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Abstract. CD8* tumor-infiltrating lymphocytes have been
regarded as potential biomarkers for cancer prognosis, while
the prognostic effect of CD8* tumor-infiltrating T cells
remains controversial in breast cancer. In the present study,
a meta-analysis was performed to evaluate the prognostic
value of CD8* T cells in breast cancer and the associations
between CD8" T cells and the pathological characteristics.
The PubMed, Embase and the Cochrane Library were system-
atically searched entries added from the establishment of the
database to November 2021 and prospective or retrospective
studies of patients with breast cancer were included. The
Newcastle-Ottawa Scale was used to assess the quality of
evidence for each study. STATA 15.1 was used for the data
analysis. A total of 14 studies comprising 22,222 patients were
included in the final analysis and the pooled results suggested
that a high CD8* T-cell infiltration level was significantly
related to better overall survival [hazard ratio (HR)=0.70, 95%
confidence interval (CI): 0.60-0.82, P<0.001] and disease-free
survival (HR=0.63, 95% CI: 0.49-0.81, P<0.001) for patients
with breast cancer. In addition, a high CD8" T-cell infiltration
level was significantly associated with decreased expression
of estrogen receptor [odds ratio (OR)=1.92, 95% CI: 1.30-2.85,
P=0.001] and progesterone receptor (OR=1.66, 95% CI:
1.14-2.42, P=0.008), and increased human epidermal growth
factor receptor 2 expression (OR=0.79, 95% CI: 0.66-0.94,
P=0.010) in patients with breast cancer, while there was no
significant association between CD8+ T-cell infiltration and
age, tumor size or lymph node status of patients with breast
cancer (P>0.05). In conclusion, CD8* T-cell infiltration is of
prognostic value in patients with breast cancer. High levels of
CD8" T-cell infiltration were related to improved prognosis,
including OS and DFS, in patients with breast cancer.
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Introduction

Breast cancer, one of the most common malignant tumor
types in females, is the leading cause of death in women
worldwide (1). According to global cancer statistics, in 2020,
2.26 million new cases of female breast cancer were diagnosed,
accounting for about a quarter of female malignancies, and the
death toll from breast cancer was 680,000, ranking first among
female malignancies (2). Although early detection, early
diagnosis and early treatment have contributed to a gradual
decline in breast cancer mortality over the past few decades,
the prognosis of patients remains poor (3). New prognostic
biomarkers are still needed to develop targeted therapies and
improve patient survival.

Recently, several studies have demonstrated the impor-
tance of the tumor immune microenvironment in cancer
progression (4). Among them, the interaction between tumor
cells and immune cells has become the focus of current
attention (5). Tumor-infiltrating lymphocytes (TILs) are
important components of the tumor immune microenviron-
ment and have a key role in the local immune response of
cancer (6). The appearance of TILs is a sign of the immune
response of the host's immune system to tumor antigens and
reflects the local immune response of the tumor. The level
of TILs in the primary tumor reflects the body's anti-tumor
potential and their quantity also indicates the therapeutic
effect against the tumor (7,8). In the adaptive immune
system, cytotoxic (CD8*) T cells are the primary immune
cells involved in recognizing and killing tumors (9,10). In
breast cancer, the relationship between the expression of
CD8* TILs and prognosis has remained to be fully eluci-
dated. Most previous studies on CD8" T lymphocytes in
breast cancer reported that CD8* T cells were associated
with improved prognosis (11-13). However, other studies
were in disagreement with this (14). In addition to their
association with survival, certain studies have also found a
link between the presence of immune cells and the effect of
chemotherapy (15,16). Therefore, analyzing the prognostic
value of CD8" T cells in breast cancer may improve prog-
nosis and enhance the application of individualized and
customized therapy.

The objective of the present systematic review and
meta-analysis was to investigate the prognostic value of
CD8* T cells in breast cancer and to explore the association
between CD8* T cells and the pathological characteristics of
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patients with breast cancer in order to provide new prognostic
biomarkers for the clinical treatment of breast cancer.

Materials and methods

Protocol and registration. The present systematic review and
meta-analysis were performed based on the requirements of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (17). The protocol was registered at
PROSPERO with the following ID: CRD42022313171.

Literature inclusion and exclusion criteria. The inclusion
criteria were as follows: Prospective or retrospective studies
were included in this meta-analysis; patients with breast cancer
were the subject of the research; the language was limited
to English. The following exclusion criteria were applied:
Duplicate publications; research without full text, incomplete
information or inability to conduct data extraction; animal
experiments; reviews and systematic reviews.

Search strategy. For the present meta-analysis, the Pubmed
(https://pubmed.ncbi.nlm.nih.gov/), Embase (https://www.
embase.com) and Cochrane Library (https://www.cochraneli-
brary.com/) databases were searched from the establishment
of the database up until to November 2021. The search terms
were mainly as follows: ‘Breast neoplasm’, ‘breast tumor’,
‘breast cancer’, ‘breast carcinoma’ AND ‘CD8-positive
T-lymphocytes’, ‘CD8-positive lymphocyte’, ‘CD8+T" AND
‘prognosis’, ‘prognostic’, ‘overall survival’, ‘disease-free
survival’ and ‘progression-free survival’. As the analysis was
based on published studies, neither ethical approval nor patient
consent was required.

Literature screening and data extraction. The literature
search, screening and information extraction were all inde-
pendently completed by two researchers (YPS and YLK). In
case of any doubts or disagreements, the decision was made
after discussion or consultation with the third researcher
(XL). The data extracted included the author, year of publica-
tion, country, study design, sample size, median age, median
follow-up time, location of CD8" TILs and the indicators for
evaluating outcome, including hazard ratio (HR) for overall
survival (OS) and disease-free survival (DFS).

Literature quality assessment. The quality of evidence for
each study was assessed by two independent researchers (YPS
and YLK) using the Newcastle-Ottawa Scale (NOS) (18).
The NOS includes 4 items (4 points) for ‘Research Subject
Selection’, 1 item (2 points) for ‘Comparability between
Groups’ and 3 items (3 points) for ‘Result Measurement’, with
a full score of 9 points and studies with =7 are regarded as
high-quality literature, while those with <7 are classified as
lower-quality literature. When the ratings were inconsistent,
the score was decided through discussion or consultation with
the third researcher (XL). Publication bias was assessed by
two independent researchers (YPS and YLK) using funnel
plots and Egger's test. The sensitivity analysis was performed
by two independent researchers (YPS and YLK) if necessary.
In case of any doubts or disagreements, the decision was made
after discussion or consultation with the third researcher (XL).

Data synthesis and statistical analysis. STATA 15.1 (Stata
Corporation) was used to analyze the data, with P<0.05
suggesting a statistical significance. The HR (95% CI) was used
to evaluate the OS and DFS. Cochran's Q-test and I? statistics
were used to evaluate the heterogeneity among the included
studies. If the heterogeneity test result was P>0.1 or I’<50%,
it indicated that there was no significant heterogeneity among
studies. Subsequently, the fixed-effects Mantel-Haenszel
model (19) was used for combined OR analysis and the
fixed-effects Inverse-Variance model was used for pooled
HR evaluation. Otherwise, if P<0.1 or I>>50%, it indicated
that there was statistically significant heterogeneity and the
random-effects model (REM) according to DerSimonian and
Laird (20) was used to analyze the pooled results. Sensitivity
analysis and subgroup analysis were used to identify the
source of heterogeneity. A funnel plot and Egger's test were
jointly used to assess the publication bias.

In a fixed-effects model (FEM) (21), it is assumed that
all included studies share a common true effect size. The
sampling error is the only one source of variation, which is
equal to the within-study error variance. The weight assigned
to each study is based on the inverse of the within-study error
variance, which is related to the precision of the estimation
of each study. In general, studies with a larger sample yield a
more precise estimate of the population mean and thus will be
assigned more weight compared to those with a smaller sample.
Therefore, studies with a small sample will be neglected more
easily. By contrast, in an REM (22,23), the true effect size
changes according to different included studies. There are two
levels of sampling, and therefore two sources of variance. The
overall study error variance in a random-effects meta-analysis
contains two components: One is the within-study error vari-
ance due to sampling error (same as in the FEM) and the other
is the inter-study variance resulting from the difference in
effect size distribution. Therefore, the weight assigned to each
study is based on the inverse of the sum of the within-study
error variance and the inter-study variance. Different from the
FEM, studies with a small sample may also be assigned more
weight if the inter-study variance is small. If there is no signifi-
cant heterogeneity between studies, the inter-study variance is
zero. The result estimated from the REM would then be iden-
tical to that of the FEM. The challenge in the REM is how to
estimate the inter-study variance. The DerSimonian and Laird
estimate is easy to compute and is qualitatively consistent with
the heterogeneity test based on the Q statistic.

Results

Results of the literature search. A total of 305 studies
were retrieved from the Pubmed, Embase and Cochrane
Library databases via a literature search. After the removal
of duplicates, 156 studies were preliminarily screened by
browsing the titles and abstracts with 49 studies excluded,
retaining 107 studies for further full-text screening. After
browsing through the full text, 14 studies were retained as
eligible for inclusion. Finally, 14 studies were included in the
meta-analysis. Fig. 1 illustrates the flowchart of the selection
process with reasons for exclusions.Baseline characteristics
and quality assessment of the included studies. A total of 14
retrospective studies (11,12,14,24-34) were included in the
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Figure 1. Flow diagram for the selection of included studies.

present meta-analysis. The sample size of patients was 22,222
in total. The patients from 8 articles were from Asia, while
the patients from 5 articles were from Europe. Furthermore,
the patients from Ali er al (29) were from several countries.
All of the studies were published between 2011 and 2019.
Locations of CD8* TILs included Intratumoral, Peritumoral
and Intratumoral & Peritumoral. The NOS scores used for
quality assessment were all >7. The baseline characteristics of
all included studies are listed in Table I. The CD8+ T-cell infil-
tration level was derived from the original studies. The CD8+
T-cell infiltration was assessed via immunohistochemistry
staining and evaluated manually by the number of positive

cells or the density of positive cells. Since the evaluation
methods and cutoff points to separate high and low infiltration
levels vary between studies as indicated in Table I, it is hard to
use the same criterion to evaluate the CD8+ T-cell infiltration
level for all the included studies. Therefore, the cutoff value for
defining high-level CD8+ T-cell infiltration or positive CD8+
T-cells was determined according to each included study sepa-
rately, as indicated in Table I.

Results of the meta-analysis
CDS8* T-cell infiltration and OS. The results of the hetero-
geneity test indicated significant heterogeneity among the
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Study %
ID HR (95% Cl) Weight
Mahmoud et al. 2011(P) —*—E 0.50 (0.37, 0.68) 11.50

I
Liu et al. 2011(P) * : 0.56 (0.18, 1.77) 1.64
Liu et al. 2011(l) —5—0— 0.94 (0.60, 1.47) 7.49
Liu et al. 2012(1) :—0- 0.79 (0.68, 0.91) 17.78
Ma et al. 2012(1&P) -+ : 0.32 (0.13, 0.79) 2.52
Mohammed et al. 2013(I1&P) —+-:_ 0.57 (0.38, 0.87) 8.27
Sun et al. 2014(1&P) —i*— 0.97 (0.48, 1.94) 3.89
Chen et al. 2014(I&P) —*—E— 0.43 (0.22, 0.84) 4.16
Ali et al. 2014(1) —IO— 0.73 (0.56, 0.96) 12.76
Liu et al. 2017(P) i—*— 0.91 (0.67, 1.24) 11.38
Liu et al. 2017(1) -i—‘- 0.87 (0.67, 1.14) 12.90
Papaioannou et al. 2019(P) —O—i— 0.53 (0.31, 0.91) 5.69
Overall (I-squared=47.8%, p=0.033) <> 0.70 (0.60, 0.82) 100.00

|
NOTE: Weights are from random effects analysis E

T T

0.13 1

7.69

Figure 2. Relationship between CD8* T-cell infiltration and overall survival. I, intratumoral; P, peritumoral; HR, hazard ratio.

studies (I*’=47.8%, P=0.033). Since the sensitivity analysis did
not find any individual study that had a significant impact on
the results of the meta-analysis, the REM was used to pool
the results. The pooled results indicated that a high CD8*
T-cell infiltration level was significantly related to better OS
of patients with breast cancer (HR=0.70, 95% CI: 0.60-0.82,
P<0.001), as indicated in Fig. 2.

CDS8* T-cell infiltration and DFS. In addition, the relation-
ship between CD8* T-cell infiltration and DFS in patients with
breast cancer was explored. By excluding each included study
one by one and analyzing the pooled results of the remaining
studies (HR and 95% CI), the sensitivity analysis indicated
that the study on the CD8+ T-cell infiltration within the tumor
(intratumoral TILs) and DFS by Catacchio et al (34) had an
excessive impact on the results, as indicated in Fig. 3 and
Figs. S1-S3. The results of the I*heterogeneity test were reduced
from 33.7 to 0.0% when the study of Catacchio et al (34) (intra-
tumoral TILs) was excluded. Therefore, in the subsequent
analysis of the relationship between CD8+ T-cell infiltration
and DFS, the study by Catacchio et al (34) (intratumoral TILs)
was excluded. The results of the heterogeneity test revealed
no significant heterogeneity among the studies (I*=0.0%,
P=0.498), and thus, an FEM was used. The pooled results
suggested that a high CD8* T-cell infiltration level was signifi-
cantly related to better DFS of patients with breast cancer
(HR=0.63, 95% CI: 0.49-0.81, P<0.001), as presented in Fig. 3.

CD8* T-cell infiltration and clinicopathological characteris-
tics of breast cancer. Furthermore, the relationship between

CD8* T-cell infiltration and clinicopathological character-
istics, including clinical stage, N stage and performance
status, was analyzed (Fig. 4). Both random-effects (D+L) and
fixed-effects (M-H) models were used to analyze the pooled
OR value. It was indicated that the estimation from the REM
was different from the FEM when there was significant hetero-
geneity between studies, and the difference vanished when
no heterogeneity existed (i.e. for HER2 status). These results
agree with the above discussion regarding the REM and FEM.
The result yielded from the REM (D+L) was adopted when
there was significant heterogeneity among studies (I*>50%);
otherwise, the estimation from the FEM (M-H) was used.

A high CD8*T-cell infiltration level was significantly asso-
ciated with decreased expression of ER (OR=1.92, 95% CI:
1.30-2.85, P=0.001; 1°=75.8%, P<0.001) and PR (OR=1.66,
95% CI: 1.14-2.42,P=0.008; I’=79.9%, P<0.001) and increased
HER?2 expression (OR=0.79, 95% CI: 0.66-0.94, P=0.010;
1°=2.4%, P=0.407) in patients with breast cancer, while there
was no significant association between CD8* T-cell infiltration
and age, tumor size and lymph node status of patients with
breast cancer (P>0.05), as indicated in Table II.

Subgroup analysis. In order to explore whether the location
of CD8* TILs affects the relationship between CD8" T-cell
infiltration and the prognosis of patients with breast cancer,
a subgroup analysis was further carried out. The pooled
results are listed in Table III. The result yielded from the
REM (D+L) was adopted when there was significant hetero-
geneity among studies (I*>50%); otherwise, the estimation
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Table II. Relationship between CD8* T-cell infiltration and clinicopathological characteristics of patients with breast cancer.

Test for relationship

Number
Characteristic of studies OR 95% CI P-value
Age, years (<50 vs. >50) 3 1.07 0.73-1.58 0.717
Tumor size, cm (<2 vs. >2) 5 1.14 0.94-1.40 0.211
Lymph node status (negative vs. positive) 4 1.18 0.69-2.00 0.549
ER status (negative vs. positive) 7 1.92 1.30-2.85 0.001
PR status (negative vs. positive) 6 1.66 1.14-2.42 0.008
HER? status (negative vs. positive) 7 0.79 0.66-0.94 0.010

OR, odds ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

Study %
ID HR (95% ClI) Weight
1
1
Liu et al. 2011(P) —_— 0.83 (0.37, 1.84) 9.58
1
I
Kim et al. 2013(I1&P) * : 0.36 (0.09, 1.46) 3.12
1
1
Sun et al. 2014(1&P) —_— 0.71 (0.35, 1.42) 12.57
1
1
Chen et al. 2014(1&P) —_— 0.45 (0.26, 0.78) 21.30
1
1
Chung et al. 2017(1&P) e 1.14 (0.57, 2.30) 12.61
1
1
Papaioannou et al. 2019(P) —_— 0.54 (0.32, 0.92) 22.64
1
1
Groot et al. 2019(1) — 0.85 (0.39, 1.88) 9.96
1
1
Catacchio et al. 2019(P) ( * : 0.31 (0.08, 1.15) 3.47
1
1
Catacchio et al. 2019(1&P) g 0.68 (0.22, 2.15) 4.74
I
Overall (I-squared=0.0%, p=0.498) @ 0.63 (0.49, 0.81) 100.00
1
1
1
1
1
T : T
0.08 1 12.5

Figure 3. Relationship between CD8* T-cell infiltration and disease-free survival [Catacchio et al (34) 2019 (I) excluded]. HR, hazard ratio.

from the FEM (I-V) was used. It was indicated that a high
infiltration level of CD8" T cells in the peritumoral group
(HR=0.63, 95% CI: 0.43-0.91, P=0.015), intratumoral group
(HR=0.80,95% CI: 0.72-0.90, P<0.001) and intratumoral and
peritumoral group (HR=0.56, 95% CI: 0.41-0.75, P=0.002)
were all significantly related to better OS of patients with
breast cancer, as presented in Fig. 5. In addition, the pooled
results illustrated that a high infiltration level of CD8" T cells
in the peritumoral (HR=0.58, 95% CI: 0.38-0.87, P=0.010)
and intratumoral and peritumoral group (HR=0.64, 95% CI:
0.46-0.89, P=0.009) was significantly related to better DFS
of patients with breast cancer, but not in the intratumoral
group (HR=0.85, 95% CI: 0.39-1.87, P=0.685), as indicated
in Fig. 6.

Sensitivity analysis. By excluding each included study one by
one and analyzing the impact on the results of the remaining
studies (OS and DFS), a sensitivity analysis was performed.
The analysis did not indicate any study that had any excessive
impact on the OS (Fig. 7) and DFS (Fig. 8). This means that
the results of the present meta-analysis are stable and reliable.

Publication bias. The funnel plots for publication bias are
provided in Figs. 9 and 10. It may be observed that the funnel
plots are near-symmetrical. The P-values of Egger's test were
P=0.141 for the studies regarding OS and P=0.897 for the
studies regarding DFS, indicating that there is no obvious
publication bias in the present study. No small-study effects
were indicated, since all the P-values were >0.05.
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%

Study Weight
ID OR (95% Cl) (D+L)
Age (<50 vs >50) :
Liu et al. 2011(l) —— 1.08 (0.86, 1.34) 49.15
Chen et al. 2014(1&P) e 2.19 (0.94, 5.10) 15.37
Chung et al. 2017(1&P) —— 0.79 (0.52, 1.18) 35.48
D+L subtotal (I-squared=59.2%, p=0.086) 1.07 (0.73, 1.58) 100.00
M-H subtotal ? 1.05 (0.87, 1.27)
Tumor size (<2 cm vs >2 cm)
Liu et al. 2011(1) —— 1.06 (0.83, 1.37) 45.82
Ma et al. 2012(1&P) —_— 1.52 (0.63, 3.71) 8.44
Chen et al. 2014(1&P) | ——— 2.13(1.15, 3.98) 15.41
Catacchio et al .2019(I1&P) _— 0.86 (0.46, 1.61) 15.22
Catacchio et al. 2019(P) —_—— 1.13 (0.60, 2.12) 15.10
D+L subtotal (I-squared=25.9%, p=0.249) 1.19(0.91, 1.57) 100.00
M-H subtotal 1.14 (0.94, 1.40)
Lymph node status (Negative vs Positive)
Liu et al. 2011(1) —— 0.99 (0.79, 1.24) 34.35
Ma et al. 2012(1&P) ——> 4.51(1.76, 11.58) 16.99
Catacchio et al. 2019(1&P) —O—L 0.69 (0.37, 1.29) 24.33
Catacchio et al. 2019(P) —_—— 1.00 (0.54, 1.86) 24.33
D+L subtotal (I-squared=73.0%, p=0.011) 1.18 (0.69, 2.00) 100.00
M-H subtotal 1.03 (0.85, 1.24)
ER status (Negative vs Positive)
Mahmoud et al. 2011(P) e 1.18 (0.86, 1.61) 19.31
Liu et al. 2011(1) | —— 1.87 (1.49, 2.36) 20.49
Ma et al. 2012(1&P) T —— 2.13(0.76, 5.96) 8.85
Chen et al. 2014(1&P) ———— 1.18 (0.56, 2.50) 12.28
Chung et al. 2017(1&P) —_— 4.69 (2.89, 7.61) 16.53
Catacchio et al. 2019(I1&P) —_— 1.41 (0.63, 3.11) 11.64
Catacchio et al. 2019(P) —_— 2.78 (1.19, 6.50) 10.91
D+L subtotal (I-squared=75.8%, p<0.001) > 1.92 (1.30, 2.85) 100.00
M-H subtotal < 1.82 (1.55, 2.13)
PR status (Negative vs Positive)
Mahmoud et al.2011(P) —— 1.13 (0.86, 1.49) 20.30
Liu et al. 2011(1) (— 1.93 (1.55, 2.42) 21.13
Chen et al. 2014(1&P) —_—— 1.07 (0.55, 2.10) 13.19
Chung et al .2017(1&P) —_— 3.77 (2.44, 5.81) 17.53
Catacchio et al. 2019(1&P) * 1.38 (0.74, 2.59) 13.95
Catacchio et al. 2019(P) - 1.51 (0.80, 2.83) 13.91
D+L subtotal (I-squared=79.9%, p<0.001) = 1.66 (1.14, 2.42) 100.00
M-H subtotal O 1.69 (1.46, 1.96)
HER2 status (Negative vs Positive)
Mahmoud et al. 2011(P) —_—— 0.83 (0.55, 1.26) 19.03
Liu et al. 2011(1) —— 0.90 (0.71, 1.15) 51.49
Ma et al. 2012(I&P) + - 0.44(0.11,1.73) 1.85
Chen et al. 2014(1&P) L. 1.05 (0.41, 2.64) 3.95
Chung et al. 2017(1&P) — 0.51 (0.32, 0.83) 14.32
Catacchio et al. 2019(1&P) -_— 0.56 (0.24, 1.31) 4.62
Catacchio et al. 2019(P) —_— 0.68 (0.29, 1.59) 4.74
D+L subtotal (I-squared=2.4%, p=0.407) < 0.79 (0.65, 0.94) 100.00
M-H subtotal < 0.79 (0.66, 0.94)
NOTE: Weights are from random effects analysis
| |
0.0864 11.6

Figure 4. Relationship between CD8* T-cell infiltration and clinicopathological characteristics of patients with breast cancer. D+L, DerSimonian and Laird
model; M-H, Mantel-Haenszel model; I, intratumoral; P, peritumoral; OR, odds ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.

Discussion immunotherapy (35,36). High levels of tumor-infiltrating CD8*
T-lymphocytes are characteristic of immunogenic hot tumors,
which respond significantly better to immunotherapy (35,36).

In the present review and meta-analysis, 14 studies including

TILs, as an important component of the tumor microen-
vironment, predict prognosis and therapeutic response to
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Table III. Pooled HRs for OS and DFS according to subgroup analyses.

A, OS
Subgroup Number of studies HR (95% CI) P-value
P 4 0.63 (0.43-091) 0.015
I 4 0.80 (0.72-0.90) <0.001
1&P 4 0.56 (0.41-0.75) 0.002
B, DFS
Subgroup Number of studies HR (95% CI) P-value
P 3 0.58 (0.38-0.87) 0.010
I 1 0.85 (0.39-1.87) 0.685
1&P 5 0.64 (0.46-0.89) 0.009
HR, hazard ratio; P, peritumoral; I, intratumoral; OS, overall survival; DFS, disease-free survival.
%
Study Weight
ID HR (95% CI) (D+L)
I
Peritumoral :
Mahmoud et al. 2011 —4—: 0.50 (0.37, 0.68) 11.50
Liu et al. 2011 + | 0.56 (0.18, 1.77) 1.64
Liu et al. 2017 —— 0.91 (0.67, 1.24) 11.38
1
Papaioannou et al. 2019 — 0.53 (0.31, 0.91) 5.69
D+L subtotal (I-squared=62.9%, p=0.044) <j> 0.63 (0.43, 0.91) 30.22
IV subtotal < 0.65 (0.53, 0.79)
I
Intratumoral :
Liu et al. 2011 —_ 0.94 (0.60, 1.47) 7.49
Liu et al. 2012 - 0.79 (0.68, 0.91) 17.78
Ali et al. 2014 —_— 0.73 (0.56, 0.96) 12.76
Liu et al. 2017 1+— 0.87 (0.67, 1.14) 12.90
D+L subtotal (I-squared=0.0%, p=0.717) O 0.80(0.72,0.90)  50.93
-V subtotal O 0.80 (0.72, 0.90)
|
Intratumoral and peritumoral :
Ma et al. 2012 -+ . 0.32(0.13, 0.79) 2.52
Mohammed et al. 2013 —_— 0.57 (0.38, 0.87) 8.27
1
Sun et al. 2014 —:—*— 0.97 (0.48, 1.94) 3.89
Chen et al. 2014 —_— 0.43 (0.22, 0.84) 4.16
D+L subtotal (I-squared=32.7%, p=0.216) O 0.55 (0.37, 0.81) 18.85
1
-V subtotal <> 0.56 (0.41, 0.75)
1
. |
D+L overall (I-squared=47.8%, p=0.033) <> 0.70 (0.60, 0.82) 100.00
-V overall O 0.74 (0.67, 0.81)
1
NOTE: Weights are from random effects analysis :
| |
0.13 1 7.69

Figure 5. Relationship between the CD8* T-cell infiltration in different tumor locations and overall survival. D+L, DerSimonian and Laird model; I-V,

inverse-variance model; HR, hazard ratio.
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Study %
ID . HR (95% Cl) Weight
Peritumoral E
Liu et al. 2011 —{—0—— 0.83 (0.37, 1.84) 9.58
Papaioannou et al. 2019 —4I— 0.54 (0.32, 0.92) 22.64
Catacchio et al. 2019 € * " 0.31 (0.08, 1.15) 3.47
Subtotal (I-squared=0.0%, p=0.435) <:> 0.58 (0.38, 0.87) 35.69
I
Intratumoral :
Groot et al. 2019 —E—‘-— 0.85 (0.39, 1.88) 9.96
Subtotal (I-squared=.%, p=.) = 0.85 (0.39, 1.87) 9.96
)
I
Intratumoral and peritumoral :
Kim et al. 2013 - 0.36 (0.09, 1.46) 3.12
Sun et al. 2014 —IO—— 0.71 (0.35, 1.42) 12.57
Chen et al. 2014 —*ﬂl— 0.45 (0.26, 0.78) 21.30
Chung et al. 2017 -:—-0— 1.14 (0.57, 2.30 12.61

Catacchio et al. 2019
Subtotal (I-squared=19.5%, p=0.291)

Heterogeneity between groups: p=0.694
Overall (I-squared=0.0%, p=0.498)

Q:
&

)
0.68 (0.22, 2.15) 474
)

0.64 (0.46, 0.89 54.35

0.63 (0.49, 0.81) 100.00

|
0.08

1

!
12,5

Figure 6. Relationship between the CD8+ T-cell infiltration in different tumor locations and disease-free survival. HR, hazard ratio.

Meta-analysis estimates, given named study is omitted
| Lower Cl limit o Estimate | Upper CI limit

Mahmoud et al. 2011(P) [ |

Liu et al. 2011(P,

Liu et al. 2011(l

Liu et al. 2012(1

Ma et al. 2012(1&P’
Mohammed et al. 2013(I&P
Sun et al. 2014(I1&P

Chen et al. 2014(I&P,

Ali et al. 2014(

Liu et al. 2017(P,

Liu et al. 2017(1
Papaioannou et al. 2019(P) ;
0.56 0.60

)
)
)
)
)
)
)
)
)
)

1
0.70 0.82 0.86

Figure 7. Sensitivity analysis of the relationship between CD8* T-cell
infiltration and overall survival. CI, confidence interval; I, intratumoral;
P, peritumoral.

22,222 patients were pooled in order to investigate the prog-
nostic value of CD8* T cells in breast cancer, and to explore
the association between CD8" T cells and the pathological
characteristics of patients with breast cancer, with the aim of
providing new prognostic biomarkers for the clinical treatment
of breast cancer.

The pooled results of the present study suggested that the
high CD8* T-cell infiltration level was significantly associ-
ated with better OS and DFS of patients with breast cancer.

Meta-analysis estimates, given named study is omitted
ILower Cl limit o Estimate | Upper ClI limit

Liu et al. 2011(P)| |

Kim et al. 2013(1&P)

Sun et al. 2014(1&P) | | |

Chen et al. 2014(I1&P)

Chung et al. 2017(I1&P)

Papaioannou et al. 2019(P)

Groot et al. 2019(1)

Catacchio et al. 2019(P)

Catacchio et al. 2019(1&P) I
0.45 0.49

0.63 0.81 0.92

Figure 8. Sensitivity analysis of the relationship between CD8* T-cell infil-
tration and disease-free survival. CI, confidence interval; I, intratumoral;
P, peritumoral.

Cytotoxic T cells are marked by CD8. Cells presenting foreign
antigens associated with major histocompatibility complex class
I molecules are recognized by CD8" T cells through specific
interactions between the presented antigens and T-cell recep-
tors (37). CD8* T cells represent a marker of immune response
against tumor, directly triggering apoptosis of the target cell
via the perforin/granzyme A/B system or through FAS ligand
expression (37). Enhancing tumor infiltration by cytotoxic
T cells appears to be an important therapeutic strategy, which
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Figure 9. Funnel plot for evaluating the publication bias of the relationship
between CD8+ T-cell infiltration and overall survival. S.e., standard error;
Inhr, the natural logarithm of HR.
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Figure 10. Funnel plot for evaluating the publication bias of the relationship
between CD8* T-cell infiltration and disease-free survival. S.e., standard
error; Inhr, the natural logarithm of HR.

may convert immunogenic cold tumors to hot tumors, thereby
increasing the response rate to immunotherapy. In order to
explore whether the location of CD8* TILs affects the relationship
between CD8* T-cell infiltration and the prognosis of patients
with breast cancer, a subgroup analysis was further performed.
The pooled results indicated that a high infiltration level of
CDS8* T cells was significantly related to better OS of patients
with breast cancer regardless of the location. This suggests that
the location of CD8" T cells in breast cancer does not affect the
relationship between CD8" T cells and OS. However, the pooled
results illustrated that a high infiltration level of CD8" T cells in
the peritumoral, and intratumoral and peritumoral, but not in
the intratumoral region, was significantly related to better DFS
of patients with breast cancer. This suggests that peritumoral
CD8* T cells are more helpful in predicting DFS in patients
with breast cancer. Regarding the differences in the prediction
results of the two locations, future studies are required in order
to reveal the mechanisms in detail.

In addition, the present results suggested that a high CD8*
T-cell infiltration level was significantly associated with
decreased expression of ER and PR, as well as increased
HER?2 expression, in patients with breast cancer. The above

results indicate that drugs targeting ER and PR are not suitable
for patients with breast cancer with a high CD8* T-cell infiltra-
tion level, while drugs targeting HER?2 are more suitable for
patients with breast cancer with a high CD8* T-cell infiltration
level. Furthermore, patients with HER2-positive breast cancer
may have a better prognosis.

The present review and meta-analysis also has certain limita-
tions. First, since all patients with breast cancer were included in
the present study, the heterogeneity of patients with breast cancer
itself was not excluded in this study, resulting in mild to moderate
heterogeneity of the study results. However, as the included
studies did not specify the type of breast cancer, it was not
possible to perform any further subgroup analysis. Furthermore,
the small number of studies included in the present subgroup
analysis of CD8* T-cell location may challenge the objectivity
of the results. Finally, since the evaluation method and cutoff
point to separate high and low infiltration levels vary among
the studies, it is difficult to use the same criteria to evaluate the
CD8+ T-cell infiltration level for all of the studies. These differ-
ences may have led to heterogeneity among the included studies.

In conclusion, CD8* T cells are of value in predicting the
prognosis of patients with breast cancer. A high level of CD8*
T-cell infiltration was related to improved prognosis, including
OS and DFS, in patients with breast cancer. In addition, a high
CD8* T-cell infiltration level was significantly associated with
decreased expression of ER and PR, and increased HER2
expression.
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