCR rate of less than 20% in HR+, HER2— breast cancer.
Combinations of chemotherapy with immunotherapy have
been increasingly investigated in the neoadjuvant setting.
I-SPY2 is an ongoing multicenter, multicohort trial
developed as a platform to evaluate the efficacy of novel
agents in conjunction with neoadjuvant chemotherapy for
high-risk operable breast cancers. These novel agents are
“graduated” if they meet a predefined, subtype specific
efficacy threshold. Arms in I-SPY?2 are open for patients
with high-risk HR+, HER2— tumors, which are defined
as tumors at least 2.5 cm with a high risk MammaPrint.
The addition of pembrolizumab to paclitaxel demon-
strated efficacy and was the first novel agent graduated
in the I-SPY?2 trial [57]. Patients with HER2-negative
breast cancer were treated with pembrolizumab 200 mg
every three weeks for 4 cycles in combination with weekly
paclitaxel (T) 80 mg/m?2 followed by standard dose dense
doxorubicin plus cyclophosphamide (AC) alone. Sixty-
nine patients were randomized to pembrolizumab and 181
were randomized to control. Forty patients randomized to
pembrolizumab group had HR+, HER2— breast cancer.
In the HR-positive subgroup, the estimated pCR rate was
30% as compared to 13% in the control group. Adverse
events were mostly grade 1-2 and consistent with known
adverse events of immunotherapy, though notably six
patients developed adrenal insufficiency. KEYNOTE-756
[58] and CheckMate 7FL [59] are ongoing phase III trials
incorporating immune checkpoint inhibition with standard
neoadjuvant chemotherapy with AC-T followed by contin-
ued immune checkpoint inhibition with endocrine therapy.
The combination of olaparib, durvalumab and pacli-
taxel followed by standard dose dense AC was evaluated in
an arm of the I-SPY?2 trial and graduated after 13 months
[60]. Patients were treated with three cycles of durvalumab
1.5 g every 4 weeks along with olaparib 100 mg p.o. BID
for weeks 1-11 and weekly T, followed by dose dense
AC. Seventy-three patients were enrolled, 52 of whom had
HR+, HER2— breast cancer. The estimated pCR rate was
28% and this combination was generally well tolerated.
Future investigations with this combination are ongoing.
Another combination under evaluation in the Check-
mate 7A8 randomized phase II trial is neoadjuvant
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palbociclib and anastrozole + nivolumab [61]. Given the
toxicity of a similar combination in the metastatic setting,
this study will hopefully provide insight into the tolerabil-
ity and efficacy of the of anti-PD-1 in combination with
CDK4/6 inhibition and endocrine therapy.

Conclusions

While checkpoint inhibition alone or with standard chemo-
therapy has not shown the same clinical efficacy in patients
with HR+, HER2— mBC as has been demonstrated in
patients with TNBC, novel combinations with targeted
therapies, particularly CDK4/6 inhibitors and PARP inhibi-
tors, show promise. Preclinical data suggest synergy with
immune checkpoint inhibition and these targeted agents
in patients with HR+, HER2— breast cancer, potentially
because of alternative mechanisms of enhancing anti-tumor
immune response.

There are several challenges to utilizing immunotherapy
in HR+, HER2— breast cancer. It is becoming clear that
immune checkpoint inhibition is most efficacious when used
in early line settings, and with numerous effective agents
in HR+, HER2— mBC, early investigations with immuno-
therapy have been limited to patients often refractory to mul-
tiple agents. Additionally, finding a biomarker predictive of
response to immunotherapy remains a challenge. The results
of immunotherapy-based clinical trials in the HR-positive
population call into question the reliability of PD-L1 expres-
sion as a biomarker of response and highlight the need to
identify other immune signatures that can predict response
and identify candidates for novel treatment strategies. Inves-
tigations of novel biomarkers in tumor tissue, liquid biopsies
and the tumor microenvironment are ongoing.

In the early-stage setting, the innovative I-SPY?2 clini-
cal trial design offers an opportunity for the investigation
of novel immunotherapy combinations in the neoadjuvant
setting, with the potential to lead to further drug develop-
ment in the advanced/metastatic setting. However, the risk of
long-term toxicities with immunotherapy must be weighed
against potential benefit in localized disease, particularly in
a patient population with better outcomes when compared
to their triple negative counterparts. The emerging safety
concerns when combining immunotherapy with endocrine
therapy reflects the potential for toxicity with immunother-
apy combinations despite well described toxicity profiles as
monotherapy. Despite these and challenges further advances
in the field of immunotherapy in HR+, HER2— disease can
be expected in the coming years.
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