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Programmed cell death ligand 1 (PD-L1) on tumor cells is a significant prognostic biomarker for a number of malignancies,
although less is known about the significance of PD-L1 positive immune cells in colon carcinoma. The purpose of this study is to
evaluate the role of PD-L1 in a large cohort of colon carcinomas to identify patterns of PD-L1 expression in the tumor
microenvironment and its correlation with other key immune subsets to better understand the impact of these immune cells. We
assessed 1218 colon carcinomas on representative tissue microarray sections, gathered relevant clinicopathologic information, and
performed immunohistochemical staining for mismatch repair proteins, CD8, CD163, LAG3, PD-L1, FoxP3, and BRAF V600E. We then
performed automated quantification; manual quantification was used for PD-L1 tumor cells and immune cells. Dual PD-L1/PU.1
immunostain was also performed. The majority of PD-L1 positive cells expressed PU.1 thus representing tumor-associated
macrophages. Based on the median number of PD-L1 positive immune cells (7.6/mm?), we classified tumors into two classes: (1)
PD-L1 immune cell low and (2) PD-L1 immune cell high. PD-L1 immune cell high colon carcinomas showed favorable prognostic
pathologic features including less frequent extramural venous invasion (p = 0.0001) and lower AJCC stage (p = 0.0001); they were
also more commonly associated with deficient mismatch repair (dMMR) (p = 0.0001) and BRAF V600E reactivity. PD-LI immune cell
high tumors were associated with high CD8, CD163, and FoxP3 positive cells (p = 0.0001, respectively). PD-L1 immune cell high and
LAG3 high colon carcinomas were associated with improved disease-specific survival (p =0.0001 and 0.001, respectively). PD-L1
expression on tumor cells was not associated with disease-specific survival. On multivariate analysis of chemotherapy naive stage 2
colon carcinomas, only extramural venous invasion (p = 0.002), perineural invasion (p = 0.001) and PD-L1 immune cell expression
(p = 0.032) correlated with disease-specific survival. Resected colonic carcinomas with high expression of PD-L1 and LAG3 proteins
on immune cells were associated with improved prognosis in colon carcinoma. The mechanism underlying the improved prognosis

of colon carcinomas bearing high numbers of immunoregulatory cells needs further investigation.
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INTRODUCTION

Immune checkpoint inhibitor (ICl) therapy has emerged as first- and
second-line treatment options for a range of malignancies including
melanoma, non-small cell lung carcinoma, and gastrointestinal
adenocarcinoma, among others' 3. The therapy exploits the tumor
microenvironment that innately suppresses the host cytotoxic T-cell
response. One such widely acknowledged pathway of immune
suppression involves overexpression of programmed cell death
ligand-1 (PD-L1) in tumor cells and/or immune cells, which in turn
negatively regulates host T-cells via the programmed cell death
receptor (PD-1). Drugs that target the PD-L1/PD-1 axis enhance anti-
tumor activity; as such, identifying pertinent histologic and
immunologic features that predict this response may represent an
independent prognostic variable and aid in predicting ICl response.

The focus in the gastrointestinal tract has been on the
relationship between mismatch repair deficient (dMMR) tumors
and response to ICI therapy. This concept is predicated on the idea
that while tumors with a higher mutational burden express more
neoantigens and elicit a greater host immune response*”, dMMR
tumors are also more likely to express immunosuppressive
antigens, such as PD-L1 on tumors cells, as an adaptive measure
to evade host immunity and render a less effective immune
response® %, Although there is merit in this concept, evidence to
support this latter supposition is incomplete; dMMR tumors only
demonstrate a response rate to ICl therapy in less than 40% of
cases' "', Additionally, there exists a subgroup of mismatch repair
proficient (PMMR) patients, albeit a significantly smaller cohort,
that has also shown a therapeutic response to ICl therapy, blurring
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the association with MMR status and necessitating the need for
more predictive biomarkers'"'3.

Several studies have demonstrated that PD-L1 expression on
tumor cells is infrequent in colon cancer, whereas the expression
of PD-L1 and PD-1 on intratumoral and peritumoral immune
cells may be more common'>™'. There is conflicting data in the
literature regarding the respective impact of PD-L1 expression in
tumor cells versus host immune cells on response to ICl therapy
and prognosis. While some studies have advocated that PD-L1
expression on tumor-associated immune cells (namely myeloid
cells) is more significant'®™'8, others argue that the expression of
PD-L1 on tumor cells is more predictive of ICI response and
prognosis®®'®2°, Moreover, many studies focus on high-stage
tumors and do not account for the confounding impact that
neoadjuvant and adjuvant chemotherapy may have on the
immune microenvironment, tumor biology, and PD-L1 expres-
sion, further blurring our understanding of the efficacy of PD-L1
as a prognostic biomarker?'?2, Similarly, the role and expression
pattern of other immune regulatory proteins such as LAG3,
including its association with PD-L1 and as an independent
biomarker further complicate the role of PD-L1. Nevertheless,
the PD-L1 combined positive score is used as a predictive
factor in gastric and gastroesophageal adenocarcinomas in
routine practice.

The purpose of this study is to evaluate the role of PD-L1
positive immune cells in a large cohort of colon cancer and
identify whether there exists a predictable pattern of PD-L1
expression in the tumor microenvironment, a correlation with
other key immune subsets, and a prognostic significance to
these cells.

METHODS

We evaluated consecutive patients with colon adenocarcinomas resected
(n=1218) at the Massachusetts General Hospital. We excluded neuroen-
docrine carcinomas. The study was approved by MGB IRB.

Morphological and immunohistochemistry analysis
Tumor grading was performed as per WHO guidelines (low grade >50% vs.
high grade <50% glandular area). We recorded the AJCC stage, perineural
invasion, and extramural venous invasion. We also recorded MMR status
based on immunohistochemistry for MSH2, MSH6, MLH1, and PMS2.
Immunohistochemistry was performed on tissue microarrays. The
central portion of each tumor was represented by a 0.2 cm core of tissue.
We specifically avoided areas with mucin. Detailed information about the
clone, dilution, type of antibody, and company are listed in supplementary
table 1. Immunohistochemistry for BRAF V600E, MMR proteins, and the PD-
L1/PU.1 dual stain was performed on the Leica Bond. We have previously
demonstrated high concordance between BRAF V600E immunohisto-
chemistry and BRAF sequencing®®. Immunohistochemistry for CD8,
PU.1, CD163, PD-L1, LAG3, and FoxP3 was performed following heat-
induced epitope-retrieval (HIER). The sections were incubated in 10 mM
sodium-citrate (pH6.0) or 10 mM Tris (pH9.0) buffered solutions containing
0.05% Tween at 125°C for 5min using a decloaking chamber (Biocare
Medica). Staining was performed on the automated LabVision automated
360 (Thermo Scientific) platform using a secondary ImmPRESS polymer
detection system (Vector Laboratories) and horseradish-peroxidase-
conjugated rabbit anti-sheep secondary antibodies (Thermo Scientific),
according to the manufacturers protocols. The Vulcan Fast Red Chromogen
Kit 2 (red staining; Biocare Medical) or the DAB Quanto System (brown
staining; Thermo Scientific) were applied as substrates. With every batch, a
known tissue-positive control was used.

Automated quantification

The stained TMA slides were scanned using Aperio ScanScope digital slide
scanner (Aperio ScanScope CSO, Leica Biosystems Imaging, CA). Auto-
mated quantification of cells positive for CD8, CD163, LAG3, and
FoxP3 was performed using the HALO image analysis platform (HALO
2.3; Indica Laboratories, NM) on the entire core of tissue. Tumor area within
each tissue core was manually annotated. The number of positive CD8,

Modern Pathology (2022) 35:1740-1748

0. Yilmaz et al.

CD163 and FoxP3 cells in the entire available tissue were calculated and
expressed per mm?2,

Manual quantification (Semiquantitative)

The percentage of tumor cells staining for PD-L1 was recorded in
increments of 5% on the TMA slides. We also manually quantitated the
number of intratumoral PD-L1 positive inflammatory cells on the entire
core of tissue, and the results were expressed per mmZ2 The latter
quantification was performed on scanned slides with individual
cells marked using Aperio ScanScope. The number of intratumoral
inflammatory cells positive for PD-L1 alone and dual positive for PD-L1
and PU.T were manually quantitated in 20 PD-L1 high colon cancers in a
select 0.238 mm? field.

Validation of PD-L1 on whole sections

We evaluated whole sections on 16 cases from this cohort, 11 from the
low end of the spectrum and 5 from the high end of the spectrum.
Representative whole sections from the select cases were scanned using
Aperio ScanScope digital slide scanner. On each whole section, we
manually annotated the number of intratumoral inflammatory cells
positive for PD-L1 both in 5 contiguous fields in the center of the tumor
and 5 contiguous fields at the most infiltrative front of the tumor
and values at 40x magnification and the average value per case was
expressed per mm?Z,

Statistical analysis

Follow-up duration was calculated from the time of operation to the time
of death or last follow-up. Survival curves were plotted using the Kaplan-
Meier method. Differences in disease-specific survival between groups
were analyzed by the log-rank test. Multivariate survival analyses were
performed using the backward conditional Cox regression method.
Comparison of categorical variables among groups was performed using
chi- square test or Fisher exact test. Independent sample T-test and Pair-
sample t-test were used where appropriate. All analyses were performed
using SPSS version 21. A p-value of <0.05 was considered statistically
significant.

RESULTS

Description of the cohort

The study included 1218 resected colonic adenocarcinomas.
49.8% (607/1218) of patients were female. The mean age at
diagnosis was 66.5 years (range 23->90). There were 14 patients
with Lynch syndrome and 2 patients with familial adenomatous
polyposis syndrome.

All 4 AJCC stages were represented in this cohort: stage 1-227
(18.7%), stage 1I-409 (33.6%), stage Il 430 (35.4%), and stage IV 143
(11.8%). 14.4% (175/1214) of patients were treated with neoadju-
vant therapy. Staging information was not available in 9 cases.
Adjuvant therapy was used in 44.8% of patients.

PD-L1 positive immune cells

Information on PD-L1 immune cells was available in 1039 cases.
The median number of PD-L1 positive immune cells was 7.6/mm?
(mean 46.2, SD 97.8 (range 0-318.4)). For the purposes of this
study, we used the median value to stratify patients into 2 groups:
PD-L1 immune cell low (Fig. 1A, B) and PD-L1 immune cell high
(Fig. 1C, D).

PD-L1/PU.1 dual stain

Twenty PD-L1 immune cell high tumors were selected for dual PD-
L1/PU.1 stain. The mean ratio of cells staining for both markers to
the total number of PD-L1 positive cells was 0.70 (range from 0.60
to 0.78), indicating that the majority of the PD-L1 positive cells in
the immune microenvironment are tumor-associated macro-
phages (Fig. 2A, B). Of note, as highlighted in low immune PD-
L1 tumors (Fig. 2C), neutrophils reacting with PU.1 were excluded
in this quantification by identification of their distinctive nuclear
features.
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Fig. 1

Morphologic and immunohistochemical aspects of PD-L1. A Colon carcinoma with few associated intratumoral inflammatory cells

and the corresponding B immunostain for PD-L1 is negative in both the intratumoral inflammatory cells and tumor cells. In contrast, C this
colon carcinoma demonstrates numerous intratumoral inflammatory cells with a corresponding D PD-L1 high immunophenotype revealing
intense red membranous staining in the peritumoral inflammatory component.
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Fig. 2 Utility of PU.1 and PD-L1 dual stain. A Dual stain for PU.1 and PD-L1 of a PD-L1 immune high colon cancer reveals the maJorlty of PD-
L1 positive (brown membranous staining) immune cells are also positive for PU.1 (macrophages, red nuclear chromogen). This is further
highlighted in the B lumen of a malignant gland. In contrast, C dual stain in a PD-L1 low immune colon cancer reveals background

macrophages and neutrophils with no PD-L1 membrane signal.

Correlation of PD-L1 immune cell high carcinomas with
clinical, pathologic, and molecular features

There was a strong correlation between the number of PD-L1
positive immune cells and key clinical, pathologic, and molecular
features (Table 1). Patients classified as PD-L1 immune cell high
were associated with lower AJCC stage, a pushing (rather than
infiltrative) tumor border, and less likely to show extramural
venous invasion. PD-L1 immune cell high tumors were more
likely to be dMMR and positive for BRAF V600E on immunohis-
tochemistry. A similar correlation was noted when we added
patients treated with neoadjuvant therapy (supplementary
table 2). There was no association seen with gender or tumor
location, and the PD-L1 immune high tumors trended more
common in older patients and show less frequent perineural
invasion.

Impact of PD-L1 immune cell high on disease-specific survival
PD-L1 immune cell high tumors were associated with longer
disease-specific survival than PD-L1 immune cell low tumors
(Fig. 3A). In the entire cohort, the mean estimated survival
for PD-L1 immune cell high tumors was 137.5 months
(range 123.6 to 132.8) while that for PD-L1 immune cell low

SPRINGER NATURE

tumors was 116.9 months (range 109.6 to 124.2) (p = 0.0001).
PD-L1 immune cell high patients showed improved disease-
specific survival in both pMMR tumors (p = 0.0001) and dMMR
tumors (p = 0.028).

Following the exclusion of patients treated with neoadjuvant
therapy (n = 175), the mean estimated survival for PD-L1 immune
cell high patients was 139.3 months (range 1334 to 145.2)
while that for PD-L1 immune cell low patients was 118.6 months
(range 110.6 to 126.5) (p =0.0001) (Fig. 3B).

After excluding AJCC stage 2 patients treated with neoadjuvant
therapy (n = 357), we found that the mean estimated survival for
PD-L1 immune cell high patients was 158.1 months (range 142.7
to 156.2) while that of PD-L1 immune cell low patients was
138.8 months (range 126.9 to 150.6) (p =0.008). A similar result
was obtained in stage 2 tumors following the additional exclusion
of patients treated with adjuvant (as well as neoadjuvant) therapy.
The mean estimated survival for PD-L1 immune cell high was
161.3 months (range 154.6 to 168) while that for PD-L1 immune
cell low patients was 140.5 months (range 1274 to 153.7)
(p =0.008) (Fig. 3C). Of note, PD-L1 on immune cells did not
correlate with disease-specific survival in stage 3 or stage 4 tumors
(Table 2).

Modern Pathology (2022) 35:1740-1748
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Table 1.
neoadjuvant therapy.

Mean age

Female

Right

Left

Transverse

AJCC Stage 1/2/3/4

EMVI positive
PNI positive

Tumor border configuration Pushing (vs. infiltrating)

BRAF positive
MSI dMMR

PD-L1 immune low (n = 447)

67

227/447 (50.8%)
214 (51%)

192 (45.7%)

14 (3.3%)

57 (12.8%)

160 (36%)

171 (38.4%)

57 (12.8)
172/447 (38.5%)
147/446 (33%)
121/440 (27.5%)
49/390 (12.6%)
66/411 (16.1%)

PD-L1 immune high (n =592)

68.5
307/592 (51.9%)
298 (52.3%)
250 (43.9%)

22 (3.9%)

139 (23.6)

197 (33.5%)

200 (34%)

52 (8.8%)
174/592 (29.4%)
166/593 (28%)
214/582 (36.8%)
91/472 (19.3%)
118/507 (23.3%)

Correlation of PD-L1 immune high and immune low with clinical, pathologic and molecular features in colon carcinomas not treated with

p- value
0.11
0.73
0.80

0.0001

0.002
0.087
0.002
0.0009
0.007

1743

EMVI extramural venous invasion, PN/ perineural invasion.
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Fig. 3 Kaplan Meier curve for disease specific survival in relation to PD-L1. Kaplan Meier curve for disease-specific survival (in months)
reveals survival benefit of PD-L1 immune high relative to PD-L1 low colon carcinomas for A all cases (p = 0.0001), B for cases receiving no
neoadjuvant therapy (p = 0.0001), and C for stage 2 cases receiving no adjuvant therapy (p = 0.008).
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Table 2. Correlation of PD-L1 immune status with disease-specific survival in stage 2, 3, and 4 tumors in patient lacking neoadjuvant therapy.
Adjuvant therapy PD-L1 low Mean survival in months PD-L1 high Mean survival in months p-value
Stage 2 Yes 126.3 146.5 0.3
Stage 2 No 140.5 161.3 0.008
All stage 3 NA 118.2 131.2 0.18
Stage 3 No 91.3 93.4 0.98
Stage 3 Yes 121.8 134.6 0.21
Stage 4 NA 356 304 0.35
NA not applicable.
Table 3. Multivariate analysis of all 4 tumor stages and stage 2 Table 4. PD-L1 on tumor cells.
tumors only.
dMMR pMMR p -value
p-value  Hazard Ratio  Confidence PD-L1 positive at 54/184 92/734 0.0001
Interval >1% cut point (29.3%) (12.5%)
Lower Upper PD-L1 positive at 45/184 81/734 0.0001
(o) i 0, 0,
All 4 tumor stages >5% cut point (24.5%) (11.0%)
T G .71 1. . 1. .
un.nor rade 0 3 0.98 8 septa and tumor (Fig. 4) (supplementary fig. 1). Thus, although PD-
Perineural 0.03 e - 1.9 L1 reactivity was more prevalent at the advancing front of the
Invasion tumor, a dense peritumoral inflammatory infiltrate also extended
cDb8 0.39 0.88 0.7 1.2 into the central portion of the tumor.
positive cells There was a strong correlation between the counts performed
PD-L1 immune 0.22 0.84 0.63 1.1 on the microarray and whole sections (correlation 0.71). Addi-
cells* tionally, on a paired sample t test there was no difference between
EMVI 0.0001 263 1.89 3.7 the two methods (p = 0.9).
AJCC st 0.0001 3.32 2.67 4.1
. PD-L1 on tumor cells
Stage 2 tumors only We also semi-quantitively evaluated PD-L1 reactivity on tumor
Tumor Grade 0.48 1.4 0.57 34 cells. 19.6% of tumors showed reactivity in >1% of tumor cells and
Perineural 0.001 34 16 6.9 17.6% showed reactivity in >5% of tumor cells (Table 4). The mean
Invasion reactivity was 1.1% (range 0-100). PD-L1 tumor scores of >1% and
CD8 Cells 0.43 0.74 0.36 15 >5% cut points were more I|kely. Fo be dMMR (g =0.0001,
P - e . eE p = 0.0001, respectively). PD-L1 reactivity at >1% cut point or >5%
-L 1 immune : - - : cut point did not correlate with disease specific survival (p = 0.4,
cells* . .
p =0.67, respectively). Notably, PD-L1 expression on tumor cells
EMVI 0.0001 4.4 2.0 3.39

"Patients treated with neoadjuvant therapy were excluded.
PD-L1 immune cells at cut-point 7.6/mm?.
EMVI extramural venous invasion.

Multivariate analysis

On univariate analysis, including lower AJCC stage (p =0.0001),
absence of extramural venous (p=0.0001) and perineural
invasion (p = 0.0001), lower tumor grade (p = 0.0001), and higher
number of CD8 cells (p=0.0001) correlated with improved
disease-specific survival. On a multivariate analysis (after excluding
patients treated with neoadjuvant therapy) that included clinical
and pathologic features that correlated significantly with survival
only AJCC stage, extramural venous invasion and perineural
invasion correlated with disease-specific survival (Table 3). On a
multivariate analysis comprised of only stage 2 colon adenocarci-
nomas that did not receive adjuvant therapy, only absence of
extramural venous invasion, perineural invasion, and PD-L1
immune cell high cases correlated with improved disease-
specific survival.

Validation of PD-L1 on whole sections

To validate the results of the tissue microarray we performed PD-
L1 stain on whole sections in 16 cases, 5 with high PD-L1 scores,
and 11 with low PD-L1 scores. An assessment of whole slide PD-L1
sections revealed that the reactivity in the immune compartment,
when present, was localized to the interface of the broad stromal

SPRINGER NATURE

did not correlate with PD-L1
(p = 0.265).

expression on immune cells

Correlation of PD-L1 immune cells with other immune cells
The PD-L1 immune high cohort was associated with increased
numbers of CD8 positive cells (p =0.0001), FoxP3 positive cells
(p =0.0001), CD163 positive cells (p =0.001), and LAG3 positive
cells (p =0.21), although the latter did not achieve significance.(-
Supplementary table 3) (Figs. 5 and 6).

Relationship between LAG3 and CD163 and survival

Based on the median number of LAG3 positive cells (2.5/mm?),
patients with a high number of LAG3 positive cells (>greater than
median) showed significantly better survival than those with a low
number of cells (p = 0.001) (Fig. 7). Notably, the number of CD163
positive cells, stratified by the median number of CD163 positive
cells, did not correlate with disease-specific survival (p = 0.22).

DISCUSSION

PD-L1 expression is currently not used in predicting efficacy of ICI
therapy in colon carcinoma, and there are no clear-cut guidelines
regarding its interpretation, utilization, and significance. In this
study, we sought to investigate the pattern of PD-L1 expression in
colon carcinoma for two distinct cellular compartments, tumor,
and immune cells, and the relationship this pattern has with other
elements of the tumor immune microenvironment. Herein, we

Modern Pathology (2022) 35:1740-1748
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B

Immunohistochemical aspects including density and distribution of PD-L1. Immunohistochemistry showing PD-L1 high (A) and PD-

L1 low (B) colon carcinoma. The PD-L1 high cases showed diffuse staining in the immune compartment at the tumor stromal interface (A). The
PD-L1 low cases were either entirely negative as seen in panel B, or showed rare pockets of positive immune cells.
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Fig. 5

Immune cell and regulatory protein expression in PD-L1 immune high tumors. PD-L1 immune high colon cancer reveals an inflamed

tumor microenvironment (A) that demonstrates a strong positive correlation between PD-L1 immune cells (D), with inset highlighting red
membranous staining, CD8 positive T-lymphocytes (B), PU.1 positive tumor-associated macrophages (C), and LAG3 positive immune cells (E).

report that PD-L1 expression in host immune cells, largely tumor-
associated macrophages, predicts favorable outcome measures,
although the effect is most pronounced in stage 2 tumors.
Similarly, patients with high numbers of LAG3 positive cells also
showed improved disease-specific survival. We found that the
expression of PD-L1 on host immune cells correlated positively
with the number of CD8 positive tumor-infiltrating lymphocytes
and FoxP3 positive cells, the latter underlining a nuanced tumor
immune microenvironment that counterintuitively upregulates
membranous proteins known to quell the otherwise favorable
immune response. Lastly, we found no significant association of
tumor PD-L1 expression with objective outcome measures or
immune cell PD-L1 expression.

In this study, we found that PD-L1 immune cell high tumors are
associated with a lower AJCC stage, less frequent extramural
venous invasion, and favorable disease-free survival. In the only
study that systematically evaluated the prognostic impact of PD-
L1 immune cells in colon carcinoma, Miller et al. evaluated stage 3
colon carcinomas and identified older age at surgery, lower
histologic grade, and PD-L1 positive CD11c myeloid cells as the
only statistically significant parameters that correlated with overall
survival, and remarkably this benefit was independent of CD8**.

Modern Pathology (2022) 35:1740-1748

Nonetheless, this study focused exclusively on stage 3 tumors, and
the authors were unable to account for the confounding effect of
chemotherapy. It is notable that in our study, the improved
survival of the PD-L1 immune cell high cohort was most apparent
in stage 2 colon carcinomas that did not receive adjuvant or
neoadjuvant chemotherapy.

Similar efforts to characterize PD-L1 expressing host immune
cells in non-small cell lung carcinoma (NSCLC) yielded comparable
results. Liu and colleagues demonstrated that PD-L1 co-localiza-
tion was overwhelmingly associated with macrophages in the
stroma and was the predominant immune cell co-localizing PD-L1
in the tumor. Furthermore, other than CD8, they found this
biomarker to be the only significant prognosticator associated
with better overall survival in patients treated with immunother-
apy®®. While it is hard to conceptually accept the notion that
macrophage expression of PD-L1 is associated with a favorable
prognosis, particularly since it is well established to be a known
immunosuppressant and negative prognosticator when expressed
by NSCLC tumor cells, a number of studies have generated
explanations to explain this correlative epiphenomenon. It is
reported in early NSCLC?®, tumor-associated macrophages often
co-express stimulatory and inhibitory proteins (including PD-L1),

SPRINGER NATURE
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Fig. 6 Immune cell and regulatory protein expression in PD-L1 immune low tumors. PD-L1 immune low colon carcinoma reveals a pauci-

immune tumor microenvironment (A) that demonstrates a strong positive correlation when there is a negative/low signal for PD-L1 (D), with
few CD8 positive T-lymphocytes (B), no/rare PU.1 positive tumor-associated macrophages (C), and no/rare LAG3 positive (E) immune cells.

and there was no significant tendency of these cells to express
more inhibitory or stimulatory markers and no significant link of
PD-LT on tumor-associated macrophages to T-cell function.
While the focus the current study was on inhibitory signals,
we did not assess for potential opposing stimulatory signal,
which may have accounted for this ‘counterintuitive’ data i.e. the
favorable effect of PD-LT immune cells. Other studies have
suggested that PD-L1 expression by tumor-associated macro-
phages may be a defensive measure to protect themselves from
CD8+ T-cell induced cytolysis and in turn protect the immune
stimulatory function of these cells, including antigen-presenting
cells, suggesting an alternative ‘pro-stimulatory’ mechanism of
PD- L1%°?7. Collectively, while the inherent tumor biology of
NSCLC is different than colon cancer, a number of parallels can
be drawn between their host immune microenvironments, and it
is fair to speculate that the role of PD-L1 positive macrophages
have comparable roles, although further studies are required to
elucidate this mechanism.

The current study found that LAG3, another immune regulatory
protein®®, corroborates prior studies that have demonstrated that
LAG3 expression on CD8+ T-cells to be associated with longer
progression-free survival in high-stage colon cancer®. Indeed, the
utility of LAG3 as a biomarker and an actionable target, particularly
as combination therapy with other checkpoint inhibitors, is gaining
therapeutic steam as current trials are demonstrating beneficial
outcomes in a hard-to-treat pMMR metastatic colon carcinoma3®'.

It is widely accepted that CD8 positive T-cells are a favorable
prognosticator in colon cancer, indicating that host immune
response against the tumor portends a more favorable
outcome®>** It is speculated that in tumors that generate a
strong CD8 T-cell response, upregulation of PD-L1 expression in
antigen-presenting cells is mediated by pro-inflammatory cyto-
kines, most characteristically interferon-gamma, in an attempt to
curtail the exuberant activity of T-cells>*’. These PD-L1 positive
antigen-presenting cells maintain self-tolerance by binding the
activated T-cells at their PD-1 receptor and inducing an inhibitory/
deactivating signal®*=’. As such, the favorable prognosis of PD-L1
immune cell high tumors identified in this study would appear
counterintuitive since theoretically these cells would correlate
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demonstrating survival benefit of LAG3 immune high tumors
compared to LAG3 immune low tumors (p =0.001).

with an exhausted and deactivated T-cell population. An
alternative model, though highly speculative, would argue that
the PD-L1 tumor-associated macrophages and FoxP3 positive
regulatory lymphocytes are simply a surrogate marker of a
hyperimmune response to the tumor. The current study supports
this conjecture as both CD163 (p = 0.001) and FoxP3 (p = 0.0001)
were positively associated with PD-L1 high immune high tumors
and are part of an evolving view that immune biomarkers should
be interpreted based on the overall context of the immune
microenvironment. PD-L1 positive immune cells and FoxP3
positive regulatory T-cells, which are typically associated with
immune evasion, can, therefore, have a seemingly paradoxically
good prognosis>®>°,
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The significance of PD-L1 expression in colon tumor carcinoma
is perhaps even more controversial than host immune cells and
continues to be debated. Conceptually, one would expect that the
expression of PD-L1 on tumor cells would impart an aggressive
phenotype by allowing the cancer cells to evade immunity and
exert an inhibitory function on host immune cells. While this
appears to be a significant negative prognosticator for a number
of malignancies*®*', multiple studies have demonstrated conflict-
ing results in colonic carcinomas, with little consensus on its
prognostic value. Surprisingly, some studies demonstrate that
tumor cell PD-L1 expression is associated with improved
survival*?, while other studies have shown decreased survival®.
We found that >20% of tumors (both at >1% and >5% cut point)
demonstrate membranous PD-L1positivity and this pattern was
seen more commonly seen in dMMR tumors; however, this
expression did not reach significance on disease-specific survival
for both the entire cohort and subset cohorts based on tumor
stage and/or chemotherapy status. In fact, this appears to be in
line with an evolving consensus that favors the view that PD-L1
expression on tumor cells does not impact outcome'*'?, Never-
theless, there are a number of explanations that can underline the
discrepancies and limitations of tumor PD-L1 expression including
intratumoral heterogeneity, varying antibody assays, differing PD-
L1 cutoffs, small sample size, and the effect of neoadjuvant/
adjuvant therapy.

The study also raises intriguing questions about a widely used
scoring system for PD-L1, the combined positive score (CPS), for a
variety of carcinomas including gastric and gastro-esophageal
carcinoma, and breast, among others**. The numerator on this
scoring system adds two potentially disparate markers, PD-L1 on
tumor cells and PD-L1 on immune cells and notably, the number of
positive immune cells often overshadow positive tumor cells. The
objective response rate for PD-1 inhibitors in gastric carcinomas was
higher in tumors with a CPS score of =1% (15.5%) compared to
patients with a score of <1% (6.4%)**. While speculative, we posit
that since PD-L1 on immune cells has not been critically evaluated
in gastric carcinoma, the potential improved outcome of patients
with high CPS may reflect the innately better survival of this group
of tumors.

Our study has multiple limitations. Given that the study was
performed on tissue microarrays, we do not account for the
heterogeneity typically associated with immune markers. How-
ever, the tissue microarray approach allows for the evaluation of
multiple immunohistochemical markers in one of the largest
cohorts systematically evaluated for immune markers. Addition-
ally, we did evaluate for tumor heterogeneity on a subset of whole
tissue sections for both PD-L1 high and PD-L1 low groups. Another
limitation is that we are unable to correlate our findings with
response to ICl therapy, which would be essential to guide
therapeutic insight. Furthermore, our study focused entirely on
inhibitory antigens including PD-L1 and LAGS3, limiting our ability
to elaborate on the larger context and situation in which these
markers are expressed.

In conclusion, we evaluate a large cohort of resected colon
carcinoma and assess the impact of PD-L1 reactivity on immune
cells to draw the following broad conclusions:

(1) High PD-L1 and LAG3 expression on immune cells is
associated with improved disease-free survival; (2) PD-L1
expression on tumor cells is not a prognostic variable, and (3)
the PD-L1 immune cell high cohort was associated with
increased numbers of CD8+ T-cells as well as CD163+ and
FoxP3+ cells, arguing for a coordinated underlying mechanisms
that accounts for these immunologically active tumors. The
improved prognosis associated with PD-L1 and LAG3 high
tumors appears counterintuitive, given the immunosuppressive
nature of these cells, and we hypothesize that the role of
this phenotype is part of a larger and more intricate tumor
microenvironment that should not be broadly labeled/
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stigmatized as inhibitory or stimulatory based on their PD-L1
expression status. Future directions will seek to elucidate a more
comprehensive evaluation of regulatory and stimulatory immune
biomarkers on tumor cells and host immune cells that might
shed light on the role and utility of PD-L1 in the tumor
microenvironment and whether ICI efficacy is associated with a
particular phenotype.
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