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Checkpoint blockade in the treatment of breast cancer: current

status and future directions

Lironne Wein', Stephen J Luen’, Peter Savas', Roberto Salgado'? and Sherene Loi'?

There is now accumulating evidence that the host immune system plays an important role in influencing response to treatment
and prognosis in breast cancer. Immunotherapy with immune checkpoint inhibitors is a promising and rapidly growing field of

interest in many solid tumours, including breast cancer. Trials to date have largely focused on metastatic triple-negative disease, a
genomically unstable subtype of breast cancer that is believed to be the most immunogenic and following the development of
treatment resistance, has limited treatment options and a particularly poor prognosis. Both checkpoint inhibitor monotherapy and
combinations with chemotherapy are being investigated. In this review, we discuss the current evidence for PD-1/PD-L1 blockade
in metastatic triple-negative breast cancer (TNBC), HER2+ breast cancer and ER+ disease, as well as the emerging evidence for use
in the early-stage (neoadjuvant) setting. We also propose potential ways of improving responses to checkpoint blockade in breast

cancer.

British Journal of Cancer (2018) 119:4-11; https://doi.org/10.1038/541416-018-0126-6

INTRODUCTION
The central role of the immune system in cancer biology and
therapeutics is being increasingly recognised and studied. Breast
cancer has not conventionally been considered a highly
immunogenic cancer, unlike melanoma and non-small cell lung
cancer, which have the highest somatic mutational load of all
human cancers.' Increased tumour mutational load has been
reported to be associated with increased immunogenicity;>* this
may be due to an increased probability of tumours with high
mutational loads displaying immunogenic neoantigens, which are
recognised by T cells.*"® Furthermore, the immunological constant
of rejection comprises a set of genes that influence the immune
effector pathway,” and high expression of these genes signifies an
active immune environment and is associated with a favourable
prognosis.® However, the precise genomic determinants of
immunogenicity in breast cancer remain poorly understood.

Observations of tumour infiltrating lymphocytes (TILs) in and
around neoplastic cells,” and the association of TILs with
pathological complete response (pCR) to treatment and favour-
able prognosis in early breast cancer, however, have transformed
our understanding of the importance of the immune system in
this disease. A number of immune checkpoint inhibitors are
currently in use in several types of cancer. These include
antibodies against cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) (ipilimumab and tremelimumab) and against the
programmed death-1 (PD-1) T cell co-receptor (pembrolizumab
and nivolumab) and its ligand PD-L1 (atezolizumab, avelumab and
durvalumab). To date, pembrolizumab and atezolizumab are the
checkpoint inhibitors that have been most extensively studied in
breast cancer.

In this review, we discuss the significance of TILs in the context
of conventional therapies and future immunotherapy directions.
We review the evidence for immune checkpoint inhibitors in

metastatic TNBC, HER2+ and ER+ disease, as well as in early-stage
disease. We also discuss potential methods of improving
responses to immunotherapies in breast cancer.

TILS IN BREAST CANCER

TILs are mononuclear immune cells that are found in and around
tumour tissue. The tumour microenvironment contains both pro-
inflammatory immune cells and cells with immune suppressor
actions. Type 1 T helper cells, cytotoxic CD8 T cells, natural killer
cells, dendritic cells and M1 macrophages characterise an effective
immune response, whereas M2 macrophages, myeloid-derived
suppressor cells and regulatory T cells have suppressor func-
tions.'®"" TILs have been observed in most solid tumour types
(including breast cancer), using simple diagnostic haematoxylin
and eosin (H&E)-stained slides, and they represent a surrogate for
anti-tumour T cell-mediated immunity. In breast cancer, higher
TIL levels are seen in triple-negative (TNBC) and HER2 positive
(HER2+) tumours, compared with ER+/HER2- tumours.'? T cells
comprise the majority of the TIL population in breast cancer,’® and
observations of TILs in these cancers provide insight into their
immunogenicity, suggesting that TNBC and HER2+ cancers are
more immunogenic than ER4/HER2— cancers.?

There has been much interest in the use of TILs as a biomarker
in breast cancer to (i) help identify patients with a favourable
prognosis who may be appropriate for treatment de-escalation in
the adjuvant setting, and (ii) to potentially predict responders to
immune checkpoint blockade. Furthermore, we have developed
the use of TILs as a biomarker using semi-quantitative scoring on
H&E-stained slides, to keep this marker as simple as possible to
make it widely assessable.'*'> The prognostic value of TILs in
primary breast cancer has been substantially evaluated using
tumour samples in thousands of patients from prospective trials of
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adjuvant chemotherapy. A strong linear relationship between
increased TIL levels and improved recurrence-free survival in TNBC
and HER2+ disease has been demonstrated.'>'®"® TILs have also
been associated with higher rates of pathologic complete
response (pCR) to neoadjuvant treatment.'® Evidence for this role
is strongest in TNBC and HER2+ subtypes;'®?°%? in patients who
have residual disease after neoadjuvant therapy, TILs in the
residual disease specimen have been shown to be associated with
a more favourable prognosis.?’ Of note, increased TILs have been
associated with increased rates of pCR in luminal tumours, with
either no effect on survival or reduced overall survival (0S).>1923
The relationship in ER+ breast cancer is more complicated due to
the association of TILs with higher proliferation rates, with the
latter being associated with poorer outcomes in luminal breast
cancers. More recently, the prognostic role of TILs in metastatic
disease has been evaluated. It was found that in patients with
advanced HER2+ breast cancer treated with docetaxel, trastuzu-
mab and pertuzumab or placebo, higher TIL levels were
significantly associated with improved 05.>* These data suggested
that the prognostic effect of anti-tumour immunity also extends to
the advanced setting.

Collectively, these results suggest that some breast cancer
patients have a robust immune repertoire that may be bolstered
by immunotherapy agents to achieve a robust anti-tumour
response. As we will discuss below, higher response rates and
longer survival have been observed in patients with higher TIL
levels,®®> which suggest that TILs may have a role as a biomarker
for the identification of patients who may respond to immu-
notherapy. Further studies stratifying response to immunotherapy
based on TIL levels in large numbers of patients are needed to
establish this potential role for TILs.

IMMUNE CHECKPOINT INHIBITORS AS MONOTHERAPIES IN
METASTATIC TNBC

Immunotherapy trials to date have largely been focused on
patients with TNBC in the advanced disease setting. This subtype
is thought to be one of the more immunogenic forms of breast
cancer, at least in primary disease,”® and has limited treatment
options apart from cytotoxic chemotherapy. Early data on the
efficacy of checkpoint blockade, in particular PD-1 and PD-L1
inhibition, are just starting to emerge for breast cancer (Table 1).

Pembrolizumab monotherapy

KEYNOTE-012%" was a phase 1b trial of single-agent pembrolizu-
mab in patients with TNBC, urothelial cancer, gastric cancer and
head and neck cancer. Patients were required to be PD-L1 positive
by immunohistochemistry (IHC), which was defined as PD-L1
positivity in the stroma or =1% tumour cells using their Qualtek
assay.’® Most patients were heavily pre-treated; the median
number of previous lines of systemic therapy for metastatic
disease was two, with 46.9% of patients having received at least
three lines of prior therapy and 25.0% having received at least five.
Among the 32 patients in the TNBC cohort, overall response rate
(ORR) was 18.5%, with median time to response of 17.9 weeks and
median duration of response not yet reached (range, 15.0 to
>47.3 weeks) at the time of reporting. Five patients (15.6%)
experienced grade 3 or greater toxicity and there was one
treatment-related death (disseminated intravascular coagulation).
While these data were promising, it is likely that physician
selection bias of patients played a part in these high response
rates, because metastatic TNBC patients rarely make it past many
lines of treatment, and all patients were required to be PD-L1
positive.

Phase 2 studies of pembrolizumab in metastatic TNBC have
recently been reported. KEYNOTE-086 is a phase 2 trial of
pembrolizumab monotherapy in metastatic TNBC as first-line or
above treatment.?>° Cohort A enroled 170 patients, who had
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received at least one prior systemic treatment for metastatic
disease; 44% had three or more lines of prior therapy. ORR was
5%, with median duration of response 6.3 months (range, 1.2+ to
10.34). Grade 3 or 4 treatment-related adverse events occurred in
12% of patients, and there were no deaths due to adverse events.
Cohort B included patients with previously untreated metastatic
disease, with a tumour PD-L1 combined positive score >1%. Data
from the first 52 patients enroled showed an ORR of 23%, with 4%
achieving a complete response. Of note, there were few objective
responses observed with liver metastases, visceral disease, higher
LDH and higher tumour burden; however, this observation needs
further validation in larger cohorts. Importantly, the objective
responses seen were durable. The safety profile was very
manageable, with five reported grade 3 or 4 treatment-related
adverse events, and no patients dying or discontinuing due to an
adverse event. These data suggested that the first-line setting was
the best time to evaluate pembrolizumab monotherapy. We
speculate that the lower responses after the first-line setting likely
relates to a larger tumour burden (particularly in liver disease),
selection of the less immunogenic tumour clones and the high
growth rate of disease in advanced TNBC. Biomarkers are clearly
needed in this setting, because the chance of a durable response
with pembrolizumab monotherapy without cytotoxic chemother-
apy is appealing for the patients that can derive this benefit. Phase
3 studies will be necessary to more fully evaluate the efficacy of
pembrolizumab. KEYNOTE-119 (NCT02555657) is an ongoing
phase 3 trial of single-agent pembrolizumab versus single-agent
chemotherapy of physician’s choice for metastatic TNBC. Patients
have been pre-treated with 1 or 2 prior lines of therapy in the
metastatic setting. This trial has finished recruitment and is
expected to report in 2019.

Atezolizumab monotherapy

The anti-PD-L1 antibody atezolizumab has also been investigated
in early phase trials in metastatic breast cancer. In a phase 1a
study of atezolizumab in metastatic TNBC,®' 21 patents with PD-L1
positive (=5% of infiltrating immune cells) disease were evaluated
for efficacy. ORR was 24%, including two complete responses.
Duration of response ranged from 0.1 to 41.6 weeks, with the
median not yet reached. Grade 3-5 adverse events were
experienced by 11% of patients, and one death was reported
from pulmonary hypertension. In addition, Schmid et al. recently
reported the activity of atezolizumab monotherapy in a metastatic
TNBC cohort of a Phase la study.?® Most patients were heavily pre-
treated in this cohort. Eleven percent of patients experienced
grade 3-4 treatment-related adverse events, and 2% experienced
a grade 5 treatment-related adverse event. Interestingly, while
ORR was only 10%, all of these responding patients achieved long-
term survival benefit (2-year OS 100%). This is notable, given the
median OS of advanced TNBC is around 1 year. Higher ORRs were
observed in those who were being treated first line and also those
with PD-L1 =5%. Higher levels of TILs (evaluated as median TIL
infiltration as a percentage of tumour area) were also associated
with higher ORRs and longer OS; in the group with TILs <10%,
median OS was 6.6 months, compared with 12.6 months for those
with TILs >10%.

Considering these details, it may be that a combination of TILs
on H&E and PD-L1 IHC may be optimal in identifying patients who
will respond to checkpoint blockade. Furthermore, it is notable
that ORRs seen with atezolizumab and pembrolizumab are similar,
suggesting comparable efficacy of these PD-1 and PD-L1
inhibitors in breast cancer.

IMMUNE CHECKPOINT INHIBITORS AS COMBINATION
THERAPIES IN METASTATIC TNBC

Due to the modest responses observed with monotherapy,
combinations of PD-1/PD-L1 blockade and chemotherapy are

being studied. Tolaney et al. conducted a phase 1b/2 study to
evaluate the safety and efficacy of eribulin combined with
pembrolizumab in metastatic TNBC.>? Patients had received two
or fewer lines of previous chemotherapy in the metastatic setting.
ORR was 33.3% and 7.7% of patients achieved durable stable
disease, defined as stable disease with a duration of 24 weeks or
more after first dose date. Two-thirds of patients experienced
grade 3 or 4 treatment-emergent adverse events, no treatment-
related deaths occurred. Possible immune-related grade 3 or 4
events occurred in 12.8% of patients and included rash,
hyperglycaemia, pneumonitis and renal failure. The efficacy of
pembrolizumab combined with chemotherapy is being further
investigated in large clinical studies. For example, KEYNOTE-355
(NCT02819518), which is a phase 3 study, is investigating the
safety and efficacy of pembrolizumab plus chemotherapy. This
combination will be compared to placebo plus chemotherapy as
first-line treatment for advanced TNBC. The pembrolizumab dose
in these trials is 200 mg every 3 weeks and patients are unselected
for PD-L1 positivity. This study is currently recruiting, and is
expected to be complete in early 2019.

Combination regimens with chemotherapy/atezolizumab are
also being investigated. In a study combining atezolizumab with
nab-paclitaxel in advanced TNBC, an ORR of 42% was
reported.>*3* Eleven of 17 responses (65%) were continuing at
the time of data cutoff. After a median safety follow-up of
5.2 months (range, 0.6-12.6), five patients had discontinued nab-
paclitaxel due to an adverse event, and no treatment-related
deaths were observed. Based on these results, IMpassion130
(NCT02425891) was commenced. This is a phase 3 randomised
trial of atezolizumab in combination with nab-paclitaxel compared
with placebo plus nab-paclitaxel in previously untreated meta-
static TNBC. Recruitment has finished recruitment and the trial is
likely to report in 2018.

IMMUNE CHECKPOINT INHIBITORS IN HER2+ AND ER-+
SUBTYPES

High levels of immune infiltrate have also been observed in early-
stage HER2+ breast cancers, and associations with prognosis and
prediction have been reported.'>''9?22% |mmunotherapy is
therefore currently being investigated in the setting of metastatic
HER2+ disease. PANACEA (NCT02129556; KEYNOTE-014) is a
phase 1b/2 trial of pembrolizumab in advanced, trastuzumab-
resistant, HER2+ breast cancer. In this study, different dose levels
of pembrolizumab (1 mg/kg, 2 mg/kg, 10 mg/kg or a flat dose of
200 mg every 3 weeks) combined with trastuzumab was given to
patients who have progressed on prior trastuzumab, or recurred
while on adjuvant trastuzumab or within 1 year of completing
adjuvant trastuzumab. The combination of trastuzumab emtan-
sine (TDM-1) and atezolizumab is being investigated in the KATE2
trial (NCT02924883). TDM-1 has been shown in preclinical models
to promote anti-tumour immunity.3> This is a phase 2 study
investigating the safety and efficacy of this treatment in patients
who have received prior trastuzumab and taxane-based therapy.
Furthermore, several other studies of combined HER2-targeted
treatment with immune checkpoint blockade are currently
recruiting (e.g., NCT02318901 and NCT02605915).

There are currently little data regarding efficacy in ER+ breast
cancers. KEYNOTE-028 is an ongoing phase 1b study evaluating
the efficacy and safety of pembrolizumab in patients with PD-L1
positive (expression in stroma or >1% tumour cells) advanced
solid tumours.>® The breast cancer cohort comprises 25 patients
with ER4+/HER2— tumours, a breast cancer subtype generally
considered to be less immunogenic than TNBC or HER2+ disease.
Only 19% of the 248 patients screened had PD-L1 positive
tumours, suggesting low immunogenicity in this cohort. Patients
were heavily pre-treated, with nearly half of the patients having
received five or more previous lines of treatment for advanced
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disease. Three patients (12%) achieved a partial response, with the X
median duration of response not yet reached (range, 8.7 to - 8 § 5 o
44.3 weeks). Overall, 16% of patients experienced a grade 3 or 4 2 B = 5
treatment-related adverse event, and there were no treatment- B e 8 6
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their immunosuppressive activity.>’ Therefore, oestrogen may S 8T ¢ :;
have immunosuppressive effects in the microenvironment that g 5L ¢ .
may also affect responses to immunotherapies®”%; this may, at = 9EE S < S
least partly, explain the low response rate to pembrolizumab seen 2 S8 8% ~
in the KEYNOTE-028 cohort.
In the metastatic breast cancer expansion cohort of the JAVELIN 55
study,®® the PD-L1 antibody avelumab was used in 168 patients w | 28
with metastatic breast cancer, unselected by subtype or PD-L1 %S ‘q:':; §_8
status. Patients had been treated with a median of three prior lines R | a8 o
of therapy in the locally advanced or metastatic setting. ORR was Zzojo= A
5.4%, with one complete response and eight partial responses, I £
and five of nine responses were still ongoing at the time of cutoff. g 3 €
Stable disease was seen in an additional 23.8% of patients. g ‘g‘ °s EE
Notably, for patients with PD-L1 positive immune cells within the 3®9 273 E2
tumour, 33.3% had partial responses. Treatment-related grade 3 or -a_g g 8< o g
higher adverse events were seen in 14.3% of patients, with two g 9 RE ==
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failure and one respiratory distress). §-g,-§ 8~ g<
Collectively, these results indicate that the efficacy of immu- <£g S 58
notherapy in metastatic breast cancer outside of the TNBC setting A § 2 Eh £ “2
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Neoadjuvant therapy is used in breast cancer to downstage
tumours and eliminate micrometastases. Much emphasis is placed
on achieving a pCR, as this is highly correlated with long-term
outcome®® in TNBC and HER2+ disease, and trials are currently
being conducted to investigate the use of checkpoint inhibitors in
this setting (Table 2).

The phase lb KEYNOTE-173 study (NCT02622074) evaluated
pembrolizumab plus chemotherapy as neoadjuvant therapy for
locally advanced TNBC. Preliminary data from 20 patients showed
an impressive pCR rate of 50% in cohort A (pembrolizumab plus
nab-paclitaxel followed by pembrolizumab plus AC [doxorubicin
plus cyclophosphamide]) and 90% in cohort B (pembrolizumab

cyclophosphamide. B: pembro followed by pembro + involvement in 75%)

A: pembro followed by pembro + nab-paclitaxel
nab-paclitaxel + carboplatin followed by pembro +

Paclitaxel or paclitaxel/pembro followed by
followed by pembro + doxorubicin/

(] (]
e °
o S
. 8 3
plus nab-paclitaxel plus carboplatin followed by pembrolizumab 8 s S
plus AC).*' Grade 3-4 treatment-related adverse events occurred 5 2 2
in eight patients in cohort A and ten patients in cohort B. One 2| & 9 3
patient in A and two patients in B discontinued for a treatment- o 2 £ £
related adverse event (two ALT elevations with pembrolizumab; 2135 8 g
one DVT with chemotherapy). Pusztai et al. evaluated the safety of s | & S S
the anti-PD-L1 antibody MEDI4736 administered concomitantly £ S ) g
with neoadjuvant chemotherapy for TNBC.** MEDI4736 was 2
administered with weekly nab-paclitaxel and subsequently with -
dose-dense AC. Three patients completed therapy at the 3 mg/kg E a 2
dose without any dose-limiting toxicities. At the 10 mg/kg dose 21 . £ £
level, all three patients completed the nab-paclitaxel + MEDI4736 £ % c | N i
treatment without any dose-limiting toxicities. The phase 2 £ &8 g _g
portion of the trial is currently open to recruitment 8 E ﬁ £ £
(NCT02489448). SlOEs | o
[-SPY 2 is phase 2 platform which is evaluating novel Sl y
neoadjuvant agents on a backbone of weekly paclitaxel v g ~ o
followed by AC, and selected by Mammaprint high-risk score 2
(NCT01042379). Bayesian models are being used to estimate the £
PCR rates. Nanda et al. investigated the addition of pembrolizu- 2 E
mab to standard neoadjuvant therapy, where they reported a I IS ; g;
tripling the estimated pCR rate in TNBC (60% vs. 20%), and near 3 E & E 0
[ ] wv - —

tripling of the estimated pCR rate in hormone receptor+/HER2—

MEDI4736 + nab-paclitaxel followed by dose dense

doxorubicin/cyclophosphamide

MEDI4736

1

Recently presented studies of anti-PD1/PD-L1 agents in neoadjuvant breast cancer therapy. pCR pathological complete response. Estimated pCR

Pusztai
et al*?
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to PD-1/PD-L1 monotherapy

Assessment of likelihood of response

Normal LDH

High TILs (>5% on biopsy
of metastatic lesion)

No lines prior therapy

v

Likely to respond ‘

v

PD1/PD-L1 inhibitor
monotherapy

|

Assess response
after 3 cycles

v N\

‘ No response ‘ _—

‘ Response ‘

Fig. 1

High LDH (>2.5X ULN)
Low TILs (<5% on biopsy
of metastatic lesion)
Multiple lines prior therapy

v

Unlikely to respond ‘

v

Clinical trial of combination PD1/PD-L1 inhibitor plus:

Reduction of tumour
burden (chemotherapy,
radiotherapy, and
targeted therapy)

Optimisation of antigen
presentation (antibody
conjugates, chemotherapy
radiotherapy, STING
agonists, and TLR agonists)

Inhibition of immune
suppressive molecules
(IDO inhibition, and

Activation of effector
T cells (OX40, and
4-1BB agonists)

Other checkpoint inhibitors (CTLA-4, and LAG-3)

adenosine suppression)

Proposed schema for treating metastatic TNBC with PD-1/PD-L1 blockade. Based on findings presented by Loi et al.** CTLA-4 cytotoxic

T lymphocyte-associated protein 4, IDO indoleamine 2,3-dioxygenase, LAG-3 lymphocyte-activation gene 3, LDH lactate dehydrogenase, TIGIT
T cell immunoreceptor with Ig and ITIM domains, TILs tumour infiltrating lymphocytes, TLR toll-like receptors, STING stimulator of interferon

genes, ULN upper limit of normal

(34% vs. 13%).** Of note, five patients (7%) experienced grade 3
immune-related adverse events (one hypophysitis and four
adrenal insufficiency). Pembrolizumab was given upfront with
the weekly paclitaxel and not continued with the AC component.

The apparent high rate of immune-related adverse events seen
with the I-SPY 2 study is intriguing. It could be that the immune
system is more robust and could be easier to modulate in the
early-stage setting and/or it may be that the chemotherapy given
in the KEYNOTE-173 study resulted in significant leukopenia,
which may have impacted the immune response. However, the
high response rates seen suggest that early-stage disease may be
the preferable setting for immunotherapy (as evidenced by high
levels of TILs in primary tumours). This will require well thought
out clinical trials to avoid over treatment. Indeed, it could be that
pCR may not be the best end point, as it is likely that the patients
with high TILs will benefit from PD-1 blockade, and one could
speculate that many of these patients may have done well with
chemotherapy alone despite not achieving pCR. An early on-
treatment biopsy to understand if patients with low levels of
immune infiltrate at baseline can increase their immune response
might be one way of investigating whether immunotherapy is
beneficial to those who really need additional treatment in the
early-stage setting.

Beyond the neoadjuvant setting, trials are also being conducted
to assess the efficacy of immune checkpoint inhibitors used as
post neoadjuvant therapy in TNBC. Phase 3 trials of atezolizumab

and pembrolizumab are both currently underway (NCT03281954
and NCT03036488).

IMPROVING RESPONSES TO IMMUNOTHERAPY IN BREAST
CANCER

Observed response rates to immunotherapy in breast cancer are
modest compared with some other tumours, such as melanoma
and non-small cell lung cancer. This may be due to well-evolved
tumour immune escape mechanisms, such as a reduced expres-
sion of major histocompatibility complex class | (MHC 1), resulting
in decreased immune recognition,'’ and an immunosuppressive
tumour microenvironment present in advanced disease.** How-
ever, it is clear that the minority of patients who respond to PD-1/
PD-L1 blockade can derive substantial benefit and that the
responses can be durable. This is notable because a minority of
advanced breast cancer patients may have durable tumour
control without chemotherapy; the key will be in identifying a
biomarker that can identify these patients. There are several
potential approaches that may be taken to improve these
response rates (Fig. 1).

Combination therapy

Combining chemotherapy, targeted therapy or radiotherapy with
immunotherapy may enhance responses by increasing immuno-
genicity or overcoming mechanisms of immune escape. There is
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Table 3.

Potential biomarkers for patient selection for immunotherapy in breast cancer

Biomarker Method of assessment Evidence

TILs H&E slides
PDL1 IHC (VENTANA PD-L1 (SP142)
Assay)

Pembrolizumab monotherapy in metastatic TNBC: Median (IQR) TIL level in responders vs. non-
responders was 10% (7.5-25%) vs. 5% (1-10%) in cohort A (previously treated, any PD-L1 expression)
and 50% (5-70%) vs. 15% (5-37.5%) in cohort B (previously untreated, PD-L1 positive)64

Atezolizumab in combination with nab-paclitaxel in metastatic TNBC: ORR ICO = 57.1% (95% Cl: 18.4,
90.1); ORR IC1/2/3 = 77.8% (95% Cl: 40.0, 97.2);°° ICO = <1% of immune cells or tumour cells staining
positive for PD-L1; IC1 = 21% and <5% of immune cells or tumour cells staining positive for PD-L1; IC2
= 25% and <10% of immune cells or tumour cells staining positive for PD-L1; IC3 = 210% of immune
cells or tumour cells staining positive for PD-L1

H&E haematoxylin and eosin, IHC immunohistochemistry, IQR interquartile range

growing evidence that response to conventional anticancer
agents is mediated, at least in part, by the immune system*>*¢
and the combination of immune checkpoint inhibitors with
chemotherapy, targeted therapy and/or radiotherapy may be
synergistic.**® As described above, current multimodality combi-
nations being investigated include pembrolizumab plus either
trastuzumab or eribulin, and atezolizumab plus either nab-
paclitaxel or TDM-1. In addition, trials are currently underway
with immune checkpoint inhibitors combined with a MEK
inhibitor/chemotherapy (NCT02322814) and with radiotherapy
(NCT02303366).

Another combinatorial approach involves dual checkpoint inhibi-
tion. In melanoma, combined PD-1 and CTLA-4 inhibition, while
associated with significant toxicity, has been shown to be effective.*®
Such combinations are yet to be adequately investigated in breast
cancer (NCT02892734), as are other checkpoint proteins such as
LAG-3.° Another potential way to target anti-PD-1 resistant tumours
may be via indoleamine 2,3-dioxygenase 1 (IDO1) inhibition,”’ or by
targeting the adensoine pathway®? (NCT02655822). In a mouse
model of anti-PD1 resistance, TILs were found to overexpress IDO1,
and IDO inhibition was effective in reducing both tumour growth
and lung metastasis.>® Certainly in melanoma, adding an IDO
pathway inhibitor to a checkpoint inhibitor seems to be a promising
strategy.>® Other strategies for further investigation include (1)
optimisation of antigen presentation using antibody conjugates
such as sacitizimab govitecan (IMMU-132)>>°% and STING or TLR
agonists,®” and (2) use of agents which activate effector T cells such
as OX40 agonists>® and 4-1BB agonists.>”

Patient selection using biomarkers

Patients may be better selected for immunotherapy using an
accurate predictive biomarker, such as PD-L1 expression and TILs
(Table 3). There is some evidence that PD-L1 positivity is
associated with response to immunotherapy in breast cancer;*
however, use of PD-L1 expression as a biomarker is limited by
poor standardisation of assays and cutoffs. In addition, some
patients with PD-L1 negative tumours have been noted to
respond to anti-PD-1/PD-L1-directed treatments, with some of
these responses being durable, thus limiting PD-L1 expression as
an exclusionary biomarker.®' Evaluation of PD-L1 protein levels on
tumour samples has been fraught with difficulties with regard to
assay types and reproducibility. TILs as seen by H&E are indicators
of tumour immunogenicity, and have demonstrated an associa-
tion with response to neoadjuvant therapy and trastuzumab-
based therapy.'®'® The clinical utility of TILs to predict response to
immunotherapy in the metastatic setting, while biologically
plausible, has yet to be adequately explored. Much work remains
to be done with regard to appropriate biomarkers in this space.

Immunotherapy in the first-line setting

The observation that metastatic TNBC tumours have fewer TILs
than their matched primary tumours suggests that immune
suppression becomes more prevalent with rapidly increasing

growth, large tumour burden, and metastasis.®?> Chemotherapy-
induced lymphopenia may also be a reason for lower responses to
checkpoint blockade seen in later lines of therapy. Immune
microenvironment heterogeneity by organ site may also be
relevant, with far fewer responses observed in patients with liver
metastases.”” We hypothesise that immunotherapy may be more
effective when used in early-stage disease and as first-line
treatment in the metastatic setting, rather than in more advanced
disease when host anti-tumour immune responses are diminished.
In the study by Adams et al. investigating the atezolizumab/nab-
paclitaxel combination,®® higher response rates were seen in
patients who received this treatment as first-line therapy
compared with second-line therapy (confirmed ORR 66.7% vs.
25%, respectively). In the advanced setting, with high tumour
burden and rapidly growing disease, more aggressive approaches
to re-instate immunity, such as CAR-T cells or T cell biospecifics,
may be required.®®

CONCLUSION

Immunotherapy is a promising treatment approach for metastatic
TNBC, and particularly PD-1/PD-L1 blockade, with phase 1 and 2
trials reporting response rates between 5 and 42%. It is likely that
immunotherapy will also prove useful in HER2+ metastatic breast
cancer, and in a subset of patients with early-stage disease. Trials
are currently underway to establish and define the role of
checkpoint inhibitors in breast cancer in each of these settings.
Response rates might be improved by combining checkpoint
inhibitors with chemotherapy, radiotherapy, targeted therapy,
MEK inhibition, adenosine suppression or IDO inhibition, and this
is a key direction for future clinical trials. Furthermore, the
appropriate selection of patients for immunotherapies using
biomarkers, such as TILs and PD-L1 expression, is an area of great
interest and active investigation.

AUTHOR CONTRIBUTIONS
Preparation/drafting of the manuscript: LW, SJL, P.S, RS. and SL. Figures: LW.and S.L.

ADDITIONAL INFORMATION

Competing interests: SJ.L. is supported by the University of Melbourne. S.L. is
supported by the Cancer Council Victoria John Colebatch fellowship, the Breast
Cancer Research Foundation (BCRF) NY, the National Health and Medical Research
Council (NHMRC) of Australia. R.S. is supported by the BCRF.

Note: This work is published under the standard license to publish agreement. After
12 months the work will become freely available and the license terms will switch to
a Creative Commons Attribution 4.0 International (CC BY 4.0).

REFERENCES

1. Alexandrov, L. B. et al. Signatures of mutational processes in human cancer.
Nature 500, 415-421 (2013).



Checkpoint blockade in breast cancer
L Wein et al.

10

20.

21.

22.

23.

24,

25.

. Pruneri, G. et al. Tumor-infiltrating

. Joffroy, C. M. et al. Antiestrogens induce transforming growth factor beta-

mediated immunosuppression in breast cancer. Cancer Res. 70, 1314-1322
(2010).

. Luen, S., Virassamy, B., Savas, P., Salgado, R. & Loi, S. The genomic landscape

of breast cancer and its interaction with host immunity. Breast 29, 241-250
(2016).

. Castle, J. C. et al. Exploiting the mutanome for tumor vaccination. Cancer Res. 72,

1081-1091 (2012).

. Robbins, P. F. et al. Mining exomic sequencing data to identify mutated antigens

recognized by adoptively transferred tumor-reactive T cells. Nat. Med. 19,
747-752 (2013).

. Wick, D. A. et al. Surveillance of the tumor mutanome by T cells during pro-

gression from primary to recurrent ovarian cancer. Clin. Cancer Res. 20,
1125-1134 (2014).

. Wang, E., Worschech, A. & Marincola, F. The immunologic constant of rejection.

Trends Immunol. 29, 256-262 (2008).

. Bedognetti, D., Hendrickx, W., Marincola, F. M. & Miller, L. D. Prognostic and

predictive immune gene signatures in breast cancer. Curr. Opin. Oncol. 27,
433-444 (2015).

. Sistrunk, W. E. & Maccarty, W. C. Life expectancy following radical amputation for

carcinoma of the breast: a clinical and pathologic study of 218 cases. Ann. Surg.
75, 61-69 (1922).

. Spellman, A. & Tang, S. C. Immunotherapy for breast cancer: past, present, and

future. Cancer Metastas. Rev. 35, 525-546 (2016).

. Dushyanthen, S. et al. Relevance of tumor-infiltrating lymphocytes in breast

cancer. BMC Med. 13, 202 (2015).

. Loi, S. et al. Prognostic and predictive value of tumor-infiltrating lymphocytes in a

phase Ill randomized adjuvant breast cancer trial in node-positive breast cancer
comparing the addition of docetaxel to doxorubicin with doxorubicin-based
chemotherapy: BIG 02-98. J. Clin. Oncol. 31, 860-867 (2013).

. Savas, P. et al. Clinical relevance of host immunity in breast cancer: from TILs to

the clinic. Nat. Rev. Clin. Oncol. 13, 228-241 (2016).

. Salgado, R. et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast

cancer: recommendations by an International TILs Working Group 2014. Ann.
Oncol. 26, 259-271 (2015).

. Denkert, C. et al. Standardized evaluation of tumor-infiltrating lymphocytes in

breast cancer: results of the ring studies of the international immuno-oncology
biomarker working group. Mod. Pathol. 29, 1155-1164 (2016).

. Loi, S. et al. Tumor infiltrating lymphocytes are prognostic in triple-negative

breast cancer and predictive for trastuzumab benefit in early breast cancer:
results from the FinHER trial. Ann. Oncol. 25, 1544-1550 (2014).

. Adams, S. et al. Prognostic value of tumor-infiltrating lymphocytes in triple-

negative breast cancers from two phase Ill randomized adjuvant breast cancer
trials: ECOG 2197 and ECOG 1199. J. Clin. Oncol. 32, 2959-2966 (2014).
lymphocytes (TILs) are a powerful
prognostic marker in patients with triple-negative breast cancer enrolled in the
IBCSG phase Il randomized clinical trial 22-00. Breast Cancer Res. Treat. 158,
323-331 (2016).

. Denkert, C. et al. Tumor-associated lymphocytes as an independent predictor of

response to neoadjuvant chemotherapy in breast cancer. J. Clin. Oncol. 28,
105-113 (2010).

Salgado, R. et al. Tumor-infiltrating lymphocytes and associations with patholo-
gical complete response and event-free survival in HER2-positive early-stage
breast cancer treated with lapatinib and trastuzumab: a secondary analysis of the
NeoALTTO trial. JAMA Oncol. 1, 448-454 (2015).

Dieci, M. V. et al. Prognostic value of tumor-infiltrating lymphocytes on residual
disease after primary chemotherapy for triple-negative breast cancer: a retro-
spective multicenter study. Ann. Oncol. 25, 611-618 (2014).

Denkert, C. et al. Tumor-infiltrating lymphocytes and response to neoadjuvant
chemotherapy with or without carboplatin in human epidermal growth factor
receptor 2-positive and triple-negative primary breast cancers. J. Clin. Oncol. 33,
983-991 (2015).

Denkert, C. et al. Evaluation of tumor-infiltrating lymphocytes (TILs) as predictive
and prognostic biomarker in different subtypes of breast cancer treated with
neoadjuvant therapy - a meta-analysis of 3771 patients. In Abstracts: Thirty-Ninth
Annual CTRC-AACR San Antonio Breast Cancer Symposium, 6-10 December 2016
(San Antonio, TX, AACR, 2016).

Luen, S. J. et al. Tumour-infiltrating lymphocytes in advanced HER2-positive
breast cancer treated with pertuzumab or placebo in addition to trastuzumab
and docetaxel: a retrospective analysis of the CLEOPATRA study. Lancet Oncol. 18,
52-62 (2017).

Schmid P, Cruz C, Braiteh FS, et al: Atezolizumab in metastatic TNBC: Long-term
clinical outcomes and biomarker analysis. 2017 AACR Annual Meeting. Abstract
2986. Presented April 3, 2017.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Luen, S. & Loi, S. Immunotherapy in breast cancer: the subtype story. Cancer
Forum 40 (2016).

Nanda, R. et al. Pembrolizumab in patients with advanced triple-negative breast
cancer: phase Ib KEYNOTE-012 study. J. Clin. Oncol. 34, 2460-2467 (2016).
Dolled-Filhart, M. et al. Development of a prototype immunohistochemistry assay
to measure programmed death ligand-1 expression in tumor tissue. Arch. Pathol.
Lab. Med. 140, 1259-1266 (2016).

Adams, S. et al. Phase 2 study of pembrolizumab (pembro) monotherapy for
previously treated metastatic triple-negative breast cancer (mTNBC): KEYNOTE-
086 cohort A. J. Clin. Oncol. 35, 1008 (2017).

Adams, S. et al. Phase 2 study of pembrolizumab as first-line therapy for PD-
L1-positive metastatic triple-negative breast cancer (mTNBC): preliminary data
from KEYNOTE-086 cohort B. J. Clin. Oncol. 35, 1088 (2017).

Emens, L. A. et al. Abstract PD1-6: inhibition of PD-L1 by MPDL3280A leads to
clinical activity in patients with metastatic triple-negative breast cancer. Cancer
Res. 75, PD1-6-PD1-6 (2015).

Tolaney, S. et al. Phase 1b/2 study to evaluate eribulin mesylate in combination
with pembrolizumab in patients with metastatic triple-negative breast cancer. In
San Antonio Breast Cancer Symposium P5-15-02 (2016).

Abstract P2-11-06: Safety and clinical activity of atezolizumab (anti-PDL1) in
combination with nab-paclitaxel in patients with metastatic triple-negative
breast cancer. In Abstracts: Thirty-Eighth Annual CTRC-AACR San Antonio Breast
Cancer Symposium, 8-12 December 2015 (San Antonio, TX, 2016).

Adams, S. et al. Safety and clinical activity of atezolizumab (anti-PDL1) in com-
bination with nab-paclitaxel in patients with metastatic triple-negative breast
cancer. San Antonio Breast Cancer Symposium (2015).

Muller, P. et al. Trastuzumab emtansine (T-DM1) renders HER2+ breast cancer
highly susceptible to CTLA-4/PD-1 blockade. Sci. Transl. Med. 7, 315ra188 (2015).
Rugo, H. S. et al. Abstract S5-07: preliminary efficacy and safety of pembrolizumab
(MK-3475) in patients with PD-L1-positive, estrogen receptor-positive (ER
+)/HER2-negative advanced breast cancer enrolled in KEYNOTE-028. Cancer Res.
76, S5-07-S05-07 (2016).

Svoronos, N. et al. Tumor cell-independent estrogen signaling drives disease
progression through mobilization of myeloid-derived supressor cells. Cancer
Discov. 7, 72-85 (2016).

Salem, M. L. Estrogen, a double-edged sword: modulation of TH1- and TH2-
mediated inflammations by differential regulation of TH1/TH2 cytokine produc-
tion. Curr. Drug. Targets Inflamm. Allergy 3, 97-104 (2004).

Dirix, L. Y. et al. Abstract $1-04: avelumab (MSB0010718C), an anti-PD-L1 anti-
body, in patients with locally advanced or metastatic breast cancer: a phase Ib
JAVELIN solid tumor trial. Cancer Res. 76, S1-04-501-04 (2016).

Cortazar, P. et al. Pathological complete response and long-term clinical benefit
in breast cancer: the CTNeoBC pooled analysis. Lancet 384, 164-172 (2014).
Schmid, P. et al. Pembrolizumab (pembro) 4+ chemotherapy (chemo) as neoad-
juvant treatment for triple negative breast cancer (TNBC): preliminary results
from KEYNOTE-173. J. Clin. Oncol. 35, 556 (2017). abstr.

Pusztai, L. et al. Safety of MEDI4736 (anti-PD-L1 antibody) administered con-
comitant with weekly nab-paclitaxel and dose dense doxorubicin/cyclopho-
sphamide (ddAC) as neoadjuvant chemotherapy for stage I-lll triple negative
breast cancer (TNBC): A Phase I/Il trial. J. Clin. Oncol. 35, 572 (2017). abstr.
Nanda, R. et al. Pembrolizumab plus standard neoadjuvant therapy for high-risk
breast cancer (BC): results from I-SPY 2. J. Clin. Oncol. 35, abstr. 506 (2017).
Migali, C. et al. Strategies to modulate the immune system in breast cancer:
checkpoint inhibitors and beyond. Ther. Adv. Med. Oncol. 8, 360-374 (2016).
Ma, Y. et al. Anticancer chemotherapy-induced intratumoral recruitment and
differentiation of antigen-presenting cells. Immunity 38, 729-741 (2013).
Kroemer, G., Senovilla, L., Galluzzi, L., Andre, F. & Zitvogel, L. Natural and therapy-
induced immunosurveillance in breast cancer. Nat. Med. 21, 1128-1138 (2015).
Soliman, H. nab-paclitaxel as a potential partner with checkpoint inhibitors in
solid tumors. Onco. Targets Ther. 10, 101-112 (2017).

Verbrugge, 1., Galli, M., Smyth, M. J., Johnstone, R. W. & Haynes, N. M. Enhancing
the antitumor effects of radiotherapy with combinations of immunostimulatory
antibodies. Oncoimmunology 1, 1629-1631 (2012).

Larkin, J. et al. Combined Nivolumab and Ipilimumab or Monotherapy in
Untreated Melanoma. N. Engl. J. Med. 373, 23-34 (2015).

Baksh, K. & Weber, J. Inmune checkpoint protein inhibition for cancer: preclinical
justification for CTLA-4 and PD-1 blockade and new combinations. Semin. Oncol.
42, 363-377 (2015).

Mellemgaard, A, Engel-Norregaard, L, Andersen, M. Zocca, M. & Svane, |.
Combination immunotherapy with IDO vaccine and PD-1 inhibitors in advanced
NSCLC. J. Clin. Oncol. 35 (2017). DOI: 10.1200/JC0.2017.35.15_suppl.TPS2610
Beavis, P. A. et al. Adenosine receptor 2A blockade increases the efficacy of anti-
PD-1 through enhanced antitumor T cell responses. Cancer Immunol. Res. 3,
506-517 (2015).



53.

54.

55.

56.

57.

58.

Li, A. et al. Targeting anti-PD1-resistant tumors via indoleamine 2,3-dioxygenase 1
(IDO1) inhibition. J. Clin. Oncol. 35, e14103 (2017).

Yue, E. W. et al. INCB24360 (epacadostat), a highly potent and selective indo-
leamine-2,3-dioxygenase 1 (IDO1) inhibitor for immuno-oncology. ACS Med.
Chem. Lett. 8, 486-491 (2017).

Nagayama, A, Ellisen, L. W., Chabner, B. & Bardia, A. Antibody-drug conjugates for
the treatment of solid tumors: clinical experience and latest developments.
Target Oncol. 12, 719-739 (2017).

Ocean, A. J. et al. Sacituzumab govitecan (IMMU-132), an anti-Trop-2-SN-38
antibody-drug conjugate for the treatment of diverse epithelial cancers: safety
and pharmacokinetics. Cancer 123, 3843-3854 (2017).

Urbahns, K., Huck, B. R. & Kotzner, L. Small molecules drive big improvements
in immuno-oncology therapies. Angew. Chem. Int. Ed. Engl. 57, 4412-4428
(2017).

Curti, B. D. et al. 0X40 is a potent immune-stimulating target in late-stage cancer
patients. Cancer Res. 73, 7189-7198 (2013).

Checkpoint blockade in breast cancer
L Wein et al.

59.

60.

61.

62.

63.

64.

Dushyanthen, S. et al. Agonist immunotherapy restores T cell function following
MEK inhibition improving efficacy in breast cancer. Nat. Commun. 8, 606 (2017).
Adams, S. et al. Abstract 1009: phase Ib trial of atezolizumab in combination with
nab-paclitaxel in patients with metastatic triple-negative breast cancer (nTNBC).
J. Clin. Oncol. 34, 1009-1009 (2016).

Patel, S. P. & Kurzrock, R. PD-L1 expression as a predictive biomarker in cancer
immunotherapy. Mol. Cancer Ther. 14, 847-856 (2015).

Cimino-Mathews, A., Ye, X., Meeker, A., Argani, P. & Emens, L. A. Metastatic triple-
negative breast cancers at first relapse have fewer tumor-infiltrating lymphocytes
than their matched primary breast tumors: a pilot study. Hum. Pathol. 44,
2055-2063 (2013).

Yong, C. S. et al. A role for multiple chimeric antigen receptor-expressing leuko-
cytes in antigen-specific responses to cancer. Oncotarget 7, 34582-34598 (2016).
Loi, S. et al. Relationship between tumor infiltrating lymphocyte (TIL) levels and
response to pembrolizumab (pembro) in metastatic triple-negative breast cancer.
Ann. Oncol. 28, abstr. LBA13 (2017).

11



	Checkpoint blockade in the treatment of breast cancer: current status and future directions
	Introduction
	TILs in breast cancer
	Immune checkpoint inhibitors as monotherapies in metastatic TNBC
	Pembrolizumab monotherapy
	Atezolizumab monotherapy

	Immune checkpoint inhibitors as combination therapies in metastatic TNBC
	Immune checkpoint inhibitors in HER2+ and ER+ subtypes
	Immune checkpoint inhibitors in the neoadjuvant setting
	Improving responses to immunotherapy in breast cancer
	Combination therapy
	Patient selection using biomarkers
	Immunotherapy in the first-line setting

	Conclusion
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS




