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Abstract. Tumor‑infiltrating lymphocytes (TILs) are a 
significant prognostic factor in triple‑negative breast cancer. 
However, the clinicopathological significance of TILs in 
estrogen receptor (ER)‑positive and human epidermal 
growth factor receptor 2 (HER2)‑negative breast cancer 
remains unclear. The purpose of the present study was to 
evaluate the role of TILs in the prognosis of ER‑positive 
and HER2‑negative breast cancer. A total of 65 consecutive 
patients with ER‑positive and HER2‑negative breast cancer 
were examined. TILs in stromal tissue (str‑TILs) were graded 
using the International TILs Working Group criteria. The 
association between several clinicopathological factors and 
TIL grade were investigated, and the prognostic impact of TILs 
was compared between luminal A‑like and luminal B‑like 
breast cancer. A total of 51 patients (78.5%) had low‑grade 
(0‑10%), 11 (16.9%) had intermediate (10‑40%) and 3 (4.6%) 
had high‑grade (40‑90%) str‑TIL levels. There was a significant 
association between high levels of Ki67 expression and a 
high str‑TIL count. Relapse‑free survival was significantly 
worse in patients with luminal B‑like cancer compared with 
that in patients with luminal A‑like cancer. Patients with an 
intermediate or high str‑TIL count had a better prognosis 

compared with those with a low str‑TIL count. All patients with 
luminal B‑like cancer and intermediate or high str‑TIL levels 
developed no recurrence during follow‑up. In conclusion, there 
was a significant correlation between high‑grade str‑TIL levels 
and high tumor cell proliferation rate, as well as high levels of 
Ki67 expression.

Introduction

From the early stages of breast cancer development to 
dissemination, the tumor microenvironment plays an 
important role in tumor growth, it influences the antitumor 
immune response and is regulated by immunogenetic 
signaling  (1,2). Mononuclear immune cells that infiltrate 
invasive carcinomatous tissue are known as tumor‑infiltrating 
lymphocytes (TILs). The TIL count is an indicator of the 
immune system status in primary breast cancer (3). Several 
studies of preoperative drug therapy suggest a strong 
relationship between the number of TILs and the therapeutic 
effects of the drug on breast cancer. Moreover, Denkert et al (4) 
reported that the pathological complete response rate after 
neoadjuvant chemotherapy (an anthracycline‑plus‑taxane 
combination, with or without carboplatin) was significantly 
higher in the high TIL group compared with that in the low 
TIL group. In 2014, the International TILs Working Group 
created a guideline for the evaluation of the TIL count (5). 
Kurozumi et al (6) showed that TIL grade (low, intermediate 
and high), evaluated using the International TILs Working 
Group guideline, was a powerful predictor of response to 
neoadjuvant chemotherapy with trastuzumab in human 
epidermal growth factor receptor 2 (HER2)‑positive breast 
cancer.

In routine clinical practice, the intrinsic subtype of the 
primary tumor is key to deciding the most suitable treatment 
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regimens for breast cancer. On the basis of previous studies, it 
was hypothesized that the role of TILs as a prognostic factor in 
breast tumors would depend on the intrinsic subtype. Several 
retrospective studies have suggested the possibility of TILs as 
a prognostic factor in estrogen receptor (ER)‑negative breast 
cancer (6‑9). In addition, a large, pooled analysis investigating 
the role of TILs in prognosis, confirmed that a high TIL grade 
was a powerful prognostic factor in patients with early‑stage 
triple‑negative breast cancer  (9). However, the prognostic 
value of TILs in ER‑positive and HER2‑negative breast cancer 
remains unclear.

The aim of the present study was to examine TIL count in 
pretreatment primary breast cancer tissues, in order to identify 
the clinicopathological characteristics and prognostic power of 
the number of TILs in ER‑positive and HER2‑negative breast 
cancer.

Patients and methods

Background of enrolled patients. A total of 65 patients with 
ER‑positive and HER2‑negative breast cancer who had 
undergone breast‑conserving surgery or modified radical 
mastectomy between July 2003 and December 2004 at Gunma 
University Hospital (Gunma, Japan) were enrolled in the 
present study. Male breast cancer patients were not included 
in the study. None of the patients received neoadjuvant 
treatment. The median age of the patients was 53  years 
(range, 34‑86 years). Evaluation of pathological tumor size, 
nodal status and presence of lymphovascular invasion were 
performed as previously reported by Tokiniwa et al (10). The 
present study was approved by the Institutional Review Board 
of Gunma University Hospital (reference no. 2016‑003) and 
was conducted according to the tenets of the Declaration of 
Helsinki. All patients consented to participate in the present 
study via the opt‑out system.

Immunohistochemistry. ER, progesterone receptor (PgR) 
and HER2 status was confirmed by pathology reports. 
Briefly, buffered formalin‑fixed paraffin‑embedded surgical 
specimens were cut into 4‑µm sections and prepared 
for immunohistochemistry for ER, PgR and HER2. 
Immunostaining was performed using antibodies against 
ER (clone 1D5); PgR (clone PgR636); and HER2 (clone 
cerbB‑2) (all from Dako; Agilent Technologies, Inc.). ER‑ and 
PgR‑positive status was determined by a nuclear staining 
rate ≥1% (11). HER2 immunostaining expression was scored 
as 0, 1+, 2+ and 3+, stratified according to staining intensity 
of the cell membrane. In cases with a HER2 score of 2+, a 
fluorescence in  situ hybridization (FISH) assay was also 
performed. HER2‑positive status was determined as a HER2 
score 3+ or HER2 score 2+ plus FISH‑positive assay.

The methods of immunostaining and evaluation for 
Ki67 have previously been reported by Tokiniwa et al (10). 
Immunohistochemical examination was conducted using 4‑µm 
sections obtained from formalin‑fixed, paraffin‑embedded 
blocks of surgical specimens. Immunostaining was performed 
on the sections using an EnVision system (Dako; Agilent 
Technologies, Inc.). Following deparaffinization with xylene 
and hydration with downgraded ethanol, the sections were 
heated in an autoclave for 20  min with Target Retrieval 

Solution, pH 9.0 (cat. no. S2367; Dako; Agilent Technologies, 
Inc.). Processing and staining of the slides, including blocking 
step, primary and secondary antigen‑antibody reactions, 
were performed with Dako Autostainer (Dako; Agilent 
Technologies, Inc.), in accordance with the manufacturer's 
guidelines. Quenching endogenous peroxidase activity was 
carried out by incubating the specimens for 5 min at room 
temperature with peroxidase blocking reagent (cat. no. S2003; 
Dako; Agilent Technologies, Inc.) included as part of the kit. 
The Ki67 primary antibody (clone MIB‑1; Dako; Agilent 
Technologies, Inc.) was diluted 1:150 with Antigen Dilution 
Solution (Dako; Agilent Technologies, Inc.). Secondary 
detection was performed with the EnVision System Hrp 
Mouse kit (cat.  no.  K4007; Dako; Agilent Technologies, 
Inc.). Diaminobenzidine tetrahydrochloride was used as the 
chromogen; the sections were counterstained for 30 sec at 
room temperature with Meyer's hematoxylin. The percentage 

Table I. Patient characteristics (n=65).

Characteristics	 No. of patients	 %

Age range (years)
  34‑40	 3	 4.6
  41‑59	 36	 55.4
  ≥60	 26	 40.0
Pathological T status in
TNM classification
  T1	 30	 46.2
  T2	 30	 46.2
  T3	 2	 3.1
  T4	 3	 4.6
Stage
  Ⅰ	 20	 30.8
  Ⅱ	 40	 61.5
  Ⅲ	 5	 7.7
Nuclear grade
  1‑2	 52	 80.0
  3	 13	 20.0
Pathological nodal status
  Negative	 44	 67.7
  Positive	 21	 32.3
Lymphovascular invasion
  Negative	 25	 38.5
  Positive	 40	 61.5
Type of breast surgery
  Breast‑conserving surgery	 48	 73.8
  Mastectomy	 17	 26.2
Axillary surgery
  Sentinel lymph node biopsy only	 32	 49.2
  Axillary lymph node dissection	 33	 50.8
Adjuvant chemotherapy
  Yes	 10	 15.4
  No	 55	 84.6
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of Ki67‑positive cancer cells in the surgical specimens were 
evaluated under a light microscope at a magnification of 
x200‑400.

Patients with PgR‑posit ive, low nuclear grade 
(grade 1 and 2) and a low Ki67 index score (labeling index 
≤10%) were determined to have luminal A‑like type breast 
cancer according to our previous study  (12). In all other 
patients, the cancer was classified as luminal B‑like type.

Evaluation of TILs. The percentage of stromal‑TILs 
(str‑TILs) was evaluated using H&E‑stained slides of the 
surgical specimens under a light microscope at a x200‑400 
magnification. The str‑TILs were defined as mononuclear cells 
localized in the stromal tissue of breast cancer. The str‑TIL 
count was categorized according to the International TILs 
Working Group guideline into three grades (5) as follows: 
low (0‑10%), intermediate (10‑40%), or high (40‑90%). The 
denominator used to determine the TIL grade was the area of 
stromal tissue (5). Scoring of str‑TILs was performed by two 
evaluators (AK and SK). The significance of the correlation 
between the results of the two evaluators was assessed using 
the κ value, and the results for the two evaluators were 
significantly concordant (κ‑value=0.70).

Statistical analysis. The association of str‑TIL grade with 
several clinicopathological factors was assessed using Fisher's 
exact tests. For the correlation between str‑TIL grade and 
prognosis, Kaplan‑Meier curves of recurrence‑free survival 
(RFS) were drawn using the log‑rank test. RFS was defined 
as the interval from the day of surgery to the day of initial 
locoregional and/or distant breast cancer relapse in the 
follow‑up term. P<0.05 was considered to indicate statistically 
significant differences. Statistical analyses were performed 
mainly using SPSS v22.0 (IBM Corp.).

Results

Patient characteristics. The clinicopathological charac‑
teristics of all 65 ER‑positive and HER2‑negative patients 
are summarized in Table  I. A total of 48 patients (73.8%) 
underwent breast‑conserving surgery, and 32 (49.2%) received 
sentinel lymph node biopsy only. A total of 10 patients (15.4%) 
received adjuvant chemotherapy. The PgR positivity rate was 

86.2% and 43.3% of the patients had a Ki67 index score ≤10%. 
A total of 21 patients (32.3%) were classified as having luminal 
A‑like type breast cancer.

Association of str‑TILs with clinicopathological factors. The 
distribution of str‑TILs by grade (low, intermediate and high) 
is shown in Fig. 1. The distribution of str‑TILs was as follows: 
Low, 51 patients (78.5%); intermediate, 11 patients (16.9%); and 
high, 3 patients (4.6%). The association between TIL count and 
the clinicopathological factors is shown in Table II. No patients 
in the high‑grade str‑TIL group had luminal A‑like type breast 
cancer. The Ki67 levels in the high‑grade str‑TIL group were 
significantly higher compared with those in the low str‑TIL 
group (P=0.023). No statistically significant association was 
found between str‑TIL count and other clinicopathological 
factors, such as PgR expression (P=0.30), tumor size (P=1.00), 
nodal status (P=0.54), nuclear grade (P=0.47), lymphovascular 
invasion (P=1.00) or intrinsic subtype (P=0.54).

Prognostic analysis of str‑TILs in luminal B‑like 
breast cancer. The median RFS was 65  months (range, 
10‑158 months; Fig. S1). No patient with intermediate or 
high‑grade str‑TIL count suffered a relapse. However, str‑TIL 
count was not a significant prognostic factor in all patients 
(Fig. 2 and Table SI). RFS was significantly worse in patients 
with luminal B‑like cancer compared with that in patients 
with luminal A‑like cancer (log‑rank χ2=5.27, P=0.022), and 
no patient with luminal A‑like cancer developed recurrence 
of breast cancer (Fig. S2). In addition, no patient with luminal 
B‑like breast cancer and intermediate or high str‑TIL count 
developed recurrence of breast cancer. The RFS of patients 
with intermediate or high‑grade str‑TIL count was generally 
longer compared with that of patients with low‑grade str‑TIL 
count, although the difference was not considered as statisti‑
cally significant (log‑rank χ2=3.23, P=0.072; Fig. 3).

Discussion

The present study found that only 4.6% of ER‑positive and 
HER2‑negative patients were classified into the high‑grade 
str‑TIL group, and str‑TIL count was not a powerful prognostic 
factor in all patients with ER‑positive and HER2‑negative 
breast cancer.

Figure 1. Distribution of tumor‑infiltrating lymphocytes in estrogen receptor‑positive and human epidermal growth factor receptor 2‑negative breast cancer. 
H&E‑stained sections showing (A) low, (B) intermediate and (C) high levels of tumor‑infiltrating lymphocytes (arrow) in the stromal tissue of breast cancer 
(magnification, x200 for all images).
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Several retrospective studies have suggested the potential 
use of TIL count as a prognostic factor in ER‑negative breast 
cancer (6‑9). Moreover, Denkert et al (9) confirmed that a high 

TIL grade was a powerful prognostic factor in a large number 
of patients with early‑stage triple‑negative breast cancer. In our 
previous study, ~30% of ER‑negative patients had a high TIL 

Table II. Association between TIL count and clinicopathological factors.

	 TIL count, n (%)	 Significance
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological factors	 Low	 Intermediate	 High	 Total no.	 P‑value

Ki67					     0.023
  ≤10%	 22 (84.6)	 4 (15.4)	 0 (0.0)	 26	
  >10% and <30%	 16 (72.7)	 6 (27.3)	 0 (0.0)	 22	
  ≥30%	 13 (76.5)	 1 (5.9)	 3 (17.6)	 17	
Progesterone receptor					     0.19
  Positive	 46 (82.1)	 8 (14.3)	 2 (3.6)	 56	
  Negative	 5 (55.6)	 3 (33.3)	 1 (11.1)	 9	
Pathological T status in TNM classification					     0.87
  T1 and T2	 47 (78.3)	 10 (16.7)	 3 (5.0)	 60	
  T3 and T4	 4 (80.0)	 1 (20.0)	 0 (0.0)	 5	
Nodal status					     0.46
  Positive	 34 (77.3)	 7 (15.9)	 3 (6.8)	 44	
  Negative	 17 (81.0)	 4 (19.0)	 0 (0.0)	 21	
Nuclear grade					     0.65
  3	 9 (69.2)	 3 (23.1)	 1 (7.7)	 13	
  1 and 2	 42 (80.8)	 8 (15.4)	 2 (3.8)	 52	
Lymphovascular invasion					     0.68
  Positive	 30 (75.0)	 8 (20.0)	 2 (5.0)	 40	
  Negative	 21 (84.0)	 3 (12.0)	 1 (4.0)	 25	
Intrinsic subtype					     0.41
  Luminal A‑like	 18 (85.7)	 3 (14.3)	 0 (0.0)	 21	
  Luminal B‑like	 33 (75.0)	 8 (18.2)	 3 (6.8)	 44	

TIL, tumor‑infiltrating lymphocyte.

Figure 2. Survival curves of the patients with breast cancer stratified by TIL 
count in ER‑positive and HER2‑negative breast cancers. TIL count was not 
found to be a significant prognostic factor for the patients with ER‑positive 
and HER2‑negative breast cancers. TILs, tumor‑infiltrating lymphocytes; 
ER, estrogen receptor; HER2, human epidermal growth factor receptor 2.

Figure 3. Survival curves of breast cancer patients stratified by TIL count 
in luminal B‑like breast cancer. Among patients with luminal B‑like breast 
cancer, the recurrence‑free survival of patients with intermediate or high 
levels of TILs was generally longer compared with that in patients with low 
levels of TILs. TILs, tumor‑infiltrating lymphocytes.
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count, which was a powerful prognostic marker. On the other 
hand, our previous study demonstrated that 3.1% of hormonal 
receptor‑positive and HER2‑negative patients had a high‑grade 
TIL count according to the international guidelines (8). In this 
previous study, TIL grade was not identified as a significant 
prognostic factor in ER‑positive breast cancer, similar to the 
results of the present study.

Previous studies suggested that ER potentially activated 
tumor immunosuppression (13,14). However, for the treatment 
of ER‑positive breast cancer, the relationship between TIL 
count and response to endocrine therapy remains unclear. 
Tumor mutational burden is an important factor associated 
with tumor immunity and response to immune therapy (15). 
A high tumor mutation burden is associated with poor 
outcomes in ER‑positive cancer (16,17). In addition, a previous 
study suggested that TIL count in ER‑positive cancer is 
morphologically more heterogeneous compared with that in 
ER‑negative cases (18). This intratumor heterogeneity may 
affect the difference in the prognostic power of TIL count 
between ER‑positive and ER‑negative cancer types.

In the present study, there was a significant association 
between high levels of Ki67 expression and a high str‑TIL 
count. Fujimoto et al (19) suggested the possibility that the 
composition of immune cells may vary between breast cancers 
with high and low levels of Ki67 expression. Moreover, 
Xu et al (20) demonstrated that high tumor mutational burden 
was associated with high levels of Ki67 expression. High 
microsatellite instability and aberrant mismatch deficiency 
cause a high mutational burden in cancer (21). Microsatellite 
instability is known as a predictive biomarker of antitumor 
immune response and response to immune‑checkpoint 
inhibitors (22,23). These findings suggest that the antitumor 
immune response may be increased in aggressive tumors with 
high levels of Ki67 expression.

In the present study, none of the patients with luminal 
B‑like breast cancer and intermediate or high‑grade str‑TIL 
count developed recurrence during follow‑up. Luminal B‑like 
tumors generally have a worse outcome compared with 
luminal A‑like‑subtype tumors, even with the administration 
of hormonal therapy (24). The biological differences between 
these subtypes may be caused by the intracellular signaling 
pathways associated with estrogen among ER‑positive breast 
cancer cells  (25,26). However, the difference in molecular 
mechanisms between luminal A‑ and luminal B‑like subtypes 
remains unclear. In routine practice, adjuvant hormone therapy 
alone is selected for patients with luminal A‑like subtype and 
chemo‑endocrine therapy for patients with luminal B‑like 
subtype. Several clinical studies demonstrated that TIL 
count was correlated with response to chemotherapy mainly 
in patients with ER‑negative breast cancer (27,28). However, 
for the use of TILs based on the subtypes of the ER‑positive 
patients as luminal A and B subtypes, the biological evidence 
is unclear. In the future, TIL count may become a useful 
biomarker for determining the molecular mechanisms of 
tumor immunity in ER‑positive breast tumors with potential 
clinical relevance for patients with luminal‑type breast cancer.

To confirm the potential role of TIL count in breast 
cancer prognosis, the characteristics of immune cells 
constituting TILs will have to be examined in more detail. 
Cytotoxic T cells, which attack cancer cells, are positive for 

CD8, and T‑reg cells, which inhibit immune responses to 
cancer cells, are positive for CD4, CD25 and FOXP3. How 
TIL count impacts patient response to treatment should also 
be determined, as CD8‑positive T lymphocytes are associated 
with the therapeutic efficacy of chemotherapy (3).

In conclusion, it was herein confirmed that there is a 
significant association between TIL count and the occurrence 
of aggressive breast tumors with high levels of Ki67 expression 
in ER‑positive and HER2‑negative breast cancer. The survival 
of patients with intermediate or high‑grade str‑TIL count 
tends to be superior to that of patients with low‑grade str‑TIL 
count, although the difference was not found to be statistically 
significant. However, there were several limitations to the 
present study. First, the number of the enrolled patients was 
small. Second, this study is a retrospective trial. Therefore, 
further prospective and large‑scale clinical trials are necessary 
to confirm the value of TIL count as a prognostic factor for 
patients with ER‑positive/HER2‑negative breast cancer. 
Moreover, additional functional studies will be necessary to 
determine how TIL count controls antitumor immune response 
and immune‑checkpoint systems in ER‑positive breast cancer.
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