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Abstract

Background: The objective of this systematic review and meta-analysis was to determine the prognostic value of
total tumor-infiltrating lymphocytes (TILs) and subtypes of TILs (CD4", CD8", and FOXP3™) in triple-negative breast
cancer (TNBQ).

Methods: A systematic search of the MEDLINE, EMBASE, and Web of Science databases was conducted to
identified eligible articles published before August 2019. Study screening, data extraction, and risk of bias
assessment were performed by two independent reviewers. Risk of bias on the study level was assessed using the
ROBINS I tool and Quality in Prognosis Studies (QUIPS) tool. We performed a meta-analysis to obtain a pooled
estimate of the prognostic role of TILs using Review Manager 5.3.

Results: In total, 37 studies were included in the final analysis. Compared to TNBC patients with low TIL levels,
TNBC patients with high TIL levels showed a higher rate of pathological complete response (pCR) to treatment
(odds ratio [OR] 2.14, 95% confidence interval [Cl] 1.43-3.19). With each 10% increase in percentage of TILs, patients
with TNBC had an increased pCR (OR 1.09, 95% Cl 1.02-1.16). Compared to TNBC patients with low TIL levels,
patients with high TIL levels had better overall survival (OS; hazard ratio [HR] 0.58, 95% Cl 0.48-0.71) and disease-
free survival (DFS; HR 0.66, 95% Cl 0.57-0.76). Additionally, with a continuous increase in TIL levels, patients with
TNBC had improved OS (HR 0.90, 95% Cl 0.87-0.93) and DFS (HR 0.92, 95% Cl 0.90-0.95). A high CD4* TIL level was
associated with better OS (HR 0.49, 95% CI 0.32-0.76) and DFS (HR 0.54, 95% CI 0.36-0.80). A high CD8" TIL level
was associated better DFS only (HR 0.55, 95% CI 0.38-0.81), as no statistical association was found with OS (HR 0.70,
95% Cl 0.46-1.06). A high FOXP3™ TIL level also was associated with only DFS (HR 0.50, 95% Cl 0.33-0.75) and not
OS (HR 1.28, 95% Cl 0.24-6.88).

Conclusions: TNBC with a high level of TILs showed better short-term and long-term prognoses. High levels of
specific phenotypes of TILs (CD4*, CD8", and FOXP3™) were predictive of a positive long-term prognosis for TNBC.
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Background

Triple-negative breast cancer (TNBC) is the term used
to describe breast cancer cases that lack expression of
estrogen receptor (ER), human epidermal growth factor
receptor-2 (HER2), and progesterone receptor (PR) [1].
TNBC is characterized by a poor prognosis, and accord-
ingly, the 5-year survival rate is only around 60% [2]. As
the malignancy of breast cancer depends not only on its
genetic abnormalities and biological characteristics but
also on interactions between the cancer cells and their
microenvironment, it is vital to understand the tumor
microenvironment [3].

The microenvironment of breast cancer contains a
variety of cell types, including tumor-infiltrating lympho-
cytes (TILs). Accumulating evidence indicates that TILs
play essential roles in carcinogenesis and cancer progres-
sion [4]. Furthermore, interleukin (IL)-6 and IL-8 se-
creted by some subtypes of lymphocytes can generate a
positive feedback loop between the immune microenvir-
onment and tumor cells [5]. According to the results of
a meta-analysis in 2014, the level of TILs was positively
associated with a the prognosis of TNBC [6]. However,
various subtypes of TILs have both inhibitory and stimu-
latory effects on the prognosis and progression of breast
cancer. The CD4" T cells and CD8" T cells (primary ef-
fector TIL subtypes) have been linked to a better re-
sponse to systemic treatment in breast cancer [7, 8]. On
the contrary, FOXP3" T-cell infiltration was found to
predict a worse prognosis via the mediation of tumor
immune escape [9, 10]. Because TNBC has unique clini-
copathological and immunohistochemical features, de-
termining the clinical associations of the total TIL count
or the levels of specific subtypes of TILs in TNBC can
improve our ability to predict the prognostic pattern and
treatment response for TNBC.

The objective of the present systematic review and
meta-analysis was to determine the prognostic roles of
the total TILs or the levels of subtypes of TILs (CD4",
CD8*, and FOXP3") in TNBC.

Methods

The present systematic review and meta-analysis were
conducted following the requirements of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [11].

Search strategy and study selection

A systematic literature search was conducted using the
MEDLINE, EMBASE, and Web of Science databases to
identify eligible articles published before August 2019.
The keywords used for the literature search included
triple-negative breast cancer (TNBC), tumor-infiltrating
lymphocytes (TILs), prognosis, and survival. Review and
meta-analysis articles were scanned for additional
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relevant studies. The literature search strategies are
outlined in Additional file 1.

Outcome definitions

Pathological complete response (pCR) was defined as
the absence of all invasive disease cells and lymph node
metastasis [12]. Overall survival (OS) was defined as the
period from the date of TNBC diagnosis to the time of
death with any cause [13]. Disease-free survival (DFS)
was defined as the period from the start of treatment to
the first recurrence, or to death without any type of
relapse [13].

Inclusion and exclusion criteria

The inclusion criteria were the following: (1) paper writ-
ten in English, (2) study population or study sub-group
consisted of patients with TNBC, (3) the relationships
between TIL levels and short-term prognosis (i.e., pCR)
and long-term prognosis (i.e., OS and DES) were investi-
gated, (4) original studies without restriction in study de-
sign, (5) studies containing enough data to estimate the
effects (i.e., hazard ratios [HRs] and corresponding 95%
confidence intervals [CIs] for OS or DFS, and odds
ratios [ORs] and corresponding 95% ClIs for pCR). The
exclusion criteria were the following: (1) reviews, com-
mentaries, editorials, protocols, case reports, qualitative
research, or letters; (2) duplicate publications; and (3)
full text not published in English, and (4) studies without
usable data.

Study selection and quality assessment

Title—abstract screening was performed first to deter-
mine eligibility by two independent reviewers. Full-text
articles that passed the first stage screening were down-
loaded for further review according to the inclusion and
exclusion criteria. Disagreements were resolved by con-
sultation with a third author or by joint discussion.

As no randomized controlled trial was found, we
assessed the risk of bias using an approach based on the
ROBINS I tool [14] and the Quality In Prognosis Studies
(QUIPS) tool [15]. The risk of bias assessment was con-
ducted by two reviewers independently.

Data extraction

We extracted data from the included studies using a
pilot-tested data extraction form. We extracted the fol-
lowing data for this review: (1) first author and publica-
tion year, (2) country in which study was conducted, (3)
study design, (4) participant details, (5) duration of
follow-up, (6) choice of cut-off scores for defining posi-
tive TILs, (7) TIL category, (8) TIL measurement details
(category or continuous). The definition of high/low TIL
level were attributed to the original papers. (9) adjusted
HRs with 95% Cls for OS and/or DFS (univariable HRs
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were recorded only if adjusted HRs were not available),
and (10) adjusted ORs with 95% ClIs (or accurate event
numbers) for pCR (univariable ORs were recorded only
if adjusted ORs were not available).

Statistical analysis

We performed meta-analyses to obtain a pooled esti-
mate of the prognostic role of TILs using RevMan 5.3.
Category software, and continuous TILs were estimated
separately to decrease the heterogeneity. The results
were expressed as HR (95%CI) for OS and DFS and by
OR (95% CI) as calculated by Review Manager 5.3 [16].
A P-value less than 0.05 was set as indicative of statis-
tical significance. Between-study heterogeneity was mea-
sured using the Higgins I? statistic and Cochrane’s Q
test (P<0.10 or I? >50% was considered indicative of
statistically significant heterogeneity) [17]. A random ef-
fects model (Der Simonian and Laird method) was ap-
plied if heterogeneity was present. However, the fixed-
effect model was used in the absence of between-study
heterogeneity (P> 0.10 or I* < 50%). We performed sub-
group analyses according to different subtypes of TILs
as a sensitivity analysis to confirm the robustness of our
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results. Funnel plots were drafted for each meta-analysis
to assess the potential publication bias.

Results

Search results and study characteristics

A total of 3194 articles were selected through searching
the chosen electronic databases, and an additional 5 re-
cords were identified by cross-checking the bibliograph-
ies of retrieved meta-analysis or relevant reviews. After
exclusion of duplicates, we screened the titles and ab-
stracts and identified 46 articles for full-text review. We
eliminated 9 papers according to the inclusion/exclusion
criteria. Ultimately, 37 papers were included in the final
analysis (Fig. 1) [7, 18-53].

The basic characteristics and target outcomes ex-
tracted from the included studies are listed in Table 1.
All included articles (n =37) were full-reported retro-
spective cohort studies. The studies were conducted in
the United States (18.9%, 7/37), Japan (16.2%, 6/37),
South Korea (16.2%, 6/37), China (8.1%, 3/37), France
(8.1%, 3/37), Italy (3.4%, 2/37), Singapore (3.4%, 2/37),
Germany (5.4%, 2/37), Australia (2.7%, 1/37), Peru (2.7%,
1/37), Spain (2.7%, 1/37), Canada (2.7%, 1/37), Ireland
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g
[
=)
A 4 A 4
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Fig. 1 PRISMA flow diagram detailing the search strategy and results [11]
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(2.7%, 1/37), and Switzerland (2.7%, 1/37). The popula-
tion targeted was patients with TNBC. Eleven studies
(29.7%, 11/37) provided evidence of the prognostic value
of TILs for short-term outcomes (pCR), and five (75.7%,
28/37) provided evidence of the prognostic values of
TILs for long-term outcomes (OS and/or DES). The de-
tails of data extraction are presented in Additional file 2.

TILs and pCR

From the 11 studies demonstrating the prognostic value
of TILs for pCR among TNBC patients, the results
showed that upregulation of TILs predicted a higher
pCR rate. The pooled ORs were 2.14 (95% CI, 1.43—
3.19) for TIL level (high vs. low) and 1.09 (95% CI, 1.02—
1.16) for continuous TILs (10% increase in TIL level).
When stratified by the TIL phenotypes of CD4", CD8",
and FOXP3*, no statistical differences in pCR were
found in the subgroup analysis. The details pooled re-
sults are presented in Fig. 2.

TiLs and OS

A total of 24 studies supported the prognostic value of
TILs for OS in TNBC patients. The results showed up-
regulation of TILs predicted a better OS. The pooled
HRs were 0.58 (95% CI, 0.48-0.71) for total TIL level
(high vs. low) and 0.90 (95% CI, 0.87-0.93) for continu-
ous TILs (Fig. 3).

From subgroup analyses according to TIL phenotype
(high vs. low), the HRs were 0.49 (95% CI, 0.32-0.76),
0.70 (95% CI, 0.46-1.06), and 1.28 (95% CI, 0.24—6.88)
for CD4" TILs, CD8" TILs, and FOXP3" TILs, respect-
ively (Fig. 3a). Subgroup analyses according to the
change in TIL level (continuous) returned HRs of 0.50
(95% CI, 0.28-0.89) and 1.80 (95% CI, 0.50-6.48) for
CD8" TILs and FOXP3" TILs, respectively (Fig. 3b).

TILs and DFS

A total of 20 studies supported the prognostic value of
TILs for DES in TNBC patients. The results showed up-
regulation of TILs predicted better DFS, with pooled
HRs of 0.66 (95% CI, 0.57-0.76) for TIL level (high vs.
low) and 0.92 (95% CI, 0.90-0.95) for continuous TILs
(Fig. 4).

From subgroup analyses according to TIL phenotype
(high vs. low), the HRs were 0.54 (95% CI, 0.36—0.80),
0.55 (95% CI, 0.38-0.81), and 0.50 (95% CI, 0.33-0.75)
for CD4" TILs, CD8" TILs, and FOXP3"* TILs, respect-
ively (Fig. 4a).

Subgroup analyses according to the change in TIL
level (continuous) returned HRs of 0.93 (95% CI,
0.90-0.96), 0.70 (95% CI, 0.39-1.27), and 0.41 (95%
CI, 0.21-0.80) for a 10% increase in TILs, continuous
TILs, and a 5% increase in TILs of each subgroup, re-
spectively (Fig. 4b).
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Risk of bias in included studies

We evaluated the risk of bias for all included studies
(n = 37). We found the main sources of bias were related
to missing data, TIL measurement and confounding
controls. Most of the missing data due to that not all the
available patients were included in the final analysis as
the information was not complete (participants were ex-
cluded due to missing data). Figure 5a shows the risk of
bias assessments for each cohort. Evaluations for each
domain across full reported studies are shown in Fig. 5b.

Publication bias

Funnel plot analysis did not indicate apparent publica-
tion bias affecting the HRs for DFS and OS or the ORs
for pCR in the included studies (Fig. 6).

Discussion

As TNBC is a poor prognostic subtype of breast can-
cer, it is important to identify biomarkers that can
rigorously predict its prognosis. The present review
and meta-analysis synthesized 37 studies to evaluate
the association between TIL levels, both total and
specific subtypes, and prognosis in TNBC patients.
Our findings indicate that a high TIL level in TNBC
significantly increases the likelihood of pCR and im-
proves DES and OS.

In the present study, we used pCR as the indicator of
short-term prognosis for patients with TNBC. Previous
studies reported that higher TIL levels predict a better
response to chemotherapy in patients with breast cancer
[54—56]. According to our pooled results, compared to
TNBC patients with low TIL levels, TNBC patients with
high TIL levels had a higher rate of pCR to treatment
(OR 2.14, 95% CI 1.43-3.19). Moreover, with each 10%
increase in TIL level, patients with TNBC had an in-
creased pCR rate (OR 1.09, 95% CI 1.02-1.16). A poten-
tial explanation for these findings is the influence of
TILs to tumor immunosurveillance and tumor immuno-
suppression [57]. In addition, the treatment used in the
included articles was inconsistent. However, no signifi-
cant pCR improvement was observed for high levels of
the CD4", CD8", and FOXP3" TIL subgroups. This may
due to the limited amount of data available for these
subgroups.

The indicators of long-term prognosis in this study
were OS and DFS. According to our pooled results,
compared to TNBC patients with low TIL levels, pa-
tients with high TIL levels showed better OS (HR
0.58, 95% CI 0.48-0.71) and DFS (HR 0.66, 95% CI
0.57-0.76). Additionally, with a continuously increas-
ing TIL levels, patients with TNBC had improved OS
(HR 0.90, 95% CI 0.87-0.93) and DFS (HR 0.92, 95%
CI 0.90-0.95). This finding is consistent with previous
conclusions [3, 9, 25, 58, 59]. Our results indicate
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Testfor overall effect 2= 3.71 (P = 0.0002)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
31ATILS
Asano etal. 2018_TILs {categony) 1.8718 08215 3.9% 6.501[1.30,32.52)
Cerbelli etal. 2017_sTILs (categony) 1.0986 05903 5.6% 3.00[0.94, 9.54] —
Denkert et al. 2018_TILs {categony) 0.3705 01567 9.7% 1.45[1.07,1.97] ——
Galvez et al. 2018_TILs (category) 0 0.7454  4.4% 1.001[0.23, 4.31] —
Herrero-Vicent et al. 2017_TILs (categony) 4.2477 05224 B.2% 69.94[2512,194.72] —
Hida et al. 2016_TILs {categony) -1.0561 0.7126 4.6% 0.35[0.09,1.41] —
O'Loughlin et al. 2018_TILs (categony) 2115 1.1866 2.3% 8.29[0.81, 84.83]
Ono etal. 2012_TILs (category) 1.0225 0.6106 5.4% 2.78[0.84,9.20] T
Ruan et al. 2018_iTILs (category) 1.0473 037 T7% 2.85[1.38, 5.89) ——
Ruan et al. 2018_sTILs {category) 0.678 0.3562 7.9% 1.97 [0.98, 3.96] —
Subtotal (95% CI) 57.6% 3.02 [1.40, 6.54] ’
Heterogeneity: Tau®=1.17, Chi*=62.52, df= 9 (P = 0.00001); F= 86%
Testfor overall effect: Z=2.81 (P = 0.005)
3.1.2 CD4+TILs
Seo etal. 2013_CD4+TILs (category) 0.8658 0.8131  3.9% 2.38 [0.48, 11.70] —r——
Subtotal (95% CI) 3.9% 2.38[0.48,11.70] -’—
Heterogeneity: Mot applicable
Testfor averall effect. Z=1.06 (P = 0.29)
3.1.3 CD8+TILs
Denkert et al. 2015_CD8+TILs 0.1906 0.0922 101% 1.21[1.01,1.45] =
Miyashita et al. 2014_CD8+TILs (category) 0.6627 0.6817 4.8% 1.94 [0.51, 7.38] B
Seoetal 2013_CD8+TILs (category) 2281 0780 4.1% 979212, 4515] ——
Subtotal (95% CI) 19.1% 2.36 [0.75, 7.46] sl
Heterogeneity: Tau®=0.74; Chi*=7.50, df= 2 (P=0.02); F=73%
Testfor overall effect Z=1.46 (P=0.14)
3.1.4 FOXP3+TILs
Denkertetal. 2015_FOXP3+TILs 0.0862 0.1329 9.9% 1.09[0.84,1.41] T
Miyashita et al. 2014_FOXP3+TILs (category) -0.2357 04773 6.6% 0.79[0.31, 2.01] I —
Seoetal 2013_FOXP3+TILs {category) -1.231 1.0272 2.9% 0.29[0.04,2.19) —_—
Subtotal (95% CI) 19.4% 1.04 [0.81, 1.34] L 2
Heterogeneity: Tau*= 0.00; Chi*=1.98, df=2 (P=0.37); F=0%
Testfor overall effect Z=0.34 (P=0.73)
Total (95% CI) 100.0% 2.14[1.43,3.19] R -
Heterogeneity: Tau®= 0.41; Chi*= 80.05, df= 16 (P =< 0.00001); F= 82% Her U=1 t 100’

Test for subgroup differences: Chi*=8.75, df= 3 (P=0.03), F=65.7%

Favoufs [poor TILs] Favours [rich TILs]

Test for overall effect: Z= 2.68 (P = 0.007)

B

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Denkertet al. 2015_sTILs (per 10% increase) 0174 0059 18.0% 1.19[1.06,1.34) i
O'Loughlin etal. 2018_TILs {per 10% increase) 0.3988 0.1884  2.6% 1.49[1.03, 2.16) —
Ruan etal. 2018_iTILs {per 10% increase) 0.0583 0.0297 34.4% 1.06 [1.00,1.12) :
Ruan etal. 2018_sTILs (per 10% increase) 0.0488 0.0148 450% 1.056[1.02,1.08]
Total (95% CI) 100.0% 1.09 [1.02, 1.16] '
Heterogeneity: Tau®= 0.00; Chi*= 7.52, df= 3 (P = 0.06); F= 60% o o 10 100

Fig. 2 Forest plots of the random-effects meta-analysis for the efficacy of tumor-infiltrating lymphocytes (TILs) for predicting pathological

complete response (pCR). a Low TILs vs. high TILs stratified by TIL phenotype. b Continuous TILs (10% increase) for pCR
A\

Favours [poor TILs] Favours [richTILs]

that a high level of TILs is a positive predictor for
the prognosis of patients with TNBC.

The CD4" TIL subgroup (high vs. low) showed a bet-
ter OS (HR 0.49, 95%CI 0.32-0.76) and DFS (HR 0.54,
95%CI 0.36—0.80), and the CD8" TIL subgroup (high vs.
low) showed a better DFS only (HR 0.55, 95% CI 0.38—
0.81). Nevertheless, the pooled results indicated CD4*

TILs and CD8" TILs were positive predictors for long-
term prognosis in TNBC. This is consistent with previ-
ous meta-analysis results [6]. The FOXP3" TIL subgroup
(high vs. low) also showed only better DFS (HR 0.50,
95% CI 0.33-0.75), with no statistical association with
OS (HR 1.28, 95% CI 0.24-6.88). This finding for
FOXP3" TILs is opposite to that of previous meta-
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-
Hazard Ratio Hazard Ratio
Study or log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1CD8+TILs
Goto etal. 2018_CD8+TILs -0.5997 07763 1.5% 0.55[0.12,2.51] 1
Matsumoto et al. 2016_CD8+TILs -0.5276 03121 5.6% 0.59[0.32,1.09] =
Matsumoto et al. 2016_CD8+sTILs -0.1508 0.3083 57% 0.86[0.47,1.57] =T
Subtotal (95% CI) 12.8% 0.70 [0.46, 1.06] R ]
Heterogeneity: Tau®= 0.00; Chi*= 0.84, df= 2 (P = 0.66), F= 0%
Test for overall effect: Z=1.69 (P = 0.09)
222TiLs
AiErken etal. 2017_sTILs (category) -2.3539 09186 1.1% 0.0 [0.02, 0.57)
Byun et al.2018_TILs (category) -0.6075 05962 2.3% 0.54[0.17,1.75] 1
Goto et al. 2018_sTILs (category) -0.2385 06366 2.1% 0.79[0.23,2.74] e m—
Jang etal. 2018_TILs (category) -0.7072 0.3846  4.4% 0.49[0.23,1.08] Im—
Krishnamurti et al. 2017_TILs (category) -0.0408 00217 121% 0.96 [0.92,1.00]
Leon-Ferre etal. 2018_TILs (category) -0.5108 017 9.1% 0.60[0.43,0.84) -
Lietal 2016_TILs (category) -00305 0027 121% 0.97[0.92,1.02)
Mori etal. 2017_TILs {category) -0.9163 0.3537 4.9% 0.40(0.20,0.80] ——
Pruneri et al. 2016_sTILs (category) -0.755 0.3221 5.4% 0.47[0.25,0.88] H———
Tian etal. 2016_TILs (category) -2.9957 0.2606 6.7% 0.05[0.03, 0.08] -
Unru et al. 2018_TILs (category) 01823 0233 7.4% 1.20[0.76,1.89] =
Subtotal (95% Cl) 67.7%  0.55[0.43,0.70] *
Heterogeneity: Tau®= 0.08; Chi*= 157 50, df=10 (P < 0.00001); F=94%
Test for overall effect: Z= 4.90 (P < 0.00001)
2.2.3CD4+TILs
Matsumoto et al. 2016_CD4+iTILs -0.5978 03093 57% 0.55[0.30,1.01] ]
Matsumoto et al. 2016_CD4+sTILs -0.821 0.3093 5.7% 0.44[0.24,081] —_—t
Subtotal (95% CI) 114%  0.49[0.32,0.76] R 2
Heterogeneity: Tau*= 0.00; Chi*= 0.26, df=1 (P = 0.61), F=0%
Test for overall effect Z= 3.24 (P = 0.001)
2.24 FOXP3+TILS
Goto etal. 2018_FOXP3+TILs 12012 06396 21%  3.32(0.95,11.64)
Yeong etal. 2017_FOXP3+TILs (category) -0.5276 0.2964 6.0% 0.59(0.33,1.08] ]
Subtotal (95% CI) 8.0%  1.28[0.24,6.88] ———
Heterogeneity: Tau®= 1.25; Chi= 6.01, df= 1 (P = 0.01); F= 83%
Test for overall effect Z=0.28 (P=0.78)
Total (95% CI) 100.0% 0.58 [0.48, 0.71] *
Heterogeneity: Tau®= 0.08; Chi*= 175,68, df= 17 (P < 0.00001); F= 90% '0.01 0?1 1'0 100'
Test for overall effec}: Z=535(F < 0.00001) Favours [rich TILs] Favours [poor TILs]
Testfor subaroup diffierences: Chi*= 2.36, df= 3 (P = 0.500, F= 0%
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 TILs (per 10% increase)
Adams et al. 2014_iTILs (per 10% increase) -0.4463 0.2527 0.5% 0.64 [0.39, 1.05] ——
Adams et al. 2014_sTILs (per 10% increase) -0.2357 00841  33% 0.79 [0.67, 0.93] =
Dieci etal. 2014_iTILs (per 10% increase) -0.1508 00698  4.4% 0.86 (0.75, 0.99] -
Dieci etal. 2014_sTILs (per 10% increase) -0.1508 0.0564 5.8% 0.86 (0.77, 0.96] |
Dieci etal. 2015_iTILs (per 10% increase) -0.1985 00955 2.7% 0.82[0.68, 0.99] -
Dieci etal. 2015_sTILs (per 10% increase) -0.1625 0.0707 43% 0.85(0.74,0.998] b |
Lee etal. 2016_sTILs (per 10% increase) -0.0192 0.0042 14.3% 0.98 [0.97, 0.99]
Loi etal. 2014_sTILs {(per 10% increase) -0.2107 01447 1.3% 0.81[0.61,1.08] b |
Luen etal. 2019_sTILs (per 10% increase) -0.1985 0.0455 7.3% 0.82(0.75, 0.90] &
Parketal. 2016_sTILs (per 10% increase) -0.0101 00104 13.8% 0.99(0.97,1.01]
Pruneri etal. 2016 (2)_sTILs (per 10% increase) -0.2744 00567 57% 0.76 [0.68, 0.85] k-
Pruneri etal. 2016_sTILs (per 10% increase) -0.1863 00586 55% 0.83[0.74,093] =
Tian etal. 2016_iTILs (per 10% increase) 0.0198 00363 839% 1.02(0.95,1.10]
Tian et al. 2016_sTILs (per 10% increase) -0.0408 0.0107 137%  0.96[0.94,0.99]
Subtotal (95% CI) 91.5%  0.91[0.88,0.94] \
Heterogeneity. Tau?= 0.00; Chi*= 75.14, df= 13 (P < 0.00001), F= 83%
Testfor overall effect: Z= 5.37 (P < 0.00001)
2.1.2TILs (continous)
AiErken etal. 2017_sTIL (continous) -0.8723 07723 01% 0.42[0.09,1.90] —_— 1
Althobiti et al. 2018_sTILs (continous)) -1.204 05605 0.1% 0.30(0.10,0.90] e
Denkert et al. 2018_sTILs (continous) -0.0943 0043 77% 0.91 [0.84, 0.99) A
Subtotal (95% CI) 7.8%  0.59[0.26,1.30] -l
Heterogeneity: Tau* = 0.30; Chi*= 4.89, df= 2 (P = 0.00); F'= 50%
Testfor overall effect: Z=1.32 (P = 0.19)
2.1.3CD8+TILs
Althobiti et al. 2018_CD8+TILs (continous) -0.6931 04675 01% 0.50(0.20,1.25] ——{=
Mcintire et al. 2018_ CD8+TILs (continous) -0.6931 03745 02% 0.50(0.24,1.04] S——
Subtotal (95% Cl) 04%  0.50[0.28,0.89] -
Heterogeneity: Tau? = 0.00; Chi*= 0.00, df=1 (P = 1.00); F= 0%
Testfor overall effect Z= 2.37 (P = 0.02)
2.1.4 FOXP3+TILs
Althobiti et al. 2018_FOXP3+ TILs (continous) 05878 06535 0.1% 1.80 (0.50, 6.48] ==
Subtotal (95% CI) 04%  1.80[0.50, 6.48] e
Heterogeneity: Not applicable
Test for overall effect Z= 0.90 (P = 0.37)
2.1.5TILs (per 5% increase)
Mclntire et al. 2018 (per 5% increase) -0.6931 03336 03% 0.50 (0.26, 0.96) =
Subtotal (95% CI) 0.3%  0.50[0.26,0.96] -
Heterogeneity: Not applicable
Test for overall effect: Z= 2.08 (P = 0.04)
Total (95% CI) 100.0% 0.90 [0.87, 0.93] |
Heterogeneity: Tau®= 0.00; Chi*= 93.44, df= 20 (P < 0.00001); F=79% ‘IJ,IJ1 + 100

Test for overall effect Z=5.81 (P < 0.00001)

01 10
5 Favours [Rich TILs] Favours [Poor TILs]
Testfor subaroup differences: Chi*= 8.66, df= 4 (P = 0.05), = 58.6%

B

Fig. 3 Forest plots of the random-effects meta-analysis for the efficacy of tumor-infiltrating lymphocytes (TILs) for overall survival (OS). a Low TILs
vs. high TILs stratified by TIL phenotypes. b TILs stratified by continuous TILs, 5% increase in TILs, 10% increase in TILs, and phenotypes
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-
Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
111 TiLs
Adams et al. 2014_TILs (Category) -0.7985 04393  2.3% 0.45[0.19,1.07] —_—
AiErken etal. 2017_sTILs (category) -0.7897 07233 0.9% 0.45[0.11,1.87] _—
Asano etal. 2018_TILs (categony) -2.0402 0955 05% 0.13[0.02,0.84] -
Byun et al.2018_TILs (category) -0.2388 05806  1.4% 0.79 [0.25, 2.46] —_—
Jang etal. 2018_TILs (category) -0.8463 03525 3.4% 0.43[0.21, 0.86] —_—
Kim etal. 2017_TILs (category) -0.9916 02643  5.3% 0.37 [0.22, 0.62] —_—
Kri etal. 2017 _TiLs -0.0408 0.0273 19.4% 0.96([0.91,1.01] "
Leon-Ferre etal. 2018_TILs (category) -0.5978 01754  9.0% 0.55 [0.39, 0.78] —
Li etal. 2016_TILs (category) -0.0408 0.0217 196% 0.96 [0.92, 1.00] L
Park et al. 2016_iTILs (category) -0.3011 06426 1.2% 0.74[0.21,2.61] e
Park et al. 2016_sTILs (category) -0.5447 07252 09% 0.58[0.14,2.40] L
Pruneri et al. 2016_sTILs (category) -0.3567 02389 6.2% 0.70[0.44,1.11] Sl
Tian et al. 2016_TILs (category) -1.3863 0935 06% 0.25 [0.04,1.56] .
Subtotal (95% CI) 70.7% 0.76 [0.66, 0.88] ¢+
Heterogeneity: Tau®= 0.02; Chi*= 40.43, df=12 (P < 0.0001); F=70%
Test for overall effect: Z= 3.74 (P = 0.0002)
1.1.2CD4+TILs
Kri etal. 2017_TILs 0 0 Not estimable
Matsumaoto et al. 2016_CD4+TILs -0.478 02774 50% 0.62[0.36,1.07] =
Matsumoto et al. 2016_CD4+sTILs -0.7765 0.2911 4.6% 0.46[0.26, 0.81] F——
Subtotal (95% CI) 9.6% 0.54 [0.36, 0.80] R 2
Heterogeneity: Tau®= 0.00; Chi*= 0.55, df=1 (P = 0.46), F= 0%
Test for overall effect: Z= 3.09 (P = 0.002)
1.1.3 CD8+TILs
Matsumoto et al. 2016_CD8+TILs -0.734 02936 4.5% 0.48(0.27,0.85] _—
Matsumoto et al. 2016_CD8+sTILs -0.3567 02855 47% 0.70[0.40,1.22) i
Mcintire et al. 2018_CD8+ TILs (category) -0.9676 05473 1.6% 0.38[0.13,1.11] ——
Subtotal (95% Cl) 108%  0.55[0.38,0.81] R
Heterogeneity: Tau®= 0.00; Chi*=1.38, df= 2 (P = 0.50), F= 0%
Testfor overall effect: Z= 3.09 (P = 0.002)
1.1.4 FOXP3+TILs
West et al. 2013_FOXP3+TILs (category) -0.6812 03339 37% 0.51[0.26,0.97] ——
Yeong etal. 2017_FOXP3+TILs (category) -0.7133 02676 52% 0.49(0.29,0.83] o
Subtotal (95% CI) 8.9%  0.50[0.33,0.75] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.01, df=1 (P = 0.94); F= 0%
Testfor overall effect: Z= 3.36 (P = 0.0008)
Total (95% CI) 100.0% 0.66 [0.57, 0.76]
Heterogeneity: Tau®= 0.03; Chi*= 67.08, df= 19 (P < 0.00001); F= 72% Eo o 5 To0.

Test for overall effect: Z= 5.86 (P < 0.00001)

Favours [rich TILs] Favours [poor TILs]
Test for subaroup differences: Chi*= 7.26, df= 3 (P = 0.06), F=58.7%

A

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
1.21 TiLs (per 10% increase)
Adams etal. 2014_iTILs {per 10% increase) -0.3147 01731 0.8% 0.73[0.52,1.02] |
Adams etal. 2014_sTILs (per 10% increase) -0.1744 0.0647 4.4% 0.84 [0.74,0.95] -1
Lee etal. 2016_sTILs (per 10% increase) -0.0182 0.0031 156% 0.98([0.98, 0.99]
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Fig. 4 Forest plots of the random-effects meta-analysis for the efficacy of tumor-infiltrating lymphocytes (TILs) for disease-free survival (DFS). a
Low TILs vs. high TILs stratified by TIL phenotype. b TILs stratified by continuous TILs, 5% increase in TILs, and 10% increase in TILs

\

analyses [3, 6], and the reason for this inconsistency is and continuous TILs separately. Therefore, from the re-
unclear. More studies of the association of FOXP3* TILs  sults, we can definitively conclude that a higher density
with the prognosis of TNBC are needed. of TILs corresponds to a better prognosis for TNBC.

To our best knowledge, this was the first meta-analysis ~ Our study does have some limitations. First, all included
to pool the prognostic results for categorical TIL level studies were retrospective cohort studies, with risks of
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Fig. 6 Funnel plot analysis of potential publication bias. a High tumor-infiltrating lymphocytes (TILs) vs. low TILs for pathological complete
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bias related to missing data, TIL measurement, and con-
founding controls. Next, the variation in the definition
of high/low TIL level, and the timeline(s) used for PFS
and OS among the included studies can affect the accur-
acy of the results.

Conclusions

TNBC with higher levels of TILs showed better short-
term and long-term prognoses. High levels of specific
phenotypes of TILs (CD4%, CD8", and FOXP3") could
positively predict the long-term prognosis for TNBC.
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