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Abstract

Background Tumor-infiltrating lymphocytes (TILs) and their subsets contribute to breast cancer prognosis. We investigated
the prognostic impact of CD3+4, CD8+ and FOXP3+ TILs in patients with early intermediate/high-risk breast cancer treated
with adjuvant anthracycline-based chemotherapy within two randomized trials conducted by our Group.

Methods We examined 1011 patients (median follow-up 130.9 months) and their tumors for total, stromal (s) and intratu-
moral (i) CD3, CD8 and FOXP3 lymphocyte density (counts/mm?) on tissue-microarray cores by immunohistochemistry.
Morphological sTIL density on whole H&E-stained sections was also evaluated.

Results The majority of TILs were CD3+. Total CD3 and CDS8, sCD3 and sCD8, iCD3 and iCDS8, sFOXP3 and iFOXP3
were strongly correlated (Spearman’s rho values > 0.6). High individual lymphocytic subsets and sTIL density were strongly
associated with high tumor grade, higher proliferation and HER2-positive and triple-negative tumors (all p values <0.001).
Higher sTIL density (10% increments), high density of almost each individual marker and all-high profiles conferred favora-
ble prognosis. However, when adjusted for sTIL density, stromal and intratumoral lymphocytic subsets lost their prognostic
significance, while higher sTIL density conferred up to 15% lower risk for relapse. Independently of sTIL density, higher
total CD3+ and CD8+ TILs conferred 35% and 28% lower risk for relapse, respectively.

Conclusions Stromal and intratumoral CD3+, CD8+ and FOXP3+ TIL density do not seem to add prognostic information
over the morphologically assessed sTIL density, which is worth introducing in routine histology reports.
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or control, and may even promote, tumor development [1].
In histology, immune cells in the tumor microenvironment
are considered indicative of the host immune response. In
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recent years, efforts have been made to decipher the diverse
cellular composition of tumor-immune infiltrates in neo-
plasms [2]. The majority of the cells are lymphocytes, which
cannot be correctly segregated from other mononuclear cells
in hematoxylin- and eosin-stained sections and are collec-
tively reported under the term “tumor-infiltrating lympho-
cytes” (TILs) [3].

Although TILs have long been observed in breast tumors,
the prognostic potential of this marker and its predictive role
have only gained momentum in the last decade [4—6]. The
different types of immune cells may contribute in differ-
ent ways to tumor biology. The adaptive immune system
includes lymphocytes with a cytotoxic antineoplastic effect,
particularly CD8+ T lymphocytes, but also lymphocytes
playing immunosuppressive and, possibly, tumor-promoting
roles, such as T-regulatory cells (T-regs) which are FOXP3
positive [7, 8]. Although the anti-tumor effect of cytotoxic
T lymphocytes is broadly accepted, their prognostic sig-
nificance in breast cancer seems to depend on molecular
subtypes [9], while the prognostic impact of FOXP3+ cells
in breast carcinomas is controversial [10, 11]. All T cell
subtypes express CD3, which is a specific T cell marker
and part of the T cell receptor complex on mature T lym-
phocytes. CD3 protein [12, 13] and mRNA [14] expression
have only rarely been investigated in adjuvantly treated
breast cancer and were associated with better prognosis.
CD3 immunostaining may aid in better defining intratumoral
TILs. Intratumoral TILs are in contact with tumor cells and
are distinguished from stromal TILs that are dispersed in
the stroma between the cancerous nests. Intratumoral TILs
may better reflect host anti-tumor activity; however, these
are much less studied than stromal TILs because, when mor-
phologically assessed, they display greater inter-observer
variability [3].

In the above context, the aim of the present study was to
evaluate the prognostic impact of stromal and intratumoral
CD3+, CD8+ and FOXP3+ lymphocytes, and their associa-
tion with standard clinicopathological parameters in a cohort
of early intermediate/high-risk breast cancer patients who
received anthracycline-based adjuvant chemotherapy in the
context of two randomized trials [15, 16].

Patients, tumors and methods
Patients and tumors

Tumor material from 1.011 patients who participated in two
randomized phase III clinical trials conducted by the Hel-
lenic Cooperative Oncology Group (HeCOG) was retrieved
from the HeCOGbiological material repository. The previ-
ously published trials, HE10/97 (ACTRN-12611000506998
[15]) and HE10/00 (ACTRN12609001036202 [16]),
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included patients with intermediate/high-risk operable breast
cancer treated with adjuvant chemotherapy using epirubicin,
paclitaxel and CMF, except for one arm of the HE10/97 trial,
where no paclitaxel was administered. Patients with HER2-
positive tumors had not received trastuzumab, which was
approved for adjuvant treatment in 2005, after completion of
recruitment in these trials. Treatment schedules for the two
trials are shown in Supplementary Table S1. Tumors were
examined on 51 low-density tissue microarrays (TMAs) that
included 1.5 mm cores, 2 per tumor, and were constructed
as previously described [17]. Breast cancer subtypes were
centrally assessed with immunohistochemistry for ER, PgR,
HER?2, Ki67 and HER2 fluorescent-in-situ-hybridization
where needed [17]. Stromal TIL density (sTIL density) had
been assessed for infiltrative tumors on whole H&E sec-
tions as an average of all evaluated X100 fields per tumor,
as previously published for an extended cohort that included
the present one [18].

Immunohistochemistry (IHC)

Three 3 pm TMA sections were used for the evaluation of
CD3, CD8 and FOXP3 protein expression. The staining
procedures for CD3 (clone PS1, mouse monoclonal anti-
body, code NCL-L-CD3-PS1, Novocastra/Leica Biosys-
tems, Newcastle, UK), CDS8 (clone C8/144B, mouse mono-
clonal antibody, code M7103, Dako, Glostrup, Denmark)
and FOXP3 (clone SP97, rabbit monoclonal antibody, code
M3974, Spring Bioscience, Fremont, CA) were performed
using a Bond III autostainer (Leica Microsystems, Wetzlar,
Germany), as described in Supplementary Table S2.

IHC evaluation

The evaluation of CD3+, CD8+ and FOXP3+ was con-
ducted by two expert breast pathologists (T. Koletsa, I.
Kostopoulos), blinded to patient clinical and survival data.
Membranous staining was evaluated for CD3 and CD8
and nuclear for FOXP3. IHC-positive cells were counted
in the tumor stroma (sCD3, sCD8, sFOXP3) and in the
intratumoral areas attached to malignant cells (iCD3, iCDS,
iFOXP3), adhering to recommendations for distinguishing
the two tumor compartments [3]. However, stromal and
intratumoral lymphocyte distinction is difficult in stromal
poor and in single-cell infiltrating tumors (e.g., lobular carci-
nomas). Therefore, the total number of positive lymphocytes
within the tumor area was also considered (total CD3, CDS,
FOXP3). Positive cells were counted in four high power
fields (X400) covering the entire area of each 1.5 mm diam-
eter core (four values/core were recorded for each marker).
The density of positive cells in each tumor compartment
was assessed as the ratio of cell counts per mm? surface
[19]. With this approach, total tumor area, stromal area and
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the area occupied by malignant cells were recorded as 10%
increments of the total core area on matched H&E TMA
slides (examples are shown in Supplementary Figure S1).
The surface of each compartment in mm? was calculated
based on the percentage of the recorded area % and the
total core surface (1.76625mm? for 1.5 mm cores). For each
marker, stromal cell counts per core were then divided by
the respective stromal surface, intratumoral cell counts by
the malignant cell surface and total tumor cell counts by
the total tumor surface to assess the density of lymphocytic
subsets, as recommended for any TILs [20]. Average values
were used for tumors evaluable on multiple cores.

The obtained values were distributed among an extremely
wide range, while multiple outliers were identified for each
lymphocytic subset, accounting for a significant percent-
age of the total sample in each case (Supplementary Figure
S2). These outliers were natural (could not be attributed to
technical reasons). Including the outliers in the continuous
lymphocytic subset variables contributed to skewed analy-
ses that were statistically inaccurate. Omitting them from
the analysis would lead to misinterpretation of the results.
Therefore, we considered the upper quartile (75th percen-
tile) of each distribution to be an appropriate threshold for
the classification of tumors into high and low counts/mm?.

Statistical methods

A total of 1,011 breast cancer patients treated with adju-
vant chemotherapy were included in the statistical analy-
sis (Fig. 1). Continuous variables are presented as median
values (range) and categorical variables as frequencies (%).
Spearman’s correlations were used for associations of con-
tinuous variables, with rho values > 0.6 indicating strong
correlations (https://www.bmj.com/about-bmj/resources-
readers/publications/statistics-square-one/11-correlatio
n-and-regression). The chi-square or Fisher’s exact tests
(where appropriate) were used for group comparisons of
categorical data and the Wilcoxon rank-sum test for com-
parisons of categorical with continuous data.

For all analyses, sTIL density was used as a continuous
variable, as recommended [3]. For associations with clinico-
pathological variables and with patient disease-free survival
(DFS) and overall survival (OS), lymphocytic subsets were
analyzed as categorical variables, based on the aforemen-
tioned rationale. Lymphocytic subsets were used as continu-
ous variables for inter-marker correlations and for hierarchi-
cal clustering (Ward method), in an attempt to evaluate the
profiles rather than ratios of these markers.

OS was defined as the time (in months) from the date of
breast cancer diagnosis to the date of patient death or last
contact. DFS was defined as the time (in months) from the
date of breast cancer diagnosis to the date of documented
first relapse, patient death without prior documented

A total of 1,681 early breast cancer patients
were randomized in two prospective phase Ill trials
(HE10/97 and HE10/00).

l

Eligible for analysis were 1,023 patients with
adequate tumor tissue left in TMAs.

12 patients did
not receive chemo

1,011 patients were included in the analysis.

CD3 data: 752 CD8 data: 879 FOXP3 data: 711
(74.4%) (86.9%) (70.3%)
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v

Informative for all markers: 511 patients (50.5%).

Fig. 1 Study outline and informative markers. REMARK diagram

disease progression or last contact, whichever occurred
first. Patients without events were censored at the date
of last contact. Survival curves were estimated using the
Kaplan—-Meier method and compared across groups with
the log-rank test. The associations between the examined
factors and the progression/mortality rates were evaluated
with hazard ratios estimated with univariate and multivari-
ate Cox proportional hazard regression models.

In multivariate analyses, we estimated the effect (HR)
of each lymphocytic subset marker and of sTIL density
(10% increments) adjusted for the effect of menopausal
status (premenopausal, postmenopausal), tumor size (<2,
2-5,>5 cm), nodal status (0-3, >4 positive lymph nodes),
histological grade (I-II, III-1V), radiation therapy (yes,
no) and breast cancer subtypes (luminal-A, luminal-B,
luminal-HER2, HER2-enriched, triple-negative breast
cancer [TNBC]). The type of breast surgery (breast-con-
serving, modified radical mastectomy) was not included
in the models because of its association with tumor size
and nodal status.

The present IHC data were also compared to CD3, CDS§
and FOXP3 mRNA expression data obtained from tumors in
the same cohort, as previously published by our group [14].
This analysis served for descriptive comparisons between
mRNA and protein expression for the three lymphocytic
subsets, as well as for the discussion of the present findings
in the context of different methods for the assessment of the
host immune response.
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All analyses were conducted in the entire cohort and were
based on the total follow-up time. Additionally, subgroup
analyses were performed by breast cancer subtype. The
statistical analyses were completed using the SAS software
(SAS for Windows, version 9.3, SAS Institute Inc., Cary,
NCO). Statistical significance was set at two-sided p =0.05.

Results

Selected characteristics of the 1,011 patients and tumors
examined are presented in Table 1. Briefly, most patients
were over 50 years old, had tumors of intermediate size
[2-5 cm] and more than 4 metastatic lymph nodes, while
the predominant clinical subtype was luminal-B.

Immunohistochemical findings

The most common phenotype of stromal TILs pertained to
CD3+ T lymphocytes that outnumbered CD8+ cytotoxic
T cells (Fig. 2a, b). Lymphocytic infiltrates in tumors with
scanty stroma could not easily be delineated as stromal or
intratumoral, because they were in contact with the neo-
plastic cells. In 56 tumors, we observed heterogeneous TIL
distribution between the two cores or even in the same core
(Fig. 2¢). High numbers of sFOXP3+ cells were present in a
minority of tumors (Fig. 2d). Nuclear FOXP3 positivity was
found in a few single malignant cells of six breast carcino-
mas. Overall, FOXP3+ cells were absent in non-neoplastic
ducts or terminal ductal-lobular units, with the exception of
three cases that presented scarce positive cells (Fig. 2d). In
37 tumors, we observed lymphocytes without CD3 immu-
noreactivity at the invasive tumor front, close to the adipose
tissue, or in association with tertiary lymphoid structures.
The majority of such non-T lymphocytes were PAX5+ B
cells, with few CD138+ plasma cells, as revealed upon rou-
tine IHC (data not shown).

In line with the observed immunophenotypes, counts/
mm? for sCD3were higher than for sCD8 and much higher
than for sSFOXP3 (Supplementary Figure S2). For example,
median and the upper quartile cutoff values (in parenthe-
ses) for sCD3 were 118.2 (318.8), for sCD8 66.1 (171.7)
and for sSFOXP3 17.4 (54.9). The respective values for iCD3
were 1.4 (7.5), for iCD8 4.1 (13.2) and for iFOXP3 0 (1.4).
Strong positive correlations were obtained for sCD3 and
sCD8 (Spearman’s rho 0.883), iCD3 and iCDS (rho 0.659),
sFOXP3 and iFOXP3 (rho 0.633), as well as for total CD3
and CDS8 (rho 0.884). Intermediate correlations (rho values
between 0.4 and 0.5) were observed between sTIL density
and sCD3, sCD8 and sFOXP3. Total CD3, CD8 and FOXP3
were weakly correlated with the respective mRNA values
(Supplementary Table S3). Statistically, all lymphocytic sub-
sets as binary variables were significantly associated with
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Table 1 Patient and tumor characteristics

Parameter N (%)
Age (years)

Median 52.7
Min-max 22-79
Menopausal status (at diagnosis)

Postmenopausal 548 (54.2)
Premenopausal 463 (45.8)
Breast surgery

Modified radical mastectomy 694 (68.6)
Breast-conserving surgery 315(31.2)
Unknown 2(0.2)
Tumor size (cm)

<2 302 (29.8)
2-5 580 (57.4)
>5 129 (12.8)
Nodal status

0-3 408 (40.4)
>4 603 (59.6)
Paclitaxel treatment

Yes 866 (85.6)
No 145 (14.4)
Adjuvant radiation therapy

Yes 770 (76.2)
No 214 (21.2)
Not reported 27 (2.6)
Adjuvant hormonal therapy

Yes 804 (79.6)
No 205 (20.2)
Not reported 2(0.2)
Histological grade

I-11 496 (49.0)
1 511 (50.6)
Not reported 4(0.4)
ER/PgR status (informative N=962)

Positive 737 (76.6)
Negative 225 (23.4)
HER2 status (informative N =976)

Positive 232 (23.8)
Negative 744 (76.2)
Ki67 (N=945)

Median 25
Min-max 0-98
Subtypes

Luminal-A 273 (27.0)
Luminal-B 327 (32.4)
Luminal-HER2 123 (12.2)
HER2-enriched 103 (10.2)
TNBC 122 (12.0)
Unknown 63 (6.2)
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each other (all chi-square test p values <0.001) and with
STIL density (Wilcoxon rank-sum p values < 0.001).

Association of TIL subsets with clinicopathological
characteristics

Tumors with higher counts/mm? of all lymphocytic sub-
sets—total, stromal and intratumoral—had significantly
higher Ki67 labeling index (Fig. 3a) and were more fre-
quently of higher histological grade (Fig. 3b). Higher sTIL
density was strongly associated with high grade (Wilcoxon
rank-sum p <0.001) but only weakly correlated with Ki67
labeling (Spearman’s rho 0.295). High counts/mm? of
sFOXP3 were observed in 30.1% (88/292) of patients with
0-3 positive nodes but in 21.2% (89/419) of those with >4
positive nodes (chi-square p =0.007); such an association
was not observed for the rest of the lymphocytic subsets
and for sTIL density. Total CD3 (p=0.035) and sTIL den-
sity (p =0.005) were higher in small tumors and lower in
tumors > 5 cm (Supplementary Table S4).

sTIL density and all lymphocytic subsets were consist-
ently significantly lower in ER-positive tumors and sig-
nificantly higher in HER2-positive tumors (luminal-HER?2
and HER2-enriched) and in TNBC (Fig. 3¢, d). Thus, in
luminal-A, luminal-B, luminal-HER2, HER2-enriched and
TNBC, the rate of high sCDS8 was 12.5%, 27.3%, 30.3%,
28.9% and 33.9%, respectively; the rate of high SFOXP3 was
8.6%,26.1%, 40.7%, 37.3% and 34.1%, respectively; and the
median sTIL density was 5, 8, 10, 12 and 10, respectively.

Lymphocytic subsets and sTIL density on patient
outcome

Within a median follow-up time of 130.9 months (range
0.1-218.8), 325 deaths (32.1%) and 402 relapses (39.8%)
occurred. Median OS was 194.5 (95% CI 184.9—-NE) months
and median DFS 184.2 (95% CI 171.9-NE) months. Within
the first 5 years of follow-up, 152 deaths (15.0%) and 270
relapses (26.7%) occurred. Standard clinical parameters
associated with patient outcome were menopausal status,
size, nodal status, type of surgery and clinical subtypes, as
expected (Supplementary Table S5).

In the entire cohort, higher sTIL density and high
counts/mm? of sCD3, total CD3, sCDS, iCD8, total CD8
and sFOXP3 were all significant predictors of longer DFS
(Kaplan—Meier curves and log-rank test results in Supple-
mentary Figure S3) and conferred reduced risk of relapse
(univariate Cox regression results in Table 2). Out of these
markers, high total CD3, high sFOXP3 and higher sTIL den-
sity were similarly significantly associated with longer OS
and conferred lower risk of death (Table 2).

With respect to breast cancer subtypes, none of the lym-
phocytic markers was prognostic in the luminal-A group.

Favorable prognosticators for DFS were high total CD3,
high sCD3, high iCD8 and higher sTIL density in patients
with luminal-B tumors; high total CD3, high total CD8,
high sCDS8, high iCDS8, high total FOXP3, high sFOXP3 and
higher sTIL density in patients with luminal-HER?2 tumors;
high iCDS8 in the HER2-enriched group; and high sFOXP3
in the TNBC group (Table 2). Most of these markers were
also associated with reduced risk of death for the respective
subtypes.

For multivariate analysis, in the entire cohort, the above
significant lymphocytic subsets and sTIL density were
initially examined as single markers upon adjustment for
selected clinicopathological parameters. The favorable sig-
nificance was retained for CD3 and CD8 markers, while
it remained only as a trend for sFOXP3 (Supplementary
Table S6). However, when sTIL density was included in the
models, only a trend toward longer DFS was detected for
sCD3 and iCD8, while sCD8 and the FOXP3 subsets were
rendered insignificant; in comparison, high total counts/mm?
remained significantly favorable for CD3 and marginally so
for CDS (Table 3). Higher sTIL density for each 10% incre-
ment conferred 13—-15% less risk of relapse over high sCD3,
sCD8 and iCD8 and of death over total CD3. High total
CD3 and high total CDS conferred 35% and 28% lower risks
of relapse, respectively. In the SFOXP3 model, neither this
marker nor sTIL density remained independent prognosti-
cators for DFS (Wald’s p=0.26 and p=0.18, respectively)
or OS (p=0.52 and p=0.19, respectively). In comparison,
nodal status and, occasionally, subtypes remained indepen-
dently significant for DFS and OS (notes in Table 3).

Multivariate models for breast cancer subtypes were
hampered by small group sizes and by the limited number
of events (the models were pursued only for patients with
luminal-B tumors). High sCD3 and total CD3 remained sig-
nificantly favorable for patients with luminal-B tumors for
DFS, and total CD3 for OS, even after adjustment for sTIL
density (Table 3).

Profiling of lymphocytic subsets

Hierarchical clustering of continuous stromal and intratu-
moral CD3, CD8 and FOXP3 values returned two distinct
tumor groups. Tumors in cluster 1 exhibited low counts/
mm? for the profiled markers (all-low cluster), while those
in cluster 2 exhibited high counts/mm? for all markers (all-
high cluster) (Fig. 3e). Among the 511 profiled tumors,
20.4% were grouped together in the all-high cluster 2.
The associations of these clusters reflected those of single
markers: the all-high cluster 2 was strongly associated with
higher Ki67 labeling index (Wilcoxon rank-sum p <0.001),
high histological grade (chi-square p <0.001) and HER2-
positive subtypes and TNBC (p =0.006). In comparison to
patients with all-low tumors, patients with all-high tumors
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«Fig.2 Examples of CD3, CD8 and FOXP3 immunoreactivity in the
examined tumors. Markers and original microphotograph magnifica-
tions as indicated. a, b CD3+ outnumbered CD8+ lymphocytes in
all areas of the tumor, as shown in the invasive front (a) and around
tertiary lymphoid structures (b). ¢ Distribution patterns of CD3+
lymphocytes were not homogeneous in different areas of the same
tumor, as shown in two different TMA cores (core 1 on the left, core
2 on the right). D In comparison to CD3+ and CD8+, FOXP3+cells
were poorly represented. A tumor with a relatively high number of
FOXP3+-cells is shown on the left. On the right, rare FOXP3+cells
(arrows) are indicated in a normal duct and in the surrounding
stroma, in the presence of tumor (asterisk)

experienced longer DFS (Fig. 3f) and had lower risk of
relapse (HR 0.61, 95%CI 0.41-0.93, Wald’s p=0.020). No
effect was noticed with this profiling for OS (p=0.28). Upon
adjustment for the clinicopathological parameters, the all-
high cluster 2 lost its favorable prognostic significance for
DFS (p=0.41) along with sTIL density (p =0.12). Nodal
status was the only parameter that remained significant in
this model (p <0.001). Due to the very limited number of
patients, subgroup analyses were not performed with the
profiling results.

Discussion

The present study investigates markers of host anti-tumor
immunity in breast carcinomas from patients who were
treated with adjuvant anthracycline-based chemotherapy
in two randomized trials and were followed up to almost
20 years. The main findings include: stromal CD3 and CDS§
lymphocytic subsets as prevalent players in anti-tumor
immunity compared to FOXP3 infiltrates; favorable prog-
nostic impact of stromal and/or intratumoral CD3, CD8
and FOXP3 at high density, either as single markers or in
profiles; and, importantly, prognostic redundancy of com-
partmentalized lymphocytic subsets upon adjustment for
the morphologically assessed sTIL density, which is rel-
evant to the translation of the present data in breast cancer
diagnostics.

The study was performed on TMA cores using cell
counts/mm? for the individual phenotype subsets, which has
recently been proposed as a valid method for the evaluation
of lymphocytic subpopulations in breast cancer despite TMA
limitations [19, 21]. B cells and their derivatives, i.e., plasma
cells, were observed in few cases only, in association with
tertiary lymphoid structures where these cells are primarily
generated [8]. As previously described [3, 21], the bulk of
the TILs was located in the stroma of breast carcinomas and
the main TIL component was composed of sCD3+ T lym-
phocytes. The observed correlations between all examined
subsets and sTIL density were similar to those previously
reported [22]. As can be inferred from our data, despite that
we did not address CD4+ cells for direct comparison, more

than half of CD3+ cells were cytotoxic CD8+ cells. CD3+
and CD8+ infiltrates appeared interdependent, both in the
stromal and the intratumoral compartment. This is in line
with previously reported predominantly cytotoxic cells in
tumor-infiltrating T lymphocytes [23]. However, it is rather
contrary to the predominant helper T cells observed in car-
cinomas in situ [19, 21], reflecting the different properties
of in situ and invasive tumors in summoning host defense.
In line with previous reports, [21, 23, 19], FOXP3+ were
underrepresented compared to CD3+ and CD8+ cells, in our
series by more than one order of magnitude. Considering the
immunosuppressive roles generally attributed to FOXP3 [7,
8], the low rates of such cells and the prevalence of cytotoxic
CD8+ cells seem consistent with tumor-combating efforts
by the host.

In fact, the endogenous anti-tumor attempt is reflected in
all aspects of the non-specific sTIL and the more specific
lymphocytic subset densities, as described and reviewed
in the literature: tumors with high sTIL density were also
high CD8+ [20]; all examined lymphocytic subsets tended
to coexist in high numbers in both the stroma and the tumor
cell area [21, 23]; all of them, individually and profiled, were
associated with aggravating tumor characteristics, such as
high grade and proliferation [24-26] and HER2-positive and
triple-negative disease [23— 26]. Particularly with respect to
breast cancer subtypes, the density of T cell subsets substan-
tially differed between the low-proliferating luminal-A and
the more aggressive HER2-positive tumors, including lumi-
nal-HER?2. The latter featured the highest sCD3, sCD8 and
sFOXP3 densities, irrespective of hormone receptor positiv-
ity, which appears to contradict the as yet largest review on
T cell markers per subtype [27]. The problem is that in most
studies dealing with the evaluation of immune cell markers
in breast cancer subtypes, the method for subtype calling
was not taken into account despite that, for example, clini-
cal (IHC4) and gene expression (e.g., PAMS50) HER2 sub-
types were not directly comparable [28, 29]. Highly prolif-
erating tumors, irrespective of ER/PgR or HER2 positivity,
may attract T cells, cytotoxic T cells in particular, possibly
because proliferation is related to higher levels of genomic
aberrations and, therefore, to the production of neoantigens
[30]. Perhaps, adding proliferation index to the known asso-
ciations between TILs and breast cancer subtypes may aid
in the development of algorithms for characterizing the sta-
tus of host anti-tumor immune response, which needs to be
taken into account in breast cancer therapeutics.

The prognostic implications of sTIL density and lym-
phocytic subsets have been adequately reviewed in the lit-
erature, although more often in the neoadjuvant than in the
adjuvant setting [23, 31]. We have previously shown the
favorable prognostic impact of sTIL density in adjuvantly
treated patients in clinical trials by our group [18], which
is here presented for patients treated in the pre-trastuzumab
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«Fig.3 Properties of individual lymphocytic subsets and sTIL den-
sity in breast carcinomas. High lymphocytic subset counts/mm? were
associated with higher proliferation rate (shown in a) and with high
tumor grade (shown in b). Higher sTIL density in HER2-positive
tumors irrespectively of hormone receptor positivity and in TNBC
(c). Similar distribution patterns were observed for individual lym-
phocytic subsets, as indicated in d. Hierarchical clustering of con-
tinuous counts/mm? yielded two distinct clusters, cluster 1 with low
density of all lymphocytic subsets and cluster 2 with high density,
respectively (e). Associations of these clusters with patient DFS and
OS are shown in f. sL, sH: stromal low, stromal high; iL, iH: intratu-
moral low and high, respectively; LUMA: luminal-A; LUMB: lumi-
nal-B; LUMHER?2: luminal-HER2; HER2-en: HER2-entiched

era (a part of the previously studied population). In exten-
sion of these findings, here we show that high density of
sCD3, sCD8, iCD8 and sFOXP3, as well as high density
of total CD3 and CD8, was favorable prognosticators in the
adjuvant setting. However, compartmentalized stromal and
intratumoral lymphocytic subsets did not offer prognostic
information on sTIL density. This is consistent with pre-
vious reports on redundant lymphocytic markers in breast
cancer prognosis, particularly concerning FOXP3 and CD8
(reviewed in [21, 23]). This redundancy may be explained if
we consider the biology of the tumor immune contexture and
the endless list of technical and methodology issues, some
of which are discussed below.

From the biological aspect, none of the CD3, CD8 and
FOXP3 immunophenotypes can be considered as a surro-
gate of the extreme heterogeneity and functional diversity
of these lymphocytic populations in the tumor microenvi-
ronment, as they are deciphered by more recent methods,
e.g., single-cell RNA sequencing [32] or proteomics [33], or
with multiplex immunofluorescence on paraffin Sects. [34].
FOXP3 per se is a non-specific marker, since it may be
expressed by several immune cell types [35, 36] and also
by cancer cells [37], while its mRNA expression in breast
cancer cells may be higher than in T-regs [38]. In addition,
the different antibodies used for FOXP3IHC yield different
staining patterns [11, 37, 39-41] and hence non-comparable
results. FOXP3+ subsets may have distinct biological effects
compared to CD3+ and CD8+, dependent on the hormone
receptor status of breast cancer [42], as tangentially indi-
cated by our results as well. However, without further dis-
section of the FOXP3 population, which may be considered
a limitation of the present study, the respective biological
ground cannot be adequately discussed.

Methodology issues for the assessment of intratumoral
and stromal lymphocytes and their subsets may also con-
tribute to contradictory or non-comparable results of the
prognostic evaluation of lymphocytic subsets: for example,
higher iCD8 counts may be a predictor for unfavourable
[43] but higher iCD8 counts/mm? for favorable prognosis,
as in the present series. Counting stromal lymphocytes as
intratumoral in tumors where this distinction is difficult

will also yield misleading results. The design of multi-
variate analysis models may also impact the interpreta-
tion of each marker, as we have clearly shown here and as
reported elsewhere [22, 23]. As can be inferred from both
the present and our previous study examining the same
lymphocytic subsets at the mRNA level [14], the results
obtained by different methods for the same marker are not
directly comparable. Lastly, almost all studies examining
immunophenotypic markers on large tumor series are per-
formed on TMAs, while sTIL density is assessed on whole
sections. Apart from the extremes, i.e., tumors with 0-5%
or > 50% sTIL density, tumors with 10-40% sTIL density
may be heterogeneous for this marker [18, 20]; however,
this heterogeneity is not reflected in the returned averaged
value of sTIL density. Plausibly, the density of lympho-
cytic subsets may also be heterogeneous, as shown here,
but this parameter could not be reliably assessed due to the
selective core sampling for TMA construction.

We have also shown that assessing total rather than com-
partmentalized CD3 and CDS8 density may add prognostic
information independently of sTIL density in the adjuvant
setting. Assessing lymphocytic subset counts within the
entire tumor area alleviates the difficulties in stromal and
intratumoral delineation, although we fully agree that it cer-
tainly dilutes the density of each lymphocytic subset and
cannot be regarded as a solid marker on biological grounds
(21). A novel information here concerns the independently
favorable prognostic effect of CD3 in the hormone receptor
positive, HER2-negative luminal-B tumors of higher pro-
liferation, but not in luminal-A tumors of low proliferation.
Unfortunately, the limited number of the remaining subtype
groups and the very limited number of events precluded the
interpretation of the examined markers in these subgroups.

In conclusion, this study confirms that in operable early
stage breast carcinomas, lymphocytic infiltrates are mostly
composed of T cells, the majority of which are cytotoxic T
lymphocytes. Tumors with higher sTIL density tend to have
higher numbers of stromal and intratumoral CD3+, CD8+
and FOXP3+ lymphocytes that are distributed, following the
patterns of sTIL density, among breast carcinomas. The indi-
vidual stromal and intratumoral lymphocytic subset markers
may not offer prognostic information on sTIL density in the
adjuvant setting, while the less specific and, perhaps, bio-
logically irrelevant total CD3 and, occasionally, CD8 density
may do so. The immune contexture in breast carcinomas and
its assessment remain fields with too many unknowns, as
discussed for respective biological and methodological limi-
tations. In this context, it appears that less specific markers
offer more information than the more specific but still partly
understood ones. In this sense, introducing the morphologi-
cal assessment of STIL density in histology reports would be
a first step toward the evaluation of host anti-tumor immune
response on a broad basis, as widely recommended. The
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Table2 Cox univariate
regression with respect to DFS
and OS for CD3, CD8, FOXP3
and sTIL density

@ Springer

DFS oS

Events/total HR (95% CI) pvalue Events/total HR (95% CI) p value
Entire cohort
Total CD3
High 53/188 0.61 (0.45-0.82)  0.001 46/188 0.71 (0.51-0.99)  0.042
Low 226/564 Reference - 176/564 Reference -
iCD3
High 60/188 0.79 (0.60-1.05) 0.11 52/188 0.94 (0.69-1.29) 0.71
Low 219/564 Reference - 170/564 Reference -
sCD3
High 58/188 0.71 (0.53-0.94)  0.019 51/188 0.82 (0.60-1.13)  0.22
Low 221/564 Reference - 171/564 Reference -
total CD8
High 70/218 0.71 (0.54-0.92)  0.009 63/218 0.84 (0.63-1.11) 0.22
Low 278/661 Reference - 218/661 Reference -
iCD8
High 68/219 0.68 (0.52-0.89)  0.004 61/219 0.83 (0.62-1.10)  0.19
Low 280/660 Reference - 220/660 Reference -
sCD8
High 73/219 0.74 (0.57-0.95)  0.020 62/219 0.81 (0.61-1.08)  0.15
Low 275/660 Reference - 219/660 Reference -
total FOXP3
High 56/175 0.80 (0.60-1.08)  0.15 48/175 0.90 (0.65-1.24) 0.52
Low 205/536 Reference - 161/536 Reference -
iFOXP3
High 63/176 0.98 (0.74-1.30)  0.88 52/176 1.03 (0.75-1.41) 0.84
Low 198/535 Reference - 157/535 Reference -
sFOXP3
High 51177 0.67 (0.49-0.91) 0.011 41/177 0.67 (0.48-0.95) 0.024
Low 210/534 Reference - 168/534 Reference -
sTIL density* 0.87 (0.80-0.95)  0.001 0.88 (0.80-0.97)  0.009
Luminal-B
Total CD3
High 18/68 0.47 (0.28-0.78)  0.004 16/68 0.52 (0.30-0.91)  0.022
Low 86/190 Reference - 68/190 Reference -
sCD3
High 20/68 0.56 (0.34-0.92)  0.022 19/68 0.77 (0.46-1.29) 0,33
Low 84/190 Reference - 65/190 Reference -
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Table 2 (continued) DES oS
Events/total HR (95% CI) pvalue Events/total HR (95% CI) p value
iCD8
High 22/77 0.56 (0.35-0.88)  0.013 20/77 0.69 (0.42-1.13) 0,14
Low 99/216 Reference - 78/216 Reference -
sTIL density* 0.81 (0.66-0.98)  0.034 0.81 (0.65-1.01)  0.061
Luminal-HER2
Total CD3
High 8/38 0.35(0.16-0.78)  0.010 8/38 0.42 (0.19-0.94)  0.034
Low 27159 Reference - 23/59 Reference
total CD8
High 9/36 0.39 (0.19-0.82)  0.012 8/36 0.36 (0.17-0.78)  0.010
Low 36/73 Reference - 33/73 Reference -
iCD8
High 9/32 0.47 (0.23-0.98)  0.044 8/32 0.47 (0.22-1.01)  0.054
Low 36/77 Reference - 33/77 Reference -
sCD8
High 8/33 0.40 (0.18-0.85)  0.018 7133 0.36 (0.16-0.81)  0.013
Low 37176 Reference - 34/76 Reference -
total FOXP3
High 6/31 0.34 (0.14-0.83)  0.018 6/31 0.44 (0.18-1.09)  0.077
Low 26/55 Reference - 22/55 Reference -
sFOXP3
High 7/35 0.34 (0.15-0.79)  0.012 7/35 0.42 (0.18-1.00)  0.049
Low 25/51 Reference - 21/51 Reference -
sTIL density* 0.74 (0.59-0.92)  0.006 0.74 (0.58-0.93)  0.010
HER2-enriched
iCD8
High 5/28 0.34 (0.13-0.87)  0.025 4728 0.41(0.14-1.19) 0.10
Low 28/62 Reference - 22/62 Reference -
TNBC
sFOXP3
High 7/31 0.38 (0.17-0.87)  0.021 6/31 0.35 (0.14-0.85)  0.021
Low 29/60 Reference - 27/60 Reference -

*10% increments; significant results are shown in bold
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Table3 Cox multivariate
regression analysis for DFS and
OS in the entire cohort and in
patients with luminal-B tumors
for the entire follow-up time

@ Springer

Parameter Events/total HR (95% CI) p value
Entire cohort

DFS

Model 1*

Stromal TIL density (10% increments) 0.87 (0.77-0.97) 0.013
sCD3

High 43/151 0.73 (0.51-1.04) 0.077
Low 186/498 Reference -
Model 2%*

Stromal TIL density (10% increments) 0.85 (0.76-0.94) 0.003
sCD8

High 54/175 0.83 (0.60-1.13) 0.24
Low 228/572 Reference -
Model 3##*

Stromal TIL density (10% increments) 0.86 (0.77-0.96) 0.005
iCD8

High 54/184 0.75 (0.55-1.03) 0.072
Low 228/563 Reference -
Model 43

Stromal TIL density (10% increments) 0.93 (0.84-1.03) 0.18
sFOXP3

High 41/147 0.80 (0.55-1.18) 0.26
Low 172/463 Reference -
Model 5*

Stromal TIL density (10% increments) 0.88 (0.78-0.99) 0.027
total CD3

High 40/153 0.65 (0.45-0.94) 0.023
Low 189/496 Reference -
Model 6

Stromal TIL density (10% increments) 0.86 (0.78-0.96) 0.006
total CD8

High 50/176 0.72 (0.52-1.00) 0.048
Low 232/571 Reference -
OS

Model 1*

Stromal TIL density (10% increments) 0.93 (0.83-1.04) 0.19
sFOXP3

High 33/147 0.87 (0.57-1.33) 0.52
Low 136/463 Reference -
Model 2

Stromal TIL density (10% increments) 0.87 (0.77-0.99) 0.035
total CD3

High 33/153 0.72 (0.48-1.09) 0.12
Low 146/496 Reference -
Luminal-B tumors

DFS

Model 1¢

Stromal TIL density (10% increments) 1.00 (0.96-1.02) 0.71
sCD3

High 11/51 0.42 (0.21-0.82) 0.012
Low 73/172 Reference -
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Table 3 (continued) Parameter Events/total HR (95% CI) p value
Model 2°
Stromal TIL density (10% increments) 0.58 (0.33-1.02) 0.058
iCD8
High 16/64 0.93 (0.62-1.40) 0.74
Low 84/192 Reference -
Model 3¢
Stromal TIL density (10% increments) 1.02 (0.77-1.34) 0.90
total CD3
High 8/50 0.26 (0.12-0.58) <0.001
Low 76/173 Reference -
oS
Model 4¢
Stromal TIL density (10% increments) 0.96 (0.69-1.32) 0.78
total CD3
High 6/50 0.30 (0.12-0.72) 0.007
Low 60/173 Reference -

Significant results are shown in bold. Notes on independently significant clinicopathological parameters
for each model: entire cohort: adjusting for menopausal status, tumor size, nodal status, histological grade,
radiation therapy and subtypes, the following clinicopathological parameters retained their statistical sig-
nificance (p <0.050) in the respective multivariate analyses: DFS: *nodal status (p <0.001), **nodal status
(»<0.001), subtypes (p=0.040), ***nodal status (p <0.001) and subtypes (p=0.045), ****nodal status
(p<0.001),*nodal status (p <0.001), * *nodal status (p <0.001) and subtypes (p=0.036). OS: #nodal sta-
tus (p <0.001), *#nodal status (p <0.001), tumor size (p=0.034) and subtypes (p=0.006). Luminal-B sub-
group: Adjusting for menopausal status, tumor size, nodal status, histological grade and radiation therapy,
the following clinicopathological parameters retained their statistical significance (p <0.050) in the respec-
tive multivariate analyses: DFS:*none, "nodal status (p=0.011), °nodal status (p=0.044). OS:%nodal status

(p=0.031)

context of adding CD3 or CD8 IHC in the diagnostic routine
of breast cancer still needs to be determined and validated.
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