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Abstract

The purpose of the study is to investigate the prognostic significance of PD-L1 expression and
tumor infiltrating lymphocytes (TILs) in HER2+ breast cancer (BC). HER2+ BC cases (n=191)
were collected between 1996 and 2013. Tissue microarray (TMA) slides were stained with two
clones of PD-L1 antibodies (28-8 and 22C3) and the percentage of positive membranous staining
was scored. TILs of the full sections were also scored using percentage scale. Clone 28-8 had
expression in 21% of the tumor cells in 25.7% of the cases, while clone 22C3 in 21% of the tumor
cells was expressed in 11.5% of the cases. In the multivariate analysis, higher expression of PD-L1
(clone 28-8) in tumor correlated with lower risk of tumor recurrence, with HR of 0.4 (p=0.033).
Higher level of TILs (>15%) predicts better overall survival (OS) in all patients with HR of 0.35
(p=0.0046). In the group of patients who were treated with trastuzumab-based adjuvant
chemotherapy, lower PD-L1 (clone 28-8) expression in TILs correlated with tumor recurrence
(p=0.034). In the group of patients who were treated with non-trastuzumab-based adjuvant
chemotherapy, lower TILs and lower PD-L1 (clone 28-8) expression in tumor had borderline
statistical significance in association with tumor recurrence, p=0.064 and 0.083, respectively. In
the group of patients who were treated with trastuzumab-based adjuvant chemotherapy, PD-L1 or
TILs was not statistically significant to predict 5-year survival. In the group of patients who were
treated with non-trastuzumab-based adjuvant chemotherapy, low TILs (p=0.009) correlated with 5-
year death due to disease. We conclude that PD-L1 may have prognostic significance in HER2+
BCs.
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INTRODUCTION

During the development and progression of human cancer cells, multiple genetic and
epigenetic alterations occur. These alterations produce proteins which can be recognized by
host immune system [1]. However, the cancer cells have developed multiple mechanisms of
immune escape, one such mechanism is the suppressive tumor microenvironment [2, 3].
Recently, great advances have been made in the field of cancer immunotherapy. Focus has
been on modulating tumor-immune interaction. Notably, immune response checkpoint
inhibitors directed to programed cell death 1 (PD-1)/programed death ligand 1 (PD-L1) axis
have demonstrated promising effects in melanoma, lung cancer and urothelial cancer [4-6].

Expressed on immune cells, PD-1 is a member of the B7-CD28 family of T-cell coregulatory
receptors and plays an important role in maintaining immune homeostasis in normal
physiological conditions [7]. PD-1 binds two cognate ligands, PD-L1and PD-L2. PD-L1 is
constitutively expressed on antigen presenting cells (APC), DCs, activated monocytes and B
cells, as well as non-lymphoid tissues of different organs [8, 9]. When PD-1 binds to its
ligands PD-L1/PD-L2, cytotoxic T-cell activity is downregulated, thereby protecting normal
cells from excessive damage [7]. In addition to normal cells, PD-L1 has been discovered to
be expressed in a variety of cancers, including lung, breast, pancreas, esophagus, head and
neck, and kidney [10]. Meanwhile, PD-L1 has been found to be expressed on tumor
infiltrating lymphocytes (TILs), mostly CD3 positive T cells, especially in large, high grade,
HER2-positive, and basal-like BC. PD-L1 positive BCs were more likely to contain PD-L1
positive TIL than PD-L1 negative BCs [11, 12].

In cancer, the inhibitory signals conveyed by PD-1/PD-L1 axis impede immune response,
thus creating an attenuated antitumor microenvironment, or so called immune escape or
immune tolerance [13, 14]. Therefore, inhibiting PD-1/PD-L1 axis could enhance anti-tumor
activity of T cells and exert therapeutic effects. This notion has been proven in a variety of
refractory solid tumors, including melanoma, renal, non-small cell lung carcinoma
(NSCLC), and urothelial [4-6, 15]. Monoclonal antibodies to PD-1 or PD-L1 have shown
significant and durable clinical responses in these tumors in clinical trials [4, 16, 17]. A few
monoclonal antibodies have been used in advanced NSCLC to target this access including
KEYTRUDA® (pembrolizumab) and OPDIVO® (nivolumab) among others. FDA approved
antibodies provided by DAKO, clone 22C3 [5] and clone 28-8 [18] are linked to
pembrolizumab and nivolumab, respectively[19].

Breast cancer (BC) is a heterogeneous disease that includes several molecular subtypes.
Compared to the above mentioned solid tumors, BC has been regarded as relatively less
immunogenic. However, within this heterogeneous disease, TILs have been associated with
host immune response and favorable prognosis in triple negative breast cancer (TNBC) and
HER2+ subtypes, despite a lack of detailed information on the immune subsets of the
infiltrate [20-23]. These findings suggest that host immunity could still be exploited to
combat BC, and TILs as a whole could be utilized as a prognostic factor and assessed using
Hematoxylin & Eosin (H&E) sections without further immunohistochemistry studies to
delineate the subgroup status.
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The role of PD-L1 in BC has only been investigated in a few studies with contradictory
results. While a study demonstrated PD-L1 expression in tumor as a negative prognostic
factor in human BC [24], other studies showed that PD-L1 expression/upregulation was
associated with better clinical outcomes [25, 26]. Currently it is still unclear whether PD-L1
expression in BC can be used a prognostic and/or predictive biomarker.

Moreover, published studies investigated either overall BC as a single disease or focused on
triple negative BC (TNBC) [20, 24-30]. We elected to study HER2+ BC for two reasons:
first, PD-L1 has been previously shown to be expressed in high percentage of HER2+ BC.
As one of the described pathways of immune avoidance, it may correlate with TILs [12];
and second, PD-L1 expression might modulate trastuzumab therapeutic effects [31-33].
There is an ongoing debate of benefit from trastuzumab in HER2+ BC with high TILs [34].

In the current study, we set out to characterize the expression of PD-L1 in both tumor cells
and TILs in HER2+ BC by using two antibodies currently in clinical use (clone 28-8 and
22C3), to investigate the correlation between PD-L1 expression and TILs, and to examine
the prognostic significance of PD-L1 expression and TILs.

MATERIALS AND METHODS

Patient cohort, tissue microarray

The BC patient database between 1996 and 2013 at our institution was searched for eligible
cases which were positive for HER2. HER?2 scoring was conducted using the American
Society of Clinical Oncology-College of American Pathologists (ASCO-CAP) 2007
guidelines, as these cases were selected prior to the release of ASCO-CAP 2013 guidelines.
HER?2 was considered positive by immunohistochemistry when the score was 3+ in more
than 30% of the tumor cells or by fluorescence in situ hybridization (FISH) when the HER2/
Cepl7 ratio >2.2 [35, 36].

The following clinicopathologic variables were obtained: tumor size, lymph node status,
Nottingham grade [37], tumor histologic subtype, patient’s age, stage of tumor, adjuvant
chemotherapy (with and without trastuzumab), hormonal therapy, radiation therapy,
recurrence free survival (RFS) and overall survival (OS). Tumor recurrence was defined as
either local or distant recurrence within 5 years of initial diagnosis. Pathologic stage was
determined using the seventh edition of the American Joint Committee on Cancer (AJCC)
staging system for BC. Stage Il was defined as T (0, 1, or 2) with N1, or T (2 or 3) with NO,
while stage 111 was defined as any T with N2, T (3 or 4) with N1, T4 with NO, or any T with
N3[38]. Estrogen receptor (ER) and progesterone receptor (PR) were scored using Allred
scoring system from 0 to 8. A score >2 was considered positive [39]. A positive hormonal
receptor (HR) was defined as ER+ and/or PR+. Patients who were treated in the neoadjuvant
setting were excluded from the study.

Tissue microarray (TMA) blocks were constructed using Beecher tissue puncher and array
system (Beecher Instruments, Silver Spring, MD). The core sites were randomly chosen in
the tumor regions. Tumor cores were constructed in triplicate in a total of 7 TMA blocks.
Clinical data was de-identified and controlled by an honest broker.
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Immunohistochemistry

Anti-PD-L1 staining was performed using Dako pharmDx kits and Autostainer Link 48 as
described by the manufacturer (Dako, Santa Clara, CA). Anti-PD-L1 antibodies (clone 28-8
and 22C3) in tumor and TILs were scored by two pathologists (TK, YL), independently
from each other and blinded to the clinical variables and outcomes. The percentage of
positive partial or complete membranous staining in the tumor cells and TILs was evaluated.
The staining intensity was not graded. Then the final score was derived by averaging the
scores between the two raters. A score =1% was considered positive. Cohen’s weighted
kappa value for comparison of the two evaluators was 0.90 for PD-L1 clone 28-8 in tumor,
0.92 for PD-L1 clone 28-8 in TILs, 0.83 for PD-L1 clone 22C3 in tumor, and 0.97 for PD-
L1 clone 22C3in TILs.

Scoring tumor-infiltrating lymphocytes
Histopathologic scoring of TILs was performed on hematoxylin and eosin-stained full
sections by two pathologists (TK, YL), independently from each other and blinded to the
clinical variables and outcomes. TILs were scored following the International TILs Working
Group 2014 recommendation by estimating the percentage of TILs occupying stroma [23].
The final score was derived by averaging the two scores. Cohen’s weighted kappa value for
comparison of the two evaluators was 0.56 for TILs.

Statistical analysis

Univariate analysis was performed to examine the association between PD-L1 expression
and clinical variables. Since there are no agreed on cutoffs for PD-L1, the estimated
empirical distribution of the PD-L1 percentage was used in this study. An apparent bimodal
gap at 1% in the distribution in our data naturally separated it to two groups, hence was
chosen as the cutoff threshold for high PD-L1 expression vs. low expression. Fisher’s exact
test was used for categorical variables and Wilcoxon non-parametric test for continuous
variables. The associations of PD-L1 expression in the tumor and in TILs with RFS and OS
were analyzed using Cox proportional hazard model with and without adjustment for
clinical covariates. Because of the long time span of the cases included in the study (1997-
2013), during which period trastuzumab was introduced and significantly improved the
survival outcomes of HER2+ patients, to avoid bias due to the length of follow-up time,
survival analysis was truncated at a maximum of 5 years from diagnosis. Analysis was first
performed in the whole cohort, and then repeated in subgroups defined by HR status (HR-
vs. HR+) and by Trastuzumab based chemotherapy (yes vs. no). All analyses were
performed with R version 3.3.2 (http://www.r-project.org), using a nominal significance
level of 0.05.

RESULTS

Patient characteristics

A total of 191 eligible patients were included in the study. Table 1 summarizes the clinical
and pathological characteristics of the study population by anti-PD-L1 expression in tumors.
71% tumors were Nottingham grade 3, approximately half of the patients had T-stage at
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least 2, and 59.2% had at least a single positive lymph node. 60% tumors were HR+ and
39% HR-. 57% patients were treated with hormonal therapy, 74% treated with radiation
therapy, and 60% with trastuzumab-based chemotherapy.

Clone 28-8 of PD-L1 was expressed in 25.7% of the tumors (Figure 1A), whereas clone
22C3 was expressed in 11.5% of the tumors. PD-L1 expression was also present on TILs
(Figure 1A). Overall median and range of TILs was 15% (0% to 85%) (Figure 1B).

In univariate analyses, tumor PD-L1 expression (clone 28-8), using 1% cutoff, was
associated with higher Nottingham grade (p=0.01), larger tumor size (p=0.01), HR- type
(p=0.028), and higher level of TILs (p<0.001). Clone 22C3 of PD-L1 expression was
correlated only with TILs (p<0.001) (Table 1).

PD-L1 expression with RFS and OS

Higher tumor expression of PD-L1 (clone 28-8) was associated with lower risk of disease
recurrence. Patients with no recurrence had higher PD-L1 (clone 28-8) expression
(p=0.055). Similar trend was observed with OS (p=0.618) (Table 2). After controlling for
clinical prognostic factors, patients with tumor PD-L1 expression level >0% had an HR of
0.4 (95% CI 0.17-0.93, p=0.033). When a different cutoff point for PD-L1 expression was
used (>1%), the results were similar but with only borderline significance (HR=0.4, 95% ClI
0.15 to 1.03, p=0.058). In addition to tumor cells, PD-L1 expressed on TILs (clone 28-8)
was also associated with RFS. Patients with no recurrence had higher PD-L1 expression than
those with recurrence (p=0.011). For OS, similar trend was noted without reaching statistical
significance (p=0.3) (Table 2).

Correlation of stromal TILs with RFS and OS

Higher Stromal TILs were found in patients without recurrence and patients who survived
compared with patients with recurrence and patients who died, with the difference with OS
reaching statistical significance (p=0.005) (Table 2). Kaplan-Meier analysis showed that
patients whose tumor was enriched with TILs (>15%) had significantly better 5-year OS
(p=0.019) (Figure 2A). In multivariate models, higher level of TILs (>15%) was associated
with an HR of 0.35 after controlling for clinical prognostic factors (95% CI 0.17 — 0.73,
p=0.005).

PD-L1 expression with RFS and OS by HR subtype (HR+ and HR-)

5-Year RFS analysis in two HR subtypes (HR+ and HR-)—In HR- type (n=71),
lower TILs correlated with tumor recurrence with borderline statistical significance
(p=0.077) (Table 3A). In HR + type (n=110), lower expression of PD-L1 (clone 28-8) in
TILs correlated with high risk of tumor recurrence within 5 years (p=0.022) (Table 3B).

5-Year OS analysis in two HR subtypes (HR+ and HR-)—In HR- type (n=75),
multivariate analysis showed higher level of TILs (>15%) was associated with an HR of 0.35
after controlling for clinical prognostic factors (95% CI1 0.17 — 0.73, p=0.005). Lower TILs
correlated with death due to disease (p=0.001) (Table 3A). Kaplan-Meier analysis showed
that patients whose tumors were enriched with TILs had significantly better 5-year OS
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(p=0.0016) (Figure 2B). In the multivariate analysis, low level (<15%) of TILs correlated
with death due to disease with HR of 0.31 (95% CI 0.12 to 0.8l, p=0.015). In HR+ type
(n=115), 8 (7%) died due to disease within 5 years. None of the variables was statistically
significant in the univariate analysis.

PD-L1 expression with RFS and OS by trastuzumab therapy or not

5-Year RFS with and without trastuzumab based chemotherapy—In the group of
patients who were treated with trastuzumab-based adjuvant chemotherapy (n=110), 16
(14.5%) developed tumor recurrence within 5 years. Lower PD-L1 (clone 28-8) expression
in TILs (p=0.034) correlated with tumor recurrence (Table 4A). In the group of patients who
were treated with non-trastuzumab-based adjuvant chemotherapy (n=72), 14 (19.4%)
developed tumor recurrence within 5 years. Lower TILs and lower PD-L1 (clone 28-8)
expression in tumor had borderline statistical significance in association with tumor
recurrence, p=0.064 and 0.083, respectively (Table 4B).

5-Year OS with and without trastuzumab Based Chemotherapy—In the group of
patients who were treated with trastuzumab-based adjuvant chemotherapy (n=115), 13
(11.3%) died due to disease within 5 years. Kaplan-Meier analysis showed that patients
whose tumor was enriched with TILs had a trend of better 5-year OS without reaching
statistical significance (p=0.119) (Figure 3A). In the group of patients who were treated with
non-trastuzumab-based adjuvant chemotherapy (n=76), 7 (9.2%) died of disease within 5
years. Low TILs (p=0.009) correlated with death due to disease (Table 4B). Kaplan-Meier
survival curve showed that patients whose tumor was enriched with TILs had significantly
better 5-year OS (p=0.0411) (Figure 3B).

DISCUSSION

Studies have shown that 21% to 59.5 % of BC cases demonstrate PD-L1 mRNA and/or
protein expression on tumor cells, whereas not on adjacent normal breast epithelial cells
[24-26, 30]. PD-L1 expression is associated with higher histological grade, and ER/PR
negativity [12, 20, 28, 40]. That is consistent with our findings where PD-L1 expression
(detected by clone 28-8) in BC cells correlated with higher Nottingham grade, larger tumor
size, and HR- type.

TILs have also been found to express PD-L1, especially in large, high grade, HER2+, and
basal-like tumors [11, 12]. TILs have been recognized as an independent favorable
prognostic factor in TNBC and HER2+ BC, not so in luminal type [41, 42]. Specifically,
higher TILs have been found to predict better outcomes in both early stage [34, 43] and
advanced HER2+BCs [44].

Consistent with the majority of the published studies [25, 26, 30], we found that PD-L1
expression on tumor cells and TILs both correlated with improved OS in univariate analysis.
In the multivariate analysis only higher PD-L1 expression in TILs (detected by clone 22C)
found to correlate with improved OS. Although it is counterintuitive to consider PD-L1 as a
favorable prognostic value given its immunosuppressive function, a biological explanation
may be that PD-L1 expression in tumor corresponds to more active local immunity against
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the tumor. Increased PD-L1 represents the tumor cell’s attempt to damper the enhanced host
immune activity [45]. In another word, expression of PD-L1 may not be an indicator of
immunosuppression, but rather the host anti-tumor immunity. With that notion in mind, the
logic underlying anti-PD-L1 therapy can be easily understood.

As a prototype medication in treating HER2+ BC, trastuzumab has been proposed to have
additional mechanisms of action outside of its blocking HER2 signaling [46], specifically
antibody-dependent cellular cytotoxicity (ADCC), which results in the activation of native
immune cells including NK-T cell, macrophages and DCs [31-33]. We found that patients
whose tumor was enriched with TILs had better OS in the non-trastuzumab treated group,
while this prognostic significance was not seen in trastuzumab treated group. That is
consistent with the findings of Perez et al in the N9831 clinical trial, which showed that
when patients had higher preexisting TILs, trastuzumab did not provide additional
therapeutic benefit to chemotherapy alone regimen, yet higher TILs correlated with better
relapse free survival in patients treated with chemotherapy only. These observations suggest
that patients whose tumor is enriched with TILs might lose the benefit of added trastuzumab
to chemotherapy or hormonal therapy. However there are studies suggesting that targeting
anti-PD-1/PD-L1 axis might restore/enhance the benefit of anti-HER?2 agents through
synergism of these two classes of agents[47, 48]. The detailed mechanism of this synergism
is unclear, including possible actions on ADCC-mediating NK cells directly or other
pathways in addition to ADCC.

Given association of TILs, PD-1/PD-L1 expression and efficacy of anti-HER?2 agents,
further studies to determine TILs as predictive biomarker for immune related therapies and
to delineate the details of participating immune subgroups are warranted.

We observed a difference of PD-L1 labeling between 28-8 and 22C3, similar to studies in
NSCLC. While 28-8 is a rabbit antibody, and 22C3 is derived from mouse, they both target
extracellular domain of PD-L1 molecule [49]. Since the details of antibodies are proprietary
information, we can only speculate that the difference with the two antibodies may be due to
different affinities, specificity, or distinct epitopes. Another explanation is due to the
heterogeneity of the breast cancer and the focal nature of PD-L1 expression, so that the
expression profile is different form one area of tumor to another, especially when we used
TMA tissue for evaluation.

In summary, our study demonstrated that PD-L1 expression in HER2+ BC is associated with
TILs, and correlates with favorable outcomes. Increased TILs correlate with better OS only
in non-trastuzumab treated patients, suggesting TILs are not only a prognostic biomarker
with regards to overall prognosis, but also has a potential of predicting benefit from
trastuzumab therapy and thus indicator to combine anti-PD-1/PD-L1 treatment with anti-
HER?2 agents. Our study also highlights the challenges of studying TILs and PD1/PD-L1
expression in solid tumors due to changing definitions between studies and differing results
between most commonly used antibodies. There is a continuing need for standardization of
evaluation of patients in order to address if immunomodulatory therapies could lead to
improved clinical outcomes in HER2+ BC.
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Figure 1.

Representative images of PD-L1 staining and TILs scores: A, PD-L1 (clone 28-8; 20x
magnification), within red lines is stroma and outside is tumor, red arrow indicates

membranous staining for PD-L1 in tumor cells (2 to 3 intensity in 80% of tumor cells), black
arrow indicate PD-L1 expression in small lymphocytes (score 30%); B, TILs, within red line

is TILs and indicated by black arrow, scored by one pathologist as 90% and by the other

80% with average of 85% (H&E 10x).
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Kaplan-Meier OS curves for high TILs (>15%) vs. low TILs (< 15%): A, All patients; B, In
HR- type.
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Figure 3.
Kaplan-Meier OS curves for high TILs (>15%) vs. low TILs (< 15%): A, trastuzumab

treated patients; and B, non-trastuzumab treated patients.
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