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Abstract

Background: Tumour-infiltrating lymphocytes (TILs) have been demonstrated to significantly influence prognosis
and response to therapy of invasive breast cancer (IBC). Thus, it has been suggested that TIL density or/and
immunophenotype could serve as biomarkers for selection of IBC patients for immunotherapy. However, much less
is known about significance of TILs in breast ductal carcinoma in situ (DCIS).

Methods: We retrospectively investigated TIL density and immunophenotype in 96 pure DCIS and 35 microinvasive
carcinomas (miCa). TIL density was assessed on H&E-stained breast biopsy sections as the percentage of tumour
stromal area occupied by TILs, and classified into 4 grades: 0 (0%-9%), 1 (10-29%), 2 (30-49%) and 3 (50%-100%).
TIL immunophenotype was assessed by immunohistochemistry for CD8, CD4, FoxP3, CD38 or CD20.

Results: Compared to pure DCIS, miCa contained significantly more cases with TIL density grade 3 (p =0.028).
Concordantly, CD8+, CD4+ and CD38+ cells were more numerous in miCa than in pure DCIS. In the pure DCIS
subgroup with TIL density grades 2 and 3, all TIL subpopulations were more numerous than in the pure DCIS with
TIL density grades 0 and 1, however the ratio between T-lymphocytes (CD8+ and CD4+) and B-lymphocytes (CD20
+) was significantly lower (p =0.029). On the other side, this ratio was significantly higher in miCa, in comparison
with pure DCIS having TIL density grades 2 and 3 (p=0.017). By cluster analysis of tumour cell pathobiological
features we demonstrated similarity between miCa and the pure DCIS with TIL density grades 2 and 3. The only
significant difference between those two categories was in the ratio of T- to B-TILs, higher in miCa.

Conclusion: Results indicate that TIL density level can distinguish 2 biologically different DCIS subgroups, one of
which (DCIS with 230% TILs, the TIL-rich DCIS) is like miCa. Similarity of TlL-rich pure DCIS and miCa as well as the
role of B-lymphocytes in DCIS invasiveness are worth further investigating with regards to the potential
development of immunotherapy-based prevention of DCIS progression.
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Background
Ductal carcinoma in situ (DCIS) now accounts for 20-25%
of all female breast cancers (BCs) in countries with active
mammographic screening [1]. Similarly to invasive breast
cancer (IBC), DCIS displays significant heterogeneity at the
clinical, morphological, molecular and prognostic level [2].
However, clinical management of DCIS patients (pts) is still
quite uniform, with many issues of debate, particularly with
regards to over- or undertreatment [3]. This situation is
caused by a lack of reliable predictors of DCIS progression
[4] and/or of molecular targets which could be therapeutic-
ally modulated to prevent occurrence of the invasive disease.
Impressive therapeutic results obtained in the recent
years by modifiers of the immune response to cancer
have initiated movements calling for intense investiga-
tion of the immune microenvironment of preinvasive
malignant lesions [5]. It has been hypothesized that im-
munotherapies could prevent progression of the cancers
in situ and even induce their rejection. Such a treatment
would be particularly appealing to the patients with
breast premalignant lesions, as the successful immuno-
therapies could reduce the rate of extensive surgeries
and thus significantly improve patients’ quality of life.
Numerous studies have demonstrated important im-
pact of tumour-infiltrating lymphocytes (TILs) on the
natural or therapeutically-modified evolution of IBC [6].
On that basis, it has been proposed that TIL characteris-
tics, like their density or immunophenotype, could help
selecting IBC pts. for immunotherapy clinical trials [6,
7]. However, knowledge on TILs" role in DCIS is still
limited. Therefore, in the study presented here, we in-
vestigated the characteristics of stromal TILs in a larger
series of DCIS pts. We demonstrate that histological as-
sessment of TILs can help recognizing a subcategory of

Table 1 Patient characteristics
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pure DCIS that is biologically very close to microinvasive
carcinoma (miCa). The only difference between those
two categories lies in the composition of TILs, so that
observation might provide clues for better understand-
ing and prevention of DCIS invasion.

Methods

Patients

Female pts., aged =18, with a unilateral breast DCIS, treated
at the Jean Perrin Comprehensive Cancer Centre between
2001 and 2005, were retrospectively selected. The pts. with
family history of BC, germline BRCAI mutations, with in-
complete clinical annotations and/or lost from follow-up
were excluded. Diagnosis of DCIS was initially established
on breast biopsy and confirmed on the corresponding sur-
gical specimen. The DCIS without any invasion were desig-
nated as pure DCIS (DCIS), whereas the microinvasive
carcinoma (miCa) category comprised the in situ lesions
with an invasive component of 1 mm or less in the greatest
dimension [8]. The cases diagnosed as pure DCIS on biopsy
but as miCa on surgical specimen were excluded. The final
cohort consisted of 131 pts.

Median patient age was 56 [36—84] years. All the pts.
had mastectomy or breast conservative surgery. After
surgery, 92 pts. had adjuvant treatment whereas 39 pts.
were only observed.

The median follow-up time was 144 [115-173] months.
Eighteen pts. (14%) experienced recurrences: 7 non-
invasive and 11 invasive. Two pts. developed distant metas-
tases (one of them had also a locoregional recurrence).
Among the locoregional recurrences 7 were non-invasive,
10 invasive, 10 ipsilateral, 6 contralateral, 1 bilateral. Details
on patient characteristics are presented in Table 1.

all pts. (n=131) DCIS pts. (n=96) miCa pts. (n=35) p value(*)
mean age [range] 56 [36-84] 56 [36-84] 54 [38-78] NS
initial management
lumpectomy 89 (68%) 68 (71%) 21 (60%) NS
mastectomy 42 (32%) 28 (29%) 14 (40%)
adjuvant treatment
radiotherapy 89 (68%) 68 (71%) 21 (60%) NS
endocrine treatment 10 (8%) 1 (1.0%) 9 (26%) < 0.0001
cytotoxic treatment 2 (2%) 0 (0.0%) 2 (6%) 0.03
observation 39 (30%) 27 (28%) 12 (34%) NS
trastuzumab 1 (1%) 0 (0%) 1 (3%) NS
recurrences 18 (14%) 14 (14%) 4 (11%) NS
DFS at 5 years 94% (n=124) 94% (n=91) 94% (n=34) NS
DFS at 10 years 89% (n=108) 88% (n=78) 91% (n=31)

Abbreviations: DCIS pure DCIS, miCa microinvasive carcinoma, DFS disease-free survival, NS not significant, (*) characterizing the difference between DCIS

and miCa
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Histological analysis and construction of tissue
microarrays (TMAs)

Haematoxylin-eosin (H&E)-stained slides from formalin-
fixed, paraffin-embedded breast biopsies and surgical
specimens were reviewed by a senior breast pathologist.
Lesion size, nuclear grade, mitotic index, architectural
pattern and presence of necrosis and/or microcalcifica-
tions were recorded.

Density of TILs was estimated semi-quantitatively as the
percentage of tumour stromal area occupied by lympho-
cytes, lympho-plasmocytoid cells and plasmocytes, accord-
ing to the recommendations for TIL density (TIL-d)
assessment in IBC [9]. The area for analysis included the
intra-tumour stroma plus the stromal area surrounding the
CIS or miCa within one high-power field (x 40). TIL-d was
classified into 4 grades: 0 (minimal, 0-9%), 1 (low, 10—
29%), 2 (moderate, 30—49%) and 3 (high, 50-100%). Exam-
ples of the grades are represented on Fig. 1a-d, respectively.

TMAs were constructed by sampling 3 cylinders of
0.6 mm diameter from each tumour. The cylinders were
taken from areas with the highest TIL-d, mostly from bi-
opsies but also from surgical specimens, when biopsy
was insufficient. At least 200 malignant cells of CIS must
have been sampled for each case. In cases of miCa, one
cylinder had to contain the microinvasive component
and at least one cylinder the in situ component.
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Immunohistochemistry (IHC) and in situ hybridization (ISH)

IHC was performed on 3-4 pm thick TMA sections,
using the procedures validated for diagnostics, in a fully
automated system (Benchmark XT, Ventana). IHC detec-
tion of oestrogen receptor (ER), progesterone receptor
(PR), HER2 and Ki67 was used for malignant cell
characterization. The phenotype of TIL was assessed by
IHC for CD8, CD4, FoxP3, CD20 and CD38. Details of
the IHC procedures are presented in Table 2.

[HC for ER and PR was interpreted according to Allred
[10] and for HER2 according to the ASCO/CAP criteria
[11]. ERBB2 amplification was assessed by ISH in cases
scored 2+ for HER2 expression by IHC. The fluorescent
ISH for ERBB2 was performed using ZytoLight" ERBB/
CEN17 Dual Color Probe for in vitro diagnostics (ZytoVi-
sion GmbH, Bremerhaven, Germany), according to the
manufacturer’s protocol. The ISH were interpreted using
the ASCO/CAP criteria [11].

Molecular subtypes of DCIS were defined by applying
the surrogate IHC classification recommended for IBC
by the Saint Gallen International Expert Consensus [12].
For purpose of this study, luminal/HER2+ and HER2
+/non-luminal subtypes were analysed as one category.

Number of TILs per mm2, labelled by each of CDS,
CD4, FoxP3, CD20 or CD38, was determined as follows:
percentage of TMA spot area occupied by stroma was

-

Fig. 1 Examples of TIL density grades. a) a case representing TIL density grade O (TILs are estimated to occupy 2% of the stromal area). H&E,
original magnification 4x, scale bar 250 um; b) a case representing TIL density grade 1 (TILs are estimated to occupy 20% of the stromal area).
H&E, original magnification 5X, scale bar 200 pum; ¢) a case representing TIL density grade 2 (TILs are estimated to occupy 40% of the stromal
area). H&E, original magnification 5x, scale bar 200 um; d) a case representing TIL density grade 3 (TILs are estimated to occupy 60% of the
stromal area). H&E, original magnification 5x, scale bar 200 pm. The circles show the areas sampled for tissue microarray construction

N
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Table 2 Immunohistochemical procedures
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Ag Ab clone Ab supplier Ag retrieval Ab dilution incubation time Reveal system
ER SP1 Ventana CC2 36 min ready-to-use, 32 min ultraView DAB
PR 1E2 Ventana CC2 36 min ready-to-use, 20 min ultraView DAB
HER2 4B5 Ventana CC2 36 min ready-to-use, 20 min ultraView DAB
Ki67 SP6 Thermo Scientific CC2 36 min 1/100, 60 min ultraView DAB
[@prS SP16 Thermo Scientific CC2 36 min 1/400, 60 min ultraView DAB
D4 SP35 Cell Marque CC2 36 min 1/50, 60 min ultraView DAB
FoxP3 2A11G9 Novus Biologicals CC2 36 min 1/25, 60 min ultraView Red
CD38 SP149 Cell Marque CC2 36 min 1/50, 60 min ultraView DAB
CD20 126 Dako CC2 36 min 1/100, 32 min ultraView DAB

Abbreviations: Ag antigen, Ab antibody, ER oestrogen receptor, PR progesterone receptor, CC1 or CC2 Cell Conditioning Buffer 1 or 2 (Ventana). All ultraView

systems are from Ventana

determined visually on each spot and reported as incre-
ments of 10 (0-100%); the area of stroma available for
TIL counting was obtained by multiplying the spot area
(0,28 mm2) by the % of stroma; TILs were counted
within the stroma; the value of TILs/mm2 was obtained
by proportion calculation. Finally, mean TILs/mm?2
count was derived from the counts obtained on the
available spots for each case.

Statistical analysis

The clinico-pathological data were recorded in a central
database using SEM software [13]. The relationships be-
tween variables were analysed by Chi® or Fisher’s exact test,
Student t-test, Mann-Whitney U-test or Kruskal-Wallis H-
test. When calculating ratios between counts, in cases in
which the denominator was 0, that value was replaced with
1 (next minimal value). For all statistical analyses, a two-
sided p-value < 0.05 was considered significant.

Results

Pure DCIS versus miCa: Tumour cells and TILs

Among the 131 analysed cases, 96 were classified as
DCIS and 35 as miCa. As shown in Table 3, miCa were
more frequently of high nuclear grade (p=0.029, for
grade 3), and contained more HER2+ and triple negative
(TN) cases (p =0.032). No other significant difference in
tumour cell characteristics was demonstrated between
DCIS and miCa.

miCa contained significantly more cases with grade 3
TIL-d (250%) than the pure DCIS (p = 0.028). Although
a statistically significant difference could not be demon-
strated, miCa rarely contained minimal lymphocytic in-
filtration (grade O in only 1 case, 2.9%), whereas 15.6% of
pure DCIS had that TIL-d grade (p = 0.07).

In terms of TIL composition, miCa contained signifi-
cantly more CD8+, CD4+ and CD38+ cells (p =0.016, p
=0.001 and p =0.024, respectively) whereas no statisti-
cally significant difference between DCIS and miCa was
observed in the number of FoxP3+ or CD20+ cells.

To compare pure DCIS and miCa by dominant immune
response type at the tumour site, we derived a ratio (T/B
ratio) between the cells representing cellular immunity (T-
cells, CD8+ and CD4+) and the cells representing
humoral immunity (B-cells, CD20+). Although the differ-
ence between pure and miCa did not reach statistical sig-
nificance, the mean T/B ratio, as well as the upper limit of
its range in miCa were higher than in the pure DCIS
(Table 3). No significant difference either between pure
DCIS and miCa was demonstrated in the ratio between
the cytotoxic (CD8+) and regulatory (FoxP3+) T-cells.

The “lymphocyte-rich” pure DCIS

After having observed that miCa very rarely display min-
imal lymphocytic infiltration, we wondered whether
there are any common points between the pure DCIS
with numerous stromal TILs and the miCa. We there-
fore separated the pure DCIS with TIL density of grade
2 and 3 from those with rare or absent TIL (grades 1
and 0) and designated the former as “lymphocyte-rich”
DCIS (lyDCIS), whereas the lower TIL subcategory was
named “lymphocyte-poor DCIS” (non-lyDCIS).

As shown in Table 4, when compared to the non-
lyDCIS, the lyDCIS significantly differed in many patho-
biological features: they were devoid of low nuclear
grade cases (p =0.001) but had significantly more high-
grade ones (p=0.0016) and contained more HER2+
lesions (p = 0.0059). In addition, the comedo architectural
pattern and necrosis, as well as higher mitotic indices
were more frequent in the lyDCIS than in the non-lyDCIS
(p=0.0016, p = 0.0065, p < 0.001, respectively).

Interestingly, although all subtypes of TILs were more
numerous in the lyDCIS than in the non-lyDCIS, the T/
B ratio was significantly lower in the former, compared
to the latter (p = 0.029).

No significant difference was demonstrated between
the lyDCIS and the miCa either in pathobiology of the
malignant cells or in the numbers of TIL subpopulations
(Additional file 1). The T/B ratio was the only parameter
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Table 3 Pathobiological and TIL characteristics of pure DCIS (DCIS) and microinvasive carcinomas (miCa)

DCIS miCa p value
(n=96) (n=35)
Characteristic
Lesion size (mm) 12+16 14+ 20 NS
Lesions 220 mm 21 (21.9%) 10 (28.6%) NS
Architectural pattern
comedo 26 (27.1) 14 (40.0%) NS
solid 30 (31.3%) 16 (45.7%) NS
cribriform 50 (52.1%) 15 (42.9%) NS
micropapillary 31 (32.3%) 7 (20.0%) NS
Presence of necrosis 61 (65.6%) 27 (77.1%) NS
Presence of microcalcifications 71 (75.5%) 27 (77.1%) NS
Nuclear grade
low 14 (14.6%) 2 (6.3%) NS
intermediate 45 (46.9%) 12 (34.3%) NS
high 37 (38.5%) 21 (60.0%) 0.029
Mitotic index 3.7+£40 48+ 44 NS
Ki67 index 48+73 5664 NS
Molecular subtype
luminal 67 (68.9%) 15 (42.9%)
HER2 17 (17.7%) 11 (31.4%) 0.032*
triple negative 12 (12.5%) 9 (25.7%)
TIL density (TIL-d)
grade 0 15 (15.6%) 1 (2.9%) NS (0.07)
grade 1 43 (44.8%) 16 (45.7%) NS
grade 2 28 (29.2%) 9 (25.7%) NS
grade 3 10 (10.4%) 9 (25.7%) 0.028
TIL phenotype
cells CD8+ 65+91 150+ 224 0.016
cells CD4+ 106+ 185 242+ 320 0.001
cells FoxP3+ 22+40 44+92 NS (0.08)
cells CD20+ 134 +290 276 £504 NS
cells CD38+ 28+39 57+73 0.024
T/B ratio 7.2 [5.3-9.2] 11.0 [52-16.8] NS
CD8+/FoxP3+ ratio 94 [5.1-13.7] 11.1 [5.2-159] NS

Legend: Values given for individual lymphocyte subpopulations are mean * SD; values for the ratios of lymphocyte counts are means and 95% Cl
Abbreviations: ER oestrogen receptor, PR progesterone receptor, NS not significant * = p value for the difference in global distribution of molecular subtypes

between DCIS and miCa

which significantly differed between the lyDCIS and the
miCa, being markedly higher in the miCa (4.6 [2.6—6.8] vs.
11.0 [5.2-16.8], lyDCIS vs miCa, respectively, p = 0.017).

Cluster analysis

To better explore the relationship between non-lyDCIS,
lyDCIS and miCa, we performed a cluster analysis which
evaluated distribution of those 3 categories according to
several pathobiological characteristics not related to

TILs, reported in the literature to have prognostic sig-
nificance in invasive or in situ BC: lesion size, nuclear
grade, mitotic and Ki67 index, molecular subtype, pres-
ence of necrosis or microcalcifications.

The entire cohort clustered in 2 main groups and that
distribution was highly statistically significant (p = 0.017,
Fig. 2). The non-lyDCIS clustered dominantly in group 1
(55.9% of cases, compared to 31.7% of cases found in the
group 2) and that is the basis of the significant difference
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Table 4 Pathobiological and TIL characteristics of lymphocyte-poor
(non-lyDCIS) and lymphocyte-rich non-invasive DCIS (lyDCIS)

non-lyDCIS  lyDCIS p value
(n=58) (n=38)
Characteristic
Lesion size (mm) 1M+14 13+19 NS
Lesions 220 mm 11 (18.6%) 11 (28.9%) NS
Architectural pattern
comedo 9 (15.5%) 17 (44.7%) 0.0016
solid 18 (31.0%) 12 (31.6%) NS
cribriform 29 (50.0%) 21 (55.3%) NS
micropapillary 23 (39.7%) 8 (21.1%) NS
Presence of necrosis 32 (55.2%) 29 (82.9%) 0.0065
Presence of microcalcifications 44 (75.9%) 27 (75.0%) NS
Nuclear grade
low 14 (24.1%) 0 (0%) 0.001
intermediate 29 (50.0%) 16 (42.1%) NS
high 15 (25.9%) 22 (57.9%) 0.0016
Mitotic index 24+27 58+4.7 < 0.001
Ki67 index 34144 69+99 NS
Molecular subtype
luminal 45 (77.6%) 22 (57.9%)
HER2 4 (6.9%) 13 (34.2%) 0.0059*
triple negative 9 (15.5%) 3 (7.9%)
TIL density (TIL-d)
grade 0 15 0 NA
grade 1 43 0 NA
grade 2 0 28 NA
grade 3 0 10 NA
TIL phenotype
cells CD8+ 42 +64 102+113 0.0002
cells CD4+ 68+ 138 165+ 229 0.0018
cells FoxP3+ 7+15 47 £54 < 0.0001
cells CD20+ 57+£123 253 £411 0.00013
cells CD38+ 19+33 41+43 0.00051
T/B ratio 90 [62-117] 46[24-117] 0029
CD8+/FoxP3+ ratio 82 [5.1-113] 116 [08-224] NS

Legend: Values given for individual lymphocyte subpopulations are mean +
SD; values for the ratios of lymphocyte counts are means and 95% Cl.
Abbreviations: NA not applicable, NS not significant, * = p value for the
difference in global distribution of molecular subtypes between non-lyDCIS
and lyDCIS

in case distribution between 2 clusters. The lyDCIS and
the miCa clustered similarly in the 2 groups. Those
findings confirmed pathobiological similarities be-
tween lyDCIS and miCa and their difference from
non-lyDCIS.
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Prognostic value of TIL density and immunophenotype
No TIL characteristics was predictive of recurrence in
this series. The only independent predictive factor of
disease-free survival was solid architectural pattern of
the tumors (p = 0.0023, Additional File 2).

Discussion

Here we are reporting that assessment of stromal
lymphocyte density and phenotype reveals two distinct
subgroups of DCIS, one of which shows significant
pathobiological similarities with miCa. In addition, we
demonstrate that the TIL-rich pure DCIS are character-
ized by lower ratios of T- to B-TILs, either compared to
the TIL-poor pure DCIS or to the miCa.

Several authors have already addressed the question of
stromal lymphocytic infiltrate significance in DCIS with
or without microinvasion [14—18]. In the seminal paper
on DCIS immunogenicity, Black et al. suggested an asso-
ciation of cell-mediated immunity and the in situ phase
of breast carcinogenesis [19]. To our best knowledge,
our study is one of the largest which investigated TIL
phenotype in DCIS, and the first which revealed differ-
ences in the ratio of T- to B-TILs between TIL-rich and
TIL-poor DCIS as well as between pure DCIS and miCa.

It has already been demonstrated that high-grade pure
DCIS and miCa lesions are frequently associated with rich
lymphocytic infiltrate, amount of which is growing, in
most cases, from normal breast tissue to the invasive can-
cer [15, 16, 20, 21]. Our results are in concordance with
those reports. We observed minimal lymphocytic infiltrate
only in one case of miCa and a significantly higher rate of
grade 3 TIL-d in miCa than in the pure DCIS. No study
yet compared TIL-d between pure DCIS and miCa by
assessing it on H&E-stained breast biopsy sections. In a
small series of DCIS (n =27, only 3 miCa) Thompson et
al. found that 78% of cases contained TILs occupying 5%
or more of the stromal area [17]. Using a slightly different
grading we also found that most DCIS have well observ-
able TILs (lesions with >10% of TILs represent more than
80% of our cohort). We applied the recently published
recommendations for TIL-d scoring in IBC [9], but arbi-
trarily established 4 grades, chosen by consensus of 4
authors (MB, MMD, FPL and NRR) on what could be
easily and faithfully reproduced in the routine practice.
Assessment of TIL-d on breast biopsies instead on surgi-
cal specimens is one of the limitations of this study, since
TIL-d in a surgical specimen might not exactly be
reflected by the corresponding biopsy. On the other side,
to serve as a biomarker helpful for tailoring the initial
DCIS treatment (e.g. surgery type), or for selection of pts.
for pre-surgery or surgery-replacing immunotherapy
trials, TIL-d must be assessable on breast biopsies.

There is still little knowledge about the content of
DCIS stromal mononuclear infiltrate and its relationship
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Fig. 2 Cluster analysis of distribution of TIL-based subcategories
according to the tumour cell pathobiological characteristics. Red colour
represents higher values/presence of a parameter; green colour
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to DCIS pathobiology. Lee et al. reported predominating
T- and B-lymphocytes over relatively low number of
macrophages in DCIS, whereas in the IBC T-
lymphocytes and macrophages were the most frequent
[14]. Thompson et al. observed that total T-lymphocyte
population (CD3+) as well as the CD8+ and CD4+ sub-
populations, followed by the CD20+ cells, were most nu-
merous in all studied DCIS, whereas the FoxP3+ cells
showed lower counts [17]. Campbell et al. reported
higher counts of CD8+, CD4+, FoxP3+ and CD20+ cells
in high grade pure DCIS, in comparison to the non-high
grade cases [18]. Our results are comparable to those of
Thompson et al. in terms of lower densities of the
FoxP3+ cells in comparison to the other TILs. The TIL-
rich DCIS in our cohort contained a high fraction (al-
most 60%) of high-grade DCIS and was richer in all in-
vestigated TIL phenotypes (CD8+, CD4+, FoxP3+, CD20
+ and CD38+) than the TIL-poor DCIS subcategory,
which contained much less high-grade lesions. This is
comparable, in part, with the results of Campbell et al.,
however, our TIL-rich subcategory contained also DCIS
cases of intermediate grade. The total absence of low
grade lesions among the TIL-rich cases in our series sug-
gests that low grade DCIS lesions are rarely associated
with an intense immune reaction. In that line, as Camp-
bell et al. evoked, high grade DCIS lesions have signifi-
cantly different immune landscape than the rest of DCIS
(more TILs, different TIL immunophenotype).

We discovered that the T/B ratio was reduced in the
subgroup of pure DCIS with >30% TILs, in comparison ei-
ther with the DCIS having less than 30% of TILs or with
miCa. No previous study has investigated T/B ratio in
breast carcinoma in situ. The lower T/B ratio might be
provoked by an excess of B-lymphocytes. It has been dem-
onstrated that HER2 elicits marked increase in
interleukin-6 (IL-6) expression and secretion [22]. IL-6
acts on B-lymphocytes by increasing their immunoglobu-
lin production [23]. In addition, B-lymphocytes secrete IL-
6 themselves [23], forming an autocrine loop which might
be especially productive in the HER2+ preinvasive and in-
vasive breast lesions. Indeed, our TIL-rich DCIS group,
showing higher B-cell counts than the TIL-poor DCIS cat-
egory, contained more HER2+ cases, so that is likely the
strongest explanation of a relative excess of B-cells in the
TIL-rich subgroup. On the other side, IL-6 is secreted also
by adipose cells and may induce B-cell proliferation in the
HER2-negative breast cancer lesions [24]. Thus, lower T/

~ WOV RR WIS
REITRGTSRURaRELOR R

21

__91,:4;:;4:T21__g
wt
BAEERGREIBYRNECRERNS
37 BURUR

H—\
- R
BoRSENEEREEIE

B 20=33Vg

o
BUIS  WONMNONRURNNWURED
~ =) © @R




Beguinot et al. BMIC Cancer (2018) 18:129

B ratio of the TIL-rich DCIS may also reflect the presence
of microenvironment-induced chronic inflammation,
demonstrated to constitute a milieu that stimulates breast
carcinogenesis [25, 26]. The increased proportion of B-
lymphocytes in the TIL-rich DCIS might indicate develop-
ment of a pro-invasive milieu which will allow for progres-
sion toward the invasive disease. This hypothesis,
however, should be verified in further studies.

Microinvasion is considered as the earliest step in the
development of IBC. Once penetrated the basal lamina,
DCIS cells can induce activation of the cytotoxic immune
response, especially in case of HER2+ and TN lesions.
HER2+ and TN malignant breast cells are considered
highly immunogenic due to their frequent exposure of
cancer-associated antigens [27-31]. In our cohort, pre-
dominance of CD8+ and CD4+ cells over B-cells is the
strongest in miCa and likely reflects the situation in which
the cellular immune response has started developing
against invading malignant cells. The miCa subgroup con-
tained more HER2+ and TN lesions than the rest of the
cohort, so that is likely one of the strongest reasons for
higher counts of the effector T-lymphocytes in the miCa.

As the adaptive immune response to cancer is charac-
terized by progressive development of TILs with a role
to reduce the anti-tumour action of CD8+ cells, we were
interested whether increase in FoxP3+ T-cells, the major
counter-actors of CD8+ T-cells [32, 33], will follow the
increase in CD8+ TILs. We did observe increased num-
bers of FoxP3+ TILs in the TIL-rich DCIS compared to
the TIL-poor DCIS. Lal et al. have reported increasing of
FoxP3+ lymphocyte number along the malignant pro-
gression from normal breast tissue to IBC [16]. Our
finding of increasing FoxP3+ cell counts but no signifi-
cant changes in the CD8+/FoxP3+ ratio from non-
lyDCIS to lyDCIS and miCa might indicate that the con-
trol of malignant cell population by the cellular immune
response is still operational and not inhibited by immu-
noediting [34]. To confirm this hypothesis, it would be
worth investigating whether the reduced ratios of CD8+
to FoxP3+ TILs are present in breast cancer lesions with
more extended invasion (> 1 mm).

By cluster analysis of several important pathobiological
characteristics we demonstrated that miCa and the TIL-
rich pure DCIS are closely related and different from the
DCIS with low or absent TILs. The similarity between
miDCIS and lyDCIS could be explained by high rate of
HER2+ cases in both categories (34—35%), markedly
higher than in the non-lyDCIS (only 6.8%). HER2+ sub-
type is frequently found in miCa [35, 36] and the associ-
ation with HER2 positivity and rich TILs in DCIS has
been reported [17, 18]. However, in our cohort, the
HER2+ cases represented only slightly above one third
of lyDCIS or miCa, suggesting that the HER2- in situ le-
sions could also induce development of rich lymphocytic
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infiltrate. The relatively frequent TN lesions (around one
quart of the cases) could also be one of the reasons for
denser TILs in the miCa compared to the rest of the co-
hort, however, interestingly, the TIL-rich pure DCIS cat-
egory had less TN cases than the TIL-poor group. To
better determine whether the similarities between TIL-
rich DCIS and miCa are caused by factors unrelated to
HER2+ or TN status we are currently investigating the
relationship between TIL density and tumour cell patho-
biological features in a larger series of luminal/HER2-
negative pure DCIS and miCa.

We could not demonstrate an increased risk for recur-
rence of the miCa or the lyDCIS, because of the low num-
ber of recurrences in this series. Several authors have
reported a very good prognosis of miCa [37-39], whereas
others have stressed the clinical problem of local recur-
rences which would need prevention by large surgical ex-
cisions and adjuvant radiotherapy [40, 41]. Recently a fatal
systemic progression of HER2+ miCa has been reported
[42] implying that search for microinvasion foci in a DCIS
lesion, especially of the HER2+ subtype, should be per-
formed as carefully as possible. Our finding of significant
similarities between lyDCIS and miDCIS suggest that
denser TILs (=30%) in a DCIS lesion should be evaluated,
in larger series, as an indicator of invasion.

This study has limitations. First, use of TMAs for analysis
of cellular densities cannot always ensure equal size of the
areas on which cell counts are determined. However, this
obstacle is largely overridden when ratios between the cell
counts are used, as the counts are obtained on the same
surface. For that reason, the T/B ratio used in this study
likely was not influenced by the errors due to non-uniform
size of the area within which TILs were counted.

Another limitation is still a relatively small cohort size,
which could not allow for more details in the statistical
analysis, especially with regards to the above evoked re-
lationship between molecular subtypes and TIL density
or immunophenotype.

Conclusion

In conclusion, this study reveals two new subgroups of breast
DCIS, which differ in amount and phenotype of TILs and in
several tumour cell characteristics. However, this separation
of pure DCIS into two subcategories, based on TIL density
level, does not seem to be a mere reflect of the frequency of
molecular subtypes. The subcategory of pure DCIS with rich
TILs has a lower T/B ratio, which importance for invasion
risk is worth investigating in larger studies. Analysis of TIL
phenotype may reveal DCIS subtypes with low risk of pro-
gression (like DCIS with less than 30% TILs) for which the
intensity of adjuvant treatment could be reduced. On the
other side, if the association between relative excess of B-
TILs and DCIS invasion is confirmed, preventive approaches
based on B-cell immunity modulation could be envisioned.
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