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Purpose: High levels of tumor-infiltrating lymphocytes (TILs) are associated
with better outcomes in early breast cancer and higher pathological response
rates to neoadjuvant chemotherapy especially in the triple-negative (TNBC)
and HER2+ subtypes. However, the dynamic changes in TILs levels after
neoadjuvant treatment (NAT) are less studied. This systematic review and
meta-analysis aimed to investigate the patterns and role of TILs dynamics
change in early breast cancer patients receiving NAT.

Methods: Medline, Embase, Web of Science Core Collection and PubMed
Central databases were searched for eligible studies. Data were extracted
independently by two researchers and discordances were resolved by a third.
Pooled TILs rates pre- & post-treatment (overall and per subtype), pooled rates
of ATILs and direction of change after NAT as well as correlation of ATILs with
survival outcomes were generated in the outcome analysis.

Results: Of 2116 identified entries, 34 studies fulfilled the criteria and provided
adequate data for the outcomes of interest. A decreased level of TILs was
observed after NAT in paired samples across all subtypes. The effect of NAT on
TILs was most prominent in TNBC subtype with a substantial change, either
increase or decrease, in 79.3% (95% Cl 61.7-92.6%) of the patients as well as in
HER2+ disease (14.4% increased vs 46.2% decreased). An increase in ATILs in
TNBC was associated with better disease-free/relapse-free survival in pooled
analysis (univariate HR = 0.59, 95% Cl: 0.37-0.95, p = 0.03).
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Conclusion: This meta-analysis illustrates the TILs dynamics during NAT for
breast cancer and indicates prognostic implications of ATILs in TNBC. The
potential clinical utility of the longitudinal assessment of TILs during
neoadjuvant therapy warrants further validation.

KEYWORDS

tumor-infiltrating lymphocytes (TILs), TILs dynamics, breast cancer, biomarker,
neoadjuvant treatment, prognosis

Introduction

Breast cancer (BC) is the most frequently diagnosed cancer
and the leading cause of cancer-related death among women
worldwide (1). While neoadjuvant and adjuvant chemotherapy
clearly improve patient outcomes, clinical-pathologic factors and
available gene signatures failed to demonstrate validated
predictive value for chemotherapy benefit (2, 3). We have
previously shown that immune-related gene expression is both
prognostic and predictive for chemotherapy benefit in early and
advanced BC (4-8). However, using immune gene signatures in
the clinical routine is complex due to the lack of standardized
and prospectively validated methods and the lack of estimations
on potential health impact and costs.

A simple-to-use and widely available immune biomarker is the
number of tumor-infiltrating lymphocytes (TILs) on hematoxylin
eosin (H&E) stained tissue sections. It has been previously described
that high TIL infiltration at diagnosis was strongly associated with a
better response to neoadjuvant chemotherapy (NACT) (9). Several
subsequent studies reported the positive predictive and prognostic
value of primary TILs both in the neoadjuvant and adjuvant setting,
especially for TNBC and HER2+ tumors (10-12). In order to
mitigate interobserver variability, the International Immuno-
Oncology Biomarker Working Group has established guidelines
for the standardized evaluation of TILs (13, 14). The latest edition of
the WHO classification of tumors has introduced TILs as an
important prognostic marker (15) whereas some currently on-
going prospective trials include TILs as a pre-specified
stratification factor in TNBC and HER2+ patients receiving
neoadjuvant treatment (16, 17).

The current evidence on TILs is mainly based on a cross
sectional evaluation where the level of TILs is assessed once,
usually before any systemic treatment is administered. However,
a dynamic, longitudinal evaluation of immunological markers
may give us better understanding of the mechanisms that govern
the host response to tumor and be a potential source of clinically
useful biomarkers. Some studies have investigated both pre-
treatment and post-treatment TILs in paired tissues during
neoadjuvant chemotherapy and the association of TILs change
with prognosis, with conflicting results.
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The aim of the present meta-analysis was to gather the current
evidence on TIL dynamics following neoadjuvant therapy and
investigate the magnitude and direction of TILs changes as well
as their correlation with therapy prediction and survival outcomes.

Methods
Search strategy and study selection

A comprehensive literature search was conducted by the
Karolinska Institutet University Library in May 2020 and updated
in September 2021. The following four databases were searched:
Medline (Ovid), Embase (embase.com), Web of Science Core
Collection and PubMed Central. The MeSH (Medical Subject
Headings) terms used were: Breast Neoplasms, Lymphocytes,
Tumor-Infiltrating, CD3 Complex, Neoadjuvant Therapy,
Chemotherapy, Adjuvant. The MeSH terms for searching
Medline (Ovid) were adapted in accordance with corresponding
vocabulary in Embase. Databases were searched from inception.
The detailed search strategies are provided in Supplementary Data.

Studies included in our meta-analysis were restricted to
English and fulfilled at least one of the following criteria (1):
Stromal TILs evaluated in paired human breast cancer tumor
samples before and after neoadjuvant chemotherapy, targeted
and/or endocrine therapy (2); TILs evaluated in paired human
breast cancer tumor samples before and during neoadjuvant
chemotherapy targeted and/or endocrine therapy; (3)
relationship between ATILs levels and short-/long-term
prognosis in non-pCR and pCR cases; (4) relationship between
ATILs levels and pCR (for pCR patient cases, TILs were
measured on tissue scar or tumor bed area). TILs could have
been reported as continuous or categorical variables and assessed
on H&E slides, regardless of methods used, including manual
evaluation or digital image analysis. If both intra-tumoral and
stromal TILs were evaluated, only stromal TILs information was
included for analysis. ATILs is defined as change in median/
mean lymphocyte density between pre- and post-treatment
samples; ATILs was either reported in the articles or calculated
manually in articles with relevant data.
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Studies were excluded if they met at least one of the following
criteria: (1) reviews, commentaries, editorials, conference abstracts,
protocols, case reports, qualitative research, or letters; (2) duplicate
publications/entries; (3) full text not published in English. Study
selection was performed independently by two investigators (Y. Zhu
and E. Tzoras) and consensus was reached in all eligible studies.

Data extraction

Two investigators (Y. Zhu and E. Tzoras) independently
extracted the data to a predefined form and a third investigator
(I. Zerdes) resolved any discrepancies. The concordance rate
between the two investigators was 86%. Data collected from each
study included: first author’s last name, journal name, year of
publication, country where the study was conducted, type of study
(retrospective/prospective), enrolment dates, number of evaluable
patients before NAT, number of evaluable patients after NAT,
number of patients with matched- paired samples, tissue used for
analysis (tissue microarrays, whole-tissue sections), method used for
analysis, threshold for positivity/high expression of stromal TILs,
median/mean TILs level before NAT, median/mean TILs level after
NAT, ATILs mean change, absolute number of patients with
increased/decreased/unchanged TILs, % TILs in matched pre-
and post-NAT samples and change-ATILs if reported,
characteristics of study cohort, follow-up time; outcomes (pCR
and time-to-event endpoints) within all patients and whenever
possible within different breast cancer subtypes including both
univariate and multivariate results.

Quality assessment

Two investigators (Y. Zhu and E. Tzoras) independently
assessed each eligible study for methodological quality using the
20-item REMARK checklist (18) and the discrepancies were
resolved by a third investigator (I. Zerdes). The REMARK
checklist consists of 20 items to report in tumor marker
prognostic studies evaluating several aspects of study quality
from scientific rationale and result interpretation to study design
and methodology used. Each of the 20 items listed in REMARK
was scored with 0 (not defined or inadequate defined or not
applicable), 1 (incomplete or unclear defined), or 2 (clearly
defined) for each eligible study, with a maximum score of 40.
No studies were excluded based on quality control.

Statistical analysis
High and low TILs were defined according to cut-ofts

described in each article for articles reported TILs as a
categorical variable.
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For analyses of pooled expression of TILs in matched breast
cancer patients in studies presented TILs as categorical variable,
a random-effects model was used to calculate the pooled high-
level TILs and corresponding 95% confidence interval (CI) pre-
vs. post-treatment for different breast cancer subtypes (HER2-
positive, TNBC, luminal, not specified [contain studies recruit all
BC patients without limitation of molecular subtype]). An
overall effect estimate was thereafter calculated using Odds
Ratio (OR) with 95% CI through the DerSimonian and Laird
method (19).

For pooled analyses of difference in TILs expression pre- vs.
post-treatment when TILs were presented as continuous
variables, standardized mean differences (SMD) with 95% CI
were calculated for each study and then pooled to present a
measure of the effect size of the difference in TILs in pre- and
post- treatment groups.

For the comparisons of time-to-event variables based on the
direction of TILs changes, a meta-analysis was performed first by
transforming the Hazard ratios (HRs) and their errors into their
log counterparts, and then using the inverse variance method for
transforming back into the HR scale. If adequate data from time-
to-event variables were unavailable for direct extraction from the
primary studies, data were extracted according to the method
described by Tierney et al. (20). A pooled analysis was performed
only if at least three primary studies presented adequate data
for analyses.

The presence of statistical heterogeneity among the studies
was addressed by using the Q statistics, and the magnitude of
heterogeneity by using the I* statistic. A p-value < 0.10 or a I?
value of greater than 50% was considered as substantial
statistical heterogeneity. Considering the substantial clinical
heterogeneity among eligible studies, all meta-analyses except
the one with time-to-event variable as outcome of interest were
performed using random-effects models. The presence of
publication bias was evaluated qualitatively using a funnel plot.

All reported p values are two sided. Analyses were conducted
on RevMan 5.3 (Review Manager, Version 5.3; The Cochrane
Collaboration, 2014) and on StatsDirect (StatsDirect Ltd.
StatsDirect statistical software. http://www.statsdirect.com.
England: StatsDirect Ltd. 2013).

Results
Study characteristics

The flow diagram of study selection for the study-level meta-
analysis is shown in Figure 1. The initial search identified 2,116
entries, or 1,369 entries following deduplication. Through
exclusion by reading the title and/or abstract, 47 possibly
eligible studies were retrieved as full text; In total, 34 studies
fulfilled the inclusion criteria and were included for various
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FIGURE 1

Flow Diagram of search and study selection in this meta-analysis.

meta-analytic questions. All 34 studies were included for pooled
pre- and post-TILs change direction analysis (separate analysis
for TILs as categorical variable [14 studies] and continuous
variable [21 studies]); 26 studies reporting matched paired breast
cancer patients were included for pooled rates of ATILs. 4 studies
reported survival information and were included for pooled HR
analysis of ATILs and prognosis association. The detailed
characteristics of eligible studies are presented in Table 1.

Quality of eligible studies, between-
study heterogeneity and assessment of
publication bias

All eligible studies for the meta-analysis were retrospective.

The median number of study quality score was 29 (range: 15-37)
out of a maximum score of 40. Substantial between-study

Frontiers in Oncology

heterogeneity was noted among eligible studies regarding the
breast cancer subtypes, treatment regimens used, variable types
used to report TILs level, and the follow-up period. The risk of
publication bias for the pooled estimates was visually assessed by
funnel plots. With reservation due the low number of primary
studies in some pooled estimates, no evidence of asymmetry was
observed in funnel plots implying a lower risk for publication
bias (Supplementary Figure 1).

Pooled TILs expression before and after
neoadjuvant treatment

The number of studies and patient cases with available
information on TILs as categorical variable across BC
subtypes, as well as the pooled rates of high-level TILs are
presented in Table 2. The proportion of cases classified as
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TABLE 1 Characteristics of studies included in the meta-analysis.

Author Year Country Variable No. of BC NAT regimen TILs Median follow- QC
[reference] type matched subtype Cutoffs up
paired pts
Honkoop (21) 1996 Netherlands Categorical 11 All AC Absent: - NA 15
Present:+

Abundant: ++

Abdel-Fatah 2014 UK Categorical 196 All FEC/FAC, FEC—T, T-FEC, EC Predominant: 51 (6-170) mons 24
(22) +T, EC+GT, AC-T, AC, T >60%
Focal: 10-60%
Minimal:
<10%
Dieci (23) 2014 Italy Categorical 19 TNBC AIT LPBC: >60% 6.3 yrs 36
Low: <60%
Ali (24) 2016 UK Continuous 557 All G+ E/C—T NA NA 35
Castaneda (25) 2016 Peru Categorical& 89 TNBC A/T High: >50%  37.5 mons 22
continuous
Criscitello (26) 2016 Italy Continuous 29 ER-/ AC+T/AX—FEC/T—FAC NA NA 27
HER2-
Dieci (27) 2016 Italy Categorical& 57 HER2+ T—FEC + Tr/L/tr+L LPBC: >60% NA 32
continuous
Hida (28) 2016 Japan Categorical 58 TNBC, AT + Tr or EnT Low: <10% TNBC 23 mons (IQR 32
HER2+ IM: 10-50% 12.5 - 37)
High: >50% HER2+ 34 mons (IQR
23.8 - 48.3)
Kaewkangsadan 2016 UK Categorical 16 All AC—-T+X High: > 60% NA 32
(29)
Park (30) 2016 Korea Categorical& 24 ER L+LET High: >20% 28.5 mons 29
continuous +/HER2+
Goto (31) 2017  Japan Categorical 129 All FEC—T + Tr High: >10% NA 28
Hamy (32) 2017  France Categorical& 175 HER2+ A-based/AT- based + Tr Low:< 10% 38.8 mons (range 5.5- 35
continuous IM: 10-60% 91.7 mons)

LPBC: >60%

Pelekanou (33) 2017 USA Continuous 43 All AC—T Negative: <1% NA 26
Positive: >1%
LPBC: >50%

Force (34) 2018 USA Categorical& 30 HER2+ T+Pt+Tr + P LPBC: >50% NA 18
continuous

Hwang (35) 2018 Korea Categorical 204 All AT = tras/pertu or ET LPBC: >50%  60.1 mons 35

Pelekanou (36) 2018 USA Categorical& 59 HER2- T+AC + Bev Negative: <1% 3 yrs 30
continuous Positive: >1%

LPBC: >50%

Watanabe (37) 2018 Japan Categorical 139 All AT + anti-HER2 therapy Low: <10% pre pts: 24.5 m (range 28
IM:10-50% 13-45.6 m)
LPBC: >50%  post pts: 26.1 m
(range 13.5 - 48.8

mons)
Di Cosimo (38) 2019 Italy Continuous 11 TNBC AT NA 70 mons (50-81 18
mons)
Hamy (39) 2019  France Categorical& 718 All AT £ Tr/EnT High: >60%  NA 37
continuous
Kurozumi (40) 2019 Japan Categorical 45 HER2+ AT+Tr Low: 0-10% NA 29
IM: 10-40%
High: 40-90%
Liu (41) 2019  China Continuous 19 All EC—T/TEC+Tr NA 40 mons (range 34- 28
47mons)
Luen (42) 2019  Australia Categorical& 163 TNBC AT High: >20% 6 yrs 36
continuous

(Continued)
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TABLE 1 Continued

and HER2

Author Year Country Variable No. of
[reference] type matched
paired pts
Ochi (43) 2019 Japan Categorical 130 TNBC
+

Tokes (44) 2019 Hungary Categorical& 120 All
continuous

Wang (45) 2019 China Categorical& 75 All
continuous

Abdelrahman 2020 Egypt Categorical 30 TNBC

(46)

Axelrod (47) 2020 USA Categorical& 83 All
continuous

Cambedel (48) 2020 France Continuous 31 TNBC

Grandal (49) 2020 France Continuous 192 All

Kim (50) 2020 Japan Categorical& 43 All
continuous

Lee (51) 2020 Korea Continuous 104 TNBC

Park (52) 2020 Korea Continuous 26 All

Saradin (53) 2021 France Categorical& 66 TNBC
continuous

Grandal (54) 2021 France Continuous 87 TNBC

subtype

10.3389/fonc.2022.999843

NAT regimen TILs Median follow- QC
Cutoffs up
AT + Tr Low:0-9% 98 mons (range 2 - 35
IM:10-49% 120 mons)

LPBC:> 50%

A-based/Pt-based/C-based Positive: >1%  31.1 mons (range 2.6- 36

regimens LPBC: >50%  120.4 mons)
Negative <1%
ACT + Tr Positive: > 1% 23.2 mons range (6.1- 32
Negative: <1% 64.5 mons)
ChT High: > 50% NA 28
ChT + Tr High: > 30% NA 26
AC+T NA 49 mons 35
AT NA 90.4 mons (0.2 -187 26
mons)
FEC/FEC+T/EC+T + Tr Positive: >5% NA 25
AT NA 72.3 mons 28
AC—T + Tr NA NA 29
FEC/EC+T High: > 10%  35.4 mons 21
or > 30% [95% CI 26.5-44.4]
AT NA 80 mons 28

LPBC, Lymphocyte predominant breast cancer; IM, intermediate; A, anthracycline; C: cyclophosphamide; T, taxanes; Fu, fluorouracil; X, capecitabine; G, gemcitabine; Pt, platinum; Al aromatase
inhibitor; L, lapatinib; LET, letrozole; Tr, trastuzumab; P, pertuzumab; Bev: bevacizumab; ChT, chemotherapy; EnT, endocrine therapy; Mons, months Yrs, years; NA, not available.

high-level TILs decreased post-treatment across BC subtypes,
although no pooled analysis was possible for the Luminal
subtype due to the low number of studies (Not specified:
pooled OR [95% CI] = 1.60 [95% CI: 1.12-2.30]; HER2-
positive: pooled OR [95% CI] =1.88 [0.87-4.08); TNBC: pooled
OR [95% CI] =1.05 [0.41-2.68]. Difference in pooled rates of
TILs pre- vs. post-treatment was statistically significant for the
“not specified” subgroup.

Furthermore, twenty-one studies reported TILs as
continuous variable. Number of studies, cases, pooled
standardized mean difference (SMD) and I in four subgroups
were summarized in Supplementary Table 1. Positive SMD
values were seen in the HER2+, TNBC and not specific
subgroups while no pooled analysis was done for the Luminal

subtype due to only two studies have available data. Forest plots
on pooled SMD pre- and post-treatment in studies with each BC
subtype are shown in Figures 2A-C. Although the magnitude of
pooled effect sizes is not statistically significant, numerically
higher TILs expression at pre-treatment compared to post-
treatment was seen in all three subgroups.

Pooled ATILs rates after neoadjuvant
therapy in early BC patients

Studies evaluating ATILs in matched pre-treatment and
surgical samples from the same patients were also included in
this analysis from all/unspecified (10 studies; n=1758), luminal

TABLE 2 Pooled expression of TILs pre- vs. post-treatment in matched breast cancer patients in studies presented TILs as categorical variable.

Breast cancer subtype N studies (n paired cases)

Pre-treatment

pooled high-level TILs (95% CI)

Pooled Odds ratio (95% CI) I

Post-treatment

Not specified 5 (431) 27.5 (16.3-40.4) 17.0 (7.4-29.4) 1.60 (1.12-2.30) 40.5
Luminal 2 (184) NC NC NC
HER2-positive 3 (93) 20.6 (13.3-29.0) 12.2 (4.1-23.8) 1.88 (0.87-4.08) 0

TNBC 4 (139) 214 (15.1-28.5) 15.7 (3.7-34.3) 1.05 (0.41-2.68) 27

CI, confidence intervals; NC, not calculated.
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Pre-treatment Post-treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Grandal 2020 20 55 192 15 1.8 192 258% 1.22[1.00,1.44) -
Liu 2019 193 214 19 179 184 18 236% 0.07 [-0.57,0.70) e
Pelekanou 2017 98 137 43 99 9.2 43 24.9% -0.01 [-0.43,0.41) i i
Tokés 2019a 48 68 120 133 206 120 257% -0.55[-0.81,-0.29) -
Total (95% CI) 374 374 100.0% 0.19[-0.82, 1.19] ’
Heterogeneity: Tau?= 1.00; Chi*= 111.29, df= 3 (P < 0.00001); *= 97% t + T t +
Test for overall effect Z= 0.37 (P = 0.71) 4 2 % 2 4
. - N Higher in post-treatment  Higher in pre-treatment
B Pre-treatment Post-treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, m, 95% CI v, 95% CI
Dieci 2016 191 153 53 232 218 53 21.1% -0.22-0.60,0.17) e
Hamy 2017 258 126 175 232 218 175 226% 0.15[-0.06, 0.36) -
Hamy 2018b 265 175 175 109 10 175 22.5% 1.09(0.87,1.32) -
Park 2016 207 229 24 191 231 24 18.9% 0.07 [-0.50, 0.63) I
Tokés 2019b 48 42 10 32 14 10 14.8% 0.49(-0.40,1.39) —
Total (95% CI) 437 437 100.0% 0.32[-0.25, 0.88] ?
Heterogeneity: Tau®= 0.36; Chi*= 52.88, df = 4 (P < 0.00001); F=92% t t T + +
Test for overall effect: Z=1.11 (P = 0.27) 4 i f -2 0 i i 2 4
: : . Higher in post-treatment  Higher in pre-treatment
C Pre-treatment Post-treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, m, 95% CI v, 95% CI
Cambedel 2020 147 1486 31 47 73 31 9.6% 0.86(0.33,1.39) =
Castaneda 2016 40 227 73 20 227 73 104% 0.88(0.54,1.22] -
Criscitello 2016 141 208 29 296 268 29 96% -0.64 [-1.16,-0.11] —
Di Cosimo 2019 128 68 1 165 68 1" 7.9% -0.52[-1.38,0.33) —r
Grandal 2021 25 61 87 1586 41 87 10.3% 1.80[1.45,2.15) -
Hamy 2019¢ 285 225 320 154 125 320 10.8% 0.72[0.56, 0.88) =
Lee 2020 198 18 104 171 242 104 10.6% 0.13[-0.15,0.40) T
Luen 2020 204 64 163 17 64 163 107% 0.53(0.31,0.75) -
Saradin 2021 156 20 66 138 147 66 103% 0.10(-0.24,0.44) S
Tokés 2019¢ 105 34 45 202 74 45  9.8% -1.67 [-215,-1.19) —
Total (95% CI) 929 929 100.0% 0.25[-0.21,0.71] ?
Heterogeneity: Tau?= 0.49; Chi*= 179.16, df= 9 (P < 0.00001); *= 95% t t T t +
Test for overall effect: Z=1.08 (P = 0.28) = -2 . 2 4
Higher in post-treatment  Higher in pre-treatment
D Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio]  SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Axerold 2020 -0.61 0.43 31.9% 0.54(0.23,1.26) ——=r
Goto 2017 -0.53 06 16.4% 0.59(0.18,1.91) ———
Lee 2020 -0.33 04 36.9% 0.72(0.33,1.57] .
Ochi 2019 -0.86 0.63 14.9% 0.42(0.12,1.45) =
Total (95% CI) 100.0% 0.59 [0.37, 0.95] B2
: Chi*= =3(P=0481)F= D t t J
R A e b
: : 2 Increased ATILs  Decreased/stable ATILs
FIGURE 2

Forest-plots on Standardized mean difference (SMD) of Tumor-Infiltrating Lymphocytes (TILs) pre- and post-treatment per breast cancer
subtype (A) not specified (B) HER2-positive (C) Triple-negative breast cancer [TNBC] and (D) Disease-free survival [DFS]/Recurrence-free

survival [RFS] according to TILs change in TNBC subtype.

(1 study; n=106), HER2-positive (6 studies; n=414), TNBC (9
studies; n=483) subtypes. Change in TILs following neoadjuvant
therapy was bi-directional mainly in TNBC cases, whereas TILs
mostly decreased post-therapy in the mixed and HER2-positive
populations (Table 3).

Prognostic implications of TlLs change
after neoadjuvant therapy

Pooled HRs from univariate analyses for disease-free survival
(DFS) or Recurrence-free survival (RFS) for TNBC patients from 4
eligible studies are presented in Figure 2D. For this outcome, we
considered different definitions of DFS or RES as similar and
analyzed within the same meta-analysis. Two studies defined RFS
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as the time from the date of primary surgery until the date of disease
recurrence (31, 47), one study defined RFS as time from diagnosis to
locoregional recurrence, distant metastasis, or death from any cause
(43) whereas no clear definition was described in one study (51).
Increased ATILs was associated with better DFS/RFS with a pooled
HR of 0.59 (95% CI: 0.37 - 0.95, p = 0.03). Because of data paucity,
meta-analysis in other BC subtypes, or pooled HR from
multivariate analyses, could not be performed.

Studies assessing on-treatment TlLs and
correlation with pCR

Eight prospective studies retrospectively assessed TILs
before and during neoadjuvant treatment were identified from
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TABLE 3 Pooled rates of ATILs before and after NAT in matched-paired tissue samples in early breast cancer patients.

Breast cancer subtype N studies (n paired cases)

Increased TILs

Not specified 10 (1758)
Luminal 1 (106)
HER2-positive 6 (414)
TNBC 9 (483)

30.3 (21.9-39.5)

14.4 (8.9-21.0)
41.6 (28.4-55.5)

pooled rates of ATILs (95% CI)

Decreased TILs Changed at any direction

49.4 (36.5-62.4)
NC

462 (20.0-73.7)

37.1 (26.8-47.9)

85.7 (68.6-96.7)
NC

662 (34.3-91.5)

79.3 (61.7-92.6)

NC

CI, confidence intervals; NC, not calculated.

the systematic literature review. Within these 8 studies, 5
included HER2-positive breast cancer patients that received
HER2-targeted therapy with or without chemotherapy (55-
59), 1 study included TNBC patients who received
combination of immunotherapy and chemotherapy (60), 1
study included hormone receptor positive breast cancer
patients received chemotherapy combined with anti-
angiogenesis therapy (5) and 1 study included non-specific
patients received chemotherapy with or without HER2-
trageted therapy (52) (Table 4). On-treatment TILs counts
uniformly increased compared with baseline status. With the
exception of one study (57), increased TILs between pre- and
on-treatment biopsies were positively associated with pCR
status. Pooled analyses were not possible due to inadequate
number of studies per breast cancer subtype and heterogeneity
among the eligible studies.

Discussion

This meta-analysis summarizes the current evidence on
pooled TILs levels in matched paired tissues before and after
NAT in breast cancer patients and presents data related to
dynamic changes of TILs during NAT. Higher TILs expression
at pre-treatment compared to post-treatment was seen across all
BC subgroups with consistent results in studies reported TILs as
categorical or continuous variable types, with a more distinct
decreasing trend seen in HER2-positive subgroup. By pooling
data from around 450 TNBC patients, we also reported a positive
correlation of increased ATILs with improved survival, though
confounding bias cannot be excluded.

Our study provides some interesting insights on how TILs
could be potentially used to better optimize neoadjuvant
treatment mainly for TNBC and HER2+ patients.

TABLE 4 Studies assessed the expression of on-treatment TILs in matched-paired early breast cancer patients receiving neoadjuvant therapy.

Author Year Country No. of Matched BC  Variable
[reference] paired patients  sub
type
Loibl (55) 2017 Germany 36 HER2-  Continuous
positive
Nuciforo (56) 2017  Spain 131 HER2-  Continuous
positive
Matikas (5) 2018 Sweden 41 Luminal Continuous
Loibl (60) 2019  Germany 81 TNBC Continuous
Park (52) 2020 S. Korea 98 All Continuous
Hurvitz (59) 2020 USA 55 HER2-  Continuous
positive
Eustace (57) 2021 Ireland 16 HER2-  Continuous
positive
Griguolo (58) 2021 Italy 131 HER2-  Continuous
positive

Cut-off  ATILs Mean Increase NAT QC
or Direction ATILs TILs-
LPBC (On-Pre) (On-Pre) response
NA Increase B. +11.87% pCR B+Tr—T vs 27
Placebo Placebo+Tr—T
+12.75%
50% Increase 6.93% pCR Tr+L + EnT 32
50% NA NA NA AT + Bev 25
NA Increase D. +5.8% pCR D—D+Nab-pvs 36
Placebo D—placebo
+4.1% +Nab-p
NA Increase NA pCR AC—T +Tr 36
NA Increase +2.8% NA Tr/L/Tr+L—Tr/ 24
L/Tr+L + T +
Pt
NA Increase for NA RD Tr+T+Pt/Tr+L 29
RD +T+Pt
NA Increase NA NA Tr+L + EnT 33

Tr, trasuzumab; L, lapatinib; T, taxane: Nab-p, nab-paclitaxel; Pt, platinum; A, anthracycline; C, cyclophosphamide; D, durvalumab; B, Buparlisib; EnT, endocrine treatment; Bev:
bevacizumab; Tr, trastuzumab; L, lapatinib; LPBC, lymphocyte predominant breast cancer; pCR, pathologic complete response: RD, residual disease; NA, not available.
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First, a trend towards decreased TILs after NAT was observed
in all pooled analyses irrespectively breast cancer subtype.
Although this trend is small and not statistically significant in
most of the analyses, the consistency of the decreased trend
across all breast cancer subtypes implies a potential true effect.
Since all included studies except for one (30) used neoadjuvant
regimens containing at least one chemotherapeutic agent, the
decreased TILs seen in our findings may be driven by the
treatment effect of cytotoxic chemotherapy, which is generally
considered to be immunosuppressive (61). Considering the
diversity of chemotherapeutic agents used in eligible studies, no
firm conclusion can be made on how different chemotherapeutic
agents could affect immune response. In fact, some recent studies
suggest that different chemotherapeutic agents might have distinct
effect on immune cell surface marker expression (62) whereas
some third-generation cytotoxic drugs such as pemetrexed can
potentiate immunogenic tumor cell death and enhance T cell-
mediated immunity in mice models (63).

Notably, the magnitude of decreased TILs seemed to be
numerically larger in HER2-positive breast cancer implying a
potential synergistic interaction between HER2-targeted
therapy and chemotherapy regarding pattern of TIL changes
over time. However, the variation in treatment combinations
across eligible studies and the complex interplay between
immune system and tumor in HER2-positive breast cancer
preclude any firm conclusion.

Second, a potential prognostic role of dynamic TILs changes
in patients with TNBC was seen. In fact, increased TILs during
NACT seemed to be associated with better prognosis. Although
this pooled analysis is prone to confounding bias since it was
based on results from univariate rather than multivariate
analyses, these findings trigger some interesting hypotheses.
Currently, the presence of residual disease after NACT is the
only well-established approach to optimize postoperative
treatment strategy in patients with TNBC. Recently, TILs have
been confirmed as having a strong prognostic value in early
TNBC patients treated with chemotherapy (64)but also in early
TNBC patients without chemotherapy where high TILs could
identify a subset of patients with an excellent prognosis able to
de-escalation strategies (65). According to our findings,
increased ATILs after NACT might serve as an additional
potential biomarker for de-escalation by defining a subgroup
of patients with better prognosis and should be further validated
in future studies.

Our meta-analysis has several limitations that should be
considered when interpreting the results. First, all studies were
retrospective with limited sample size, thus influencing the
quality of current evidence and the generalizability of our
findings. Second, all our pooled analyses were based on study-
level results rather on individual patient data. Another limitation
that deserves attention is the lack of current methodological
standards for post-NAC TILs enumeration in residual cancers
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and pCR tumor specimens which is a source of potential
methodological heterogeneity among eligible studies. In
addition, TILs after NACT were counted only on residual
disease in some studies whereas other counted TILs even in
stroma from patients with pCR. Furthermore, some studies used
TMAs that only represent small portion of tissue, which might
introduce bias in heterogeneous tumors. Another source of
heterogeneity among eligible studies was the various
therapeutic regimens used as NACT. Considering the high
between-study heterogeneity, we actively chose to use random
effects model for pooled analyses as an effort to reduce the
impact of heterogeneity on the pooled analyses.

Despite these caveats, our meta-analysis offers some new
insights on the potential role of dynamic TILs changes after
NACT in breast cancer patients that might be of clinical
significance upon confirmation in further studies. In
summary, we found a decreased trend in TILs through all
BC subtypes after neoadjuvant treatment that might be more
evident in HER2-positive breast cancer. Increased TILs might
be of prognostic significance in patients with TNBC and
might serve as a biomarker to identify patients with better
prognosis where de-escalation strategies might be applied.
Overall, dynamic TILs change evaluation on hematoxylin-
eosin slides might perform as a versatile and cost-effective
biomarker for breast cancer patients, specifically for HER2-
positive and TNBC patients. Establishing international
methodological standards on how TILs should be evaluated
in residual disease and in surgical specimens with pCR is
essential to be able to further validate the potential role of
dynamic TILs changes after neoadjuvant therapy in
future studies.

Dynamic evaluation of TILs may be of particular interest in
patients with early-stage TNBC who are treated with
neoadjuvant chemotherapy combined with immune
checkpoint inhibitors (ICIs). The response to PD(L)-1
inhibition seems independent of PD-LI status in the
neoadjuvant setting (66), while in the GeparNuevo trial, TILs
at baseline were predictive for pCR in TNBC patients receiving
neoadjuvant chemotherapy with or without durvalumab,
with no significant interaction between TILs and treatment
arms (67). Specific chemotherapeutics may induce a stronger
immunogenicity (68) and additionally, immunotherapy can
induce the migration of TILs from stroma to tumor nests (67).
Longitudinal evaluation of TILs might stand as an easy method
to help better understand the interactions between cytotoxic and
ICI and guide their combination and sequence, if prognostic
correlations can be demonstrated. Further evaluating the relative
proportion of specific immune subpopulations as well as the
spatial organization of the immune infiltrate, including tertiary
lymphoid structures may also add to the information provided
by TILs enumeration and could be the future focus of the
research field.
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