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Abstract

Background: "Avoiding immune destruction”has recently been established as one of the hallmarks of cancer. The
programmed cell death (PD)-1/programmed cell death-ligand (PD-L) 1 pathway is an important immunosuppression
mechanism that allows cancer cells to escape host immunity. The present study investigated how the expressions of
these immune checkpoint proteins affected responses to neo-adjuvant chemotherapy (NAC) in breast cancer.

Methods: A total of 177 patients with resectable early-stage breast cancer were treated with NAC. Estrogen receptor,
progesteron receptor, human epidermal growth factor receptor 2, Ki67, PD-L1, PDL-2 and PD-1 status were assessed
by immunohistochemistry.

Results: There were 37 (20.9%) patients with high PD-1 expression, 42 (23.7%) patients had high PD-L1 expression,
and 52 (29.4%) patients had high PD-L2 expression. The patients with high PD-1 and PD-L1 expressions had a sig-
nificantly higher rate of triple-negative breast cancer (TNBC) (p=0.041) (p <0.001). In TNBC, patients with high PD-1
and PD-L1 expressions had significantly higher rates of non-pCR (p=0.003) (p <0.001). Univariate analysis showed
that PD-1 and PD-L1 expressions also significantly shortened disease free survival in TNBC (p=0.048, HR=3.318)
(p=0.007, HR=8.375). However, multivariate analysis found that only PD-L1 expression was an independent prog-
nostic factor (p=0.041, HR=9.479).

Conclusions: PD-1and PD-L1 expressions may be useful as biomarkers to predict treatment responses to NAC in
breast cancer. Above all, PD-L1 expression may also be useful as biomarkers for more effective chemotherapy in TNBC.
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Background

Various immunosuppressive factors from cancer cells
in the tumor microenvironment inhibit host immune
responses to cancer [1, 2]. Several immune checkpoints
exist in immune response pathways, and negative costim-
ulatory molecules such as cytotoxic T-lymphocyte-
associated protein (CTLA)-4 and PD-1 are important
checkpoints in limiting self-immune responses [3, 4].
Immunotherapy is effective not only in malignant mela-
noma and renal cell carcinoma (RCC), but anti-tumor
effects have also been demonstrated in a variety of other
cancers. Immune checkpoint inhibitor therapy, which
turns anti-tumor T cells into effectors, has completely
changed the role of cancer immunotherapy in clinical
practice [5-8].

Breast cancer was not previously regarded as a tumor
associated with abnormal immunity [9]. However, in a
phase I trial in TNBC, the PD-1 inhibitor pembrolizumab
showed anti-tumor activity, and correlations between
PD-1 and PD-L1 (B7-H1) expressions and outcomes were
reported [10-13]. Thus, immune checkpoint inhibitor
therapy is expected to play a major role in the tailored
treatment of breast cancer.

Immunohistological analysis has shown that PD-L1
expression is induced in most solid tumors, including
malignant melanoma, ovarian cancer, lung cancer, RCC,
and breast cancer. PD-L1 expression in cancer cells has
been correlated with cancer progression, the occurrence
of metastases, and survival rates [14—17]. In addition,
tumor-infiltrating lymphocytes (TILs) include PD-1-pos-
itive lymphocytes, and a correlation between them and
prognosis in breast cancer has been reported [11].

The effect of the tumor immune environment not only
on immunotherapy effectiveness, but also on conven-
tional anti-tumor therapy effectiveness and prognosis,
has recently been demonstrated [18]. Thus, improvement
of the tumor immune environment is important. In other
words, the tumor immune environment plays a role in
the anti-tumor effects of conventional anti-tumor drugs.
Moreover, immune checkpoint proteins such as PD-1,
PD-L1, and PD-L2 (B7-H2) may play an important role
in improving the tumor immune environment. Given this
background, the clinical significance of immune check-
point protein expression was investigated in patients
receiving NAC for breast cancer using conventional
anti-cancer drugs, and whether this would be useful as a
marker to predict treatment response was evaluated.

Methods

Patient background

A total of 177 patients with resectable, early-stage
breast cancer diagnosed as stage IIA (T1, N1, MO or
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T2, NO, M0), IIB (T2, N1, MO or T3, NO, MO0), or IIIA
(T1-2, N2, MO or T3, N1-2, M0) were treated with
NAC between 2007 and 2013. Tumor stage and T and
N factors were stratified based on the TNM Classifi-
cation of Malignant Tumors, UICC Sixth Edition [19].
Breast cancer was confirmed histologically by core nee-
dle biopsy and staged by systemic imaging studies using
computed tomography (CT), ultrasonography (US),
and bone scintigraphy. Breast cancer was classified
into subtypes according to the immunohistochemical
expression of ER, PgR, HER2, and Ki67. Based on their
immunohistochemical expression, the tumours are cat-
egorized into the immunophenotypes luminal A (ER+
and/or PgR+, HER2—, Ki67-low), luminal B (ER+ and/
or PgR+, HER2+) (ER+ and/or PgR+, HER2—, Ki67-
high), HER2-enriched (ER—, PgR—, and HER2+),
and TNBC (negative for ER, PgR and HER2) [20]. In
this study, HER2-enriched and luminal B (ER+ and/
or PgR+, HER2+) were considered as HER2-positive
breast cancer (HER2TBC).

All patients received a standardized protocol of NAC
consisting of four courses of FEC100 (500 mg/m? fluo-
rouracil, 100 mg/m? epirubicin, and 500 mg/m? cyclo-
phosphamide) every 3 weeks, followed by 12 courses
of 80 mg/m? paclitaxel administered weekly [21, 22].
Forty-five patients had HER2TBC and were addition-
ally administered weekly (2 mg/kg) or tri-weekly (6 mg/
kg) trastuzumab during paclitaxel treatment [23]. All
patients underwent chemotherapy as outpatients. Thera-
peutic anti-tumor effects were assessed according to the
response evaluation criteria in solid tumors (RECIST)
criteria [24]. Pathological complete response (pCR) was
defined as the complete disappearance of the invasive
compartment of the lesion with or without intraductal
components, including in the lymph nodes. Patients
underwent mastectomy or breast-conserving surgery
after NAC. All patients who underwent breast-conserv-
ing surgery were administered postoperative radiother-
apy to the remnant breast. Overall survival (OS) time
was the period from the initiation of NAC to the time of
death from any cause. Disease-free survival (DFS) was
defined as freedom from all local, loco-regional, and dis-
tant recurrences. All patients were followed up by physi-
cal examination every 3 months, US every 6 months, and
CT and bone scintigraphy annually. The median follow-
up period for the assessment of OS was 3.4 years (range
0.6—6.0 years), and for DFS it was 3.1 years (range 0.1—
6.0 years). This study has been conducted in our institu-
tion, Osaka City University Graduate School of Medicine,
Osaka, Japan, according to the reporting recommenda-
tions for tumor marker prognostic studies (REMARK)
guidelines and a retrospectively written research, patho-
logical evaluation, and statistical plan [25].
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Immunohistochemistry

All patients underwent a core needle biopsy prior to
NAC, and they underwent curative surgery involving a
mastectomy or conservative surgery with axillary lymph
node dissection after NAC at the Osaka City University.
Immunohistochemical studies were performed as previ-
ously described on core needle biopsy specimens [26].
Tumour specimens were fixed in 10% formaldehyde solu-
tion and embedded in paraffin (FFPE), and 4-pm-thick
sections were mounted onto glass slides. Slides were
deparaffinized in xylene and heated for 20 min (105 °C,
0.4 kg/m?) in an autoclave in Target Retrieval Solution
(Dako, Carpinteria, CA, USA). Specimens were then
incubated with 3% hydrogen peroxide in methanol for
15 min to block the endogenous peroxidase activity, then
incubated in 10% normal goat or rabbit serum to block
non-specific reactions.

Primary monoclonal antibodies directed against ER
(clone 1D5, dilution 1:80; Dako, Cambridge, UK), PgR
(clone PgR636, dilution 1:100; Dako), HER2 (HercepT-
est"; Dako), Ki67 (clone MIB-1, dilution 1:00; Dako),
PD-1 (clone NAT105, dilution 1:100; Abcam, Cambridge,
UK), PD-L1 (clone 27A2, dilution 1:100; MBL, Nagoya,
Japan), and PD-L2 (clone #176611, dilution 1:100; R&D
Systems, Minneapolis, MN) were used. Tissue sections
were incubated with each antibody for 70 min at room
temperature or overnight at 4 °C, then incubated with
horseradish peroxidase-conjugated anti-rabbit or anti-
mouse Ig secondary antibodies (HISTOFINE (PO)"™ kit;
Nichirei, Tokyo, Japan). Slides were subsequently treated
with streptavidin-peroxidase reagent and incubated in
phosphate-buffered saline-diaminobenzidine and 1%
hydrogen peroxide (v/v), followed by counterstaining
with Mayer’s haematoxylin. Positive and negative con-
trols were carried out on FFPE lymph node tissues using
corresponding monoclonal antibody and mouse isotype
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Immunohistochemical scoring
Immunohistochemical scoring was performed by two
pathologists specialized in mammary gland pathology,
using the blind method to confirm the objectivity and
reproducibility of diagnosis. The cut-off value for ER and
PgR positivity was set at > 1% in accordance with previ-
ous studies [27]. HER2 expression was scored according
to the accepted grading system (0, no reactivity, or mem-
branous reactivity in less than 10% of cells; 1+, faint/
barely perceptible membranous reactivity in >10% of
cells or reactivity in only part of the cell membrane; 2+,
weak to moderate complete or basolateral membranous
reactivity in >10% of tumour cells; or 3+, strong com-
plete or basolateral membranous reactivity in >10% of
tumour cells). HER2 expression was considered positive
if the immunostaining score was 3+, or in cases where
the score was 2+ and included gene amplification via
fluorescent in situ hybridization (FISH). For FISH analy-
ses, each copy of the HER2 gene and its centromere 17
(CEP17) reference were counted. The interpretation fol-
lowed the criteria of the ASCO/CAP guidelines for HER2
IHC classification for breast cancer: positive if the HER2/
CEP17 ratio was higher than 2.0 [28]. A Ki67-labeling
index > 14% was classified as positive [20].
Histopathologic analysis of TILs was evaluated on
a single full-face hematoxylin and eosin (HE)-stained
tumor section using criteria described [29-31]. To evalu-
ate PD-1 expression, five stained areas were selected, and
the number of TILs in stroma surrounding the stained
cancer cells was quantitatively measured in each field
under 400-times magnification (Fig. la). The median
value of the average each field was determined, and that
number was set as a cutoff value. To evaluate PD-L1
and PD-L2 expression, 3 fields of view (FOVs) in darkly
stained areas were selected, and the percentage of cancer
cells stained with anti-PD-L1 antibody and anti-PD-L2
antibody in each FOVs was measured under 400-times
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Fig. 1 To evaluate PD-1, PD-L1 and PD-L2 expression. These pictures were judged to be positive for expression (400-times magnification).
Immunohistochemical staining using each monoclonal antibodies: a PD-1, b PD-L1, ¢ PD-L2
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magnified microscopy (Fig. 1b, c). Based on previous
reports, >10% was defined as high expression, and <10%

was defined as low expression [12, 32].

Statistical analysis

Statistical analysis was performed using the SPSS ver-
sion 19.0 statistical software package (IBM, Armonk,
NY). The associations between PD-1, PD-L1 and PD-L2
and clinicopathological variables were evaluated using
X° tests. Multivariate analysis of pCR was carried out
using a binary logistic regression model. The Kaplan—
Meier method was used to estimate DFS and OS, and the
results were compared between groups using log-rank
tests. Multivariate analysis of prognostic factors was car-
ried out using a Cox regression model. A p value <0.05
was considered significant. Cutoff values for different
biomarkers included in this study were chosen before the
statistical analysis.

Results

Clinicopathological responses of primary breast cancers

to NAC

The subtype in 177 patients who received NAC was
TNBC in 61 (34.5%) patients and HER2'BC in 45 (25.4%)
patients. Regarding treatment response, 67 (37.9%)
patients had a pCR, and 110 (62.1%) patients had a non-
pCR. According to subtype, 28 (45.9%) TNBC patients
and 18 (40.0%) HER2"BC patients had a pCR.

Immune checkpoint protein expression in all breast
cancers
TIL PD-1 expression ranged from O to 68. The median
value of the average in 3 FOVs was 6. There were 37
(20.9%) patients with high PD-1 expression (> 6) and 140
(79.1%) patients with low PD-1 expression (<6). In addi-
tion, 42 (23.7%) patients had high PD-L1 expression, and
52 (29.4%) patients had high PD-L2 expression.
Evaluation based on clinicopathologic features showed
that patients with high PD-1 and PD-L1 expressions had
a significantly higher rate of TNBC (p=0.041) (p<0.001)
and HER2'BC (p=0.004) (p=0.004). Patients with
PD-L1 expression had a significantly higher rate of non-
PCR (p<0.001), and PD-1 and PD-L2 expressions were
greater (p<0.001) (p<0.001) (Table 1). There were no sig-
nificant differences for other clinicopathologic features.
DES was significantly longer in patients with low, com-
pared to high, PD-1 and PD-L1 expressions (p=0.006,
log-rank) (p=0.001, log-rank) (Fig. 2a, b). OS was also
significantly longer in patients with low, compared to
high, PD-1 and PD-L1 expressions (p=0.048, log-rank)
(p=0.022, log-rank) (Additional file 1: Fig. S1A, B). DFS
and OS did not differ significantly between patients
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with low vs high PD-L2 expression (p=0.657, log-rank)
(p=0.615, log-rank) (Fig. 2c) (Additional file 1: Fig. S1C).

Univariate analysis showed that PD-1 and PD-L1
expressions were associated with significantly shorter
DFS (p=0.008, HR=2.752) (p=0.002, HR=3.194).
However, although multivariate analysis showed that
lymph node metastases were an independent poor prog-
nostic factor (p=0.046, HR=4.330), PD-1 and PD-L1
expressions were not independent prognostic factors
(p=0.492, HR =1.415) (p=0.084, HR =2.613) (Table 2).

Immune checkpoint protein expression in triple-negative
breast cancer

Among the 61 patients with TNBC, 18 (29.5%) had high
PD-1 expression, 24 (39.3%) had high PD-L1 expression,
and 20 (32.8%) had high PD-L2 expression. Analysis of
clinicopathologic features showed that the high PD-1
expression group was significantly older (p=0.016), and
that patients with high PD-L1 expression had a signifi-
cantly lower Ki67 index (p=0.005). Patients with high
PD-1 and PD-L1 expressions had significantly higher
rates of non-pCR (p=0.003) (p<0.001). PD-1 expres-
sion was significantly correlated with PD-L1 expression
(p<0.001), it but was not correlated with PD-L2 expres-
sion (Table 3).

Analysis of outcomes showed that DFS was signifi-
cantly longer in patients with low, compared to patients
with high, PD-1 and PD-L1 expressions (p=0.036, log-
rank) (p=0.001, log-rank) (Fig. 3a, b). OS was also signif-
icantly longer in patients with low, compared to patients
with high, PD-1 expression (p=0.021, log-rank), but OS
was not significantly different based on PD-L1 expres-
sion (p=0.155, log-rank) (Additional file 1: Fig. S1D, E).
DES and OS were also not significantly different based on
PD-L2 expression (p=0.665, log-rank) (p=0.595, log-
rank) (Fig. 3c) (Additional file 1: Fig. S1F).

Univariate analysis showed that PD-1 and PD-L1
expressions also significantly shortened DFS in TNBC
(p=0.048, HR=3.318) (p=0.007, HR=8.375). How-
ever, multivariate analysis found that only PD-L1 expres-
sion was an independent prognostic factor (p=0.041,
HR =9.479) (Table 4).

Immune checkpoint protein expression in HER2-positive
breast cancer

Among the 45 patients with HER2*BC, 3 (6.7%) had high
PD-1 expression, 4 (8.9%) had high PD-L1 expression,
and 16 (35.6%) had high PD-L2 expression. Analysis of
clinicopathologic features showed that the patients with
high PD-L2 expressions had significantly higher rates of
pCR (p=0.005). PD-1 expression was significantly cor-
related with PD-L1 expression (p<0.001) and PD-L2
expression (p=0.039). And, PD-L1 expression was
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Table 1 Correlation between clinicopathological features and PD-1, PD-L1, and PD-L2 expression in 177 all breast

cancers
Parameters PD-1 pvalue PD-L1 pvalue PD-L2 p value
Positive Negative Positive Negative Positive Negative
(n=37) (n=140) (n=42) (n=135) (n=53) (n=124)

Intrinsic subtype
TNBC 18 (48.6%) 43 (30.7%) 0.041 24 (57.1%) 37 (27.4%) <0.001 20(37.7%) 41 (33.1%) 0.549
Non-TNBC 19 (51.4%) 97 (69.3%) 18 (42.9%) 98 (72.6%) 33 (62.3%) 83 (66.9%)

Intrinsic subtype
HER2TBC 3(81.1%) 42 (30.0%) 0.004 4 (9.5%) 41 (30.4%) 0.004 16 (30.2%) 29 (23.4%) 0.341
Non-HER2* 34 (18.9%) 98 (70.0%) 38 (90.5%) 94 (69.6%) 37 (69.8%) 95 (76.6%)

BC

Age at operation
<56 15 (40.5%) 72 (51.4%) 0.239 20 (47.6%) 67 (49.6%) 0820 28(52.8%) 59 (47.6%) 0.522
>56 22 (59.5%) 68 (48.6%) 22 (52.4%) 68 (50.4%) 25 (47.2%) 65 (52.4%)

Menopause
Negative 14 (37.8%) 58 (41.4%) 0693 18(42.9%) 54 (40.0%) 0.742 23 (43.4%) 49 (39.5%) 0.630
Positive 23 (62.2%) 82 (58.6%) 24 (57.1%) 81 (60.0%) 30 (56.6%) 75 (60.5%)

Tumor size (cm)
<2 5(13.5%) 19 (13.6%) 0993 6(14.3%) 18 (13.3%) 0875 9 (17.0%) 15 (12.1%) 0.385
>2 32 (86.5%) 121 (86.4%) 36 (85.7%) 117 (86.7%) 44 (83.0%) 109 (87.9%)

Lymph node status
Negative 7(18.9%) 34 (24.3%) 0491 10 (23.8%) 31 (23.0%) 0910 12 (22.6%) 29 (23.4%) 0914
Positive 30 (81.1%) 106 (75.7%) 32 (76.2%) 104 (77.0%) 41 (77.4%) 95 (76.6%)

Nuclear grade
1,2 26 (70.3%) 111 (79.3%) 0.244 31 (73.8%) 106 (78.5%) 0.524 39 (73.6%) 98 (79.0%) 0427
3 11 (29.7%) 29 (20.7%) 11 (26.2%) 29 (21.5%) 14 (26.4%) 26 (21.0%)

Ki67
<14% 13 (35.1%) 61 (43.6%) 0355 16(38.1%) 58 (43.0%) 0.576 18 (34.0%) 56 (45.2%) 0.167
>14% 24 (64.9%) 79 (56.4%) 26 (61.9%) 77 (57.0%) 35 (66.0%) 68 (54.8%)

Pathological response
pCR 9 (24.3%) 58 (41.4%) 0.056 6 (14.3%) 61 (45.2%) <0.001 24 (45.3%) 43 (34.7%) 0.183
Non-pCR 28 (75.7%) 82 (58.6%) 36 (85.7%) 74 (54.8%) 29 (54.7%) 81 (65.3%)

PD-1
Negative Not deter- Not deter- 13 (31.0%) 127 (94.1%) <0.001 31 (58.5%) 109 (87.9%) <0.001
Positive mined mined 29 (69.0%) 8 (5.9%) 22 (41.5%) 15 (12.1%)

PD-L1
Negative 8(21.6%) 127 (90.7%) <0.001 Not deter- Not deter- 25 (47.2%) 110 (88.7%) <0.001
Positive 29 (78.4%) 13 (9.3%) mined mined 28 (52.8%) 14 (113%)

PD-L2
Negative 15 (40.5%) 109 (77.9%) <0.001 14(33.3%) 110 (81.5%) <0.001 Not deter- Not deter-
Positive 22 (59.5%) 31 (22.1%) 28 (66.7%) 25 (18.5%) mined mined

TNBC triple-negative breast cancer, HER2 human epidermal growth factor receptor 2, BC breast cancer, pCR pathological complete response, PD-1 programmed cell
death-1, PD-L programmed cell death-ligand

significantly correlated with PD-L2 expression (p=0.012)

(Table 3).

Analysis of outcomes showed that DFS was not sig-
nificantly longer in patients with low, compared to
patients with high, PD-1, PD-L1 and PD-L2 expressions
(p=0.632, p=0.556, p=0.421, log-rank, respectively)

(Fig. 3d-f). OS was also not significantly longer in
patients with low, compared to patients with high, PD-1,
PD-L1 and PD-L2 expressions (p=0.673, p=0.620,
p=0.749, log-rank, respectively) (Additional file 1: Fig.
S1G-I). Univariate and multivariate analysis, no factors
contributing to DFS were observed (Table 4).
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Table 2 Univariate and multivariate analysis with respect to progression free survival in 177 all breast cancers

Parameters Univariate analysis Multivariate analysis

Hazard ratio 95% Cl p value Hazard ratio 95% Cl p value
Subtype 1.213 0.577-2.550 0.611 0.849 0.387-1.861 0.683
TNBC vs non-TNBC
Subtype 0421 0.147-1.206 0.107 0.552 0.181-1.686 0.297
HER2*BC vs non-HER2TBC
Lymph node status 4.157 0.990-17.456 0.052 4.330 1.027-18.263 0.046
Positive vs negative
Pathological response 0611 0.279-1.336 0.217 0.854 0.352-2.072 0.728
pCR vs Non-pCR
PD-1 2.752 1.300-5.826 0.008 1415 0.526-3.811 0492
Positive vs negative
PD-L1 3.194 1.544-6.607 0.002 2613 0.879-7.766 0.084

Positive vs negative

Cl confidence interval, TNBC triple-negative breast cancer, HER2 human epidermal growth factor receptor 2, BC breast cancer, pCR pathological complete response,

PD-1 programmed cell death-1, PD-L programmed cell death-ligand

Discussion

Stephen Paget in 1889 proposed the “seed and soil” the-
ory with regard to cancer metastases, and since that time,
the importance of the tumor microenvironment in can-
cer cell proliferation has been increasingly recognized
[33]. Tumor tissue is composed not only of cancer cells,
but also inflammatory cells, immunocytes, vascular and
lymphatic cells, fibroblasts, and fibrous tissue, and these
comprise the characteristic tumor microenvironment.
The tumor immune environment affects not only the
effectiveness of immunotherapy, but also the prognosis
and response to other treatments, such as conventional
anti-tumor drugs [18]. Thus, control and improvement
of the tumor immune microenvironment are important.
In other words, assessment of the tumor immune envi-
ronment in each individual patient can be useful in pre-
dicting treatment responses to conventional anti-cancer
drugs. Therefore, the present study investigated the

immune microenvironment in breast cancer patients’
tumor tissues before receiving NAC and examined the
correlation with treatment responses.

“Avoiding immune destruction” has recently been
established as one of the hallmarks of cancer [33]. Can-
cer is controlled by immunological surveillance mecha-
nisms at the stage of cancer cell growth and by immune
responses to tumor antigens in actual cancer tissue [2].
In response to these immune responses, cancer cells
themselves can alter their immunogenicity and induce
immunosuppression mechanisms in the tumor microen-
vironment, thus enabling cancer cells to cleverly escape
the host immune system, survive, and grow [1, 34].

The PD-1/PD-L1 pathway is also an important immu-
nosuppression mechanism that allows cancer cells to
escape host immunity. Because of excessive PD-1 and
PD-L1 levels in the tumor microenvironment, antibody
inhibition of PD-1 and PD-L1 pathways is promising
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Table 3 Correlation between clinicopathological features and PD-1, PD-L1, and PD-L2 expression in 61 triple-negative
and 45 HER2-positive breast cancers

Parameters PD-1 PD-L1 PD-L2
Positive Negative p value Positive Negative p value Positive Negative p value
(n=18) (n=43) (n=24) (n=37) (n=20) (n=41)
TNBC (hn=61)
Age at operation
<56 4(22.2%) 24 (55.8%) 0016 10 (41.7%) 18 (48.6%) 0.593 12 (60.0%) 16 (39.0%) 0.123
>56 14 (77.8%) 19 (44.2%) 14 (58.3%) 19 (51.4%) 8 (40.0%) 25 (61.0%)
Menopause
Negative 4 (22.2%) 18 (41.9%) 0.121  9(37.5%) 13 (35.1%) 0.851 8 (40.0%) 14 (34.1%) 0.655
Positive 14 (77.8%) 25 (58.1%) 15 (62.5%) 24 (64.9%) 12 (60.0%) 27 (65.9%)
Tumor size (cm)
<2 3(16.7%) 4(9.3%) 0337 3(12.5%) 4(10.8%) 0573 3 (15.0%) 4 (9.8%) 0416
>2 15 (83.3%) 39(90.7%) 21 (87.5%) 33 (89.2%) 17 (85.0%) 37 (90.2%)
Lymph node status
Negative 3 (16.7%) 8 (18.6%) 0.586 5 (20.8%) 6 (16.2%) 0.647 3 (15.0%) 8(19.5%) 0481
Positive 15 (83.3%) 35 (81.4%) 19 (79.2%) 31 (83.8%) 17 (85.0%) 33 (80.5%)
Nuclear grade
1,2 13 (72.2%) 31 (72.1%) 0992 19(79.2%) 25 (67.6%) 0324 14 (70.0%) 30 (73.2%) 0.795
3 5(27.8%) 12 (27.9%) 5 (20.8%) 12 (32.4%) 6 (30.0%) 11 (26.8%)
Ki67
<14% 6 (33.3%) 12 (27.9%) 0672 12 (50.0%) 6 (16.2%) 0.005 6(30.0%) 12 (29.3%) 0.953
>14% 12 (66.7%) 31 (72.1%) 12 (50.0%) 31 (83.8%) 14 (70.0%) 29 (70.7%)
Pathological response
pCR 3(16.7%) 25 (58.1%) 0.003 3 (12.5%) 25 (67.6%) <0.001 10 (50.0%) 18 (43.9%) 0.654
Non-pCR 15 (83.3%) 18 (41.9%) 21 (87.5%) 12 (32.4%) 10 (50.0%) 23 (56.1%)
PD-1
Negative Not determined Not determined 9 (37.5%) 34 (91.9%) <0.001 12 (60.0%) 31 (75.6%) 0.210
Positive 15 (62.5%) 3(8.1%) 8 (40.0%) 10 (24.4%)
PD-L1
Negative 3 (16.7%) 34 (48.4%) <0.001 Not deter- Not determined 10 (50.0%) 27 (65.9%) 0.234
Positive 15 (83.3%) 9 (51.6%) mined 10 (50.0%) 14 (34.1%)
PD-L2
Negative 10 (55.6%) 31 (79.1%) 0.210 14(58.3%) 27 (73.0%) 0.234 Not deter- Not determined
Positive 8 (44.4%) 12 (20.9%) 10 (41.7%) 10 (27.0%) mined
Parameters PD-1 PD-L1 PD-L2
Positive (n=3) Negative p value Positive (1=4) Negative p value Positive Negative p value
(n=42) (n=41) (n=16) (n=29)

HER2TBC (n=45)
Age at operation

<56 0 (0.0%) 20 (47.6%) 0.162  1(25.0%) 19 (46.3%) 0.394 6(37.5%) 14 (48.3%) 0.486
>56 3 (100.0%) 22 (52.4%) 3 (75.0%) 22 (53.7%) 10 (62.5%) 15 (51.7%)

Menopause
Negative 0 (0.0%) 18 (42.9%) 0.206 1 (25.0%) 17 (41.5%) 0471  6(37.5%) 12 (41.4%) 0.799
Positive 3 (100.0%) 24 (57.1%) 3 (75.0%) 24 (58.5%) 10 (62.5%) 17 (58.6%)

Tumor size (cm)
<2 1(33.3%) 5(11.9%) 0356 1 (25.0%) 5(12.2%) 0448 4 (25.0%) 2 (6.9%) 0.107
>2 2 (66.7%) 37 (88.1%) 3(75.0%) 36 (87.8%) 12 (75.0%) 27 (93.1%)
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Table 3 (continued)
Parameters PD-1 PD-L1 PD-L2
Positive (n=3) Negative p value Positive (1=4) Negative p value Positive Negative p value
(n=42) (n=41) (n=16) (n=29)
Lymph node status
Negative 1 (33 39¢) 15 (35.7%) 0715 2 (50.0%) 14 (34.2%) 0448 5 (31.3%) 11 (37.9%) 0455
Positive 2 (66.7%) 27 (64.3%) 2 (50.0%) 27 (65.8%) 11 (68.7%) 18 (62.1%)
Nuclear grade
1,2 2 (66.7%) 33 (78.6%) 0.539 2 (50.0%) 33 (80.5%) 0209 12 (75.0%) 23 (79.3%) 0.508
3 1(33.3%) 9 (21.4%) 2 (50.0%) 8(19.5%) 4 (25.0%) 6 (20.7%)
Kie7
<14% 1(33.3%) 23 (54.8%) 0449 1 (25.0%) 23 (56.1%) 0.254 7 (43.8%) 17 (58.6%) 0338
>14% 2 (66.7%) 19 (45.2%) 3(75.0%) 18 (43.9%) 9 (56.2%) 12 (41.4%)
Pathological response
pCR 0 (0.0%) 18 (42.9%) 0206 1 (25.0%) 17 (41.5%) 0471 11 (62.5%) 7 (24.1%) 0.005
Non-pCR 3 (100.0%) 24 (57.1%) 3(75.0%) 24 (58.5%) 5 (37.5%) 22 (75.9%)
PD-1
Negative Not determined Not determined 1(25.0%) 41 (100.0%) <0.001 13(81.3%) 29 (100.0%) 0.039
Positive 3(75.0%) 0 (0.0%) 3(18.7%) 0 (0.0%)
PD-L1
Negative 0 (0.0%) 41 (97.6%) <0.001 Not deter- Not determined 12 (75.0%) 29 (100.0%) 0.012
Positive 3 (100.0%) 1(2.4%) mined 4(25.0%) 0 (0.0%)
PD-L2
Negative 0 (0.0%) 29 (69.0%) 0.039 0(0.0%) 29 (70.7%) 0.012 Not deter- Not determined
Positive 3 (100.0%) 13 (31.0%) 4(100.0%) 12 (29.3%) mined

TNBC triple-negative breast cancer, HER2 human epidermal growth factor receptor 2, BC breast cancer, pCR pathological complete response, PD-1 programmed cell

death-1, PD-L programmed cell death-ligand

for effectively reversing this immunosuppression in the
tumor microenvironment [32]. Suppression of T cell acti-
vation by PD-1 signals is promoted in association with
the interaction of PD-1 and its ligands PD-L1 and PD-L2
[4, 35, 36]. The present study found statistical correla-
tions among PD-1, PD-L1, and PD-L2 expressions in all
breast cancers. There might be an interaction between
PD-1 and its ligand PD-L1 and PD-L2.

The present study also investigated how the expres-
sions of these immune checkpoint proteins affected
responses to NAC in breast cancer. Previous studies
have shown that high, compared to low, PD-1 expres-
sion is associated with a poorer prognosis in malignant
melanoma, RCC, and breast cancer [10, 11, 37]. Moreo-
ver, more reports about PD-L1 than about PD-1 suggest
a correlation between PD-L1 expression and the degree
of cancer malignancy and a poorer prognosis [12, 14—16].
In TNBC, PD-1 and PD-L1 expression has been reported
frequently in TNBC [1, 12]. In the present study, patients
with high PD-1 and PD-L1 expressions had significantly

higher rates of TNBC. In addition, patients with low
PD-1 and PD-L1 expressions had a significantly longer
DES. In particular, low PD-1 and PD-L1 expressions in
TNBC were associated with a higher pCR rate and sig-
nificantly longer DFS, and low PD-L1 expression was an
independent prognostic factor. These results suggest that
immune escape mediated by immune checkpoints may
play a role in the biological malignancy of TNBC. Among
patients who received NAC, a longer DFS in patients
with low PD-L1 expression suggests increased chemo-
therapy sensitivity. However, as limitation of this study, it
is thought that pCR which has an influence on the prog-
nosis of TNBC after NAC was included as a factor [38,
39]. On the other hand, although HER2TBC showed cor-
relation with PD-1 and PD-L1 expression, there was no
effect on prognosis.

Many anti-cancer drugs have immunosuppressive
effects and are not compatible with immunotherapy, but
depending on their mode of administration, immuno-
logical enhancement or reversal of immunosuppression
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Fig. 3 Analysis of the correlation with outcome of 61 TNBC and 45 HER2BC patients. In 61 TNBC cases, DFS was significantly longer in patients
with low, compared to high, PD-1 and PD-L1 expressions (p=0.001, log-rank) (p =0.036, log-rank) (a, b). DFS did not differ significantly between
patients with low vs high PD-L2 expression (p=0.665, log-rank) (c). In 45 HER2*BC cases, DFS was not significantly longer in patients with low,
compared to patients with high, PD-1, PD-L1 and PD-L2 expressions (p=0.632, p=0.556, p=0.421, log-rank, respectively) (d, e, f)

is possible [40, 41]. In the present study, a standard
regimen (FEC followed by paclitaxel + trastuzumab)
was used as NAC in breast cancer. To improve immune
escape on the cancer cell side, decreased sensitivity
to cytotoxic T lymphocytes (CTLs) can be improved
by drugs such as 5FU and paclitaxel, and so-called
immunogenic cell death (ICD) of cancer cells can be
induced by alkylating agents such as cyclophospha-
mide and anthracycline drugs [40, 42]. Moreover, to
improve immune escape on the host side, paclitaxel

inhibition of regulatory T cells (Tregs) and 5FU inhibi-
tion of myeloid-derived suppressor cells (MDSCs) have
been reported [40, 42]. Such regimens are thought to
enhance immune responses by these mechanisms. Fur-
thermore, improvement of immune escape on the can-
cer cell side by PD-L1 inhibition and on the host side by
PD-1 inhibition can enhance the anti-tumor effects of
anti-cancer drugs.
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Table 4 Univariate and multivariate analysis with respect to progression free survival in 61 triple-negative and 45 HER2-

positive breast cancers

Parameters Univariate analysis Multivariate analysis
Hazard ratio 95% Cl p value Hazard ratio 95% ClI p value
TNBC (n=61)
Lymph node status
Positive vs negative 0.942 0.203-4.359 0.939 1.303 0.216-7.854 0.773
Kie7
<14% vs > 14% 0.739 0.216-2.526 0.630 1.866 0.395-8.817 0431
Pathological response
pCR vs non-pCR 0234 0.050-1.084 0.063 0.722 0.103-5.057 0.743
PD-1
Positive vs negative 3318 1.011-10.891 0.048 0.869 0.177-4.265 0.863
PD-L1
Positive vs negative 8.375 1.807-38.812 0.007 9479 1.092-82.320 0.041
HER2TBC (n=45)
Lymph node status
Positive vs negative 0.603 0.318-1.145 0.122 0.641 0.318-1.294 0215
Kie7
<14%vs >14% 0714 0.385-1.326 0.286 0.730 0.371-1.436 0.362
Pathological response
pCR vs non-pCR 0670 0.358-1.254 0210 0912 0428-1.944 0811
PD-1
Positive vs negative 1.990 0.585-6.766 0.271 1.333 0.114-15.527 0.819
PD-L1
Positive vs negative 1.934 0.651-5.738 0.235 1.568 0.187-13.175 0.679

TNBC triple-negative breast cancer, HER2 human epidermal growth factor receptor 2, BC breast cancer, C/ confidence interval, pCR pathological complete response,

PD-1 programmed cell death-1, PD-L programmed cell death-ligand

Conclusions

In conclusion, PD-1 and PD-L1 expressions may be
useful as biomarkers to predict treatment responses to
NAC in breast cancer. Above all, PD-L1 expression may
also be useful as biomarkers for more effective chemo-
therapy in TNBC.

Additional file

Additional file 1: Fig S1. Overall survival analysis of the correlation with
outcome. Analysis of the correlation with outcome of all 177 patients,
overall survival (OS) was also significantly longer in patients with low,
compared to high, PD-1 and PD-L1 expressions (p =0.048, log-rank)
(p=0.022, log-rank) (A, B). OS did not differ significantly between patients
with low vs high PD-L2 expression (p=0.615, log-rank) (C). In 61 TNBC
cases, OS was also significantly longer in patients with low, compared to
patients with high, PD-1 expression (p=0.021, log-rank), but OS was not
significantly different based on PD-L1 expression (p=0.155, log-rank)

(D, E). DFS and OS were also not significantly different based on PD-L2
expression (p=0.595, log-rank) (F). In 45 HER2TBC cases, OS was also not
significantly longer in patients with low, compared to patients with high,
PD-1, PD-L1 and PD-L2 expressions (p=0.673, p=0.620, p=0.749, log-
rank, respectively) (G-1).
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