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OBSERVATIONAL STUDY

Tumor-Infiltrating Immune Cells Are Associated With
Prognosis of Gastric Cancer

Kai Liu, MM, Kun Yang, MD, Bin Wu, MM, HaiNing Chen, MD, XiaoLong Chen, MD, XinZu Chen, MD,
LiLi Jiang, MD, FuXiang Ye, MD, Du He, MD, ZhengHao Lu, MD, Lian Xue, MM, WeiHan Zhang, MM,
Qiu Li, MD, ZongGuang Zhou, MD, FACS, XianMing Mo, MD, and JianKun Hu, MD, PhD

Abstract: Immune cells contribute to determining the prognosis of
gastric cancer. However, their exact role is less clear.

We determined the prognostic significance of different immune cells
in intratumoral tissue (1), stromal tissue (s), and adjacent normal tissue
(n) of 166 gastric cancer cases and their interactions, including CD3™,
CD4*", CD8", CD57%, CD68", CD66b", and Foxp3™ cells, and
established an effective prognostic nomogram based on the immune
reactions.

We found high densities of CD3", (CD4", 1CD8", sCD3,
sCD4", (CD57%, sCD66b", and NFoxp3™ cells, as well as high
tCD8%/sCD8™ ratio, tCD687/sCD68™ ratio, 1CD3™/rFoxp3™ ratio,
tCD4%/1Foxp3™ ratio, CD8"/rFoxp3™ ratio, sCD3"/gFoxp3™ ratio,
and sCD4"/sCD8™ ratio were associated with better survival, whereas
high densities of {CD66b", Foxp3™*, sFoxp3™* and yCD66b™ cells as
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well as high [CD577/sCD57" ratio, CD66b'/sCD66b™ ratio,
sCD8"/sFoxp3™ ratio, and Foxp3*/yFoxp3™ ratio were associated
with significantly worse outcome. Multivariate analysis indicated that
tumor size, longitudinal tumor location, N stage, tCD68"/sCD68"
ratio, tCD8%/tFoxp3™ ratio, density of tFoxp3™ cells, and
tCD66b"/sCD66b™ ratio were independent prognostic factors, which
were all selected into the nomogram. The calibration curve for like-
lihood of survival demonstrated favorable consistency between pre-
dictive value of the nomogram and actual observation. The C-index
(0.83, 95% CI: 0.78 to 0.87) of our nomogram for predicting prognosis
was significantly higher than that of TNM staging system (0.70).

Collectively, high {CD68*/sCD68™ ratio and tCD8 " /Foxp3 ™ ratio
were associated with improved overall survival, whereas high density of
Foxp3™ cells and 1CD66b*/sCD66b ™ ratio demonstrated poor overall
survival, which are promising independent predictors for overall survi-
val in gastric cancer.

(Medicine 94(39):e1631)

Abbreviations: CI = confidence interval, C-index = concordance
index, DAB = diamiobenzidine, HD = high density, HR = hazard
ratio, IHC = Immunohistochemistry, IL-10 = interleukin-10, LD =
low density, MAC = macrophages cells, NKC = natural killer cells.

INTRODUCTION

G astric cancer is one of the common malignancies with high
incidence in the world, especially in East Asian countries.'
Currently, the main treatment of gastric cancer consists of
surgical resection plus standard D2 lymphadenectomy, adjuvant
chemotherapy, and some molecular targeting therapy.>*
Although our cognitions on gastric cancer have been signifi-
cantly developed in recent years, the prognosis was still unde-
sirable yet. In addition, it is very common that gastric cancer
patients with the same TNM stage have the different long-term
survival. Therefore, in order to improve the long-term survival,
it is important to better understand the mechanisms of disease
progression and find new effective predictive prognostic factors
as the targets of interventions. Although many predictive factors
have been evaluated, such as clinicopathologic factors, bio-
markers, genes, and microsatellite instability,” ’ their prognos-
tic accuracies are controversial and an ideal factors has not yet
been found. Recently, it became clearer that there is a positive
correlation between the presence of tumor-infiltrating inflam-
matory cells (TLCs) and survival of patients with malignan-
cies.> * The types, density, and location of immune cells are
even more accurate in predicting prognosis than the currently
used the TNM stage for colon cancer,® which suggests that
evaluation of the TLCs might be more useful for further
comprehension of tumor development, prediction of prognosis,
and immunotherapy.
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Recent studies have highlighted several types of TLCs,
such as CD3™" T cells, CD8" T cells, regulatory T cells (Tyegs),
natural killer cells (NKC), neutrophils or macrophages cells
(MAC), are associated with disease outcomes for various
human cancers.® '* For gastric cancer, it was reported that
the combination of high numbers of intratumoral macrophage
and T,.,s was associated with improved survival.'”> However,
others showed the T4 played a role of immunosuppression and
tumor progression in patients with §astric and esophageal
cancers and led to a poorer prognosis.'® Intratumoral high Tregs
/CD8™ T cells ratio was an independent predictor for the worse
prognosis of gastric cancer.'” However, CD4 " and CD8" TLCs
were not associated with overall survival.!” Tt was also found
that tumor-infiltrating neutrophils were significantly associated
with higher survival rates in gastric cancer,'® but the presence of
intratumoral neutrophil was an independent factor of poor
prognosis for patients with other cancers.'?

Therefore, the above results provide strong evidence that
immune cells contribute to determining the prognosis of gastric
cancer. However, the exact role of immune cells in gastric
cancer is less clear. On the other hand, whether immune cells
play a protecting or promoting role only can be interpreted after
understandin% the definite functions of each cell phenotype in
this process.'” The aims of the present study were to determine
the prognostic significance of different immune cells and their
interactions in gastric cancer, including CD3" (Marker of T
cells), CD4% (Marker of T helper cells), CD8" (Marker of
cytotoxic T cells), CD57" (Marker of natural killer cells),
CD68™" (Marker of macrophage), CD66b" (Marker of neutro-
phil), and Foxp3™ (Marker of Tegs) cells. This study also aimed
to establish an effective prognostic nomogram based on the
immune cells infiltration. To our limited knowledge, this is the
first report demonstrating prognostic values of various kinds of
immune cells and their combined effects between cells. In
addition, this is also the first time that the tumor compartments
were considered separately by intratumoral tissue (1), stromal
tissue (s), and adjacent normal tissue () simultaneously.

MATERIALS AND METHODS

Patients and Specimens

Formalin-fixed, paraffin-embedded specimens were
obtained from 166 patients who under surgical resection for
gastric adenocarcinoma in West China Hospital, Sichuan Uni-
versity between 2006 and 2009. Clinicopathological and fol-
low-up data of these patients were collected from our
prospective database of gastric cancer. Clinicopathological data
including demographic parameters, tumor size (cm), Borrmann
types, T, N, M, stage, and degree of tumor differentiation (well
differentiated, moderate, poor, signet-ring cell, and mucinous
type) were reviewed. Clinicopathological terminology was
based on the Japanese classification of gastric carcinoma
(3rd English version).?® The West China Hospital research
ethics committee approved retrospective analysis of anonymous
data.

Follow-up

Overall survival was calculated from the time of surgery
until death or the last observation for surviving patients. Follow-
up assessments were performed every 3 to 6 months for the first
2 years, every 6 to 12 months for 3 to 5 years after surgery and
then annually.?' The postoperative follow-up was carried out by
regular out-patient visits and telephone interviews. Follow-up
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information was updated to December, 2014. Reasons for those
patients lost to follow-up were mainly due to cancellation of
out-patient visit or change of telephone number and address.
The overall follow-up rate was 90.36% (150/166). Sixteen
patients were lost to follow-up.

Immunohistochemistry (IHC)

Formalin-fixed paraffin-embedded tissue specimens were
consecutively sliced into 4 wm-thick sections. Primary poly-
clonal antibodies including anti-CD3 clone SP7 (dilution 1:250;
Thermo Scientific, Fremont, CA), anti-CD4 clone 113 (dilution
1:200; Sino Biological, BDA, Beijing, PR China), anti-CD8
clone SP16 (dilution 1:150; Thermo Scientific, Fremont, CA),
anti-CD57 clone NK1 (dilution 1:100; Thermo Scientific, Fre-
mont, CA), anti-CD66b clone 80H3 (dilution 1:100; LifeSpan
Biosciences, Seattle, WA), anti-CD68 clone KP1 (dilution
1:800; eBioscience, San Diego, CA), and anti-Foxp3 clone
236A/E7 (dilution 1:100; eBioscience, San Diego, CA) were
used. A 2-step protocol (Novolink Polymer Detection System,
Novocastra, Newcastle, UK) was performed on the paraffin
sections for the immunohistochemistry. According to the man-
ufacturer’s instructions, paraffin sections were deparaffinaged
in xylene and received gradient elution in ethanol. Then the
slides were incubated in 0.3% H,O, to block the endogenous
peroxidase activity. Antigen retrieval was carried out by immer-
sing the slides in the hot water of 95 centigrade degree for
~45 min. Incubation with primary antibodies was performed
followed by washing with phosphate-buffered saline and then
incubation with secondary antibodies using GTVision™ TIT
Detection System/Mo&Rb (Gene Tech, Shanghai, PR China).
The sections were pigmentized in 3, 3-diamiobenzidine (DAB)
solution (dilution 1:50; Gene Tech, Shanghai, PR China) for
~5 s under the monitoring of microscopic observation. Then all
the sections were counterstained with haematoxylin. Negative
control sections without primary antibodies were all performed
in every series.

Evaluation of Immunohistochemical Variables

The number of immune cells was determined separately in
the following compartment: (/) within the intratumoral tissue;
(1I) within the tumor stromal tissue at the invasive border; and
(III) within the peripheral normal tissue (normal tissue with
distance >1 microscope field at x200 magnification from
invasive border). Each section was evaluated for immune cells
by microscopic examination (x400; BX51; Olympus, Tokyo,
Japan). Five noncontiguous microscopic areas that represent the
densest immune cells were randomly selected for each compart-
ment on each sample in order to ensure representativeness and
homogeneity. The numbers of immune cells in the 5 fields were
accumulated and then averaged to calculate the mean number
for 1 computerized 400x microscopic field (0.1590 mm?/field).
The photographs were captured with a light microscope (BX51;
Olympus, Tokyo, Japan) that connected with a personal com-
puter and displayed on a high-resolution color 14-inch monitor.
The evaluation of cells was performed by 2 independent path-
ologists that were blinded to clinicopathologic data. Variations
in the enumeration, within a range of 5%, were re-evaluated and
a consensus decision was made.

Statistical Analysis

Statistical analysis was performed using SPSS 19.0
(SPSS®, Chicago, IL). Variables of normality were tested,
and if conforming to the normal distribution, data were
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expressed as mean =+ standard deviation. Two independent ¢
tests for quantitative data and chi-square test or Fisher’s exact
test for categorical data were performed; data were expressed as
medians with a range taking the Spearman test into consider-
ation. For all immunohistochemical variables, the median was
used as the cutoff point for division of subgroups.''~'* Survival
curves were derived from Kaplan—-Meier estimates, and the
curves were compared by log-rank tests. Significant factors
were identified by univariate analysis, and further examined by
multivariate analysis. The multivariate regression was per-
formed using the Cox proportion hazards model. A nomogram
was formulated according to the results of multivariate analysis
with R project (http://www.r-project.org/). The nomogram’s
predictive accuracy was measured via a concordance index
(C-index) (the larger the C-index, the more accurate the pre-
diction) and assessed by comparing prediction by nomogram
and actual observed survival. A calibration curve showed as the
plot of predicted probabilities from the nomogram versus the
actual probabilities was generated. Comparisons between the
nomogram and TNM staging systems>® were performed in R
and were evaluated by the C-index. Two-sided P value <0.05
was considered as statistical significance.

RESULTS

Patient Characteristics

The characteristics of patients are presented in Table 1.
The mean age was 55.30 & 11.87 years (range, 19—79 years),
and 75.3% of patients were men. Only 22 patients (13.3%) had
early gastric cancer, and 142 patients (85.5%) had poor differ-
entiation. Eighty eight (53.0%) patients had postoperative
chemotherapy. The median number of harvested lymph nodes
was 25.5 (11-69) in this study. Seventy-nine (47.6%) patients
had died at the end of follow-up. The median duration of follow-
up for patients was 65.88 months. The median survival for all
patients was 79.57 months (95% confidence interval [CI]:
49.06—110.07 months). The 5-year survival for the study
population was 52.0%.

Immune Cells in Gastric Cancer and Correlations
of Different Immune Cells

CD3™,CD4™, CD8™, CD577, CD68™, and CD66b™ cells
showed cell membrane staining, whereas Foxp3 ™ cells exhib-
ited distinct nuclear staining. The distribution and density of
positive cells varied substantially among samples. Represen-
tative images are shown in Figure 1. The densities of intratu-
moral CD8* T cells (CD8™) and tFoxp3™ cells were highest
compared to stromal tissue and adjacent normal tissue, whereas
the densities of CD3" T cells, CD57 " cells, and CD66b™ cells
were the highest in stromal tissue. The density of CD68™" cells
was the highest in adjacent normal tissue. The density of CD4 ™
cells was significantly higher in intratumoral tissue than that of
stromal tissue, but higher without significance compared to
adjacent normal tissue. The average counts of immune cells are
shown in Table 2. The densities of CD3", CD4", and CD8" T
cells were strongly associated with each other in intratumoral
tissues. The densities of CD8" and CD57" cells, as well as
CD47" and CD68™ cells, were also significantly correlated in
intratumoral tissues. The density of Foxp3™ cells was nega-
tively correlated with CD3%, CD8%, CD57%, CD4", and
CD68* cells in intratumoral tissues with significant difference.
Other correlations between the immune cells are listed in
Table 3.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Association of TLCs with Clinicopathologic
Factors

Associations between the densities of TLCs and clinico-
pathologic factors are listed in Table 1. The densities of tCD3™,
CD4™, and 1CDS8* cells were associated with M1 significantly.
Tumors with more lymph nodes metastasis were found to have
lower densities of {CD4" and {CD57" cells. The density of
TCD8" cells was significantly lower in tumors showing more
advanced stages and therefore more palliative resections. Signifi-
cant association was observed between the density of tCD68™"
cells and gender. However, the density of {CD66b™ cells was not
associated with either of these features. As expected, tFoxp3™ cell
density was higher in tumors reported as M1 or more advanced
stages. In terms of lymphadenectomy and chemotherapy, no
differences were observed between patients with lower densities
of TLCs and those with higher densities of TLCs.

Univariate Analysis
Table 4 shows the results of univariate survival analysis for
the clinicopathologic features and for immunohistopathologic
variables. Clinical factors statistically associated with overall
survival were age, longitudinal tumor location, tumor size,
Borrmann type, T, N, distant metastasis (M), stage, resection
type, and lymphadenectomy. Densities of tCD3", (CD4",
tCD8", {CD66b", |Foxp3*, sCD3", <CD4", (CD57™,
sCD66b™, gFoxp3™, \CD66b™, and yFoxp3™ cells were associ-
ated with overall survival. Neither {CD68™" cells, CD68 ™ cells,
nor NCD68™ cells were associated with survival. High densities
of [CD3%, [CD4", [CD8%, (CD3*, <CD4", ¢CD57%,
sCD66b", and yFoxp3™ cells were associated with better
survival, whereas high densities of CD66b", Foxp3™,
sFoxp3™, and yCD66b ™ cells were associated with significantly
worse outcome. Patients with low density of tFoxp3™ cells had
longer overall survival (median, 74.4 months) than did those
with high density (median, 34.98 months). Due to the existence
of synergistic or antagonistic effects between different kinds of
immune cells and between the different locations of immune
cells, the combined influences were also evaluated. Our results
suggest the subgroup of patients with high CD57/sCD57"
ratio, 1CD66b"/sCD66b™ ratio, sCD8"/gFoxp3™ ratio, and
Foxp3*/yFoxp3™ ratio demonstrated worse survival. The
survival for patients with high CD8'/CD8" ratio,
TCD68T/sCD68™ ratio, {CD3 ™ /rFoxp3 ™ ratio, {CD4 " /Foxp3™
ratio, tCD8"/tFoxp3" ratio, CD3"/gFoxp3™ ratio, and
sCD41/CD8™ ratio were significantly improved.

Multivariate Analysis

Clinicopathologic features and immunohistopathologic
variables showing significances by univariate analysis were
adopted as covariates when multivariate Cox proportional
hazards analysis was performed. Details of the results are
presented in Table 5. The analysis revealed that tumor size,
longitudinal tumor location, and N stage were factors to show
independent prognostic significances. High +CD68"/sCD68™"
ratio and CD8"/rFoxp3 ™ ratio were associated with improved
overall survival, whereas high density of tFoxp3™ cells and
tCD66bT/SCD66b™ ratio demonstrated a significant associ-
ation with poor survival (Figure 2).

Prognostic Nomogram for Overall Survival and
its Predictive Accuracy

Figure 3A revealed the prognostic nomogram integrating
all significant independent factors identified in multivariate
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TABLE 1. Characteristics of Patients and Association of Intratumoral Infiltrating Cells With Clinicopathologic Factors

CD3* CD4" CD8" CD57* CD66b™ CD68™ Foxp3™"
Clinicopathologic Facors N LD HD P° LD HD P° LD HD P° LD HD P LD HD P LD HD P° LD HD P
Gender 0.37 0.86 0.21 0.11 0.37 0.05 0.86
Female 41 60 65 62 63 66 59 67 58 60 65 68 57 62 63
Male 125 23 18 21 20 17 24 16 25 23 18 17 26 21 20
Age (years) 0.87 0.15 0.08 0.08 0.63 0.87 0.43
<60 101 50 51 46 55 45 56 45 56 52 49 50 51 53 48
>60 65 33 32 37 28 38 27 38 27 31 34 33 32 28 35
Longitudinal location 0.20 0.52 0.08 0.48 0.56 0.17 0.18
Upper third 44 19 25 22 22 29 15 26 14 23 21 26 18 16 28
Middle third 26 15 11 16 10 12 14 12 18 10 16 11 15 13 13
Lower third 93 49 44 43 50 40 53 43 50 49 44 46 47 52 41
Whole stomach 3 0 3 2 1 2 1 2 1 1 2 0 3 2 1
Circumferential location 0.49 0.87 0.16 0.10 0.74 0.22 0.47
Less curvature 91 41 50 45 46 45 46 44 47 46 45 49 42 47 44
Great curvature 22 11 11 12 10 9 13 13 9 10 12 13 9 10 12
Anterior wall 10 3 7 4 6 7 3 7 3 7 3 3 7 4 6
Posterior wall 26 16 10 12 14 10 16 8 18 12 14 13 13 16 10
Full circle 17 12 5 10 7 12 5 11 6 8 9 5 12 6 11
Gross type 0.45 0.41 0.22 0.30 0.64 0.39 0.29
Borr-0 14 5 9 6 8 7 7 7 7 9 5 7 7 8 6
Borr-1 6 2 4 5 1 3 3 1 5 2 4 4 2 3 3
Borr-2 88 43 45 43 45 39 49 41 47 41 47 38 50 45 43
Borr-3 47 28 19 22 25 25 22 28 19 25 22 28 19 25 22
Borr-4 11 5 6 7 4 9 2 6 5 6 5 6 5 2 9
Differentiation 0.28 0.66 0.97 0.84 0.52 0.76 0.14
Well 5 1 4 2 3 2 3 3 2 3 2 2 3 4 1
Moderate 19 8 11 10 9 10 9 11 8 9 10 8 11 11 8
Poor 55 27 28 31 24 26 29 25 30 23 32 31 24 3 25
Signet-ring cell 73 42 31 35 3 38 35 36 37 39 34 36 37 29 44
Mucinous 14 5 9 5 9 7 7 8 6 9 5 6 8 9 5
Vessels invasion 0.08 0.56 0.33 0.56 0.85 0.08 0.08
No 133 62 71 65 68 64 69 68 65 66 67 62 71 62 71
Yes 33 21 12 18 15 19 14 15 18 17 16 21 12 21 12
Tumor size (cm) 0.91 0.26 0.62 0.34 0.28 0.26 0.14
<2 26 13 13 10 16 13 13 10 16 13 13 14 12 18 8
~5.0 79 41 38 37 42 37 42 38 41 45 34 35 44 35 44
~8.0 44 20 24 25 19 22 22 24 20 17 27 27 17 23 21
>8.0 17 9 8 11 6 11 6 11 6 8 9 7 10 7 10
Depth of infiltration (T) 0.13 0.46 0.07 0.74 0.48 0.30 0.42
T1 22 7 15 10 12 11 11 10 12 14 8 10 12 15 7
T2 17 8 9 6 11 4 13 7 10 10 7 9 8 7 10
T3 3 1 2 2 1 1 2 1 2 2 1 0 3 1 2
T4a 114 59 55 58 56 59 55 61 53 53 6l 57 57 55 59
T4b 10 8 2 7 3 8 3 4 6 4 6 7 3 5 5
Nodal status (N) 0.70 0.000 0.06 0.000 0.70 0.42 0.23
NO 48 22 26 20 28 19 29 19 29 26 22 19 29 29 19
N1 32 16 16 9 23 14 18 18 14 17 15 15 17 14 18
N2 21 9 12 9 12 11 10 6 15 8 13 12 9 12 9
N3a 46 27 19 32 14 24 22 24 22 24 22 26 20 22 24
N3b 19 9 10 13 6 15 4 16 3 8 11 11 8 6 13
Distal metastasis (M) 0.04 0.01 0.000 0.10 0.82 0.10 0.01
MO 145 68 77 66 78 64 80 69 75 72 72 68 76 78 68
Ml 22 16 6 17 5 19 3 14 0 11 11 15 7 5 17
Stage 0.13 0.31 0.02 0.33 0.33 0.13 0.02
Ta 15 5 10 8 7 7 8 7 8 9 6 7 8 10 5
Ib 8 2 6 2 6 3 5 2 6 7 1 4 4 3 5
Ila 8 2 6 3 5 3 5 4 4 2 6 5 3 3 5
1Ib 33 19 14 12 21 11 22 12 21 17 16 10 23 24 9
Illa 12 6 6 6 6 6 6 5 7 5 7 5 7 7 5
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cp3* cp4* cps* CDs7* CD66b" CD68" Foxp3*
Clinicopathologic Facors N LD HD P° LD HD P° LD HD P° LD HD P° LD HD P° LD HD P° LD HD P
1IIb 25 13 12 8 17 1 14 4 11 13 12 114 10 15
Ille 43 20 23 2716 23 20 2518 19 24 26 17 20 2
v 2 16 6 17 5 19 3 14 8 1n o1 n 7 5017
Lymphadenectomy 0.63 034 0.06 030 0.29 027 025
D1 34 19 15 14 20 2 12 21 13 13 21 19 15 16 18
DI+ 3516 19 16 19 12 23 15 20 20 15 13 22 2 13
D2 96 48 48 53 43 49 47 47 49 50 46 50 46 4 52
D2+ 10 1 0 1 0 1 0 1 0 1 1 o0 10
Curative degree 0.17 0.65 0.02 0.65 0.17 0.65 0.65
RO 161 79 82 80 81 78 83 80 81 82 79 80 81 80 81
RI/R2 54 1 302 50 302 1 4 302 302
Chemotherapy 0.76 0.06 0.53 0.12 0.53 0.06 0.53
No 78 38 40 33 45 41 37 44 34 41 37 33 47 37 41
Yes 88 45 43 50 38 42 46 39 49 4 46 50 38 46 42

Clinicopathological terminology was based on the Japanese classification of gastric carcinoma (3rd English version). HD = high density, LD = low

derlsny.

Comparisons were performed with the chi-square test for categorical variables.

analysis. The C-index of our nomogram for predicting the
prognosis was 0.83 with the 95% CI from 0.78 to 0.87. The
calibration curve for likelihood of survival at 3 or 5 years
demonstrated favorable consistency between the predictive
value of the nomogram and actual observation (Figure 3B
and C). Compared with the TNM staging system (0.70, 95%
CI: 0.65-0.76), the C-index of our nomogram was statistically
higher (P <0.001), which validate the nomogram as a useful
model to predict the long-term survival of gastric cancer
patients.

A 3

1,

DISCUSSION

Immune cells in the tumor microenvironment have been
reported to impact on cancer development, progression, and
cancer-related immune reactions, which has emerged as the
hotspot of cancer research.?* In the present study, we performed
an immunohistochemical evaluation of immune cells in gastric
cancer. To our limited knowledge, this is the first report
demonstrating prognostic values of various kinds of immune
cells and their combined effects between different cells. In
addition, this is also the first time that different immune cells

v.r N

FIGURE 1. Representative pictures of CD8, CD68, CD66b, and Foxp3 immunostainings. (A) CD8% (x200); (B) CD68™ (x200); (C)

CD66b™ (x400); and (D) Foxp3™* (x400).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Descriptive Statistics of Immunohistochemical Variables

Variables Mean Median Variance Minimum Maximum Skewness
Density of tCD3™ cells 129.0998 121.4550 5986.332 2.53 432.56 0.697
Density of tCD4" cells 116.8565 108.3900 4568.909 1.79 294.58 0.303
Density of tCD8" cells 132.7859 133.5100 6733.207 1.14 389.58 0.353
Density of tCD57" cells 84.0251 77.5150 2957.216 0.00 280.33 0.753
Density of tCD68" cells 178.5727 165.6500 12122.743 12.57 467.30 0.633
Density of CD66b™ cells 91.8708 88.7350 2291.675 12.52 230.64 0.876
Density of tFoxp3™ cells 20.8371 16.5200 331.170 0.84 98.76 1.487
Density of CD3" cells 149.1126 127.1300 11956.879 10.91 492.63 0.873
Density of sCD4" cells 97.2548 89.4850 4619.855 2.73 290.40 0.557
Density of sCD8™ cells 99.7528 85.3000 7848.429 2.34 490.35 1.784
Density of sCD577 cells 128.7413 109.4400 6763.731 0.00 387.34 0.569
Density of CD68™ cells 169.0667 153.3250 12898.634 12.78 476.90 0.760
Density of sCD66b* cells 113.5694 98.7900 3160.095 10.34 290.34 0.657
Density of sFoxp3™ cells 12.1183 10.4400 83.689 0.00 54.43 1.788
Density of yCD3™" cells 115.9961 100.8000 5312.879 2.15 325.76 0.899
Density of yCD4" cells 109.2323 90.3450 6552.099 0.50 398.23 0.936
Density of yCD8" cells 106.3078 89.7400 7476.740 0.00 409.17 1.207
Density of yCD577 cells 85.9158 77.4950 4537.068 0.00 398.45 1.455
Density of \CD68™ cells 263.7969 267.4150 16504.161 23.11 579.27 0.148
Density of yCD66b™ cells 61.3124 48.6050 1713.086 345 235.86 1.281
Density of yFoxp3™ cells 14.1402 10.0850 169.664 0.00 76.43 2.153
tCD37/ sCD3™ ratio 1.3946 0.8350 3.464 0.11 17.00 4.806
tCD47"/ CD4™ ratio 2.3692 1.0700 18.256 0.03 43.64 6.387
tCD8" ¢CD8™ ratio 2.1993 1.3250 6.424 0.12 19.49 3.066
tCD57"/ sCD577 ratio 1.0042 0.7000 1.822 0.11 10.93 5.130
tCD68"/ sCD68™ ratio 1.8301 1.0000 6.554 0.06 19.46 3.557
+CD66b™/ CD66b™ ratio 1.0773 0.7100 2.604 0.15 19.51 9.345
Foxp3™/ sFoxp3™ ratio 2.3309 1.4900 11.588 0.10 30.78 4919
tCD4"/ tCD8™ ratio 2.4238 0.9300 77.135 0.01 102.11 9.650
tCD3"/ tFoxp3™* ratio 17.0958 7.3100 627.323 0.11 139.01 2.634
1CD4"/ tFoxp3™ ratio 15.8539 7.2350 640.243 0.04 180.18 3.863
tCD8"/ tFoxp3™ ratio 17.5204 8.6750 697.533 0.02 181.67 3.494
<CD4"/ CD8™ ratio 2.3080 1.1550 17.745 0.01 33.56 5.117
sCD3"/ gFoxp3™ ratio 23.4630 11.5150 1420.679 0.28 339.74 4711
sCD4"/ sFoxp3™ ratio 1.7204 0.8250 20.587 0.02 53.27 9.400
sCD8"/ sFoxp3™ ratio 1.9560 0.9050 14.001 0.02 29.89 5.074
tCD3"/ CD3™ ratio 1.4314 1.1550 1.273 0.01 8.51 2.751
tCD4"/ CD4™ ratio 1.7896 1.1100 5.188 0.11 17.98 4.282
+CD8" (CD8™ ratio 1.9833 1.3300 4.245 0.02 11.77 2.902
tCD577%/ CD57 ratio 1.8018 1.0900 6911 0.07 21.25 4.477
tCD68™/ CD68™ ratio 0.7451 0.7000 0.289 0.06 4.99 4.620
tCD66b™/ yCD66b™ ratio 2.2357 1.6700 7.878 0.37 27.15 6.214
Foxp3™/ yFoxp3™ ratio 2.5063 1.6100 17.469 0.06 42.50 6.178
NCD47/ (CD8™ ratio 3.4853 1.0500 298.822 0.09 216.56 11.603
NCD3*/ (Foxp3™ ratio 27.7552 9.3700 18021.303 0.18 1710.72 12.110
NCD4"/ (Foxp3™ ratio 18.4843 8.7700 994.247 0.03 201.13 3.310
NCD8/ (Foxp3™ ratio 22.0432 6.6200 4306.716 0.02 684.32 7.960

N =adjacent normal tissue, S = stromal tissue, T = intratumoral tissue.

were examined in intratumoral area, stromal area, and adjacent
normal tissues simultaneously.

With respect to the association between TLCs and clin-
icopathologic factors, we found low-density {CD4 " and CD8™
cells correlated positively with M1, lymph nodes metastasis,
and more advanced stages. tFoxp3™ cell density was higher in
tumors reported as M1 or more advanced stages. These results
are in agreement with the hypothesis that CD4* and CD8™ cells

6 | www.md-journal.com

regulate the immune system positively, whereas Foxp3™ Tregs
negatively. It is reported the CD4"/CD25" Tiegs populations in
peripheral blood and tumor tissues of patients with gastroin-
testinal malignancies were significantly higher compared with
healthy volunteers, which might means T,z could aggress to
peripheral blood with the progression of cancer.'®*? Therefore,
Shen et al considered that tumor-related factors may induce the
recruitment of CD4" TICs and Foxp3+ Tiegs.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Univariate Analyses of Factors Associated With Survival

Variables HR 95% CI (lower) 95% CI (upper) Log-Rank Test P
Gender 0.129
Male 1
Female 0.653 0.377 1.132 0.129
Age (years) 0.019
<60 1
>60 1.7 1.091 2.648 0.019
Longitudinal location 0.001
Upper third 1
Middle third 0.896 0.480 1.670 0.729
Lower third 0.370 0.222 0.615 0.000
Whole stomach 1.067 0.255 4.470 0.929
Circumferential location 0.135
Less curvature 1
Great curvature 1.188 0.624 2.263 0.600
Anterior wall 0.863 0.309 2.411 0.778
Posterior wall 1.085 0.581 2.025 0.798
Full circle 2.592 1.254 5.360 0.010
Gross type 0.002
Borr-0 1
Borr-1 4.964 0.829 29.736 0.079
Borr-2 4.407 1.064 18.260 0.041
Borr-3 5.586 1.322 23.610 0.019
Borr-4 14.707 3.203 67.530 0.001
Differentiation 0.229
Well 1
Moderate 2.240 0.275 18.250 0.451
Poor 3.845 0.523 28.284 0.186
Signet-ring cell 3.553 0.487 25917 0.211
Mucinous 1.549 0.173 13.867 0.696
Vessels invasion 0.205
No 1
Yes 1.416 0.827 2.424 0.205
Tumor size (cm) 0.017
<2 1
~5.0 1.850 0.859 3.982 0.116
~8.0 2.580 1.153 5.774 0.021
>8.0 3.826 1.558 9.397 0.003
Depth of infiltration (T)" 0.001
Tl 1
T2 1.826 0.515 6.473 0.351
T3/T4a' 4.048 1.471 11.140 0.007
T4b 9.781 2.838 33.713 0.000
Nodal status (N)* 0.000
NO 1
N1 1.502 0.706 3.197 0.291
N2 2.749 1.269 5.953 0.010
N3a 3.078 1.604 5.903 0.001
N3b 7.384 3.479 15.673 0.000
Distal metastasis (M)" 0.000
MO 1
Ml 4.494 2.546 7.933 0.000
TNM Stage™ 0.000
la 1
Ib 4.369 0.730 26.158 0.106
JIE] 1.166 0.106 12.870 0.900
1Ib 3.029 0.678 13.536 0.147
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Variables HR 95% CI (lower) 95% CI (upper) Log-Rank Test P
IIa 6.952 1.474 32.790 0.014
1IIb 3.847 0.843 17.566 0.082
Ilc 8.918 2.113 37.646 0.003
v 21.300 4.859 93.362 0.000

Resection type 0.000
Distal gastrectomy 1
Total gastrectomy 2.524 1.500 4.246 0.000
Proximal gastrectomy 3.447 1.917 6.199 0.000

Lymphadenectomy 0.000
D1 1
D1+ 0.330 0.174 0.627 0.001
D2/ D2* 0.338 0.204 0.559 0.000

Curative degree 0.672
RO 1
R1/R2 1.284 0.404 4.080 0.672

Chemotherapy 0.459
No
Yes 0.846 0.544 1.316 0.459

tCD3" cells 0.492 0.311 0.778 0.002

TCD4" cells 0.557 0.357 0.870 0.010

TCD8" cells 0.571 0.365 0.892 0.014

TCD577 cells 0.673 0.432 1.049 0.080

TCD68™ cells 0.658 0.421 1.028 0.066

TCD66b ™" cells 1.676 1.071 2.624 0.024

tFoxp3™ cells 2.345 1.481 3.713 0.000

sCD3™ cells 0.582 0.371 0912 0.018

sCD4™ cells 0.615 0.394 0.960 0.032

sCD8™ cells 1.546 0.988 2.419 0.057

sCD57" cells 0.589 0.377 0.919 0.020

sCD68™ cells 1.564 0.997 2.451 0.051

sCD66b ™ cells 0.608 0.387 0.955 0.031

sFoxp3™ cells 2.069 1.309 3.269 0.002

NCD37 cells 1.036 0.667 1.611 0.874

NCD4 ™ cells 0.704 0.452 1.095 0.120

NCD8™ cells 0.655 0.420 1.022 0.062

NCD57" cells 0.728 0.467 1.135 0.162

NCD68™ cells 0.826 0.531 1.286 0.398

NCD66b ™" cells 1.824 1.165 2.856 0.009

~Foxp3 ™ cells 0.573 0.364 0.901 0.016

tCD3%/ CD3" ratio 0.799 0.514 1.244 0.321

1CD4%/ sCD4™ ratio 1.010 0.650 1.571 0.963

tCD8*" sCD8™ ratio 0.355 0.223 0.567 0.000

TCD57"/ sCD57 " ratio 1.963 1.241 3.106 0.004

TCD68"/ sCD68™ ratio 0.292 0.150 0.568 0.000

TCD66b*/ sCD66b™ ratio 3.679 2.236 6.054 0.000

tFoxp3*/ sFoxp3™ ratio 1.338 0.860 2.083 0.197

tCD4"/ 1CD8™ ratio 1.424 0.910 2.229 0.122

tCD3*/ tFoxp3™ ratio 0.225 0.137 0.371 0.000

tCD4"/ tFoxp3™* ratio 0.304 0.190 0.486 0.000

tCD8*/ tFoxp3™ ratio 0.203 0.123 0.335 0.000

sCD4™/ sCD8™ ratio 0.432 0.273 0.683 0.000

sCD3"/ sFoxp3™ ratio 0.372 0.234 0.592 0.000

sCD4"/ Foxp3™ ratio 0.802 0.516 1.247 0.328

sCD8™/ sFoxp3™ ratio 2.411 1.528 3.804 0.000

tCD3"/ \CD3™ ratio 0.667 0.426 1.043 0.076

1CD41/ CD4™ ratio 1.004 0.646 1.561 0.985

tCD8" (CD8™ ratio 1.224 0.786 1.906 0.371

tCD57"/ NCD57" ratio 1.052 0.676 1.635 0.823

TCD68%/ CD68™ ratio 0.813 0.522 1.264 0.357

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 9
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Variables HR 95% CI (lower) 95% CI (upper) Log-Rank Test P
tCD66b'/ (CD66b ™ ratio 0.777 0.499 1.210 0.264
tFoxp3™/ yFoxp3™ ratio 2.486 1.565 3.951 0.000
NCD4T/ (CD8™ ratio 1.028 0.661 1.599 0.902
NCD37/ (Foxp3™ ratio 1.195 0.768 1.860 0.430
NCD4™/ yFoxp3™ ratio 0.772 0.496 1.201 0.251
~CD8/ (Foxp3™ ratio 0.763 0.491 1.187 0.231

CI = confidence interval; HR =hazard ration; N = adjacent normal tissue; S = stromal tissue; T = intratumoral tissue.
“TNM stage and histologic grade are based on the Japanese classification of gastric carcinoma: 3rd English edition.
T3 of invasive depth was incorporate into T4a due to only 3 patients in the T3 subgroup and D2" of lymphadenectomy was incorporate into D2 due

to only 1 patient in the D2" subgroup.

Univariate survival analysis in the present study confirmed
high densities of {CD3", tCD4 ", and tCD8™" as well as sCD3 "
and sCD4 " cells resulted in improved survival in gastric cancer.
In contrast, neither (CD8", \CD3 ™", n\CD4 ", nor yCD8™ cells
were associated with survival. Furthermore, CD8"/sCD8"
ratio and ¢CD4"/CD8" ratio could be expected to have anti-
tumor reactivity. tCD3"/sCD3" ratio, tCD4"/sCD4" ratio,
tCD41/+CD8" ratio, nCD4"/yCD8" ratio, tCD3"/xCD3"
ratio, CD4"/NCD4 " ratio, and +CD8"/yCD8™" ratio had no
prognostic role in gastric cancer. However, none of the factors
mentioned above were found to be associated with overall
survival in multivariate survival analysis. Some research has
reported that the density of tCD3" TICs decreased during

in patients with a higher density of tCD3" cells.>* Patients
in the high-density groups for {CD3" and {CDS8" cells had a
significantly longer survival time.”> However, other studies also
reported CD8™ T cells producing interleukin-17 could promote
tumor progression.?® We think there are likely several aspects
that are responsible for our results and the discrepant research.
First, CD4" lymphocytes include a group of hetero, _geneous T
lymphocytes, which can secret diverse cytokines.?” The pre-
sence of specific T-cells could be modulated by other com-
ponents. Second, the activation status, rather than just the
existence of CD8™ cells has great prognostic significance.**’
It has been reported the activity and the number of cancer
peptide-specific T cells need to be enhanced by vaccination

tumor progression,>> and survival outcomes were improved with the appropriate cancer antigenic peptides.®® Third, our
TABLE 5. Multivariate Analyses of Factors Associated With Survival Outcomes
Variables HR 95% CI (lower) 95% CI (upper) P value
Longitudinal location 0.035
Upper third 1
Middle third 0.992 0.317 3.105 0.989
Lower third 0.441 0.113 1.712 0.237
Whole stomach 10.367 0.826 130.150 0.070
Tumor size (cm) 0.023
<2 1
~5.0 1.854 0.179 19.181 0.605
~8.0 3.319 0.614 17.932 0.163
>8.0 8.729 1.289 59.119 0.026
Nodal status (N)* 0.034
NO 1
N1 2.715 0.059 125.648 0.610
N2 15.062 0.605 374.890 0.098
N3a 18.507 2.650 129.261 0.003
N3b 24.595 1.680 360.041 0.019
Resection type 0.049
Distal gastrectomy 1
Total gastrectomy 1.059 0.232 4.829 0.941
Proximal gastrectomy 6.447 0.836 49.707 0.074
rFoxp3™ cells 5.580 1.350 23.070 0.018
TCD68™/ sCD68™ ratio 0.158 0.045 0.550 0.004
tCD66b*/ sCD66L ™ ratio 3.639 1.107 11.962 0.033
tCD8"/ tFoxp3™ ratio 0.109 0.015 0.790 0.028

CI—conﬁdence interval, HR = hazard ration, N, adjacent normal tissue, S, stromal tissue, T, intratumoral tissue.
“TNM stage and histologic grade are based on the Japanese classification of gastric carcinoma: 3rd English edition.
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FIGURE 2. Kaplan—Meier analysis of overall survival. (A) High density of tFoxp3™ cells versus low density of tFoxp3™ cells; (B) high
1CD68"/sCD68" ratio versus low tCD68%/sCD68™ ratio; (C) high +CD66b™/sCD66b™ ratio versus low 1CD66b*/sCD66b " ratio; and (D)

high tCD8*/tFoxp3™ ratio versus low tCD8*/tFoxp3™ ratio.

results showed the highest densities of various immune cells
were distributed in different locations. Salama et al also
reported that lymphocyte densities in both normal and tumor
tissues had stronger prognostic significance in colorectal can-
cer.’! So the immune cells in different locations of the tumor
microenvironment also could influence each other.

CD57 is a marker of natural killer (NK) cells. Our results
of univariate analysis indicated the high density of sCD57"
cells was associated better overall survival, whereas
TCD57"/4CD57" ratio predicted the poor prognosis. Neither
density of CD57% cells nor tCD57"/sCD57" ratio was corre-
lated to the overall survival in multivariate analysis. NK cells
could attack tumor cells directly, representing an antitumor
immunity.*® It has been reported that the recruitment of NK
cells could exhibit strong antitumor activity and generate a

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

better prognosis in gastric adenocarcinoma.’® However, an
increased proportion of CD577 cells in the circulation indicates
a poor prognosis in advanced gastric cancer.>* One reasonable
explanation for this is that the activity of NK cells is regulated
by different cytokines and many cell subsets, even cancer itself.
It has been reported that gastric cancer cells may decrease NK
cytotog(sicity through releasing the negative regulated cytokine,
IL-10.

Neutrophils comprising CD66b have been identified as a
poor prognostic factor in many kinds of cancers, including
gastric cancer.'**% % Our study is consistent with these studies,
because we observed that densities of tCD66b", (CD66b™,
cells and tCD66b/sCD66b™ ratio were associated with poor
outcome in univariate analysis although the density of SCD66b™
cells was showed to result in improved survival. Also, the

www.md-journal.com | 11
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FIGURE 3. Gastric cancer survival nomogram (A). The calibration curve for predicting patient survival at 3 years (B) and 5 years (C).

tCD66b/sCD66b™ ratio was identified to be an unfavorable
factor in multivariate analysis. Neutrophils are considered to
have a protumorigenic role by promoting neoangiogenesis and
reducing antitumor immune response.27 Nevertheless, Caruso
et al reported that female patients, compared to male patients
with higher density of intratumoral neutrophil have about a 39%
reduction in their risk of mortality.'®

Macrophage, which was recognized as CD68 positive,
demonstrated poor survival outcomes in gastric cancer
patients.*® It is suggested that tumor-infiltrating macrophages
may cause increased CD44 expression through suppressing
miR-328, resulting in tumor progression.*® And tumor-infiltrat-
ing macrophages could express thymidine phosphorylase,
which is associated with tumor angiogenesis and poor survival
in intestinal type gastric cancer.*' In the present study, both the
univariate and multivariate analyses showed only
tCD681/sCD68" ratio could favor overall survival. This
may be explained by 3 possibilities. First, there is an inverse
relationship between tumor-infiltrating macrophage cells and
other subtypes. Wang et al reported the combination of high
numbers of intratumoral CD68™ macrophage and FOXp3 ™" Tiegs
was associated with improved survival. Our results also showed
the densities of CD4" cells and CD68™ cells were significantly
correlated in tumor tissues, and density of Foxp3™ Tregs Was
negatively correlated with CD68™ cells. Second, macrophages
in different locations of the tumor microenvironment may have
opposite functions and influences between each other, as illus-
trated by our study. Third, CD68% macrophages display polar-
ized versatile infiltration profiles comprising CD1lc™
proinflammatory macrophages and CD206" immunosuppres-
sive macrophages in gastric cancer.

Tregs are generally considered to be immunosuppressive
and block of effective antitumor immunity, therefore are associ-
ated to poor outcome in several kinds of tumors,'®!'"!31731
Various surface antigens, such as CD4, CD25, Foxp3, CTLA-4,
and so on, are expressed on T, among which Foxp3 is
considered as the most specific marker for T ey and it is possible

12 | www.md-journal.com

to define T, more strictly as CD4"/CD25" regulatory T
cells.! 1173 14F This is the reason why in the present study,
we used Fxop3 +to identify Ty.g. In univariate analysis, we
demonstrated that densities of tFoxp3™* and tFoxp3™ cells,
sCD8"/sFoxp3™ ratio and tFoxp3 */yFoxp3™ ratio were associ-
ated with worse survival and showed stronger prognostic sig-
nificance. However, density of yFoxp3™ cells was associated
with better prognosis, which opposed to previous results.®'** A
high {CD3"/;Foxp3™ ratio, [CD4'/{Foxp3* ratio,
tCD8/rFoxp3™ ratio and sCD3"/sFoxp3™ ratio were associ-
ated with improved survival in gastric cancer, and we found that
the Foxp3*/sFoxp3™ ratio, CD4/sFoxp3™ ratio,
NCD3/\Foxp3t  ratio, NCD4"/\Foxp3®™ ratio and
NCD8/yFoxp3™ ratio were not prognostic for survival. In
multivariate analysis, only density of tFoxp3 ™ cells as negative
prognostic factor and tCD8"/rFoxp3™ ratio as the positive
factor were identified for survival. These results are in keeping
with many rf:ports,16’17’22’45 as well as ovarian cancer, colorectal
cancer, breast cancer, and hepatocellular cancer. 10.ILI3.31 14 hag
been proven in tumor models that the ratio of T, to effector T
cells, instead of just the presence or absence of T,eg, played a
more important role in determination of tumor development.*®
It has been reported that T, can inhibit the function of effector
T cells by direct touch or secretion of immune-suppressive
cytokines.*”** Our results have also shown that density of
Foxp3™ cells has a strong negative correlation with that of
tCD8" cells. This can partly explain the reason why the
prognostic significance of tCD8" cells was apparent in uni-
variate analysis but not remarkable in multivariate analysis.
Therefore, a combination of attenuation of T.es and concomi-
tant stimulation of tumor-specific effector T cells may be an
effective immunotherapy strate%y to improve the prognosis for
patients with gastric cancer.'"'

Except for the immune parameters, the multivariate
analysis revealed that some clinicopathological factors such
as tumor size, longitudinal tumor location, and N stage, had
independent prognostic significances. It has been reported that

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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the T stage was a significant prognostic factor for gastric cancer.
However, the T stage has not been identified as a significant
prognostic factor in the present study, which may be attributed
to 2 reasons. First, type II error probably existed in our results
because the sample size may be relative small. Second, many
variables were included into the multivariate analysis in our
Cox model just like TICs, N stage, M stage, radical degree, and
so on. Thus, there might be some interactions among these
included factors. And the prognostic effect of T stage may be
neutralized by other factors.

Our nomogram showed good performance in predicting
survival, which was supported by the C-index and the cali-
bration curve. Our nomogram also demonstrated more accuracy
than the conventional TNM system for predicting prognosis in
gastric cancer. These results could provide a possibility for
doctors to predict the prognosis of gastric cancer accurately in
clinic through evaluating the resected specimens with these
identified novel independent predictors. However, we should
notice that the prognostic accuracy of the suggested nomogram
has been conducted in the same population where the nomo-
gram was calculated as internal validation in the present study.
Although internal validation could prevent against over-
interpretation of current data, they cannot ensure external
applicability. Whether our nomogram can be universally
applied is still to be determined. Therefore, the nomogram
needs to be validated externally in the future and it is a question
that requires careful clinical judgment. On another hand, the
immune reactions, which were proven to be associated with the
overall survival in our multivariate analyses, were included in
the nomogram comprising more prognostic variables than the
traditional staging system. Thus, it can be inferred that part of
the prognostic value of TNM system might derive from major
underlying differences of quality and density of infiltrating
immune cells.® However, the exact mechanisms of how immune
cells influence the overall survival and interact with each other
are far from completely understood. Therefore, further studies
are needed to focus on the relationship between the tumor
microenvironment and immune cells.

In conclusion, high CD68%/sCD68% ratio and
tCD8"/1Foxp3™ ratio were associated with improved overall
survival, whereas high density of tFoxp3™ cells and
TCD66b " /sCD66b™ ratio demonstrated poor overall survival,
which are promising independent predictors for overall survival
in gastric cancer.
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