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The advent of immune-checkpoint inhibitors (ICl) in modern oncology has significantly improved survival in several cancer settings.
A subgroup of women with breast cancer (BC) has immunogenic infiltration of lymphocytes with expression of programmed death-
ligand 1 (PD-L1). These patients may potentially benefit from ICl targeting the programmed death 1 (PD-1)/PD-L1 signaling axis. The
use of tumor-infiltrating lymphocytes (TILs) as predictive and prognostic biomarkers has been under intense examination. Emerging
data suggest that TILs are associated with response to both cytotoxic treatments and immunotherapy, particularly for patients with
triple-negative BC. In this review from The International Imnmuno-Oncology Biomarker Working Group, we discuss (a) the biological
understanding of TILs, (b) their analytical and clinical validity and efforts toward the clinical utility in BC, and (c) the current status of
PD-L1 and TIL testing across different continents, including experiences from low-to-middle-income countries, incorporating also
the view of a patient advocate. This information will help set the stage for future approaches to optimize the understanding and

clinical utilization of TIL analysis in patients with BC.
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INTRODUCTION

The use of immune-checkpoint blockade (ICl) in clinical oncology
has revolutionized patient care and improved survival outcomes
in many patients with malignancies'. This therapeutic strategy
has significantly expanded in the setting of advanced and early-
stage breast cancer (BC), but much more work is needed to
optimize patient selection based on tumor-based biomarkers. The
presence of tumor-infiltrating lymphocytes (TILs) is believed to be
predictive of response to immunotherapy, chemotherapy, and
other targeted therapies®® in addition to their role as a
prognostic biomarker*®, Moreover, TILs in the tumor and the
surrounding microenvironment are thought to reflect ongoing
anti-tumor host immune response. Three main categories of the
tumor microenvironment (TME) have been defined across
different tumor types: immune-desert (“cold” tumors largely
devoid of lymphocytes), immune-excluded (lymphocytes are
present in the peritumoral stroma only), and immune-infil-
trated/inflamed (“hot” tumors)®’. Conceptually, each of these
TME categories reflects a specific interaction between the tumor
genotype/phenotype and the host immune system, which can
impact the response to both conventional anticancer therapies
and ICI®. However, there is considerable heterogeneity within
each TME category, adding uncertainty to the reproducibility of

"

the current classification of “cold” vs. “hot” vs. “intermediate
immune-subtypes. Also, there are no validated criteria to define
these subtypes, either using morphology, immunostaining,
transcriptomics, or their combination, limiting the impact
of these descriptors in clinical trials and daily practice.

In BC, the molecular subtype of the tumor has a major influence
on its interaction with the immune system. Triple-negative BC
(TNBC) and HER2-positive BC are more frequently infiltrated by
higher numbers of TILs than hormone receptor (HR)-positive
tumors®'°, However, all BC subtypes include cases with TIL-
infiltration. The degree of TIL infiltration has been hypothesized to
reflect the tumor mutational burden (TMB), which is lower in HR-
positive BC'"12, Higher TMB is linked to the expression of more
neoantigens and has been shown to predict survival after ICI
therapy in several cancer types, and recent evidence indicates this
may also be the case for TNBC'3"'®, However, the correlation
between mutational burden and immune composition is complex,
with the degree and nature of clonality of the mutations playing a
key role in determining whether they favor or hinder immune-
mediated tumor control'®. In TNBC, higher TMB and greater
genomic heterogeneity have been associated with lower TILs'’.
Conceptually, this can be explained by immunoediting, which is a
result of a selection of cancer cell clones with decreased
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immunogenicity despite the presence of many mutations'2. This
escape from immune surveillance is associated with a reduced TIL
component and increased tumor clonal heterogeneity, explaining
the negative association between TMB and TILs'®-2",

In TNBC, scoring TILs in the stromal compartment (sTILs) is
demonstrably reproducible and generally well-correlated with
intra-epithelial TILs, with higher stromal TILs (sTILs) predicting
longer survival®?2-24, Generally, intra-epithelial TIL density tends
to be lower than stromal TIL density?, raising the question of
whether a tumor nest-stromal barrier precludes more robust T cell
infiltration?, and/or whether the intra-epithelial TILs have always
been present (in an inactive state), as tissue-resident T-cells. CD8+
tissue-resident memory T (TRM) cells were shown to mediate BC
immunosurveillance®>, Notably, high BC infiltration by TILs
contained CD8+ T lymphocytes with TRM patterns which highly
express immune-checkpoint molecules?®,

Tertiary lymphoid structures (TLS) are lymph node-like struc-
tures that arise in tissues at sites of chronic inflammation?’. TLS
has been detected in the stroma of up to 60% of BC, with the
highest frequencies in HER24+ and TNBC’%%2°, These findings
support a critical role for the stroma in shaping the TME of BC. For
example, fibroblastic reticular cells, concentrated in the T cell zone
of TLS, promote, maintain or suppress T cell activities via their
cytokine and chemokine secretion3®. TLS architecture is distin-
guished by a T cell zone adjacent to a B cell follicle, similar to
secondary lymphoid organs®’. Immune responses generated in
tumor-associated TLS would thus produce immunological mem-
ory to multiple BC neoantigens and could potentially control the
growth of disseminated tumor cells3>'-3* However, there are
significant concerns that TLS cannot be assessed in a reproducible
manner by analysis of HE-stained slides, and that B- and T-cell
immunostains are needed*. In addition, TLS is frequently found at
the tumor perimeter, often contain high endothelial venules, and
when present in the tumor area are generally considered as an
aggregate when quantifying TILs in BC. Their role in BC still
remains to be addressed.

The importance of expanding our current understanding of the
complex TME in breast and other cancers has driven the
development of diverse techniques, including molecular multi-
omics profiling®> coupled with computational deconvolution of
immune cell populations*®37, global and single-cell transcrip-
tomics®%3°, and multiplex imaging?, to quantify TIL distribution,
functional orientation and relative frequencies in individual tumor
types. However, these cutting-edge investigational tools are often
limited by reproducibility across studies, particularly when
attempting to resolve specific immune cell subtypes. In addition,
tumors with low TILs seem to pose a significant challenge to any
of these techniques and platforms*'. Machine learning techniques
are in development to evaluate TIL distribution patterns and
integrate the spatial information with sTILs and with molecular
profiling data***3. A study examining clonal heterogeneity, TMB,
copy number variations, somatic mutations, and germline
polymorphisms, as well as the neoantigen load for their
association with immune metagene expression in the BC
subtypes, did not find any distinct recurrent single gene or
pathway level mutations associated with immune infiltration?'.
However, lower clonal heterogeneity was observed in TNBC and
HER2+ BC associated with higher immune gene expression, which
is consistent with immunoediting?'. There is also evidence for
immune escape during the in situ to invasive BC transition, with a
decrease in immune activation measurable using a combination of
global profiling and single-cell transcriptomics*®. It may be
hypothesized that similar immune evasion mechanisms also occur
during the transition from stage | TNBC to more advanced stages
of the disease. This paradigm was also recently reported in lung
cancer in which immune-evasion seems to be triggered by
neoantigen editing during tumor evolution®. In the remainder of
this review, the analytical and clinical impact of sTILs in BC

npj Breast Cancer (2021) 150

management will be discussed based on recent updates from
human studies, particularly clinical trials.

UPDATES ON THE ANALYTICAL AND CLINICAL VALIDITY OF
TILS

Challenges in establishing the analytical validity of TILs

Analytical validity is defined as how accurately a test predicts the
presence or absence of a biological variable. In other words, can
the “test” correctly distinguish between TILs and other immune
cells?. Previous TIL inter-pathologists-reproducibility studies (RING-
studies) have shown that pathologists (using an H&E slide) can
reliably assess TILs with very high concordance between many
pathologists on a powered number of cases and at different cut-
offs?*. There is overwhelming evidence for the clinical validity of
this evaluation*®*”. However, analytical validity cannot be formally
demonstrated due to the lack of a “gold standard” against which
to assess the proposed method. This may not be that important
for the clinical implementation of sTILs. However, for machine
learning approaches this question is crucial. Comparing two
methods, for example, a pathologist vs. an automated image-
analysis system provides evidence on concordance, but not
accuracy®. All the previous TIL-RING studies have been performed
with the assumption of histological accuracy*®*’.

In order to define accuracy in the context of assessing TILs using
an H&E-stained slide, it is necessary to define a “gold standard”
against which to assess the proposed method, i.e., an orthogonal-
type method which is used as the “gold standard”. For example, a
pan-lymphocyte marker can establish the accuracy of lymphocyte
identification, answering “how often is what a pathologist calls a TIL
actually a TIL?". This is crucial when applying machine learning
methods to identify TILs*?, since the unequivocal differentiation of
a myofibroblast, an invasive lobular carcinoma (ILC) cell, and
lymphocyte is not always possible on an H&E slide. Moreover, the
concordance between TIL assessment by machine learning-based
methods and pathologist-TIL scores is unlikely to be 100%%.
Currently, a TIL is defined as being a lymphocyte or a plasma cell,
and both are scored and defined according to classic morpholo-
gical definitions. Then, we need to define a “stromal TIL” (sTIL), i.e.,
what is the maximal distance between a tumor cell and a TIL to
define it as an sTIL. Furthermore, uncertainty amongst patholo-
gists exists about the inclusion of stroma abutting the tumor, or all
of the stroma within the total tumoral area to include intervening
stroma with low/very low sTILs. Indeed, accumulating evidence
suggests that sTILs touching the tumor cells may have a different
molecular phenotype than sTILs distant to the main tumor bulk?®.
Kos et al.>* have recently reported further factors that may impact
the assessment of TILs including pre- and post-analytical histology
factors, particularly in the setting of retrospective analysis of trial
material, and the recognition of common artifacts. In an effort to
improve concordance, the International Immuno-Oncology Bio-
marker Working Group, also called the TiLs Working Group (https://
www.tilsinbreastcancer.org/pitfalls/) recently provided reference
images and digital slides as well as accessible guidance regarding
the analysis of heterogeneous immune cell infiltrates.

The importance to assess the clinical validity of TILs in the
context of clinical utility

Clinical validity refers to the presence of sufficient evidence,
usually level 1 evidence of the effect of a test (biomarker) to
demonstrate its validity in a clinical setting. That is, there is robust
statistically validated evidence that the test (biomarker) relates to
a clinical outcome (prognostic or predictive) or a specific
phenotype (TILs), etc. However clinical validity alone, whilst
required for changes in clinical practice, does not drive a change
in practice. For this to occur, the test must have clinical utility.
Clinical utility essentially requires that the test in question
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addresses a direct clinical need (prediction of response to therapy,
prognosis, or diagnostic classification of subtypes) and will when
implemented, impact patient management. Simply put, a test only
has clinical utility when it impacts physician and patient choice on
treatment or management options. The level 1 requirement for
clinical validity clearly differs according to the setting®. However,
it is clearly not optimal to assess the clinical validity of TILs without
first framing the question of clinical utility correctly. Once the
correct clinical question is framed, appropriate studies must be
designed to generate evidence to support the clinical validity of
TILs in the setting of clinical utility. In this respect, we agree with
Simon et al. that prospective trials not originally designed to
address tissue biomarker studies can be used to “accommodate
biomarker utility” using archived samples®. Since only simple
tools, like a microscope, are needed for the assessment of TILs, this
provides tremendous opportunities to test the “clinical utility” of
TILs in various settings.

The clinical validity and utility of TILs

TiLs in TNBC. Level 1 evidence for a biomarker*® can either be
reached by incorporating a biomarker into a properly powered
prospective clinical trial (level 1A) or by achieving reproducible
results in archived tissues from independent randomized trials,
designed, conducted, and analyzed as per REMARK criteria (level
1B)*°. Using these widely accepted criteria, level 1B evidence for
clinical validity of TILs as a prognostic biomarker in early-stage
TNBC is well established®?2 Two pooled analyses of TILs, in the
adjuvant setting for TNBC??, and in the neoadjuvant setting across
BC-subtypes®, included studies that have evaluated TILs on
archived tissue samples based on our published guidelines®.

In a pooled analysis (n=2148), the clinical value of TILs in
predicting prognosis of early-stage TNBC, including adjuvant trials
of anthracycline-based chemotherapy alone or in combination
with taxanes was investigated??. The average age of enrolled
patients was 50 years, and 33% of them were lymph node-
negative. The quantification of TILs showed that their average was
23%, and 77% of patients had at least 1% sTILs. Notably, sTILs
were found to be significantly reduced with advanced age, larger
tumor size, more positive lymph nodes, and lower histological
grade. In the multivariable Cox regression model, sTILs were an
independent prognostic predictor for all endpoints; each 10%
increment in sTILs corresponding to an invasive disease-free
survival (DFS) hazard ratio (HR) of 0.87 (95% Cl: 0.83-0.91), a
distant DFS HR of 0.83 (95% Cl: 0.79-0.88) and an overall survival
(OS) HR of 0.84 (95% Cl: 0.79-0.89) (p < 10~%)?2. Histological grade
was not a prognostic factor in this study. The second pooled
analysis included women with primary BC treated with neoadju-
vant chemotherapy (NACT) in six randomized trials conducted by
the German Breast Cancer Group®. It assessed the predictive value
of sTILs for chemotherapy response and prognostic estimation in
patients with TNBC, HER2-positive, and luminal A/B-HER2-
negative BC. sTILs quantified in diagnostic core biopsies from
3771 patients were associated with pathologic complete response
(pCR) after NACT across all BC subgroups. For instance, based on
three predefined groups of low (0-10% immune cells in
peritumoral stromal tissue), intermediate (11-59%), and high TILs
(=60%), pCR was achieved in 31% (80/260) of TNBC patients with
low TILs, 31% (117/373) of TNBC patients with intermediate TILs,
and 50% (136/273) of TNBC patients with high TILs (p < 0.0001). OS
was analyzed in 2560 patients across all BC subtypes from five of
the six neoadjuvant clinical trial cohorts. However, increased sTILs
were associated with longer OS only in TNBC (HR: 0.92; Cl:
0.86-0.99, p = 0.032).

Recently, Park et al.>' investigated the prognostic impact of
sTILs in early-stage TNBC based on four multicenter cohorts (476
patients) who were not treated with (neo)adjuvant chemotherapy.
The presence of sTILs at baseline was correlated with several
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clinical endpoints including OS. Multivariate analyses demon-
strated that sTILs are an independent prognostic biomarker of OS
(p =0.015), invasive DFS and distant DFS for TNBC (p < 0.001 for
both)*'. A 10% increase in sTILs also positively correlated with OS
(HR: 0.88; 95% Cl: 0.79-0.98), invasive DFS (HR: 0.90; 95% ClI:
0.82-0.97) and distant DFS (HR: 0.86; 95% Cl: 0.77-0.95). In a
subgroup of TNBC patients with stage | tumors and sTILs > 30%,
excellent 5-year survival outcomes were reached including 98%
5-year 0S°'. Indeed, the expert opinion at the 16th St. Gallen
International Breast Cancer Conference has endorsed the routine
reporting of sTILs in TNBC as a prognostic factor®? although
guidelines have not yet recommended de-escalation of standard
systemic therapy according to TILs. The WHO Classification of
Tumors: Breast Tumors, 5th Edition has also endorsed histopatho-
logical TIL quantification in TNBC and HER2-positive BCs,
expressed as a mean percentage of lymphoplasmacytic infiltration
of the tumor stroma®3.

The 5th Edition of the WHO classification also re-classifies
medullary carcinoma, in which prominent TILs have long been
recognized, into invasive breast carcinoma of no special type with
medullary pattern>3. These carcinomas have been characterized as
showing high immune-related gene®* expression and it is likely
that the high TILs component of these tumors contributes
significantly to their favorable clinical outcomes®S, The role of
TILs in the histological spectrum of TNBC is yet to be fully
elucidated although early data on metaplastic carcinoma suggest
that TILs may have prognostic relevance®”8, The role of TILs in
TNBC subtypes recognized as low grade and with good prognosis
histological features, such as adenoid cystic carcinoma of the
breast>®, is at present unknown. The importance of histological
grade in TNBC is likely to be of utility in identifying the so-called
low-grade TNBC, including the rarer subtypes (for example
adenoid cystic carcinoma), that have low TILs but an excellent
outcome compared to the lack of clinical utility and prognostic
significance of histological grading alone in TNBC NOS.

TiLs and PD-L1 in triple-negative BC. The phase 2 double-blind
placebo-controlled GeparNuevo study (NCT02685059), rando-
mized 174 early stage TNBC patients to receive durvalumab (a
PD-L1 inhibitor) combined with standard NACT and used sTILs as a
biomarker for patient stratification during randomization®. This
proof-of-concept study showed that patients with higher sTILs in
both arms of the trial had significantly improved pCR rates (p <
0.01), although the sTILs were not specifically related to
durvalumab-response. A recent translational analysis of this trial
demonstrated that both continuous TMB and TILs were indepen-
dent predictors of pCR®'. Patients with high TMB had excellent
PCR rates of 82% (95% Cl: 60-95%) highlighting the potential of
this emerging biomarker in tailoring therapy in this setting®'. The
German phase Il trial (NCT03289819) compares neoadjuvant
pembrolizumab combined with nab-paclitaxel vs. pembrolizumab
with epirubicin and cyclophosphamide in patients with early TNBC
will also investigate sTILs at baseline, in addition to other potential
biomarkers such as mutational load and microbiota. In this setting,
the recently released findings of IMpassion031%2, KEYNOTE-522%3,
and I-SPY2%4 studies suggest that response to ICls is independent
of PD-L1 status. Thus, other biomarkers of response are needed to
predict outcomes in TNBC patients treated with NACT and
immune-checkpoint blockade.

In metastatic or locoregionally advanced TNBC, several immu-
notherapy trials have demonstrated the value of immune cell
infiltrate in estimating survival outcomes including phase |
(NCT01375842)%, phase Il KEYNOTE-086 (NCT02447003)°¢7, and
phase Il IMpassion130 (NCT02425891)%® clinical trials. TILs were
used to assess the activity of atezolizumab as monotherapy in a
phase la expansion cohort in metastatic TNBC®®. Patients’
stratification based on TILs at baseline indicated that median OS
was improved in those with >10% of sTILs cut-off (12.6 vs.
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6.6 months, p=0.0028)%°. In the phase Il study, Schmid et al.
showed that the addition of atezolizumab to nab-paclitaxel
improved progression-free survival (PFS) in TNBC as compared
with the addition of placebo to nab-paclitaxel, particularly in those
with PD-L1 positive tumors. Median OS in this subgroup was
consistently improved in both interim analyses®®7°, but no formal
statistical testing of OS in the PD-L1 positive subgroup could be
performed due to the absence of OS benefit for the entire study
population”®. Hence, the FDA approval for this particular drug and
assay was based on PFS, not on OS. The available tumor samples
from this study were also re-assessed for the analytical
concordance of various assays for PD-L1 immunohistochemistry
(IHQ) and the clinical utility of these assays’'. This post-hoc
analysis demonstrated that all subgroup results based on different
PD-L1-based assays were suggestive of some clinical benefit (with
SP142 immunopositivity apparently indicating most clinical
benefit), with different HR and low concordance between the
immunohistochemical assays used (SP142 vs. 22C3 vs. SP263)7"72,
This analysis also raises confusion as to whether HR or under-
powered subgroup-analyses combining different antibodies,
should be used to make claims on the performance of assays or
not; taking into consideration that only a biomarker-treatment
interaction analysis, in the biomarker positive vs biomarker
negative population and only in powered subgroup-analysis, can
inform the performance of assays. It was also shown that when
>20% of sTILs were present, nearly all patients had a positive PD-
L1 essay, irrespective of the assay used. This indicates that sTILs
are important drivers of response and that sTILs could help
mitigate the well-known assay- and reproducibility issues asso-
ciated with PD-L1 assessment’'’2, In fact, numerically higher
counts of sTILs were noted in TNBC patients with a positive FDA-
approved SP142 assay’'. Furthermore, in the recent biomarker-
analysis of Impassion13073, it was shown that TILs predict benefit
to atezolizumab for any PD-L1-expression.

KEYNOTE-086 enrolled 170 patients with advanced TNBC who
were treated with at least one prior line of therapy and showed a
5% response rate (RR) and 20% stable disease of the subgroup
with PD-L1 positive tumors (based on the 22C3 pharmDx assay)
when treated with pembrolizumab monotherapy®®. Similarly, the
cohort of the trial treated with first-line pembrolizumab displayed
a durable response in patients with positive-PD-L1 (21.4%; 95% Cl:
13.9-31.4)%7. These findings confirm the previously noted
improved outcomes in this setting with higher TIL levels’. In
fact, higher sTILs were associated with significantly increased ORR
(OR: 1.26, 95% Cl: 1.03-1.55, p=0.01) and disease control rates
(OR: 1.22, 95% Cl: 1.02-1.46; p = 0.01). PD-L1 expression was also
significantly correlated with the levels of sTILs (p <0.001) in
metastatic TNBC treated with pembrolizumab’4.

A recent advance resulted from the KEYNOTE-119 phase Il trial
(NCT02555657) in which 622 previously treated metastatic TNBC
patients were randomized to receive pembrolizumab as mono-
therapy or cytotoxic chemotherapy'®. This study did not
demonstrate significantly prolonged OS in the overall cohort nor
in the PD-L1-positive subgroup (combined positive score -CPS- >1
or 210)"3, Exploratory analysis revealed that a marked increase in
the efficacy of pembrolizumab was seen when the cut-off for a
combined positive score was increased to =20. In this study, TILs
were then evaluated according to our established guidelines®. In
the pembrolizumab arm, high distribution of TILs was observed in
responders with better survival outcomes, an effect not observed
in the chemotherapy arm”®. Since sTILs were not prespecified in
the trial protocol, sTILs were not considered “regulatory-proof”,
despite the OS benefit demonstrated in this phase 3 setting. TILs
and combined positive scores were moderately correlated and
were independent predictors of outcome in patients treated with
pembrolizumab. More recently, KEYNOTE-355 (NCT02819518)
randomized 847 women with metastatic TNBC to receive
pembrolizumab in  combination with chemotherapy vs.
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chemotherapy plus placebo’®. This demonstrated that patients
with CPS =10 treated in the immunotherapy arm had improved
median PFS as compared to the placebo group (9.7 vs. 5.6 months,
HR: 0.65, 95% Cl: 0.49-0.86; p = 0.0012) but not in those with CPS
of 1 or more (7.6 vs. 5.6 months (HR: 0.74, 95% 0.61-0.90; one-
sided p value not significant)®.

Nevertheless, biomarker analyses of TILs in such studies are all
exploratory. These findings should, therefore, ideally be vali-
dated in independent prospective studies that use suitably
powered phase lll randomized and controlled trial design to
accelerate the clinical validation of TIL-guided therapy and to
provide Level 1A evidence. We strongly propose pre-specifying
the use of TILs as an integral biomarker in future trial protocols.
However, the FDA has recently approved pembrolizumab for
adults and children with TMB-H solid tumors. Treatment efficacy
was studied in a prospectively planned retrospective analysis of
10 cohorts of patients with solid malignancies with unresectable
or metastatic TMB-H tumors. These patients were enrolled in a
multicenter, non-randomized, open-label clinical trial (KEYNOTE-
158; NCT02628067). This approval raises interesting questions,
for example: is the old paradigm for obtaining level 1A evidence
for biomarkers becoming obsolete or is it simply underused?.
Are prospective-retrospective analyses for biomarkers that are
predictive for immune therapy and indicate OS, with the level of
evidence IB, and with proven analytical and clinical validity (like
TILs) sufficient for regulatory approval as a predictive marker for
selection of patients for immune checkpoint inhibition? Will
level 1B evidence drive clinical change? Regulatory agencies
approve assays and drugs, but the scientific community still
must apply that knowledge in a clinical context based on a
synthesis of all evidence. Is it the role of regulatory agencies to
approve clinical practice changes or should this be the role of
the scientific community, in a partnership with industry and the
regulatory agencies?

TiLs in ER-positive BC. Although a high percentage of sTILs in
primary TNBC and HER2-positive BCs suggests a favorable
prognosis, the significance in estrogen receptor (ER)-positive,
HER2-negative tumors remains uncertain. This is partly because
there has been less focus on ER-positive carcinomas, which are
traditionally considered to demonstrate lower immunogeni-
city®””78 For example, the mean TILs count is significantly lower
than in TNBC and HER2-positive BC®7°#°, The average TMB, which
frequently correlates with neoantigen load, is also lower in these
tumors®'. Small studies of single-agent immune checkpoint
blockade have yielded low responses in patients with pretreated
metastatic ER-positive cancer®283, Nevertheless, there is marked
heterogeneity for TILs infiltration and mutational burden seen in
ER-positive BCs, with a considerable proportion above the mean
observed in triple-negative tumors’’. The importance of TILs in ER
+/HER2-ve BC can be most easily demonstrated by combining
two aspects of BG; firstly, recent population-based surveys of over
350,000 BCs in the UK and USA suggest that 73% of newly
diagnosed BCs are ER+/HER2—848> Given that TILs have been
detected in the stroma of up to 60% of BC"?3%° the majority (over
half) of all BCs with TILs must therefore be in the ER+/HER2-
subgroup. Put simply, the population of ER+/HER2— BCs with TILs
exceeds the combined population of HER2+/TNBCs with this
feature. This demonstrates the large unmet potential for exploit-
ing immune targeted agents in ER+/HER2— patients.

Several studies have examined the impact of TIL levels on
patient prognosis in primary ER-positive BC, and five of the largest
studies are summarized in Table 197886-88 These studies retro-
spectively examined histological slides either from randomized
controlled trials or annotated clinical cohorts. However, the
material varied considerably (tissue microarray vs. core biopsy vs
full face section) as did the TILs analysis methodology (H&E
staining vs. IHC) and the TILs quantification statistical methods
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Core biopsies. TILs were classified as low Intermediate TILs were associated with worse DFS
(0-10%), intermediate (11-59%), or high (HR: 1.50, 95% Cl: 1.09-2.06) and OS (HR: 2.45, 95%

IHC for CD8+ cells on tissue microarrays No association with BCSS.
(TILs assessed as a categorical variable,

Full face H&E sections—TILs assessed as
Full face H&E sections. TILs assessed as

BCSS breast cancer-specific survival, DFS disease-free survival, IHC immunohistochemistry, iTILs intratumoural TILs, OS overall survival, RCT randomized controlled trial, sTILs stromal TILs.
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(continuous vs categorical variable). With these caveats in mind,
the most notable finding from these analyses is that no study
demonstrated a favorable impact of TILs on disease-free, BC-
specific, or OS in ER-positive BC. In some analyses, TILs were
associated with an unfavorable prognosis. For example, in a recent
meta-analysis of six NACT trials, higher TILs levels were associated
with a significant reduction in OS°. Furthermore, two studies
analyzing mixed trial and/or clinical cohorts (of almost 6000 and
1400 ER-positive tumors, respectively) reported that higher levels
of intratumoral CD8" TILs were associated with a significant
reduction in BC-specific survival®°8¢,

These observations must be interpreted with caution given that
the molecular subtype of ER+ BC is a major confounder in all
these analyses. With the introduction of PAM-50 assays in the last
decade, ER-positive cancers have been divided into luminal A and
luminal B tumors—the latter characterized by higher proliferation
and reduced dependence on endocrine signaling®. Luminal A
tumors have both lower TIL infiltration and TMB than luminal B
tumors’® and luminal B cancers are associated with worse clinical
outcomes®™, In keeping with this, the significant associations
between CD8™ TIL infiltration and worse prognosis in the studies
described above were lost after adjusting for tumor grade.
Similarly, the significant reduction in OS observed in the ER
+/HER2— cancers in the BIG 02-98 analysis was not upheld in a
multivariate analysis adjusting for other prognostic features’®.

ILC is the second most common histological subtype of BC and
is frequently ER+/HER2—. Compared to IDC, fewer data are
currently available on the immune microenvironment in ILC°".
Nevertheless, ILC has been shown to harbor lower TIL levels when
compared to IDC®>%3, although gene expression profiling has
indicated that the transcriptomic immune response signatures
may in fact be upregulated in ILC*% High TIL ILC has been
associated with poor prognostic factors and, to date, emergent
data suggest that high TILs are suggestive of less favorable clinical
outcomes in ILC®>%, Indeed, it has been suggested that high TILs
may drive aromatase inhibitor resistance which may in part
account for some of the ILC-TIL signal identified®”°8, However, the
role of TILs in ILC is still unsolved, and more and larger, preferably
pooled studies are needed to define the importance of TILs in this
specific subtype.

The data on TIL levels and benefits from anti-estrogen
endocrine therapy is even sparser. Sobral-Leite and colleagues
evaluated CD8 expression in over 500 ER-positive BC patients who
were randomized between no adjuvant endocrine treatments or
one or three years of tamoxifen®®. Patients with high CD8
infiltration in the tumor had a significant unfavorable prognosis;
however, this effect was seen regardless of tamoxifen treatment.
In addition, a study of 79 patients demonstrated a smaller
reduction in tumor cell proliferation after two weeks of
neoadjuvant aromatase inhibitor treatment in tumors with a
significant lymphocytic infiltrate®’. Another analysis from a
prospective study of neoadjuvant letrozole + lapatinib (n=73)
showed that significant Ki-67 reduction was observed in both
patients with high and low baseline TILs, with high TILs tumors
achieving more frequently a relative Ki-67 suppression >50% (55%
vs. 35% of patients with low TILs)*°. The long-term clinical
significance of these observations remains unclear. There is also
very limited data regarding the impact of targeted systemic
therapy on TILs infiltration in ER-positive BC. Recently, CDK4/6
inhibitors have been reported to enhance antitumor immune
responses associated with the upregulation of interferon-driven
gene expression signatures'®. However, this has not been
associated with an increased TILs level in tumors'®",

At present, there is no role for routine assessment of TILs in
primary ER-positive BC, and their presence cannot be used to
guide prognosis nor as a predictive biomarker. We propose that
new studies should take a uniform approach to the assessment of
TILs, such as those outlined in recent guidelines?*'°2 and should
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report data for luminal A and B tumors separately, In addition, a
more refined understanding of the ER-positive BC immune
environment, including the significance of immunosuppressive
regulatory T cells, the spatial distribution of lymphocytes, and the
role of estrogenic signaling will be required to define meaningful
immune biomarkers in ER-positive disease'®~1%>, Notably, a recent
retrospective analysis (n=563) of the multicenter IKA trial that
randomized stage 1-3 ER-positive BC patients to receive
tamoxifen or no adjuvant therapy showed that CD8-positive sTILs
were significantly higher in patients with PIK3CA-mutated tumors
(OR: 1.65; 95% Cl: 1.03-2.68)%8. In addition, this population of BC
patients had an increased risk of recurrence (HR: 1.98; 95% Cl:
1.14-3.41) on multivariate analysis as compared to those with CD4
and FOXP3 sTILs that were not statistically associated with
prognostic outcomes®®. This enrichment of TILs in tumors with
mutated PIK3CAand their association with outcomes provided
additional evidence on the crosstalk between mutational status
and TME.

TiLs in HER2-positive BC. Patients with HER2-positive early BC
have a higher infiltration of TILs and improved pCR with NACT and
trastuzumab'°%'%7, Moreover, improved event-free survival in
primary disease treated with trastuzumab and lapatinib was also
noticed'?’. The predictive and prognostic value of TILs as a
continuous variable in HER2-positive BC in the neoadjuvant
setting was demonstrated in another analysis (n =498) that
evaluated TILs from two trials (GeparQuattro and GeparQuinto)'%,
In the group of patients with lymphocyte-predominant (>=60%
sTILs) phenotype, a marked increase of pCR rates was noted'%,
Moreover, an increment of TILs by 10% was found to be an
independent predictor of pCR in multivariate analysis (p=
0.014)'°8, Notably, this effect was more relevant in patients with
ER+, PR+, and HER2+ tumors'®. In the N9831 phase Il trial
(NCT00005970), tumor samples from patients with early HER2-
positive BC were collected at baseline for TILs quantification in
deciles with a prespecified categorical cutoff of 260%'%. TILs were
associated with recurrence-free survival in the cohort treated in
the control arm with chemotherapy alone. Unexpectedly, higher
TILs predicted a lack of response to trastuzumab in HER2 positive
BC patients'®’. However, an immune gene-expression analysis on
the same dataset did show a strong association with benefit''°, A
recent meta-analysis of 5 randomized and controlled trials that
pooled data from 1256 patients provided additional evidence of
the prognostic impact of TILs in the neoadjuvant setting'". Higher
TILs at baseline were predictive of pCR irrespective of the
neoadjuvant treatments used in HER2 positive BC''".

Recently, supporting evidence of the association of sTILs with
distant DFS in this setting has emerged from the Short-HER phase
Il randomized study that compared different adjuvant regimens
combined with trastuzumab (9 weeks vs. 12 months)
(NCT00629278). On multivariate analysis, TILs predicted improved
distant DFS for each 10% increment (HR: 0.73, 95% Cl: 0.59-0.89,
p =0.006)""2. At five years of follow-up, distant DFS rates were
significantly higher in patients with TILs >20% (p = 0.025)""%,
Importantly, the 10% TIL increments were significantly associated
with distant DFS only in patients randomized to receive nine
weeks trastuzumab-based regimen (HR: 0.60, 95% Cl: 0.41-0.88;
p = 0.009)""2,

In the National Surgical Adjuvant Breast and Bowel Project B-31
stromal TILs were also assessed*’. Not only was the concordance
between 6 different pathologists 90.8% when evaluated on a set
of 100 representative cases from this trial, but sTILs were
associated also with improved DFS. Higher sTILs were found
associated with a higher response to trastuzumab-based on the
8-gene prediction model (p <0.001)*’. The association between
TILs and prognosis in the advanced HER2-positive setting is less
well established. A recent analysis of the pre-treatment samples
from the CLEOPATRA study population revealed that higher
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quantities of TILs predicted an improved survival benefit in first-
line treatment with taxane-based chemotherapy, trastuzumab,
and pertuzumab''3. Conversely, analysis of the samples from
MA.31, a randomized clinical trial of lapatinib or trastuzumab in
combination with taxane-based chemotherapy, reported that 35%
of the population were categorized as high TIL but that this did
not show significant prognostic or predictive effects'™®. It is
worthwhile noting that the cutoff used for high TILs was 5%, much
lower than the 20% cutoff used in the binary component of the
CLEOPATRA analysis. MA.31 assessed TILs also on the primary
tumor samples and found a mean of 9.2%; median, 5%; IQR,
1-10%. Provision of tumor tissue from a metastatic site pre and
post-study treatment was an optional subsidy with low uptake—
hence metastatic samples were not included in the TIL analysis.
Conversely, the CLEOPATRA TILs analysis used samples of either
the primary (93%) or metastatic (7%) sites and found the mean
stromal TILs value was 21.07% and the median stromal TILs value
was 10% (IQR 5-30). Although only a small number of metastatic
samples were analyzed, the TILs values of samples from lung and
lymph nodes were significantly higher than those from primary
tumor, liver, bone, or skin. Furthermore, in the PANACEA-trial'"®,
combined TILs and PD-L1 predicted benefit for pembrolizumab
combined with trastuzumab in trastuzumab-resistant advanced
HER2 positive BC. Whilst the early TNBC studies used a similar
cutoff for high TIL groups, more recent analyses using TIL as a
continuous variable has shown a linear association with survival
outcomes. The ideal threshold for high TILs remains unclear in
advanced HER2-positive disease, but variation in cut-offs may
account for the conflicting results seen thus far''.

The incorporation of TiLs into routine clinical practice and clinical
trial design. It should be emphasized that formally speaking, the
clinical utility of sTILs is not proven since no prospectively
designed phase 3 TILs-driven trials have yet been performed, and
evidence is lacking that treatment decisions based on sTILs
favorably affect patient outcomes. Therefore, the TiLs Working
Group does not currently recommend the use of sTILs in isolation
to guide treatment decisions in clinical practice. However, sTILs
could be used to help identify patients with an excellent outcome
to study de-escalation approaches and thereby reduce toxicity. In
addition, based on the data of Luen et al., escalation of treatment
regimens may be clinically beneficial for TNBC patients with a high
post-neoadjuvant residual disease burden and low sTILs due to
the poor prognosis'’®. Along those lines, the retrospective
evaluation of sTILs in trials that have evaluated adjuvant
treatments for those patients who did not reach a pCR, such as
the CREATE-X trial—is planned'"’. In practice, some clinicians are
using TILs in conjunction with other clinical variables to decide on
the type and duration of cytotoxic chemotherapy. It may be
emphasized that for most of the prognostic factors currently used
for decades in BC daily practices, there is no level of 1A-evidence.
To achieve clinical utility in TNBC, TILs must be included as pre-
specified biomarkers in clinical trials and/or prospectively/retro-
spectively evaluated in randomized trials.

To successfully integrate TILs as a stratification factor in clinical
trials, it is necessary to develop digital pathology tools to ensure
accurate and rapid sTILs scoring by independent pathologists.
Web-based platforms that allow easy scanning, viewing, and
scoring of H&E slides should be optimized. A risk-based frame-
work, aiming to reduce variability in TIL assessment within a
clinical trial was used in the first stage of an adaptive non-
comparative phase Il trial (TONIC-trial)''®. A total of 67 patients
with metastatic TNBC were randomized to nivolumab (anti-PD-1)
without induction or to one of four induction treatments,
consisting of irradiation of one metastatic lesion (3x 8 Gy) or a
2-week low-dose regimen of cyclophosphamide, cisplatin, or
doxorubicin, all followed by nivolumab (NCT02499367)''8. Con-
cordance values between four pathologists were >90% in this trial,
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showing the applicability of this concept in real-world trial-
settings''®. The added value of web based-tools is that the
biomarker scores of local pathologists can be integrated into the
flow of a clinical trial, thereby enhancing local pathologists’
compliance and experience within a trial, bridging trial- with daily
pathology practices. This is in contrast to the current situation,
where the tissue may be sent to a central laboratory with limited
to no involvement of local pathologists. Is the current trial-
paradigm of “single-reference laboratory-approach” therefore in
need of revision?

PD-L1 TESTING AND TILS IN WORLDWIDE SETTINGS FOR BC

Access to novel therapeutic agents, including ICls in low- and
middle-income countries needs global support and importantly,
standardization of testing. The “interchangeability of PD-L1
antibodies”, with a recent ESMO presentation showing all PD-L1
antibodies predict some benefit in TNBC for immunotherapy”’ is
still debated, illustrating the complexity and confusion that exists
on these assays in the scientific community. In addition, the TILs
Working Group, in a partnership with the College of American
Pathologists, the European Society of Pathology, the Latin
American Society of Pathology, and the European Working Group
of Breast Screening Pathology argued how the current assay-
approval policies, exemplified by the current PD-L1-assay situa-
tion, are leading to (unintended) imprecision medicine, which is
not in the best interest of our patients. Hence, this pathology
partnership proposed concrete solutions to improve the current
assay approval pathway'?°. A framework for better evaluation of
risks associated with suboptimal patient selection and stratifica-
tion for ICl-based treatments in future clinical trials and real-world
settings based on TILs/PD-L1 is proposed by the TiLs Working
Group’?. The use of TILs as a predictive biomarker of response to
ICI's may considerably support cancer care in countries that have
difficulty with PD-L1 implementation, mainly related to costs.
Many ongoing clinical trials will report data that are expected to
support TILs as a valid biomarker for response (see Table 2).

In Europe

In the United Kingdom (UK), the National Institute for Health and
Care Excellence (NICE) reported that atezolizumab combined
with nab-paclitaxel (Abraxane®) does not have plausible
potential to be cost-effective in advanced TNBC. Nevertheless,
PD-L1 testing and atezolizumab can be offered to patients with
advanced TNBC. In Sweden, TILs have been incorporated in the
Swedish Breast Cancer Guidelines as of June 2020'%". Based on
the results of Impassion 131, the New Therapies Council (NT-
Radet) does not recommend the use of atezolizumab in
combination with paclitaxel or nab-paclitaxel for the treatment
of advanced TNBC. The implementation of PD-L1 testing (SP142
assay) in Denmark has been hampered by the lack of analytical
validity and reproducibility of immunostaining. Consequently,
PD-L1 IHC is not in widespread use. In addition, the process
concerning approval of atezolizumab for metastatic TNBC is
ongoing in the Danish Medicines Council. TILs are included in
the national Danish Breast Cancer Cooperative Group (DBCG)
pathology guidelines. In Romania, PD-L1 testing is not routinely
used. The testing of patients is made primarily by private
pathology laboratories on request. National Health Insurance
does not reimburse the bill for testing, so patients can enroll in a
clinical trial or get free testing from the Pharmaceutical Industry
accessing special testing programs. Atezolizumab is currently
not approved for BC in Romania. Atezolizumab is approved and
reimbursed in ltaly for the treatment of patients with locally
advanced or metastatic TNBC, and the SP142 assay has been
identified as a companion diagnostic.
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In Africa

In Morocco, many breast pathologists practicing at university
hospitals have benefited from the Roche® training for the
implementation of SP142 PD-L1 IHC. However, this assay has a
high cost, and most of the national efforts to support cancer
patients including health insurance do not cover this testing.
Alternatively, several private pathology laboratories offer this
assay on-demand with some oncological institutions providing
access to ICI. Data from Kenya show HER-2 type BC prevalence of
17.6% and TNBC prevalence of 20.2%. Most patients with BC are
still unable to meet the costs of expensive immunohistochemical
PD-L1-testing and subsequent immunotherapy. In South Africa,
PD-L1 testing is available on Dako and Ventana platforms but the
cost is very high and not routinely performed in the public health
sectors, which covers 75% of the population. In the private sector,
PD-L1 testing is performed upon clinician request. The cost of ICls
drugs remains prohibitively high for use in the public sector. ICls in
BC are available only in the clinical trial setting, as these drugs are
not licensed for use in TNBC. Assessment of TILs in BC care is
currently not routinely done in either sector.

In North and South America

In the United States, the PD-L1 SP142 assay has been approved as
a companion assay for the selection of patients with TNBC to offer
atezolizumab and taxane chemotherapy (http://www.svfp.se/
foreningar/uploads/L15178/kvast/brostpatologi/Brostjuni2020.pdf).
In Brazil, some central pathology laboratories perform PD-L1
testing based on principal investigator-sponsored agreements.
PD-L1 IHC is tested mostly in private institutions with some
programs offering pro bono testing to assess eligibility for
approved ICl. The Brazilian Pathology Society follows WHO
recommendations; hence the inclusion of TILs in daily practice
can be envisaged in the near future. In Chile, PD-L1 testing is
available on several platforms but their cost is high and this is not
covered by public health insurance which covers 75% of the
population. Anti-PD-L1 drugs remain at a high cost and are usually
only funded by additional insurance or in clinical trial settings. In
Argentina, PD-L1 testing is not covered by public funds. A few
central private pathology laboratories perform PD-L1 testing on-
demand funded by industry. Some pathologists have started to
incorporate TILs into pathology reports for TNBC; however, there
are no current national guidelines. In Pery, TILs evaluation has
been included in TNBC protocols by pathologists in public and
private centers. SP142 [HC is available in a few private labs while
Dako 22C3 is being processed for non-breast malignancies in
private and public centers. There are a few BC patients who have
received atezolizumab funded via private insurance or clinical
trials. It is not expected that the public system will support anti-
PD-1 drugs in the near future.

In Asia. In India, PD-L1T and TIL assessments are not being
performed routinely with significant discrepancies of results due
to the different clones available to date. PD-L1 reporting is
assessed on the platform as recommended by the standard
reporting guidelines. TILs reporting is performed simultaneously
with PD-L1 testing. Insurance companies do not offer reimburse-
ment for PD-L1 testing. In April 2020, atezolizumab in combination
with nab-paclitaxel received Drug Controller General of India
(DCGI) approval as a first-line treatment for metastatic TNBC
patients. This may pave the way for its use in selected patients
if affordable (https://www.expresspharma.in/amp/latest-updates/
roches-atezolizumab-receives-dcgi-approval-for-treatment-of-

metastatic-triple-negative-breast-cancer-in-india/). OptiView PD-L1
(SP142) on the Ventana platform was approved in Japan as the
companion diagnostic for metastatic TNBC treatment with
atezolizumab. Other antibodies including 22C3, 28-8, and SP236
or OptiView PD-L1 (SP-142) on other platforms are un-funded.
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Pathology laboratories can use any PD-L1 assay for clinical
research but only PD-L1-testing using SP142 on the Ventana
platform companion diagnostic is permitted for funded treatment
with atezolizumab in clinical practice. Many Japanese pathologists
have limited clinical experience interpreting PD-L1 staining with
no current national guidelines. The Japanese Society of Pathology
does not provide oversight for quality control, which leaves this
mostly to the pharmaceutical industry and individual laboratories.
In Taiwan, PD-L1 assays are obligatory when considering immune
checkpoint inhibition for BC. The fee for a PD-L1 assay is very high
and the assay is not covered by the national health insurance and
has to be paid at the patients’ own expense. The PD-L1 essay is
only available in medical centers and some large hospitals.

In Malaysia, some ministry/government-based pathologists do
not deem the PD-L1 interpretation as practical given the fact that
immunotherapy is not generally provided to patients due to high
costs and the lack of subsidized initiatives from the government.
On the other hand, similar to that seen in Morocco, assays are
being actively performed in the private setting with private health
insurance covering the costs of the tests and the ICl. PD-L1 testing
is not standardized in Iran, and this assay is not routinely
requested in the setting of BC by oncologists. Additionally, sTILs
are not routinely reported by pathologists in Iran, and those who
do, use the method developed by the International TILS
working group.

Cost issues are an extremely relevant topic for low-to-middle-
income countries (LMIC) pertaining to PD-L1 testing. There is a
considerable difference between the costing of the standard PD-
L1-antibodies which are for most patients unaffordable. The high
cost of PD-L1 assays in LMIC can be mitigated by selecting
patients using the sTILs on H&E-slides to include cases for further
analysis. Furthermore, as argued in detail before’?, TILs and PD-L1
assays for immune cells are complementary as both are part of the
same immune spectrum in cancer. However, the landscape of PD-
L1 testing is clearly complex for both oncologists and pathologists.
The guidelines for interpretation of immunohistochemical results
as well as the selection of the appropriate companion diagnostic
antibody vary with both tumor type and specific ICI under
consideration. The Canadian evidence-based recommendations
are a good example of the efforts provided to guide pathologists
in establishing fit-for-purpose PD-L1 biomarker assays to select
patients to benefit from ICls in any tumor type'%2.

The International Immuno-Oncology Biomarker Working Group
supports efforts to advance knowledge and best practices for
immune-based therapies in all solid tumors. In this regard, the TIL
Working Group has created an online tool (www.
tilsinbreastcancer.org, “NEW PD-L1 Help Desk) to help oncologists
and pathologists select and interpret appropriate anti-PD-1/PD-L1
therapies and associated companion diagnostics. This will be
updated regularly to reflect the most current standards for
eligibility for ICI for all solid tumors.

A PERSONAL PATIENT ADVOCATE PERSPECTIVE ON TILS

“As a 5-year TNBC survivor who supports other BC patients
to navigate and cope with their treatment, | know there’s no
standard set of information that a patient uses to make their
informed choice on how to treat their tumor. Some use Ki-
67, some use PET scans; some are shown online risk tools
like Predict, most use receptor status. Patients want as
much information as possible to make the informed
decisions forced upon them. We understand that nothing
is “absolute”, that one hospital's benchmark of a “clear
margin” is different to another’s. We know that the
thresholds defining hormone receptor subtypes differ
between hospitals and that Ki-67 scoring can vary as much
as three times between different pathologists. We
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understand the variability of response to drugs in different
patients. We accept that pathology is an art but struggle to
accept that cancer treatment plans arise from a random
clutch of data-points and estimates of risk. Patients would
benefit from owning their pathology reports. We live longer,
we move between hospitals, and even when IT systems are
compatible (which is rare) much of our data exist in
unstructured reports that future clinicians do not access,
either because they do not know it exists or they can't find
it amidst the hundreds of files that we generate. If patients
had a checklist of markers that were important to their
disease, we could help ensure evidence-based treatment
plans. Patients suffer unnecessarily; it is stressful enough to
face your own mortality but to trawl social media
comparing your treatment to that of strangers creates
more stress. Patient-ownership of pathology reports would
help remove fears of age-bias and variation in care, and
furthermore could help generate complete datasets for
audits and real-world evidence studies.

We know that cancer is an ecosystem of cancer cells and
the stromal cells between them. We know the well-defined
markers for the cancer cells that direct chemotherapy and
hormone therapy. What markers do we have for the intra-
tumor stroma? PD-L1 SP142 is an expensive assay and
notoriously difficult to achieve consensus on, but never-
theless if you ever once had PD-L1 recorded for any one of
your TNBC primary tumors or metastases, you are eligible
for one of the latest drugs, atezolizumab. Would it be wise
therefore for all TNBC patients to request PD-L1 testing of
their primaries for the event that their metastases can’t be
biopsied? Shouldn’t we be seeking an easier and cheaper
marker (e.g., TILs) to understand the stroma and direct
treatment? | still feel very lucky that my TILs were scored in
my pathology report. They have given me a more positive
outlook and this alone is a reason for scoring them. I'm also
very aware (through atezolizumab’s licensing) that details
on my pathology report today might be my gateway to a
life-prolonging drug tomorrow.”

CONCLUSION

TILs are an inexpensive, robust prognostic biomarker that
represents a surrogate for anti-tumor T cell-mediated immunity.
Incorporating TILs into standard clinical practice should be
strongly considered in both early and advanced TNBC and
HER2-positive BC. TILs assessment at the time of diagnosis may
enable a clinician to assess prognosis and in future inform
therapeutic decision-making more accurately, is informative for
predictive purposes, can help to interpret PD-L1 assays, and,
certainly in LMIC, may be considered as a screening tool before
embarking on expensive immune-assays, being PD-L1 or others.
Further information on the clinical utility of TILs in HR positive BC
is needed to identify their role in this subtype of the disease.
Education and standardization of testing across the pathology
community by providing centralized training and educational
tools are required to up-skill clinicians to utilize this new
biomarker. The TIL-WG host's pathologists from academic
hospitals, community hospitals, and industry, supported by expert
clinicians and statisticians, incorporating the view of patients also.
We encourage transparent and efficient communication with the
regulatory authorities. This collaboration of experts and patients is
imperative to guide the development of this new biomarker and
optimize its role across academia, industry, and the clinical setting.
Looking to the future, a collaboration between the oncology and
pathology communities across countries and continents is integral
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to define how best TILs can be integrated into a multivariate
prognostic model with standard variables such as age, tumor size,
and nodal status to optimize outcomes of patients with BC. In
addition, trials being developed using baseline, on-treatment, and
post-treatment TILs may improve our understanding of the
complex interaction between host immunity and the TME and
will improve our approach to fit as best as possible our
patient’s needs.

Received: 3 November 2020; Accepted: 28 September 2021;
Published online: 01 December 2021
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