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Abstract

Background The status of tumor-infiltrating lymphocytes

(TILs) is a prognostic factor for triple negative breast

cancer (TNBC). Recent studies have shown that pro-

grammed cell death 1 (PD-1) or programmed death ligand

1 (PD-L1) is expressed on T lymphocytes or tumor cells

modulating antitumor immunity. The regulation of immune

checkpoints between tumor cells and T lymphocytes may

serve as a target for improvement of TNBC prognosis. We

investigated TILs and PD-L1 status in TNBCs before or

after preoperative systemic therapy (PST) to elucidate the

clinical significance of PD-L1 expression.

Methods Ninety patients received PST, and materials of

core needle biopsies (CNB) taken before PST were avail-

able for 32 patients. TILs were scored as ‘‘% stromal’’, and

tumors were defined as High-TILs (C30%) or Low-TILs

(\30%). The expression of PD-L1 was assessed by

immunohistochemistry.

Results TILs status in CNB is significant in pathological

therapeutic grade: 1 vs. 2 or 3 (p = 0.0359). Disease-free

survival (DFS) in patients with Low-TIL tumors were

significantly worse than those with High-TIL tumors

(p = 0.0383), but overall survival (OS) showed no

significance (p = 0.0772). However, in patients with Low-

TIL tumors, both DFS and OS in patients with High-PD-L1

expression were extremely unfavorable than in patients

with Low-PD-L1 expression (p = 0.0032, p = 0.0002).

Conclusion The patients with TNBCs with combined

Low-TILs and High-PD-L1 status in pre-PST situation

showed unfavorable prognosis. The subset of TNBCs with

Low-TILs and High-PD-L1 status could be the therapeutic

target for immune checkpoint inhibitor.

Keywords Tumor-infiltrating lymphocytes � TILs �
Immune checkpoints � PD-L1 � TNBC

Introduction

Triple negative breast cancer (TNBC) is generally treated

with pre- or post-operative chemotherapy including both

anthracycline and taxane. Since the prognosis of non-re-

sponder of TNBC is still poor [1], extensive research has

been dedicated to better understanding of TNBC. The

status of tumor-infiltrating lymphocytes (TILs) has been

recognized as a prognostic factor for breast cancer. High

number of TILs is associated with favorable disease-free

survival (DFS) or overall survival (OS) [2–5] or effect of

neoadjuvant chemotherapy [6–8]. Furthermore, it has been

recognized that the distribution of lymphocytes such as

cytotoxic T cells (CTLs), regulatory T cells (Treg) or den-

dritic cells (DCs) in TILs should be considered for evalu-

ating immune surveillance state [9–16]. The interaction

between TILs and tumor cells involving immune check-

point molecules such as programmed cell death 1 (PD-1),

programmed death ligand 1 (PD-L1), and cytotoxic T

lymphocyte-associated protein 4 (CTLA-4) must be taken

into consideration in elucidating the mechanisms of
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generating refractory TNBC [17–19]. Better regulation of

the immune checkpoint pathways is expected to make a

substantial contribution to the improvement of prognosis of

breast cancer, especially TNBC [20–23]. In this manu-

script, using the materials of core needle biopsies (CNB)

taken before preoperative systemic chemotherapy (PST) as

well as surgical materials, we investigated PD-L1 expres-

sion accompanied with status of TILs to elucidate clinical

significance of PD-L1 expression.

Materials and methods

Patients and sample

Among the total 2371 patients who underwent surgery

between January 2002 and December 2011 in our facility, a

total of 277 patients with TNBC were included in this

study. This study was conducted in full accordance with

ethical principles including the Helsinki Declaration and

was approved by the Institutional Review Board of the

Hokkaido Cancer Center. We acquired consent from

patients at the time of admission to use specimens as well

as clinical data. Ninety of the 277 received PST, and

hematoxylin and eosin (HE)-stained materials of CNB

were available for 32 patients. Sequential administration of

anthracycline and taxane (e.g., 3wEC 9 4 and

3wDTX 9 4) was given as PST, but only 3wEC was

administered to four patients; three of them had tumors

with low numbers of TILs and one with a tumor with high

numbers of TILs. The other three patients with tumors with

low numbers of TILs received only wPTX. Only one of

these seven died from breast cancer, who was 79 years old

when operated with T4b tumor and nine metastatic lymph

nodes dissected. Patients were followed up every 3 months

at least for 5 years after mastectomy and axillary lymph

node dissection, and with case-oriented interval later on.

HE stain and immunohistochemistry

HE and immunohistochemistry were performed on for-

malin-fixed paraffin-embedded CNB materials sectioned at

4 lm and mounted on glass slides. Immunohistochemistry

for PD-L1 (clone SP142, dilution 1:20; Spring Bioscience,

Pleasanton, Canada) was performed using a BenchMark

GX automated stainer (Ventana Medical Systems Inc.,

Tucson, AZ, USA). Deparaffinization, epitope retrieval,

and immunostaining were performed using Cell Condi-

tioning solutions and the iVIEW Universal DAB detection

system according to the manufacturer’s instructions. Posi-

tive signals were amplified using iVIEW Copper and sec-

tions were counterstained with Mayer’s hematoxylin. In

each run, appendix sections were included as positive

controls.

Evaluation of TILs and PD-L1 status

The status of TILs was scored as ‘‘% stromal’’ following

the recommendations by the International TILs Working

Group 2014 [24]. Based on the recognition of TILs as

contiguous variables, we scored TILs in 10% increments

based on pathologists’ evaluation by eye, rounding it up to

the nearest 5–10% as recommended. Tumors were defined

as High-TILs (C30%) or Low-TILs (\30%). The expres-

sion of PD-L1 was defined with proportion score by two

pathologists in our facility, as negative (less than 1%), low

(1–49%) or high (at least 50%), then the tumors were

divided in two groups, Low-PD-L1 (negative or

low:\50%) and High-PD-L1 (high: C50%) (Table 1;

Fig. 1) [25]. TILs and PD-L1 were also evaluated in sur-

gical materials by the same criteria.

Statistical analyses

For evaluation of variance of distribution, Mann–Whitney

U test or Kruskal–Wallis test was applied. Chi–square test

or Fisher’s exact test was also applied for evaluation of

frequency. Survival rates calculated by Kaplan–Meier

method were evaluated by Log-rank test. All statistical

analyses were carried out using a computer software (JMP

version, SAS Inc.; Cary, North Carolina, USA), with

p value of\0.05 considered significant.

Results

Distribution of TILs on clinicopathological factors

We examined TILs status in a total of 32 TNBC samples.

Representative images are shown in Fig. 1. Most cases

showed TILs-positive staining in 10–30% cells, and some

cases showed more than 60% (Table 1, left; Fig. 1). We

evaluated the variance of distribution of TILs on several

clinicopathological factors, such as T and N factors as pre-

PST factors, therapeutic grade as a factor for PST effect,

and the event of recurrence as a factor for prognosis. No

difference was observed in pre-PST factors (T factor:

p = 0.3666; N factor: p = 0.8715) or the event of

recurrence (p = 0.0897), but we detected a significant

difference in therapeutic grade. Therapeutic grade 1

compared with both grade 2 and 3 revealed a significant

difference (p\ 0.03), even no significance was observed

comparing therapeutic grade 1 vs. 2 vs. 3 (p = 0.0819)

(Fig. 2).
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Table 1 Distributions of both stromal TILs and PD-L1 proportion score in CNB or surgical materials

Stromal TILs PD-L1 proportion score

CNB material (n = 32) Surgical material (n = 22) CNB material (n = 22) Surgical material (n = 22)

\10 2 1 13 19

C10 to\ 20 8 6 3 3

C20 to\ 30 9 10 1 0

C30 to\ 40 7 4 0 0

C40 to\ 50 1 0 0 0

C50 to\ 60 1 1 3 0

C60 to\ 70 1 0 2 0

C70 to\ 80 2 0 0 0

C80 to\ 90 0 0 0 0

C90 1 0 0 0

Ref. Group reference group, NG nuclear grade, TILs tumor-infiltrating lymphocytes, PD-L1 programed cell death ligand 1

Fig. 1 Representative HE staining of stromal TILs and PD-L1

staining of TNBC cells in CNB specimen. (upper) Representative HE

staining for 10, 30, 60% stromal TILs, and (lower) representative PD-

L1 expression with proportion score of less than 1 or 50%, and more

than 50%. We regard tumors as Low-PD-L1 with proportion score of

less than 50%, and as High-PD-L1 with proportion score of more than

50%
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Relationship between status of TILs and clinical

factors

From the standpoint of recognition of TILs as contiguous

variables with biological relevance [4, 5], we tentatively set

a threshold of 30% positive for further analysis for this

sample set. Tumors with more than 30% TILs ([30%)

were defined as high numbers of TILs (High-TILs), and

those with less than 30% (\30%) were considered as low

numbers of TILs (Low-TILs). Comparison of the 13 High-

TIL and 19 Low-TIL tumors revealed a significant differ-

ence in event of recurrence and therapeutic grade for PST

(Table 2, left). The Low-TIL tumors showed high risk of

recurrence (p\ 0.05), eight patients out of 19 with Low-

TIL tumors had recurrences. The High-TIL tumors showed

high response ratio to PST with higher therapeutic grade

(grade 1 compared with both grade 2 and 3; p\ 0.04), only

one out of 13 patients had recurrence. Comparing the ratio

of pathological complete response (pCR; grade 3) with

non-pCR (grade 1 and 2) between High-TIL and Low-TIL

tumors revealed no significant difference (p = 0.6838).

There was no difference on T or N factor as well as clinical

stage by TILs status. Based on these characteristics,

however, we observed that DFS was significantly favorable

in the High-TILs group (p\ 0.04), even though OS was

marginal (p = 0.0772) (Fig. 3a, b).

Segregation power of PD-L1 status for prognosis

We could examine PD-L1 expression in both CNB and

surgical materials for twenty-two patients out of 32 with

High- or Low-TIL tumors, because 10 patients had tumors

with therapeutic grade 2b or 3 (Table 1, right). Four

patients had High-TIL tumors and six had Low-TIL

tumors. Nine patients out of 22 had High-TIL tumors and

are all alive, showing Low-PD-L1 expression and without

recurrence. Among the other thirteen patients with Low-

TIL tumors, 5 patients with High-PD-L1 tumors all died

from TNBC with recurrence, while 8 patients with Low-

PD-L1 tumors are all still alive without recurrence but one

(Table 2, right). Three patients out of previous 10 with

therapeutic grade 2b or 3 died from TNBC with recur-

rences. In patients with Low-TIL tumors, those with High-

PD-L1 tumors showed a significantly unfavorable DFS

(p = 0.0032) and extremely worse OS (p = 0.0002)

against those with Low-PD-L1 tumors (Fig. 3c, d). The
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Fig. 2 Comparison of variance

of the distribution of TILs on

clinicopathological factors. %

stromal distribution of TILs

according to a T factor,

b N factor, c each therapeutic

grade, d therapeutic grade 1 to

grade 2 ? 3, e recurrent status.

Statistical analysis was done by

Mann–Whitney U test for (b),
(d), (e) or Kruskal–Wallis test

for (a) and (c)
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Table 2 Clinicopathological characteristics of TNBC according to TILs and PD-L1 status

Characteristic All samples of CNB before PST CNB samples with Low-TILs

Low-TILs (n = 19) High-TILs (n = 13) p Low-PD-L1 (n = 8) High-PD-L1 (n = 5) p

T factor 1 1 2 1 0

2 6 6 4 2

3 4 4 2 0

4 8 1 0.1853 1 3 0.2409

N factor – 5 4 5 0

? 14 9 [0.9999 3 5 0.0754

Stage 1 1 0 1 0

2 6 7 5 2

3 12 6 0.3637 2 3 0.3878

n – 11 10 7 1

? 8 3 0.4501 1 4 0.0319

Therapeutic grade 1 12 3 4 4

2,3 7 10 0.0359 4 1 0.5649

pCR non-PCR 15 9 7 5

pCR 4 4 0.6838 1 0 [0.9999

Recurrence – 11 12 7 0

? 8 1 0.0497 1 5 0.0047

Ref. Group reference group, NG nuclear grade, TILs tumor-infiltrating lymphocytes, PD-L1 programed cell death ligand 1
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Fig. 3 DFS and OS according to the status of TILs and PD-L1 expression in TNBC. a High-TILs shows favorable DFS significantly, b but not

on OS. In Low-TILs TNBCs, c High-PD-L1 shows unfavorable DFS, and d OS significantly extremely worse than that of Low-PD-L1
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distribution of number of cases by means of TILs and PD-

L1 status is summarized in gray scale with prognostic

status (Fig. 4a). Tumor with High-TILs and High-PD-L1

status was not identified in our sample set. The TILs and

PD-L1 status does not have any significant relationship

neither to tumor size nor N factor statistically (Fig. 4b, c).

TILs and PD-L1 status in pre- or post-PST

The status of TILs in surgical materials was almost com-

patible with that in CNB especially for binary aspect, but

the expression of PD-L1 in surgical materials was all

negative by the threshold of 50% (Table 1, right). We

performed uni- and multivariated analysis with five factors

in CNB materials for these 22 patients, the status of pN,

TILs and PD-L1 were all significant in both DFS and OS

by univariate analysis (p\ 0.05, p\ 0.05). By multivari-

ate analysis, only PD-L1 was still prognostic significant in

both DFS and OS (p\ 0.05, p\ 0.0005), among the other

4 factors including the status of lymph node metastasis and

TILs (Table 3), but confidential interval was so wide

especially in OS because of a few events due to small size

of our sample set that we have to give careful consideration

for it.

Discussion

The expression of TILs is prognostic when the tumor is

smaller and the age at diagnosis is younger because of the

preference for being affected by the immune response or

immunogenicity under these conditions [26], but clinical

factor T and N in this study did not have any significant

difference on the expression of TILs. We suspect this may

be because of the size of our sample set. Nevertheless, the

prognostic power of TILs on DFS was significant and

marginal on OS. We evaluated the status of TILs in tumors

according to the 2014 recommendation setting, regarding

the value of 30% tentatively as a ‘‘% stromal’’ threshold

against 50% for dividing two categories, Low-TILs or

High-TILs, which shows significant difference in progno-

sis. Thus, it might be uncertain which value could be rea-

sonable to put tumors into two categories, better or worse

responder to the conventional PST, or favorable or unfa-

vorable prognosis. Since the High-TIL tumors show

excellent prognosis, the therapeutic target for improvement

of the prognosis of TNBC is supposed to be the non-re-

sponder to the conventional PST, which is Low-TIL

tumors. In this study, we also evaluated the status of PD-L1

expression, one of the immune checkpoint molecules, and

observed that patients with tumors with Low-TILs and

High-PD-L1 showed miserable prognosis, while patients

with tumors with Low-PD-L1 have been survived even

with Low-TILs. In other words, the tumors with Low-TILs

and High-PD-L1 represent poor responder to the conven-

tional PST with affected pathways of immune checkpoints.

The target for the immune checkpoint inhibitors for

improvement of prognosis of TNBC was elucidated by the

combined status of TILs and PD-L1. On the other hand,

there is a report that the tumors with high mRNA expres-

sion of PD-L1 showed better outcome [18], these para-

doxical phenomena still need to be further examined. Two

general mechanisms of expression of immune checkpoint

ligands on tumor cells have been mentioned as innate and

adaptive immune resistance [20]. These two mechanisms

for PD-L1 induction are not mutually exclusive [27].

Immune surveillance state consist of immune checkpoints

molecules is intrinsically dynamic. If most of the tumor
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Fig. 4 The prognostic subsets

classified by means of both TILs

and PD-L1 status, and T and N

status for each subset. (Low/Low

Low-TILs and Low-PD-L1;

High/Low High-TILs and Low-

PD-L1; Low/High Low-TILs
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in this study. b The distributions
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c The distributions of N factors
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cells had already acquired adaptive immune resistance

before PST, sensitized T lymphocytes might not have

migrated around tumor cells, which put the tumor into

Low-TILs and High PD-L1 status showing unfavorable

prognosis. The status of some tumors might shift possibly

in the counterclockwise manner in Fig. 4a, from ‘‘Low-

TILs and Low-PD-L1’’ to ‘‘Low-TILs and High-PD-L1’’

via ‘‘High-TILs’’ status, even though tumor size before

PST and N factor had no relationship with the TILs and

PD-L1 status statistically in this study. If the tumor had

already possessed the innate immune resistance, the tumor

cells could have been survived escaping from immune

surveillance showing Low-TILs and High-PD-L1 status.

Whether the acquired immune resistance is innate or

adaptive, immune checkpoint inhibitors for PD-1/PD-L1

axis could be effective to the tumors with Low-TILs and

High-PD-L1 status, and the prognosis only of this type of

tumors is unfavorable against conventional therapies

[28, 29], even though the tumors with High-TILs and High-

PD-L1 status were not identified in this study. Recent

studies have been reported on several immune checkpoint

inhibitors, which seem to be more effective for multiple

different solid tumors especially with positive expression

of PD-L1 in immunohistochemistry [25, 30–35]. There-

fore, the TNBC with Low-TILs and High-PD-L1 status in

pre-PST situation must be the target for the immune

checkpoint inhibitors, even though the significance of PD-

L1 status in post-PST situation needs to be analyzed

including the threshold adjustment [36].

We agree our study is so preliminary because of the size

of our sample set, but could not help expecting that ther-

apeutic approaches addressing immune checkpoints could

be a breakthrough for treatment to the refractory TNBCs,

particularly those with low numbers of TILs and affected

immune checkpoints. If the ongoing clinical trials for

metastatic TNBC or other studies of immune checkpoint

inhibitors showed acceptable results, preoperative therapy

targeting immune checkpoints or with combinations of

plural checkpoint inhibitors could be also promising [37].

Furthermore, combinations of chemo- or radio-therapies

and immune checkpoint inhibitors might cause mutual

inducible effects presenting immunogenic epitopes derived

from accumulated mutational burden due to integrated

therapies, as well as cancer-specific vaccines [38] or

immune activating cytokines such as interleukin-10 [39],

which might be next exciting strategies.
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