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Abstract
Ductal carcinoma in situ (DCIS) associated stromal changes and influx of immune cells might be mediators of progression to
invasive breast cancer. We studied the interaction between DCIS-associated stromal changes, and immune cell distribution and
composition in a well-characterized patient cohort. We included 472 patients with DCIS. The presence of stromal changes,
signs of regression, and DCIS-associated immune cell position were determined on hematoxylin and eosin-stained slides.
Immune cell composition was characterized by immunohistochemistry (CD4, CD8, CD20, CD68, and FOXP3). The number of
intraductal immune cells was quantified per mm2. The interaction between stromal changes, signs of DCIS regression, immune
cell composition and location was explored. Stromal changes and signs of DCIS regression were identified in 30 and 7% of the
patients, respectively. Intraductal immune cells mainly comprised CD68+ macrophages and CD8+ T cells. Patients with
stromal changes had significantly less influx of immune cells within the duct. DCIS regression was associated with an increased
number of intraductal FOXP3+ T cells. The highest number of intraductal CD8+ T cells was seen in the ER+ HER2+
subtype. We suggest that DCIS-associated stromal changes prevent the interaction between immune cells and DCIS cells.
However, in case of DCIS regression, we surmise a direct interaction between DCIS cells and immune cells, in particular
FOXP3+ cells. Furthermore, the increased number of intraductal CD8+ T cells in the ER+ HER2+ DCIS subtype suggests a
subtype-specific immune response, which is likely to play a role in the distinct biological behavior of different DCIS subtypes.

Background

Ductal carcinoma in situ (DCIS) is considered to be a non-
obligate precursor of invasive breast cancer and it is treated
as such, with respect to local therapy [1, 2]. DCIS is a
heterogeneous disease and, similar to invasive breast can-
cer, it can be classified into several surrogate subtypes based
on estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor (HER2) expression

as determined by immunohistochemistry [3]. Data are lim-
ited regarding the treatment-naive behavior of DCIS, but
DCIS subtypes have been reported to be associated with
distinct biological behavior [4, 5]. A substantial proportion
of DCIS cases are associated with changes in their micro-
environment, such as stromal changes and influx of immune
cells [6, 7]. These changes could be important mediators of
the propensity of DCIS to evolve to invasive breast cancer.

Generally, high numbers of tumor-infiltrating lympho-
cytes (TILs) are observed in high grade, triple negative, or
HER2+ DCIS [4, 8–10]. These DCIS-associated TILs
are generally located in the stroma and mainly consist of
CD4+ T cells [4, 11–13]. Specific immune cell subsets
are reported in association with outcome. High amounts
of CD19/CD20+ B cells were associated with shorter
recurrence-free survival in patients with DCIS, while high
levels of CD8+ T cells were associated with a low risk for
ipsilateral recurrence [11, 14, 15]. Stromal changes have
also been associated with outcome and can be described as
myxoid stroma or sclerotic stroma [7, 13, 15]. The presence
of myxoid stroma has been associated with an increased
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ipsilateral recurrence risk [7]. Sclerotic stroma is regarded
as part of DCIS regression [13, 15]. DCIS regression is a
process whereby stromal changes indulge neoplastic cells,
which are replaced by fibrosis [13, 15–17]. Signs of DCIS
regression are associated with high-grade DCIS, and ER/
PR-negative and HER2+ subtypes [13, 15–17].

Co-occurrence of DCIS-associated stromal changes,
including DCIS regression, and influx of TILs has been
described [13, 15]. Intraductal influx of CD8+ T cells in
particular has been linked to DCIS regression [15]. This
observation suggests that DCIS regression could be the result
of a targeted immune response. However, data are limited
with respect to the interaction of DCIS with the surrounding
stroma and immune cells. The aim of this study was therefore
to evaluate the interaction between DCIS histopathological
characteristics, DCIS-associated stromal changes (including
signs of regression), and immune cells (composition and
location) in a large, well-documented cohort of patients.

Patients and methods

Study cohort

This retrospective study included 472 patients with a pri-
mary diagnosis of pure DCIS from a previously described
cohort [4]. Briefly, these patients were diagnosed at the
Erasmus Medical Center Cancer Institute Rotterdam or at
the Laboratory for Pathology Dordrecht between 2000 and
2016. Clinical data and a central pathology review,
including assessment of DCIS characteristics and DCIS-
associated TILs, were performed as previously described by
Agahozo et al. [4]. DCIS surrogate molecular subtypes
were based on immunohistochemistry: ER+ PR±HER2−,
ER+PR±HER2+, ER−PR−HER2+, or ER−PR−HER2−
(triple negative). A 10% cutoff for ER and PR was used,
according to the Dutch guidelines for hormone receptor
assessment in invasive breast cancer [18]. HER2 was scored
as 0, 1+, 2+, or 3+, and in situ hybridization was

performed in cases with an equivocal HER2 expression,
according to the ASCO/CAP guidelines [19]. Ipsilateral
recurrence was defined as a histologically confirmed in situ
or invasive carcinoma ≥6 months after the initial diagnosis
and treatment. The median follow-up time was 98 months,
ranging from 24 to 218 months. Encoded leftover
patient material was used, in accordance with the Dutch
Code of Conduct of the Federation of Medical Scientific
Societies [20].

DCIS-associated stromal changes and signs of
regression

All hematoxylin and eosin-stained slides from this cohort
(n= 472) were reviewed to determine the presence of
DCIS-associated stromal changes, which was defined as
stroma within 1.0 mm of the duct. Stromal changes were
classified as absent, sclerotic, or myxoid, as illustrated in
Fig. 1. Sclerotic stroma was defined as a dense, eosinophilic
ring surrounding the duct, and myxoid stroma was defined
as ‘loose’ basophilic stroma. DCIS regression was assessed
in 450 patients. The remaining 22 patients were excluded
because of tissue inaccessibility. DCIS regression was
defined as a combination of stromal changes, mostly
sclerotic, and a reduction or absence of DCIS cells, whereby
microcalcification or comedonecrosis might still be present.
Some examples of DCIS regression are shown in Fig. 2.
This definition is comparable to stages a and b from Horii
et al, stages 2 and 3 from Wassermann et al., or phases B, C,
and D adapted from Morita et al. [13, 15, 17]. All cases
were reviewed by two observers at the same time, using a
multiheaded microscope, whereby consensus was reached
in case of disagreement.

The position and composition of DCIS-associated
immune cells

All cases in this cohort were previously classified as either
TIL-high (n= 131) or TIL low (n= 341) based on

Fig. 1 Representative images of DCIS-associated stromal changes. DCIS without stromal changes a, DCIS with sclerotic stroma b, and DCIS
with myxoid stroma c.
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hematoxylin and eosin-stained slides. The composition of
the immune cells in the DCIS-associated stroma was
described previously [4]. Briefly, CD4 (T helpers), CD8
(cytotoxic T cell), CD20 (B cells), CD68 (macrophages),
and FOXP3 (regulatory T cells) expressing immune cells
were assessed on consecutive 4-µm thick formalin-fixed
tissue slides, using the automated Ventana Benchmark
ULTRA stainer (Ventana Medical System Inc.) according
to the manufacturer’s instructions.

For the current study, the position of the DCIS-
associated immune cells was assessed for TIL-high cases
based on central pathology review of hematoxylin and

eosin-stained slides. The following categories were defined:
intraductal (influx of immune cells within the duct),
touching (immune cells in direct contact with the duct, as
described by Toss et al.), and periductal (area of stroma
between the duct and the immune cells) [9]. Figure 3 depicts
representative images of these categories. In addition, the
composition of the intraductal immune cells was deter-
mined, based on immunohistochemically stained slides.
Intraductal immune cells were quantified manually by
counting the number of positive cells within the duct, either
within the epithelium or within the lumen, per mm2, further
described as intraepithelial or intraluminal.

Fig. 2 Cases of regressive
changes in DCIS. Several cases
of regression, depicting ‘normal’
DCIS (a, b) in combination with
residual calcification (a, c, d)
and/or scare-like structures
(b, d). Images are depicted at
a 15× magnification, and
overview images are depicted as
inserts at a 5× magnification.
Red boxes indicate zoomed in
areas.

Fig. 3 Representative images of DCIS-associated TILs position. Representative images of periductal a, touching b, and intraductal c DCIS-
associated TILs.
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Statistical analysis

IBM SPSS statistics 21.0 was used to perform the statistical
analysis. The Chi-square test was used to test univariate and
multivariate associations. In case of a 2 × 2 table, the Fisher
exact test was used. A stepwise backward conditional
regression model was used for multivariate testing. For
variables with more than two outcome measures, we used a
multinominal regression model for multivariate testing.
Unpaired analysis of nonparametric continuous data
was performed using the Mann–Whitney U test or the
Kruskal–Wallis test for two groups and more than two
groups, respectively. Analysis of paired data was performed
using the Wilcoxon signed-ranks test.

Results

Stromal changes according to clinicopathological
characteristics

In this cohort of 472 patients with DCIS, we observed
periductal stromal changes in 143 patients (30.3%). The
majority of these cases (114 out of 143; 79.7%) was clas-
sified as sclerotic and the remainder was classified as
myxoid (29 out of 143; 20.3%). Baseline characteristics did
not significantly differ between patients with sclerotic and
myxoid stroma (Supplementary Table 1). We therefore
compared patients with stromal changes to those without
stromal changes in the remaining analysis.

The presence of stromal changes (either sclerotic or
myxoid) was associated with several other DCIS char-
acteristics, as depicted in Table 1. In univariate analysis,
DCIS with stromal changes showed significantly more often
a large size (P < 0.0001), high grade (P < 0.0001), the pre-
sence of comedonecrosis (P < 0.0001), ER−PR−HER2+
subtype (P < 0.001), and TIL-high DCIS (P < 0.0001). In
multivariate analysis, all of these variables remained sig-
nificantly associated with stromal changes, except for DCIS
size and grade.

DCIS regression according to clinicopathological
characteristics

We identified signs of DCIS regression in 30 out of 450
(6.7%) patients. The association between DCIS regression
and DCIS characteristics is reported in Table 2. Overall, DCIS
regression was associated with a larger size (P= 0.011), high
grade (P < 0.0001), presence of comedonecrosis (P= 0.013),
ER−PR−HER2+ IHC subtype (P < 0.0001), and TIL-high
DCIS (P= 0.006). After multivariate analysis, only the
association between DCIS regression and ER−PR−HER2+
IHC subtype remained significant (P= 0.002).

Immune cell position according to
clinicopathological characteristics

Based on hematoxylin and eosin-stained slides, the overall
TIL distribution in TIL-high cases was determined. The
majority of these DCIS-associated TILs were classified as
periductal (41.2%), followed by touching (35.9%) and
intraductal (22.9%). Additionally, TIL position was asso-
ciated with DCIS characteristics (Table 3). High-grade
DCIS presented more often with periductal or touching
TILs. Contrariwise, intermediate grade DCIS presented
more often with influx of TILs within the ducts (P= 0.028).
No other associations between TILs distribution and histo-
pathological features of DCIS were observed.

For multivariate analysis, periductal TILs were set as a
reference variable (Table 4). Patients with touching TILs
were younger (P= 0.013), more likely to have a solid
growth pattern (P= 0.020) and comedonecrosis (P=
0.001). Patients with intraductal TILs did not significantly
differ from patients with periductal TILs.

Intraductal immune cell composition

The composition of stromal DCIS-associated immune cells
in this cohort was previously described as the percentage of
positive immune cells [4]. In the present study, the com-
position of intraductal immune cells was assessed as the
number of immune cells per mm2. Overall, the median
number of intraductal immune cells per mm2 was 11.0
(range: 0–559). The majority of these intraductal immune
cells were CD68+ macrophages and CD8+ T cells followed
by CD4+ T cells and CD20+ B cells, with a median (range)
of 5.0 (0–63), 3.0 (0–285), 1.0 (0–83), and 0.0 (0–100) cell
per mm2, respectively. The remaining immune cells com-
prised FOXP3+ T cells. Intraductal immune cells were
further classified as either intraepithelial or intraluminal.
With regard to intraepithelial immune cells, the majority of
the cells comprised CD8+ T cells. With respect to intra-
luminal immune cells, the majority of the cells comprised
CD68+ macrophages.

Immune cell composition according to stromal
changes and regression

We compared the immune cell composition according to
stromal changes and signs of regression, in order to evaluate
whether these changes are immune cell specific. There was
no association between the periductal immune cell com-
position and presence of stromal changes. On the other
hand, the number of intraductal CD4+, CD8+, CD20+,
and CD68+ immune cells was higher in patients without
stromal changes (P= 0.011, P= 0.048, P= 0.014, and
P= 0.003, respectively). Specifically, a higher number of
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intraepithelial CD4+, CD8+, CD20+, and CD68+
immune cells were found in patients without stromal
changes (P= 0.014, P= 048, P= 0.002, and P= 0.013,
respectively). With respect to intraluminal immune cells, we
observed higher numbers of CD68+ macrophages in
patients without stromal changes (P= 0.006). Intraductal
immune cell composition according to stromal changes is
depicted in Fig. 4a.

Next, we compared the immune cell composition
according to the presence of signs of DCIS regression. The
proportion of periductal FOXP3+ T cells was higher in
cases with DCIS regression compared to those without
DCIS regression. We found a similar association with
regard to intraductal immune cells. The number of

intraductal FOXP3+ T cells was higher in case of DCIS
regression (P= 0.046). This effect was mainly based on
intraepithelial FOXP3+ T cells (P= 0.006). Figure 4b
depicts the number of intraductal immune cells according to
the presence of signs of DCIS regression.

The composition of the intraductal immune cells corre-
lated with the DCIS surrogate molecular subtype. The ER+
PR±HER2+ subtype had the highest number of intraductal
CD8+ T cells (P= 0.020), either intraepithelial (P=
0.008), or intraluminal (P= 0.019). The ER+PR±HER2−
subtype was associated with the highest numbers of
intraepithelial CD68+ macrophages (P= 0.047). The
number of intraductal immune cells according to DCIS
subtype is depicted in Fig. 5.

Table 1 Clinicopathological
characteristics according to
DCIS-associated stromal
changes.

Periductal stromal changes (n= 472) Univariate
P-value

Multivariate
P-value

Present (n= 143)
n (%)

Absent (n= 329)
n (%)

Age at diagnosis (years) 0.175 –

Median (range) 58.0 (32.0–84.0) 57.0 (27.0–84.0)

Size (missing n= 65; cm) <0.0001 0.054

Median (range) 2.90 (0.30–13.50) 1.70 (0.05–17.0)

Growth pattern 0.282 –

Solid 81 (57) 157 (48)

Cribriform 52 (36) 138 (42)

Micropapillary 9 (6) 28 (9)

Papillary 1 (1) 6 (2)

Grade <0.0001 0.066

Low 3 (2) 60 (18)

Intermediate 27 (19) 138 (42)

High 113 (79) 131 (40)

Calcification 0.98 –

Absent 34 (34) 99 (30)

Present 109 (76) 230 (70)

Comedonecrosis <0.0001 <0.0001

Absent 38 (27) 195 (59)

Present 105 (73) 134 (41)

IHC DCIS subtype
(missing n= 19)

<0.0001 <0.0001

ER+PR±HER2− 36 (25) 223 (68)

ER+PR±HER2+ 30 (21) 55 (17)

ER−PR−HER2+ 55 (38) 30 (9)

ER−PR−HER2− 15 (10) 9 (3)

Density of TILs <0.0001 0.011

Low 70 (49) 271 (82)

High 73 (51) 58 (18)

Ipsilateral recurence
(missing n= 6)

0.162 –

No 131 (92) 319 (97)

Yes 7 (5) 9 (3)

Statistically significant p-values are in bold.
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Discussion

It is well known that DCIS can induce changes in its
microenvironment, including periductal stromal changes
and influx of immune cells, which could be mediators of
DCIS behavior. However, an in-depth analysis of this
interaction is still lacking. In our previous study, we
described the density and composition of stromal immune
cells according to DCIS subtypes [4]. In this current study,
we focused on DCIS-associated stromal changes in relation
to immune cell position/composition.

Overall, stromal changes were observed in 30% of all
cases, which predominantly consisted of sclerotic stroma
(80%). These cases were generally high grade, ER−HER2+

DCIS and associated with a high number of immune cells.
Sclerotic stroma has previously only been described as
part of DCIS regression in high-grade DCIS [13]. The
presence of myxoid stroma has been reported to correlate
with a more aggressive DCIS phenotype [7], which is in
line with our data. In our study, signs of DCIS regression
were detected in 7% of all patients. This proportion is
consistent with an earlier study, which used a similar
definition for regression [17]. Several others studies
described higher rates of DCIS regression, ranging
between 39 and 59% [13, 15, 16]. However, these studies
included smaller cohorts and/or had a different, less
stringent definition of DCIS regression. Nevertheless, we
observed an association between DCIS regression and

Table 2 The association
between DCIS regression and
clinicopathological
characteristics.

DCIS regression (n= 450) Univariate
P-value

Multivariate
P-value

Yes (n= 30)
n (%)

No (n= 420)
n (%)

Age at diagnosis (years) 0.469 –

Median (range) 60.5 (32.0–81.0) 58.0 (27.0–84.0)

Size (missing n= 61; cm) 0.001 0.069

Median (range) 2.9 (2.80–3.00) 2.0 (0.10–13.5)

Growth pattern 0.292 –

Solid 20 (67) 206 (49)

Cribriform 8 (27) 176 (42)

Micropapillary 2 (7) 33 (8)

Papillary 0 (0) 5 (1)

Grade <0.0001 0.133

Low 0 (0) 58 (14)

Intermediate 4 (13) 152 (36)

High 26 (87) 210 (50)

Calcification 0.835 –

Absent 9 (30) 118 (28)

Present 21 (70) 302 (72)

Comedonecrosis 0.013 –

Absent 8 (27) 215 (51)

Present 22 (73) 205 (49)

IHC DCIS subtype (missing
n= 18)

<0.0001 0.002

ER+PR±HER2− 5 (17) 241 (60)

ER+PR±HER2+ 6 (20) 75 (18)

ER−PR−HER2+ 13 (43) 70 (17)

ER−PR−HER2− 6 (20) 16 (4)

Density of TILs 0.006 –

Low 15 (50) 313 (75)

High 15 (50) 107 (25)

Ipsilateral recurence
(missing n= 6)

1.000 –

No 28 (97) 400 (96)

Yes 1 (3) 15 (4)

Statistically significant p-values are in bold.
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Table 3 The association
between the immune cell
position and clinicopathological
characteristics.

Immune cell position (n= 131) Univariate
P-value

Periductal
(n= 54) n (%)

Touching
(n= 47) n (%)

Intraductal (n= 30)
n (%)

Age at diagnosis (years) 0.073

Median (range) 60 (32–81) 56 (27–73) 53 (35–85)

Size (missing n= 17; cm) 0.339

Median (range) 3.00 (0.10–9.00) 2.55 (0.1–9.20) 3.00 (0.30–16.00)

Growth pattern 0.081

Solid 25 (46) 34 (72) 20 (67)

Cribriform 22 (41) 9 (19) 6 (20)

Micropapillary 7 (13) 3 (6) 4 (13)

Papillary 0 (0) 1 (2) 0 (0)

Grade 0.028

Low 0 (0) 1 (2) 2 (7)

Intermediate 5 (9) 4 (9) 8 (27)

High 49 (91) 42 (89) 20 (67)

Calcification 0.328

Absent 9 (17) 12 (26) 9 (30)

Present 45 (83) 35 (74) 21 (70)

Comedonecrosis 0.087

Absent 12 (22) 18 (38) 13 (43)

Present 42 (78) 29 (62) 17 (57)

IHC DCIS subtype
(missing n= 3)

0.786

ER+PR±HER2− 12 (23) 9 (19) 8 (28)

ER+PR±HER2+ 13 (25) 11 (23) 10 (34)

ER−PR−HER2+ 21 (40) 22 (47) 8 (28)

ER−PR−HER2− 6 (12) 5 (10) 3 (10)

Ipsilateral recurence
(missing n= 5)

0.793

No 50 (96) 44 (96) 26 (93)

Yes 2 (4) 2 (5) 2 (7)

Statistically significant p-values are in bold.

Table 4 Multivariate analysis of
immune cell position according
to clinicopathological
characteristics.

Immune cell position (n= 131)

Touching* (n= 47) Intraductal* (n= 30)

OR 95% CI P-value OR 95% CI P-value

Age 0.96 0.93–0.99 0.013 0.97 0.93–1.02 0.207

Size (missing n= 17; cm) 1.05 0.92–1.20 0.472 1.17 0.99–1.39 0.067

Growth pattern 1.84 1.10–3.08 0.020 1.57 0.77–3.19 0.216

Grade 1.41 0.75–2.63 0.287 0.57 0.26–1.26 0.161

Calcification 0.87 0.40–1.89 0.723 0.74 0.26–2.13 0.577

Comedonecrosis 0.32 0.16–0.64 0.001 0.58 0.21–1.56 0.280

IHC DCIS subtype (missing n= 3) 1.05 0.75–1.47 0.776 1.29 0.80–2.09 0.300

Ipsilateral recurence (missing n= 5) 0.64 0.11–3.74 0.620 0.94 0.09–9.09 0.956

OR odds ratio.
*Periductal immune cell position set as reference variable (n= 54).

Statistically significant p-values are in bold.
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HER2+ cases, which is consistent with these previously
published findings.

The composition of the immune cell infiltrate differs
according to its location. As previously described, DCIS-
associated stromal immune cells mainly consist of CD4+
T cells [4, 11–13]. Here, we observed that intraductal
immune cells predominantly comprised CD68+ macro-
phages and CD8+ T cells. When stratified into intrae-
pithelial and intraluminal cells, we observed that the
majority of intraepithelial cells were CD8+ T cells and that
intraluminal cells mainly comprised CD68+ macrophages.
These data illustrate the different biological roles of these
cells, since CD8+ T cells are cytotoxic T lymphocytes that

are required to be in close proximity of the neoplastic cells,
whereas CD68+ macrophages clean up necrotic cell debris
and can rather be found in the lumen of the affected ducts.

Next, we observed that patients with stromal changes
had significantly less influx of immune cells within the
duct. These results suggest that the presence of stromal
changes might act as a physical barrier for immune cells,
preventing them from penetrating the basement membrane
and subsequently infiltrating the ductal epithelium. This
finding has been previously described by Gil Del
Alcazar et al., who reported limited interaction between
T cells and cancer cells, during the DCIS stage. More
recently, Mitchell et al. demonstrated that focal loss
of myoepithelial cells was associated with an increased
number of stromal PD1+CD8+ T cells, which suggests
a link between myoepithelial cells and immune surveil-
lance [21].

Counterintuitively, we observed that DCIS regression
was associated with high numbers of FOXP3+ T cells.
These immunosuppressive cells are generally associated
with poor outcome in advanced breast cancer and ipsilateral
recurrence in DCIS [22–24]. However, in HER2+ breast
cancer, they were associated with improved outcome
[25, 26]. Furthermore, a recent study reported that FOXP3+
regulatory T cells opposed breast cancer progression at
early stages in murine mammary tumors [27]. Additionally,
a recently identified CAF-S1 subtype, which was enriched
in HER2+ breast cancer, was suggested to attract and
enhance T cell differentiation of C25+FOXP3+ lympho-
cytes [28]. We therefore hypothesize that at some stages of
regression, the stroma might be more permeable, making it

Fig. 4 Intraductal immune cell
composition according to
DCIS-associated changes.
Immune cell composition
according to stromal changes
a and DCIS regression b. Blue
bars represent the absence of
stromal change or regression,
and the red bars represent the
presence of stromal change or
regression. The y-axis depicts
the median number of immune
cells per mm2; the x-axis depicts
the immune cells subset. A
Mann–Whitney U test was used
to test for differences according
to stromal changes a or DCIS
regression b.

Fig. 5 Intraductal immune cell composition according to DCIS
surrogate subtype. The y-axis depicts the median number of immune
cells per mm2; the x-axis depicts the DCIS surrogate subtype. A
Kruskal–Wallis test was used to test for differences within DCIS
groups.
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accessible for T cells, specifically the FOXP3+ T cells,
which might suppress progression of HER2+ DCIS.

With regard to DCIS IHC subtype, HER2-enriched DCIS
is generally associated with a marked immune response
[4, 8, 15]. This response could be triggered by HER2,
whereby HER2 overexpression functions as an immune
antigen [29]. On the other hand, HER2 overexpression
increases the proliferation and growth rate of DCIS,
resulting in hypoxia and increased necrosis, which might
also trigger the immune response [30]. In our study, ER
+HER2+ DCIS was associated with the highest numbers of
intraductal CD8+ T cells. These immune cells are generally
associated with improved outcome in invasive breast cancer
and low risk for recurrence in DCIS [11, 26, 31]. In pure
DCIS, intraductal CD8+ T cells were also associated with
lower DCIS grade, absence of comedonecrosis, and a low
DCIS density score based on the number of DCIS foci [11].
Overall, these results suggest that in ER+HER2+ DCIS,
CD8+ T cells might mediate their indolent behavior. Our
study included a large, well-characterized DCIS cohort,
enabling us to study the DCIS microenvironment in detail.
However, our study also had several limitations. First,
treatment modalities were unknown, the number of ipsi-
lateral recurrences was too low and the median follow-up
time too short to study the association between stromal
changes, and immune cell composition/position and ipsi-
lateral recurrence risk. Secondly, we used a limited number
of markers to determine the immune cell composition. The
use of additional markers could provide additional infor-
mation with respect to immune activation. It would there-
fore be interesting to compare our findings with the results
of functional ex vivo assays. Thirdly, the number of triple-
negative DCIS cases was limited in our cohort, which is a
well-known phenomenon in DCIS series [8]. Lastly, we
determined stromal changes based on hematoxylin and
eosin staining, while the use of immunohistochemical
markers could provide additional information regarding
subtypes of cancer-associated fibroblasts. Besides, stromal
architecture is a feature with substantial interobserver
variability, which could have affected our findings [32].

In conclusion, our study demonstrated the association
between DCIS-associated stromal changes, including signs
of regression in a particular subset of DCIS, and high
numbers of immune cells. We demonstrated a site-specific
immune cell composition: stromal immune cells include a
high proportion of CD4+ T cells, while the influx of
immune cells into the duct is mainly based on CD8+ T cells
and CD68+ macrophages. The influx of immune cells was
significantly lower in patients with DCIS-associated stromal
changes compared to those without stromal changes. This
suggests that the stroma might function as a physical bar-
rier, preventing the interaction of immune cells with DCIS
cells. Signs of DCIS regression on the other hand were

associated with an increased numbers of FOXP3+ T cells
within the duct, suggesting interaction with DCIS cells and
an active role for FOXP3+ cells in DCIS regression. Fur-
thermore, the increased number of CD8+ T cells in the
HER2+ DCIS subtype suggests that the immune response
is subtype specific. Overall, this site- and subtype-specific
immune response is likely to play a role in the different
biological behavior of DCIS subtypes.
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