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Background: The role of tumour infiltrating lymphocytes (TILs) as a biomarker in non-invasive breast
cancer is unclear. This meta-analysis assessed the prognostic impact of TIL levels in patients with non-
invasive breast cancer.
Methods: Systematic literature search was performed to identify studies assessing local recurrence in
patients with non-invasive breast cancer according to TIL levels (high vs. low). Subgroup analyses per
local recurrence (invasive and non-invasive) were performed. Secondary objectives were the association
between TIL levels and non-invasive breast cancer subtypes, age, grade and necrosis. Odds ratios (ORs)
and 95% confidence intervals (CI) were extracted from each study and a pooled analysis was conducted
with random-effect model.
Results: Seven studies (N ¼ 3437) were included in the present meta-analysis. High-TILs were associated
with a higher likelihood of local recurrence (invasive or non-invasive, N ¼ 2941; OR 2.05; 95%CI, 1.03
e4.08; p ¼ 0.042), although with a lower likelihood of invasive local recurrence (N ¼ 1722; OR 0.69; 95%
CI, 0.49e0.99; p ¼ 0.042). High-TIL levels were associated with triple-negative (OR 3.84; 95%CI, 2.23
e6.61; p < 0.001) and HER2-positive (OR 6.27; 95%CI, 4.93e7.97; p < 0.001) subtypes, high grade (OR
5.15; 95%CI, 3.69e7.19; p < 0.001) and necrosis (OR 3.09; 95%CI, 2.33e4.10; p < 0.001).
Conclusions: High-TIL levels were associated with more aggressive tumours, a higher likelihood of local
recurrence (invasive or non-invasive) but a lower likelihood of invasive local recurrence in patients with
non-invasive breast cancer.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The large-scale implementation of screening methods has
increased the detection of breast cancer at its early stages world-
wide, with non-invasive breast cancer currently representing
around 20% of all newly diagnosed cases [1,2].
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Patients diagnosed with non-invasive breast cancer have
approximately a 6% risk of presenting an invasive recurrence and a
3% risk of dying from metastatic breast cancer when receiving
standard treatment consisting of surgery with or without adjuvant
radiotherapy and the possibility of receiving endocrine therapy in
those with hormone receptor-positive tumours [3,4]. Some char-
acteristics such as young age, high histological grade, presence of
necrosis and large tumour size also increase the risk of presenting
an invasive recurrence [3]. In this regard, it is essential to develop
new tools to refine the prognostic classification of patients with
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non-invasive breast cancer, in order to differentiate those with a
higher risk of recurrence that may require more aggressive treat-
ment strategies from those with a favourable prognosis that may
benefit from treatment de-escalation [5].

The induction of an effective immune response against tumour
cells is the rationale that supports immune checkpoint inhibitor
treatment, which has significantly improved the outcomes of pa-
tients with breast cancer in recent studies [6e8]. The interactions
between lymphocytes and tumour cells may regulate tumour
progression and ultimately influence the activity of anticancer
treatments such as chemotherapy and targeted therapies [9,10].
Supporting this concept, high levels of tumour-infiltrating lym-
phocytes (TILs) have been demonstrated to be a favourable prog-
nostic factor and a predictor of response to neoadjuvant treatment
in patients with early-stage invasive breast cancer [11e13].
Although the prognostic and predictive value of TILs have been
demonstrated in patients with invasive breast cancer, their role in
non-invasive disease remains unclear [5,14]. In this context, we
performed a systematic review and meta-analysis to assess the
prognostic impact of TIL levels in patients with non-invasive breast
cancer.

2. Methods

The present study is a quantitative synthesis and meta-analysis
based on published or publicly available data from studies that
assessed local recurrence rates in patients with pure non-invasive
breast cancer according to TIL levels.

2.1. Objectives and endpoints

Primary objective was to assess the association between overall
local recurrences (invasive or non-invasive) and TIL levels (high vs.
low) in patients with non-invasive breast cancer. The primary
endpoint was local recurrence, defined as the occurrence of either a
non-invasive or an invasive ipsilateral local recurrence of breast
cancer. Subgroup analyses were performed for the association be-
tween TIL levels and local recurrence type (invasive and non-
invasive).

Secondary objectives were the association between non-
invasive breast cancer subtypes (triple-negative, HER2-positive
and luminal), age (�50 years vs. >50 years), histological grade
(high vs. low-intermediate) and necrosis (yes vs. no) with TIL levels
(high vs. low).

2.2. Data sources, search strategy and study selection

A literature search in PubMed, Embase, the Cochrane Library,
and conference proceedings from major oncology conferences
(American Society of Medical Oncology [ASCO], European Society
for Medical Oncology [ESMO], San Antonio Breast Cancer Confer-
ence [SABCS] and ESMO breast) was performed with no date re-
striction up to May 10th, 2021. The search strategy was developed
using the Patient, Intervention, Comparator and Outcome (PICO)
framework and comprised keywords related to “breast”, “non-
invasive” and “tumour-infiltrating lymphocytes”. The detailed
search strategy used in one database (PubMed) is provided as
Supplementary material.

Two reviewers (RC and EA) independently evaluated the titles
and the abstracts of the identified studies and reviewed search
results to apply eligibility criteria; two additional authors (EdA and
RS) were invited to solve any potential discrepancies whenever
they occurred. Cross-referencing from relevant studies and review
articles on the topic was performed to confirm that all eligible
studies were included. This meta-analysis was conducted and
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reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guidelines for systematic
reviews (Supplementary material), and registered before study
initiation in the PROSPERO database (registration number
CRD42020170431; full protocol available on the website) [15].

2.3. Selection of the articles

Eligible studies had to meet the following criteria: had pub-
lished, presented, or otherwise publicly available data; included
only patients with pure non-invasive ductal breast cancer (or re-
ported local recurrences in this population as a subgroup); reported
rates of local recurrence (invasive, non-invasive, or both) according
to TIL levels; and be published in English.

The cut-off to categorize patients into different TIL levels was
adopted according to each study (high vs. low, or present vs. absent,
or dense vs. sparse, depending on the study), and whenever 3 or
more categories of TIL levels were present in a same study, the one
with the lowest levels was considered as “low”, whereas the
remaining categories were pooled as “high”. The definition of local
recurrence was adopted according to each study, as long as both
local invasive and local non-invasive breast cancer recurrences
were part of this endpoint.

No restrictions according to the histotypewere applied and both
DCIS and LCIS were included in the present analysis.

Studies for which insufficient or no results were available at the
time of the literature search, those including only patients with
micro-invasive or invasive breast cancer, studies with insufficient
methodological details on the assessment of the TILs around non-
invasive breast cancer, or those in which TILs were evaluated us-
ing non-quantitative manners (for example with symbols like “þ”

for minor and “þþþ” for extensive infiltration) were excluded.

2.4. Statistical analysis

For each study, we extracted the number of events (local re-
currences, invasive and/or in situ) in patients whose tumours had
high-TIL levels versus those whose tumours had low-TIL levels,
both in the overall population and according to breast cancer
subtype, to age, to histological grade, and to necrosis. For the pri-
mary objective and subgroup analyses, odds ratios (ORs) were
calculated for each study for the comparison between local re-
currences in patients whose tumours had high-TIL levels versus
those whose tumours had low-TIL levels. For the secondary ob-
jectives, ORs were calculated according to the frequency of each
variable (non-invasive breast cancer subtype, age, histological
grade and necrosis) in patients whose tumours had high-TIL levels
versus those with low-TIL levels. An OR >1 represents an associa-
tion of that variable with high-TIL levels, whereas an OR <1 denotes
an association with low-TIL levels. For each OR estimate, 95% con-
fidence intervals (CIs) were computed.

Pooled ORs using the random-effects model were computed
with the method of DerSimonian and Laird. The Higgins' I2 index
was computed to obtain a quantitative measure of the degree of
inconsistency in the results of the included studies. To assess
whether the pooled OR estimates were stable or strongly depen-
dent on one or few studies, sensitivity analyses were conducted by
interactively recalculating the pooled OR estimates after exclusion
of each single study. Egger's test was applied to assess the occur-
rence of publication bias. All reported p values were two-sided. All
statistical analyses and the generation of forest plots were con-
ducted using Stata Software Version 13.1 (Stata-Corp LP).

The Newcastle-Ottawa Scale (NOS) was employed to assess the
quality of the data obtained and the risk of bias in each study
(Supplementary Tables 1 and 2).
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3. Results

From the 291 records initially identified, 290 remained after
duplicate removal and were screened, with 246 being excluded for
the following reasons: 112 did not report data on TILs, 103 had only
patients with invasive breast cancer, 20 had patients with tumours
other than breast cancer, and 11 were preclinical studies. The
remaining 44 records were fully assessed for eligibility, with 37
being excluded for not meeting eligibility criteria. Overall, 7 studies
with a total of 3437 patients were considered eligible and included
in the present meta-analysis (Fig. 1). The characteristics of each
study are presented in Table 1 [16e22].

The study from “Toss et al.” had 2 separate cohorts of patients
eligible for this meta-analysis (“training set” and “validation set”),
and thus data from this study were extracted and reported as 2
independent cohorts [18].

In all the studies included in this meta-analysis, TILs were
assessed based on the criteria established by the International
Immuno-Oncology Biomarker Working Group (or a slightly modi-
fied version of these recommendations; Supplementary Table 3).

In the study from “Beguinot et al.” the data was not fully avail-
able in the published manuscript. Our group contacted the corre-
sponding author, who kindly agreed to provide access to their
Fig. 1. PRISMA diagram illustrating literature search and study selection for this meta-ana
ESMO, European Society for Medical Oncology; SABCS, San Antonio Breast Cancer Symposi
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dataset allowing its inclusion in this meta-analysis [19].
3.1. Local recurrence according to TIL levels

Six studies reported ORs for local recurrence rates according to
TIL levels (N ¼ 2941). With a total of 416 events observed in the
overall population, high-TIL levels were significantly associated
with overall local recurrence (invasive or non-invasive; OR 2.05;
95%CI, 1.03e4.08; p ¼ 0.042). However, significant heterogeneity
was observed in this analysis (I2¼ 77.3%, pheterogeneity<0.001; Fig. 2).
In sensitivity analysis, exclusion of each study individually did not
eliminate heterogeneity (Supplementary Table 4). Egger's test did
not suggest the occurrence of publication bias (p ¼ 0.118).

Three studies (N ¼ 1722) reported local invasive recurrence
rates according to TIL levels, with a total of 150 events observed.
Low-TIL levels were significantly associated with local invasive
recurrence (OR 0.69; 95%CI, 0.49e0.99; p ¼ 0.042). No significant
heterogeneity was observed in this analysis (I2 ¼ 0.5%,
pheterogeneity ¼ 0.366; Fig. 3A). Sensitivity analysis is provided as
Supplementary Table 5A.

Three studies (N¼ 1722) reported local non-invasive recurrence
rates according to TIL levels, with a total of 133 events observed. No
significant difference in terms of local non-invasive recurrences
lysis. Abbreviations: ASCO, American Society of Clinical Oncology; BC, breast cancer;
um; TILs, tumor infiltrating lymphocytes.
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was observed according to TIL levels (OR 1.31; 95%CI, 0.88e1.93;
p ¼ 0.180). No significant heterogeneity was observed in this
analysis (I2 ¼ 0%, pheterogeneity ¼ 0.909; Fig. 3B). Sensitivity analysis
is provided as Supplementary Table 5B.

3.2. TILs and non-invasive breast cancer subtypes

Three studies (N ¼ 2035) reported non-invasive breast cancer
subtype distribution according to TIL levels. High-TIL levels were
significantly associated with triple-negative (OR 3.84; 95%CI,
2.23e6.61; p < 0.001; I2 ¼ 0%, pheterogeneity ¼ 0.439) and HER2-
positive (OR 6.27; 95%CI, 4.93e7.97; p < 0.001; I2 ¼ 0%,
pheterogeneity ¼ 0.790) subtypes, whereas low-TIL levels were
associated with the luminal subtype (OR 0.14; 95%CI, 0.11e0.17;
p < 0.001; I2 ¼ 0%, pheterogeneity ¼ 0.723), with no significant
heterogeneity in all these analyses (Fig. 4A-C). Sensitivity analysis
is provided as Supplementary Tables 6AeC.

3.3. TILs and clinicopathological characteristics

3.3.1. Age
Two studies (N ¼ 2022) reported patient's age according to TIL

levels. No association between TIL levels and age was observed
(OR 1.08; 95%CI, 0.60e1.95; p ¼ 0.803; Fig. 5A). Significant het-
erogeneity was observed in this analysis (I2 ¼ 86%,
pheterogeneity ¼ 0.007).

3.4. Histological grade

Seven studies (N¼ 3276) reported histological grade according
to TIL levels. High-TIL levels were significantly associated with
high-grade tumours (OR 5.15; 95%CI, 3.69e7.19; p < 0.001;
Fig. 5B). Significant heterogeneity was observed in this analysis
(I2 ¼ 62.2%, pheterogeneity ¼ 0.014). In sensitivity analysis, hetero-
geneity was eliminated and the association between high-TIL
levels and high-grade remained significant when excluding
either the study “Toss M � validation set” (I2 ¼ 38.8%,
pheterogeneity ¼ 0.147; OR 5.78; 95%CI, 4.28e7.80; p < 0.001).
Sensitivity analysis is provided as Supplementary Table 7A.

3.5. Necrosis

Seven studies (N ¼ 3257) reported the presence of necrosis
according to TIL levels. High-TIL levels were significantly associ-
ated with necrosis (OR 3.09; 95%CI, 2.33e4.10; p < 0.001; Fig. 5C).
Significant heterogeneity was observed in this analysis (I2¼ 58.6%,
pheterogeneity ¼ 0.025). In sensitivity analysis (Supplementary
Table 7B), heterogeneity was eliminated and the association be-
tween high-TIL levels and necrosis remained significant when
excluding either the study “Pruneri G” (I2 ¼ 25.8%,
pheterogeneity ¼ 0.241; OR 2.74; 95%CI 2.10e3.58; p < 0.001), or
“Toss M � validation set” (I2 ¼ 40.7%, pheterogeneity ¼ 0.134; OR
3.38; 95%CI, 2.60e4.41; p < 0.001).

3.6. Risk of bias assessment

Supplementary Tables 1 and 2 report the quality of data and
risk of bias assessment for each study, based on The Newcastle-
Ottawa Scale (NOS). Each study was judged on three broad per-
spectives: the selection of the study groups; the comparability of
the groups; and the ascertainment of the outcome of interest. Six
and seven studies, respectively, received full score in the evalua-
tion of the study group selection, and of the comparability of the
groups. Three out of seven studies did not achieve the full score in
the ascertainment of the outcome of interest, due to partially



Fig. 2. Forest plots and the pooled odds ratios with the respective p values for local recurrence according to TILs levels. Abbreviations: OR, odds ratio; CI, confidence intervals; TILs,
tumor infiltrating lymphocytes.
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missing data.

4. Discussion

By pooling data from 6 studies (7 cohorts) that included a total
of 2941 patients, this meta-analysis demonstrated a significant
association between high-TIL levels and local recurrences (invasive
and non-invasive) in patients with non-invasive breast cancer.
High-TIL levels were also associatedwith triple-negative and HER2-
positive subtypes, with high histological grade and with the pres-
ence of necrosis. This association of high-TIL levels with clinico-
pathological variables of potentially aggressive behaviour confirms
findings from previous individual studies and may indeed justify
our findings. Nonetheless, the likelihood of presenting invasive
recurrences (which may be more clinically relevant) seemed to be
higher in patients whose tumours have low-TIL levels, as observed
also in patients with invasive breast cancer [11]. In this regard, in-
vasion may be facilitated by the lack of an effective immune sur-
veillance in the stroma of tumours with low-TIL levels, whereas the
high-TIL group may correspond to patients who developed an
active anti-tumour immune response that may prevent invasive-
ness [5].

Although high-TIL levels are often interpreted as a sign of anti-
tumour immunity, it may not always be the case. In patients with
invasive triple-negative breast cancer, the qualitative difference of
cells found in the immune infiltrate - rather than TIL levels - seems
to have a prognostic impact [23]. Sheu et al. have demonstrated
that non-invasive breast lesions have an immune infiltrate enriched
with regulatory CD4þ T cells, whereas cytotoxic CD8þ T cells
become more frequent as disease progresses, supporting the
187
concept that the composition of the immune infiltrate may differ
between invasive and non-invasive disease [24]. Different pop-
ulations of cytotoxic CD8þ and regulatory CD4þ Tcells coexist in the
lymphocytic infiltrate, and the balance between immunogenic and
immunosuppressive stimuli either activates or down-regulates the
immune system in the tumoral stroma [19e21]. Accordingly, the
presence of a high proportion of regulatory T cells as part of the
lymphocytic infiltrate has been associated with higher recurrence
rates in patients with invasive and non-invasive breast cancer [25].
Therefore, not only TIL count, but also the type of cells present in
this lymphocytic infiltrate dictate the interactions between the
tumour and the immune system.

Observational studies suggest that up to 50% of non-invasive
breast cancers do not progress to an invasive form without treat-
ment [26e28]. Yet, since it is not possible to anticipate which cases
will progress to invasive breast cancer, these patients are often
submitted to surgery, followed by radiotherapy and adjuvant
endocrine treatment for those with hormone receptor-positive
disease [29e31]. Given the potential of these treatments to cause
relevant toxicities, efforts to improve the prognosis estimation of
this population should be pursued [3]. Characteristics such as high
grade, necrosis, tumour size, microinvasion, triple-negative and
HER2-positive subtypes have been previously associated with
recurrence in patients with non-invasive breast cancer [3,5].
Nonetheless, additional biomarkers are needed to refine the
prognosis estimation in this population. Our findings suggest that
high-TIL levels may identify patients with a higher overall recur-
rence risk, although this risk may be mainly driven by non-invasive
recurrences, whereas invasive recurrencesmight be less frequent in
patients with high-TIL levels. A better understanding of the



Fig. 3. Forest plots and the pooled odds ratios with the respective p values for invasive local recurrence (A) and non-invasive local recurrence (B) according to TILs levels. Ab-
breviations: OR, odds ratio; CI, confidence intervals; TILs, tumor infiltrating lymphocytes.
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Fig. 4. Forest plots and the pooled odds ratios with the respective p values for the association between triple-negative (A), HER2-positive (B) and luminal (C) breast cancer subtypes
and TILs levels. Abbreviations: OR, odds ratio; CI, confidence intervals; TILs, tumor infiltrating lymphocytes.
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prognostic impact of TILs in non-invasive disease is crucial to
identify patients who are candidates for more intensive treatment
strategies, such as the administration of anti-HER2 agents for those
with HER2-positive or immunotherapy for those with triple-
negative disease, and those with a lower recurrence risk who
might benefit from treatment de-escalation, which are of particular
interest for frail or elderly patients [32e34].

In subgroup analyses, contrary to what was observed in the
overall population and in line with previous data from patients
with invasive breast cancer, an association between low-TIL levels
and local invasive recurrences was observed [11]. Therefore, one
cannot exclude that the association between high-TIL levels and
local recurrences observed in the overall population of this meta-
analysis could have been driven by non-invasive recurrences,
meaning that high-TIL levels in non-invasive disease predict mainly
the occurrence of non-invasive recurrences. Although non-invasive
recurrences may have less potential to result in unfavourable sur-
vival outcomes, they often lead patient's to additional procedures
that may cause a significant burden and compromise quality of life
189
[1,3,4]. Furthermore, these subgroup analyses included only 3
studies, with their results being driven mainly by one study (Pru-
neri et al.) with a large sample size. Thus, these results need to be
interpreted cautiously.

Supporting previous findings, our study has shown a significant
association of high-TIL levels with triple-negative and HER2-
positive subtypes of non-invasive breast cancer, which usually
present high proliferation rates and high risk of invasion
[16,21,35e37]. In previous studies, high-TIL levels have been
observed in areas of microinvasive breast cancer, suggesting that
more aggressive tumours may also be more immunogenic
[12,36,38,39]. Additionally, the activation of the HER2 pathway
seems to drive the tumoral stroma into a pro-immunogenic state,
as HER2-positive tumours have a high frequency of CD8þ Tcells and
a low PD-L1 expression in their lymphocytic infiltrate
[21,25,35e37,40]. Conversely, the oestrogen receptor pathway
activation observed in luminal tumours creates an immune-
suppressive microenvironment that renders these tumours less
immunogenic, potentially explaining the observed association of



Fig. 5. Forest plots and the pooled odds ratios with the respective p values for the association between age (A), histological grade (B) and necrosis (C) and TILs levels. Abbreviations:
OR, odds ratio; CI, confidence intervals; TILs, tumor infiltrating lymphocytes.
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this subtype with low-TIL levels [41].
The Oncotype DX assay analyses the expression of genes

involved in proliferation, invasion, and in the HER2 and oestrogen-
receptor pathways to provide prognostic information, but also to
estimate the benefit of adjuvant chemotherapy in patients with
HER2-negative, hormone receptor-positive, early-stage breast
cancer [42,43]. For non-invasive breast cancer, an adapted version
of the assay (DCIS Oncotype) relies on the expression of 7 genes
related to proliferation and hormone-receptor pathways to esti-
mate the risk of recurrence [44]. In an exploratory study that
included patients with non-invasive breast cancer, Knopfelmacher
et al. observed a positive correlation between mitotic count and TIL
levels with DCIS Oncotype scores, suggesting that tumours with
high proliferation rates may also be more immunogenic [44]. This
hypothesis is in linewith the observed association of high-TIL levels
with high grade and necrosis in our study.

Potential limitations need to be considered when interpreting
our findings. This meta-analysis was not based on individual
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patient data (besides for one study [Beguinot et al.]), limiting the
number of studies included in subgroup analyses and precluding
analyses of additional secondary objectives. All studies were
retrospective and had mostly small sample sizes. Although distant
recurrences and survival analyses could not be performed, previous
studies have shown an increased risk of death in patients with non-
invasive breast cancer who present a local recurrence, suggesting
that this endpoint may be a surrogate for survival [45,46]. Data on
treatments received by patients in each cohort, which may have an
impact on local recurrences, was not available. Each study used a
different cut-off to categorize patients between high-TIL level and
low-TIL level groups. Categorization of ‘high TILs' was inconsistent
in the pooled analysis, with 1%, 5%, 10%, 45% and upper-quartile as
thresholds of definitions. This limitation obliges to interpret our
study results cautiously and underlines the fact that harmonization
of TIL-assessment is a current unmet need that should be addressed
in the near future. Although a different methodology to assess and
quantify TILs was used in each study, in all of them it was based on
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the criteria established by the International Immuno-Oncology
Biomarker Working Group (www.tilsinbreastcancer.org), reinforc-
ing the notion that data from these studies can be pooled and
highlighting the importance of developing and updating Interna-
tional guidelines to standardize TIL assessment for future studies,
preferably using phase 3 clinical trial datasets [47,48].

Despite the aforementioned limitations, to our knowledge this
meta-analysis represents the largest and most updated data
assessing the prognostic impact of TIL levels in patients with non-
invasive breast cancer. Our data can be hypothesis-generating for
further studies, as it will be interesting to verify how TILs in DCIS
could help to refine prognosis estimation and, consequently, to
potentially adapt treatment decision making in this population.

5. Conclusions

High-TIL levels were associated with more aggressive tumours
and with a higher likelihood of presenting local recurrences (local
and invasive), but with a lower likelihood for invasive recurrence in
patients with non-invasive breast cancer. Yet, patients whose tu-
mours have low-TIL levels may present a higher likelihood of
invasive local recurrences. Our exploratory data suggest that the
assessment of TIL levels might represent a promising prognostic
biomarker in patients with non-invasive disease, which could ul-
timately help clinicians to identify patients who are candidates for
more intensive treatment strategies and those who might benefit
from treatment de-escalation. Harmonization of TIL-assessment is
a critical and currently unmet imperative to be able to perform
future studies that can definitively inform on the importance of
immunity in DCIS.
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