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Abstract

In this chapter we describe a promising new histopatho-
logical biomarker in immuno-pathology/oncology: tumor 
infiltrating lymphocytes (TILs). The semiquantitative 
assessment of TILs in breast cancer (and other tumors) is 
a well-defined histopathological parameter of which the 
assessment can easily be integrated in the standard exami-
nation of biopsies and resection specimens by the (surgi-
cal) pathologist. Focusing on breast cancer, we first 
summarize available evidence on the prognostic and pre-
dictive value of TILs in DCIS, ER+/HER2-, triple-
negative, and Her2-positive breast cancer. We also 
describe the correlation between TILs and other biomark-
ers, the most notorious among pathologists being pro-
grammed death-ligand 1 (PD-L1).

Secondly, we describe the efforts of the International 
Immuno-Oncology Biomarkers Working Group (www.
tilsinbreastcancer.org) to standardize TIL assessment 
(leading to standardized international guidelines), create 
awareness, and educate pathologists and oncologists. 
Finally, we briefly introduce new concepts and tech-
niques that will in the coming years be introduced to fur-
ther characterize the immune microenvironment in 
tumors and the interaction between tumor cells and 
inflammatory cells, such as the use of spatial single cell 
technologies and artificial intelligence. We believe these 
techniques should be integrated with the use of TILs and 
other biomarkers in clinical practice, for the benefit of 
our patients.
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�Part 1: Introduction

Over the last decade, our understanding of the interactions 
between cancer cells and the different components of the 
immune system has increased exponentially. Furthermore, 
we are developing strategies and medications to exploit this 
complex interplay for treating patients with cancer. The rap-
idly increasing number of possible targets and therapeutic 
options also makes it necessary to develop biomarkers that 
enable selection of the right therapy for the right patients. 
One of the reasons being that these innovative agents are 
extremely expensive.

The purpose of this chapter is to describe a very promis-
ing histopathological biomarker that can easily be incorpo-
rated in the standard assessment by (surgical) pathologists, 
namely tumor infiltrating lymphocytes (TILs). As further 
described, TILs can be assessed on a standard hematoxylin 
and eosin (H&E) stained slide, no special staining or addi-
tional test is needed. Although the same assessment method 
can be used for TILs in almost every tumor type and data 
show that its usefulness is not limited to breast cancer (BC) 
at all, the prognostic and predictive value has been most 
extensively demonstrated in BC. Therefore, this chapter will 
mainly focus on the use of TILs in the latter.

First, we will give an overview on the available evidence 
of the prognostic and predictive value of TILs in BC. We will 
furthermore give an overview of the guidelines as developed 
by the International Immuno-Oncology Biomarker Working 
Group on Breast Cancer and on the efforts and initiatives to 
standardize, teach, and distribute TILs assessment among 

Take Home Lessons
•	 Tumor infiltrating lymphocytes (TILs) is a continu-

ous marker showing strong positive correlation with 
survival outcomes especially in breast cancer 
patients with TNBC and HER2+ phenotypes, reach-
ing level Ib of evidence for these groups of patients. 
The value of TILs in ER+/HER2- is currently dis-
cussed and poorly understood.

•	 The predictive value of TILs has been extensively 
investigated, being predictive for pathologic com-
plete response in breast cancer patients treated with 
neoadjuvant chemotherapy. More recently, the 
introduction of immune checkpoint blocking ther-
apy has shown promising positive interactions 
between TILs levels, PD-L1 expression, and 
response to therapy, strongly suggesting TILs as a 
potential predictive marker also in this context.

•	 Standardized international guidelines for the assess-
ment of TILs on routine H&E stained slides are 
available, showing high grade of concordance 
among pathologists.

•	 A learning tool is freely available at www.tilsin-
breastcancer.org to teach and assist in the scoring 
activities in the scientific community.

•	 The use of spatial single cell technologies and arti-
ficial intelligence will be the next step to understand 
the underpinning mechanisms of immune editing 
and unravel the interactions between tumor cells 
and the tumor immune microenvironment.
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pathologists. The purpose of these international, academic 
efforts is to harmonize and streamline TILs assessment and 
to avoid the origination of an unworkable chaos as we have 
seen happening, for instance, in the field of PD-L1 assess-
ment, with many different assays and assessment methodol-
ogies. In the last section we will shortly elaborate on future 
evolutions in TILs assessment.

�Part 2: Evidence on Prognostic 
and Predictive Value of TILs

�Evidence of the Prognostic and Predictive Use 
of TILs in Breast Cancer

Depending on the expression at the protein level of estrogen 
receptor (ER), progesterone receptor (PgR), human epider-
mal growth factor receptor 2 (HER-2), and Ki-67, BC 
patients are subdivided into clinically and biologically mean-
ingful surrogate intrinsic molecular categories. Treatment 
decisions are largely dependent on the combinations of these 
biomarkers, which show strong predictive value concerning 
anti-hormonal therapy in ER-positive tumors and anti-HER2 
therapy in HER-2 positive tumors. A subset of tumors lack-
ing expression ER, PgR, and HER2 (i.e., triple-negative 
breast cancers, TNBC) are associated with a poor prognosis 
and are mostly treated with standard chemotherapy [1, 2]. 
Interestingly, a growing body of evidence suggests that also 
in BC the amount of TILs relate to a better prognosis and are 
potentially predictive for response to chemotherapy [3]. The 
association with higher TILs and better prognosis in breast 
pathology was first proposed long time ago in a series inves-
tigating pathological features linked to improved prognosis 
after radical mastectomy [4]. Also, the paradox of the so-
called medullary carcinoma of the breast which is a poorly 
differentiated BC (usually TNBC) associated with high level 
of peritumoral inflammation and indolent clinical course 
provided further evidence for this observation [5]. This is in 
line with the concept that a tumor mass is composed not only 
by tumor cells but also by non-neoplastic cells forming the 
so-called tumor microenvironment (TME). Stromal cells in 
the tumor microenvironment establish intimate interactions 
with the cancer cells, functioning as an external layer of 
modulation in cancer progression [6, 7]. Inflammatory cells 
play a major role in this process, as postulated by the theory 
of the cancer immunoediting [8]. Three phases, namely elim-
ination, equilibrium, and escape seem to modulate the inter-
actions between cancer cells and immune system. Although 
not yet fully understood, this process seems to be strongly 
regulated by the underlying genetic alterations in cancer 
cells and their capacity to escape or stimulate the immune 
system [8–10]. Overall, in cancer, high levels of immune 
infiltrates are a pre-requisite for response to novel therapeu-

tic strategies like immune checkpoint blocking immunother-
apy (ICB) and are considered to be a surrogate for high level 
of antigenicity (i.e., the presence of “foreign” epitopes in the 
cancer cells to be recognized by the immune system) [11, 
12]. However, only a small number of cancers actually dis-
play a positive relation between tumor mutational burden 
(TMB), neoantigens, and CD8+ TILs (melanoma, endome-
trial cancer, non-small cell lung cancer, colorectal cancer). 
Breast cancer generally exhibits relatively lower TMB and 
neoantigens, with no clear correlation with CD8+ T-cell 
infiltration [13]. This apparent paradox will be further dis-
cussed in the section about novel methods to assess TILs.

The International Immuno-Oncology Biomarkers 
Working Group (see further; also referred to as TILs-WG) 
has recently issued guidelines to help pathologists in scoring 
the mononuclear immune infiltrate with a standardized scor-
ing method, based on regular H&E staining [14–16]. The 
strength of this method resides in its prompt implementation, 
which can be easily translated into daily clinical practice. 
Like BC tumor grading which arguably constitutes the most 
important prognostic tool in breast pathology, the TILs scor-
ing method is based on evaluation of H&E stained slides, 
making this tool accessible to all pathology laboratories 
around the world, and it is promising to become a novel stan-
dard of practice in breast pathology [17, 18].

TILs are not normally distributed across the BC molecu-
lar subtypes and in addition the clinical context may add a 
further layer of heterogeneity. In older series, about 17% of 
BC showed dense TILs infiltration within the tumor border 
irrespective of age, and high TILs were independently posi-
tively associated with a better survival only in patients 
younger than 40, implying strong differences in the interac-
tion between BC and immune system according to tumor 
biology [19]. Specific associations with mutations or copy 
number alterations may also influence their prognostic 
impact [20–23]. A systematic review of 15 studies including 
almost 14.000 patients provided a global picture of the het-
erogeneous distribution of TILs across BC molecular sub-
types. The median percentage of BC patient showing no 
evidence of TILs is 16%, while 11% show high level of TILs. 
The comparison between the specific molecular BC subtypes 
indicated that a higher level of TILs infiltration is generally 
observed in TNBC and HER2+ tumors which show a median 
value of high TILs level in 20% and 16% of the patients, 
respectively. On the contrary, patients with ER+ tumors 
showed about three times less frequently high TILs level as 
compared to TNBC and HER2+. These results were also 
reflected by the amount of CD8+ T-cells, suggesting a differ-
ent activation of the adaptive immune system depending on 
the molecular BC subtype [24]. A pooled analysis of six ran-
domized clinical trials in the neoadjuvant setting performed 
by the German Breast Cancer Group confirmed in over 3000 
patients that TNBC and HER2+ tumors have the highest 
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incidence of TILs as compared to ER+ BC [25]. High TILs 
levels were defined according to the definition of lympho-
cytic predominant breast cancer (LPBC), which is a termi-
nology adapted from the hematopathological literature. 
LPBC refers from a pragmatic point of view to BC for which 
the relative percentage of mononuclear inflammatory infil-
trate in tumor nests or stroma “outnumbers” the tumor cells, 
the cut-off values most frequently used are 50% or 60% of 
TILs [26, 27]. Currently no cut-offs are recommended by the 
TILs-WG, and the TILs scoring should be considered rather 
as a continuous variable [28]. Nevertheless, efforts made by 
the TILs group around specific cut-points show excellent 
level of concordance among pathologists (intraclass correla-
tion coefficient [ICC] ≥0.7), being higher than those reported 
for established methods like the Nottingham grading system 
[16, 29].

�Prognostic Significance of TILs in Ductal 
Carcinoma In Situ (DCIS)

Ductal carcinoma in situ (DCIS) is a segmental disease of the 
terminal duct-lobular units and represents a non-obligate pre-
cursor of invasive BC which is historically related to higher 
risk of developing invasive carcinoma as compared to normal 
population. DCIS is extremely heterogeneous and treatment 
options involve usually either breast conserving surgery with 
or without radiotherapy or radical mastectomy. However, the 
natural history of DCIS remains poorly understood, posing 
the question of patient overtreatment and better selection for 
treatment [30]. For this reason, the search for reliable prog-
nostic markers of recurrence in patients with DCIS has enor-
mously flourished in the past years, including research on 
TILs. A scoring method to assess the density of immune infil-
trates in the periductal stroma has been proposed as well by 
the TILs-WG [28]. Cases of pure DCIS tend to have less 
dense immune infiltrate as compared to DCIS associated with 
micro-invasive focus or compared to invasive BC [31]. Higher 
nuclear grades, solid growth pattern, and comedo-necrosis 
are generally associated with higher TILs levels [32]. 
Comparably to invasive BC, the quantity and the quality of 
the immune infiltrate in DCIS seems to be related to the pro-
tein expression of ER, PR, and HER2. Agahozo et  al. 
described high TILs levels in over 60% of HER2+ and TN 
DCIS, while ER+ DCIS showed remarkably lower levels of 
TILs with ER+/HER2+ DCIS showing intermediate levels 
[33]. Analysis of the qualitative composition of the TILs (e.g., 
higher levels of FOXP3+ cells, increased number of PD-L1+ 
cells, and lower levels of granzyme B) suggests that mecha-
nisms of immune editing implicated in immune escape may 
be involved in the development of invasive BC, occurring as 
recurrence after DCIS or in invasive BC associated with 
DCIS [33–35]. However, the DCIS phenotype does not sig-

nificantly influence the composition of the immune infiltrate 
[33]. DCIS carrying TP53 mutations and higher levels of 
aneuploidy seems also to be related to higher TILs levels [34, 
36]. Interestingly the proportion of DCIS cases with high 
TILs varies depending on the scoring method used [33, 37]. 
This discrepancy might be explained by the location and the 
density of immune infiltrates which may be extremely vari-
able around ducts affected by DCIS. Therefore, the identifica-
tion of the portion of periductal stroma that need to be 
considered for the scoring might be particularly challenging 
and have a strong impact on the results and their interpreta-
tion. Benchmarking of seven different scoring methods for 
TILs in DCIS has identified that the count of TILs touching 
the basement membrane of the ducts is the most reproducible 
and reliable method of all (so-called touching TILs) [38]. 
However, efforts made by different groups have revealed that 
scoring histopathological features in DCIS, including TILs, 
results in fair to moderate interobserver agreement requiring 
further refinement in the definition and education of patholo-
gists [39–41]. These observations may explain the discrep-
ancy in results reported by diverse independent groups in 
recent years, when the prognostic value of periductal TILs 
density was interrogated as prognostic marker for (ipsilateral) 
breast recurrence. Indeed, at present it remains unclear 
whether the density of DCIS-associated periductal TILs can 
predict recurrence [34, 38, 42–45] or not [36, 37, 40, 46] call-
ing for a profound revision and harmonization of scoring 
methods to be used. Unraveling the interactions existing 
between DCIS and its periductal inflammatory microenviron-
ment will be important to understand mechanisms of BC 
immune escape that may contribute to the selection of patients 
for ICB therapies [35].

�Prognostic Significance of TILs in ER+/HER2- 
Breast Cancer in the Adjuvant Setting

ER+/HER2- BC largely corresponds to the IHC surrogate of 
the luminal molecular BC intrinsic subtype, as defined by 
transcriptome analysis. Depending on the proliferation 
markers, ER+/HER2- BC is subdivided into low prolifera-
tive (also referred to as luminal A-like) or high proliferative 
BC (also referred to as luminal B-like) [47]. Tumor grade, 
tumor size, and lymph-node status are traditionally used in 
the adjuvant setting to guide systemic therapy decisions in 
BC patients with luminal disease [48]. The recent clinical 
validation of the use of multigene signatures (MGS) has fur-
ther refined this decision-making process, especially for 
post-menopausal patients [49–51]. Interestingly, high levels 
of TILs are supposed to influence MGS results when they are 
associated with BC that would be allocated to the luminal 
A-like category by standard histopathology [52]. This obser-
vation is perhaps the result of a bias introduced by the higher 
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proliferation level of the TILs, which may influence MGS 
results in these cases [53]. Data describing how TILs values 
influences MGS results in patients with luminal disease are 
limited and conflicting. In one study studying TILs densities 
in a retrospective monocentric cohort including 344 early 
BC patients (of which 187 ER+) treated with surgery and 
adjuvant systemic treatment, TILs level was not prognostic 
for overall survival and disease-free survival in ER+ tumors 
despite a negative correlation between TILs value and recur-
rence scores measured by the MGS Oncotype Dx [54]. On 
the contrary, another small retrospective monocentric study 
focusing on luminal tumors in the adjuvant setting showed a 
weak but statistically significant correlation between contin-
uous TILs values and continuous recurrence scores values 
measured by Oncotype Dx [55]. However multivariable 
analysis demonstrated that Oncotype Dx scores was not an 
independent factor able to predict high TILs in this study, 
suggesting that tumor immune microenvironment may con-
tribute to prognosis as well in luminal tumors [55]. Similarly, 
the retrospective-prospective translational analysis of the 
West German Study PlanB trial found a strong and signifi-
cant correlation between TILs levels and recurrence scores 
as measured by Oncotype Dx. A model based on hormone 
receptor status, Ki67 and TILs levels was found to be predic-
tive of Oncotype Dx results with an area under the curve of 
0.80. The authors concluded that the impact of the TILs on 
prognosis might not necessarily be dependent on the associa-
tion with proliferation [56]. Interestingly, previous in silico 
analysis performed on 15 publicly available databases illus-
trated that the interaction between inflammatory metagenes 
and prognosis in ER+ tumors may have a dual effect depend-
ing on the molecular subtype and proliferation status. In their 
study, Nagalla et al. found that 23% of highly proliferative 
ER+ tumors displayed high expression levels of inflamma-
tory metagenes and were associated with excellent distant 
metastasis-free survival while an inverse relationship was 
observed in luminal B tumors with low proliferative activity 
[57]. Indeed, mitotic stress is considered a strong regulator 
of the immune surveillance in cancer cells [58, 59].

In this regard the integration of BC transcriptome and 
genome analysis seems to provide a novel twist to this com-
plex background in ER+ tumors. Smid and collaborators 
found that the upregulation of TIL signatures and better 
prognosis may be triggered only by specific patterns of 
somatic mutations (also referred to as mutational signatures) 
independently from the cell cycle [60]. In their study the 
mutational signatures 3 and 13 were particularly associated 
to higher TILs signatures and better prognosis. A recent 
study performed on TNBC patients with or without germline 
BRCA mutations (which possibly correspond to signature 3) 
seems to confirm this observation. Indeed, the number of 
patients with TILs >10% was significantly higher in the 
patients carrying the mutation as opposed to the wild-type 

group, although the TILs infiltrates were globally similar 
between the two groups [61]. Conversely, a high number of 
non-synonymous mutations are generally linked to high pro-
liferation, high tumor grade, and poor prognosis [60, 62]. 
However, specific mutational signatures or other genetic 
mutations that may trigger TILs (e.g., microsatellite instabil-
ity) may be rarely encountered in BC with luminal biology 
(e.g., 86% of ER+ BC did not show the mutational signature 
3 in the report from Smid et al.) [60, 63]. Importantly, TILs 
scores measured on tumor tissue are strongly correlated to 
the expression level of immune signatures in transcriptome 
analyses and represent a reliable surrogate of the immune 
response within a tumor [64, 65]. It remains to be ascertained 
whether the presence of high level of TILs on histology is a 
reliable predictor for a specific mutational signature in ER+ 
tumors and if the LPBC category is a clinically meaningful 
category in these tumors, despite its inconsistent definition.

Considering the previous observations, it is not surprising 
that the literature reports conflicting results when it comes to 
study the prognostic value of TILs in ER+ tumors in the adju-
vant setting. Indeed, in a recent systematic review, the per-
centage of non-LPBC ER+ BC cases was estimated to be 
almost 95% [24]. Many authors failed in finding significant 
associations between TILs densities evaluated on H&E 
stained slides and prognosis in different clinical trials, how-
ever no particular distinction was made between luminal sub-
types [26, 66, 67]. Others confirmed the lack of prognostic 
information of TILs in the global population of ER+ BC 
patients, but in subgroup analysis found a positive prognostic 
association in the high proliferative tumors (although in [68] 
this was only borderline) and an inverse prognostic correla-
tion in the low proliferative tumors [68, 69]. In addition, a 
recent meta-analysis has revealed that LPBC category in ER+ 
tumors displays worse overall survival but has no effect on 
disease-free survival in the 4 high quality studies included. 
However, the authors acknowledge that results should be 
taken with caution considering the limited number of studies 
available [70]. Interestingly, special BC types that are usually 
associated to a luminal phenotype like invasive lobular and 
micropapillary carcinomas show generally low TILs densities 
and inverse prognostic correlation [23, 71–73]. On the con-
trary, male BC, which is characterized by ER expression in 
about 99% of the cases and displays lower incidences of BC 
with special histology, shows a positive correlation with prog-
nosis in cases with high TILs levels [74, 75]. The reduced 
presence of CD8+ T-cells in the epithelial compartment of 
luminal invasive BC has been advocated as possible cause for 
the adverse prognosis observed in some studies [76, 77].

Given the highly heterogeneous outcomes observed in the 
ER-positive disease, it is conceivable that subgrouping breast 
carcinomas by ER expression alone can be insufficient to 
describe clinically meaningful associations between out-
comes and immune response. So far clinical utility and 
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validity of TILs assessment in ER+/HER2- tumors has been 
inconsistent and warrants further studies before standard 
application in the clinic [78].

�Prognostic Significance of TILs in HER2+ Breast 
Cancer in the Adjuvant Setting

HER2+ BC is classically defined by its peculiar strong mem-
branous HER2 expression which is readily visible by IHC on 
low magnification under the microscope [79]. The strong 
HER2 protein expression is generally the consequence of the 
HER2 gene amplification, which renders HER2+ BC cells 
addicted to the activation of its metabolic cascade [80]. The 
major evidence for this oncogenic addition is provided by the 
dramatic improvement of survival outcomes that have been 
achieved thanks to the introduction of the targeted anti-
HER2 therapy in combination with cytotoxic chemotherapy 
as standard of care [81, 82]. Nevertheless, HER2+ BC 
remains very heterogeneous disease that can be driven by 
different underlying molecular mechanisms depending in 
first instance on the ER+ or ER- status [83]. Additionally, as 
illustrated by transcriptomic analysis with the PAM50 MGS 
classifier, both ER+/HER2+ and ER-/HER2+ IHC BC sub-
groups can be further divided into four major molecular BC 
subtypes, although with different proportions. This observa-
tion has led to the introduction of a new classification within 
HER2+ tumors, resulting in the category of the HER2-
enriched tumors, which also may benefit from anti-HER2 
therapy despite lacking strong HER2 protein expression, for 
which a different distribution of TILs has been observed 
depending on HER2 IHC score levels [84, 85]. Based on 
these observations, one may argue that mechanisms of 
immune editing may have a different impact on prognostic 
and predictive outcomes in HER+ BC. For instance, ER+/
HER2+ BC generally displays less TILs as compared to ER-/
HER2+ BC [66, 86]. Moreover, the ER status seems also to 
influence survival outcomes and response to treatment in 
HER2+ BC. However, transcriptomic analysis suggests that 
when dealing with HER2-enriched tumors, the ER status 
may lose its relationship with clinical outcomes [83]. In this 
regard, the study of the expression of T-cell metagenes in BC 
molecular subtypes indicated a strong positive prognostic 
correlation between high expression level of the lymphocyte-
specific kinase (LCK) metagene and HER2-enriched tumors, 
irrespective of the ER status [87].

The BIG 02-98 trial as well as the FinHER trial failed to 
find a positive prognostic association between high TILs 
level and disease-free or overall survival [26, 66]. On the 
contrary, Dieci and collaborators found that both intratu-
moral TILs (iTILs) and stromal TILs (sTILs) were associ-
ated with improved OS in two multicentric phase III trials in 
the adjuvant setting. For each 10% sTILs increase, an 18% 

reduction in death risk was observed for HER2+ patients 
(adjusted HR 0.82, 85% CI 0.69–0.96, p = 0.02) [67]. In a 
selection of 945 out of 3505 HER2+ BC patients enrolled in 
the phase III N9831 adjuvant study (<50% of the entire 
cohort), sTILs infiltrates were investigated to study 
recurrence-free survival in relation to type of systemic treat-
ment (i.e., chemotherapy alone vs chemotherapy + trastu-
zumab). The predefined cut-point at 60% was used to define 
LPBC on whole slide sections. Of the 945 cases analyzed 94 
(± 10%) were LPBC, the majority of the LPBC showed 
ER+/HER2+ phenotype and displayed less recurrence 
events as compared to non-LPBC (n  =  8 vs 154, respec-
tively) [88]. Similarly to what was observed in the BIG 
02-98, patients with high TILs level in the N9831 study had 
improved recurrence-free survival in the chemotherapy arm 
[26, 88]. However, as opposed to the FinHER study in the 
N9831, the benefit of adding trastuzumab to the backbone 
of systemic chemotherapy was not observed; the statistical 
power to exclude or confirm ER influence was too limited 
[66, 88]. A retrospective analysis of the NRG/NSABP-B31, 
a large phase III trial assessing the benefit of trastuzumab in 
combination with chemotherapy in BC patients with HER2+ 
disease in the adjuvant setting, revealed that higher TILs 
values measured on H&E (both semicontinuous and cate-
gorical, LPBC  =  50%) were significantly associated with 
improved disease-free survival but were not predictive of 
trastuzumab benefit. Of note, whole slide sections of about 
82% of the patient population enrolled in the trial 
(n = 1581/1931) were analyzed, 100 of which were addi-
tionally reviewed by 6 pathologists of the TILs-WG achiev-
ing 90.8% concordance between the main reviewer and the 
6 additional observers (mean value). Interestingly, high 
TILs scores showed also strong correlation with groups of 
patients showing high benefit from anti-HER2 targeted ther-
apy as defined by an 8-gene prediction signature on tran-
scriptome analysis [89]. Intriguingly, the same predictive 
signature has been recently validated in the B-31 and N9831 
study by an independent validation, suggesting that specific 
immune markers may capture different biological outcomes 
as opposed to global TILs assessment by H&E [89, 90] 
Biomarker analysis performed in about 70% (n = 866/1253) 
of the samples collected in the negative non-inferiority 
phase III ShortHER trial (i.e., 9 weeks vs 52 weeks adjuvant 
Trastuzumab) showed an improved five-year rate distant 
disease-free survival for patients with ≥20% sTILs as com-
pared to patients with <20% sTILs (95.7% vs 91.1%; 
p  =  0.025), and it was found that the distant disease-free 
survival rate was excellent for both treatment arms in 
patients with higher TILs value suggesting TILs guided de-
escalation options for HER2+ BC patients [91]. PIK3CA 
mutations were associated with higher sTILs and provided a 
favorable five-year disease-free survival in the HER2-
enriched tumors as established by PAM50 MGS [20]. More 
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recently TILs have been included in a multivariable prog-
nostic tool that has the potential to inform treatment choices 
in BC patients with HER2+ disease [92].

Altogether the evidence collected in the adjuvant setting 
suggests a strong positive prognostic value for high level of 
TILs in HER2+ BC. Two recent meta-analyses confirmed 
these results [70, 93]. HER2-enriched tumors are supposed 
to retain higher TILs level as compared to luminal molecular 
subtypes assessed by PAM50.

Somatic activating mutations in the HER2 are rare events 
encountered in not more than 1–3% of BC causing HER2 
activation in an alternative way as compared to BC with 
HER2 gene amplification. BC carrying HER2 mutations are 
not mutually exclusive with HER2 gene amplification, corre-
late more frequently with lobular histology, and are supposed 
to be a mechanism of endocrine resistance and for anti-HER2 
therapy as well [84, 94]. Recent clinic-pathologic review of 
primary tumors of metastatic BC patients carrying HER2 
mutations revealed low sTILs in nine out of 13 patients and 
LPBC in one out of 13 patients (median sTILs = 5%; mean 
sTILs = 15%; LPBC defined as ≥50% sTILs); the distribution 
across the surrogate molecular subtypes was overall compa-
rable to that observed in the general BC population [95].

�Prognostic Significance of TILs in TNBC 
in the Adjuvant Setting

Almost one fifth of all BC lacks ER, PR, and HER2 expres-
sion and is referred to as TNBC. This group of BC is gener-
ally characterized by aggressive biological behavior, poor 
prognosis, earlier age at presentation, and higher risk of 
metastasis. Although the TNBC definition is clinically mean-
ingful and reflects the lack of specific therapeutic options, 
this terminology is from the biological point of view highly 
inaccurate [96]. Therefore, it was not surprising that at the 
transcriptomic level TNBC could be subdivided into at least 
four different intrinsic molecular subtypes, including the 
immunomodulatory or the basal-like immune activated 
which display a favorable prognosis [97, 98]. Bridging the 
TNBC gene expression profiles to the clinic represents the 
main challenge in the coming years (e.g., tumors showing 
high AR expression by IHC may be considered a surrogate 
for Luminal Androgen Receptor (LAR) subtype) [99]. 
Interestingly, as already suggested by Lehmann and col-
leagues, the immunomodulatory subtype shared transcrip-
tomic features with those described in medullary carcinomas 
of the breast, which are classically characterized by TNBC 
status, high inflammatory infiltrates, and good prognosis 
despite their high grade on histology [5, 100]. TILs assess-
ment on H&E is thus potentially the best surrogate marker 
available to date to recapitulate the immune-related molecu-
lar subtype within the TNBC group, which may be not nec-

essarily seen as distinct entity [25, 101]. What is thus the 
evidence accumulated so far in TNBC using the TILs scoring 
method proposed by the TILs-WG?

In the retrospective analysis of the BIG 02-98 about 70% 
(2009/2887 patients enrolled in the study) of the tumor tissue 
was retrieved to measure iTILs, sTILs as continuous variable 
and LPBC as categorical variable with cut-point at 50%; out-
comes were overall survival and disease-free survival. 
Receptor status was unknown in a bit more than 400 patients, 
leaving 256 patients in the TNBC category. In this subgroup 
of patients 10% increment of TILs as continuous variable in 
the stromal compartment was associated with a statistically 
significant improved disease-free and overall survival with 
15% and 17% reduction in risk, respectively. Categorical 
TILs for TNBC with the LPBC phenotype showed 92% five-
year disease-free and overall survival rates, which were com-
parable to that observed in the luminal subgroup where the 
TILs had no prognostic significance. Of note, interactions 
with the type of systemic chemotherapy (anthracycline only 
vs anthracycline-docetaxel) were observed only in the group 
of BC patients with HER2+ disease [26]. In the FinHER 
study (n = 134 TNBC patients) no association with overall 
survival was observed probably due to the low number of 
events [66]. In another retrospective analysis of two large 
phase III trials in the adjuvant setting including 199 TNBC 
patients, similar results were observed. The ten-year overall 
survival rate was 89% and 68% for high TILs and low TILs, 
respectively (HR 0.44, 95% CI 0.18–1.10, p  =  0.07), no 
interaction with anthracycline-based chemotherapy was 
found [67]. Two independent groups at both sides of the 
Atlantic Ocean validated further the strong prognostic value 
of TILs in TNBC. Adams and colleagues measured TILs on 
whole tissue slides stained by H&E in a selection of 481 out 
of 506 tumor blocks of TNBC patients enrolled in two phase 
III studies sponsored by the Eastern Cooperative Group 
(ECOG E2197 and E1199) [102]. Pruneri and coworkers 
analyzed TILs scores in whole slide H&E-stained sections 
from 647 tumors collected in the context of the adjuvant 
phase III trial from the International Breast Cancer Study 
Group Trial 22-00 [103]. Both studies showed in multivari-
able analysis a remarkable similarity in hazard ratio values 
when sTILs were considered as continuous variable to assess 
the risk reduction in disease-free survival (HR = 0.90 [95% 
CI 0.82–0.97;p = 0.01] in Pruneri et al., HR = 0.86 [95% CI 
0.76–0.98; p = 0.02] in Adams et al., respectively), distant 
recurrence-free interval (HR  =  0.83 [95% CI 0.74–0.94; 
p = 0.004] in Pruneri et al., HR = 0.81 [95% CI 0.69–0.95; 
p = 0.01] in Adams et al., respectively), and overall survival 
(HR = 0.83 [95% CI 0.74–0.93; p = 0.001] in Pruneri et al., 
HR = 0.82 [95% CI, 0.68–0.99; p = 0.04] in Adams et al., 
respectively), confirming the strong prognostic value of TILs 
in TNBC patients. The LPBC category showed similar 
results as well [102, 103]. In 2019 a pooled analysis of pro-
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spective-retrospective data collected from over 2100 TNBC 
patients enrolled in 9 large studies performed in the adjuvant 
setting was published and confirmed the strong prognostic 
value of the TILs scoring method on H&E, finally reaching 
level Ib evidence [104]. In this study the average sTILs value 
was 23% (mean 15%, quartile range 10–30%), lower TILs 
quantities were significantly associated with older age, larger 
tumors, more lymph-node involvement, and tumors with 
lower grade. This pooled analysis confirmed a very strong, 
statistically significant linear correlation between increment 
in sTILs quantity and better invasive disease-free, distant 
disease-free, and overall survival with hazard ratio in the 
range of 0.83 and 0.86, being very similar to what was 
observed in the original studies. A test for heterogeneity indi-
cated no or minimal heterogeneity among the studies; iTILs 
showed similar results. Interactions with the type of adjuvant 
systemic chemotherapy (anthracycline alone versus anthra-
cycline-taxane) were found to be not statistically significant. 
Further analysis was performed to test the performance of a 
predefined cut-point in predicting prognosis. To this extent 
the higher quartile of the sTILs values across the entire 
cohort was chosen (30%) and tested for the three endpoints. 
The cut point at 30% remained statistically significant for all 
outcomes and it contributed significant improved prognostic 
value in all nodal categories. Further statistical analysis was 
performed to demonstrate the additional independent prog-
nostic value of TILs quantities as compared to standard 
clinic-pathological parameters; however, this was true only 
for the stromal component of the TILs. Based on these results 
a clinicopathological prognostic model combining classical 
clinic-pathological features with sTILs values has been made 
freely available on the website of the TILs-WG: www.tilsin-
breastcancer.org [104].

�The Role of TILs in the Neoadjuvant Setting, 
in the Metastatic Setting and in Immune 
Checkpoint Blocking Immunotherapy

�Neoadjuvant Setting
The achievement of pCR provides improved overall survival 
and better event-free survival but is not validated as surro-
gate endpoint yet [105]. For BC patients not achieving pCR, 
the measurement of residual disease remaining in the tumor 
bed after neoadjuvant treatment entails as well important 
prognostic information which is better captured by standard-
ized scoring methods [106–108]. Therefore, the identifica-
tion of reliable biomarkers able to predict pCR may have 
important implications for the prognosis of BC, especially 
for those carrying luminal B-like, HER2+, and TNBC tumors 
and may inform further treatment approaches in post-
neoadjuvant phase [105, 109, 110]. The current TILs scoring 
method has been applied for the first time by Denkert et al. as 
a predictive tool to predict pathologic complete response 

(pCR) in patients enrolled in two neoadjuvant anthracycline/
taxane-based studies (GeparDuo, n = 218, training cohort; 
and GeparTrio, n = 840, validation cohort) in a total of 1058 
diagnostic core needle biopsies [27]. In this seminal paper 
the investigators demonstrated that the percentage of sTILs 
and iTILs was significantly and independently associated 
with increased pCR values. When exploring the so-called 
LPBC phenotype (defined as 60% TILs), the authors 
observed a significant improvement with pCR rates of 41.7% 
and 40% in the GeparDuo and GeparTrio, respectively. They 
concluded that TILs scores were able to identify a subpopu-
lation of patients showing improved response to neoadjuvant 
chemotherapy and observed that LPBC displayed different 
histomorphological features as compared to the criteria of 
medullary carcinoma [27]. Perhaps also for this reason the 
medullary carcinoma is no longer considered a special sub-
type of BC in the latest edition of the World Health 
Organization Classification of breast tumors [18]. The addi-
tion of carboplatin to the anthracycline/taxane backbone in 
the neoadjuvant scheme showed an increase in pCR rates up 
to 59.9% in LPBC suggesting for the first time a strong inter-
action between TILs and the type of treatment when carbo-
platin was added (the odds of pCR increased 3.71-fold in 
LPBC tumors compared with a 1.01-fold increase in non-
LPBCs) [64]. This finding, however, was not further vali-
dated in another trial from the same group performed at a 
later point in time [111]. TILs were found to be a strong and 
independent predictor of pCR especially in TNBC and 
HER2+ tumors [27, 64, 111, 112]. Independent confirmation 
of the predictive value of TILs on the diagnostic prethera-
peutic core biopsy is also available from the literature.

In the NeoALTTO study 455 women with HER2+ early 
breast cancer were randomly assigned to 1 of 3 neoadjuvant 
treatment arms: trastuzumab, lapatinib, or the combination 
for 6 weeks followed by the addition of weekly paclitaxel for 
12 weeks, followed by 3 cycles of fluorouracil, epirubicin, 
and cyclophosphamide after surgery. Retrospective review 
on H&E of 85% (n = 387/455) of the diagnostic biopsies col-
lected in this study revealed a non-linear correlation between 
TILs level and pCR rates, with an odds ratio of 2.6 [(95%CI, 
1.26–5.39; p = 0.01] when TILs levels were greater than 5%. 
Importantly, patients with sTILs levels greater than 40% 
achieved excellent 3-year event-free survival rates regardless 
of pCR status, being equal to those observed in patients 
achieving pCR, confirming the strong prognostic value of the 
TILs [86]. The positive correlation between TILs quantity 
and pCR was also observed in a multi-institutional study. In 
this study experienced breast pathologists across Europe 
tested the reproducibility of the TILs scoring method on pre-
treatment biopsies of TNBC patients treated with neoadju-
vant chemotherapy (anthracycline- taxane+/− carboplatin). 
TILs scores done on the same set of slides in two consecutive 
circulations (initially by 16 and then subsequently by 19 par-
ticipants) demonstrated on multivariable analysis that 
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increasing TILs levels (both as continuous variable and with 
10% increment) were predictive for higher pCR rates [113]. 
Moreover, albeit modestly, the interobserver concordance 
was improved in the second circulation possibly pointing to 
a beneficial effect of the training, as suggested by the 
TILs-WG [113, 114]. Asano and colleagues reviewed retro-
spectively 177 cases of early BC patients treated in their 
institution with neoadjuvant chemotherapy and found posi-
tive association with increased pCR and improved survival 
endpoints in TNBC and HER2+ tumors but not in the lumi-
nal ones [115]. In the LAR-like subtype TILs values as cat-
egorical variable measured on the pre-treatment core biopsy 
(≥30%) were predictive for pCR but association with AR 
expression levels on IHC lacked statistical significance. 
Interestingly, the multiple correspondence analysis described 
in one of the clusters a possible association of high AR 
expression with low TILs, older age, obesity, and residual 
disease after therapy, possibly indicating a different response 
to therapy in relation to AR status, body weight, and TILs 
[116]. Recently, a large retrospective analysis performed by 
Hamy et al. described the association between sTILs quan-
tity on pretherapeutic core needle biopsies and pCR by 
reviewing over 700 institutional cases encompassing all sur-
rogate molecular subtypes. The authors found that pCR was 
positively associated with higher levels of TILs only in 
patients with TNBC disease and described a non-linear asso-
ciation. Similarly, the levels of TILs in the pretherapeutic 
biopsy showed a non-linear improvement of disease-free 
survival only in the whole population and in the TNBC 
patients. This effect was additionally related to the type of 
therapy used, since a statistically significant positive interac-
tion was observed only in patients who received other treat-
ment than anthracyclines +/− taxane or taxane alone 
(HR = 0.968; 95% CI, 0.944–0.994; p = 0.014). No signifi-
cant associations were observed in the luminal-like and 
HER2+ subtypes concerning TILs scores in the pre-treatment 
biopsy [117]. On the contrary, the pooled analysis performed 
by the German Breast Cancer Group in 3771 pre-treatment 
biopsies collected from patients treated in six neoadjuvant 
clinical trials showed a significant association between 
improved pCR rates and increased TILs quantities, regard-
less of surrogate molecular subtype. In the whole population 
the pCR rates were indeed significantly higher in the tumors 
with high TILs level as compared to those observed in the 
intermediate or low TILs groups (High≥60%TILs  =  44% vs 
Intermediate11–59%TILs  =  27% vs Low≤10%TILs  =  22%; 
p < 0.0001). The magnitude of pCR rates was the highest in 
the TNBC category, nevertheless the effect of TILs in diverse 
clinicopathological categories seemed to be the same in all 
molecular subtype according to a post-hoc univariate logistic 
regression analysis. When prognostic outcomes were investi-
gated in the 2570 patients of which complete follow-up data 
were available, the scientists found that disease-free and 
overall survival were differentially affected by molecular 

subtype. In univariate analysis high TILs predicted a longer 
disease-free survival in TNBC and HER2+ tumors, a longer 
overall survival only in the TNBC subgroup, and a reverse 
association with overall survival in the luminal category. In 
the multivariate analysis, the inclusion of baseline features 
and pCR rates showed that high TILs were no longer associ-
ated with better outcomes in TNBC and HER2+ tumor, while 
the inverse association with overall survival was retained in 
the luminal tumors. Kaplan-Meier analysis showed similar 
results. Interestingly, a post-hoc analysis of the survival per-
formed on the surrogate molecular subtypes showed for both 
endpoints a mixed effect in the luminal category. For 
instance, high TILs were associated with a shorter disease-
free survival in the grade 1–2 tumors (HR  =  1.132; 95% 
CI = 1.04–1.233; p = 0.004) as opposed to grade 3 tumors, 
where high TILs predicted longer recurrence outcome 
(HR  =  0.879; 95%CI  =  0.787–0.981; p  =  0.021) possibly 
suggesting once again a dual effect of TILs based on prolif-
eration [25, 57, 69]. Specific analysis on ER status in the 
HER2+ tumors showed no statistically significant difference 
on both outcomes in the study of Denkert and colleagues 
[25]. A recent meta-analysis confirms the results from 
Denkert et al. concerning pCR rates but suggested a publica-
tion bias for the results observed in the luminal tumors [70]. 
While another meta-analysis specifically focused on TNBC 
studies confirmed, after review of 37 studies, the predictive 
value of high TILs for achieving higher pCR rates and 
improved survival endpoints [118].

In the past years, the variation in quantities of sTILs in 
response to chemotherapy has gained interest, because of the 
reported retained prognostic value of the TILs in relation to 
the partial response after neoadjuvant chemotherapy. In par-
ticular, the combination of the residual cancer burden (RCB) 
score and class with TILs may provide additional prognostic 
information that might be useful to inform clinicians for fur-
ther therapies [109, 119] . The interest in this type of approach 
stemmed from initial reports based on small series, in which 
increasing densities of TILs were observed in relation to 
increasing level of response to neoadjuvant paclitaxel ther-
apy in core biopsy-resection specimen matched samples and 
correlated with the level of apoptotic activity [120]. The evi-
dence so far collected is greater for TNBC as compared to 
the other molecular subtype/surrogate. Dieci et al. performed 
a retrospective multi-institutional study, where sTILs and 
iTILs were assessed on a representative H&E slide from the 
resection specimen post-neoadjuvant chemotherapy 
(n = 278). Chemotherapy regimens were based on anthracy-
cline +/− taxane schemes, and further adjuvant chemother-
apy was given to 32% of the patients. High TILs levels were 
associated with tumor size smaller than 20 mm and negative 
lymph node status. In multivariate analysis, 10% increment 
in sTILs were associated with a statistically significant 
reduction in risk of metastasis (HR = 0.86; 95% CI = 0.77–
0.96; p = 0.01) and reduction in risk of death (HR = 0.86; 

13  Tumor Infiltrating Lymphocytes in Breast Cancer: Implementation of a New Histopathological Biomarker



216

95% CI = 0.77–0.97; p = 0.01). High TILs in residual disease 
predicted a longer metastasis-free and overall survival 5-year 
rates as compared to low TILs levels (81.5% vs 46% and 
91% vs 55%, respectively). This difference remained signifi-
cant only in the category of patients with positive lymph 
nodes +/− ypT2 tumors for the metastasis-free survival end-
point (p = 0.005) [121]. However, no correlations with RCB 
scores or classes were made. Patients with high TILs in 
residual disease showed an increase of TILs in the post-
neoadjuvant resection specimen as compared to diagnostic 
biopsy (n = 19) [121]. This contrasted with what is reported 
by Loi and colleagues in which the matched pre- and post-
neoadjuvant specimens showed a reduction in TILs levels 
associated with residual disease (n = 39/111; p = 0.07). No 
meaningful associations with survival endpoints were 
observed based on the TILs changes occurred during neoad-
juvant treatment. Nevertheless, TILs in the residual disease 
post-neoadjuvant treatment did show a linear and statisti-
cally significant association with improved relapse free and 
overall survival also after correction for confounders in the 
multivariate analysis [122]. In another retrospective analysis 
Luen et al. matched sTILs pre-treatment on core biopsy with 
sTILs values post-treatment in 375 BC patients with TNBC 
disease. pCR cases were excluded from analysis. About 50% 
of the patients showed either increase or decrease in sTILs 
after neoadjuvant treatment, globally resulting on average in 
a non-statistically significant reduction of −3% in the post-
treatment specimen. sTILs were statistically significantly 
inversely correlated with the ypTN and with the stage, how-
ever no correlation was observed with RCB class. Survival 
analysis showed that high sTILs in the residual disease were 
significantly associated with longer relapse free and overall 
survival only in patients with RCB class II, but not in the 
RCB class III. These results indicate that TILs can provide 
independent and additional prognostic information in 
patients with RCB class II [123]. Hamy and colleagues pro-
vided description of the pre- and post-neoadjuvant dynamics 
in a more comprehensive cohort of patients involving over 
700 cases encompassing all molecular subtypes. TILs level 
in the residual disease indicated a dismal prognosis only in 
the HER2+ tumors, while it had no impact on prognosis in 
TNBC or luminal tumors. Additionally, they also demon-
strated a reduction in TILs level following neoadjuvant che-
motherapy across the whole study population (mean 
pre-treatment TILs  =  24.1% vs mean post-treatment 
TILs = 13%; p = <0.001); this difference remained signifi-
cant also in all molecular subtypes, but the magnitude was 
higher in HER2+ and TNBC samples. In addition, they found 
an inverse correlation between TILs level variations and 
TILs level pre-therapy, while a decrease in TILs was strongly 
associated with pCR [117]. Similar results have been 
reported on studies based on computational pathology in a 
series of over 500 cases, in which the increase of TILs den-

sity post-neoadjuvant therapy was negatively associated with 
the likelihood of pCR [124, 125].

The value of TILs scores as a predictive marker of response 
in chemotherapy-free schemes of neoadjuvant treatment is 
less established in the literature and to some extent controver-
sial. Dieci et al. reported on the added value of baseline high 
TILs scores and high Ki-67 labeling index in predicting 
response, in a hypothesis generating study in which 77 
patients treated with neoadjuvant aromatase inhibitors were 
enrolled. In this study non-ductal histology was found to be 
predictor of poor response [126]. A subsequent analysis done 
on the same cohort of patients showed that high TILs were 
significantly associated with non-luminal subtypes (26%) 
with basal-like showing the highest levels when tumors were 
classified according to the PAM50 MGS classifier. 
CIBERSORT analysis provided evidence for a more pro-
inflammatory background in these tumors, suggesting that 
these tumors may be better candidate for other treatment 
strategies [127]. Reduced PR expression in the post-therapy 
specimens has been found to be related to lack of inflamma-
tory infiltrate post-neoadjuvant endocrine treatment accord-
ing to a retrospective monocentric study of 132 patients [128]. 
The dynamics of TILs and relationship with neoadjuvant 
endocrine therapy was studied in 119 patients treated with 
neoadjuvant letrozole for 4 months prior to curative intended 
surgery as part of a clinical phase II study conducted by the 
Danish Breast Cancer Group (DBCG). Diverse histopatho-
logical methods for response were applied and correlated 
with pre- and post-therapy TILs shifts. The investigators 
recorded globally a 6% increase in TILs values after neoadju-
vant letrozole. Nevertheless, ductal histology and reduction 
of TILs after therapy were predictive for pCR (regardless of 
type of evaluation method used) [129]. The increase in TILs 
was thus associated with poor response being consistent with 
results coming from transcriptomic analysis indicating resis-
tance to letrozole in ER+ tumors with higher lymphocytic 
inflammation [130] However, in the CARMINA study the 
response to aromatase inhibitors was observed following an 
increase of TILs post-treatment [131]. The increase in CD8+ 
T-cells and in the ratio CD8+/Treg has been proposed as 
marker for response in patients treated with endocrine treat-
ment in the neoadjuvant setting [132]. In the HER2+ tumors, 
novel chemo-free neoadjuvant approaches have been recently 
tested in BC patients with HER2+ tumors. In these clinical 
trials, the molecular HER2-enriched subtype as defined by 
the PAM50 MGS classifier was a strong predictor of response 
[133]. In addition, TILs have been also studied in this context 
providing further knowledge about the interaction of the 
tumor-associated immune environment in response to anti-
HER2 therapies in HER2+ tumors. In the neoadjuvant 
PAMELA trial, 151 HER2 + BC patients have been treated 
with trastuzumab and lapatinib (+/− hormone treatment 
depending on ER status) for 18 weeks [133]. This trial pro-
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vides valuable insights in the dynamic changes of TILs dur-
ing treatment with targeted anti HER2 therapy, because it 
provides the comparison between the core biopsy collected at 
baseline versus the one collected at day 15 despite evaluations 
at the moment of surgery are missing. As already observed in 
other studies, TILs levels were statistically significantly dif-
ferently distributed across molecular subtypes as defined by 
the PAM50 classifier. sTILs at baseline were found to be sig-
nificantly associated with pCR only in univariable analysis. 
Combined anti-HER2 therapy induced a significant increase 
in TILs in most patients at day 15. These induced sTILs were 
found independently associated with pCR in multivariate 
analysis. Tumor cellularity was also evaluated at the two 
points in time and found to be positively associated with pCR 
in multivariate analysis. A combined score called CelTIL was 
then derived from both variables and was found to be a good 
predictor (both categorical and continuous) at day 15 for pCR 
[134]. The CelTIL score have been recently validated as cat-
egorical variable in the NeoALTTO trial, showing better 
5-year event-free and overall survival rates in the high CelTIL 
tumors as compared to the low CelTIL tumors 
(EFS = 76.4%CelTIL-HIGH vs 59.7%CelTIL-LOW; OS = 86.4% CelTIL-

HIGH vs 73.5% CelTIL-LOW) [135].
Finally, important patient related conditions may also 

influence the interactions between tumor cells and its sur-
rounding microenvironment. Obesity is becoming a novel 
pandemic in the western countries, which is strongly associ-
ated with cardio-vascular conditions and cancer resulting in 
poor survival outcomes. Recently, Desmedt et al. have dem-
onstrated that lipophilic cytotoxic drugs may result in 
reduced disease-free and overall survival in relation to 
increasing value of body mass index (BMI), which is proba-
bly related to the high distribution volume of these drugs in 
patients with obesity [136]. Based on these observations, a 
recent study reviewed 445 diagnostic biopsies collected from 
TNBC patients treated with neoadjuvant chemotherapy in 
two large tertiary centers, to study the relations between 
TILs and BMI [137]. High TILs were statistically signifi-
cantly associated with pCR in lean patients but not in over-
weighted patients. The association between TILs and BMI 
was linear after formal statistical testing and showed a statis-
tically significant interaction between TILs and BMI.  A 
model showing the odds ratio of having pCR was built in 
function of TILs and BMI. This model clearly showed that 
the likelihood of having pCR in lean patients with high TILs 
was higher than that of overweighted patients with high 
TILs. Survival analysis showed better event-free and overall 
survival rates only in lean patients but not in overweighted 
BC patients (HR = 0.22[95% CI = 0.08 to 0.62; p = 0.004] vs 
0.53 [95% CI = 0.26 to 1.08; p = 0.08] and HR = 0.22 [95% 
CI = 0.07 to 0.70; p = 0.01] vs HR = 0.65, 95% CI = 0.31 to 
1.35; p = 0.25), although in multivariate analysis the interac-
tion term was not statistically significant [137]. These results 

indicate qualitative differences in the composition of the 
inflammatory tumor microenvironment according to BMI 
which considering recent findings may be potentially infor-
mative for hypothesis generating trials using ICB therapy 
specifically in overweighted BC patients [138].

�Metastatic Setting
The knowledge about immune and tumor interactions is 
quite limited and fragmented in the BC metastatic setting. 
One of the major hurdles in this field of research is tissue 
procurement, which prevents researchers in most of the cases 
from comparing matched samples. Indeed, metastasis can be 
anatomically difficult to reach, sample processing may 
impair the quality of the material or the tissue available is 
very limited. Nevertheless, testing metastasis for receptor 
status is now regarded a mainstay because it may better 
inform clinicians about therapeutic options and unravel 
molecular mechanisms of resistance and progression [139]. 
Given the strong prognostic information showed by the TILs 
in the early setting it is anticipated that also in the metastatic 
setting will be retained, providing useful insights in the 
understanding of the process of immune escape [140].

In general, the tumor microenvironment in metastasis 
shows lower densities of lymphocytic aggregates as com-
pared to primary tumors, suggesting upregulation of mecha-
nisms of immune evasion by the tumor cells [141–145]. BC 
metastasis in the lung displays higher TILs level as compared 
to other metastatic sites, while brain, skin, and liver show 
reduced TILs quantities [146]. Interestingly, liver metastases 
show different histologic growth patterns within the liver, 
each associated with prognosis in BC patients with oligo-
metastatic disease [147, 148]. It remains to be ascertained 
how TILs relate to these histologic patterns and whether 
TILs can provide further prognostic information. BC patients 
with brain metastasis, for instance, show improved overall 
survival in the presence of immune infiltrate, gliosis, or hem-
orrhages, while necrosis is associated with shorter overall 
survival [149]. Additionally, transcriptomic analysis per-
formed on matched samples demonstrated a significant 
downregulation of molecules that are associated with 
immune activation and upregulation of immune suppressive 
molecules in metastatic specimens in comparison to primary 
tumors, supporting the hypothesis of immune evasion in BC 
metastatic sites [150]. Survival analysis performed in a retro-
spective study in which metastatic lesions collected from 94 
TNBC and HER2+ BC patients were evaluated to study TILs 
revealed a significant association between TILs and progno-
sis in both TNBC and HER2+ tumors [151]. Higher TILs in 
TNBC metastatic patients showed longer overall survival 
rates, while in HER2+ BC patients an inverse relation was 
observed [151]. In the Cleopatra study, on the contrary, after 
review of over 670 samples collected from HER2+ BC 
patients with metastatic disease, a significant positive 
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association between high TILs and prolonged overall sur-
vival was observed. Of note, in this study only a minority of 
samples were collected from metastatic sites (n = 58), and in 
less than 30 cases, it was possible to make a matched com-
parison with the primary tumors [152]. Two important con-
siderations can be made based on these findings. First the 
survival analysis of the Cleopatra study most likely informs 
more about the interactions existing between the primary 
tumor and TILs rather than about those observed between 
metastatic site and TILs. Secondly, the biomarker analysis of 
this large clinical trials reflects the difficulties encountered in 
the tissue procurement in the metastatic setting. A possible 
solution to this problem may come from the establishment of 
post-mortem tissue donation programs that may provide use-
ful information and unravel the underlying mechanisms of 
resistance, progression, and immune escape in metastatic BC 
patients [153, 154]. Several programs of this kind are cur-
rently running in no more than 15 locations around the world, 
including one recently initiated at our institution (University 
Hospitals Leuven; clinical trial number NCT04531696).

�Immune Checkpoint Blocking Immunotherapy
High immune infiltrates together with high antigenicity are 
considered a pre-requisite for response to ICB therapies. 
Nevertheless, there seems to be a dissociation between TILs 
and formation of neoantigens in BC [13]. To date, the assess-
ment of the program death-ligand receptor 1 (PD-L1) by 
IHC constitutes the only reliable predictive marker of 
response to ICB therapies. Two companion diagnostic anti-
bodies have been validated and approved in the context of 
randomized clinical trial to select patients who may poten-
tially respond to ICB therapies. The Ventana PD-L1 SP142 
(Medical System Inc., Tucson, AZ, USA) and the PDL1 
22C3 pharmDx (Dako North America, Inc., Carpinteria, CA, 
USA) are currently indicated as the companion diagnostics 
for selecting advanced TNBC patients for atezolizumab (anti 
PD-L1 antibody) and pembrolizumab (anti PD-1 antibody), 
respectively. Additionally, two different scoring methods 
should be applied to assess expression in BC specimens 

[155]. Table 13.1 provides a summary of the different scor-
ing methods to be applied according to ICB therapy.

Figure 13.1 illustrates the PD1-PD-L1 interaction and 
mechanism of action of anti PD1/PD-L1 ICB therapy.

For the SP142 PD-L1 assay (Ventana, AZ, USA), the 
immune cell (IC) area score with cut-off at 1% has been vali-
dated in the context of the phase III randomized controlled 
trial for unresectable locally advanced or metastatic TNBC 
(IMpassion130: atezolizumab/placebo + first-line chemo-
therapy with nab-paclitaxel). A statistically significant lon-
ger progression free survival was observed in the intended to 
treat population as well as in the PD-L1+ population. The 
overall survival was not improved in the intended to treat 
population. Despite not formally tested due to the design of 
the study, an improved overall survival was observed in the 
PD-L1+ population treated with atezolizumab [157, 158]. 
The use of the PD-L1 IHC 22C3 pharmDx assay (Agilent, 
CA, USA) has been validated in the KEYNOTE-355 trial 
comparing physician’s best choice systemic treatment (i.e., 
diverse cytotoxic agents) in combination with either placebo 
or pembrolizumab for the first-line treatment of inoperable 
locally recurrent or metastatic TNBC. The combined posi-
tive score (CPS) was used to identify patient populations that 
may respond to pembrolizumab. The CPS measures PD-L1 
expression not only in immune cells (lymphocytes and mac-
rophages) but also on tumor cells. The trial showed a signifi-
cantly longer progression free survival for patients treated 
with the combination of chemotherapy+ pembrolizumab as 
compared to chemotherapy alone and CPS  ≥  10 [159]. 
However, the use of PD-L1 IHC as predictive marker remains 
controversial given the results obtained in another phase III 
trial, IMpassion131, which compared first-line paclitaxel 
with either placebo or atezolizumab in a similar population 
of patients with unresectable locally advanced or metastatic 
TNBC.  In this trial, which showed negative results, the 
PD-L1+ status as measured by the SP142 assay did not show 
effect on outcomes end points [160]. Several factors may be 
responsible for these results, including treatment choice or 
the fact that PD-L1 assessment may be a poor predictive 

Clone Manufacturer/Platform Scoring method Companion drug
22c3 Agilent Dako/Dako Autostainer Link 

48
TPS (%) = (#TC+ve /total #TC) × 100
CPS = (#TC+ve + #ICLy/Mφ

+ve /total #TC) × 100
Pembrolizumab

28-8 Nivolumab
73-10 TPS (%) = (#TC+ve /total #TC) × 100

ICproportion (%) = (#ICmononuclear
+ve /total #IC) × 100

ICarea (%) = (area occupied by ICanytype
+ve/total tumor area) × 100

Avelumab
SP263 Ventana/Benchmark Ultra Durvalumab

Avelumab
SP142 ICarea (%) = (area occupied by ICanytype

+ve/total tumor area) × 100
TPS (%) = (#TC+ve /total #TC) × 100

Atezolizumab

TPS tumor proportion score, CPS combined positive score, IC immune cells, TC tumor cells, Ly lymphocyte, Mφ macrophage, # number/cell count

Table 13.1  General overview of PD-L1 assays used in clinical trials 
and (for validated indications) in clinical practice, their companion 
staining platforms, associated scoring methods applied in clinical trials 
and companion anti-PD1/anti-PD-L1 monoclonal antibody drugs 

across tumor indications. In bold are indicated the drugs and respective 
companion diagnostic assays and scoring algorithms validated in clini-
cal trials for patients with TNBC
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Fig. 13.1  Immune checkpoint localization in tumor cells, T cells, and 
antigen presenting cells. The figure illustrates the interactions between 
T cells, dendritic cells, and breast cancer cells. The interaction between 
check-point molecules results either in stimulatory signals (green 
arrow) or inhibitory signals (red). In the text boxes are shown the sites 
of action of the major monoclonal antibodies directed against immune 

checkpoint molecules, tested in different types of cancer. Treatment 
with one of the monoclonal immune checkpoint antibody blockers is 
supposed to block the inhibitory signals preventing activation of T cells 
and cytotoxic elimination of cancer cells. Figure created with 
BioRender.com. Adapted from [156]

marker of response [161]. Remarkably, also in the neoadju-
vant setting of the phase III KEYNOTE-522 trial, where the 
addition of pembrolizumab to neoadjuvant anthracycline–
taxane–carboplatin-based chemotherapy was studied, pCR 
rates were significantly improved in the combination treat-
ment arm regardless of PD-L1 status as determined with the 
22C3 pharmDx assay assessed with CPS at a cut-off of 1 or 
greater [162]. Similar results were observed in the phase III 
Impassion031 trial investigating the addition of atezoli-
zumab to nab-paclitaxel and anthracycline-based chemother-
apy in the neoadjuvant treatment of patients with early stage 
TNBC, suggesting a potentially different role for PD-L1 
assessment in TNBC in the primary as opposed to the meta-
static disease setting [163]. Additionally, the use of different 
antibodies may result in the identification of diverse cohort 
of patients when applied to the same study population. In a 
retrospective exploratory analysis of Impassion130 trial data 
comparing three commercially available PD-L1 assays 
(Ventana SP142, Ventana SP263 and Agilent 22C3 phar-
mDx) scored with two different scoring algorithms (ICarea 
and CPS), PD-L1 assays and scoring algorithms were shown 
to be overlapping but not entirely interchangeable in select-
ing patients with metastatic TNBC who are most likely to 

benefit from atezolizumab plus nab-paclitaxel [164]. Further 
studies are warranted to identify better predictive markers of 
response in the context of ICB-therapies [165]. Table 13.2 
provides a summary of the available evidence on PD-L1 sta-
tus in phase 3 clinical trials testing ICB therapy in triple-
negative breast cancer (TNBC). Table 13.3 shows ongoing 
phase 3 trials, registered at clinicaltrials.gov.

Different types of therapies, different regimens of chemo-
therapy, different assays, and diverse types of tissue tested 
may have been responsible for the heterogeneity and incon-
sistency of these results. Moreover, in some trials the cut 
point selection has been directly dictated by the sponsor 
itself or even changed during the conduct of the trial follow-
ing a “bottom-up” strategy which recently has received 
severe criticism [189, 190]. There is an urgent need to better 
understand the TME and help health care professionals in the 
search of reliable biomarkers of response to cancer treat-
ment, such as ICB therapies, to improve patient selection as 
proposed by a joint action of major groups of pathologists 
coordinated by the TILs working group [191]. However, the 
evidence accumulated in these trials suggests also that there 
is a strong relation between PD-L1 expression and TILs in 
general. When looking at the patterns of PD-L1 expression, 
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Table 13.2  Overview of relevant phase 3 trials testing ICB therapy in breast cancer with available evidence on PD-L1 status

Acronym/ID
NCT number

Phase
Enrollment

BC 
type Stage Study design Results concerning PD-L1

Triple-negative breast cancer
IMpassion-130
NCT02425891 
[166]

Phase 3
N = 902

TNBC Locally 
advanced
Metastatic

Arm 1: First-line 
Atezolizumab + Nab-paclitaxel
Arm 2: First-line 
Placebo + Nab-paclitaxel

PD-L1 SP142 IC score cut-off 1%
Improved PFS in PD-L1+ group: hazard ratio 
0.62 (95% CI 0.49–0.78, p < 0.001) [158]
Trend to improved OS in PD-L1+ group: 
hazard ratio 0.71 (95% CI 0.54–0.94; 
exploratory, not tested) [167]
Post-hoc analysis PD-L1 SP142 IC 1%, 
SP263 IC 1% and 22C3 CPS > 1 [168]:
Similar predictive value for PFS observed 
with all assays based on hazard rates for 
atezolizumab vs placebo with highest median 
survival benefits observed in SP142 IC >1% 
patients.
Conclusion on PD-L1:
• PD-L1 SP142 validated for 
Atezolizumab + Nab-Paclitaxel in 
metastatic TNBC.
• SP142, SP263 and 22C3 PD-L1 assays not 
analytically equivalent.

IMpassion-131
NCT03125902
 [169]

Phase 3
N = 651

TNBC Locally 
advanced
Metastatic

Arm 1: First-line 
Atezolizumab + Paclitaxel
Arm 2: First-line Placebo + Paclitaxel

PD-L1 SP142 IC score cut-off 1% [170]
No improved PFS: hazard ratio 0.82 (95% CI 
0.60–1.12, p = 0.20)
Negative impact on OS: hazard ratio 1.55 
(95% CI 0.86–2.80, trial not powered for OS)
Conclusion on PD-L1: no role of PD-L1 
SP142 for Atezolizumab + Paclitaxel in 
metastatic TNBC

IMpassion-031
NCT03197935
 [171]

Phase 3
N = 324

TNBC Early BC Arm 1: Neoadjuvant 
Atezolizumab + chemotherapy
Arm 2: Neoadjuvant 
Placebo + chemotherapy

PD-L1 SP142 IC score cut-off 1% [163]
Improved pCR rate for Atezolizumab arm 
(58% vs 41%, p = 0.0044)
No difference in pCR rate for PD-L1 positive 
vs negative
• PD-L1+: 69% vs 49%, diff. 20% (95% CI 
6–27%, p = 0.021, not significant).
• PD-L1-: 48% vs 34%, diff. 13% (95% CI 
4–35%).
Trial not powered for EFS, DFS, or OS and 
results are immature
Conclusion on PD-L1: Role of PD-L1 
SP142 for Atezolizumab in early TNBC not 
demonstrated
(similar to KEYNOTE-522)

KEYNOTE-119
NCT02555657
 [172]

Phase 3
N = 622

TNBC Locally 
advanced
Metastatic

Arm 1: Pembrolizumab
Arm 2: chemotherapy

PD-L1 22C3 CPS cut-off 10 [173]
No significant improvement of OS: hazard 
ratio 0·78 (95% CI 0·57–1·06, p = 0·057)
PFS is not a primary endpoint
PD-L1 22C3 CPS cut-off 1 [173]
No significant improvement of OS: hazard 
ratio: 0·86 (95% CI 0·69–1·06, p = 0·073)
PFS is not a primary endpoint
Conclusion on PD-L1: Role of PD-L1 22C3 
not demonstrated for Pembrolizumab 
monotherapy in metastatic TNBC
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Table 13.2  (continued)

Acronym/ID
NCT number

Phase
Enrollment

BC 
type Stage Study design Results concerning PD-L1

KEYNOTE-355
NCT02819518
 [174]

Phase 3
N = 882

TNBC Locally 
advanced
Metastatic

Arm 1: First-line 
Pembrolizumab + chemotherapy
Arm 2: First-line 
Placebo + chemotherapy

PD-L1 22C3 CPS cut-off 10 [159]
Improved PFS in PD-L1+ group: hazard ratio 
0.65 (95% CI 0.49–0.86, p = 0.0012)
OS assessment ongoing
PD-L1 22C3 CPS cut-off 1 [159]
Improved PFS in PD-L1+ group: hazard ratio 
0.74 (95% CI 0.61–0.90, p = 0.0014, not 
significant)
OS assessment ongoing
Conclusion on PD-L1:
• Role of PD-L1 22C3 demonstrated for 
Pembrolizumab in metastatic TNBC
• Significant improvement of PFS from 
cut-off CPS 10.

KEYNOTE-522
NCT03036488
 [175]

Phase 3
N = 1174

TNBC Neoadjuvant Arm 1: Neoadjuvant 
Pembrolizumab + Chemotherapy and 
adjuvant Pembrolizumab
Arm 2: Neoadjuvant 
Placebo + Chemotherapy and adjuvant 
Placebo

PD-L1 22C3 CPS cut-off 1/10 [162]
Improved pCR rate for Pembrolizumab arm 
(64.8% vs 51.2%, p < 0.001)
No difference in pCR rate for PD-L1 positive 
vs negative
• PD-L1+: 68.9% vs 54.9%, diff. 14.2% (95% 
CI 5.3–23.1%)
• PD-L1−: 45.3% vs 30.3%, diff. 18.3% (95% 
CI 3.3–36.8%)
Conclusion on PD-L1: Role of PD-L1 22C3 
for Pembrolizumab in early TNBC not 
demonstrated
(similar to IMpassion-030)

it has been observed that PD-L1 expression in BC is pre-
dominant in immune cells rather than in tumor cells [165, 
192]. In addition, evidence coming from mouse experiments 
suggests that a sufficient T cell infiltration is essential for 
response to PD-L1 blockade [193]. In general, high levels of 
TILs are strongly related to high PD-L1 expression, suggest-
ing that TILs may be a useful surrogate for activated cyto-
toxic T cells. Early biomarkers of response to ICB have been 
investigated in the the phase 0, window of opportunity trial, 
Biokey. In this study, a single dose of 200 mg Pembrolizumab 
was administered to 54 patients in the window between time 
of diagnosis and surgery, either in the adjuvant or in the neo-
adjuvant setting. All molecular subtypes were allowed. Fresh 
tumor tissue and blood were collected from these patients 
before and 6–14 days after pembrolizumab administration. 
In the post-treatment samples after one single administration 
of pembrolizumab, significant clonotype changes in the 
T-cells and rearrangement of the T-cell receptor were 
observed, suggesting activity of the drug even after one sin-
gle dose [194]. Importantly, these changes were also associ-
ated with a large shift in TILs abundancy. Notably, these 
results were in line with the results described in the 
KEYNOTE-173, in which after one dose of single-agent 
pembrolizumab, TILs count increased significantly as com-
pared to baseline values, predicting pCR. In this study, high 
levels of PD-L1 expression and TILs were generally related 
to higher rates of pCR. However, because of the lack of a 

control arm without pembrolizumab the predictive role of 
TILs remains uncertain in this study [11]. In the 
KEYNOTE-086 patients defined as responders based on the 
overall response rate under pembrolizumab showed greater 
levels of sTILs as compared to non-responders [143, 195]. 
The KEYNOTE-119 trial suggested a potential role of sTILs 
in predicting response to pembrolizumab in a cohort of heav-
ily pre-treated advanced TNBC patients. In this study, sTILs, 
both continuous and categorical with a cutoff at 5%, were 
significantly associated with all clinical outcomes only in the 
immunotherapy arm [173]. In the biomarker analysis of the 
IMPASSION-130 study, tumors considered as TILs+ (i.e., 
with a predefined cut point ≥10% sTILs; n = 284/892) were 
also PD-L1+ (i.e., IC score ≥ 1%) in almost 67% of the cases 
(n = 190/284) showing a statistically significant correlation. 
In the comparator arm without Atezolizumab, sTILs+ tumors 
did not influence the survival outcomes. Only patients exhib-
iting TILs+ and PD-L1 expression showed the longest 
improvement in progression free survival, leading to the con-
clusion that sTILs do not provide additional predictive value 
beyond that observed with PD-L1+ in patients under ICB 
therapy [196]. Conversely based on the analysis of the haz-
ard ratios of benefit to atezolizumab one can speculate that in 
the absence of access to a PD-L1 assay, stromal TILs values 
of >10% assessed on H&E are able to identify a (smaller) 
subgroup of patients deriving benefit from ICB therapy with 
Atezolizumab. In a phase I/II trial testing the efficacy of the 
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Table 13.3  Overview of ongoing phase 3 trials testing ICB therapy in breast cancer with available evidence on PD-L1 status

Acronym/ID
NCT number

Phase
Enrollment BC type Stage Study design

Results concerning 
PD-L1

Triple-negative breast cancer
EL1SSAR
NCT04148911
 [176]

Phase 3
N = 180

TNBC Locally 
advanced
Metastatic

Arm 1: Atezolizumab + Nab-Paclitaxel
Arm 2: Placebo + Nab-Paclitaxel

No results available 
yet (October 2024)

GeparDouze
NCT03281954
 [177]

Phase 3
N = 1520

TNBC Early BC Arm 1: Neoadjuvant chemotherapy + Atezolizumab 
followed by adjuvant Atezolizumab
Arm 2: Neoadjuvant chemotherapy + Placebo followed by 
adjuvant Placebo

No results available 
yet (December 
2023)

KEYLYNK-009
NCT04191135
 [178]

Phase 3
N = 932

TNBC Early BC Arm 1: Induction Pembrolizumab + chemotherapy 
followed by Olaparib + Pembrolizumab
Arm 2: Induction Pembrolizumab + chemotherapy 
followed by chemotherapy + Pembrolizumab

No results available 
yet (January 2026)

IMpassion-132
NCT03371017
 [179]

Phase 3
N = 572

TNBC Locally 
advanced
Metastatic

Arm 1: Atezolizumab + chemotherapy
Arm 2: Placebo + chemotherapy

No results available 
yet (January 2023)

IMpassion-030
NCT03498716
 [180]

Phase 3
N = 2300

TNBC Early BC Arm 1: Adjuvant Atezolizumab + Anthracycline/Taxane-
Based Chemotherapy
Arm 2: Adjuvant Placebo + Anthracycline/Taxane-Based 
Chemotherapy

No results available 
yet (January 2022)

NeoTRIPaPDL1
NCT02620280
 [181]

Phase 3
278

TNBC Early BC Arm 1: Atezolizumab + Carboplatin + Nab-Paclitaxel
Arm 2: Placebo + Carboplatin + Nab-Paclitaxel

Failed/No results 
available yet?

SHR-1210-
III-318
NCT04335006
 [182]

Phase 3
N = 780

TNBC Locally 
advanced
Metastatic

Arm 1: Camrelizumab + Nab-paclitaxel + Apatinib
Arm 2: Camrelizumab + Nab-paclitaxel
Arm 3: Placebo + Nab-paclitaxel

No results available 
yet (January 2025)

SHR1210-
III-322
NCT04613674
 [183]

Phase 3
N = 581

TNBC Early BC Arm 1: Neoadjuvant Camrelizumab + chemotherapy
Arm 2: Neoadjuvant Placebo + chemotherapy

No results available 
yet (July 2023)

TORCHLIGHT
NCT04085276
 [184]

Phase 3
N = 660

TNBC Locally 
advanced
Metastatic

Arm 1: All lines Toripalimab + Nab-Paclitaxel
Arm 2: All lines Placebo + Nab-Paclitaxel

No results available 
yet (February 2022)

HER2-amplified breast cancer
IMpassion-050
NCT03726879
 [185]

Phase 3
N = 454

HER2 + BC Early BC Arm 1: Neoadjuvant Doxorubicin + cyclophosphamide + 
Atezolizumab followed by paclitaxel + Trastuzumab + 
Pertuzumab
Arm 2: Neoadjuvant Doxorubicin + cyclophosphamide + 
Placebo followed by paclitaxel + Trastuzumab + 
Pertuzumab

No results available 
yet (February 
2021?)

KATE3
NCT04740918
 [186]

Phase 3
N = 350

HER2+ BC Locally 
advanced
Metastatic

Arm 1: Trastuzumab Emtansine + Atezolizumab
Arm 2: Trastuzumab Emtansine + Placebo

No results available 
yet (May 2024)

ER-positive HER2-negative breast cancer
AMBITION
NCT04732598
 [187]

Phase 3
N = 280

ER+/
HER2- BC

Locally 
advanced
Metastatic

Arm 1: Bevacizumab + Paclitaxel + Atezolizumab
Arm 2: Bevacizumab + Paclitaxel + Placebo

No results available 
yet (June 2025)

KEYNOTE-756
NCT03725059
 [188]

Phase 3
N = 1140

ER+/
HER2- BC

Early BC Arm 1: Pembrolizumab + neoadjuvant chemotherapy + 
adjuvant endocrine therapy
Arm 2: Placebo + neoadjuvant chemotherapy + adjuvant 
endocrine therapy

No results available 
yet (January 2031)

anti PD-1 antibody durvalumab in the neoadjuvant setting of 
TNBC patients, higher levels of PD-L1 expression by IHC 
(Ventana SP263 assay) were numerically associated with 
higher pCR rates as compared to PD-L1 negative tumors 
under ICB therapy. However, this difference was statistically 
not significant. On the opposite high stromal TILs by H&E 

were statistically significantly associated with higher pCR 
rates under ICB therapy. Higher TILs were also associated 
with higher PD-L1 expression levels [197]. Table 13.4 pro-
vides a summary of the current evidence of the potential 
clinical utility of TILs in BC patients treated with ICB 
therapies.

G. Floris et al.
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More recently ICB therapy has been tested also in HER2+ 
and luminal BC.  In the PANACEA study which included 
advanced HER2+ BC patients a correlation between PD-L1+ 
and higher level of TILs has been observed in patients show-
ing objective response as well as in those with stable disease. 
The lack of a control arm prevents from drawing final con-
clusions about the role of TILs as predictive marker of 
response [142]. In the KATE2 trial, the combination of either 
TDM1  +  placebo or TDM1  +  atezolizumab showed only 
borderline significant association between higher TILs and 
benefit from the combination therapy [201]. In the GIADA 
trial 43 luminal-B-like early BC patients were randomized to 
receive, in the neoadjuvant setting, anthracycline-based 
induction chemotherapy followed by the combination of 
nivolumab plus endocrine therapy. Higher level of sTILs was 
associated with pCR, while cytotoxic chemotherapy induced 
increase in TILs value, increase in cytotoxic T cells, and 
decrease in regulatory T cell in the post-treatment samples as 
compared to baseline [204].

�Part 3: Implementation of International TIL 
Scoring Guidelines

�Summary of the Scoring Guidelines

As mentioned above, the most widely spread methodology to 
assess TILs has been developed and harmonized by the 
founders of the TILs-WG. This international group of aca-
demic pathologists in collaboration with expert clinical 
oncologists, scientists, computational pathology experts, and 
statisticians has set up an appropriate framework for adoption 
of well-validated immuno-oncology biomarkers in daily and 
clinical trial practice, focusing mostly on TILs. It currently 
has over 600 members, most of them anatomic pathologists, 
from 43 different countries, across 6 continents. The TILs-
WGs website—www.tilsinbreastcancer.org—has had nearly 
30,000 visitors so far. The wide global reach of the TILs-WG 
enables it to understand all different viewpoints on immuno-
oncology biomarkers across the world. All authors that con-
tributed to this chapter are member of this working group.

On behalf of the TILs-WG, Salgado et  al. published in 
2014  in Annals of Oncology this methodology and how it 
has been developed [14]. Table 13.5 lists these guidelines.

The TILs in these guidelines refer to stromal tumor infil-
trating lymphocytes (sTILs). sTILs are located in the tumor 
stroma between carcinoma cells and are not in direct contact 
with these carcinoma cells. This is in contrast to intratumoral 
TILs (iTILs), which are located within the tumor nests and 
interact directly with the carcinoma cells. Irrespective of the 
biological significance of both types of TILs, sTILs seem to be 
more relevant for histological diagnostic purposes at the 
moment. sTILs are more numerously present in tumors, less 

variably dispersed and more easily to appreciate on H&E-
stained slides, without the use of additional techniques, such 
as immunohistochemistry or immunofluorescence. These are 
important advantages for its use as an easy-to-assess and 
reproducible histopathological tumor parameter. Figure 13.2, 
adapted from Salgado et  al. [14], illustrates the difference 
between sTILs, iTILs, and other types of lymphoid infiltrates 

Table 13.5  Guidelines for assessment of tumor infiltrating lympho-
cytes (TILs) in breast, according to the International Immuno-Oncology 
Biomarker Working Group on Breast Cancer (14, By permission of 
Oxford University Press on behalf of the European Society for Medical 
Oncology)

1 TILs should be reported for the stromal compartment (= % 
sTILs). The denominator used to determine the % sTILs is the 
area of stromal tissue (i.e., area occupied by mononuclear 
inflammatory cells over total intratumoral stromal area), not the 
number of stromal cells (i.e., fraction of total stromal nuclei that 
represent mononuclear inflammatory cell nuclei).

2 TILs should be evaluated within the borders of the invasive 
tumor.

3 Exclude TILs outside of the tumor border and around DCIS and 
normal lobules.

4 Exclude TILs in tumor zones with crush artifacts, necrosis, 
regressive hyalinization as well as in the previous core biopsy 
site.

5 All mononuclear cells (including lymphocytes and plasma cells) 
should be scored, but polymorphonuclear leukocytes are 
excluded.

6 One section (4–5 μm, magnification ×200–400) per patient is 
currently considered to be sufficient.

7 Full sections are preferred over biopsies whenever possible. 
Cores can be used in the pretherapeutic neoadjuvant setting; 
currently no validated methodology has been developed to score 
TILs after neoadjuvant treatment.

8 A full assessment of average TILs in the tumor area by the 
pathologist should be used. Do not focus on hotspots.

9 The working group’s consensus is that TILs may provide more 
biological relevant information when scored as a continuous 
variable, since this will allow more accurate statistical analyses, 
which can later be categorized around different thresholds. 
However, in daily practice, most pathologists will rarely report 
for example 13.5% and will round up to the nearest 5%–10%, in 
this example thus 15%. Pathologist should report their scores in 
as much detail as the pathologist feels comfortable with.

10 TILs should be assessed as a continuous parameter. The 
percentage of sTILs is a semiquantitative parameter for this 
assessment, for example, 80% sTILs means that 80% of the 
stromal area shows a dense mononuclear infiltrate. For 
assessment of percentage values, the dissociated growth pattern 
of lymphocytes needs to be considered. Lymphocytes typically 
do not form solid cellular aggregates; therefore, the designation 
“100% sTILs” would still allow some empty tissue space 
between the individual lymphocytes.

11 No formal recommendation for a clinically relevant TIL 
threshold(s) can be given at this stage. The consensus was that a 
valid methodology is currently more important than issues of 
thresholds for clinical use, which will be determined once a solid 
methodology is in place. Lymphocyte predominant breast cancer 
can be used as a descriptive term for tumors that contain “more 
lymphocytes than tumor cells.” However, the thresholds vary 
between 50% and 60% stromal lymphocytes.

13  Tumor Infiltrating Lymphocytes in Breast Cancer: Implementation of a New Histopathological Biomarker
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Morphology
Definition and

biological relevance
Diagnostic relevance

Lymphocyte-predominant breast cancer (LPBC)
Working category to
describe tumors
with “more
lymphocytes than
tymor cells”.

Definitions vary across studies with
stromal TILs of 50–60% used as a
threshold. LPBC can be used for
predefined subgroup analyses and for
description of tumors with a particularly
high immune infiltrate, however, keep in
mind that TILs are a continuous parameter
and the threshold for LPBC is still
arbitrary.

Indicator of
increased 
accumulation of
immune-cells in
tumor tissue

Stromal TILs

Intratumoral TILs

Stromal TILs have been shown to be
predictive for increased response to
neoadjivant chemotherapy as well as
improved outcome after adjuvant
chemptherapy. Based on current data,
this parameter is the best parameter for
characterization of TILs.

Several studies have shown that
intratumoral TILs and more difficult to
evaluate and do not provide additional
predictive/prognostic information
compared to stromal TILs.

TILs with direct
cell-cell contact with
carcinoma cells,
might be an
indicator of direct
cell-based anti-
tumor effects.

TILs at the invasive margin

The localization of TILs are the invasive edge
is included in the evaluation approach
presented in this guideline.

For breast cancer there are no studeis
with a separate evaluation of TILs at the
invasive edge. For practical purposes, the
reliable evaluation of the invasive edge
might be difficult when using core biopsies
in the neoadjuvant setting.

Tertiary lymphoid structures (TLS)

Typically localized
in the surrounding
area of the tumor,
TLS might be
localized in normal
tissue directly
adjacent to the
tumor, consisting of
a T cell zone next to
a B cell follicle,
often with germinal
centers.

While these structures may be important
for the biology of tumor-immune reactions,
they are not yet optimized for non-
research based assessments. The main
problem is that TILs have a spatial
heterogeneity and are principally
localized in areas surrounding the tumor.
They might not be in the plane of the
tissue section that is being evaluated, in
particular when using core biopsies.
Furthermore, it  might be difficult to
distinguish lymphoid aggregates from true
TILs, in particular when the germinal
center is not in the plane of the section.

Step 1: Select tumor area

Step 2: Define stromal area

Step 3: Scan at low magnification

Step 4: Determine type of inflammatory infiltrate

Step 5: Assess the percentage of stromal TILs
(examples of percentages shown in figure 4)

mononuclear
stromal

TILs
infiltrate

do not include
granulocytes

in necrotic
areas

For
intermediate

group evaluate
different areas

at higher
magnification.

do not include TILs in this area

evaluate only TILs
in this area

= stromal TILs

0−10% stromal TILs 20−40% stromal TILs 50−90% stromal TILs

a b

Fig. 13.2  (a) Morphology, definitions, biological and diagnostic rele-
vance of the different immune infiltrates found in breast cancer.  
(b) Standardized approach for sTILs evaluation in breast cancer (14, By 

permission of Oxford University Press on behalf of the European 
Society for Medical Oncology)

and gives an overview on the scoring method for sTILs. For a 
more detailed discussion, we refer to the original publication.

�Guidelines Include TIL Scoring

International expert committees like those of the St. Gallen 
Breast Cancer Conference and European Society of Medical 
Oncology recognize in their latest published recommenda-
tions the prognostic importance of TILs in TNBC, encourag-
ing reporting in daily practice, while cautioning that TILs 
should not be used solely to determine treatment options, as 
treatments are governed by stage. It needs to be emphasized 
that the level IB evidence of the TILs as a prognostic factor 
in TNBC does not mean that TILs should be used as a binary 
variable for treatment selection, either for de-escalation of 
chemotherapy or for immunotherapeutic approaches. Binary 

use of any biomarker, to decide to treat or not to treat the 
patient based on the result of the biomarker, depends on pro-
spective randomized controlled trials designed to address the 
utility of the biomarker at predefined cut-offs, thus on level 
IA-evidence. This level IA-evidence is not yet present for the 
TILs, suggesting that TILs should be used in conjunction 
with other prognostic variables such as tumor size and lymph 
node status to inform the clinician on the outcome of the 
patient. The clinician then informs the patient, to take in 
mutual agreement with the patient, the most optimal treat-
ment. Clinical trials where TILs are used as an inclusive bio-
marker to decide on treatment are in development. In daily 
practice, some clinicians are still reluctant to include the 
TILs in their daily practice because there is no level IA evi-
dence, however most other prognostic factors used in breast 
cancer practice do not have that level of evidence either. 
Treatments were escalated based on the worse outcome with 

G. Floris et al.



227

the prognostic factors and were not designed to assess pro-
spective in a binary value the value of that biomarker. For 
predictive purposes, two phase 3 clinical trials, namely 
KEYNOTE-119 [173] and IMpassion130 [196], showed that 
TILs predict benefit to immunotherapy, so conceptually level 
of evidence IB, yet because the TILs are used as a predictive 
biomarker, a binary approach is needed, hence level of evi-
dence IA. So, TILs should not be used for immunotherapeu-
tic treatment decisions, and in this context, TILs can be used 
to support PD-L1-assessment, as if there are no TILs, any 
PD-L1 assay is likely to be negative, while if many TILs are 
present, any PD-L1-assay is likely to be positive.

This interpretation is important, as some clinicians in 
daily practice do not consider the TILs as a binary variable, 
since it has no level IA-evidence so they do not ask for it, 
while others recognize that TILs can be used together with 
other prognostic variables, and hence they ask for it. This 
difference is also informative for discussion at international 
expert committees, as it all depends on how the question 
about the use of TILs counts is posed. We believe that experts 
should answer to the question whether there is enough evi-
dence to use TILs quantities in combination with other fea-
tures, instead of answering to questions about the use of TILs 
for treatment decisions. Formal endorsement of the use of 
TILs by pathology societies is also variable and fragmented 
depending on the country.

�Practical Aspects of the Implementation of TILs 
in Breast Cancer

Section “Summary of the Scoring Guidelines” illustrates in 
detail the scoring guidelines for sTILs as proposed by the 
TILs-WG. In this section, we provide a practical guide for 
sTILs scoring and interpretation in clinical practice, chal-
lenges and pitfalls pathologists may encounter and we give 
an overview of training resources that are freely available.

�Pitfalls When Scoring sTILs and Their 
Remediation
In 2015, the TIL-WG published the first practical guideline 
to evaluate sTILs in H&E stained tissue section of breast 
cancer specimens [14]. Subsequently, several reproducibility 
studies evaluating the robustness of this method among 
pathologists were conducted, both by the TIL-WG and other 
research groups [89, 113, 114, 205–207]. While these studies 
showed on average acceptable to—in some studies—excel-
lent interobserver reproducibility of this method, these piv-
otal reproducibility studies also identified sources of 
variability and difficulties pathologists may face when apply-
ing sTILs evaluation in their daily practices. A systematic 
analysis of such sources of variability and recommendations 
on how to handle these was published by Kos et al. in 2020 

[16]. For this study, data were analyzed from three different 
RING trials conducted by the TIL-WG.  For each of these 
RING studies sTILs were evaluated by 6–32 dedicated 
pathologists on H&E stained slides (core needle biopsies or 
whole tumor sections) of 60–100 invasive breast carcinomas 
[89, 114]. Based on the highest variation between individual 
pathologist’s sTILs scores, 4 categories of pitfalls in sTILs 
assessment were identified. Here, we briefly discuss each of 
these categories and provide some tips and tricks on how to 
cope with them when evaluating sTILs. Extensive descrip-
tion can be found in the original paper by Kos et al. [16].

	1.	 Heterogeneity in sTILs distribution: Heterogeneity in 
sTILs distribution was identified as the most important 
factor contributing to variability in pathologist’s sTILs 
scores. When assessing sTILs, all peri- and intratumoral 
stroma associated with invasive carcinoma is to be 
included in the denominator. When sTILs are heteroge-
neously distributed within this stroma, the pathologist has 
to average the different density levels of sTILs relative to 
the area they occupy into a single score.

Frequent patterns of heterogenous distribution of the 
immune infiltrate in a tumor that can render sTILs evalu-
ation challenging, consist of increased density of sTILs at 
the invasive front as opposed to the center of the tumor, 
when a tumor is composed of variably spaced tumoral 
cell nests associated with sTILs, or abundant stroma that 
is sparse in lymphocytic infiltrate in between. In such 
situations, it is advised to evaluate sTILs in multiple (at 
least three) fields of view that are representative of the 
overall pattern of sTILs observed at low magnification 
and average the results into one global sTILs score rather 
than trying to eye-ball a single global sTILs score all at 
once.

	2.	 Technical factors: A lot of different technical factors such 
as fixation (mainly underfixation), microtomy, and crush 
artifacts, fading of H&E stainings over time and—as 
more and more labs are adopting digital pathology—
scanning focus errors can all contribute to poor reproduc-
ibility of sTILs evaluation. Keeping such variables as 
much as possible under control is a primary focus of 
every pathology lab. When artifacts are only focally pres-
ent, sTILs should be scored in unaffected areas and in 
general pathologists should have a low threshold not to 
evaluate prognostic or predictive biomarkers when reli-
able assessment is hampered by technical factors.

	3.	 Problems with identifying area or cells of interest: As 
outlined above, for the tumor area all peri- and intratu-
moral tumor-associated stroma should be taken into 
account and included in the denominator when evaluating 
sTILs. An exception to this rule is the presence of a cen-
tral hyalinized scar or fibrotic focus, which is excluded 
from sTILs scoring. Challenging cases can be encountered 
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when DCIS or pre-existent benign structures are present 
with the boundaries of an invasive carcinoma. 
Lymphocytic infiltrate clearly associated with DCIS or 
benign structures should not be included in the sTILs 
score. In cases with a very heterogenous composition of 
invasive carcinoma, DCIS and pre-existent normal struc-
tures, a similar representative field-of-view scoring 
approach as described above focusing on invasive carci-
noma can be helpful.

With respect to the cells of interest, by definition sTILs 
evaluation is restricted to loosely organized infiltrate of 
lymphocytes and plasma cells in a tumor. Cases of inva-
sive carcinoma with abundant infiltrate of histiocytes, 
neutrophils, or abundant presence of apoptotic cells—
which can at low magnification mimic lymphocytes—can 
be challenging to score. These cases often require more 
detailed evaluation of the immune infiltrate at high mag-
nification in different areas of the tumor before assessing 
the sTILs score. In addition, confined dense lymphoid 
aggregates and organized lymphoid structures such as 
tertiary lymphoid structures (TLS) are also excluded 
from the sTILs score.

	4.	 Cases with little evaluable stroma: A final category of 
cases in which sTILs evaluation can be challenging are 
those with only limited stroma present within the tumor. 
This can be encountered in highly cellular tumors with a 
high tumor-stroma ratio, micropapillary carcinomas, 
mucinous tumors with only slender fibrovascular cores in 
between the mucus lakes or tumors with abundant necro-
sis obscuring fibrous stroma. In such cases, even an 
apparently paucicellular stromal immune infiltrate in 
absolute numbers can result in paradoxically high sTILs 
scores. There is currently no formal guideline defined on 
minimal sample requirements for scoring sTILs, neither 
in terms of minimal number of tumor cells nor in terms of 
minimal amount of evaluable tumor-associated stroma to 
be present. As a general rule of thumb, pathologists 
should use judgment. Also, important to keep in mind 
when scoring sTILs in samples with little stroma is that 
iTILs, i.e. immune cells that are present with the epithe-
lial cell nests, should not be included in the sTILs score.

Similarly O’Loughlin and colleagues found that fac-
tors contributing to discrepancies between pathologist 
were intratumoral heterogeneity of TILs, necrosis, biopsy 
fragmentation, tumor cellularity, and difficulties in the 
identification of the tumor border [113]. Figure 13.3 illus-
trates some of the most frequently encountered pitfalls.

�Available Resources for Pathologists
To aid pathologists and researchers in getting familiar with 
how sTILs were scored in clinical trials that have shown 
clinical validity and potential clinical utility of this bio-
marker, the TIL-WG has developed a wealth of educational 

tools and resources that are freely available via their website 
www.tilsinbreastcancer.org. On this website, an extensive 
training section can be found where literature references, 
video tutorials, tutorial slide decks with step-by-step expla-
nations on how to score TILs in different cancer types (inva-
sive breast cancer, DCIS, and breast cancer after neoadjuvant 
chemotherapy, but also melanoma, NSCLC adenocarcinoma, 
endometrial carcinoma, urothelial carcinoma, and colorectal 
carcinoma) and sheets of reference images that can be used 
as a visual guide when scoring sTILs are centralized. Specific 
guidance on how to handle challenging cases can be found in 
a separate section on the website at www.tilsinbreastcancer.
org/pitfalls.

The use of a well-calibrated set of reference images 
together with a structured representative sampling approach 
for heterogeneous cases has been shown to be the most effec-
tive way to improve reproducibility and to reduce scaling dif-
ferences among pathologists. This was clearly illustrated in 
one of the RING trials conducted by the TILs-WG in which 
ICC values amongst an identical group of 28 pathologists 
improved considerably from 0.71 (95% CI 0.63–0.79) to 
0.89 (95% CI 0.85–0.92) after the implementation of a soft-
ware tool that guided pathologists to select different areas for 
sTILs evaluation and provided direct visual feedback for 
provided sTILs values [114].

In addition, the website hosts an interactive scoring plat-
form (available through the link “Teach yourself to score 
TILs”) with two functionalities. First, a large collection of 
training images that have been assigned a consensus sTILs 
score by expert members of the TIL-WG is available. Here, 
pathologists can run training sessions in which these images 
are randomly presented, sTILs can be scored with or without 
the use of reference images and a progress report of training 
status summarizing the concordance c.q. deviation of 
assigned scores compared to the reference scores can be gen-
erated. A second functionality of this interactive tool pro-
vides the users with the possibility to upload snapshot images 
(ideally .jpeg or .png images of 20× fields-of-view) from 
own clinical cases and compare these images to a reference 
set of images of invasive breast cancer with verified sTILs. 
Multiple images per case can be uploaded and can then be 
assigned a sTILs score with 10% increments after which a 
summary report with automatic calculation of an average 
sTILs score for the entire case can be generated. This tool is 
particularly helpful in case of heterogenous distribution of 
sTILs where eyeballing a single global sTILs sore is not rec-
ommended, as explained earlier.

Currently, projects on the development of imaging analy-
sis tools for automated measurement of sTILs in invasive 
breast cancer images using machine learning techniques are 
ongoing [208].

Finally, during the first half of 2021, the TIL-WG, in col-
laboration with the Biomedical Quality Assurance Research 
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Fig. 13.3  H&E stained slides of invasive breast carcinoma specimens 
illustrating some frequently encountered pitfalls when scoring sTILs. 
All images were extracted from digitized whole slide images at 200x 
magnification. (a) sTILs are evaluated in tumor-associated stroma only. 
Lymphoid infiltrate clearly associated with normal lobules should be 
disregarded. In this field of view, consensus sTILs score within the 
boundaries of the invasive carcinoma was determined by two expert 
pathologists of the TIL-WG to be 10%. (b) Confined dense lymphoid 
aggregates and especially organized lymphoid elements such as tertiary 
lymphoid structures (TLS) are not included in the sTILs score. In this 
example, the encircled dense lymphoid aggregate should not be taken 
into account for the sTILs score. Consensus score for sTILs in this field 
of view as determined by two expert pathologists of the TIL-WG is 

20%. (c) This case clearly illustrates the difficulties one may encounter 
to distinguish tumor cells from immune infiltrate when breast cancer 
tissue is not properly fixed. General principles of good laboratory prac-
tice for handling breast cancer specimens should be strictly adhered to 
(including limiting delay to fixation to less than 30 min and minimum 
duration of fixation for breast cancer specimens to more than 6 h as 
much as possible). (d) This image shows a confined area of inflamma-
tion with many iron macrophages consistent with a biopsy site. Apart 
from macrophages never to be included into the sTILs score, sTILs 
should always be scored outside areas of inflammation attributable to 
iatrogenic manipulation (biopsy sites, implantation site of radiographic 
markers)

Unit of the Catholic University Leuven (Leuven, Belgium) 
will launch an external quality assessment (EQA) scheme for 
sTILs in triple-negative breast cancer (TNBC) for laborato-
ries and pathologists worldwide. In addition to the EQA 
scheme for sTILs, also exploratory data will be collected on 
the real-world implementation of PD-L1 assays and scoring 
algorithms in TNBC. This EQA program will be available at 
https://tils.agoko.be.

�Choice of Sample Types, Interobserver 
Reproducibility, and Impact on Clinical Validity
As mentioned above, the interobserver reproducibility of the 
described method has been documented in multiple studies 
including 2 to up to 40 different pathologists evaluating 
biopsies or full-face sections of invasive [89, 113, 114, 205–
207] carcinoma. In these studies, intraclass correlation coef-
ficients for concordance between pathologists ranged from 
around 0.60 to 0.95 when evaluating sTILs as continuous 

variable. Measures resulting in a marked positive effect on 
scoring reproducibility include the use of reference images 
and structured representative sampling approaches for 
assessing cases with heterogenous sTILs distribution [114]. 
While these data are reassuring for the evaluation of sTILs in 
biomarker driven treatment decision schemes in the years to 
come, they also clearly highlight the need for sustained train-
ing efforts and participation in external quality assessment 
and reader proficiency testing programs when sTILs evalua-
tion is introduced in clinical practice. An important question 
is how the observed interobserver variability affects the clin-
ical validity and clinical utility of a biomarker, especially 
when discrete cut-offs are taken into consideration. In an 
effort to statistically defer the impact of variability in sTILs 
assessment on pathological complete response (pCR) predic-
tion, the TILs-WG calculated for the neoadjuvant GeparSixto 
trial [209], that for any intraclass correlation coefficient for 
scoring concordance between pathologists (ranging from 0.6 
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to 0.9), comparable odds ratios for pCR prediction would be 
obtained [210]. Several studies specifically designed to eval-
uate the impact of interobserver variability in sTILs assess-
ment on prediction of response to neoadjuvant chemotherapy 
in a real-life sample sets are currently underway (personal 
communication Dr. Van Bockstal and Dr. Callagy).

Finally, given the fact that the currently most robust data 
supporting clinical application of sTILs assessment are situ-
ated within the primary disease setting, a relevant question to 
ask is to what extent sTILs assessment in small core needle 
biopsies is representative for the overall immune infiltrate in 
the whole tumor. As previously mentioned, no minimum 
sample requirements for sTILs evaluation in terms of num-
ber of invasive tumor cells or amount of evaluable tumor-
associated stroma that must be present in order to be able to 
reliable assess the sTILs have currently been defined. At 
least two studies have shown excellent correlation of sTILs 
evaluation of core needle biopsies as compared to full-face 
sections of the corresponding primary resection specimen, 
especially when multiple cores per biopsy were examined 
[211, 212]. In addition, in a study by Althobiti et al. no statis-
tically significant difference could be observed in sTILs 
scores evaluated on slides from different tissue blocks of the 
same tumor [213]. Together, these data further underscore 
the robustness of the proposed sTILs evaluation system in 
heterogenous sample types.

�Part 4: Novel Methods

As described above, the quantification of (s)TILs can easily 
be incorporated in a standard pathology examination of 
(breast cancer) biopsies and resection specimens. It is a good 
general semiquantitative histopathological measure of the 
immune reaction in a tumor. New developments will aim at 
more standard and more quantitative measurement, on the 
one hand, or further, more detailed, characterization of the 
immune response, on the other hand. The purpose of this sec-
tion is to briefly describe new evolutions and technologies 
that are emerging in this field.

�Tumor Mutational Burden

The measure of the TILs on H&E is generally regarded as a 
surrogate of tumor immunogenicity. However, the quantifi-
cation of TILs alone may not be sufficient to capture clini-
cally and biologically meaningful differences between the 
different breast cancer subtypes. From an immunological 
point of view, the presence of foreign antigens is crucial for 
the activation of the adaptive immune system and elimina-
tion of potentially harmful organisms. Several mechanisms 
contribute to the accumulation of mutations in cancer genes 

and contribute to cancer progression. This process is sup-
posed to generate a number of neoantigens that are capable 
of laying the basis of the interactions with the immune sys-
tem and promote immune editing [8]. The ultimate aggregate 
of all mutations found in a tumor is defined as tumor muta-
tional burden (TMB). As indicated by recent studies based 
on whole genome sequencing analysis, some types of can-
cers more than others are characterized by the accumulation 
of higher numbers of non-synonymous mutations across the 
whole DNA.  Melanoma and lung carcinoma are typical 
examples of tumor types with high TMB, microsatellite 
instability also attributes to high TMB to colon, while muta-
tions in the DNA polymerase genes may contribute to hyper 
mutant cancer phenotypes in endometrial carcinoma [214]. 
Tumors with high TMB profiles seem to respond better to 
ICB therapies, providing proof for the concept that higher 
TMB is synonymous of higher antigenicity. Based on these 
observations pembrolizumab has been approved in a tumor 
agnostic manner in all cancer types showing microsatellite 
instability defects [215]. However, as briefly mentioned 
before microsatellite instability has an incidence of <2% in 
BC and BC are considered as “cold tumors” with poor anti-
genicity because of the low TMB [63, 216]. Despite this 
observation, ICB has also in BC the potential to become a 
new mainstay of treatment for at least certain patients [157, 
162]. Therefore, there is an urgent need to better understand 
this paradox and help health care professionals in the search 
of reliable biomarkers of response to ICB therapy to increase 
patient selection [217]. In this regard recent evidence sug-
gests that contrary to what initially thought, TMB in general 
is unlikely to become a pancancer marker for predicting 
response to ICB therapy. McGrail and colleagues found that 
overall response rates to ICB therapy above 20% were pres-
ent only in TMB-high tumors with a positive correlation 
between CD8+ T cells and neoantigen load, while in the 
tumors lacking this type of correlation (e.g., breast, prostate, 
glioma, etc.) the overall response rates were <20% and were 
statistically significantly lower when compared to the TMB 
low tumors [13]. A recent meta-analysis performed by 
Litchfield et al. demonstrated in a pancancer study, compris-
ing over 1000 patients, that clonal TMB has a better predic-
tive value for the response to therapy when comparing to 
total TMB or subclonal TMB, suggesting that it is the early 
signatures in tumor development that makes a tumor sensi-
tive for ICB [218]. Examples are the APOBEC signature, the 
UV-signature in melanoma, and Tobacco signature in 
NSCLC. The diversity of further subclonal mutational signa-
tures would “confuse” the immune system, resulting in an 
ineffective response. Nevertheless, there is quite some het-
erogeneity between different cancer types and histologies 
that renders the effect small when looking at single histology 
type. Therefore, a multimodal approach for assessing sensi-
tivity to ICB is more likely to be effective in choosing the 
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right therapy for the patient, integrating (clonal) TMB, spe-
cific TMB signatures, and immune infiltrate abundance and 
phenotypes [161].

�CD8+ T Lymphocytes

The CD8+ T lymphocytes play a major role in the recogni-
tion of tumor-specific epitopes which are presented by anti-
gen presenting cells. The T-cell mediated antigen recognition 
depends on the interaction of T cell receptor (TCR) with the 
antigen-major histocompatibility complex molecules. Only 
activated CD8+ cytotoxic T cells can efficiently kill tumor 
cells upon specific recognition of tumor-specific antigens 
[219]. A large amount of evidence accumulated in the past 
strongly suggest that the presence of cytotoxic CD8+ T cells 
is associated with longer survival rates and higher rates of 
pCR after neoadjuvant chemotherapy in BC patients [76, 77, 
220–223]. In addition, recent evidence based on multiomics 
analysis suggests that estimates of CD8 + T-cells abundance 
may represent the most robust predictive biomarker for the 
response to anti PD-1/PD-L1 therapy across multiple types 
of cancers including breast [224]. However, the biomarker 
analysis of the IMpassion130 study showed that CD8+ 
tumors were associated with improved survival outcomes 
only when also PD-L1 was positive [196]. Prolonged expo-
sure to tumor neoantigens may induce sustained expression 
of immune checkpoint molecules that eventually may result 
in a dysfunctional T-cell state or apoptotic CD8+ T cells 
which is not resolved even when antigens are removed 
(tumor immunotolerance and tumor immunosuppression) 
[225]. Metabolic signals coming from the tumor microenvi-
ronment or other factors that are intrinsically related to the 
tumor cells may contribute to the dysfunctional status of the 
cytotoxic T cells, explaining at least in part why ICB thera-
pies are successful only in a minority of patients [226, 227]. 
In this regard, the study of specific subset of TILs may give 
a substantial contribution in the understanding of the involved 
mechanisms of immune editing. In treatment naïve TNBC 
important quantitative and qualitative variations in the com-
position of CD8+ T cells were recently observed. T cells 
with CD8  +  CD103+ displayed a distinctive phenotype as 
compared to the subset of CD8 + CD103- T cells, indicating 
in the former group higher PD1 expression levels, ability of 
clonal expansion and cytotoxic activity suggesting important 
immune surveillance functions. Interestingly, higher levels 
of TILs were associated with the CD8 + CD103+ phenotype 
proposing a mechanistic relation between high TILs levels 
and good prognosis in TNBC patients [228]. In the window 
of opportunity trial Biokey, after one single administration of 
pembrolizumab, significant clonotype changes in the T-cells 
were observed. In particular Pembrolizumab induced expan-
sion of the PD1+ T-cells expressing CD8 or CD4 markers. 

These cells showed mainly markers which suggested activa-
tion of T cells based on the expression of immune checkpoint 
(LAG3, HAVCR2, PDCD1), effector (IFNG, NKG7) and 
cytotoxic (GZMB, PRF1) markers; only a small portion of 
the expanded T cells showed a CD8+ effector/memory phe-
notype [194]. These data strongly suggest that the identifica-
tion of specific subset of TILs may be important for the 
identification of functional markers that can improve patient 
selection for ICB therapies.

�Spatial Heterogeneity of Immune Infiltrate 
in the Breast

The spatial resolution of the lymphocytes present in the 
tumor microenvironment can further refine the classification 
of BC in meaningful prognostic categories [228, 229]. In this 
regard, tumors can be classified as immune-inflamed, 
immune-excluded, and immune deserted tumors based on 
the quantity and the topographical localization of the immune 
cells in relation to stroma and tumor cells [229] (Fig. 13.4). 
For instance, luminal BC and special histologic subtypes of 
BC have been regarded as immune-excluded tumors because 
of the lack of intraepithelial CD8+ T cells [23, 77]. The topo-
graphical identification on H&E of lymphocytic hot spot 
seems also to have important implications for the prognosis 
of BC, as illustrated by studies performed with the aid of 
computational pathology [230, 231]. In an exploratory study 
performed on luminal B tumors across three different age 
groups, it has been observed that CD20+ and FOXP3+ 
inflammatory cells were more abundant at the periphery and 
in the inner part of the tumor regardless of age, respectively 
[232, 233]. The spatial pattern of TILs seems to be compa-
rable when primary tumors are matched to their metastasis, 
suggesting in the metastasis a kind of TILs imprinting which 
is derived from the primary tumor [234]. Additionally, as 
recently suggested, the immune-excluded BC category can 
be further classified as margin-restricted or stroma-restricted. 
On the other hand, the inflamed tumors can be distinguished 
in stromal-intraepithelial and stromal-restricted both poten-
tially associated with different prognostic information [228, 
235]. However, the biological meaning of these categories is 
not fully understood yet and, importantly, studies performed 
on tissue microarray or with small pieces of tissue may intro-
duce sampling bias and prevent to fully understand spatial 
heterogeneity in BC [236, 237].

�Spatial Single Cell Technologies

A detailed map of the interactions existing between tumor 
cells and its surrounding microenvironment requires the 
availability of highly specialized technologies that can mea-
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Fig. 13.4  The spatial lymphocytic phenotypes of immune infiltration 
in BC. BC are often divided into poorly infiltrated (immune deserted, 
left panel), immune excluded (central panel), and inflamed (right 
panel). “Immune deserted” tumors show almost total lack of lympho-
cytes. “Immune excluded” tumors show a lack of lymphocytes within 
the epithelial nests of the tumor, but lymphocytes may be present at the 
invasive margin (margin restricted) or spread in the whole surface but 
restricted only to the stroma (stroma restricted). “Inflamed tumors” 
show lymphocytic infiltration lymphocytic infiltration in the stroma and 
intratumorally. To date it is unclear whether these patterns are related to 

specific biological features existing between tumor cells and its micro-
environment or represent different magnitude of infiltration. It is antici-
pated that the use of spatial single cells technologies like m-IHC will 
allow us to achieve four goals using one tumor section: (1) identify each 
single cellular component of a tumor mass (orange panel); (2) infer 
about the functionality of the different cells (red box); (3) understand 
the interactions between cells using neighborhood analysis (cellular 
sociology, green panel); (4) topographical mapping of all the compo-
nents to resolve at the spatial level the interactions between tumor cells 
and its microenvironment. Figure created with BioRender.com

sure a multitude of features in single cells while maintaining 
their original position in a tissue. Such technologies are now 
becoming available, from which multiplexed immunohisto-
chemistry (m-IHC) is the most advanced [238]. By using 
m-IHC, the interactions between tumor cells and its TME are 
preserved, overcoming the shortcomings provided by cell 
dissociation and cell enrichment of other single cell technol-
ogies [239].

The use of m-IHC in BC pathology is emerging as useful 
tool to gain better insight in the cellular composition of the 

tumor microenvironment, understand relationship between 
different cells including mechanisms of activation, and most 
importantly acquire spatial information. Using imaging mass 
cytometry, Jackson et  al. recently described the complex 
structure of BC at single cell level. With a panel of 35 metal-
labeled antibodies, used simultaneously to detect different 
cell populations, the researchers have been able to identify 
different cellular communities which were correlated to dif-
ferent molecular subtypes, beyond those already known. 
Tumors also showed some level of spatial heterogeneity in 
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about 60% of the cases and related to spatial heterogeneity. 
Interestingly, survival analysis performed on spatially identi-
fied cellular communities was able to provide strong prog-
nostic information beyond current clinical classification 
[240]. Using multiplexed ion beam imaging, Keren et  al. 
were able describe the spatial organization of inflammatory 
infiltrates in TNBC [235, 240]. In their experiment using 
simultaneously over 30 different Ab in 41 samples of TNBC 
patients they found two main cellular compartments: epithe-
lial and inflammatory cell compartment. Depending on the 
quantity and spatial interactions between epithelial and 
inflammatory cells tumors were subdivided into cold (low 
number of inflammatory cells), mixed (heterogeneous mix-
ture of the two compartment), and compartmentalized (phys-
ical separation of either of the two compartment). Expression 
of PD1 was associated with either CD8+ or CD4+ T cells in 
mixed or compartmentalized tumors, cold tumors were 
rarely observed. CD4 + PD1+ were found to be more fre-
quently associated with the compartmentalized tumors and 
were spatially segregated showing additional co-expression 
of other immune-modulatory markers like IDO or PD-L1. 
Conversely, mixed tumors showed higher level of 
CD8 + PD1+ T cells which were more frequently admixed 
with tumor cells expressing IDO or PD-L1 immune-
modulatory molecules. Survival analysis showed improved 
survival outcomes in the compartmentalized tumors as com-
pared to the mixed ones. These findings were in contrast with 
those reported by Gruosso et al., however in the latter no co-
expression analysis or CD4 assessment was performed [228, 
235]. Alternatively, the spatial identification of 
CD8  +  CD103+ T cells with resident memory phenotype 
suggests that these cells are associated with nests of epithe-
lial cancer cells being associated with improved relapse free 
survival as suggested by multiplex analysis using low-plex 
methods with multiple cycles of staining [141, 241, 242].

Pre- and post-treatment matched samples of patients with 
inflammatory breast carcinoma treated with neoadjuvant 
chemotherapy have been studied by “first-generation” 
m-IHC with medium-plex panel of inflammatory ad myeloid 
cell lineages. Low level of macrophages in the pre-treatment 
biopsy was associated with higher pCR rates, while spatial 
analysis revealed a significant association between mast 
cells, CD163+ cells, and CD8+ cells in patients with residual 
disease, suggesting a potential mechanism of resistance 
[243]. In BC patients with HER2+ disease low- to medium 
plex m-IHC studies have been conducted as well to under-
stand spatial immune profiling in relation to anti HER2-
therapy. These studies linked the activity of trastuzumab 
directly to extracellular domain of HER2 and co-localization 
of CD8+ T cells providing further evidence for the involve-
ment of the immune system in the mechanism of action of 
monoclonal Ab directed against HER2 [244]. Similarly, in 
another study from an independent group it was observed 

that HER2+ BC showing immune cells spatially interacting 
with tumor cells had higher responses to anti-HER2 thera-
pies [245]. Tumors characterized by high stromal CD4+, 
CD8+, CD20+, and high intratumoral CD20+ immune cells 
showed higher rates of pCR in another analysis performed 
on HER2+ BC [246].

�Artificial Intelligence

Another technological (r)evolution that will influence the 
field of pathology in general and that of TILs assessment in 
particular in the near future will be artificial intelligence (AI). 
The use of AI is currently under immense investigation (the 
big boom of AI is expected to happen in the next 10–15 years), 
and there are in fact already clinically validated algorithms 
for quantification or categorization of well-known histopath-
ological biomarkers [247]. Some of these algorithms are 
already CE-IVD (Europe) approved. Concerning TILs, there 
are several methods described in the literature. The most 
accessible method is scoring of sTILs on H&E slides. On top 
of the application of TILs in H&E, more and more investiga-
tors are also trying to dissect the tumor microenvironment by 
using multiplex immunohistochemistry as discussed above 
[247]. To this date, no CE-IVD labeled algorithm for AI-based 
sTIL assessment exists. Yet, this topic is under thorough 
investigation for several types of cancer, among which breast 
cancer, melanoma, colorectal cancer, and lung cancer [231, 
248–257]. The general principles for assessing TILs are sim-
ple. The AI-based algorithm analyzes the whole slide image 
via convolutional neural networks (CNN) or other another 
artificial neural network, differentiating tumor stroma from 
tumoral structures. In a next step TILs are differentiated in the 
stroma from other (inflammatory cells) that cannot be consid-
ered when scoring TILs. To have the most accurate result, the 
application needs to follow the TIL scoring guidelines as 
closely as possible [247].

An extensive review of computational assessment of sTIL 
was written by Amgad et  al. in 2020 on behalf of the 
TILs-WG.  It does not only graphically describe the afore-
mentioned general steps, but also describes all possible 
approaches and methods used in literature for automated 
sTIL evaluation. The author divides the overview into H&E 
based approaches and immunohistochemistry based 
approaches. Table 13.6 is adapted from this data to give an 
overview of all possible methods and approaches and their 
strengths and weaknesses as reported by the authors [208].

Although AI is a promising addition to pathological eval-
uation of whole slide images, there are some important chal-
lenges to overcome. Tizhoosh et  al. mentioned three key 
elements: interoperability, cost, and trust [260]. For a more 
in-depth general discussion on these factors, we refer to the 
original papers [260, 261]. Specifically in the context of 
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Table 13.6  Overview of methods of automated sTIL assessment in 
tumors. Adapted with permission from Amgad et al. [208]

Method Approach Stain Notes
CNN [249] Patch 

classification
H&E Strengths: spatial 

information on 
sTIL. Molecular 
correlations
Limitations: no distinction 
between sTIL and iTIL. No 
classification of individual 
TILs

FCN [258] Semantic 
segmentation

H&E Strengths: large sample size 
and regions. Delineation of 
tumor, stroma, and necrosis 
regions.
Limitations: only detects 
dense TIL infiltrates. No 
classification of individual 
TILs.

Seeding + 
FCN [259]

Semantic 
segmentation + 
object detection

H&E Limitations: heavy ground 
truth requirement

SVM Object detection H&E Strengths: robust analysis 
and correlation with 
molecular TIL
Limitations: individual 
labeled nuclei are limited. 
No distinction of TILs in 
different histologic regions

Object detection 
+ inferred TIL 
localization

H&E Strengths: spatial 
localization and patterns. 
Robust.
Limitations: individual 
labeled nuclei are limited. 
1:1 correspondence 
clustering vs regions 
unclear

RG + MRF 
[250]

Object detection H&E Strengths: explainable 
model and modular 
pipeline.
Limitations: no distinction 
between sTIL and iTIL. No 
classification of individual 
TILs

Watershed + 
SVM

Object detection H&E Strengths: explainable 
model. Robust. Spatial TIL 
clustering.
Limitations: no distinction 
between sTIL and iTIL

Complex 
pipeline

Object detection 
+ manual regions

IHC Strengths: assessment of 
manual regions, including 
invasive margin.

TILs assessment, there are certainly trust challenges to over-
come. These challenges are usually the reason for a high dis-
cordance rate between manual and automated assessment. 
Differences between both assessments can explain the dis-
cordance rate for the major part. Manual assessment is usu-
ally an estimation of the amount of mononuclear inflammatory 
cells in the stroma, while automated assessments predict a 
more accurate percentage. Moreover, in some tumor types 
(e.g., melanoma) different systems are used for categoriza-

tion of the percentage of TILs, further explaining discor-
dance. Another challenge in automated sTIL assessment is 
the characterization of the cells in the stroma. Not all of these 
cells are lymphocytes and not all lymphocytes have the same 
phenotype. Other cells that might be encountered are macro-
phages, fibroblasts, plasma cells, granulocytes, mast cells, 
etc. In normal circumstances, the AI-algorithm takes the size 
of the cell, the size of the nucleus and the area of the cyto-
plasm into consideration, but it is not aware that these mea-
surements are highly dependent on the cut level through the 
cell, which might lead to a wrong identification of a cell. 
This is also an issue in manual assessment, although the 
human mind can easily consider this pitfall. Nonetheless, the 
prognostic value of sTIL is more robust when assessed with 
automated algorithms.

To have the most accurate result, the automated TILS 
assessment needs to follow the guidelines for scoring TILs as 
closely as possible. Therefore the efforts of the TILs-WG to 
standardize TILs assessment methodology from the very 
beginning are important to create a stable framework that 
contributes to development of reproducible algorithms. A 
good biomarker is considered analytically valid, reproduc-
ible, affordable, accessible, and clinically useful. It is in this 
context that Gonzalez-Ericsson et al. applied a risk manage-
ment framework for the implementation of TILS next to 
PD-L1 assessment as immune-oncology biomarkers in daily 
practice and clinical trials. This application paves the path-
way for further recommendations and guidelines regarding 
TILS scoring, improving reproducibility. The authors also 
mention the use of AI-based methods, but like any other bio-
marker computer-aided analysis should be analytically and 
clinically valid [165].

The predictive use of AI-based analysis of TILs is still 
somewhat controversial. To this date, no clinical trials con-
cerning computer-aided TILs assessment exist, evaluating 
the efficacy of immune checkpoint inhibition. This is in con-
trast to the growing body of evidences illustrating that 
AI-assisted assessment of TILs is linked to prognosis. But of 
course, as AI is becoming more and more prominent, it is just 
a matter of time before the first trials with automated analy-
sis of TILs counts will appear.

CNN convolutional neural networks, sTIL stromal tumor 
infiltrating lymphocytes, iTIL intratumoral infiltrating lym-
phocytes, FCN full convolutional neural network, SVM sup-
port vector machine, RG region growing, MRF Markov 
random field, DL deep learning

�Concluding Remarks/Summary

The semiquantitative assessment of TILs in breast cancer 
(and in other tumors) is a well-defined histopathological 
parameter of which the assessment can easily be integrated 
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in the standard examination of biopsies and resection speci-
mens by the (surgical) pathologist. It contributes valuable 
prognostic and predictive information that should be taken 
into account—together with other tumor characteristics—
when discussing treatment options, especially in Her2-
positive and TNBC.  Over the past years, the International 
Immuno-Oncology Biomarkers Working Group (www.
tilsinbreastcancer.org) has been involved in multiple studies 
to further characterize its value as a biomarker and it has also 
taken several educational initiatives and developed several 
tools to create awareness, to teach pathologists how to assess 
TILs according to a reproducible methodology and to inte-
grate TILs assessment with other (new) biomarkers in 
immuno-oncology. Without any doubt, progressively TILs 
assessment will further enter clinical practice in the coming 
years. A structured, coordinated, and scientific approach—as 
the Immuno-Oncology Biomarkers Working Group tries to 
propagate and support—should aim to avoid the chaos 
PD-L1 testing has brought to this field.

Putting genomic/transcriptomic/proteomic information 
into a spatial context is considered as “the next step” in 
understanding cancer and establishing novel standards of 
personalized treatment [217]. Pathologists have been using 
spatial expression profiling using antibody- DNA-, RNA- 
and morphology-based methods for decades, but traditional 
IHC or in situ hybridization methods only allow the simulta-
neous assessment of a handful of markers in a single tissue 
slide, which are subsequently evaluated in a semiquantitative 
way [232]. Multiplex IHC represent the ideal bridge between 
non-spatial single cell technologies and the traditional mono-
plex approach of standard pathology providing useful insight 
about the spatial distribution of the diverse cellular compo-
nents in a tumor mass. It is anticipated that using these types 
of approaches in well-designed early phase clinical trials 
will boost our knowledge about ICB therapies and improve 
personalized medicine [149, 154, 197, 233].

Furthermore, it is undebatable that computer-assisted 
TILs assessment can further characterize the tumor microen-
vironment beyond the capabilities of human minds. It is 
anticipated that AI-enabled methods will confirm more and 
more the prognostic and predictive value of TILs, therefore it 
seems logic to proceed with the implementation of these AI 
models in practice and in clinical trials. The robustness of 
these assessments will only increase when combined with 
the power of multiplexing immunohistochemistry for further 
characterization of the inflammatory infiltrate [208, 248].

As several AI models also investigate spatial information 
concerning sTIL, this spatial information can become part of 
the investigational subjects to further research the prognostic 
and predictive value of TILs. Not only distances between 
infiltrates or infiltrates and tumor cells can be considered, but 
also heterogeneity will also become more important [231, 
248, 249].

Many current AI algorithms are based on image analysis, 
but in a next step additional clinical information and genomic 
data can be integrated in the analysis as well in order to cre-
ate more robust models toward personalized and precision 
medicine. By integrating more and more data, these models 
are able to detect other prognostic or predictive patterns that 
are at first, invisible to human perception [208, 248].
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