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Highlights
e Deep learning based computational stain for staining tumor-
infiltrating lymphocytes (TILs)

e TIL patterns generated from 4,759 TCGA subjects (5,202 H&E
slides), 13 cancer types

e Computationally stained TlLs correlate with pathologist eye
and molecular estimates

e TIL patterns linked to tumor and immune molecular features,
cancer type, and outcome
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SUMMARY

Beyond sample curation and basic pathologic char-
acterization, the digitized H&E-stained images of
TCGA samples remain underutilized. To highlight
this resource, we present mappings of tumor-infil-
trating lymphocytes (TILs) based on H&E images
from 13 TCGA tumor types. These TIL maps are
derived through computational staining using a con-
volutional neural network trained to classify patches
of images. Affinity propagation revealed local spatial
structure in TIL patterns and correlation with overall
survival. TIL map structural patterns were grouped
using standard histopathological parameters. These
patterns are enriched in particular T cell subpopula-
tions derived from molecular measures. TIL densities
and spatial structure were differentially enriched
among tumor types, immune subtypes, and tumor
molecular subtypes, implying that spatial infiltrate
state could reflect particular tumor cell aberration
states. Obtaining spatial lymphocytic patterns linked
to the rich genomic characterization of TCGA sam-
ples demonstrates one use for the TCGA image
archives with insights into the tumor-immune micro-
environment.

INTRODUCTION
Although studies in humans have shown that chronic inflamma-

tion can promote tumorigenesis (Trinchieri, 2012), the host
immune system is equally capable of controlling tumor growth

through the activation of adaptive and innate immune mecha-
nisms (Galon et al., 2013). Such intra-tumoral processes are
often referred to collectively as immunoediting, where this selec-
tive pressure can result in the emergence of tumor cells that
escape immune surveillance and, ultimately, to tumor progres-
sion. At the same time, many observations suggest that high
densities of tumor-infiltrating lymphocytes (TILs) correlate with
favorable clinical outcomes (Mlecnik et al., 2011a) such as longer
disease-free survival or improved overall survival (OS) in multiple
cancer types (Angell and Galon, 2013). Recent studies further
suggest that the importance of spatial context and the nature
of cellular heterogeneity of the tumor microenvironment, in terms
of the immune infiltrate involving the tumor center and/or inva-
sive margin, can also correlate with cancer prognosis (Fridman
et al., 2012). Prognostic factors, most notably the Immunoscore,
that quantify such spatial TIL densities in different tumor regions
have high prognostic value that can significantly supplement and
sometimes even supersede the standard TNM classification and
staging in certain settings(Galon et al., 2006; Broussard and
Disis, 2011; Mlecnik et al., 2011b). Given this and the central
role of immunotherapy treatments in contemporary cancer
care, these assessments of tumor-associated lymphocytes are
increasingly important both in the clinical assessment of pathol-
ogy slides, as well as in translational research into the role of
these lymphocytic populations.

Tissue diagnostic studies are carried out and interpreted
by pathologists for virtually all cancer patients, and the over-
whelming majority of these are stained with hematoxylin and
eosin (H&E). The TCGA Pan Cancer Atlas dataset includes repre-
sentative H&E diagnostic whole-slide images (WSlIs) that enable
spatial quantification and analysis of TILs and association with
the wealth of molecular characterization conducted through
the TCGA. Previously, this rich trove of imaging data has primar-
ily been used solely to qualify samples for TCGA analysis and

Cell Reports 23, 181-193, April 3, 2018 © 2018 The Authors. 181

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:joel.saltz@stonybrookmedicine.edu
mailto:vesteinn.thorsson@systemsbiology.org
https://doi.org/10.1016/j.celrep.2018.03.086
http://crossmark.crossref.org/dialog/?doi=10.1016/j.celrep.2018.03.086&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/87120

