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Abstract

Introduction Infiltration of non-small-cell lung cancer
(NSCLC) by CD8' T lymphocytes predicts improved
patient survival; however, heterogeneity of intratumoral
localization complicates this assessment. Strategies for
tumor sampling may not accurately represent the whole
tumor. We hypothesized that sampling strategies may alter
the identification of tumors with high CD8 density and
affect the prognostic significance.

Patients and methods Twenty-three primary NSCLC
tumors were immunohistochemically stained for CD8 and
were assessed using automated software with eight dif-
ferent sampling strategies or the whole tumor. Results of
all sampling strategies were compared to the whole tumor
counts (paired t tests, Pearson’s r). Associations between
CDS8 densities and overall survival were assessed (log-rank
test).

Results Counts from all eight sampling strategies signifi-
cantly correlated with whole tumor counts (p < 0.001).
However, the magnitude of CD8" cell counts and catego-
rization into high vs low infiltrate groups were affected by
the sampling strategy. The most concordant values were
derived from random sampling of 20 % of the tumor, a sim-
ulated core biopsy, or from sampling the tumor center. TIL
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infiltration was associated with survival when sampling the
center (p = 0.038), but not the invasive margin (p > 0.2) or
other strategies.

Conclusion Different tumor sampling strategies may yield
discordant TIL density results and different stratification
for risk assessment. Small biopsies may be particularly
unrepresentative. Random sampling of larger tumor areas
is recommended. Enumerating CD8" T cells in the tumor
center may have prognostic value.

Keywords Heterogeneity - NSCLC - Tumor-infiltrating
lymphocytes - CD8 T cells - Patient survival - Tumor
sampling strategies

Abbreviations

CTS Central tumor sampling
DLA Dense lymphoid aggregate
MAX Largest density

MIN Smallest density

NSCLC Non-small-cell lung cancer
STDEV  Standard deviation

TMA Tissue microarray

T™ME Tumor microenvironment
WT Whole tumor
Introduction

The immune system plays an important role in the host
defense against malignancies. Increased CD8™ T cells in
the tumor microenvironment (TME) are associated with
improved survival in many cancers [1, 2] and are associ-
ated with response to chemotherapy in non-small-cell lung
cancer (NSCLC) and colorectal liver metastases [3, 4]. A
dominant mediator of the antitumor immune response is
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believed to be tumor cell killing by cytotoxic CD8™ T cells
[5-7]. Successful therapy of NSCLC and other cancers
with checkpoint blockade antibodies (targeting CTLA-4
and PD-1) provides direct evidence in humans that sponta-
neous T cell responses to human cancers can control those
cancers [8]. There is growing interest in identifying patients
whose tumors are infiltrated by CD8* T cells because those
patients have improved prognosis and are more likely to
respond to PD-1/PD-L1 blockade therapy.

CD8" tumor-infiltrating lymphocytes (TILs) can be
identified in the TME by immunohistochemistry per-
formed on paraffin-embedded tissue, and new systems for
automated image analysis can enumerate CD8 antibody-
stained cells with accuracy. However, the spatial distri-
bution of TILs in the TME is heterogeneous [9]. Several
classification schemes have been proposed to account for
intratumoral heterogeneity of T cell infiltrates. The “immu-
noscore” used in colorectal cancer is based on the densi-
ties of CD81 and CD45RO™ T cells in central tumor and
in the invasive margin [10]. This measurement has been
shown to have clinical relevance in colon cancer, and it has
been proposed for inclusion in the colon cancer staging
system as TNM-I (TNM-immune) [11-13]. On the other
hand, we have defined “immunotypes” of metastatic mela-
noma based on the extent of immune cell invasion beyond
the perivascular stroma and into tumor cell aggregates [2].
For NSCLC, an immunoscore concept has been proposed
in which the density of CD8" T cells in the stroma is sug-
gested as a promising prognostic marker [14, 15]. In a
series of 797 patients, TILs in the stroma of the invasive
margin were significantly associated with better patient out-
comes [16]. However, a recent systematic review encom-
passing 8600 patients supports that stromal and intraepi-
thelial CD8 counts are both associated with better overall
survival [17]. Both of these studies acknowledged that the
relative significance of CD8 T cell infiltration in the center
of the tumor versus that of the tumor margin is not yet clear
[14, 17]. In addition, associations between CD8 T cell infil-
tration and survival have varied across multiple studies of
human NSCLC [3, 15, 18-24].

Importantly, comparing data among various studies is
complicated by inconsistent strategies of sampling (stroma
vs tumor nests, tissue microarray (TMA) vs submillimeter
cores) and counting (small vs larger field views). Indeed,
the accurate and consistent quantification of immune cells
in the TME remains a challenge. In 2014, consensus guide-
lines attempted to standardize strategies of TIL measure-
ment in breast cancer [25]. To date, no such guidelines exist
for NSCLC. As the evidence for an association between
CD8 TIL and NSCLC outcomes mounts and has greater
potential for guiding patient treatment decisions, a set of
clinically relevant sampling and counting guidelines should
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be incorporated within the evolving NSCLC immunoscore.
The purpose of this study was to assess a variety of sam-
pling strategies to measure CD8" TIL density in NSCLC
tumors. To the extent that CD8" TIL counts may be incor-
porated in clinical care pathways, it is important to con-
sider whether sampling of representative areas of a whole
tumor specimen may provide reliable counts in the setting
of intratumoral heterogeneity. Also, because many cancers
are initially evaluated with core biopsies or incisional biop-
sies, it is important to obtain some guidance about whether
such biopsy samples can provide reliable sampling of the
whole tumor. Thus, we have evaluated which of eight sam-
pling strategies would have the closest correlation with
CD8" TIL density measures of a whole tumor cross sec-
tion, as well as with survival outcomes. We hypothesized
that the validity of these sampling strategies would differ
substantially, and that assessing CDS8 counts by sampling
the center of the tumor would have a better prognostic
value than sampling the tumor margin.

Methods
Patients

Twenty-four non-small-cell lung tumors pathological
stage I-III (stage I (13 %), I (8 %) and III (79 %)) were
selected from our cancer registry from patients with ample
follow-up. Surgical resections were performed from 2003
to 2012, and patients were followed through 8/2014 (mean
follow-up 30 months). The study was approved by the Uni-
versity of Virginia institutional review board under protocol
HSR # 18346. One tumor was excluded due to inadequate
sampling.

Immunohistochemistry

Formalin-fixed and paraffin-embedded NSCLC samples
were cut into 4 um sections that were fixed on glass slides
(Superfrost® Plus, Fisherbrand® Loughborough, England).
Antigen retrieval was performed by immersing the slides in
xylene for 10 min, then in decreasing concentrations of eth-
anol followed by PBS buffer and deionized water for 5 min
each. Slides were then heated to 100 °C for 20 min in a
pH 9 Tris-based solution. Mouse antihuman CD8 antibody
(clone C8/144B, 1:200, DAKO, Carpinteria, CA, USA)
was added for 1 h and then washed. Secondary antibody
to mouse IgG was added for 30 min and washed before
adding diaminobenzoic acid for 2 min to obtain ideal col-
oration of CD8-positive cells. Sections were counterstained
with hematoxylin, dehydrated in increasing concentrations
of ethanol, and immersed in xylene.
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Table 1 Nine strategies used to assess CD8 counts
Sampling strategy N Mean area (mm?) £+ 95 % CI  Discordant classification versus whole tumor
Above or below median (%)  Tertiles (%)  Quartiles (%)
A Whole tumor 23 47.8+ 189 0 0 0
B Representative areas (6 mm?) 23 4.7+ 0.01 17 26 35
C CTS 23 3.0+£02 17 13 26
D DLA 20 04 £0.1 30 40 55
E Invasive margin 22 25+05 27 36 41
F A random 1-mm-diameter area 23 0.8 +0.02 26 17 70
G 4 random 1-mm-diameter areas 23 3.0+0.2 17 22 48
H Random?20 % of the tumor 23 3.1+04 9 0 26
1 Random 10 x 1 mm sample 23 84409 17 26

Summary of the areas assessed (mean £ 95 % CI) and the N available in each strategy. Also shown are the rates of discordant classification of
CDS8 densities obtained from the different sampling strategies in comparison with those obtained by assessing the whole tumor with respect to
their median, tertile and quartile cutoffs. CTS central tumor sampling, DLA dense lymphoid aggregate

Fig. 1 a-i [llustrations of the sampling strategies (scale bars, in the lower right corner, are 1 mm in length.)

Cell counts

Slides were scanned using the Leica SCN400 ScanScope
(Nussloch, Germany) and uploaded for automated count-

Sampling strategies

ing using the Leica Digital Imaging Hub analysis software.

Sampling areas were delineated on the scanned image by

two investigators (Obeid and Hu). Automated cell counts

are reported per millimeter square (mm?).

Nine sampling strategies were used for each of the 23 eval-
uable whole tumor specimens (Table 1):

(a) Whole tumor: The tumor area was demarcated on a

low magnification view of the specimen (Fig. 1a). The
counts obtained by this strategy are inclusive of all the
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heterogeneity within the tumor but exclude the peritu-
moral tissues beyond the invasive margin.

(b) Representative areas: six samples each 1 mm in diam-
eter (equivalent to one 200 x field of view) represent-
ing the three most densely infiltrated areas and the
three least infiltrated areas within each tumor (Fig. 1b).
The average CD8* T cell density across all six sam-
pled areas was calculated to provide an estimate repre-
sentative of the whole tumor. This sampling was based
on similar strategies previously described [20, 22]. The
primary advantage of this strategy is that the relatively
low total sample area facilitates manual counting using
an optical microscope.

(c) Central tumor sampling (CTS): Four 1 mm diameter
samples of the center of the tumor were identified
(Fig. 1c). In addition to its relevance in the “immu-
noscore,” this sampling strategy also approximates the
analysis of four TMA cores used in research studies
[26-28]. Unless otherwise specified, TMA cores are
commonly extracted from the center of a given tumor.

(d) Dense lymphoid aggregates (DLAs): Areas predomi-
nantly populated by dense lymphocytic infiltrates in
the tumors were demarcated (Fig. 1d). These areas
were not geometric but were drawn to encompass the
irregular shapes of these aggregates.

(e) Invasive margin: 500 micron wide strips of the internal
and external margin of the tumor were demarcated and
counted (Fig. le). The average TIL density across the
two samples was calculated to represent the TIL den-
sity of the tumor’s invasive margin, a metric relevant to
the NSCLC “immunoscore” [14, 16].

(f) Randoml: After overlaying a grid of 1 mm squares on
the whole tumor specimen, one square was randomly
selected. A 1 mm diameter circular sample was demar-
cated within the random selection (Fig. 1f).

(g) Random4: Four random samples each 1 mm in diam-
eter were collected using the method described above
to simulate repeated small random biopsy samples
(Fig. 1g).

(h) Random20 %: A grid of 500 um? was overlaid on
the tumor. Squares with the following features were
excluded: Those within 500 um of the tumor edge,
squares containing false positive staining, and those
containing necrotic tissue or DLAs were excluded.
Squares with more than 50 % area populated by tumor
cells were numbered from 1 to N. Among the numbered
squares, 20 % were randomly selected for cell counting.
Allowing for variations in total tumor size, a minimum
of ten and a maximum of twenty squares were analyzed
(with the exception of one tumor with four available
squares, Fig. 1h). This strategy was designed to approx-
imate recommendations by the 2014 Salgado et al. con-
sensus guidelines for breast cancer [25].
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(i) 10 x 1 mm core biopsy simulation: To simulate tissue
samples from a clinical core biopsy 1 mm in diam-
eter, circumferential axes of approach were created at
10-degree intervals crossing at the center of each tumor
specimen. A directional axis was selected randomly,
and a band of tissue 1 mm wide and 10 mm long is
delineated along this axis (Fig. 1i). To ensure adequate
sampling and to accurately represent diagnostically
useful core biopsies, we excluded bands of tissue that
encompassed only the peritumoral stroma or <3 mm of
tumor tissue.

Statistical methods

CDS8 cell counts were obtained from the Digital Image
Hub software in cells/mm? for each of the different sam-
pling strategies. Cell counts derived from the whole tumor
specimen are the most representative of tumor heterogene-
ity; therefore, cell counts from each experimental sampling
strategy were compared with those obtained in the whole
tumor annotation. Paired t tests and Pearson’s correlation
coefficients were used to compare these sampling strategies
against TIL densities derived from whole tumors. Overall
survival (OS) was derived from the medical record and
was calculated from the date of surgery until date of death,
last follow-up, or last proof of life. Survival analyses were
compared for patients whose tumors had high vs low CD8
density. To estimate an optimal high/low cutoff, we used a
method developed by Contal and O’Quigley [29]. Kaplan—
Meier graphs were generated, and the log-rank test was
used to test associations with survival. Statistical analy-
ses were performed using R (R Core Team, Vienna, Aus-
tria) and MedCalc (MedCalc Software Inc., Mariakerke,
Belgium).

Results

On histologic and immunohistologic review of the NSCLC
specimens, at least four regions within the TME were iden-
tified: stroma, epithelial tumor cell nests, invasive mar-
gin, and DLA as illustrated in Fig. 2. CD8" T cells were
enumerated by the nine strategies defined above, some of
which specifically evaluated selected regions within the
TME, and some of which were random samples. Details
of the CD8 counts by each sampling strategy are provided
in Supplementary Table 1. Values were obtained for all 23
tumors for each sampling strategy, except that three tumors
(13 %) did not have identifiable DLAs and one (4 %) did
not have an evaluable tumor margin. The three tumors
without DLAs were all in tumors with low CD8 counts by
the total tumor area measure (two in the lowest quartile and
one in the second quartile). The tumor without evaluable
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Fig. 2 Heterogeneity of CD8
T cell infiltration in the tumor
microenvironment. [HC diamin-
obenzoic acid stain of the CD8
marker (in brown), nuclei are
visualized in blue (hematoxylin
counterstain). Pictures from the
intraepithelial compartment,
dense lymphoid aggregates,
tumor margin, and perivascu-
lar stroma of the same tumor
sample at x200 magnification,
obtained with the Leica Digital
Image Hub (scale bars in the
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margin was in the third quartile of CD8 counts by whole
tumor measure.

CDS8 densities measured by each experimental sam-
pling strategy were compared with the whole tumor CD8
density for the same tumor sections (Fig. 3). CD8 T cell
counts obtained from all sampling strategies were signifi-
cantly correlated with the whole tumor count (p < 0.001).
Higher correlation with whole tumor counts (r > 0.9) was
observed with the following sampling strategies: represent-
ative areas, CTS, random20 %, and the core biopsy simula-
tion. Comparing CD8 counts between each of the 36 data
pairs obtained from the different strategies demonstrates
wide variability in correlation among the sampling strate-
gies (Supplementary Figure. 1).

Prognostic biomarkers may be used to identify patients
at high or low risk of cancer-associated death, based on
classification of the values above and below a threshold
cutoff. For a sampling strategy to be useful as a surrogate
for counting the whole tumor, it should enable classifica-
tion of the tumor samples into groups with high and low
CDS counts in a manner that is concordant with the same
classification of the whole tumor samples. Thus, whole
tumor samples were classified into high and low CD8
counts by dividing at the median CD8 density (>204 vs

<204 CD8" cells/mm?). The same process was repeated for
each of the different sampling strategies. The proportions
of tumors with discordant classification when compared to
whole tumor are reported in Fig. 3. Highest discordancy
rates were noted with the following sampling strategies:
DLA (30 %), invasive margin (27 %), random1 (26 %), and
random4 (17 %). Conversely, discordant classification was
rare when sampling random20 % (9 %) and the axial sam-
pling strategy replicating core biopsy (0 %). Similar calcu-
lations were also assessed across tertiles, where the low-
est discordant classification rates were with random20 %
(0 %), CTS (13 %), axial sampling/core biopsy simulation
(17 %), and random1 (17 %). These data are included in
Table 1. Thus, assessments of CD8 T cell infiltration will
vary by the sampling strategy and also by the cutoffs used.
A challenge of comparing data from different studies is
that different sampling strategies may result in differences
of ranking and classification, as assessed above, but which
may also result in different magnitudes of the cell counts.
The latter would have relevance if a cutoff number of
CDS8* cells per mm? were to be employed in clinical prac-
tice. Thus, we compared the magnitudes of the CD8 counts
obtained from each sampling strategy to those obtained
from the whole tumor area (Fig. 4). The magnitudes were
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Fig. 3 Associations between CD8 densities obtained by the different
sampling strategies, and whole tumor. Scatter plots represent the CD8
count from the different sampling strategies (y-axis) versus the whole
tumor (x-axis) numbers; numbers are reported in log transform. Pear-
son correlation coefficients () and the corresponding p values are
noted. Dotted lines represent the median CD8 count as obtained by

similar to whole tumor measures for random1, random4,
and simulated core biopsy sampling strategies (p > 0.17).
However, there were significantly higher counts when sam-
pling DLAs (350 % increase, p < 0.0001), margin areas
(54 % increase, p = 0.0025), and representative areas (37 %
increase, p = 0.0004). The representative areas included
three regions considered to be representative of the highest
CDS8™ T cell counts; not surprisingly, these provided mean
values more than double those of the whole tumor values
(Supplementary Fig. 2). CTS and random20 yielded counts
that were 14 % (p = 0.014) and 15 % (p = 0.046) less than
whole tumor counts, respectively (Fig. 4, Supplementary
Table 1).

Overall survival was analyzed for CDS8 densities
obtained by each sampling strategy. The cutoff between
high and low densities was determined for each sam-
pling strategy according to the method of Contal and
O’Quigley [29]. For eight of the strategies, high CDS8
density was not significantly associated with patient
survival (p = 0.059-0.399, Fig. 5). Interestingly, higher
CDS8™ T cell infiltration in the center of the tumor (>182
CD8/mm?) was associated with better overall patient sur-
vival (median OS not reached for CD8"" vs 1.4 years for
CDS8'Y, p = 0.038). No differences in CD8 densities were
observed in tumors of different clinical characteristics
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each strategy. Misclassified tumors, tumors for which relationship to
the median on experimental sample is different than the relationship
to the median on the whole tumor, are represented in the top left and
lower right quadrants of the dotted lines (dark squares); percent mis-
classification is noted in the right lower corner of each graph. CTS
central tumor sampling, DLA dense lymphoid aggregate

(patient age, clinical stage, or tumor histology, Supple-
mentary Table 2).

Discussion

Prior studies of human NSCLC have identified intratumoral
heterogeneity in terms of proliferative activity [30], cellular
histology [31], anaplastic lymphoma kinase rearrangements
[32], and PD-L1 expression [9]. Thus, heterogeneity of
CDS8™ T cell infiltrations is expected. Others have identified
T cell infiltrations as prognostic for patients with NSCLC
[19, 20, 22, 23, 33-35], and in most of these studies, the
best predictor of survival was the density of the CD8" T
cell subset [17, 24]. Thus, reliable quantitation of CD8*
T cells in NSCLC may be valuable for assessing patient
risk; furthermore, CD8™" T cell infiltration has been associ-
ated with PD-L1 expression in other cancers [36] and may
predict response to PD-1/PD-L1 blockade therapy. Thus,
quantitation of CD8" T cells in NSCLC may have both
prognostic and predictive relevance. However, we are not
aware of studies that have directly compared different sam-
pling strategies for their impact on the CD8* T cell counts.
Thus, we have assessed the concordance among nine strat-
egies of sampling tumors for CD8™ T cell infiltrations in
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Fig. 4 Differences in magnitude of CD8 cell density by sampling
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strategy. Box plots show the distribution of CD8 densities from each
strategy (median, quartiles). Lines connect the two CD8 densities
relating to the same tumor. Paired t tests are used to assess the differ-

multiple primary NSCLCs, in hopes of providing guidance
in managing the heterogeneity integral to these cancers.

CD8* T cells may be enumerated in whole tumor cross
sections, and automated imaging systems can be used
to collect such data rapidly, but most hospitals do not
currently have access to such systems; counting manu-
ally requires sampling a subset of the tumor tissue. Also,
treatment decisions may be based on core biopsies of the
tumors, but it is not clear how well cell counts in the core
biopsy specimens represent the whole tumors. Finally,
when tumor biopsies are obtained sequentially during clini-
cal trials, they often are core biopsies and sometimes are
very small samples. Thus, there is a need to understand
how well the CD8 counts in a whole tumor may be esti-
mated by small biopsies, core biopsies, random sampling,
or sampling of investigator-identified representative areas
of a tumor specimen. The findings from the present study
provide some information to address these questions.

This study shows significant correlations between CDS§
densities obtained by all eight sampling strategies and
those from the whole tumor (Fig. 3), a finding that sug-
gests that the ranking of tumors should be consistent
between each sampling strategy and the whole tumor. Fur-
ther, it would suggest that the use of any of these sampling
strategies should enable dichotomization of the population
into high and low CD8 densities with results comparable
to dichotomization using the whole tumor. However, we

Core Biopsy
Simulation

WT Random 20% WT

ence, and p values are reported. A small asterisk denotes differences
in the mean CD8 density that are smaller or equal to 15 %, whereas
greater differences are noted by the large asterisk (Supplementary
Table 1). WT whole tumor, CTS central tumor sampling, DLA dense
lymphoid aggregate

observed considerable discordance of classification into
high versus low CD8 densities. The discordance increased
when grouping into tertiles or quartiles (Table 1). This
may explain discrepancies in the prognostic significance
of CDS8 counts reported from different studies.

There was greater concordance with whole tumor for
multiple random samples of 20 % of the tumor or a ran-
dom core biopsy measuring 10 x 1 mm than with sampling
of 1-4 random areas of 1 mm diameter. The mean area
counted with the 20 % random samples (3.1 mm? <10 %
of the mean whole tumor area due to the exclusions men-
tioned in the strategies section and the maximum of 20
squares analyzed) was similar to that of the four random
1-mm-diameter areas (3.0 mmz); however, the rate of dis-
cordant classification was lower for the random20 % strat-
egy (Table 1). A critical difference in those two approaches
is that the random20 % strategy used 10-20 smaller sam-
ples (500 micron); so, it decreased the chance of skewing
the total score based on one very low or very high sample.
Another approach that provided high concordance was to
sample a large 10 x 1 mm portion of the tumor, which
mimics a clinical core biopsy. This was the largest area
sampled, suggesting that greater concordance with the
whole tumor may be enabled by simply increasing the size
of the area sampled.

It is also informative to compare evaluation of the
invasive margin versus the central tumor. The mean area
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Fig. 5 Association of CD8 densities with outcomes. Kaplan—-Meier
curves showing the overall survival of patients whose tumors have
high versus low CD8 density as obtained by each of the different
sampling strategies. Cutoff values for each strategy defined using
the Contal and O’Quigley method [29] are noted. Log-rank tests are
used to assess the significance of the difference between the OS of
the high CD8 group and that of the low CDS8 group. The distribu-

sampled was similar (2.5 vs 3.0 mm?, respectively), but the
rate of discordant classification was consistently lower with
CTS than with invasive margin sampling (17 vs 27 % for 2
groups, 13 vs 36 % for tertiles, and 26 vs 41 % for quartiles,
Table 1). Similarly, the correlation coefficient was more
favorable for CTS counts (r = 0.94) than for the invasive
margin (r = 0.79, Fig. 3). It is notable also that concordance
was better for the random20 % than for the representative
areas, despite the smaller area sampled for the former. This
suggests that random sampling may enable more accurate
counts than similar or larger areas that are selected by the
investigator. Overall, these findings support assessing CD8
counts by random sampling of ten or more small areas
encompassing 3 mm? or more. They also support use of
core biopsy samples that are at least 10 x 1 mm in size.
The magnitude of absolute difference in TIL density
with different sampling strategies suggests that inconsist-
encies in tumor sampling can diminish the generalizability
of CD8 count cutoffs when different sampling strategies

@ Springer

tion of patients into groups of high and low CDS8 tumor infiltration
according to each sampling strategy is as follows: 12 and 11 for the
whole tumor densities, 10 and 13 representative areas, 11 and 12 cen-
tral tumor sampling (CTS), 15 and 5 for dense lymphoid aggregates
(DLAs), 16 and 6 invasive margin, 4 and 19 randoml1, 11 and 12 for
random4, 8 and 15 random20 %, and 11 and 12 for core biopsy simu-
lation

are used (Fig. 4). Contributors to higher counts include
the DLAs and cells at the invasive margin. The DLAs
likely include ectopic lymphoid structures or tertiary lym-
phoid structures (that include the simultaneous presence
of T cells, B cells, and dendritic cells), whose presence
may predict better patient survival in lung and other can-
cers [22, 37-39]. These lymphoid structures are associated
with T cell infiltration and have been implicated mecha-
nistically in supporting T cell infiltration into cancers [40].
Such aggregates are excluded in breast cancer by consen-
sus [41]; it may be reasonable to consider a similar prac-
tice for NSCLC. On the other hand, the apparent functional
relevance of the tertiary lymphoid structures may warrant
future studies to assess prognostic or predictive value in
enumerating tertiary lymphoid structures specifically or in
quantifying them as a proportion of the total tumor cross-
sectional area.

Sampling strategies that are concordant with the whole
tumor measure may or may not have the greatest prognostic
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significance. In our dataset of 23 patients, those with higher
CDS8 counts in the center of the tumor experienced longer
overall survival than those with low CD8 counts. CDS8 den-
sities obtained by all other sampling strategies were not sig-
nificantly associated with survival. This study included an
intensive analysis of different sampling strategies but was
limited to 23 patients; however, in this population, CD8
densities and their distribution into high and low catego-
ries in the whole tumors and their centers were not affected
by tumor histology, patient age, or stage of disease (Sup-
plementary Table 2). The fact that the central tumor CD8
counts were significantly associated with survival suggests
a very strong association, which is supported by other stud-
ies [24]. Other sampling strategies may also have prognos-
tic value in larger datasets, which were beyond the scope of
the present study.

Limitations of our study include the sample size and
the lack of assessment of CDS8 counts as predictive of the
response to checkpoint blockade therapy. This study also
did not specifically address differences in TIL localiza-
tion in stromal versus intraepithelial compartments. A
previous study including 178 NSCLC patients found that
higher CDS8 infiltration in the stroma of the invasive mar-
gin was associated with survival, while CD8 density in the
stroma in the center of the tumors was not [16]. However,
a meta-analysis representing 8600 NSCLC patients found
that overall survival was associated with increased CD8™"
T cells in either the stroma or the tumor nests [17]. Regard-
less, separating the stromal and epithelial compartments
is technically challenging and susceptible to investigator
error, as illustrated in Supplementary Figure. 3, and may
be unreliable even to assess with automated analysis [14].
Instead, we have focused on approaches that may be more
amenable to routine clinical application. Another limitation
of the present study is that we only evaluated CD8" T cells.
A recent report suggested the value of CD45RO™ cells in
addition to the NSCLC immunoscore [42], and that marker
has been reported to be useful for the colon cancer immu-
noscore [12]. We did not study CD45RO™ lymphocytic
infiltration within this experiment. Thus far, CD8 infiltra-
tion has been the most promising candidate in NSCLC due
to its reproducibility and prognostic value across a number
of studies [14, 16, 18, 43, 44]. Other immune cells, such
as dendritic cells and macrophages, have important roles in
NSCLC tumor progression [45]; studying their heterogene-
ity in the NSCLC TME will be valuable.

This study underlines the heterogeneity in the distribu-
tion of CD8* T cells in the TME of human NSCLCs. We
propose that enumerating CD8" T cells in small tumor
samples or small numbers of tumor samples may not reli-
ably represent the counts throughout the whole tumor. On
the other hand, sampling 10-20 small areas randomly,
sampling the tumor center, or taking large core biopsies

(10 x 1 mm) may best represent the whole tumor. Small
(e.g., 1 mm?) samples, or samples selected in a non-random
manner, may be particularly misleading for a large subset
of patients. Since the CDS8 counts from the tumor center
had prognostic significance and since other studies sup-
port the prognostic significance of CDS8 counts at the tumor
center [17], this approach may be a good choice for future
analyses. Furthermore, this sampling strategy is also prac-
tical and easily applicable to both manual and automated
cell enumeration due to a limited surface area of evalua-
tion. Among patients that only have core biopsy specimens
available, TIL density evaluated through these samples is
likely also valid. However, additional studies that directly
measure the prognostic or predictive value of CD8 counts
in core biopsy samples may be needed before relying on
them to guide clinical decisions.
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