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In Brief

Tumor-infiltrating lymphocytes (TILs)

were identified from standard pathology

cancer images by a deep-learning-

derived ‘‘computational stain’’ developed

by Saltz et al. They processed 5,202

digital images from 13 cancer types.

Resulting TIL maps were correlated with

TCGA molecular data, relating TIL

content to survival, tumor subtypes, and

immune profiles.
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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 frommolecular 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 tumormicroenvironment, 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 TCGAPan Cancer Atlas dataset includes repre-

sentative H&E diagnostic whole-slide images (WSIs) 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
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