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ABSTRACT
This study aims to identify the density of TILs in ductal carcinoma in situ (DCIS) in terms of prognostic 
significance with recurrence and the benefit of whole breast irradiation (WBI). The clinicopathological data 
of DCIS patients from Jan 2009 to Dec 2016 who received breast-conserving surgery (BCS) were retro-
spectively reviewed. Cox regression analysis was used to confirm independent prognostic factors of 
ipsilateral breast tumor recurrence (IBTR). Kaplan–Meier method was utilized to analyze IBTR and values 
of WBI. Touching-tumor-infiltrating lymphocytes (TILs) were defined by TILs touching or within one 
lymphocyte cell thickness from the malignant ducts’ basement membrane. In total, 129 patients were 
enrolled in this analysis with 98 patients who received WBI. After a median follow-up of 53.0 months, there 
were 16 IBTR events with five invasive IBTRs. Univariate and multivariate analyses showed that touching- 
TILs >5 were an independent prognostic factor for higher IBTR (HR = 6.17, 95%CI 1.95–19.56, p < .01). The 
whole cohort was classified into two subgroups: dense group (>5 touching-TILs per duct) and sparse 
group (≤5 touching-TILs per duct). Dense touching-TILs were associated with unfavorable biologic 
characteristics. The 5-y rate of IBTR between dense and sparse group was 29.0% versus 4.5% (p < .01). 
For the sparse group, WBI significantly reduced the rate of 5-y-IBTR risk from 13.2% to 1.7% (p = .02), but 
there was no benefit of WBI in the dense group. Touching-TILs density was heterogeneous in patients with 
DCIS. Sparse touching-TILs were associated with better prognosis and benefit from WBI. Dense touching- 
TILs not only were associated with a higher risk of IBTR but also lack of benefit from WBI.
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Introduction
With the increasing use of screening mammography, the inci-
dence of ductal carcinoma in situ (DCIS) has increased to 20% 
of all newly diagnosed breast cancers.1 The main goal in the 
treatment of DCIS is to prevent local recurrence (LR), as up to 
50% of LR after breast-conserving surgery (BCS) is in the form 
of invasive carcinoma.2 Hence, in addition to BCS, most 
patients with DCIS will be treated with whole-breast irradia-
tion (WBI) which significantly reduced the rate of LR by 50%.3 

However, with the excellent survival prognosis of DCIS tumors 
and the limited survival benefit from WBI, controversy persists 
regarding whether DCIS is being over-diagnosed or over- 
treated.4 To date, novel biomarkers are required to stratify 
DCIS into those that are more likely to remain indolent or to 
become invasive, and thus to tailor personalized local 
treatment.

Tumor-immune microenvironment, specifically the pre-
sence of tumor-infiltrating lymphocytes (TILs), has been 
found to play an important role in breast cancer development 
and prognosis.5 In previous studies on invasive breast cancers 
(IBCs), the density of TILs was significantly higher in triple- 
negative breast cancer (TNBC) and human epidermal growth 

factor receptor 2 (HER2)–positive tumors compared with 
luminal tumors.6,7 The study conducted by the German 
Breast Cancer Group demonstrated that high stromal TILs 
were associated with a higher pCR rate and higher survival 
benefit among TNBC and HER2-positive patients receiving 
neoadjuvant chemotherapy (NAC).8 The analysis from the 
study population of the BIG 02–98 trial has also revealed that 
each 10% increment in stromal TILs was associated with a 15% 
reduced risk of relapse in TNBC patients, while no significant 
association was observed in the luminal IBC population.9 The 
density of TILs was found to be increased in the process of the 
tumor progression from DCIS to IBC.10,11 The role of the 
immune response in DCIS is an area of interest; however, the 
association between density of TILs and DCIS recurrence has 
not been well established due to a variety of controversial 
data.12,13 Assessment of stromal TILs, as detailed by the 
International Immuno-Oncology Biomarker Working Group, 
did not demonstrate an association with DCIS recurrence.14–16 

A more recent methodology of TILs assessment, which looked 
at TILs touching DCIS ducts (touching-TILs), was found to be 
an independent prognostic variable for LR in DCIS.17
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In this investigation, we assessed the density of touching- 
TILs in DCIS patients to identify its association with traditional 
clinicopathologic characteristics and further evaluated its pre-
dictive value for risk of LR and the benefit of radiotherapy.

Materials and methods

Study cohort

Consecutive patients with pathologically confirmed DCIS, 
including pure DCIS and DCIS with microinvasion, who 
received BCS in our institution between January 2009 and 
December 2016 were enrolled in this retrospective study. 
Patients with positive or unclear surgical margin, mixed 
DCIS and lobular carcinoma-in-situ, simultaneous con-
tralateral breast cancer, pathological positive lymph 
nodes, or prior or concurrent malignancy (except non- 
melanoma skin cancer) were excluded.

For all patients, clinicopathological data from pathology and 
medical reports including patient age, menopausal status, 
tumor size, surgical margin, presence of comedo necrosis, 
nuclear grade, Ki67 index, and the status of estrogen receptor 
(ER) and HER2 were recorded.

Immunohistochemical staining

The 4-μm-thick paraffin sections were immunohistochemi-
cally stained, which was performed with an automatic 
staining device (Dako EnVision™ FLEX+, Denmark) and 
the EDTA (Ethylene Diamine Tetra-acetic Acid, pH 9.0, 
buffer, x50) was used for antigen retrieval. The commer-
cially available antibodies (Dako FLEX RTU) including 
P120, E-cadherin, P63, calponin, and collagen type IV 
were used. The membranous staining of P120 catenin 
and E-cadherin was routinely used to differentiate DCIS 
from lobular carcinoma in situ (LCIS).18 The P63 and 
calponin staining was used to show the existence of the 
myoepithelium.19The collagen type IV staining highlighted 
the basement membrane (BM) of the DCIS ducts, which 
was essential for the diagnosis of DCIS.20 In our cohort, 
all the malignant cells in DCIS tumors, including the 
microinvasion tumors, underwent membranous staining 
of E-cadherin and P120, and the epitheliums were positive 
for P63 or calponin. The immunohistochemical results 
were interpreted by two pathologists (WCF and ZSF).

Pathology assessment

In all cases, the hematoxylin and eosin (H&E)–stained slides 
from surgically excised specimens of each patient were comple-
tely and independently reviewed by two pathologists (WCF and 
ZSF). TILs scoring carried out by the first observer (WCF) was 
considered in the final statistical analysis. There were 29.5% of 
patients (38/129) who underwent diagnostic biopsy before defi-
nitive surgery. All of the enrolled patients were pathologically 
confirmed to have DCIS after reviewing the specimens of defi-
nitive surgery. After comparison, we found that the TILs in the 

specimens of biopsy were not always consistent with the TILs in 
the specimens of definitive surgery, which might be explained 
by the limited tissue of the biopsy. Moreover, the post-biopsy 
wound healing/inflammation response was frequently pre-
sented as the infiltration of inflammatory cells including macro-
phages and lymphocytes in the stroma which may further 
interfere with the concordance of TILs assessment. Thus, for 
patients who underwent diagnostic biopsy before definitive 
surgery, the TILs were assessed on the sections of definitive 
surgery excluding the region with the presence of the compli-
cating post-biopsy wound healing/inflammation response. The 
H&E-stained full-face sections (4 μm thick) were scanned with 
a slide scanner (KF-PRO-005) and viewed by the “K-ViEWER 
Software Program, version 2.5.2.0.” The TILs were counted 
manually (eyeballing) through the high-solution digital images. 
The International Working Group Recommendations for TILs 
assessment were applied to our case series to assess TILs which 
were identified as all recognizable mononuclear inflammatory 
cells including lymphocytes and plasma cells (polymorphonuc-
lear cells such as neutrophils were excluded).21 Prior to the 
present study, variant methods were utilized to evaluate the 
distribution of TILs in DCIS, such as the percentage of stromal 
TILs (sTIL), hotspot-TILs, and touching-TILs. In our cohort, 
we adopted the methodology described by Toss17 and only 
scored the number of touching-TILs. Touching-TILs were 
defined as the recognizable mononuclear inflammatory cells 
(including lymphocytes and plasma cells) that were either 
touching or within one lymphocyte cell thickness from the 
BM of the DCIS duct (identified by the P63, calponin, and 
collagen type IV staining). In this study, touching-TILs were 
counted for up to 20 ducts. For 24 cases with less than 20 
malignant ducts, we evaluated all the available ducts which 
were confirmed as DCIS by immunohistochemistry. For cases 
with more than 20 malignant ducts, we thus divided the section 
fields into four relatively average quadrants by the K-ViEWER 
Software program and selected five ducts in each quadrant to 
score TILs in order to keep the counting more representative, 
especially in cases with heterogeneously distributed TILs. We 
divided total touching-TILs by the number of ducts counted, 
and the density of touching-TILs was identified as the mean 
number of TILs per DCIS duct. The detailed methods followed 
to assess TILs are illustrated in Figure 1.

Adjuvant radiotherapy and follow-up

For patients treated with WBI, a dose of 50 Gy in 25 
fractions was prescribed to ipsilateral whole breast delivered 
by forward-planning field-in-field photons intensity- 
modulated radiation therapy using standard medial and 
lateral tangents. The decision of tumor bed boost was at 
the discretion of radiation oncologists. After surgery or 
WBI, patients were followed up every 3 months during 
the first 2 y, then every 6 months until 5 y and annually 
thereafter.

Ipsilateral breast tumor recurrence (IBTR) was defined 
as any pathologically confirmed recurrence of DCIS or 
invasive carcinoma in the ipsilateral breast. Follow-up 
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Figure 1. The assessment of touching-TILs. (a) The immunohistochemistry of the calponin (x10 and x20) and (b) P63 (x10 and x20) staining were used to show the 
existence of the myoepithelium. (c) The positive staining of collagen type IV (x10) highlighted the basement membrane (BM). (d) Inset closer view of C for collagen type 
IV staining (x20). (e) Touching-TILs were defined as lymphocytes and/or plasma cells that touched the BM or located within one lymphocyte cell thickness distance from 
BM. (f) The inset closer view of E for touching-TILs (x40, the inner red line: the location of BM; the outer red line: one lymphocyte cell thickness distance from BM; yellow 
arrows: touching-TILs; green arrows: lymphocytes located far than one lymphocyte cell thickness from BM).
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time was calculated from the date of surgery to the date of 
the first event or last-confirmed date of breast cancer 
disease-free status.

Statistical analysis

Associations of clinicopathological features with the density of 
touching-TILs were examined using chi-square tests (Fisher’s 
exact test when necessary). The time-to-event curves were 
calculated by the Kaplan–Meier methods and compared by 
the log-rank test. Only the variables that showed evidence of 
association (p < .05) in the univariate analysis were tested in the 
multivariate analyses. All statistical tests were two-sided and 
p < .05 was considered significant. The software package SPSS 
24.0 (IBM corporation, USA) was used for analysis.

Results

Patient and treatment characteristics

In total, 129 patients were enrolled in this analysis including 
102 with pure DCIS and 27 with microinvasion tumors. The 
median age was 49 y old (range, 25–88). The median maximum 
tumor size was 1.5 cm (range, 0.2–4.8). In the whole cohort, 
there were 30 (23.3%) patients with the presence of comedo 
necrosis and 39 (30.2%) patients with high-grade tumors. 
Among 81 patients with ER-positive tumors, 69 (85.2%) 
received endocrine therapy. All of 98 patients treated with 
WBI completed radiotherapy as planned with 73.5% who 
received tumor bed boost. The patient and treatment charac-
teristics are detailed in Table 1.

The density of touching-TILs was divided into two cate-
gories: sparse (≤5 touching-TILs per duct) and dense (>5 
touching-TILs per duct). Dense touching-TILs were observed 
in 46 patients, while sparse touching-TILs were observed in 83 
cases. Examples of dense and sparse touching-TILs are shown 
in Figure 2.

Outcome analysis

With a median follow-up of 53.0 months (range, 0.6–124.2), 
there were 16 IBTR events and the 5-y rate of IBTR was 13.0% 
in the whole cohort. The 5-y rate of invasive-IBTR and DCIS- 
IBTR was 4.4% and 8.5%, respectively.

By univariate analysis, tumor size (≤2.5 cm vs. >2.5 cm), 
nuclear grade (low-intermediate vs. high), Ki67 index (≤14% 
vs. >14%), HER2 status (positive vs. negative), and density of 
touching-TILs (dense vs. sparse) were found to be significant 
prognostic factors for IBTR (p = .03, p = .03, p = .01, p = .01, 
and p < .01, respectively). In multivariate analysis, dense touch-
ing-ILs were the only independent risk factors for IBTR 
(HR = 6.17, 95%CI = 1.95–19.56, p < .01). The univariate and 
multivariate analyses are detailed in Table 2.

Association of touching-TILs density with 
clinicopathological and treatment parameters

Dense touching-TILs were associated with unfavorable biolo-
gic characteristics including high Ki67 index, HER2 positivity,                                     

and presence of microinvasion. Half of the cases (52.2%) with 
dense touching-TILs had a high Ki67 index, while this was 
observed only in 31.3% of the patients with sparse touching- 
TILs (p = .02). Approximately 34.8% of DCIS cases with dense 
touching-TILs were HER2-positive tumors compared with 
20.5% of the patients with sparse touching-TILs (p = .08). 
Microinvasion was observed in 30.4% of DCIS cases with 
dense touching-TILs compared with 15.7% of DCIS cases 
with sparse touching-TILs (p = .05).

The choice of WBI was marginally higher in patients with 
dense touching-TILs than sparse touching-TILs (84.8% vs. 71.1%, 
p = .08). The association between TILs density and various 
clinicopathological parameters is also summarized in Table 1.

Risk of IBTR according to density of touching-TILs

There were 4 and 12 IBTR events in patients with sparse 
and dense touching-TILs, respectively. The 5-y rate of IBTR 
was significantly higher in the dense touching-TILs group 
compared with the sparse touching-TILs group (29.0% vs. 
4.5%, p < .01, as shown in Figure 3(a)). A similar result was 
observed in the 5-y rate of invasive-IBTR between the two 
groups, with all the invasive-IBTR events occurring in the 

Table 1. Patient and treatment characteristics.

Characteristics

Whole Cohort Sparse T-TILs Dense T-TILs

p valueN = 129 % N = 83 % N = 46 %

Age (years) 0.15
Median (range) 49 (25–88) 50 (26–82) 48 (25–88)

<40 20 15.5 10 12.0 10 21.7
≥40 109 84.5 73 88.0 36 78.3

Menopausal status 0.26
Premenopausal 70 54.3 42 50.6 28 60.9
Postmenopausal 59 45.7 41 49.4 18 39.1

Tumor size (cm) 0.26
Median (range) 1.5 (0.2–4.8) 1.5 (0.2–4.8) 1.5 (0.3–3.5)

≤2.5 112 86.8 70 84.3 42 91.3
>2.5 17 13.2 13 15.7 4 8.7

Nuclear Grade 0.10
Low–Intermediate 90 69.8 62 74.7 28 60.9

High 39 30.2 21 25.3 18 39.1
Comedo necrosis 0.76

Yes 30 23.3 20 24.1 10 21.7
No 99 76.7 63 75.9 36 78.3

Microinvasion 0.05
Yes 27 20.9 13 15.7 14 30.4
No 102 79.1 70 84.3 32 69.6

ER status 0.14
Positive 81 62.8 56 67.5 25 54.3
Negative 48 37.2 27 32.5 21 45.7

Ki67 index 0.02
≤14% 79 61.2 57 68.7 22 47.8
>14% 50 38.8 26 31.3 24 52.2

HER2 status 0.08
Positive 33 25.6 17 20.5 16 34.8
Negative 96 74.4 66 79.5 30 65.2

Endocrine therapy in 
ER positive (n = 81)

0.75

Yes 69 85.2 47 83.9 22 88.0
No 12 14.8 9 16.1 3 12.0

Chemotherapy 0.67
Yes 2 1.6 1 1.2 1 2.2
No 127 98.4 82 98.8 45 97.8

Radiotherapy 0.08
Yes 98 76.0 59 71.1 39 84.8
No 31 24.0 26 28.9 7 15.2

Tumor bed boost 0.44
Yes 72 73.5 45 76.3 27 69.2
No 26 26.5 14 23.7 12 30.8
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dense touching-TILs group (12.6% vs. 0.0%, p < .01, as 
shown in Figure 3(b)).

Among 33 patients with HER2-positive tumors, there were 
17 patients with sparse touching-TILs and 16 with dense 
touching-TILs. Consistent with the results in the whole cohort, 
the 5-y rate of IBTR was also significantly higher in the dense 
touching-TILs group comparing with those with sparse touch-
ing-TILs (54.5% vs. 6.2%, p = .01).

Benefit from WBI according to the density of touching-TILs

In the whole cohort, the 5-y rate of IBTR between the non- 
WBI and WBI groups was 22.6% versus 10.3% (p = .04). 
However, WBI was associated with a significantly different 
IBTR risk modification among individuals between the two 
groups. For sparse touching-TILs group, WBI significantly 
reduced the rate of 5-y-IBTR risk from 13.2% to 1.7% 
(p = .02, as shown in Figure 4(a)), but among 46 patients 
with dense touching-TILs tumors, WBI showed no signifi-
cant benefit in reducing IBTR (p = .13, as shown in Figure 
4(b)).

Discussion

Clinicopathological factors including age, nuclear grade, 
necrosis, and tumor size have been successfully used to pre-
dict outcomes in patients with DCIS. Recent research suggests 

that assessment of the immune microenvironment may add 
information beyond the traditional clinicopathological para-
meters and help to stratify the risk of local recurrence.14,22 To 
our best knowledge, this is the first study to assess the prog-
nostic and predictive significance of touching-TILs density in 
DCIS patients who received BCS. The results of the present 
study demonstrated that touching-TILs density not only 
separated patients into different risk groups of IBTR but 
also helped to predict the benefit of WBI in decreasing 
IBTR. The DCIS patients with sparse touching-TILs were 
associated with better prognosis and significant benefit from 
WBI, while these results were not found in the dense touch-
ing-TILs group.

Immunological parameters, especially high percentage 
of stromal TILs, have been validated by several trials to 
play a role in the tumor progression and associated with 
higher pCR for IBC.23,24 However, data on the prognostic 
and predictive significance of immune microenvironment 
for DCIS were much less documented. There is currently 
no consensus to evaluate TILs in the context of DCIS in 
clinical significance. Previous studies of TILs evaluation in 
DCIS neither used clear or uniform definition of the 
stromal area surrounding DCIS for TILs assessment nor 
identified the cutoff points that can prognostically stratify 
DCIS. Darvishian et al. evaluated the percentage of TILs 
from the densest focus (hotspot) in one high-power field 
of stroma touching the basement membrane and found 

Figure 2. Touching-TILs density around DCIS. (a) Dense infiltration: the mean number of touching-TILs was more than 5 cells/DCIS duct (x20). (b) The closer view of A for 
dense touching-TILs (x40). (c) Sparse infiltration: the mean number of touching-TILs was 5 cells or less/DCIS duct (x20). (d) The closer view of C for sparse touching-TILs 
(x40, green circle: lymphocyte; red circle: plasma cell. However, both the lymphocyte and plasma cell were not identified as touching-TILs for locating far than one 
lymphocyte cell thickness distance from basement membrane.).
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the mean time to recurrence was longer in the sparse 
TILs group (TILs <45%) than dense TILs group 
(TILs≥45%)(97.9 m vs. 73.5 m, p < .01).25 The largest 
sample study to date found no significant associations 
between TILs (as a continuous variable or stratified by 
percentage) and the 10-y cumulative incidence of IBTR 
events, which enrolled 1488 DCIS patients and used the 
International Working TILs Group guidelines with mod-
ification to DCIS to assess the percentage of stromal 
TILs.15 After validation in 666 DCIS patients, Toss et al. 
recommended that compared with the percentage of stro-
mal TILs and hotspot TILs touching-TILs were the opti-
mal method for TILs scoring in DCIS due to the highest 
concordance rate between observers and the most 

significant association with DCIS local outcome.17 Thus, 
in this study, we adopted the methodology described by 
Toss and also found that density of touching-TILs was 
significantly associated with IBTR risk.

One of the important findings in our study was that, in 
contrast to favorable prognosis and better therapeutic response 
to NAC observed in IBC with dense TILs, we found that dense 
TILs in DCIS were associated with increased risk of tumor 
recurrence. In the 1488 DCIS cohort, there were no significant 
associations between TILs and the incidence of IBTR events.15 

However, there existed several differences between theirs and 
our study. In terms of systemic treatment, only 40.4% of 
Pruneri’s cohort received endocrine therapy while in our 
cohort it was 85.2%. Adjuvant endocrine therapy has kept the 
risk of IBTR in ER-positive DCIS to a considerably low 
level.26,27 For local treatment, only 75.5% of the patients were 
treated with BCS in Pruneri’s cohort while in our series BCS 
was 100%. We used touching-TILs as the method of TILs 
scoring in our study, while Pruneri et al. used the percentage 
of TILs. Compared with other methods of TILs scoring, touch-
ing-TILs seemed like a better method with the highest con-
cordance rate between observers and the strongest association 
with DCIS local outcome.17 These differences in treatment 
characteristics and assessment method of TILs may account 
for the variant results between these two studies. To explain the 
correlation between dense TILs and high IBTR in our popula-
tion, one postulation was that dense TILs were an independent 
biomarker for aggressiveness in DCIS. Dense touching-TILs 
were significantly associated with higher Ki67 index, HER2- 
positive status, and presence of microinvasion in our cohort. 
Consistent with our results, Beguinot et al. observed that com-
pared with pure DCIS, DCIS with microinvasion contained 
significantly more cases with high TIL density (>50%).28 

Alcazar et al. found that TILs density was higher in HER2- 
positive tumors than other molecular subtypes in DCIS 
patients, which implied that increased HER2 levels stimulate 
to form a more immunogenic microenvironment.29 Our result 
also revealed that among HER2-positive subgroup, dense 
touching-TILs were also significantly associated with worse 
local prognosis. Several studies found that trastuzumab could 
induce active immunity by promoting a significant T-cell 
response in HER2-positive breast tumors.30 Recently, the 
NRG-NSABP B-43 trial reported that two doses of trastuzu-
mab concurrently with WBI could reduce the risk of IBTR 

Table 2. The univariate and multivariable analyses for IBTR.

Characteristics

IBTR

Univariate analyses Multivariable analyses

N of 
IBTR 5-y rate p value HR 95%CI p value

Age (years) 0.52
<40 2 12.0
≥40 14 13.1
Menopausal status 0.62
Premenopausal 10 15.8
Postmenopausal 6 9.5
Tumor size (cm) 0.03
≤2.5 11 9.8 1
>2.5 5 28.9 2.71 0.77–9.54 0.12
Nuclear Grade 0.03
Low–Intermediate 8 7.7 1
High 8 25.7 1.06 0.30–3.72 0.93
Comedo necrosis 0.67
Yes 5 16.7
No 11 12.1
Microinvasion 0.09
Yes 10 10.3
No 6 23.7
ER status 0.08
Positive 7 11.0
Negative 9 16.5
Ki67 index 0.01
≤14% 5 6.0 1
>14% 11 24.4 2.72 0.87–8.55 0.09
HER2 status 0.01
Negative 8 7.6 1
Positive 8 29.2 1.70 0.48–5.97 0.41
Density of touching- 

TILs
<0.01

Sparse 4 4.5 1
Dense 12 29.0 6.17 1.95–19.56 <0.01

Figure 3. Cumulative incidence of IBTR according to density of touching-TILs (A: IBTR; B: invasive-IBTR).
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compared with WBI alone (5-yrate of IBTR: 4.9% vs. 3.9%, 
p = .26) in patients with HER2-positive DCIS.31 We hypothe-
sized that the benefits of trastuzumab observed in this trial 
attributed more likely to the immunological effects rather 
than the direct anti-tumor effect. Furthermore, Komforti 
et al. revealed that the presence of touching-TILs (>5 touching 
TILs per DCIS duct) was significantly associated with high or 
intermediate Oncotype DCIS Score, hence worse outcomes in 
DCIS.32

In several previous studies, the intrinsic immunological 
associations between dense TILs and worse prognosis in the 
DCIS population have been preliminarily described. In a study 
enrolling 138 patients with pure DCIS, both the fraction of the 
genome altered (FGA) and the number of telomeric imbal-
ances were found to be positively associated with touching- 
TILs (both p < .001), which implies that the touching-TILs 
could be influenced by the antigens produced by copy number 
variation. Such changes in the immune microenvironment 
might lead to immunoediting of the tumor and therefore 
promote the progression of DCIS to IBC.33 Teresa et al.34 

examined data from 5255 tumor/normal samples representing 
12 cancer types and found that the tumor-immune microen-
vironment of high FGA level tumors was more protumorigenic 
and immunosuppressive. In particular, the ratio of CD8/Treg 
was reduced in IBC with high FGA. As the progression of DCIS 
to IBC requires tumor immunoediting driven by FGA, the 
increased touching-TILs might present the transitional phase 
in evasion of the immune system during the progression of 
DCIS to IBC. A previous study of IBC has observed that dense 
TILs were more prevalent in molecular subtypes with aggres-
sive biological behaviors such as TNBC and HER2-positive 
breast cancer. In ER-positive tumors, higher TILs were asso-
ciated with unfavorable prognosis and worse therapeutic 
response which were different to higher therapeutic response 
with chemotherapy and anti-HER2 targeted therapy in TNBC 
and HER2-positive tumors with dense TILs.8 Our results sug-
gested that DCIS tumors might display a comparable tumor- 
immune microenvironment to that of less aggressive IBC sub-
types such as ER-positive IBC.

Different stromal lymphocyte composition between DCIS 
and IBC may be another answer for the potential different roles 
in their prognostic significance and relation with the under-
lying genomic instability.35 Immunofluorescence analysis 
showed more activated CD8 + T cells in DCIS than in IBC 
whereas T cells of IBC samples were more similar to Tregs, 

suggesting a stronger immunosuppression in IBC compared 
with DCIS.10 Modern immune researches have focused on the 
characteristics of different subtypes of TILs in DCIS and their 
relation with recurrence risk.22 Low CD8 + T cells, high FOXP3 
+ regulatory T cells, high numbers of B cells, and high density 
of CD68+ and CD163+ macrophages have been validated to be 
associated with increased recurrence risk in the DCIS 
population.12,22,36,37 After a retrospective analysis of 117 
DCIS patients, Campbell et al. found that not only high cyto-
toxic T lymphocytes (CTL) but also high numbers of CD115 
+ macrophage cells were predictive of high recurrence risk.38 

A study with subset analysis of TILs has shown an association 
between low CD8+/FOXP3+ ratio and high risk of ipsilateral 
recurrence. These results indicated that, as the lymphocytic 
composition of the DCIS immune microenvironment shifted 
from a pro-inflammatory (high CD8, low FOXP3) to an anti- 
inflammatory (low CD8, high FOXP3) signature, the immune 
surveillance weakened, thus leading to a higher risk of 
recurrence.37 Furthermore, a study by Ishigami et al. reported 
for the first time that metastasis-free survival was significantly 
shorter for patients with coexistence of Tregs and Bregs aggre-
gates in TILs than in those with Tregs alone without Bregs 
(p = .047).39 Our further studies including TILs subset analysis 
and immune checkpoint expression are currently ongoing.

Interestingly, we found that the benefit of WBI was 
limited to patients in the sparse touching-TILs subgroup 
with a significant reduction of a 5-y rate of IBTR from 
13.2% to 1.7% (p = .02), while the IBTR rate remains high 
regardless of WBI in patients with dense touching-TILs. 
This is one of the first studies, to our knowledge, to try to 
illustrate the association between density of TILs and the 
benefit from radiotherapy on local control in the DCIS 
population. Similar to our finding, in the subanalysis of 
the SweBCG91RT trial, in which 936 patients with stage I– 
II IBC were randomized into BCS plus WBI or BCS only, 
stromal TILs were assessed using a dichotomized cutoff of 
10%. The study showed that WBI was significantly bene-
ficial in the low-TILs group (HR 0.37, 95%CI 0.24–0.58, 
P < .01) but not in the high TILs group (p = .32).40 The 
potentially larger benefit from WBI in the low-TILs group 
could be hypothesized as enhanced radiation-induced 
antitumoral immune response through the immunogenic 
transformation of tumor cells. Several preclinical studies 
have supported the theory that a large number of activated 
CD8 + T cells are recruited to the tumor 

Figure 4. Significance of WBI according to density of touching-TILs (A: IBTR in sparse T-TILs; B: IBTR in dense T-TILs).
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microenvironment after radiation.41,42 Based on our pre-
sent study, the density of touching-TILs could serve as 
a reference in tailoring local therapy decisions that DCIS 
with sparse touching-TILs might be better candidates for 
WBI while BCS should be cautious in DCIS with dense 
touching-TILs despite the addition of WBI. All of these 
results need to be validated by a prospective study.

As a single-center retrospective study, our study has some 
inherent limitations including limited sample size and biases; 
thus, a large prospective investigation will be needed to confirm 
the value of touching TILs in tailoring local treatment decisions. 
Also, we did not report the information of TILs subset and 
immune checkpoint expression, which may bring additional 
information on the significance of TILs for DCIS patients.

Conclusion

The density of TILs was heterogeneous in DCIS, and touching- 
TILs density showed a potential not only to stratify the risk of 
IBTR but also to predict the benefit of adjuvant radiotherapy 
for DCIS patients receiving BCS. Touching-TILs may serve as 
a biological surrogate to optimize local therapy decisions in 
patients with DCIS and await further validation.
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