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Abstract. The immunobiology of breast cancer (BC) 
subtypes, including luminal cancer, remains unclear. Cluster 
of differentiation (CD)8+ tumor‑infiltrating lymphocytes 
(TIL) are essential components of tumor‑specific cellular 
adaptive immunity. However, only few studies have addressed 
the significance of cluster of differentiation 8+(CD8+) TIL 
in patients with luminal BC. The present study aimed 
to evaluate the predictive and prognostic significance of 
CD8+ TIL in patients with luminal B/human epidermal 
growth factor receptor 2 (HER 2)‑negative BC treated with 
anthracycline‑based neoadjuvant chemotherapy (NC). A total 
of 31 patients who underwent breast‑conserving surgery or 
mastectomy post‑NC were enrolled. Immunostaining for CD8+ 
TIL was performed using rabbit monoclonal antibodies against 
human CD8+. Intra‑ and peritumoral CD8+ TIL expression 

levels were classified into high and low, based on the median 
value of each. CD8+ TIL expression data were demonstrated 
to be correlated with disease‑free survival (DFS) and overall 
survival (OS), using Kaplan‑Meier and Cox's proportional 
hazards regression tests. The results revealed that, among all 
clinicopathological characteristics, only pathological complete 
response (pCR) was significantly correlated with intratumoral 
CD8+ TIL expression (P=0.016). A total of 9/16 patients (56%) 
with high intratumoral CD8+ TIL expression achieved pCR, 
in contrast with 2 out of 15 patients (13.3%) with low expres-
sion (P=0.016). High expression of intratumoral CD8+ TIL 
was significantly associated with OS (log‑rank test, P=0.023). 
Multivariate Cox regression analysis revealed that intratumoral 
expression of CD8+ TIL was an independent prognostic factor 
for OS [hazard ratio (HR)=2.82; 95% confidence interval 
(CI)=0.911‑4.833, P=0.007], but not for DFS (HR=1.11; 95% 
CI=0.282‑2.078; P=0.508). In conclusion, the results of the 
present study suggested that high intratumoral CD8+ TIL 
expression was significantly predictive of pCR post‑NC, and 
represented an independent prognostic factor for improved 
OS. In contrast, low intratumoral CD8+ TIL expression was a 
strong predictor of lack of pCR to NC, as well as an indepen-
dent prognostic factor for poor OS. Assessment of the immune 
response in conjunction with the usual parameters may aid 
in the further stratification of patients with luminal B/HER 
2‑negative BC regarding the prediction of pCR post‑NC and 
overall prognosis.

Introduction

Breast cancer (BC) is the most common type of female 
malignancy in Saudi Arabia with evidence of an increased 
annual incidence from 23.5 cases/100,000 people in 2000 to 
34.5 cases/100,000 people in 2010 (1,2). BC remains a hetero-
geneous disease and includes a range of clinical patterns, 
pathological characteristics, prognostic factors and responses 
to different types of treatment. An intrinsic molecular 
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classification has defined four main BC subtypes: Human 
epidermal growth factor receptor 2 (HER 2), triple‑negative, 
and luminal A and B (3).

Although the luminal types of cancer share similarities, 
previously conducted studies using next‑generation sequencing 
technology have revealed that luminal A and B BC should be 
perceived as distinct subtypes, with specific oncogenic drivers, 
rather than more proliferative varieties of the luminal tumor 
subtype (4). It has been reported that luminal B BC exhibits a 
lower expression of hormone receptors, higher expression of 
proliferation markers and higher histologic grade compared 
with luminal A cancer  (3,5). Furthermore, patients with 
luminal B cancer exhibit worse prognosis and have a distinct 
profile of response to hormonal and chemotherapy (4), and 
numerous efforts have been made to improve survival rates 
through early diagnosis and multiple therapies (6). However, 
the limitations of the current therapeutic modalities and 
advances in molecular diagnostics have resulted in increasing 
requirements for defining novel prognostic and predictive 
tools (7).

Neoadjuvant chemotherapy (NC) or primary systemic 
therapy is considered the standard treatment for locally 
advanced BC. However, its utilization has increased to treat 
patients with operable BC (8). One of the main advantages of 
NC is the reduction in tumor size, allowing for an increased 
incidence of conservative surgery with improved cosmetic 
outcomes (9). In addition, beyond initiating an early systemic 
treatment for clinically undetectable micrometastases, NC 
provides an opportunity to evaluate the tumor sensitivity to 
different chemotherapeutic regimens (10). Furthermore, the 
pathological response to NC may possess prognostic value, 
as pathological complete response (pCR) may be correlated 
with improved disease‑free survival (DFS) and overall 
survival (OS), particularly in patients with triple‑negative and 
enriched‑HER 2 (11). However, for patients with a luminal B 
tumor, factors predicting pCR post‑NC appear unclear, and no 
significant correlation between pCR and outcomes, including 
DFS and OS, has been reported (12).

There is growing interest among researchers towards 
‘tumor‑specific adaptive immune response’. Infiltrating inflam-
matory cells, particularly lymphocytes and macrophages, often 
surround tumor cells. Previous studies have demonstrated that 
cells of the adaptive immune system perform surveillance 
and eliminate nascent tumors, in a process termed immuno-
surveillance (13). Tumor antigens drive the development of 
tumor‑specific adaptive immune responses (14).

Cluster of differentiation 8+ (CD8+) T lymphocytes are 
essential components of tumor‑specific cellular adaptive 
immunity that attack tumor cells presenting tumor‑associ-
ated antigen peptide with major histocompatibility complex 
class I on their surface. CD8+ T cells produce interferon‑γ 
following interactions with their tumor targets, which subse-
quently lead to cell cycle inhibition, apoptosis, angiostasis 
and induction of macrophage tumoricidal activity (13‑15). 
When the immune system fails to eliminate all tumor cells, 
tumors with reduced immunogenicity may emerge with the 
capability to escape immune attacks. This combination of 
host‑protective and tumor‑promoting functions of inflam-
matory/immune cells has led to the concept of ‘cancer 
immuno‑editing’ (13,16).

Despite the fact that high levels of tumor infiltrating 
lymphocytes (TILs) have been suggested to be predictive 
of pCR post‑NC in certain BC, the predictive value of TIL 
subtypes for pCR in different molecular subtypes, particularly 
in luminal B BC remains unclear (17‑21). Additionally, studies 
on the association between CD8+ T‑cell infiltration and OS in 
BC have presented conflicting results (22‑28).

In contrast, CD8+ TILs were extensively studied for 
their prognostic significance in different types of cancer. 
Immunohistochemistry (IHC) studies have demonstrated 
that CD8+ TILs have a favorable effect on OS in different 
types of solid tumors, including ovarian  (29), renal  (30), 
lung (31) and pancreatic (32) cancer. Taking into consider-
ation the heterogeneity of patients with BC, it is necessary 
to address the subtype‑specific immunobiology of distinct 
molecular and histological subtypes. The interaction between 
the immune response, intrinsic tumor subtype, and treatment 
strategy are all potential contributors to the outcome of the 
disease (33,34).

Notably, the immunobiology of patients with certain BC 
subtypes, including those with luminal cancers, remains to 
be elucidated. Few studies have addressed the predictive 
and/or prognostic significance of CD8+ TIL in patients with 
the luminal subtypes of BC (3,4,19,20).

In the present study, the predictive and prognostic signifi-
cance of CD8+ TIL expression was retrospectively evaluated 
in a cohort of patients with luminal B/HER 2‑negative BC 
treated with anthracycline‑based NC.

Patients and methods

Study population. The present study included 31 female 
patients with stage II (n=12) and stage III (n=19) luminal B 
tumors treated with NC followed by breast‑conserving surgery 
or mastectomy. The median age of the patients was 53 years 
(range, 31‑68) Follow‑ups were performed at the King Khalid 
University Hospital (Riyadh, Saudi Arabia) between December 
2009 and December 2014.

All patients underwent a true‑cut core needle biopsy prior 
to NC for diagnosis of invasive breast carcinoma according to 
the World Health Organization histopathological diagnostic 
criteria and confirmation of the luminal B subtype (35). NC 
consisted, for 14 patients (45.2 %), of a sequential dose dense 
AC‑T chemotherapy regimen [doxorubicin intravenous (IV) 
60 mg/m2/cyclophosphamide IV 600 mg/m2 every 2 weeks 
for 4 cycles followed by docetaxel 75 mg/m2 q. 2 weeks for 
4 cycles, with granulocyte colony stimulating factor support]. 
The remaining 17 patients (54.8%) received a fluorouracil 
epirubicin cyclophosphamide 100‑T chemotherapy regimen 
[5‑fluorouracil 500  mg/m2, epirubicin 100  mg/m2, cyclo-
phosphamide 500 mg/m2 q. 3 weeks for 3 cycles followed by 
docetaxel 100 mg/m2 q. 3 weeks for 3 cycles]. All patients 
underwent breast surgery within 4 weeks following the last 
course of NC.

Medical records were collected for all patients in order 
to acquire, and review the clinical information including age, 
sex, and initial clinical T and N stage as recommended by 
the 7th American Joint Committee on Cancer (36). A pair of 
formalin‑fixed paraffin‑embedded tumor samples, consisting 
of a pre‑chemotherapy biopsy and post‑chemotherapy 
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resection specimens were collected from each patient. 
Pathology reports, hematoxylin and eosin (H&E)‑stained 
sections, and IHC slides for basic biomarkers were reviewed 
to acquire pathological information including pathological 
T and N stage following NC, histologic tumor type  (37), 
histologic grade according to Scarff‑Bloom‑Richardson (38), 
Ki‑67 score, presence of carcinoma in situ, lymphatic inva-
sion, tumor margins, estrogen receptor (ER) and progesterone 
receptor (PR), and HER 2 status. BC was identified as luminal 
B subtype based on positive hormonal expression ER and/or 
PR >1%, HER 2‑negative (score 0 or 1 through IHC or fluores-
cence in situ hybridization‑negative if IHC was score 2), and a 
Ki‑67 score >14%. (5,35).

pCR was defined as the complete disappearance of all 
invasive tumor cells from breast tissue and regional lymph 
nodes regardless of the presence of residual ductal carcinoma 
in situ (17). The present study was approved by the Institutional 
Review Board of King Khalid University Hospital (Riyadh, 
Saudi Arabia) and written informed consent was obtained from 
all participants.

IHC and CD8+ TIL quantification. The paraffin blocks 
from all 31 patients were retrieved from the archives of the 
histopathology unit at the King Khalid University Hospital 
(Riyadh, Saudi Arabia). Then, 4‑µm thick sections were cut 
from the pre‑chemotherapy biopsies. The sections obtained 
were processed and stained with H&E in order to identify 
the areas with dense lymphocytic infiltration. Furthermore, 
unstained sections were subsequently obtained and stained 
using an IHC method for CD8+ T cells. First the cells were 
incubated in hot air oven for 25 to 30 min at 60 to 65˚C. 
The slides were loaded on automated IHC stainer (Ventana 
Medical system BenchMark XT; Roche Applied Science, 
Penzberg, Germany), Ultra View Universal DAB Detection 
system according to manufacturers protocol, (#760‑500; 
Ventana Benchmark XT; Roche Applied Science). The slides 
were deparaffinized and the endogenous peroxidase activity 
was blocked within the closed detection system according 
to the manufacturers protocol. Antigen epitope retrieval was 
performed by unmasking with standard CC1 (cell condi-
tioning) ready to use solution for 60 min at 95˚C. Incubation 
was performed with primary antibody, CD8 rabbit monoclonal 
antibody, RTU (#REF.790‑4460; Ventana Benchmark XT; 
Roche Applied Science) for 24 min at 37˚C. The secondary 
antibody from the kit was the used for the second incubation 
for ~20 min at 36˚C. The staining was visualized by using 
the light microscopy (Nikon‑Eclipse‑80 i) and only cells 
expressing strong membranous and cytoplasmic staining for 
CD8+ were counted as positive.

CD8+ lymphocytic infiltration was interpreted as intratu-
moral if they were encountered within the tumor cell nests, 
whereas it was interpreted as peritumoral if they were encoun-
tered within the adjacent stroma; defined as CD8+ cells within 
one tumor cell diameter of the tumor (26).

A semi‑quantitative analysis of the intratumoral and 
peritumoral CD8+ positive lymphocytes was performed 
using a Nikon Eclipse 80i microscope (Nikon Corporation, 
Tokyo, Japan) by two experienced histopathologists (A.R 
and S.H) who were blind to the patients' clinical background 
and survival data. The numbers of both intratumoral and 

peritumoral lymphocytes were manually counted with the help 
of a numbered grid and eyepiece graticules.

The number of intratumoral and peritumoral lymphocytes 
was counted in three high power fields (magnification, x400). 
The counts were performed in areas of maximum lymphocytic 
infiltration. Foci demonstrating hemorrhage and/or necrosis 
were excluded. The mean of the three counts was calculated 
and recorded for intratumoral and peritumoral zones in each 
patient. Intratumoral and peritumoral CD8+ lymphocytes 
expression levels were classified as either high and low based 
on values ≤ or > the median value of each, respectively.

Statistical analysis. To achieve the aims of the present study, 
the effect of CD8+ TIL expression was evaluated using two 
main end points: pCR post‑NC and the patients' outcome 
as indicated by the DFS and OS. The associations between 
clinicopathological characteristics and pCR were analyzed 
using the chi‑squared test for categorical variables. Mean 
differences were analyzed using a paired t‑test. DFS was 
measured as the time between the date of diagnosis and 
the date of the last follow‑up or disease relapse. OS was 
measured as the time between the date of diagnosis and the 
date of the last follow‑up or mortality. OS and DFS rates 
were analyzed using the Kaplan‑Meier estimator method and 
differences in DFS or OS among subgroups were evaluated 
for significance using the log‑rank test. Cox's proportional 
hazards regression models were used for multivariate survival 
analyses to estimate the hazard ratio (HR) of CD8+ TILs 
adjusted by potential confounding factors, including age 
at diagnosis, tumor histological type, tumor grade, disease 
stage, pCR and lymphovascular invasion. The Wald test was 
used to evaluate the significance of individual coefficients 
in the model. All statistical analyses were performed using 
SPSS software (version 16; SPSS, Inc., Chicago, IL, USA). 
P<0.05 (two‑tailed) was considered to indicate a statistically 
significant difference.

Results

A total of 31 patients with luminal B/HER 2‑negative invasive 
BC were enrolled into the present study. The demographic 
and clinicopathological data of patients are presented in 
Table I. Characteristically, 11/31 (35.5%) patients achieved 
pCR post‑NC, while 20/31 (64.5%) did not. The median value 
was 9 (range, 3‑53) for intratumoral CD8+ TIL expression and 
50 (range, 28‑116) for peritumoral expression. Intratumoral 
CD8+ TIL expression was high in 16 patients (58.1%) and low 
in 15 patients (41.9%). High and low peritumoral CD8+ TIL 
expression levels were recorded in 20 (64.5%) and 11 (35.5%) 
patients, respectively (Table I). Intra‑ and peri‑tumoral CD8+ 
TIL infiltration of luminal B BC samples were illustrated in 
Fig. 1.

Correlations between clinicopathological features and pCR 
were only identified to be significant for intratumoral expres-
sion of CD8+ TIL (Table II). A total of 9/16 patients (56%) with 
high intratumoral CD8+ TIL expression achieved a pCR, in 
contrast with only 2/15 patients (13.3%) with low intratumoral 
CD8+ TIL expression (P=0.016). No significant correlation 
was identified between peritumoral CD8+ TIL expression and 
pCR (P=0.135).
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Correlations were studied between peri‑ and intra‑tumoral 
expression of CD8+ TIL, and clinicopathological character-
istics, in addition to pCR. The results confirmed that only 
intratumoral CD8+ TIL expression was significantly correlated 
with pCR (Table III).

Univariate analysis revealed that high expression of intra-
tumoral CD8+ TILs was significantly associated with OS 
(P=0.023), but not with DFS (P=0.869). In contrast, peritumoral 
CD8+ TIL expression exhibited no significant effect on OS 
(P=0.195) and DFS (P=0.651). Fig. 2 depicts the correlations 
between intra‑and peri‑tumoral CD8+ TIL expression, and OS. 
A multivariate Cox's regression model was performed to assess 
the correlation between the expression of CD8+ TIL, and DFS 
and OS, including the following covariates: Age at diagnosis, 
tumor histological type, tumor grade, disease stage, pCR and 
lymphovascular invasion. As Table IV demonstrates, intratu-
moral expression of CD8+ TIL was identified as an independent 
prognostic factor for OS [HR=2.82; 95% confidence interval 
(CI)=0.911‑4.833; P=0.007], but not for DFS (HR=1.11; 95% 
CI=0.282‑2.078; P=0.508). No statistically significant effect of 
any of other covariates was observed for DFS and OS.

Discussion

The traditional prognostic markers for BC include clinical 
stage, lymph node involvement, tumor grade, ER and PR 
status, and the presence of HER 2 abnormalities (39). However, 
the heterogeneity of the disease, together with limitations 
of current therapeutic modalities and advances in molecular 
diagnostics have led to increasing interest in identifying novel 
prognostic and predictive tools (7). Therefore, in the present 
study, the expression of CD8+ TILs was evaluated in patients 
with luminal B/HER 2‑negative BC, in order to identify its 
potential predictive and/or prognostic value. The present 
study involved a cohort of 31 patients treated with anthra-
cycline‑taxane‑based NC, which is considered the standard 
treatment for early BC, particularly for this molecular subtype.

The contribution of the different TIL subpopulations 
to the clinical and biological characteristics of BC remains 
unclear, particularly in terms of prediction of chemotherapy 
efficacy. The results of the present study revealed that the 
intratumoral expression of CD8+ TIL may be predictive of 
pCR in this patient population. Similar to previous studies  
(17,21,22,40‑42), 56% of patients with high intratumoral 
expression of CD8+ TIL achieved a pCR, in contrast with 
13.3% for patients with low intratumoral CD8+ TIL.

Denkert et al (17) investigated intratumoral and stromal 
lymphocytes in a total of 1,058 pre‑therapeutic BC core 
biopsies from two neoadjuvant anthracycline/taxane‑based 
studies. It was concluded that the presence of tumor‑associated 
lymphocytes in BC is an independent predictor of response 
to anthracycline/taxane‑based chemotherapy, and provides 
useful information for oncologists to identify the subgroup 
of patients that are most likely to benefit from this type of 
chemotherapy. A multicentric neoadjuvant pilot study by 
Nabholtz et al (21) investigated the value of CD8+ expres-
sion as a predictor of pCR in a series of 60 patients with 

Figure 1. Representative image of a luminal B breast cancer tissue sample 
with CD8+ TIL immunostaining. Photomicrographs of breast carcinoma with 
a predominantly peritumoral CD8+ TIL infiltrate as indicated by the arrows 
at (A) magnification, x200 and (B) magnification, x400. Photomicrographs 
of breast carcinoma with a predominantly intratumoral CD8+ TIL infiltrate 
as indicated by the arrows at (C) magnification, x200 and (D) magnification, 
x400. CD8, cluster of differentiation 8; TIL, tumor‑infiltrating lymphocytes.

Table I. Clinicopathological characteristics of patients with 
luminal B breast cancer, including expression of CD8+ TIL.

Clinicopathological characteristic	 Value (%)

Age, years
Mean ± standard deviation	50.58±1.58
  >50	 13 (42)
  ≤50 	 18 (58)
Histological type
  Infiltrating ductal	 26 (83.9)
  Lobular	 5 (16.1)
Tumor grade at initial biopsy
  Grade II	 16 (51.6)
  Grade III 	 15 (48.4)
Lymphovascular invasion
  Present  	 9 (29)
  Absent	 22 (71)
Disease stage
  Stage II	 12 (27.5)
  Stage III	 19 (72.5)
pCR
  Present  	 11 (35.5)
  Absent	 20 (64.5)
Peritumoral CD8+TIL
  High	 20 (64.5)
  Low	 11 (35.5)
Intratumoral CD8+TIL
  High	 16 (58.1)
  Low	 15 (41.9)

pCR, pathological complete response; CD8, cluster of differentiation 8; 
TIL, tumor‑infiltrating lymphocytes.
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operable stage II‑III triple‑negative BC (TNBC), treated with 
anthracycline‑taxane‑based chemotherapy plus the anti‑HER 
1 monoclonal antibody panitumumab. It was reported that 
high CD8+ TILs counts (≥118) predicted an 84% probability 
of pCR, as opposed to low counts (<118) yielding a 10% prob-
ability. In addition, West et al (40) demonstrated that higher 
TIL counts detected by eight‑gene expression profiling were 
correlated with the pCR rate in TNBC‑ and HER 2‑positive 
tumors. In a previous systematic review and meta‑analysis, 
Mao et al (41) observed that a high number of TILs, either 
stromal or intra‑tumoral or both, is a significant predictor 
of pCR for patients treated with NC. TILs detected in the 
pre‑treatment biopsy indicated a 2.5 and 5 times increased 
probability of pCR in patients that were TNBC‑ and HER 
2‑positive, respectively. Notably, no reported effects were 
observed in ER‑positive patients (41).

It was also observed that chemotherapy induced a high 
rate of pCR in TIL‑positive patients and was able to convert a 
TIL‑negative tumor into a TIL‑positive one. It has previously 
been reported that taxane‑based chemotherapy converted 
7/21 breast tumors from TIL‑negative to TIL‑positive (42). 
Post‑chemotherapy TIL status has been identified to be 
associated with an improvement in clinical response  (42). 

Furthermore, a comprehensive analysis of the immune char-
acteristics in a small group of patients with breast carcinoma 
demonstrated an increase in CD8 and a decrease in CD4 and 
CD20 lymphocytes following chemotherapy (43). Notably, 
the results of the present study revealed that 86.7% of patients 
with low intratumoral CD8+ TIL counts did not achieve a pCR. 
This finding may have an important clinical impact regarding 
neoadjuvant management of patients with luminal B BC. The 
potential capability to predict a low probability of pCR may 
allow for the consideration of alternative therapeutic strate-
gies, including endocrine therapy or the potential addition of 
immunotherapy.

Cytotoxic T cells, identifiable by CD8+ expression, form 
a major component of the adaptive immune system. Cells 
that present foreign antigens in association with the major 
histocompatibility complex class I molecule are recognized 
by cytotoxic T lymphocytes through a specific interaction 
between the presented antigen and the T‑cell receptor (44). 
This interaction causes the activated T cell to release proteins, 
including perforin and granzyme, enabling cytotoxic activity 
through membranolysis (44). These mechanisms act on tumor 
cells which, unlike normal cells, present atypical antigens (45). 
However, regulatory T cells, which express forkhead box P3, 
act by decreasing the immune response to self‑antigens. The 
hypothesis that regulatory T cells may be recruited by tumors 
to evade immune destruction is supported by the observation 
that T cell ablation in mice enables an effective anti‑tumor 
response (46). Thus, it is not surprising that the prognostic 
importance of lymphocytic infiltration has been demonstrated 
in different types of solid tumor.

Previous IHC studies have suggested that tumor infiltrating 
CD8+ TILs may exhibit antitumor activity, as indicated by 
their favorable effect on patient survival in colorectal (47), 
ovarian (29), renal (30), lung (31) and pancreatic (32) cancer. 
Furthermore, in colorectal cancer, the density and loca-
tion of CD8+ TILs possess prognostic value superior to and 
independent of the International Union against Cancer tumor 
node metastasis classification (47). However, such findings 
have not been confirmed in patients with BC, and in contrast 
to the unique predictive function of CD8+ TILs for pCR, 
reports on the association between CD8+ T‑cell infiltration 
and BC survival have presented conflicting results (22‑28). 
Nevertheless, two previous studies have investigated a larger 
series of cases. Mahmoud et al (23) used a retrospective cohort 
of 1,334 patients with primary BC to demonstrate that total 
CD8+ TILs were independently associated with an improved 
survival rate in BC. Baker et al (48), investigated 1,953 BC 
cases and demonstrated that the independent favorable prog-
nostic effect of total CD8+ TILs was observed only in tumors 
that were ER‑negative.

These controversial results with regards to the contribution 
of TIL to tumor progression and clinical outcome in BC may 
be partially due to the fact that this effect may be restricted to 
certain tumor subtypes. Another potential explanation may be 
associated with the method of TIL analysis. Numerous studies 
have used H&E‑stained sections in their evaluation (22,27,28). 
Evidently, the use of IHC to detect TILs is advantageous for 
several reasons, including the ability to directly quantify 
cells that express a given marker, in addition to accurately 
determining their specific localization within a tissue (23). It 

Table II. Prediction of pCR according to the clinicopatho-
logical characteristics of patients with luminal B breast cancer.

	 Pathological response
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological		  Non pCR	 pCR
characteristic		  No. (%)	 No. (%)	 P‑value

Age, years
   >50 	 13	   9 (29)	   4 (13)	 0.654
   <50 	 18	 11 (35)	   7 (23)	
Histological type
   Infiltrating ductal 	 26	 17 (55)	   9 (29)	 0.595
   Lobular 	   5	   3 (10)	 2 (6)	
Tumor grade
   Grade II	 16	 12 (39)	   4 (13)	 0.189
   Grade III 	 15	   8 (26)	   7 (22)	
Lymphovascular invasion
   Present  	   9	   5 (16)	   4 (13)	 0.581
   Absent	 22	 15 (48)	   7 (23)	
Disease stage
   Stage II	 12	 10 (32)	 2 (7)	 0.086
   Stage III	 19	 10 (32)	   9 (29)	
Peritumoral CD8+TIL
  High	 20	 11 (35)	   9 (29)	 0.135
  Low	 11	   9 (29)	 2 (7)	
Intratumoral CD8+TIL
  High	 16	 7 (23)	   9 (29)	 0.016
  Low	 15	 13 (42)	 2 (6)

pCR, pathological complete response; CD8, cluster of differentiation 8; 
TIL, tumor‑infiltrating lymphocytes.
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is not possible to acquire this information using conventional 
methods of gene‑expression analysis (23,25). Thus, this is why 
IHC was used in the present study to address the potential 

value of CD8+ TILs in a well‑characterized group of patients 
with luminal B BC. The results revealed that the intratumoral 
expression of CD8+ TIL was an independent prognostic factor 

Table III. Correlations between clinicopathological characteristics of patients with luminal B breast cancer and the expression 
of CD8+ TIL.

	 Intratumoral 	 Peritumoral 
	 CD8+ No. (%)	 CD8+ No. (%)
Clinicopathological	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
characteristic		  High	 Low	 P‑value	 High	 Low	 P‑value

Age, years				    0.677			   0.2
  >50	 13	 5 (16)	 8 (26)		  10 (32)	 3 (10)	
  <50	 18	 11 (35)	 7 (23)		  10 (32)	 8 (26)	
Histological type				    0.186			   0.405
  Infiltrating ductal	 26	 12 (39)	 14 (45)		  16 (52)	 10 (32)	
  Lobular	   5	 4 (13)	 1 (3)		  4 (13)	 1 (3)	
Tumor grade				    0.838			   0. 553
  Grade II	 16	 9 (29)	 7 (23)		  10 (32)	 6 (19)	
  Grade III	 15	 7 (23)	 8 (25)		  10 (32)	 5 (16)	
Disease stage				    0.862			   0.423
  Stage II	 12	 5 (16)	 7 (23)		  7 (23)	 5 (16)	
  Stage III	 19	 11 (35)	 8 (26)		  13 (42)	 6 (19)	
Lymphovascular invasion				    0.204			   0.287
  Present	   9	 6 (19)	 3 (10)		  7 (23)	 2 (6)	
  Absent	 22	 10 (32)	 12 (39)		  13 (42)	 9 (29)	
pCR				    0.016			   0.135
  Present	 11	 9 (29)	 2 (6)		  9 (29)	 2 (7)	
  Absent	 20	 7 (23)	 13 (42)		  11 (35)	 9 (29)

CD8, cluster of differentiation 8; TIL, tumor‑infiltrating lymphocytes; pCR, pathological complete response.

Figure 2. Kaplan‑Meier survival curves demonstrating the association between CD8+ tumor‑infiltrating lymphocyte expression and disease outcome of patients 
with luminal B breast cancer. Survival curves for (A) Intratumoral CD8+ expression and (B) Peritumoral CD8+ expression. CD8, cluster of differentiation 8.
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for improved OS, as patients with high intratumoral CD8+ TIL 
counts had a 2.82 times higher probability of OS, compared 
with those with low intratumoral CD8+ TIL counts.

Overall, the results of the present study may have important 
clinical implications. Considering the prognosis of luminal 
B/HER 2‑negative cancer and the various profiles of hormonal 
and chemotherapy sensitivity, immunobiological stratification 
according to the expression of CD8+ TILs may improve the 
management of these patients (4,6). In addition, this type of 
immunological profiling may represent the first step towards a 
more improved understanding of the potential function of anti-
tumor immune responses in mediating the clinical outcome 
of NC. Furthermore, it may direct novel immunotherapeutic 
approaches, including the use of programmed death‑1 pathway 
inhibitors for the treatment of patients with BC (49).

In conclusion, the results of the present study suggested 
that high intratumoral CD8+ TILs expression is significantly 
predictive of pCR post‑NC (56%) and represents an inde-
pendent prognostic factor for improved OS in patients with 
luminal B/HER 2‑negative BC. In contrast, low intratumoral 
CD8+ TIL expression was identified as a strong predictor of 
lack of pCR to NC (13.3%), in addition to an independent 
prognostic factor for poor OS. Assessment of the immune 
response, in conjunction with the usual parameters, may aid 
in the stratification of patients with luminal B/HER 2‑nega-
tive BC regarding the prediction of pCR post‑NC and overall 
prognosis. Further studies to develop TIL‑based predictive 
and therapeutic strategies in patients with luminal B BC are 
warranted.
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