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Abstract

Background: Immune checkpoint inhibition is effective in a subset of patients with advanced
gastric cancer. Genomic profiling has revealed the heterogeneity of gastric adenocarcinomas, but
the immune microenvironment and predictors of immunotherapy response remain poorly
understood. We aimed to better characterize the underlying immune response to gastric cancer.

Methods: Retrospective review of a prospectively maintained institutional database was
performed to identify patients who underwent curative intent resection of gastric adenocarcinoma
from 2006-2016. Tumors were classified according to modified TCGA subtype: Epstein-Barr
virus-associated (EBV), microsatellite instability-high (MSI), intestinal as a surrogate for
chromosomal instability (CIN), diffuse as a surrogate for genomically stable (GS). Tumor
infiltrating leukocytes (TIL) were measured using immunohistochemistry.

Results: Forty-three patients were identified: 6 EBV, 11 MSI, 14 intestinal, 12 diffuse. The most
prevalent TIL were CD8* T lymphocytes and CD68" macrophages, comprising 15% and 13% of
all tumor cells. EBV and MSI tumors were the most infiltrated, harboring 30-50% T cells and
20% macrophages. Intestinal tumors contained fewer T cells but disproportionately more
macrophages. Diffuse tumors were the least infiltrated. Programmed cell death protein 1 (PD1)
was most frequently expressed in intestinal tumors, whereas 70% of EBV and MSI tumors
expressed programmed death-ligand 1 (PDL1).

Conclusion: We herein demonstrate a heterogeneous immune response to gastric cancer, which
varies by tumor subtype and has implications for future immunotherapy trials. Checkpoint
inhibition is unlikely to be effective as single-agent therapy against intestinal and diffuse tumors
lacking prominent T cell infiltration or substantial PDL1 expression.
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INTRODUCTION

Despite advances in diagnostic imaging, surgical technique, and systemic therapy, gastric
cancer remains the third leading cause of cancer-related death worldwide (1). Particularly
among Western populations, patients tend to present with advanced-stage disease. Even for
those patients with locoregional disease undergoing curative intent resection and
perioperative chemotherapy, 5-year overall survival (OS) is less than 40% (2, 3), and median
survival following recurrence is only 8 months (3). The need for more effective systemic
therapies is evident.

Immunotherapy is being investigated in multiple solid tumors, including gastric cancer.
Immune checkpoint inhibition, the most well-studied type, targets inhibitory receptors on T
lymphocytes, such as cytotoxic T-lymphocyte associated protein 4 (CTLA4) and
programmed cell death protein 1 (PD1), and releases effector T cells from negative feedback
signaling. As has been observed in other tumors, such as melanoma and non-small cell lung
cancer, a small subset of patients with advanced gastric cancer (10-20%) has been shown to
respond to antibody-mediated blockade of CTLA4 (ipilimumab) and PD1 (nivolumab,
pembrolizumab) (4-8). Among 493 heavily pretreated patients with advanced gastric cancer,
the randomized phase 111 trial ONO-4538/ATTRACTION-2 demonstrated an objective
response rate (ORR) of 11% and improved 12-month OS (26 versus 11%) among patients
treated with nivolumab versus placebo (6). Earlier phase studies, including the phase Ib
KEYNOTE-012 (7) and phase Il KEYNOTE-059 (5) trials, demonstrated similar modest
ORR to pembrolizumab (22% and 12%, respectively). Even among patients selected for
tumor expression of programmed death-ligand 1 (PDL1), the cognate ligand for PD1, ORR
remained low, 16-22% (5, 7). Two additional phase 111 trials of PD1/PDL1 inhibition did not
demonstrate a survival benefit over standard cytotoxic chemotherapy (KEYNOTE-061,
JAVELIN Gastric 300 Trial, reviewed by Cohen et al.) (4). Thus, although immune
checkpoint inhibition represents a potential novel treatment strategy for advanced gastric
cancer, more accurate predictors of response and improved understanding of resistance
mechanisms are required.

Recent molecular profiling by The Cancer Genome Atlas (TCGA) has informed our
understanding of the heterogeneous mechanisms underlying gastric cancer pathogenesis (9).
Moving beyond Lauren classification of intestinal versus diffuse/signet-ring cell histologic
subtypes (10), it is now evident that there are at least four molecular subtypes of gastric
adenocarcinoma, including those associated with Epstein-Barr virus infection (EBV) with
associated amplification of the genes encoding PDL1 and PDL2, those with microsatellite
instability (MSI) often due to MLHI hypermethylation, those with frequent somatic copy
number aberrations (chromosomal instability, CIN) enriched among intestinal type tumors,
and those with genomic stability (GS) enriched among diffuse type tumors (9).
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A similar definition of the intrinsic immune landscape in gastric cancer is lacking, a
definition that may be essential to predicting immunotherapy response and designing
optimal treatment strategies. Preliminary studies have demonstrated increased inflammation
and PDL1 expression in EBV- and MSl-associated gastric cancers (11-14). However, the
frequency and function of specific tumor infiltrating leukocytes (TIL), and the relationship
to tumor subtype, remain unknown. We hypothesized that there is a pre-existing immune
response to gastric cancer, which varies by the pathobiology of tumor subtype. To test our
hypothesis and better define the gastric cancer immune microenvironment, we characterized
the intratumoral immune infiltrate in 43 human gastric adenocarcinomas, representing each
of the four major biologic subtypes: EBV, MSI, Lauren intestinal tumors as a surrogate for
CIN, and Lauren diffuse/signet-ring cell tumors as a surrogate for GS. We herein present
tumor immunoprofiling results for each of the biologic subtypes of gastric cancer.

MATERIALS AND METHODS

Case Selection

Retrospective review of a prospectively maintained institutional database was performed to
identify patients who underwent curative intent resection of histologically confirmed gastric
adenocarcinoma between 2006 and 2016 at Memorial Sloan Kettering Cancer Center
(MSKCC). Patients with gastroesophageal junction tumors were excluded. Patients who
received preoperative chemotherapy or radiation, presented with metastatic disease, or
endorsed a history of chronic immunosuppression were also excluded. Eligible patients with
sufficient tissue archived for analysis were then identified for further histologic and
molecular review as detailed below. Clinical and pathologic information was collected from
patient charts. Pathologic tumor and nodal stage was assigned based on the eighth edition of
the American Joint Committee on Cancer (AJCC) staging manual (15). Neutrophil and
lymphocyte counts were obtained from peripheral blood complete blood count (CBC)
analysis performed within three months prior to initial surgical resection. The study was
approved by the MSKCC Institutional Review Board.

Histopathologic and Molecular Tumor Classification

Hematoxylin and eosin-stained (H&E) tissue sections and formalin-fixed paraffin-embedded
(FFPE) blocks were retrieved from the Pathology archives at MSKCC. H&E slides from the
entire resection specimen of each eligible case were reviewed by an expert gastrointestinal
pathologist (LHT). Cases deemed to have adequate tissue, including a representative section
containing both primary tumor and adjacent normal tissue, were then selected to provide
broad representation of tumor and nodal stage as well as biologic subtype.

Adenocarcinomas were classified into one of four major subtypes based on molecular and
histologic analysis (9, 10): (1) Epstein-Barr virus-associated (EBV), confirmed by in situ
hybridization of EBV-encoded RNA (EBER); (2) microsatellite instability-high (MSI),
assessed by IHC of DNA mismatch repair (MMR) proteins MLH1, PMS2, MSH2, and
MSHS; (3) intestinal, as a surrogate for the TCGA chromosomal instability (CIN) type,
arising from a background of chronic gastritis, intestinal metaplasia, atrophy, and a spectrum
of glandular dysplasia; (4) diffuse/signet-ring cell, as a surrogate for the TCGA genomically
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stable (GS) type, with no evidence of gland-forming intestinal component or excessive
extracellular mucin pools, and without apparent chronic gastritis, atrophy, intestinal
metaplasia or precursor dysplasia. Because gastric specimens were not routinely tested for
EBYV infection or MSI status prior to 2014, eligible cases were screened for morphologic
characteristics which were suggestive of EBV infection or MSI status, including medullary
carcinoma with lymphoid stroma, increased tumor infiltrating lymphocytes, or intratumoral
heterogeneity during H&E review, with subsequent molecular confirmation of EBV or MSI
status as detailed above. The study cohort was enriched for the rarer EBV and MSI subtypes
in order to achieve adequate numbers of patients per tumor subtype and hence statistical
power to detect differences between each of the four subtypes.

For each selected case, the most representative section of tumor and adjacent normal tissue
was identified for further immune profiling.

Tumor Immune Profiling

Tumor infiltrating leukocytes (TIL) were defined as follows: CD4* T lymphocytes
(including helper and regulatory T cells), CD8* cytotoxic T lymphocytes, FOXP3*
regulatory T lymphocytes (Treg), CD20* B lymphocytes, and CD68* macrophages. TIL
were quantified and characterized by IHC using the following human-specific antibodies
(clone, dilution): CD4 (SP35, 1:50), programed cell death protein 1 (PD1) (MRQ22, 1:500)
from Cell Marque; CD8 (SP57, undiluted), CD163 (MRQ-26, undiluted) from Ventana;
CD20 (L26, 1:2000), CD68 (KP1, 1:2000), major histocompatibility complex class Il
(MHC-11, HLA-DR) (TAL.1B5, 1:200), from DAKO; FOXP3 (236A/E7, 1:500) from
AbCam; matrix metalloproteinase 9 (MMP9) (Ab3, 1:1000) from Oncogene Science;
programmed death-ligand 1 (PDL1) (E1L3N, 1:500) from Cell Signaling.

Immunohistochemical labeling of CD4, CD8, CD20, CD68, CD163, HLA-DR, and PD1
was performed using Cell Conditioning 1 (mild) for antigen retrieval and the avidin-biotin-
peroxidase detection system on the Ventana Discovery XT automated stainer (Ventana
Medical Systems, Tucson, AZ). Immunohistochemical labeling of FOXP3, PDL1, and
MMP9 was performed using Epitope Retrieval Solution 2 for antigen retrieval and the
avidin-biotin-peroxidase detection system on the Leica automated stainer (Leica Biosystems,
Nussloch, Germany). All cases were visualized using 3,3’-diaminobenzidine (DAB) as the
chromogen.

Slides were digitized using the ScanScope XT scanner (Aperio Technologies, Vista, CA,
USA). Scanned images were reviewed in ImageScope (Aperio Technologies), and five
representative high-power fields (HPF, 0.25 mm?) were selected per tumor section. Each
HPF was saved in tagged image file format (TIFF). The TIFF images were then separated
into hematoxylin and DAB channels using the Colour Deconvolution algorithm in FIJI/
ImageJ software (National Institutes of Health, Bethesda, MD) (16, 17). The total number of
cells were counted by segmenting the hematoxylin channel, and the count of cells positive
for DAB signal was tabulated in a macro. Cell frequency was then calculated by dividing the
number of DAB-positive cells by the total number of cells per HPF, and then calculating the
mean cell frequency across five HPFs per tumor.
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Mean intratumoral cell frequencies were compared using unpaired 2-tailed Student’s ¢test or
one-way ANOVA with Tukey’s multiple comparisons test, as applicable. Categorial
variables were compared using XZ test. Correlations were assessed with linear regression
and Pearson correlation coefficient. All data were analyzed using GraphPad Prism 7 for Mac
OS X, Version 7.0c (GraphPad Software, Inc., La Jolla, CA). A p-value < 0.05 was
considered significant.

Clinicopathologic Features of the Study Cohort

Retrospective review of a prospectively maintained institutional database identified 982
patients who underwent curative intent gastrectomy for gastric adenocarcinoma during the
study period 2006-2016. Six hundred one (61%) received no preoperative chemo- or
radiotherapy. Among these treatment-naive patients, 43 cases of resected gastric
adenocarcinoma were identified with adequate tissue for immunoprofiling and broad
representation of tumor and nodal stage as well as tumor subtype (Table 1). Cases were
classified into four biologic subtypes based on Lauren histologic subtype (10), Epstein-Barr
virus (EBV)-encoded RNA (EBER) in situ hybridization, and DNA mismatch repair (MMR)
expression: EBV (N = 6), microsatellite instability-high (MSI, N = 11), intestinal as a
surrogate for chromosomal instability (CIN, N = 14), and diffuse/signet-ring cell as a
surrogate for genomically stable (GS, N = 12). The study cohort comprised of similar
proportions of tumor subtypes as the TCGA cohort, with the exception of fewer
intestinal/CIN cases (33 versus 50%) (9). By design, the study cohort was also enriched for
EBV and MSI cases (14 and 26% respectively), in contrast to a recently published series of
later-stage metastatic esophagogastric cancer patients from our institution (< 5% of each
subtype) (18).

Clinical and pathologic features of the study cohort are further detailed in Table 1. Median
age of the cohort was 68 years (range 20-92), with slight male predominance (56%).
Pathologic tumor (T) and nodal (N) stages were distributed across each biologic tumor
subtype, with a non-significant trend toward higher stage, i.e., more transmural disease and
nodal spread, in the diffuse and intestinal groups.

CD8* T Cells and Macrophages Predominate the Gastric Cancer Immune
Microenvironment

Comprehensive immunoprofiling revealed that CD8" cytotoxic T lymphocytes (CTL) and
CD68™ macrophages were the most prevalent tumor-infiltrating leukocytes (TIL) among the
entire cohort, representing 15% and 13% of all intratumoral cells respectively (Fig. 1A-B).
CD4* T cells were slightly less frequent (11%), with the FOXP3* regulatory T cell subset
(Treg) representing only 3% of all cells (Fig. LA-B). Intratumoral CD8" and CD4* T cell
densities correlated with each other and with macrophage density (Fig. 1C). CD20" B cells
minimally infiltrated tumors of any subtype (not shown).
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To determine whether the pattern of immune infiltration differed across tumor subtypes, TIL
subsets were quantified within each group (Fig. 1D). Similar to the entire cohort, EBV
tumors were most infiltrated with CD8* CTL and macrophages (28% and 22% of all
intratumoral cells, respectively), with an intermediate frequency of CD4* T cells (20%) and
low rate of Treg (4%). MSI and intestinal tumors each contained similar frequencies of CTL
and macrophages (19% in MSI, 13-14% in intestinal). Conversely, diffuse tumors were most
infiltrated by CD8" and CD4™ T cells (7-8%) and contained disproportionately fewer
macrophages (2%).

TIL were most commonly observed in a diffuse pattern throughout the tumor (Fig. 1A). A
subset of MSI and intestinal tumors (8/11 and 5/14 cases, respectively) demonstrated an
accumulation of macrophages, and to a lesser extent T cells, at the invasive front, i.e., deep
margin of the tumor (Fig. 4D).

EBV and MSI are the Most Inflamed Gastric Cancer Subtypes

Among the four biologic subtypes of gastric cancer, EBV and MSI tumors had the largest
immune infiltrate (Fig. 2). In fact, EBV tumors contained more TIL than actual tumor cells,
comprised on average of 50% T cells and 20% macrophages (Fig. 2A, 2C). MSI tumors
were slightly less inflamed, consisting on average of 30% T cells and 20% macrophages.
Intestinal tumors were even less infiltrated, with about one-third of cells comprised of TIL,
and diffuse tumors were the least inflamed, albeit still with nearly 20% TIL (Fig. 2A, 2C).
Macrophages were disproportionately less frequent in diffuse tumors (Fig. 2C), but there
were no significant differences in CD8* CTL/Treg ratio across tumor subtypes (Fig. 2B).

Generally, tumors with deeper mural invasion, i.e., higher T stage, were less infiltrated with
T cell subsets and macrophages (Fig 2D, top). However, the opposite trend was observed in
CD8* T cell infiltration in intestinal-type tumors, wherein transmural tumors harbored the
most cytotoxic T cells (Fig. 2D, bottom). Among the study cohort, intestinal tumors also
uniquely demonstrated a correlation between intratumoral Treg frequency and peripheral
blood neutrophil-to-lymphocyte ratio (NLR), a marker of systemic inflammatory state (Fig.
2E and Supplemental Fig. S2). A similar but non-significant trend was observed in
intestinal-type macrophage infiltration and NLR (p = 0.3, Fig. 2E and Supplemental Fig.
S2). Overall, tumor subtype influenced the relationship between intratumoral immune
infiltration and assorted clinicopathologic factors.

Programmed Cell Death Protein 1 (PD1)/Programmed Death-Ligand 1 (PDL1) Checkpoint
Expression Varies by Tumor Subtype

To investigate potential immune evasion mechanisms across gastric cancer subtypes, we first
assessed intratumoral expression of the clinically relevant T cell checkpoint receptor,
programed cell death protein 1 (PD1), and one of its cognate ligands, programmed death-
ligand 1 (PDL1). PD1 expression was observed in TIL of EBV, MSI, and intestinal tumors,
comprising on average 6-10% of all intratumoral cells, with the highest frequency in
intestinal tumors (Fig. 3A-B).

PDL1 ligand expression was also observed in non-diffuse tumor subtypes, with PDL1* TIL
and tumor cells comprising 4-7% of all intratumoral cells (Fig. 3A, 3C). Diffuse tumors
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demonstrated minimal PD1 or PDL1 expression. Based on the minimum threshold of 1% of
cells staining positive for PDL1 used in clinical trials of anti-PD1 immunotherapy (6, 7),
70% of EBV and MSI tumors in the cohort were PDL1-positive, whereas only 36% of
intestinal and 17% of diffuse tumors were PDL1-positive. Hence, the PD1/PDL1 axis was
most prominent in inflamed EBV and MSI tumors, and, to a lesser extent, in intestinal
tumors.

Gastric Cancer-Associated Macrophages Exhibit Mixed M1- and M2-Like Phenotype

To further investigate potential mechanisms of tumor-mediated immunosuppression,
particularly in those subtypes demonstrating low PD1/PDL1 expression, we sought to better
characterize the intratumoral myeloid infiltrate. Across multiple solid tumor types,
macrophages have been implicated in tumorigenesis, more often resembling the
alternatively-activated, M2-like phenotype, with the ability to suppress anti-tumoral
immunity and induce pro-tumoral effects such as angiogenesis and metastasis (19, 20).

Within our cohort of 43 gastric cancers, macrophages were one of the most frequently
infiltrating immune cells in EBV, MSI, and intestinal tumors (Fig. 1). Phenotypic profiling
demonstrated mixed expression of both immunosuppressive, M2-like markers, such as the
scavenger receptor CD163 and matrix metalloproteinase 9 (MMP9) (Fig. 4A-B), and
stimulatory M1-like markers, such as the major histocompatibility complex class Il molecule
(MHCII, HLA-DR) (Fig. 4C). Intestinal tumors exhibited a more M2-like or suppressive
phenotype, with a non-significant trend in increased CD163 and MMP9 expression relative
to HLA-DR (Fig. 4B-C). Intestinal tumors also demonstrated a non-significant association
between intratumoral macrophage frequency and systemic NLR, unlike other tumor
subtypes (Fig. 2E and Supplemental Fig. S2). Interestingly, diffuse tumors contained
disproportionately more HLA-DRM cells (9%) compared with other TIL frequencies. These
MHCII-expressing cells exhibited dendritic morphology on histology and could represent
either M1-like macrophages or dendritic cells, another type of antigen-presenting cell.

From a spatial perspective, gastric cancer-associated macrophages most often infiltrated
tumors diffusely (Fig. 1A, 4A, 4D, bottom). However, in over half of MSI tumors and one-
third of intestinal tumors, CD68* and CD163* macrophages concentrated at the invasive
front, i.e., the deep margin of the tumor (Fig. 4D, top). This pattern of infiltration was also
seen to a lesser extent among T cells in MSI and intestinal tumors, but was only observed in
1/6 EBV and 0/12 diffuse tumors. Gastric cancer-associated macrophages thus represent a
heterogeneous subset of TIL, with mixed M1- and M2-like phenotype, and variable
infiltration based on tumor subtype.

DISCUSSION

The aim of the current study was to better define the underlying immune landscape in gastric
adenocarcinoma. In a relatively large Western series of untreated tumors, i.e., surgical
specimens from patients not receiving preoperative chemo/radiotherapy, we have observed
that gastric cancer generates a heterogeneous immune response, one which parallels tumor-
intrinsic molecular heterogeneity. Across the cohort of 43 patients, CD8* cytotoxic T cells
and CD68* macrophages were the most common tumor infiltrating leukocytes (TIL).
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However, patterns of infiltration differed between biologic tumor subtypes. For example,
EBV- and MSl-associated gastric cancers were the most inflamed, with more than half of all
tumor cells consisting of immune cells. Intestinal tumors harbored fewer TIL than expected,
given the association with chronic inflammation and Helicobacter pyloriinfection, but
contained the highest density of PD1* cells and a disproportionate number of macrophages.
Intestinal tumors also demonstrated a unique correlation between intratumoral Treg
frequency and peripheral NLR, suggesting an association between local and systemic
inflammation and defective antitumor immune response. Unlike other tumor subtypes,
intestinal tumors also harbored more CD8" T cells in deeply invasive tumors, suggesting the
presence but ineffectiveness of these intratumoral cytotoxic lymphocytes. Further
translational studies will investigate the clonality and function of these specific gastric
cancer TIL. By contrast, diffuse tumors were the least infiltrated but nevertheless comprised
of more than 10% T cells.

Our results are comparable to prior studies, which primarily focused on EBV- and MSI-
associated gastric cancers. An early report of 20 EBV-positive and 28 EBV-negative gastric
cancers from van Beek et al. demonstrated larger immune infiltrate, higher frequency of
activated granzyme B-expressing CD8* T cells, and more frequent CD8:CD4 T cell ratio > 1
in EBV-positive tumors (14). In a more recent series of 7 EBV, 16 MSI, and 21 non-
EBV/MSI gastric cancers from Ma et al., EBV and MSI tumors demonstrated 2-fold higher
density of CD8* T cells at the invasive front of the cancer, and a high rate of PDL1 positivity
in up to 90-100% of cases (13). Similar rates of PDL1 positivity have been observed in
other Western series (11, 12), as well as the current series, in which 70% of EBV and MSI
tumors were PDL1-positive, whereas only 36% of intestinal and 17% of diffuse tumors were
positive. Interestingly, while Ma et al. did not detect an independent association between
immune infiltration and either tumor stage or survival, several other series have
demonstrated conflicting results, with either a positive (21, 22) or negative (23, 24)
association of PDL1 expression with survival. The true impact of immune profile on
treatment response and clinical outcome remains to be determined. As immune checkpoint
inhibition becomes increasingly studied in the clinical setting, our results highlight the
importance of stratifying gastric cancer patients by biologic tumor subtype in future trials.
While EBV and MSI tumors would be predicted to respond to immune checkpoint
inhibition, single-agent PD1 or PDL1 blockade is unlikely to be effective against intestinal-
or diffuse-type tumors, which harbor fewer CD8* cytotoxic T cells and lower PDL1
expression.

Macrophages represented the other major type of immune cell infiltrating non-diffuse
subtypes of gastric cancer in our series. Phenotypic profiling of cell surface markers revealed
mixed expression of stimulatory M1-like markers (MHC class 1I/HLA-DR) and inhibitory
M2-like markers (CD163 scavenger receptor, matrix metalloproteinase MMP9), with a trend
toward increased inhibitory marker expression in intestinal-type tumors. Limited studies of
gastric cancer-associated macrophages in the literature report similar phenotypic
heterogeneity (25), and variable association with survival (25, 26). One functional report of
macrophages isolated from freshly resected human gastric cancers identified an inhibitory
effect on tumor-infiltrating natural killer (NK) cells, mediated by the cytokine TGF-beta
(27). In the current study, intestinal intratumoral macrophage infiltration demonstrated a

Am J Surg Pathol. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 9

non-significant correlation with peripheral blood NLR, a marker of systemic inflammation
that has previously been shown to be an independent predictor of poor disease-specific
survival among resectable gastric cancer patients treated with surgical resection and
neoadjuvant chemotherapy (28). Interestingly, one of the 43 patients in the current series,
with an MSI-high tumor, developed peritoneal recurrence after surgery, underwent treatment
with anti-PD1 therapy for a year, and experienced a complete clinical response. Immune
profiling of the primary tumor from this patient, compared with the remainder of the cohort,
demonstrated the lowest density of macrophages, relatively high CD8* CTL/Treg ratio, and
high PD1 but negligible PDL1 expression (Supplemental Fig. S1). Further investigation of
macrophage function and polarization is warranted to identify potential biomarkers of
response, resistance mechanisms, and new immunotherapeutic targets.

Notably, diffuse-type tumors in our series demonstrated an immune-desert phenotype (29),
with minimal infiltration of immune cells, and particularly low density of macrophages. Few
published reports specifically address the immune response to diffuse-type gastric cancers
(30). The relatively high frequency of cells expressing the antigen-presenting MHC class Il
molecule (HLA-DR) is hence of particular interest, and will require validation in additional
cohorts of diffuse gastric cancers, as well as further characterization of the relevant cell type,
e.g., dendritic cell versus M1-like macrophage, or other stromal or tumor cell. Enhancing
antigen presentation represents a promising strategy to increase immune recognition and
activity against so-called immune-desert tumors (29).

Our study is limited by the retrospective design and descriptive nature, as well as the small
case numbers within each tumor subtype, precluding multivariate analysis of immunologic
variables and clinical outcomes. Nevertheless, sample size is comparable to other published
Western series of gastric cancer immunity, and our study is unique in the exclusion of cases
treated with preoperative chemotherapy or radiotherapy. We were therefore able to study the
pre-existing immune response to gastric cancer without potential confounding effects of
chemotherapy or radiation. This is pertinent in the context of preclinical studies
demonstrating the immunologic effects of both platinum-based chemotherapy (31, 32) and
radiation (33). Classification of tumors was also dependent on both molecular and histologic
assessments, rather than the purely genomic classification defined by the TCGA (9).
Considering the well-known intratumoral heterogeneity in gastric adenocarcinoma, random
tumor tissue submitted for genomic analysis may not fully represent the underlying
mechanisms of disease. Although our results for intestinal and diffuse tumors may thus
differ from the immune profile of CIN and GS tumors, we believe the combined molecular
and histologic classification utilized in the current study better defines the pathogenetic
mechanisms of gastric cancer.

In sum, we herein present an overview of the heterogeneous immune landscape of gastric
cancer, delving beyond PDL1 expression to quantify and characterize the major lymphoid
and myeloid components and identify immune infiltration patterns according to biologic
tumor subtype. Results have important implications on the development of future
immunotherapy trials, i.e., immune checkpoint inhibition trials should be stratified not only
by PDL1 expression, but also by histologic and molecular tumor subtype as a surrogate for
CD8* T cell infiltration. Our findings also highlight key areas for future translational
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research, including targeting of inhibitory gastric cancer-associated macrophages, and
development of rational combination strategies to enhance immune recognition of minimally
inflamed diffuse-type tumors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
CD8* T cells and CD68* macrophages are the most prevalent immune cells infiltrating

human gastric cancer. A, Representative immunohistochemistry (IHC) of the most common
tumor-infiltrating leukocytes (TIL), including CD4" and CD8" T cells, FOXP3* regulatory
T cells (Treg), and CD68* macrophages, in EBV, MSI, intestinal, and diffuse subtypes of
gastric cancer. Scale bar: 100 pm. B, Quantification of TIL frequencies as a percentage of all
intratumoral cells, as measured by IHC. C, Correlation matrix demonstrating associations
between the major TIL subsets quantified in B. D, Quantification of TIL frequencies for
each of the 4 biologic subtypes of gastric cancer. Each data point represents a unique
patient’s tumor (N = 43, including 6 EBV, 11 MSI, 14 intestinal, and 12 diffuse gastric
cancers). Box plots represent the median and all data points within the min-max range. *, P
<0.05.
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Figure2.
EBV and MSI are the most inflamed subtypes of gastric cancer. A, Intratumoral T cell

frequencies were compared across the 4 gastric cancer subtypes, based on CD4, CD8, and
FOXP3 IHC demonstrated in Figure 1. B, CD8" cytotoxic T cell/FOXP3* Treg ratio was
calculated for each tumor subtype. C, Intratumoral macrophage frequency was compared
across tumor subtypes, based on CD68 IHC. D, Intratumoral immune cell frequencies in
tumors with low versus high tumor (T) stage (T1-2 versus T3-4), within the entire study
cohort (top) and intestinal/CIN subtype (bottom). E, Association between intratumoral
FOXP3* Treg or CD68* macrophage frequency and peripheral blood neutrophil-to-
lymphocyte (NLR) ratio, within intestinal/CIN tumors. Each data point represents a unique
patient’s tumor (N = 43, including 6 EBV, 11 MSI, 14 intestinal, and 12 diffuse gastric
cancers). Box plots represent the median and all data points within the min-max range. *, P
<0.05.
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Figure 3.

Programmed cell death protein 1 (PD1)/programmed death-ligand 1 (PDL1) expression is
highest in EBV and MSI tumors. A, Representative PD1 (top) and PDL1 (bottom) IHC
within EBV, MSI, intestinal, and diffuse gastric cancers. Scale bar: 100 um. B,
Quantification of PD1* TIL within each tumor subtype, as measured by IHC. C-D,
Quantification of PDL1" intratumoral cells, and the percentage of all cases defined as PDL1-
positive (black bars), based on = 1% of intratumoral cells staining positive for PDL1. Each
data point represents a unique patient’s tumor (N = 43, including 6 EBV, 11 MSI, 14
intestinal, and 12 diffuse gastric cancers). Box plots represent the median and all data points
within the min-max range. *, £< 0.05.
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Figure 4.

Gastric cancer-associated macrophages are prevalent and exhibit mixed M1- and M2-like
phenotype. A, Representative IHC of macrophage markers including CD163, matrix
metalloproteinase 9 (MMP), and the major histocompatibility complex class 11 molecule
(MHCII, HLA-DR), within EBV, MSI, intestinal, and diffuse gastric cancers. Scale bar: 100
pm. B-C, Quantification of CD163*, MMP9*, and HLA-DRNi TIL, as measured by IHC. D,
Representative IHC demonstrating macrophage infiltration at the invasive front (top) versus
diffusely throughout the tumor (bottom) in 2 different MSI gastric cancers. Scale bar: 4 mm.
Each data point represents a unique patient’s tumor (N = 43, including 6 EBV, 11 MSI, 14
intestinal, and 12 diffuse gastric cancers). Box plots represent the median and all data points
within the min-max range. *, £< 0.05.
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Table 1.
Clinicopathologic characteristics by tumor subtype.
Characteristic Total (43) EBV (6) MSI (11) Intestinal (14) Diffuse (12) P
N % N % N % N % N %
Age, median (range) 68(20-92)  72(40-85) 74 (55-85) 78 (52-92) 48 (20-67)  <0.01
Sex 0.02
Male 24 55.8 5 83.3 5 455 11 78.6 3 25.0
Female 19 44.2 1 16.7 54.5 3 214 75.0
Tumor location <0.01
Upper 2 4.7 1 16.7 0 0 0 0 1 8.3
Middle 14 32.6 4 66.7 5 455 0 0 5 41.7
Lower 25 58.1 1 16.7 6 54.5 14 100 4 333
Entire 2 4.7 0 0 0 0 0 0 2 16.7
H. pylori infection 0.03
Absent 32 74.4 2 333 63.6 12 85.7 11 91.7
Present 11 25.6 4 66.7 4 36.4 2 14.3 1 8.3
NLR, mean (range) 3.0(1.1-6.8) 3.8(2.0-56) 3.1(1.2-6.8) 3.0(1.3-4.8) 25(1.1-41) 0.19
Tumor stage 0.39
T1 9 20.9 3 50.0 3 27.3 3 21.4 0 0
T2 7 16.3 1 16.7 2 18.2 3 214 1 8.3
T3 15 34.9 2 333 3 27.3 4 28.6 6 50.0
T4 12 27.9 0 0 3 27.3 4 28.6 5 41.7
Lymphovascular invasion 0.07
Absent 13 30.2 4 66.7 18.2 2 14.3 41.7
Present 30 69.8 2 333 9 81.8 12 85.7 7 58.3
Perineural invasion 0.01
Absent 17 39.5 3 50.0 7 63.6 7 50.0 0 0
Present 26 60.5 3 50.0 36.4 7 50.0 12 100.0
Nodal stage 0.45
NO 18 41.9 4 66.7 5 455 5 35.7 4 333
N1 6 14.0 1 16.7 2 18.2 3 21.4 0 0
N2 10 23.3 0 0 3 27.3 4 28.6 3 250
N3 9 20.9 1 16.7 1 9.1 2 14.3 5 41.7

EBYV, Epstein-Barr virus-associated; MSI, microsatellite instability-high; NLR, neutrophil to lymphocyte ratio at diagnosis
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