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Abstract

Tumors and their surrounding area represent spatially organized “ecosystems”, where tumor cells and the immune contextures
of the different compartments are in a dynamic interplay, with potential clinical impact. Here, we aimed to investigate the
prognostic significance of peritumoral tertiary lymphoid structures (TLS) either alone or jointly with the intratumoral densi-
ties and spatial distribution of CD8 4+ and CD163 + cells in breast cancer (BCa) patients. TLS were identified peritumorally,
within the area distancing up to 5 mm from the infiltrative tumor border, counted and further characterized as adjacent or
distal, in formalin-fixed, paraffin-embedded tumor tissue samples from a cohort of 167 patients, with histologically confirmed
invasive ductal BCa. TLS and tumor-infiltrating immune cells were determined by H&E and immunohistochemistry. Clini-
cal follow-up was available for 112 of these patients. Patients with peritumoral TLS exhibited worse disease-free survival
(DFS) and overall survival (OS) as compared to patients lacking TLS. Moreover, the density of peritumoral TLS was found
to be crucial for prognosis, since patients with abundant TLS exhibited the worst DFS and OS. By combining the density of
adjacent TLS (aTLS) with our recently published intratumoral signatures based on the differential distribution of CD8 +and
CD163 +in the tumor center and invasive margin, we created two improved immune signatures with superior prognostic
strength and higher patient population coverage. Our observations strengthen the notion for the fundamental role of the
dynamic interplay between the immune cells within the tumor microenvironment (center/invasive margin) and the tumor
surrounding area (peritumoral TLS) on the clinical outcome of BCa patients.
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SLO Secondary lymphoid organ

TC Tumor center

TLS Tertiary lymphoid structure

Treg T regulatory cell

UCIS Unfavorable combined immune signature
Introduction

During the last decades, cancer immunotherapy has evolved
from a promising therapeutic modality to a robust clinical
reality [1], switching from the traditional cell-centric can-
cer treatments to new holistic therapeutic approaches which
consider both, the tumor microenvironment and immune
contexture [2]. Studies from immunotherapy trials, using
immune checkpoint inhibitors [3], have demonstrated pro-
found clinical benefit in a proportion of patients with varied
tumor types, although most patients do not respond to such
therapies, highlighting the need for developing biomarkers
to guide proper selection of patients. Given the established
significance of patients’ immune profile regarding tumor
initiation, development, and response to therapies, many
studies have investigated the impact of the complexity and
diversity of the tumor microenvironment on clinical outcome
[4,5].

Tumor immune cell infiltration is progressively becoming
an important aspect for clinical outcome prediction of can-
cer patients. Particularly, in colorectal cancer, the “Immu-
noscore”, comprising an immune cell infiltration signature
considering densities and location of CD3 +and CDS8 +cells,
has been proposed to be more informative than the standard
AJCC/TNM staging [6]. In breast cancer, although a high
degree of immune infiltration has been repeatedly reported
to associate with survival benefit [7], the establishment of
validated prognostic immune signatures in the distinct tumor
compartments remains elusive. In our recent study, we have
highlighted the importance of the differential spatial (tumor
center; TC and invasive margin; IM) distributions of TIL
subpopulations (CD8 4+ and CD163 +), single or jointly ana-
lyzed, on clinical outcomes in breast cancer patients [8].

Besides the differential immune infiltrates in TC and IM,
there is a “third level biomarker” that orchestrates the tumor
immune microenvironment, namely the tertiary lymphoid
structures (TLS) which can be found as intratumoral and
peritumoral clusters of immune cells. TLS are lymph node-
like structures that develop inside non-lymphoid organs,
architecturally and functionally similar to secondary lym-
phoid organs (SLO) [9]. They are ovoid, mainly lympho-
cytic, aggregates that contain centrally an ill-defined B cell-
rich area that may include a well-defined germinal center
and a subtle network of follicular dendritic cells. This area is
surrounded by a parafollicular T cell-rich area with extrava-
sation of lymphocytes into the tissue. Sometimes, these
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lymphoid aggregates are not arranged in distinct B and T cell
areas, indicating probably different stages of TLS maturation
[10, 11]. TLS presence has been noted as a response in cases
of chronic inflammation due to persistent antigen stimulation
(e.g., GVHD, Crohn’s disease) [12], autoimmune conditions
(like lymphocytic thyroiditis and rheumatoid arthritis), and
several solid tumors [13-15].

To date, the presence of TLS in the tumor microenvi-
ronment has been mainly correlated with favorable clinical
outcomes in various malignancies [9, 16—19] also including
BCa [20-23]. Moreover, there are reports investigating the
prognostic relevance of TLS in particular breast cancer sub-
types (TNBC or HER-2/neu +), jointly with total TILs, but
not with TILs distributed in the different breast tumor areas
[23, 24]. Other studies in BCa have reported a correlation of
TLS with higher tumor grade [24, 25], while in murine lung
models TLS have been found to contain significant numbers
of Tregs, thus acting as immunosuppressors, decreasing the
effectiveness of therapy [26]. In hepatocellular carcinoma,
TLS located in liver parenchyma have been proposed to act
as microniches for tumor progenitor cells, promoting cancer
cell stemness [27]. However, the role of TLS in this case is
blurred due to a possible different function of outlier TLS
from the tumor core.

Based on this potential functional pluralism of TLS, we
suggest that their further characterization (e.g., spatially,
compositionally, and functionally) in the tumor and the sur-
rounding area will shed more light on the adaptive tumor-
reactive immune mechanisms in the tumor microenviron-
ment. We have previously demonstrated the importance of
immune infiltration in breast cancer based on the combined
differential densities of CD8+and CD163 + cells in the
TC and IM, resulting in the identification of favorable and
unfavorable combined immune signatures (FCIS and UCIS,
respectively) with significant prognostic value [8]. Neverthe-
less, there were a considerable number of patients, about
50% of the total cohort analyzed, who could not be classified
either in the favorable or the unfavorable prognosis group.
Consequently, it would be essential to find an additional dis-
criminating and sensitive factor in the tumor microenviron-
ment to guide classification of these patients into prognostic
groups. Another interesting finding from our study was that
patients with accumulation of CD8 + cells in the IM exhib-
ited poor prognosis in contrast with colon cancer patients
[28], emphasizing the key role for the spatial distribution of
the immune cells in different tumor types for patients’ sur-
vival. From this perspective, it is obvious that the immune
contexture in the different tumor’s compartments (e.g., TC,
IM, TLS) is crucial for the orchestration of the antitumor
immunity in the tumor microenvironment.

As outlined above, studies in breast cancer have been
mainly focused on TLS intratumorally [22-24], thus neglect-
ing to a great extent their prognostic significance when these
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are located peritumorally (i.e., outside of, but adjacent to
the IM). In the present study, we aimed to investigate the
prognostic significance of peritumoral immune cells organ-
ized into TLS, either alone or jointly with differential intra-
tumoral densities of immune infiltrates in TC/IM. This
approach strongly supports the concept that the combined
analysis of the presence, quantity, and immune contexture
of peritumoral TLS, together with the differential distribu-
tion of intratumoral CD8 + and CD163 + cells in the TC and
IM, may provide significant information on the immune sta-
tus of the tumor microenvironment, possibly leading to an
improved powerful reinforced biosignature for clinical out-
comes of breast cancer patients.

Materials and methods
Patient selection

A total of 167 tumor samples (47 from the prospective
arm and 120 from the retrospective arm of our previous
study [8]) were selected from women with histologically
confirmed invasive ductal breast cancer diagnosed at Saint
Savas Cancer Hospital during a 15-year period (2000-2015).
CD8+and CD163 + cells were quantified in TC and IM
immunohistochemically in formalin-fixed, paraffin-embed-
ded (FFPE) tumor tissue samples from our recent study [8].
As breast cancer is a very heterogeneous disease, we tried to
limit this heterogeneity by including in our study cohort only
patients with invasive ductal carcinoma, without any distal
metastasis, muscle or skin involvement, bilateral cancer, or
history of any other malignancy. Cases with preoperative
neoadjuvant therapy were excluded.

Paraffin block selection and immunohistochemistry

Multiple serial 3—4 p sections were obtained from blocks of
FFPE tissues and their respective hematoxylin—eosin (H&E)
slides were reviewed by two experienced pathologists who
selected areas from each tumor containing a substantial
amount of tumor-infiltrative margin (minimum length of
28 mm-average 45 mm) surrounded by at least 5 mm of
peritumoral breast parenchyma. These were stained with
antibodies specific for CD4 (4B12, 1:40, Biogenex), CDS§
(SP16, 1:80, Thermo Scientific), CD163 (10D6, 1:400, Bio-
care), and FOXP3 (236A/E7, 1:100, Abcam) for quantifying
immune infiltrates in TLS. In some cases, the slides were
also stained with anti-CD20 (L26, 1:500, Dako), anti-CD3
(LN10, 1:200, Novocastra), anti-CD23 (DAK-CD23, 1:80,
Dako), and anti-CD31 (JC70A, 1:70, Dako) to validate the
presence of TLS by demonstrating their content of B cells,
T cells, and dendritic cells and high endothelial venules
(HEVs), respectively (Suppl Fig. 1). Staining with CK7

(OV-TL 12/30, 1:200, Dako) was also performed for verify-
ing the presence of cancer cell clusters inside TLS. Immu-
nostaining was carried out using the Leica Bond III automa-
tion system (Leica Biosystems, Melbourne, Australia) and
the Leica detection kit (Leica Biosystems, Newcastle, UK).
Immunohistochemical staining was optimized using hyper-
plastic tonsil tissue.

TLS quantification and grouping

The presence and location of peritumoral TLS in each tumor
was assessed in serial slides (both H&E and immunohisto-
chemically stained) and only those distancing up to 5 mm
from the infiltrative tumor border, including those associated
with ductal in situ (DCIS) component, were scored [24, 29].
On H&E stained slides, TLS were identified morphologi-
cally as distinct ovoid lymphocytic aggregates presenting
high endothelial venules (HEV) and/or a germinal center.
As the use H&E alone has been proven to underestimate
the presence of TLS [30], the utilization of immunohisto-
chemical staining for CD4, CD8, and FoxP3 was used as a
subsidiary means of detection. In equivocal cases, their iden-
tification was validated with supplementary immunostaining
for CD31, CD20, CD3, and CD23. At least five serial slides
per tumor (1 H&E and 4 immunostains) were evaluated and
the mean number of TLS was recorded.

TLS were grouped in adjacent (aTLS) and distal (dTLS),
according to distance and interposition of normal breast tis-
sue (that is lobules, ducts, or adipose tissue without inflam-
mation or desmoplastic stroma) between them and the infil-
trative tumor margins [31]. Infiltrative tumor margins were
defined as the outermost edge of invasive carcinoma disre-
garding any peripheral fibroinflammatory or desmoplastic
response. aTLS were considered as those situated tangen-
tially to the tumor-infiltrative border surface or bridged to it
by non-normal breast tissue. dTLS were considered as those
TLS that have normal breast tissue inter-positioned between
them and the tumor-infiltrating border (Fig. 1a). The pres-
ence and number of aTLS and dTLS was evaluated on each
slide. Tumors were then subgrouped in three arbitrary cat-
egories based on the number of aTLS: negative, low to mod-
erate (1-4 aTLS), and high (>5 aTLS). Implementation of
serial FFPE sections allowed the assessment of CD4, CDS,
FOXP3, and CD163 cells in each TLS separately in 118 out
of the 167 patients (39 patients of the prospective cohort
and 79 patients retrospectively analyzed, from our previous
study), for whom staining for all four markers was available.
The immunohistochemical evaluation revealed variations in
CD4+, CD8 +, FOXP3 4+ and CD163 + cell densities, which
allowed their categorization in four density groups: very low,
low, medium, and high with percentages of positive cells
scored in each group, 0-10, 10-20, 20-30, and > 30, respec-
tively (Fig. 5Se). We determined a mean infiltration in aTLS
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Fig.1 Adjacent and distal TLS and their relation to clinicopathologi-
cal characteristics. a Two aTLS and one dTLS, stained with anti-CD3
(x40 magnification), are shown. The invasive margin (IM) of the
tumor is also visible. b Shown is an aTLS next to the tumor with a
cluster of cancer cells (cytokeratin staining, X 100 magnification). ¢
Distribution of aTLS and dTLS-positive or -negative tumors among

and dTLS, due to the high degree of uniformity of infiltrat-
ing patterns of CD4 +, CD8 +, FOXP3 +,and CD163 + cells
detected in every single patient.

Statistical analysis

Contingency and survival plots were created using Prism
GraphPad 7.01. All the contingency statistical tests (Chi
square, Fisher’s exact test) were carried out using the num-
ber of patients and not their percentages, although the cor-
responding graphs present percentages. Thus, p values refer
to the real number of patients evaluated in each case. The
non-parametric (Mann—Whitney and Kruskal-Wallis) tests
were used to analyze continuous variables. In the survival
analyses, both, log-rank p and Gehan-Breslow p were con-
sidered. p values <0.05 were considered statistically sig-
nificant. Univariate and multivariate survival analyses (Cox
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BCa patients stratified by molecular subtypes. Percentages of d aTLS
and e dTLS-positive (+) or -negative (—) tumors in the total BCa
patient population and in groups of patients stratified by clinicopatho-
logical characteristics. f Presence of aTLS within dTLS — (dTLSO)
and dTLS + patients. (p <0.05%, p <0.01**, p <0.0001%***)

regression) were conducted in IBM SPSS 24. For the mul-
tivariate analysis, the forward stepwise method was used
using the threshold of 0.05 as an entry point.

Results

Quantitative and qualitative analysis

of adjacent and distal TLS and their relation

to clinicopathological characteristics and clinical
outcome

The clinicopathological characteristics of the 167 breast can-
cer patients evaluated in the present study are summarized
in Supplementary Table 1. The number of peritumoral aTLS
and dTLS (Fig. 1a) was determined and their relation to the
patient clinicopathological characteristics was investigated
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(Fig. 1d, e). Notably, some aTLS and dTLS were found
to contain clusters of cancer cells (Fig. 1b). aTLS were
detected in the majority of patients (Fig. 1d). Higher num-
bers of patients lacking aTLS were detected among those
with better prognosis based on clinicopathological charac-
teristics, i.e., lower TNM stage, well-differentiated tumor
cells (G1, 2), absence of infiltrated lymph nodes (NO), and
smaller tumors (T <2 cm), although statistically significant
differences were detected only for tumor grade (Fig. 1d).
On the other hand, dTLS were present in the minority of
our patients (Fig. le). Among those, grade 3 patients had
statistically higher dTLS vs patients with grades 1 and 2
(Fig. le). Interestingly, all patients with HER2 + molecular
subtypes (Luminal B/HER2 +and HER2 +) had aTLS, while
dTLS were more often detected in patients having molecu-
lar subtypes without hormone receptors (either HER2 4+ or
TNBC; Fig. 1c).

The presence of aTLS relative to dTLS number was also
investigated. Figure 1f clearly shows that the vast majority
(approximately 95%) of dTLS + tumors also harbors a higher
number of aTLS (>5), the rest were scored with aTLS (1-4)
and none lacked aTLS. The latter was confirmed by our find-
ings showing that patients with no aTLS (i.e., aTLSO0) also
lacked dTLS (i.e., were dTLSO) (Fig. 1f, left column).

In a group of 112 patients with clinical follow-up data
(clinicopathological and treatment characteristics are
presented in Supplementary Table 2), we examined the

association of peritumoral TLS with DFS and OS. Patients
with aTLS exhibited significantly lower DFS than those
without aTLS; OS was also lower in patients with aTLS,
although statistical significance was not reached (Fig. 2a).
In an analogous manner, patients with dTLS had statistically
significantly worse DFS and OS than those lacking dTLS
(Fig. 2b).

Moreover, the combined presence of both, aTLS and
dTLS (aTLS +dTLS +), defined a group of patients with
the worse clinical outcome, in terms of both DFS and OS
(Fig. 2c). Patients having aTLS +dTLS — tumors exhibited
a lower risk for recurrence and death than double-positive
patients (i.e., aTLS +dTLS +). As expected, patients lack-
ing both aTLS and dTLS (i.e., aTLS — dTLS —) had the
best clinical outcomes (Fig. 2¢). All statistical considerations
among these groups, with significant differences in bold, are
shown in Fig. 2d.

We next determined DFS and OS in our patients stratified
by the number of aTLS. Interestingly, we observed that in
the aTLS + tumors, the number of aTLS (i.e., aTLS1-4 vs
aTLS >5) did not substantially impact their DFS, whereas
both groups exhibited statistically lower DFS vs patients
whose tumors lacked aTLS (Fig. 3a). In contrast to what we
observed when comparing for DFS, the OS was statistically
significantly lower in the group of patients with aTLS > 5 vs
those with aTLS —4 tumors. This latter group of patients had
indistinguishable OS with patients lacking aTLS (Fig. 3a, b).
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Fig.2 Adjacent and distal TLS and their relation to clinical out-
come. Clinical outcome (Kaplan—-Meier disease-specific survival
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These data confirm that lack of aTLS represents a favorable
prognosticator and also suggests that the number of aTLS in
the aTLS + tumors differentially affects DFS and OS. Fig-
ure 3c shows the distribution of the three groups among the
molecular subtypes, with HER2 + patients lacking aTLS, as
also shown above (Fig. 1¢c). As also expected, the frequency
of patients with high numbers of aTLS was significantly
increased among groups with unfavorable clinicopatholog-
ical characteristics (i.e., increased tumor size, grade, and
stage) (Fig. 3d).

Intratumoral immune infiltration and peritumoral
TLS: an advanced level of the tumor immune profile

We have previously demonstrated the prognostic value of
intratumoral CD8 +and CD163 +immune cells differen-
tially distributed in TC and IM in breast cancer patients
by establishing one favorable combined immune signature
(FCIS) consisting of high CD8 + cell densities in the TC
and low (L) ones in the IM (CD8HL) combined with oppo-
site densities of CD163 + cells in the same regions (i.e.,
CD163LH). Inversely, CD8LH along with CD163HL com-
prised an unfavorable signature (UCIS) [8]. Nonetheless,
by grouping our patients in either of these two signatures,
we were left with a considerable number of patients (close
to 50%; REST group), with distinct patterns of immune
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infiltration in their primary tumors which could not lead
to conclusive prognosis of either DFS or OS. This group
contained patients whose CD8 +and CD163 + cells were
homogenously distributed in TC and IM comprising four
subgroups, namely CDSLL/CD163LL, CDS8HH/CD163HH,
CD8HH/CD163LL, and CDSLL/CD163HH [8]. By examin-
ing aTLS and dTLS distribution within the FCIS, UCIS and
REST groups, we observed that in the UCIS group the vast
majority of patients had aTLS > 5 (24 of 29; 83%), compared
to patients having the FCIS (21 of 38; 55%) or REST (41 of
73; 56%) signatures (FCIS vs UCIS p=0.0403 and REST vs
UCIS p=0.0384) (Fig. 4a). Moreover, a higher percentage
of patients in the UCIS group presented with dTLS as com-
pared to the two other groups, although not reaching statisti-
cal significance (Fig. 4b). Intra-analyses in the REST group
revealed major differences with respect to the aTLS patterns
among the four subgroups: the LL/LL group exhibited the
best aTLS profile having the highest frequency of patients
(33%) with the favorable aTLSO and only 17% of patients
having unfavorable aTLS > 5 with statistically significant
differences compared to the other three subgroups which
scored high aTLS >5 and low aTLSO profiles (60-81% and
0-10%, respectively; Fig. 4c). With regard to aTLS distribu-
tion, in an analogous manner with the total patient popula-
tion, also in the REST group we found aTLSO tumors to
be associated with improved DFS and OS as compared to
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with aTLS-negative (aTLSO) or aTLS-positive (aTLS1-4 and
aTLS >5) tumors stratified by immune infiltrates in the TC and IM;
LL/LL: low number of CD8+in the TC and IM and low number of

CD163 +in the TC and IM; HH/LL: high number of CD8 +in the TC
and IM and low number of CD163 +in the TC and IM; HH/HH: high
number of CD8+in the TC and IM and high number of CD163+in
the TC and IM; LL/HH: low number of CD8 +in the TC and IM and
high number of CD163 +in the TC and IM. d, e Clinical outcome in
patients belonging to the REST group with tumors having aTLSO,
aTLS1-4, or TLS > 5. f Statistical analyses among groups
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those being positive for aTLS (i.e., aTLS1-4 and aTLS > 5;
Fig. 4d-1).

The reinforced immune signatures:
a comprehensive “third level” assessment of tumor
microenvironment immune profile

In an attempt to improve our recently described combined
signatures (FCIS and UCIS) [8] so as to increase their prog-
nostic value and also to cover a broader patient population,
we reevaluated them by additionally considering aTLS pat-
terns, thereby defining two new signatures which were called
“Reinforced” Favorable or Unfavorable Combined Immune
Signatures and were designated as RFCIS and RUCIS. Since

the number of patients with aTLSO in the “REST” group was
very small to be separately evaluated (only 8 patients with
clinical follow-up; see Fig. 4d, e) and the clinical outcomes
between the two groups, aTLSO and aTLS1-4, did not differ
significantly (Fig. 4f), we further proceeded with our analy-
ses by combining aTLS0 and aTLS1-4 in one group. Thus,
patients belonging to the RFCIS group were either CD8 HL
and/or CD163 LH (i.e., FCIS), and/or aTLS0-4. All the
remaining patients were classified within the RUCIS group:
CD8 LH and/or CD163 HL (i.e., UCIS) and/or aTLS >5
(see also Suppl. Figure 2). Figure 5a shows how combin-
ing the FCIS with aTLS adds to the prognostic impact. The
RFCIS group had a significantly better clinical outcome
than the RUCIS, in terms of both DFS and OS, which was

a w 100 Al s i A b
. 804 Syr | Signature | Prob | Subj.
g g % at risk
€01 €01 RFCIS 93 45
8 2 DFS
® = RUCIS 61 19
3 404 B 404
6 RFCIS 96 47
§ Log rank p=0.0008 Log rank p=0.0004 oS
a8 24 204 RUCIS 77 24
Gehan-Breslow p=0.0002 (Gehan-Breslow p=0.0012
o Hazard ratio= 0.2384 . |Hazard ratic=0.1333
° 2 H ¢ H 10 2 H ¢ H 10
years years
i RFCIS (n=58) == RUCIS (n=40)
¢ d Reinforced Immune Signature
Total
. Molecular Su
Patients btype RFCIS RUCIS
A""'E'"; Luminal A 21 (52.5%) 19 (47.5%)
ar
Luminal B 29 (63%) 17 (37%)
G3 Luminal B/ HER2+ 11 (38%) 18 (62%)
el HER2+ 3 (33%) 6 (67%)
- TNBC 10 (56%) 8 (44%)
NO
cD4 cDs FOXP3 CD163
T>2cm e
T<2cm
&0
HR @
HR+ -
g
HER24 -
HER2- 2
0 20 40 60
O3 RFCIS (n=76) @@ RUCIS (n=0¢) RFCIS  RUCIS RFCIS  RUCIS RFCIS  RUCIS RFCIS  RUCIS
O Very Low 3 Low B Medium R Hgh

Fig.5 The reinforced immune signatures. a Clinical outcome in BCa
patients with RFCIS or RUCIS reinforced signatures. b %Probability
and number of subjects at risk at 5 years for DFS and OS. ¢ Distribu-
tion of the reinforced immune signatures in the total patient popula-
tion and in patients’ groups based on clinicopathological parameters.
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RFCIS (n=35) RUCIS (n=40)

d Distribution of the reinforced signatures among BCa patients with
different molecular subtypes. e Densities of CD4, CDS8, CD163, and
FoxP3 cells within TLS in BCa patients having RFCIS or RUCIS.
Statistical significance refers to comparison of the percentage of
patients. (p <0.05%, p<0.01%%)
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robustly pronounced as compared to analogous comparisons
between FCIS vs UCIS [8] and aTLS0/aTLS1-4 vs aTLS>5
(see Fig. 3a, b). The 5-year probability for DFS was 93%
for the RFCIS patients vs 61% for the RUCIS. Accordingly,
the 5-year probability for OS was 96% vs 77% (Fig. 5b).
Kaplan—Meier curves illustrating survival of patients strati-
fied by their tumor molecular subtype can be seen in Suppl.
Figure 3A. Interestingly, we observed that patients with
the RFCIS signature, irrespective of the tumor molecular
subtype, had better clinical outcomes than those with the
RUCIS signature. There was a trend for higher frequency
of RUCIS vs RFCIS among the groups with unfavorable
clinicopathological characteristics, reaching statistical sig-
nificance in the groups for early vs advanced stage, grade 1,
2 vs grade 3, and HER2 — vs HER2 + (Fig. 5¢). An increased
frequency of RUCIS patients was also observed among the

Table 1 Univariate and multivariate analyses

HER2 + molecular subtypes, i.e., luminal B/HER2 + and
HER?2 + subgroups (Fig. 5d). Moreover, no significant dif-
ferences in the cell infiltration of TLS by CD4 +, CD8 +, or
CD163 + could be detected among the two groups (Fig. Se).
On the contrary, TLS infiltrated with FOXP3 4+ lymphocytes
were significantly increased in the RUCIS patient group
(Fig. 5e).

To investigate the prognostic significance of the new
reinforced combined immune signatures, we conducted
univariate and multivariate analysis (Table 1). In the uni-
variate analysis for molecular subtype, early vs advanced
stage (i.e., AJCC stages 1 and 2A vs 2B and 3), T status, N
status, grade, expression of hormone receptors and HER2,
and the prognostic power of the reinforced signatures were
comparable to that of molecular subtype, stage, tumor size,
nodal status, and hormone receptor expression for both

Univariate DFS (0N
P Hazard ratio 95.0% Cl forexp (B) p Hazard ratio 95.0% CI for
(range) exp (B) (range)
Molecular subtypes 0.001 1.555 1.197-2.019 0.008 1.650 1.130-2.409
Early advanced stage 0.001 4.332 1.837-10.212 0.006 17.564 2.293-134.540
T status 0.000 2.988 1.771-5.038 0.000 4.041 2.003-8.153
N status 0.000 2.168 1.467-3.205 0.000 3.229 1.844-5.654
Grade 0.188 1.559 0.805-3.019 0.036 3.317 1.083-10.160
Hormone receptors 0.003 0.323 0.152-0.689 0.010 0.249 0.086-0.719
HER-2/neu 0.591 1.247 0.564-2.758 0.539 0.670 0.187-2.403
Reinforced signatures 0.001 3.773 1.675-8.496 0.004 9.206 2.039-41.567
Multivariate DFS (ON)
P Hazard ratio 95.0% Cl forexp (B) p Hazard ratio 95.0% CI for
(range) exp (B) (range)
2. Model before stepwise selection
Molecular subtypes 0.022 2.092 1.115-3.924 0.196 2.038 0.692-5.998
Early—advanced stage 0415 1.984 0.382-10.299 0.033 20.878 1.280-340.628
T status 0.049 2.475 1.004-6.101 0.662 1.331 0.369—4.802
N status 0.654 1.162 0.602-2.44 0.743 1.152 0.495-2.78
Grade 0.387 0.693 0.302-1.591 0.706 1.378 0.261-7.276
Hormone receptors 0.562 1.684 0.290-9.789 0.815 0.698 0.035-14.106
HER-2/neu 0.756 0.847 0.298-2.407 0.016 0.140 0.028-0.690
Reinforced signatures 0.009 3.450 1.366-8.708 0.014 11.026 1.631-74.533
2. Model after stepwise selection
Molecular subtypes 0.000 1.685 1.268-2.241 0.000 2432 1.528-3.871
Early—advanced stage - - - 0.002 37.148 3.808-362.371
T status 0.000 3.522 1.774-6.993 - - -
HER-2/neu - - - 0.012 0.158 0.037-0.666
Reinforced signature 0.009 2.981 1.307-6.802 0.003 12.583 2.362-67.024

All categorical covariates were transformed into numeric codes as follows: early—advanced stage (I-1IA; 1, IIB, IIIA, III3; 2), T status (T1; 1,
T2; 2, T3; 3), N stage (NO; 0, N1; 1, N2; 2, N3; 3), grade (G1; 1, G2; 2, G3; 3), hormone receptors (neg; 0, pos; 1), HER-2/neu (neg; 0O, pos; 1),
reinforced signatures (RFCIS; 1, R UCIS; 2), molecular subtypes (Lum A; 1, Lum B; 2; luminal B/Her2 +, 3, HER2 +, 4 TNBC, 5)

ClI confidence interval, HR hazard ratio
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DFS and OS. In the multivariate analysis and the stepwise
selection for the same parameters, the reinforced signature
was found to be an independent prognostic factor for DFS,
along with the molecular subtype and the tumor size, and
for OS by the inclusion of the molecular subtype, early vs
advanced stage, and HER2 expression.

Discussion

In the current study, we investigated the presence, quan-
tity, and immune contexture of TLS peritumorally, alone,
and in combination with intratumoral signatures based on
differential densities of CD8 +and CD163 +cells in TC
and IM which were recently described by us [8]. This type
of analyses provided significant information on the in situ
adaptive immune status, introducing improved reinforced
biosignatures for clinical outcomes in BCa patients. To our
knowledge, this is the first study to demonstrate that both,
presence and high numbers of peritumoral TLS correlate
with unfavorable clinicopathological characteristics and
worse prognosis in BCa.

TLS represent structures of varying organization, from
simple clusters of lymphocytes to complicated structures
with considerable morphological, cellular, and molecular
similarities with SLO, particularly lymph nodes [13, 32].
As a consequence of these similarities, HEV, a common
characteristic of these structures, may play an important
role in the recruitment of circulating lymphocytes to intra-
tumoral TLS [33, 34]. The contribution of TLS to immune
control of tumor growth remains speculative. TLS have
been detected in the stroma and/or in the invasive margin
of tumor in most cancers and their densities mostly cor-
related with a favorable clinical outcome [9, 16—-18]. The
presence of TLS intratumorally has been correlated with
antitumor orientated immune responses, possibly offering
an advantage for enhancing the effectiveness of TIL [13,
33]. TLS-associated dendritic cells, by presenting tumor
antigenic peptides to T cells located in the T cell com-
partments of TLS, are key to mount local T cell-mediated
antitumor responses [33]. In addition, the presence of
CD4 +T cells within TLS further strengthens the notion
of a supportive role of TLS for CD8 + effector TIL dif-
ferentiation [35]. However, TLS may also have a negative
impact on cancer prognosis. The presence of Treg in TLS
may negatively affect the levels of activation of CD4 + and
CD8 + immune infiltrates, resulting in tumor escape from
immune surveillance [26]. Furthermore, immunosup-
pressive B cells, adjacent to CD8 + T cells, in lymphoid
follicle-like structures were detected in prostate cancer
specimens [36].

The role of peritumoral, outside the invasive margin,
TLS has been much less investigated and in BCa there
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are limited results regarding their prognostic value. Our
results show that the presence of peritumoral TLS sig-
nificantly correlates with histological grade 3 tumors, in
accordance with other studies in BCa and urothelial blad-
der carcinoma [24, 37]. We additionally show that BCa
patients with invasive ductal carcinoma, independently of
the molecular subtype, having peritumoral TLS exhibit
worse DFS and OS than those lacking TLS. This unfa-
vorable prognosis depends both on the location (adjacent
only vs adjacent and/or distal) and density (0, 1-4 and > 5)
of peritumoral TLS. Liu et al. [24] have recently reported
that the presence of TLS, at the invasive margin and/or
peritumorally, was associated with a better DFS, but not
OS, in a subset of BCa patients, namely those express-
ing HER2, whereas no differences could be detected in
terms of both OS and DFS in HER2 — patients. As no
patient lacking TLS in our HER2 + cohort was observed,
this finding could not be evaluated in the present study.
The difference in TLS-negative HER2 + patients could be
attributed to the fact that in our study only patients with
primary ductal invasive cancer, no stage IIIB and without
neoadjuvant treatment were enrolled, whereas in Liu et al.
study patients with any type of primary invasive breast
cancer were included.

Our recent work shows that intratumoral high densi-
ties of CD8 + cells in the IM, but not in the TC, predicted
poor prognosis in BCa patients [8]. Considering these find-
ings, together with the poor prognosis of peritumoral TLS
described herein, we could make the hypothesis that immune
elements located in the IM or peritumorally may reflect a
progressive migration of malignant cells from the TC to the
outer areas of the tumor related to invasion and metastasis.
This hypothesis could hold true given that we, and others
[24], have detected a number of peritumoral TLS infiltrated
with clusters of cancer cells. Furthermore, extratumoral TLS
were found to be associated with advanced disease in colo-
rectal cancer [38]. In line with this, Finkin et al. reported
that inflammation-associated TLS serve as niches for tumor
progenitor cells, which may lead to recurrence in hepatocel-
lular carcinoma, suggesting an unfavorable prognostic role
for peritumoral TLS [27], in contrast to the favorable ones
described for intratumoral TLS, thus far in hepatocellular
carcinomas [39]. Thus, peripheral TLS may contribute to
an immunosuppressive milieu, supporting tumor growth
through negative effects on antitumor immunity, or via direct
supportive effects on tumor [40].

Besides the distribution of TLS (intratumorally/peritu-
morally), an additional parameter to be considered is the
“quality” of TLS. The initial TLS formation is followed by
a sequence of maturation stages, which probably reflect dif-
ferent functionalities [13, 41]. Studies focusing on the infil-
tration of TLS attributed their immunosuppressive role to
the infiltrating immune cells [26, 36]. In BCa, Tregs within
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lymphoid infiltrates surrounding the tumor were found to
correlate with increased risk for relapse and death [42].
Our results show that RUCIS patients have higher amount
of infiltrating FOXP3 4+ cells in their TLS than the RFCIS
patients. Such FOXP3 + cell-containing TLS could promote
an immunosuppressive microenvironment leading to shorter
survival. Taken altogether, we may propose that the forma-
tion, presence, and quality of TLS substantially contribute
to the heterogeneity of the tumor microenvironment and may
explain the differences among intratumoral and peritumoral
TLS, a hypothesis requiring further investigation.

In our study, the presence and the density of peritumoral
TLS are not independent predictors for DFS and OS in BCa.
For this reason, by combining the intratumoral spatial dis-
tribution of CD8 +and CD163 +cells in TC and IM with
the number of peritumoral TLS in BCa patients, we aimed
to create more robust “reinforced signatures”. These signa-
tures do not necessarily mean established signatures (this
remains to be validated in future studies with larger cohorts
of patients), but rather combined signatures with higher
prognostic value compared to the individual signatures
from which they were composed. Even though our recently
described signature, based on the differential CD8 + and
CD163 +cell distribution in the TC and IM, was an inde-
pendent factor for both DFS and OS in invasive ductal BCa,
there was a considerable group (about 50%) of “gray zone”
patients (REST group) who could not be classified either in
the FCIS or the UCIS group. After combining the intratu-
moral and peritumoral microenvironment components (TC,
IM, and aTLS), we managed to stratify more accurately
the patients, creating two new signatures: Reinforced FCIS
(RFCIS) and Reinforced UCIS (RUCIS), with an even more
powerful prognostic value versus our previously reported
signatures [8]. The reinforced signatures described herein
constitute an independent prognostic factor, along with the
molecular subtype and the tumor size for DFS, and for OS
together with molecular subtype, early vs advanced stage
and HER?2 expression.

Conclusions

In the present study, we demonstrate for the first time an
association between spatial differential densities of intratu-
moral immune infiltrates with peritumoral TLS and clinical
outcomes. Our observations further support the existence
of a dynamic interplay between the immune cells within
the intratumoral microenvironment (TC, IM) and its sur-
rounding counterpart (TLS). Despite the limitations of our
study (particularly the small cohort of patients and the elu-
sive determination of the maturational stage of TLS), there
is strong evidence supporting the fundamental role of the

relationship between tumor microenvironment components
for clinical responses. Further studies on the cellular and
molecular mechanisms leading to TLS formation, governing
their functions and distinguishing TLS with anti- or pro-
tumor activity, are required to thoroughly enlighten their
role.
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