Curr Breast Cancer Rep (2015) 7:232-241
DOI 10.1007/s12609-015-0196-x

@ CrossMark

BIOMARKERS (S DAWOOD, SECTION EDITOR)

Prognostic Value of Tumor-Infiltrating Lymphocytes

in Triple-Negative Breast Cancer

Koo Si-Lin" - Loh Kiley' - Sulastri Kamis' - Jabed Igbal”® - Rebecca Dent'- .

Yap Yoon Sim'

Published online: 28 October 2015
© Springer Science+Business Media New York 2015

Abstract The adaptive immune system is a crucial compo-
nent of cancer immunoediting and has emerged, in recent
years, as a key foundation on which the success of novel
cancer therapeutics have been built, namely the checkpoint
inhibitors. Early observational studies have highlighted the
importance of tumor-infiltrating lymphocytes (TILs) in patient
outcomes across multiple solid tumor types, reflecting its role
in cancer immunosurveillance. High TILs in triple-negative
breast cancer (TNBC), a poor prognostic subgroup, has been
shown to be associated with improved survival. When evalu-
ated in functional TIL subsets, a positive correlation has also
been observed with cytotoxic CD8+ TILs but results were
conflicting for FOXP3 regulatory T cells. Overexpression of
immune response genes corresponded to increased lympho-
cytic infiltration and improved outcomes in TNBC. Under-
standing the functional biology of TILs and its interaction
with cancer in the immunoediting processes will help guide
immunotherapeutic approaches in TNBC.
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Introduction

Triple-negative breast cancer, defined by a lack of expression
of estrogen receptor (ER), progesterone receptor (PR), and
Her2, portends the poorest prognosis amongst breast cancer
subtypes. These patients have higher relapse rates within
3 years from diagnosis and are more likely to develop visceral
metastases [1]. Further molecular and phenotypic subclasses
have been identified in this heterogeneous group of breast
cancer in an effort to better classify these patients based on
tumor biology and their associated clinical outcomes [2—8].
Gene expression profiling to molecularly classify triple-
negative breast cancers (TNBCs) have found basal-like tu-
mors to comprise the majority of TNBCs (70-80 %). All of
the other intrinsic molecular subtypes were also noted to be
present in TNBCs with Her2-enriched being the next most
common (8—17 %), followed by the luminal subtype (6—
11 %) and lastly the normal breast-like subtype (1-7 %) [5,
6]. Another subtype, the Claudine-low tumors which appears
enriched for mesenchymal and stem cell features, has recently
been identified in 30 % of TNBCs [5]. Based on these molec-
ular classifications, the basal-like, Her2-enriched, and
Claudine-low subtypes were found to have correspondingly
poorer prognosis compared to the luminal A subtypes [5].
More recently, Lehmann et al. analyzed the gene expression
profiles of almost 600 TNBCs and identified 6 subtypes based
on cluster analysis: basal-like 1, basal-like 2, immunomodu-
latory, mesenchymal, mesenchymal stem-like, and luminal
androgen receptor subtypes [7]. However, the correlation be-
tween these 6 molecular subtypes and patient outcomes have
yet to be determined. Phenotypic subclassification by immu-
nohistochemistry have also identified two subgroups of
TNBCs distinguished by the expression of basal markers,
cytokeratin 5/6 and/or epidermal growth factor receptor
(EGFR) [8]. A significantly poorer prognosis was noted in
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the group positive for basal markers. In the recent years, newer
prognostic models based on immune responses within the
tumor microenvironment have garnered increasing interests.

Recent successes with immunotherapy, namely the use of
immune checkpoint inhibitors in advanced melanomas and
non-small cell lung cancer [9-11], have revived interests in
understanding the complex interactions between cancer and
the immune system, termed immunoediting [12, 13]. The can-
cer immunoediting process is comprised of three phases, the
first of which, cancer elimination, was conceived by Paul Ehr-
lich in 1909. He hypothesized that the immune system was
able to repress neoplastic processes, but it was not until almost
a century later that the idea of a functional cancer
immunosurveillance process was proven in murine models
[14]. Genetically modified lymphocyte-deficient mice grew
sarcomas more rapidly and in greater frequency after subcu-
taneous injection of chemical carcinogens compared to their
wild-type controls.

Cancer immunosurveillance has indirectly been suggested
by many early observational studies showing that increased
immune infiltrates in tumors correlated with survival out-
comes in many solid tumors, breast cancer notwithstanding
[15-20]. When evaluated as a composite group, many studies
have failed to show a correlation between survival outcomes
and lymphocytic infiltration in breast cancer [21-26]. Con-
versely, when segregated into their phenotypic subtypes, a
significant association between tumor-infiltrating lympho-
cytes (TILs) and patient outcomes was seen in the TNBC
cohort. In this paper, we will review and consolidate the recent
evidence linking TILs and its subsets to breast cancer out-
comes in TNBC.

Immune Evaluation in Breast Cancer

The evaluation of TILs in breast cancer across studies has
been heterogeneous. Multiple varying parameters, including
the type of tissue samples utilized, inflammatory cell popula-
tion studied, site, and quantification of the immune cells, have
made direct comparisons between the various studies difficult.
Recent efforts by the International TILs Working Group have
resulted in a consensus guideline on the histopathological
evaluation of TILs in breast cancer to facilitate standardization
of assessments and interpretation of data across studies [27].
The guidelines were based upon the methodology initially
described by Denkert et al. [28] The study included all mono-
nuclear cells (with the exclusion of polymorphonuclear
leucocytes) in either the tumor cell nests or stromal compart-
ment on full hematoxylin and eosin-stained sections.
Intratumoral TILs were defined as lymphocytes with direct
cell-to-cell contact with carcinoma cells, while stromal TILs
were found in the intervening stroma in the absence of direct
contact with carcinoma cells. TILs were measured as a

percentage of each compartment and assessed as a continuous
variable for statistical analyses. The guidelines also defined a
group of breast cancers with particularly high TIL infiltrate,
the lymphocyte predominant breast cancer (LPBC), where
there were more lymphocytes than tumor cells, using an arbi-
trary cutoff of 50-60 % (Fig. 1).

The majority of TNBCs have been reported to be basal-like
breast cancers by gene expression profiling, ranging from 70
t0 90 % [4, 5, 29]. To facilitate the identification of this intrin-
sic molecular subgroup in clinical practice, Nielsen et al. iden-
tified a surrogate panel of immunohistochemistry markers that
could accurately discriminate basal-like tumors from the other
intrinsic molecular subtypes with a sensitivity of 76 %
and specificity of 100 % [30]. In this review, core basal
breast cancers, as described in the following sections,
are defined accordingly as cytokeratin 5/6 and/or epider-
mal growth factor receptor-1 positivity in addition to the
triple-negative phenotype described by Nielsen et al.
[22, 24, 31-35].

Prognostic Value of TILs in TNBC

Stromal Mononuclear Cells Are Strong Independent
Prognostic Markers for Breast Cancer Outcomes

Four large retrospective studies evaluating the role of TILs
based on the International TILs Working Group guidelines
have been published. These studies included more than 4000
patient samples, of which 1070 were from TNBC patients,
enrolled in prospective randomized controlled trials involving
adjuvant chemotherapy as detailed in Table 1 [25, 26, 36, 37].
In all but one study, the patient cohorts received adjuvant
chemotherapy.

The stroma appeared to be more highly infiltrated by TILs
(median 10 %) as compared to the intratumoral compartment
(median 0-5 %). TILs were most consistently associated with
high-grade tumors and ER negativity. The distribution of TILs
was heterogeneous across the different breast cancer subtypes.
Stromal TILs were higher in density in the ER-negative/Her2-
negative (median 15-25 %) and Her2-positive breast cancer
subgroups (median 15-20 %) when compared to the ER-
positive subgroup (median 7.5-10 %) [25, 26, 36]. The medi-
an proportion of lymphocyte predominant breast cancer
(LPBC) in the TNBC subgroup ranged between 4.4 and
11.6 % [26, 36-38].

The studies failed to show any prognostic significance of
TILs in the composite breast cancer cohort. When evaluated in
distinct phenotypic subgroups, TILs however were associated
with improved outcomes in the triple-negative group. This
prognostic value appeared to be most consistent when TILs
within the stromal component were evaluated. Stromal TILs
evaluated as a continuous variable (per 10 % increment) was
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Fig. 1 International TILs
Working Group Consensus
guidelines [27]

International TILs Working Group Consensus Guidelines (27)

Intratumoural TILs

Stromal TILs

Lymphocyte-predominant
breast cancer (LPBC)

Lymphocytes with direct cell-to-cell
contact with carcinoma cells

Lymphocytes found in the intervening
stroma in absence of direct contact
with carcinoma cells

i+ | Stromal lymphocyte encompassing

>50-60% of the stromal surface area

Table 1  Prognostic value of mononuclear TILs in TNBC (International TILs Working Group guidelines)

Loi et al. 2013 [26]

Loi et al. 2014 [25]

Adams et al. 2014

Dieci et al. 2014 [36]

[37]
Study dataset BIG 02-98 FinHer ECOG 2197 2 French RCTs (enrolled at Gustave
ECOG 1199 Roussy)
Total no. of patients 2009 935 481 781
Total no. of TNBC 256 134 481 199
Study arms A—CMF T—FEC E2197: AC FEC/FAC %6
AC—CMF V—FEC AT No chemotherapy
A—T—CMF +/— trastuzumab in Her2-positive E1199: AC
AT—CMF subtype TC
Median stTILS in TNBC (%) 20 25 10 15
LPBC in TNBC (%) 10.6 11.6 44 5
Significant clinicopathological ER negativity ER negativity Nodal ER negativity
associations Invasive ductal Invasive ductal carcinoma involvement High grade
carcinoma High grade
High grade High Ki67
High Ki67 Larger size
Nodal involvement
Her2 amplification
stTILs association with outcomes (adjusted)
HR DFS (per 10 %1) 0.83 0.82 0.84 -
p value .025 A7 .005 -
HR DDES (per 10 %T1) - 0.77 0.81 -
P value - .02 .02 -
HR OS (per 10 %71) 0.83 0.81 0.79 0.85
P value .035 .14 .003 .004

RCT5 randomized controlled trials, TNBC triple-negative breast cancer, 4 doxorubicin, E epirubicin, C cyclophosphamide, M methotrexate, F' fluoro-
uracil, 7 docetaxel, V' vinorelbine, sT/Ls stromal tumor-infiltrating lymphocytes, LPBC lymphocyte predominant breast cancer, /R hazard ratio, DFS

disease-free survival, DDFS distant disease-free survival, OS overall survival
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found to significantly correlate with better outcomes [25, 26,
36, 37]. Interestingly, the adjusted point estimate reduction for
relapse or death was similar across the studies, ranging from
16 to 18 % for every 10 % increase in stromal TIL infiltration.
In addition, a 15 to 21 % reduction in overall mortality was
also seen [25, 26, 36, 37].

When evaluated as a binary variable, patients with LPBC
were found to have an even more significant improvement in
relapse rates and survival (DFS hazard ratio (HR) 0.30, 95 %
confidence interval (95 %CI) 0.011-0.81, adjusted p=.018;
OS HR 0.29, 95 %CI 0.091-0.92, adjusted p=.036) [26]. A
21 % improvement in 5- and 10-year overall survival in the
LPBC cohort was noted by Loi et al. and Dieci et al., respec-
tively, although it did not reach statistical significance in the
latter [26, 36].

Cytotoxic T Cells Are Associated with Improved Breast
Cancer Outcomes

Cytotoxic CD8+ T cells play a crucial role in tumor-specific
cellular adaptive immunity. Following tumor antigen interac-
tion via the major histocompatibility (MHC) class 1 molecule,
CDB8+ T cells exert anti-tumor activity by mediating and facil-
itating type 1 immune responses within the tumor microenvi-
ronment [39, 40].

Studies evaluating the role of infiltrating cytotoxic T lym-
phocytes utilized a mixture of tissue samples including micro-
array constructs [21, 22, 31, 32] and full-faced H&E sections
[33,41]. CD8+ TILs were evaluated in a non-parametric man-
ner with a variety of cutoff values used across the studies.
Despite the heterogeneity of methodologies, CD8+ TILs tend
to be found in higher density within the stroma compared to
the intratumoral compartment [21, 22,31, 33, 41]. High CD8+
TILs were shown to correlate with higher grade breast can-
cers, ER and PR negativity [21, 22, 31, 33], and notably, with
the core basal phenotype [22, 31].

The prognostic significance of CD8+ TILs was not consis-
tent across six more recent publications [21, 22, 31-33, 41]. In
the ER negative cohort, CD8+ TILs correlated positively with
outcomes in all but one study [33]. In the majority of studies,
however, a higher frequency of CD8+ TIL infiltration, either
total, intratumoral, or stromal, was associated with an im-
provement in breast cancer-specific survival (BCSS) in the
ER-negative population.

Four of the six studies with subset analysis of more than
2000 TNBC patients have shown significant differences in
breast cancer outcomes as detailed in Table 2 [22, 31, 32,
41]. Increased CD8+ TILs were associated with improved
survival outcomes although the site, intratumoral or stromal,
varied across the studies [22, 41]. Even after adjusting for
potential confounders, increased intratumoral TILs were a sig-
nificant independent prognostic factor for breast cancer-
specific survival (HR 0.48, 95 %CI 0.34-0.67; p<.001)

[22]. Intriguingly, within the triple-negative group, CD8+
TILs were associated with a better prognosis in the core basal
phenotype [22, 31, 32] but this finding was not replicated in
the five negative phenotype [22, 32], which is known to have
a better prognosis.

Regulatory T Cells Have Conflicting Correlation
with Breast Cancer Outcomes

Regulatory T cells (Tregs), characterized by the expression of
CD4, CD25, and FOXP3, function to suppress inappropriate
immune responses and are responsible for immunological tol-
erance [42]. In cancer, Tregs appear to have the ability to
abrogate tumor-specific CD8+ T cell responses and hence
postulated to be deleterious in anti-tumor immunity [43]. Tu-
mor tissue may also secrete cytokines to traffic Tregs into the
tumor microenvironment and promote the conversion of naive
T cells into FOXP3+ Treg, thereby impairing the effector im-
mune responses [43]. FOXP3, localized to nucleus, was used
to identify Tregs in the following studies discussed, as it is by
far the most specific marker [44, 45].

A high density of FOXP3+ TILs was most consistently
associated with high tumor grade, estrogen receptor negativity
[24, 33, 34, 43, 46-49], and specifically, the core basal phe-
notype [24, 33, 34, 47]. The prognostic significance of
FOXP3+ TILs in breast cancer is controversial. Similar to
the studies on cytotoxic CD8+ TILs, the methodologies used
to evaluate FOXP3+ Tregs in breast cancer have not been
standardized. In addition, the discordance in findings across
the studies also appears to be related to the different molecular
subtypes of breast cancer and possible associations with
CD8+ TILs. Within the ER-negative breast cancers, FOXP3+
TILs were not found to be prognostic for survival in three
retrospective cohort studies [24, 46, 47]. Conversely, in the
TNBC group, West et al. reported a longer relapse-free sur-
vival with higher densities of FOXP3+ TILs [48]. A signifi-
cant improvement in BCSS with a median difference of 13 %
at 15 years was also noted in the group with core basal phe-
notype [24]. Yan et al., however, reported a significant corre-
lation with poorer survival in core basal breast cancers [34]. A
higher proportion of concurrent staining with CXCR4 in
FOXP3+ Tregs was also seen in the basal-like cancers com-
pared to the luminal cancers in a small subset of this study.
CXCR4 is a cognate receptor of CXCL12, a chemokine se-
creted by tumors to recruit Tregs [50]. Hence, the immune
evasion process of core basal breast cancers could be facilitat-
ed by the recruitment of Tregs into the tumor microenviron-
ment [34].

The correlation of outcomes with FOXP3+ TILs has been
postulated to be related to the interplay with CD8+ T cell
infiltration. Core basal tumors were found to have a lower
ratio of stromal CD8+/FOXP3+ T cells, which corresponded
to a poorer survival, as compared to luminal breast cancer
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Table 2 Prognostic value of CD8+ TILs in TNBC

Mahmoud et al. 2010 [31]

Liu et al. 2012 [22]

Alietal. 2014 [32]

Chen et al. 2014 [41]

Study dataset Retrospective cohort Retrospective cohort 2 observational studies Retrospective cohort
(BCCA, NBCS)
and 1 RCT (NEAT)
Total no. of patients 1334 3403 12,439 332
Total no. of TNBC  — 535 1423 50
CBP 261 307 944 -
SNP - 142 479 -
Tissue samples TMA TMA TMA Full-face sections
TIL Non-parametric (high/low)  Non-parametric (high/low)  Non-parametric (high/low)  Non-parametric (positive/negative)
evaluation
Association with survival outcomes
Total TILs
TNBC - Yes (p=.008) - -
CBP Yes (p=.012) Yes (p<.001) - -
SNP - Yes (p=.229) - -
Intratumoral TILs
TNBC - Yes (p=.001) - Yes (p=.001)
CBP - Yes (p<.001) Yes (HR 0.60) -
SNP - No (p=.675) No (HR 0.92) -
Stromal TILs
TNBC - Yes (p=.002) - -
CBP - Yes (p<.001) Yes (HR 0.66) -
SNP - No (p=.470) No (HR 0.90) -

RCTs randomized controlled trials, TNBC triple-negative breast cancer, CBP core basal phenotype, SNP, 5 negative phenotype, TMA tissue microarrays,

HR hazard ratio

subtypes [33]. Stromal CD8+/FOXP3+ ratio was reported to
be an independent prognostic factor for survival. Low levels
of CD8+ T cells relative to Tregs in the lymphoid aggregates
suggest greater inhibition of the cytotoxic T lymphocytes and
therefore a poorer tumor cell kill. In another study of ER-
negative breast cancers, a strong correlation between FOXP3+
TILs and total CD8+ TILs was noted [48]. FOXP3+ TILs
were significantly more abundant (>3-fold on average) in
the high CD8+ TIL group than in the low CD8+ TIL group.
High density of FOXP3+ TILs was not significantly associat-
ed with relapse-free survival in tumors that had low CD8+ TIL
infiltration, suggesting that the prognostic value of FOXP3
TILs was dependent on the presence of cytotoxic T lympho-
cytes. Interestingly, Liu et al. had also shown that the prog-
nostic effect of FOXP3+ intratumoral TILs was lost in the core
basal breast cancer subgroup when CD8+ TILs was taken into
account [24].

Other TIL Subsets
Another component of the adaptive immune system that has

not been well characterized in the tumor microenvironment is
humoral immunity. Matured B cells, identified by CD20
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positivity, may mediate their effects on tumors through anti-
body production, direct cytotoxicity, tumor antigen presenta-
tion, and regulation of other immune cells [51]. B cells have
been reported to be present in about 40 to 55 % of breast
cancer full-face tissue sections [35, 52, 53]. Mahmoud et al.
investigated the prognostic significance of infiltrating B lym-
phocytes in 1470 breast tumors and found a positive correla-
tion between higher numbers of total CD20+ B cells and
higher grade tumors, hormone receptor negativity, and basal
phenotype breast cancer. Total CD20+ B cell count was asso-
ciated with better prognosis in ER-negative tumors, indepen-
dent of tumor size and nodal status in multivariate analysis
(HR 0.61, 95 %CI 0.42-0.88, p=.008). This finding was rep-
licated in the cohort of 249 breast cancer patients with core
basal phenotype tumors (HR 0.46, 95 %CI 0.30-0.69,
p<.001) [35].

Programmed death-1 (PD-1) is a member of the CD28/
CTLA-4 family of co-receptors expressed on activated T cells.
Upon interaction with its ligands after antigen recognition,
PD-1 acts as a negative immune regulator that functions to
dampen effector T cell activity [54]. The expression of PD-1
on TILs was found in 16 to 60 % of breast cancers and, when
present, identifiable in up to 70 % of TILs [55, 56]. Of the
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TILs expressing PD-1, majority were cytotoxic CD8+ lym-
phocytes [56]. A significant correlation with high tumor grade
was reported, but its correlation with ER status was conflicting
in three studies which utilized different tissue materials
[55-57]. In TNBC cohorts, the presence of PD-1+ TILs was
significantly more likely and was found in at least 70 % of the
tumors [55, 57]. In core basal tumors, over a quarter were
infiltrated by PD-1+ TILs compared to the luminal A sub-
group (~5 %) and, when present, was found to be a negative
prognostic marker that correlated with a significant reduction
in overall survival (unadjusted HR 3.140, 95 %CI 1.886—
5.230, p<.0001) [55].

TILs and Immune-Related Gene Signatures

Gene expression profiling has been used in the clinical setting
to aid in the prediction of clinical outcomes in patients with
breast cancer. However, its utility has mainly been limited to
ER-positive tumors to identify luminal A tumors at low risk of
recurrence [58, 59]. These gene signatures, commonly asso-
ciated with cell cycle progression and proliferation, tend to
classify basal-like breast cancers as high risk and are hence
less informative in further risk stratification of this subgroup.
Within the molecularly heterogeneous triple-negative breast
cancer cohort whereby approximately 80 % are molecularly
defined basal-like breast cancers [3, 5, 60], there has been a
lack of discriminating genomic tests that can help to predict
relapse and survival to assist in therapeutic decision-making in
the clinics.

Several recent studies have found immune gene signatures
to be associated with breast cancer outcomes in ER-negative
and TNBC using hierarchical clustering techniques and/or
outcome correlation studies [60—-67]. In general, gene expres-
sion signatures related to T cell responses, particularly of T
helper 1 immune responses and/or B cell responses, have been
found to correlate with favorable outcomes in basal-like breast
cancers. An interesting study that was recently published
attempted to correlate identified immune gene signatures from
various research groups in 107 TNBC patients [60]. The study
clustered patients into three distinct molecular groups and
found a significant difference in event-free survival amongst
them. Robust functional annotation of the clusters using var-
ious gene expression signatures showed that high immune
response was a hallmark of the cluster with significantly better
outcomes.

Overexpression of these immune-related genes is thought
to reflect histopathological findings of the abundance of TILs
in breast cancer, but correlation between the two entities has
not been clear. Teschendorff et al. reported that overexpression
of immune response genes correlating with improved progno-
sis appear to be independent of the degree of lymphocytic
infiltration [61]. Conversely, in a study of 71 TNBCs, higher

expression of interferon-regulated and immunoglobulin genes
correlated with a significantly larger amount of TILs, suggest-
ing an association between immune response gene upregula-
tion and lymphocytic infiltration [62]. Another two studies
further demonstrated the correlation between immune gene
expression and TILs based on immunohistochemistry [64,
65]. Interestingly, aside from pro-immune response genes, im-
munosuppressive markers such as LAG3, IDO1, CTLA-4,
TIGIT, BTLA, and FOXP3 were also found to correlate pos-
itively with increased lymphocytic infiltration [65]. These
feedback immunosuppressive pathways appear to be part of
a continuum process in cancer immunoediting, from tumor
elimination to evasion.

Discussion

The “immunogenicity” of cancers, which is the tumor’s abil-
ity to induce host adaptive immunity, appears to play an im-
portant role in cancer immunosurveillance [68]. The first step
involves the presentation of tumor antigens and its recognition
by T lymphocytes [69]. Highly immunogenic cancers, such as
melanomas and non-small cell lung cancers, have high muta-
tional load [70] and hence more likely to generate neoantigens
that may be recognized by cytotoxic T lymphocytes [71].
Breast cancers, on the other hand, are not typically immuno-
genic as they have lower frequencies of somatic mutation
[70]. However, amongst the breast cancer subtypes, molecu-
larly defined basal-like breast cancer has been shown to have
mutational rates twice that of luminal A breast cancers [72],
suggesting a possible differential neoepitope landscape and
thus immunogenicity. In conjunction with this hypothesis,
the studies discussed have demonstrated higher lymphocytic
infiltration in triple-negative as compared to ER-positive
breast cancers, likely due to increased T cell recognition of
tumor neoantigens, resulting in increased T cell trafficking and
clonal expansion in the tumor microenvironment. These
tumor-antigen-specific lymphocytes appear to confer immu-
nity against cancer cells and thus correlate with improved
survival outcomes.

The identification of prognostic biomarkers in early
TNBCs is crucial for many reasons. Firstly, TNBCs are
comprised of a group of biologically and genomically di-
verse tumors with potentially varying outcomes [3, 73].
Comparative studies have shown that approximately 80 %
of all triple-negative tumors are identified molecularly as
basal-like [3, 5]. However, it appears that even within
basal-like breast cancers, further distinct subclasses exist
with significantly different survival outcomes [60]. Further
refinement of this population of breast cancers using easily
incorporable and reproducible prognostic factors may help
to accurately distinguish a group of low-risk patients that
may not require adjuvant chemotherapy. Secondly, these
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biomarkers may help us better understand the underlying
pathogenic mechanisms and, in turn, may aid in identifying
potential therapeutic targets.

As highlighted in our review, mononuclear TILs, defined
by the International TILs Working Group guidelines, were
associated with favorable outcomes in TNBC patients receiv-
ing adjuvant chemotherapy [25, 26, 36, 37]. Amongst the four
large studies, only one included patients from two randomized
controlled trials who had no adjuvant chemotherapy [36].
There was no significant heterogeneity in the prognostic effect
of TILs according to whether chemotherapy was administered
and vice versa. Although the population of patients who did
not receive adjuvant chemotherapy in this study was small, it
suggests that the prognostic value of TILs may be independent
of adjuvant treatment. This remains to be validated in larger
studies. Future prospective studies may consider incorporat-
ing TIL assessments and use it to stratify patients in treatment
arms to help determine not only its prognostic but also predic-
tive value.

Given the consistency of mononuclear TILs in predicting
outcomes across the studies, it would appear that the specific
composition and function of TILs did not seem to matter. How-
ever, when TILs were evaluated according to their functional
subsets, cytotoxic CD8+ TILs appeared to correlate with prog-
nosis but the findings were equivocal for FOXP3+ Tregs.

One potential explanation is the heterogeneity in study
methodologies. Aside from its nuclear expression in T cells,
FOXP3 expression has also been reported on normal and car-
cinoma breast tissue [74]. The localisation of FOXP3 in breast
tumor cells (i.e., nuclear or cytoplasmic) appears to have prog-
nostic implications [49, 75]. In light of these findings, caution
needs to be taken when interpreting immunohistochemistry
and gene expression data of FOXP3 on breast cancer tissue
samples. Another possible reason for the discordance in the
prognostic value of FOXP3 Tregs is the complex interplay
between various cellular components of the innate and adap-
tive immunity, and the tumor [76]. The effect of each func-
tional immune component may be modulated by other im-
mune cell populations. Exemplifying this dynamic relation-
ship were three studies that demonstrated an interaction be-
tween suppressor FOXP3 TILs and effector CD8+ TILs in
ER-negative and core basal breast cancers whereby the prog-
nostic value of Tregs appeared to be dependent on the pres-
ence of cytotoxic T lymphocytes [24, 33, 48]. Hence, a com-
prehensive analysis of the various immune components in the
tumor microenvironment is needed to provide a clearer picture
of their functional role in cancer immunoediting.

There exists a continuum between tumor elimination and
evasion in the process of cancer immunoediting. Effector
CD8+ TILs were interestingly found to correlate positively
with suppressor Tregs infiltration [48], upregulation of nega-
tive immune checkpoint PD-1 [56], and overexpression of
immunosuppressive genes [65]. To further illustrate this
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feedback immunosuppressive pathways, a recent publication
in melanomas suggested that CD8+ T cells may orchestrate an
immunosuppressive tumor microenvironment through pro-
duction of interferon-y, which drives upregulation of PD-L1
and indoleamine-2,3-dioxygenase (IDO), and chemokine
CCL22, which mediates recruitment of Tregs [77]. Addition-
ally, tumor-evoked B regulatory cells were found to induce
TGF-f-dependent conversion from resting CD4+ T cells to
FOXP3+ Tregs, a process that allows breast cancer cells to
metastasize to the lungs in murine models [78]. Understanding
the mechanisms of immune evasion in cancer has led to the
development of drugs that inhibit negative regulatory check-
points, thereby reversing immunotolerance. Although these
drugs are currently only being studied in patients with meta-
static TNBC, its utility in the adjuvant setting to re-ignite
effective cancer immunosurveillance is a highly attractive
proposition and is eagerly awaited.

Accumulating evidence on the prognostic utility of TILs
in TNBCs have brought about the first steps in harmoniza-
tion of the methodology used by pathologists when evalu-
ating TILs. Current guidelines evaluate tumor-infiltrating T
and B lymphocytes and plasma cells as a composite entity
and recommend the use of full-face sections. Future efforts
to refine these guidelines to include the various immune
cell subsets and their relationship with one another may
unveil further prognostic biomarkers and contribute to bet-
ter the understanding of the biological immune processes
associated with patient outcomes. Likewise, correlative
studies of TILs with genomic profiling may offer insights
into the tumor microenvironment and may potentially im-
prove outcome prediction models in TNBC. On a practical
note, it may be worthwhile to determine concordance be-
tween tissue microarrays and full-face sections in relation to
the prognostic value of TILs, given potential problems of
intratumoral heterogeneity. This will help inform adequacy
of using tissue microarrays, an otherwise very practical and
effective tool for high-throughput analysis and experimental
standardization, in assessing TILs in TNBC.

Conclusion

We now have robust evidence that TILs, a reflection of func-
tional cancer immunosurveillance, are an important prognos-
tic marker in TNBC in the adjuvant setting. Apart from current
methods used for prognostication, TILs may further refine
outcome prediction. However, its utility in the clinical setting
to aid in decisions on adjuvant chemotherapy has not been
established. Further efforts to understand the functional biol-
ogy of TIL subsets and its interactions in the tumor microen-
vironment are essential in developing effective immunothera-
peutic approaches in TNBCs. Correlation of TILs on histopa-
thology with emerging molecular subtypes in TNBC, which
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include not only biological processes from the tumor but also
the tumor microenvironment, may allow the development of
an even more powerful prognostic marker in this very heter-
ogenous cohort of patients.
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