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Is there a ground truth for digital pathology in TILs or any other
computationally assessed biomarker? Is it the concordance between
the pathologist and the computationally assessed biomarker, or is it
patient outcome or perhaps a combination of both? If it is a combina-
tion of both, how can it be used in daily practice?

In their recent manuscript Sun et al. have assessed the concor-
dance between manual TIL-scores in different breast cancer cohorts
and computationally assessed TIL-counts [1]. It is not surprising that
the concordance was not excellent, as manually and computationally
assessed TILs are measured using different methods, and measure
different variables. It should not be a surprise either that comparing
different computationally tools with each other, all developed and
validated in different ways, will probably also not lead to optimal
concordances, as all measure different but intrinsically related varia-
bles of the same biological process, in this case immunity, exempli-
fied by the TILs. However, in the current study both manual as well
as computationally assessed TILs predicted outcome. Is the ground
truth then the outcome of the patients? Is it that simple? Further-
more, the authors have demonstrated that the combination of com-
putationally and manual measurement predicts outcome better than
either variable alone. How should pathologists consider this finding?
Should pathologists first score the TILs manually, and when in doubt
use a computational tool? If so, what is the cost-benefit of this
approach for the common pathology laboratory?

Many issues are still unsolved, but the authors need to be com-
mended for having performed a thorough and critical evaluation of
computationally assessed TILs and the potential pitfalls associated
herewith. The same variables that induce variability between pathol-
ogists for manual TIL-assessment will also induce variability when
computationally assessed TILs are used, exemplified by the heteroge-
neity and the inclusion or exclusion of TILs in specific locations within
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the cancer. For example, DCIS and normal lobules can contain many
immune cells, whilst the invasive cancer cell component next to it,
can have no immune cells. To what extent is this critical for a compu-
tational tool? A cut-off on TILs is still elusive, and the difficulties for
finding a cut-off for biomarkers in general is fraught with uncertainty
[2]. Clinicians take binary decisions -treat or not to treat- suggesting
that the biomarker-information should also be binary, using cut-offs.
However, as the authors have demonstrated, the TILs as a continuous
variable predicted outcome, confirming previous findings [3]. Might
computationally assessed biomarkers not better be integrated in
nomograms containing additional prognostic variables such as lymph
node status, tumor size, age, and TILs as a continuous variable, obviat-
ing the need to determine a cut-off? This would eliminate the need to
determine a cut-off, also in different ethnicities.

The authors correctly point out that further validation of compu-
tational tools for TIL-assessment is important [1]. The use of clinical
trials in order to validate their findings is crucial. The International
Immuno-Oncology Biomarker Working Group (www.tilsinbreast
cancer.org) will organize a public Grand Challenge together with the
Computational Pathology Group (Diagnostics Image Analysis Group)
of the University of Nijmegen, on computationally assessed TILs using
on the one hand the slides used by theWorking Group for their RING-
studies and phase 3 clinical trials [4]. This will provide the commu-
nity the opportunity to perform a thorough analytical and clinical
validity of their tool, partnering with the Working Group. This exer-
cise will inform the community to what extent much detail is needed
in clinical decision making. For example, is it important to know
exactly how much TILs there are per mm2, or is an assessment by
pathologists sufficient for clinical decision making? How much dis-
crepancy between the pathologists� assessment and the computa-
tional assessment on the one hand, and between different
computational tools is clinically acceptable? How much deviation
between two measurements, either by pathologists or using compu-
tational tools, will affect clinical decision making? The Working
Group has labeled this as a the “Clinically Allowable Error Margin”
that is still unknown on TILs, and it is also unknown for most mor-
phological biomarkers we use for decades in our daily practices. In
addition, will additional TIL-related variables, such as for example
the distance between TILs and cancer cells affect outcome? Using a
publicly available prognostic model, the Working Group will be able
to evaluate this. Answers to all the above is probably related to the
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biological importance of the biomarker. If immunity is very active,
and consequently if many immune cells are present, probably a lim-
ited degree of discordance may conceptually not matter that much.
This needs however to be proven. For other morphological bio-
markers, a more stringent concordance might be needed. Neverthe-
less, it remains crucial that pathologists score the biomarker as
reliably as they are able to, with adequate training and with support
of reference materials.

Finally, how can the authors’ findings inform subsequent develop-
ments in computationally assessed TILs? First, the lessons learned
with TILs can be a good paradigm for the development of other
computational tools that assess biomarkers on haematoxylin and
eosin (HE) slides. There is currently a lack of publicly available anno-
tated HE-images that can inform and help the scientific community
to validate their computational tools. It is advised to scientific jour-
nals and computational pathology research groups to make their
annotations publicly available. Second, there is a lack of reference
materials that can be used to compare different computational tools
with each other. The Working Group is partnering with the FDA and
other organizations to develop these materials that can inform and
help the scientific community [5]. Third, building on the current
Ki67-narrative, the Ki67 Working Group has recently issued a recom-
mendation that Gene Expression Profiles can be used in that Ki67-
category where pathologists are probably not so concordant, namely
in the category between 5% and 30% Ki67-expression [6]. Can a simi-
lar reasoning conceptually be applied to the use of computationally
assessed TILs? Fourth, to what extent should computational tools be
validated according to the subtype is unknown. In practice, quite
probably pathologists will not use different computational tools on
TILs for luminal disease, HER2+ and TNBC, as the “TILs all look the
same” in all these subtypes. Can there be a generic computational
tool on TILs irrespective of the subtype? Furthermore, can this tool
even ben generic for the sample type, namely for core-biopsies vs
surgical HE-slides? Fifth, considering the diminished immune cell
counts in metastatic sites, with different TIL-levels and with a differ-
ent microenvironment according to the metastatic site, can a compu-
tational tool that was validated on primary samples be used for
metastatic sites [7]? If not, should it be validated according to each
metastatic site? Can this ever be practicable? All the above illustrates
that there are still many issues that need to be solved. Training of
pathologists remains crucial, for manual assessment, and trained
pathologists for TIL-assessment are crucial for optimal and thorough
validation of computational tools, exemplifying that both are needed
before optimal implementation of computational tools on TILs or any
other morphological biomarker can be considered in the workflow of
all pathologists. This is an active field in progress. Computational
tools will probably not be deemed by necessarily more precision, but
rather by providing the practicing pathologists alternatives to help
determine the biomarker where this is more needed in their practi-
ces. A transparent cooperation and communication between all
stakeholders, patients, pathologists, clinicians, industry, and the reg-
ulatory instances is needed to make this a success, for the sake of our
patients.
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