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Abstract

The presence of immune infiltrates in the tumor microenvironment has been documented in many types of cancer. Moreover,
the preexistent or endogenous immunity which consists of interactions between intratumoral lymphocytes and tumor cells
is mostly relevant for the successful application of various anticancer therapies, including standard chemotherapy, immune
checkpoint inhibition-based immunotherapy and targeted therapies. The immunoscore defines densities of intratumoral
immune infiltrates which determine poor or favorable prognosis depending on their quantity and quality in the tumor compart-
ments. Results from large clinical studies have demonstrated an association between high densities of cytotoxic and memory
TILs in the tumor compartments with improved prognosis. Importantly, we have demonstrated that differential combined
densities of immune infiltrates jointly analyzed in the tumor center (TC) and the invasive margin (IM) have a significant
prognostic value in breast cancer patients with poor clinicopathological parameters.
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BCa Breast cancer

CDK4/6 Cyclin-dependent kinase 4 and 6

DFS Disease-free survival

ER Estrogen receptor

FCIS Favorable combined immune signature
HEV High endothelial venule

M Invasive margin

TAM Tumor-associated macrophages

TC Tumor center

Th T-helper

TMB Tumor mutational burden

Tregs Regulatory T cells

UCIS Unfavorable combined immune signature
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TILs and the endogenous antitumor
immunity

Malignant cell transformation alters the structure of cell
membrane proteins and induces antitumor responses against
tumor antigens which eliminate the developing tumor cells,
controlling tumor growth rates. However, as postulated in
the “immunoediting hypothesis”, this immune surveillance
may be overridden by various acquired resistance mecha-
nisms employed by the tumor or other cells in the tumor
microenvironment including fibroblasts and MDSCs, lead-
ing to immune evasion and clinical manifestation of cancer
[1-3]. Thus, this inherent capacity of the immune system
to respond to the tumor and to control cancer cell growth
(referred to as endogenous or preexisting immunity) has a
major impact on the balance between tumor immune sur-
veillance and escape. TILs are key to our understanding
of tumor immunogenicity and results from clinical studies
revealed that these cells have a leading role on the clinical
course of several cancers, with CTLs providing the most
consistent positive prognostic impacts [4]. These findings
underscore the relationship between the endogenous anti-
tumor immunity and cancer, and also highlight the poten-
tial role of patients’ immune system for the management of
malignant disease. At this point we are not aware at which
levels the adaptive immune response generated within
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the tumor microenvironment may hinder tumor progress,
namely if there is a complete destruction of the tumor or, due
to tumor heterogeneity, only the immunogenic clones will
be recognized and eliminated, whereas “the rest” will con-
tinue growing. In the latter case, the immunoediting process
will ensure that the tumor-specific TILs, by eliminating most
of tumor cells, will “shape” the tumor to be more clonal
than heterogeneous, and thus more accessible to reinforced
immune attack via immunotherapies [5].

TILs as biomarkers

The complex process of interactions among TILs having
different densities and function, will variously impact tumor
growth depending on the strength by which they mediate
opposite or synergistic antitumor effects. The magnitude of
the immune response generated will be further influenced by
the molecular characteristics of the tumor and its microen-
vironment, rendering this dynamic interaction of the tumor
and immune system an indispensable parameter for clinical
outcome. Indeed, in many cancer types there is an associa-
tion of immune-cell infiltrates with prognosis and prediction
which confirms the capacity of the immune system to influ-
ence clinical outcome and the ability to predict therapeutic
responses [6].

The role of TILs as favorable prognostic biomarkers has
been identified in multiple types of malignant diseases,
whereby the densities of certain TIL subpopulations were
indicative for the magnitude of the endogenous antitumor
immunity [7]. In general terms, strong lymphocytic infiltra-
tion, mainly consisting of CD45RO+ (memory) and CD8+
(cytotoxic) TILs (comprising the “immunoscore”), has been
associated with clinical benefits in patients with colon, lung,
breast, ovarian, prostate, and head and neck cancer [8]. For
colorectal cancer it has been established that the densities
and type of CD8+ TILs correlate with tumor progression
regardless of patients’ tumor stage, rendering the immu-
noscore a significant prognostic factor, complementing or
even outperforming standard pathological criteria alone [9].

In contrast to CD8+, the prognostic value of CD4+
immune infiltrates are rather debatable. This is mostly due
to the fact that the CD4+ T-cell pool comprises at least 4
lineages [e.g., T-helper (Th)1, Th2, Th17 and regulatory T
cells (Tregs)] with distinct functional programs also charac-
terized by functional plasticity [10]. Accumulating evidence
suggests that CD44 Tregs have the ability to inhibit host-
derived adaptive antitumor immunity mostly by suppressing
tumor-specific cytotoxicity [11, 12]. The transcription factor
FOXp3 plays an important role for Tregs development and
function, and is considered as a reliable marker for Tregs.
Reports concerning the role of CD4+ Tregs TILs ascribe a
functional dichotomy in this particular subset: on one hand
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Tregs appear to support cancer progression by suppress-
ing antitumor immunity, possibly representing a potential
unfavorable prognostic factor which could be valuable as a
therapeutic target. Indeed, this relation has been reported in
a wide range of localized or metastatic human carcinomas,
including ovarian, hepatocellular, lung, gastric and cervi-
cal cancers [13]. The capacity of Tregs to support a hostile
tumor microenvironment promoting tumor progression has
been highlighted also from reports in breast cancer sup-
porting the role of these cells both as prognostic as well
as predictive biomarkers. In comprehensive retrospective
analyses, increased densities of FoxP3+ immune infiltrates
were associated with poor OS which highlighted their role
as unfavorable prognosticator [14, 15]. Because the endog-
enous tumor-reactive immunity in addition to regulating
the outcome of immunotherapies also influences responses
to other type of therapies, intratumoral Tregs have been
also reported to function as predictive biomarkers. Thus,
the density balance between CTLs and Tregs significantly
associated with clinical responses after neoadjuvant chemo-
therapies in breast cancer with high complete pathological
responses reported in patients having high CD8+/FOXp3+
ratios [16-18].

Besides adjuvant chemotherapies, densities of CD8+
T-lymphocytes have additionally been demonstrated to
correlate with the outcome of neoadjuvant endocrine ther-
apies in breast cancer patients [19]. This correlation may
be linked to the tumor mutational burden (TMB)—CD8+
T infiltrates axis [5, 20]. For instance, Luminal B breast
tumors are immunologic “hot” tumors characterized by
high TMB and are less responsive to aromatase inhibi-
tors [21, 22] presumably because their growth is regu-
lated by alternate oncogenic pathways induced by activat-
ing mutations. On the other hand, tumors responsive to
aromatase inhibitors should be dependent mainly on the
estrogen receptor (ER) signaling for their growth mean-
ing that such tumors have less activating oncogenic muta-
tions during their evolution. However, irrespective of the
molecular subtypes of breast cancer, the tumor microen-
vironment negatively impacts the antitumor immunity by
downregulating tumor reactivity mediated by CD8+ CTLs
mainly through induction of suppressive mechanisms
[23]. In breast cancer, hormonal signaling can variously
enhance tumor progression [24] which provides a serious
obstacle for the successful outcome of immunotherapies
in this type of cancer. This necessitates the development
of combinatorial modalities to boost immunotherapeutic
responses. For instance, blocking of immune checkpoints
combined with hormonal therapies represents a promising
therapeutic modality; however, the frequently emerging
acquired immune resistance during immunotherapies with
antibodies that block immune checkpoints provide a seri-
ous hurdle for its successful application. Another problem
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that obviously prevents the use of combined therapies
is the lack of knowledge about the appropriate time for
their initiation as well as their sequencing. Despite these
problems, immunotherapies targeting negative pathways
of immune regulation seem to hold promise for induc-
ing durable clinical responses through the generation of
tumor-specific memory which can be even improved in
the presence of conventional hormone therapies, thereby
significantly prolonging patients’ survival.

Besides gene mutations, oncogenic pathways in breast
cancer can be activated via gene overexpression. For
instance, overexpression of the cyclin D/ cyclin-dependent
kinase 4 and 6 (CDK4/6) complex has been associated with
oncogenes in various types of cancers with a much higher
incidence in Luminal B vs Luminal A breast cancers [25]
which may suggest a link between CDK4/6 overexpression
with CD8+ T lymphocyte tumor infiltration. Moreover, there
are studies to demonstrate modulation of the tumor micro-
environment by CDK4/6 inhibitors in favor of antitumor
immunity. Thus, CDK4/6 inhibitors have been reported to
potentiate tumor-specific T-cell immunity by downregulat-
ing immunosuppressive tumor cell infiltrates including Tregs
and myeloid populations, and also to augment antitumor
CD8+ T cell-mediated antitumor cytotoxicity via increase
of tumor immunogenicity [26]. Such immunoenhancing
effects may pave the way for the design of novel therapeu-
tic modalities combining CDK4/6 inhibitors with immune
checkpoint blockade.

On the other hand, Tregs appear as inhibiting cancer
progression by suppressing cancer-promoting inflamma-
tory processes [27]. To this end, recent studies reported that
increased frequencies of FOXp3+ Tregs were associated
with improved prognosis in some tumors, such as colorectal
cancer and bladder cancer [28]. So far there are no results to
provide a mechanistic explanation for the functional dichot-
omy of Tregs. One reason could be that the prognostic effect
of FOXp3+ Tregs is determined by the tumor microenviron-
ment which is unique for each tumor depending on various
parameters including tumor biology, the anatomic site where
the tumor grows and host factors (e.g., microbiota, local
cytokine milieu). Second, there are no phenotypic markers
fully restricted to Tregs which provide a serious obstacle
when applying methodologies for their isolation and func-
tional analysis. For instance, FOXp3 and CD25 which are
widely being used as phenotypic markers for Tregs, are also
expressed on activated CD4+4 T-helper cells which could
contaminate Tregs preparations and leading to misinterpreta-
tions. Moreover, the prognostic value of Tregs is correlated
with tumor stage or molecular subtype. Therefore, it will be
essential to further improve our understanding of the biology
and functional programs of Tregs in different human cancers
so to be able to use these cells as useful biomarkers, but also
as targets for immunotherapy.

During the past decade results from various studies have
ascribed a multifaceted role for macrophages within the
tumor microenvironment. Based on phenotype analyses
there are various subsets of tumor-associated macrophages
(TAMs) which play a significant role for tumor initiation
and progression. In general terms, TAMs can be classified
in M1 inflammatory and M2 anti-inflammatory subsets with
distinct phenotypes and functions regulating tumor prolif-
eration, progression and angiogenesis through the release
of cytokines, chemokines and growth factors [29, 30]. In
particular, M2 TAMs have been demonstrated to exert pro-
tumoral functions in various types of solid malignancies but
also in hematological cancers [29]. In breast cancer, CD163
positive M2 TAMs have been associated with tumor progres-
sion to invasive carcinomas [31]. Moreover, there are studies
to suggest that the spatial distribution of CD163+- cells intra-
tumorally may determine their clinical relevance [32, 33].

Although the central role of the immune system and par-
ticularly of T lymphocytes for controlling tumor growth has
been widely accepted by the scientific community, still it
remains a challenging issue why TILs cannot successfully
eradicate tumors. This kind of controversy results from the
fact that TILs are usually identified and characterized based
on their phenotypic profiles and not their functional status.
Accumulating data show that TILs have become function-
ally silent via a plethora of immunosuppressive and immune
resistance mechanisms emerging in the tumor microenviron-
ment. Such inert TILs should appear at the late stages of the
escape phase under the immunoediting process during which
the tumor microenvironment becomes quite hostile for TILs.
Thus, we can hypothesize that by the time human cancers
become clinically detectable, at least at the early phase of
their detection, the adaptive immune response is still active
playing a significant role in slowing down tumor growth
rates. TILs may still be capable of controlling tumor growth
in a way that prolongs OS, thus delaying progression to the
advanced stages of the disease. This has been recently shown
by us for patients with advanced, non-metastatic, invasive
ductal carcinoma who had similar frequencies of relapse and
OS with early stage patients provided they had a favorable
composition of TILs [32]. It is also plausible that tumor
infiltration by antitumor effectors (e.g., CD8+ CTLs) and
consequently the levels of intratumoral antitumor immunity,
could be determined by a combination of several parameters
including, TMB, MHC and tumor antigen expression, and
cytokines/chemokines released by the tumor. Therefore, the
strength of the antitumor endogenous immunity exerted by
TILs during the early stages of the disease could be a major
parameter significantly controlling tumor evolution. The pro-
posed immune classification of colorectal cancer patients
based on the density, type and localization of TILs (compris-
ing the “immunoscore”) has a prognostic value that is supe-
rior to the standard TNM classification [9]. Considering that
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the immunoscore reflects to a great extend the magnitude of
the anticancer endogenous immune response, it is imperative
to identify cellular immune signatures functioning not only
as reliable prognostic factors, but also predicting responses
to therapeutic treatments as this has been shown in neoad-
juvant and adjuvant chemotherapies in breast and colorectal
cancer.

TILs in breast cancer

Among the various molecular subtypes in breast cancer,
those characterized as triple-negative or HER2-positive, in
their majority have dense immune infiltrates [34]. There are
studies to show that strong infiltration of lymphocytes in
the tumor tissue (occasionally designated as lymphocyte-
predominant breast cancer) may predict response to neoadju-
vant therapy and also may have a significant prognostic value
after adjuvant chemotherapy [35]. This is an important issue
which is in line with recent clinical reports showing that
chemotherapies can induce clinical benefit if successfully
activating the endogenous TIL-mediated antitumor immu-
nity. There is now an increasing body of reports to show that
chemotherapy can exert beneficial effects within the tumor
immune microenvironment through various mechanisms
including the increase of (i) CTLs and NK cells function;
(i) Th1 cytokine release; (iii) tumor cells immunogenic-
ity; and (iv) macrophages/DCs antigen presenting capacity.
Chemotherapies may also promote antitumor immunity via
mechanisms decreasing the densities of Tregs and MDSCs,
as well as the release of suppressor enzymes [36-39]. In
particular, chemotherapeutic drugs applied for breast cancer
treatment, such as anthracyclines and taxanes, are efficient
in triggering immunogenic tumor cell death, thereby trig-
gering an immune response in TILs via cross-presentation
of tumor antigens by mature DCs [37]. In similar lines,
Denkert et al. [40] studied intratumoral lymphocytes in
pretherapy core biopsies of breast cancer patients receiving
anthracyclines/taxane-based neoadjuvant chemotherapy and
reported a dependence of pathologic complete responses on
lymphocytic infiltrates. The authors proposed a re-activation
of the endogenous antitumor immunity via presentation of
tumor protein antigenic epitopes released by chemotherapy-
induced tumor cell death. This suggested that chemotherapy
may function as an immunopotentiator in patients whose
tumors have triggered endogenously antitumor immune
responses.

Cyclophosphamide and gemcitabine, which are also
being used for breast cancer treatment, indirectly stimulate
TIL-mediated adaptive immune responses via reduction of
immunosuppressive elements [41]. Hence, chemotherapy,
besides being tumoricidal, may additionally have an immu-
notherapeutic effect via stimulation of immune responses
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in TILs leading to complete clinical responses [42]. Con-
sequently, it is conceivable that the endogenous antitumor
immunity in the form of TILs confirms the presence of
underlying immune pathways in breast cancer supporting
the notion that this type of cancer is immunogenic and ame-
nable to immunotherapeutic regimens. Because different
immune-cell infiltrates may induce variations in clinical
response rates during systemic therapies, it is important to
analyze quantitatively as well as qualitatively TILs in the
various compartments of breast tumors to be able to use
them as potential prognostic and predictive biomarkers. Nev-
ertheless, clinical studies are needed with a special focus
on combinatorial treatments to determine the sequence and
dosing of chemoimmunotherapies based on the assumption
that the kinetics of development of antitumor responses are
critical for the magnitude of clinical responses. To this end,
we should keep in mind that despite robust clinical efficacy
such combinatorial modalities may induce significant toxic-
ity. Therefore, it is imperative to design trials to define the
minimal dosage of combined chemoimmunotherapeutics
causing maximal immune activation with minimal toxicity.

Differential distribution of immune
infiltrates in the tumor compartments

The complex interactions between immune infiltrates and
the tumor microenvironment is very crucial for determining
tumor progression and clinical outcome. In various types of
cancer, the type and densities of immune subsets have been
associated with clinical outcomes. In the majority of human
cancers increased densities of CD3+, CD8+ and memory
CD45RO+ T cells in the various tumor compartments are
associated with favorable prognosis. In colorectal cancer,
densities of CD8+ T cells were decreased along with tumor
progression, suggesting that intratumoral immune signatures
can function as potential markers predicting tumor relapses
and overall survival [9]. Nevertheless, this concept may
not be unambiguous since in some malignancies, including
B-cell lymphoma, Hodgkin lymphoma and clear cell renal
cell carcinoma, high densities of tumor-infiltrating CD8+
T cells have been associated with poor prognosis [6]. Cer-
tainly, the prognostic value of CD8+ T cells may be influ-
enced by other types of immune-cell infiltrates capable of
negatively regulating their functional program. This could
also represent another type of acquired immune resistance
whereby tumor cells, under immune pressure by high density
cytotoxic CD8+ T cells, attract intratumorally suppressor
elements to counteract such an immune attack, or become
immune-resistant by altering their phenotype. Therefore,
detailed information concerning not only the abundance
and type of TILs, but also their functional programs as well
as their spatial locations is needed to have a more accurate
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information of their role as prognostic biomarkers [43]. For
instance, in colorectal cancer, high densities of CD3+ T
cells at the invasive margin were significantly associated
with disease-free survival, whereas CD8+ T cells infiltrat-
ing the tumor stroma could predict breast cancer-specific
survival. Moreover, a high degree of stromal immune infil-
tration was found to be associated with increased disease-
specific survival in ER-negative/HER2-negative breast can-
cer patients [44, 45]. Notably, some groups reported that
this favorable prognosis, due to the abundance of immune
infiltrates, was dependent on the levels of “hotspots” defined
as the co-localization of cancer and immune cells. In this
way they could identify groups of patients with low hotspot
scores who, regardless of high or low immune infiltrates,
had a similar poor prognosis [46]. More recently, Miyan
et al. studied T-cell infiltration in the various molecular sub-
types of breast cancer and found low ratios of CD8+ and
FOXp3+ T cells in TC and IM which were associated with
poor prognosis [47].

One reasonable question then is what causes such dif-
ferential distributions of immune cells among the tumor
compartments and how this is linked to clinical outcome. A
crucial factor that could account for this concerns the bio-
logical properties of the tumor. This is supported by a broad
range of inflammatory gene and protein signatures within
the tumor as determined by high throughput technologies.
Such signatures include information for (i) factors related
to Thl or Th2 adaptive immunity; (ii) immune effector or
cytotoxic factors; (iii) chemokine ligands, chemokines, and
adhesion molecules and (iv) regulatory molecules. These
signatures are heterogeneous among tumor types and may
contribute to differences in vascularization, high endothelial
venule (HEV) density, tumor antigenicity, tumor suppres-
sor potential and chemokine/cytokine profiles, all of which
can influence to various levels the density and function of
intratumoral immune cells as well as their spatial localiza-
tion within tumor regions predicting patient survival [48].

To this end, of particular interest is the association of
CD8+ T-cell infiltration with the immunogenic TMB.
Accumulating evidence suggests that patients’ tumors with
somatic nonsynonymous coding mutations have elevated
expression of tumor-specific neoantigens and elevated
counts of CD8+ TIL [49, 50]. Among the dense CD8+
T-cell infiltrates, are tumor-reactive clones recogniz-
ing tumor expressed neoantigens [5, 51]. Nevertheless, it
appears that missense mutations generating endogenous
tumor reactivity are relatively rare. This is due to the fact
that only few mutations per tumor are immunogenic, and
tumors with a higher mutational burden have increased
chances of expressing immunogenic neoantigens. However,
there are many tumors having high CD8+ infiltrates albeit
with few or no predicted immunogenic missense mutations
suggesting that in these tumors, immunogenic neoantigenic

epitopes attracting CD8+ T cells have been generated by
other conditions of genetic hypermutability, mainly includ-
ing that of microsatellite instability [52]. Alternatively,
during the process of immune editing, tumor clones with
immunogenic missense mutations may have been selec-
tively recognized and deleted resulting in the accumula-
tion of CD8+ T cells. Irrespective of the mechanism(s) that
may lead to imbalances between CD8+ T-cell densities and
mutational load, tumor areas overpopulated by tumor cells
may attract tumor-reactive CD8+ T cells resulting in the
generation of an inflammatory milieu with release of MIP-
3b attracting DCs and thus completing the picture of a sus-
tainable local antitumor immune response [53, 54]. DCs,
in turn, may facilitate the accumulation of TILs at specific
tumor compartments through generation and maintenance
of HEV intratumorally [55]. In breast cancer, HEV number
and density are highly correlated with the extravasation of
immune effector and memory T lymphocytes into the tumor,
which was correlated with improved clinical outcomes [56].
Moreover, patients with high lymphatic vessels in the IM
of their tumors had high levels of cytotoxicity and reduced
metastases [57] ascribing antitumor properties to lymphatic
vascularization via facilitated immune-cell infiltration and
prevention of metastatic invasions at the IM.

Intratumoral immune infiltrates
and signatures in patients with breast cancer

As outlined above, the spatiotemporal tumor infiltration by
immune cells is a dynamic process which depends on mul-
tiple factors released by various cells, also including tumor
cells, which attract TILs at distinct tumor areas followed
by the generation of pro-inflammatory or immunosuppres-
sive pathways. With TILs migrating to the different tumor
areas, considerable levels of heterogeneity, both in terms
of cell-types and function, are generated which suggests
that their separate and combined evaluation in well-defined
tumor regions would be valuable [32]. To this end, there are
reports to show that combined density analyses for memory
(CD45R0O+) and cytotoxic markers in TC and IM could be
useful for precisely predicting tumor recurrences and sur-
vival for different patient groups in colorectal cancer [58,
59]. Although the concept of evaluating immune infiltra-
tion in breast cancer and making correlations with clini-
cal outcomes is not new, yet there have been few consist-
ent data on the differential distribution of immune cells in
the tumor areas and their combined evaluation as reliable
prognosticators. The presence of TILs in either the stromal
or intratumoral compartment was valuable for the outcome
of neoadjuvant therapies [60]. Spatial heterogeneity in the
co-localization of tumor cells and TILs was found to play
a prominent role for clinical outcome in ER-negative breast
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cancer [43] regardless the abundance of TILs infiltration,
underlying the need to study heterogeneity of spatial dis-
tribution in addition to measuring abundance of microen-
vironmental components. Further to this, Miyan et al. dem-
onstrated differential densities of CD3+ and CD8+ cells in
the TC and IM among the different molecular subtypes of
BCa, but they did not address their clinical relevance [47].
Our retrospective analyses of CD8+ and CD163+ cells
in TC and IM as single subpopulations or jointly, provided
first information regarding the role of spatial heterogeneity
of immune infiltrates on the frequency of relapses and over-
all survival in patients with breast cancer [32]. Our study
was designed to answer novel questions. First, can combined
analyses of immune infiltrates (CD8+ or CD163+ cells) in
the tumor regions (TC and IM) provide advantages over sin-
gle region analyses for patient prognosis? Second, can the
combined evaluation of CD8+ and CD163+ cell densities
jointly in TC and IM improve prognosis? Third, how does
the immune infiltration in the tumor compartments compare
with clinicopathological parameters regarding clinical prog-
nosis? Starting with single CD8+ or CD163+ cell analyses
in either TC or IM, we could hardly find statistical correla-
tions with the frequency of tumor recurrence or survival
[except in the case of low vs high CD8+ cell densities in the
IM which correlated with disease-free survival (DFS)]. As
expected, both DFS and OS were correlated with standard
TNM staging, grade, tumor size and invaded lymph nodes.
This first part of our analyses demonstrated that neither
CD8+ nor CD163+cell densities could contribute to prog-
nosis when separately analyzed in either TC or IM. By ana-
lyzing each one of these subsets in TC and IM, we found that
high densities of CD8+ cells in the TC concomitantly with
low ones in the IM (referred to as HL) predict significantly
better DFS and OS compared with the inverse densities of
CD8+ cells in the combined tumor regions (i.e., CD8+ low
in the TC and CD8+ high in the IM; referred to as LH) [32].
This suggests that CTL (assuming that in our case the CD8+
cells are cytotoxic) represent a prognostic biomarker, and
further delineates the importance of their spatial distribu-
tion in high or low numbers, which can help refining their
predictive capability on patients’ clinical outcome. Interest-
ingly, when DFS and OS were assessed based on CD163+
cell densities, patients with LH densities (i.e., TC low and
IM high densities) had significantly increased DFS or pro-
longed OS compared to patients with the inverse densities
of CD163+ cells, namely high in TC and low in IM (HL).
Next, we assessed these CD8+4 and CD163+ cell density
profiles for complementarity. The patients were separated
into 2 groups. The 1st group included patients with CDSHL
or CD163LH (also including those patients with CD8HL and
CD163LH); this constituted the favorable combined immune
signature (FCIS). In the 2nd group we have included patients
with CDSLH or CD163HL (and patients with CDS8LH and
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CD163HL, but not CD8HL or CD163 LH); this consti-
tuted the unfavorable combined immune signature (UCIS)
(Fig. 1). We found that the combined immune signatures
had a much higher prognostic significance for both DFS and
OS as compared to the single ones. Given that this type of
analyses was performed with the total patient population, we
were keen to analyze the prognostic value of FCIS vs UCIS
in subgroups of patients based on their clinicopathologic
characteristics. Our data consistently showed that the FCIS
had a robust favorable prognostic value in patients with poor
clinicopathologic parameters: patients having the FCIS and
poor clinicopathological parameters (i.e., undifferentiated
grade 3 tumors, large T2,3 tumors, invaded lymph nodes,
and advanced disease) had similar DFS and OS with patients
having favorable prognosis (i.e., grade 1,2/T1 tumors, non-
invaded lymph nodes and early disease) [32]. Ongoing stud-
ies in our laboratory show that, in the vast majority of these
patients, high CD8+ cell densities in the tumor compart-
ments (TC and/or IM) are accompanied by high densities
of FoxP3+ cells which could be explained as a mechanism

Unfavorable (UCIS)

Favorable (FCIS)

™~
v,
%

=t

1 increased OS and DFS

J decreased OS and DFS

‘9_ Macrophage @ CD8+ T cell

Fig.1 A Schematic representation of intratumoral FCIS and UCIS.
The former is characterized by high CD8+ cell densities and low
CD163+ ones within the TC combined with inverse densities for the
same subsets in the IM. Mechanistically this could be explained via
chemical gradients consisting of chemokines released by the tumor
cells which attract CD8+ cells into the TC leaving only sparse CD8+
cells in the IM. In contrast, CD163+ cells are not affected by such
gradients thus remaining in the IM and allowing the CD8+ cells in
the TC to develop efficient antitumor reactivity resulting in improved
clinical outcomes. In the UCIS the intratumoral cellular densities are
inverse (i.e., low CD8+ and high CD163+ cell densities in the TC
combined with high CD8+ and low CD163+ cell densities in the IM)
which may be explained by different chemokine gradients through
different tumor-released chemokine patterns
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of acquired immune resistance. This was supported by data
showing that low densities of CD8+ cells in these compart-
ments did not attract high numbers of FoxP3+ cells and this
was correlated with favorable clinical outcomes.

Future perspectives

Advances in tumor biology along with improvements in
our understanding of the dynamic interplay between the
immune system and tumor cells are of pivotal importance
for disease evolution. Reports from various clinical trials
offer now accumulating evidence to propose a link between
divergent tumor biology with the composition of tumor
microenvironment and activation of tumor-specific adap-
tive immunity. The majority of cancers at diagnosis may
have evaded immune surveillance, but nevertheless, resid-
ual anticancer immune responses in the form of preexisting
immunity could have significant prognostic and predictive
roles. Although this has been explored in many cancer types,
including breast cancer, ongoing investigations on the con-
tribution of the tumor microenvironment to prediction and
prognosis will surely provide additional fundamental infor-
mation. So far, knowledge derived from the immune contex-
ture of a tumor yields information on the spatial distribution
of immune infiltrates which undoubtedly improves standard
clinicopathological criteria for clinical outcomes. Our stud-
ies have an important contribution to this, demonstrating for
the first time that differential densities of immune infiltrates
jointly assessed in the TC and IM have a robust prognostic
value in breast cancer patients with poor clinicopathological
parameters. To this end we have shown that favorable prog-
nostic features include the dense presence of T-lymphocyte
subsets supporting cytotoxic responses (e.g., CD8+ cells) in
TC along with low densities of immunosuppressive elements
(e.g., CD163+ cells) combined with the inverse cell densi-
ties in IM (i.e., low CD8+ and high CD163+ cell densities).
Of course, our findings do not preclude other types of cells
with prognostic significance in the tumor microenvironment.
Thus, clinical research should focus to further evaluation of
the potential prognostic and predictive role of cells consti-
tuting the preexisting immunity in tumors. Through this, we
may have better chances to select patients who most likely
will benefit from therapeutic modalities targeting immu-
nomodulatory molecules to reinforce the endogenous anti-
tumor immunity.

Another important aspect that should be explored for bio-
marker discovery is that of T-cell functionality. It will be
namely essential to identify CD8+ T cells capable of mediat-
ing antitumor cytotoxic responses and not being anergic or
exhausted. T-cell functionality depends on the expression of
immune checkpoints mostly as a result of increased tumor
mutational load and expression of neoantigens [50, 61]. The

latter represent another factor which strongly impacts the
outcome of intratumoral immune responses. Depending on
the modus of their expression, neoantigens may influence
such responses in opposite directions: tumors exhibiting
clonal expression of neoantigens have an increased like-
lihood of responding to checkpoint blockade and highly
clonal tumors are more immunogenic than their more het-
erogeneous counterparts [5]. The latter only poorly respond
to immunotherapies. Nevertheless, mutational load lead-
ing to the formation of neoantigens, is not the only factor
which may determine the outcome of an anticancer immune
response. Several studies suggested that additional biomark-
ers, including copy number alterations affecting particular
genes and signaling pathways, correlate with poor T-lym-
phocyte tumor infiltrates, and may function as valuable
predictive biomarkers for clinical outcomes after immune
checkpoint therapies [20, 62, 63]. Given that lack of clinical
responses after immune checkpoint inhibition in heteroge-
neous tumors correlates with absence or low T-cell infiltra-
tion, it is conceivable that lack of T-cell-based immunose-
lection during immunoediting results in tumors that escape
immunosurveillance. Thus, combining the mutational load
with the copy number alterations, may predict more accu-
rately clinical response to immune checkpoint inhibition.
This intratumoral network which applies for the majority of
cancers has led to the application of combined therapeutic
modalities including standard chemotherapy, targeted agents
and immunotherapies with impressive clinical achievements
in some patients [64]. Moreover, distinct immunotherapies
aiming at reversing immune suppression in the tumor micro-
environment induced prolonged clinical responses [23].

Conclusions

There is now compelling evidence on the prognostic and
predictive role of TILs. It is a general consensus that higher
numbers of TILs are linked to higher probability to achieve
clinical responses. In the light of the impressive clinical
results with immune checkpoint inhibitors based on the re-
activation of the endogenous antitumor immunity, the pres-
ence and type of TILs will be used as a guide to inform
decisions on systemic therapy. However, there is a seri-
ous obstacle which may hinder the field moving forward,
namely tumor heterogeneity may prove to be a confounding
factor towards validation of TIL prognostic and predictive
biomarkers. Inventing therapeutic modalities to generate
robust host immune response and enable tumor control are
therefore required to circumvent this problem. For this it will
be mandatory to improve our knowledge about the immune
circuits which regulate antitumor T-cell reactivity in the
tumor microenvironment to develop strategies for further
improving clinical results from cancer immunotherapies.
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