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Abstract

Background The neutrophil–lymphocyte ratio (NLR) and

the prognostic nutritional index (PNI) are markers of sys-

temic inflammation known to be useful prognostic indica-

tors of malignancy. However, little evidence has defined

the influence of inflammation on the tumor

microenvironment.

Methods Two hundred eighty-eight patients who under-

went curative surgery for gastric cancer were included.

Preoperative peripheral blood samples were used to ana-

lyze the NLR and PNI. The optimal cutoff levels for the

NLR and PNI were defined by receiver operating charac-

teristic curve analysis for survival (NLR = 2.7,

PNI = 47.7). The densities of specific immune cells

(CD3?, CD4?, CD8?) within the tumor microenvironment

were measured in tumor microarrays by immunohisto-

chemical analysis.

Results Two hundred thirty-five patients (81.6 %) had a

low NLR and 53 patients (18.4 %) had a high NLR. One

hundred seventeen patients (40.6 %) had a low PNI and

171 patients (59.4 %) had a high PNI. CD3? and CD8?

immune cell density were not associated with the NLR and

PNI. However, in the high-NLR group compared with the

low-NLR group, CD4? immune cell density was signifi-

cantly decreased (P\ 0.001). Similarly, the density of

CD4? immune cells was also significantly decreased in the

low-PNI group compared with the high-PNI group

(P = 0.007). A high NLR and a low PNI were correlated

with worse overall survival in multivariate analysis

(P = 0.028 and P = 0.002 respectively).

Conclusions The NLR and PNI are associated with the

density of CD4? immune cells in the tumor microenvi-

ronment, which leads to prognostic values of systemic

inflammation in gastric cancer.

Keywords Neutrophil–lymphocyte ratio � Prognostic

nutritional index � Immune cell � Tumor

microenvironment � Gastric cancer

Introduction

Tumor inflammatory response has been shown to play an

important role in cancer development and progression, and

inflammatory cells are regarded as essential components of

the tumor microenvironment [1]. Several studies have

demonstrated that tumor-infiltrating lymphocytes are pre-

sent in the tumor microenvironment in various malignant

tumors [2–4]. The presence of tumor-infiltrating lympho-

cytes is correlated with a better prognosis in several types

of cancer, and different subsets of T lymphocytes appear to

play unique roles in the antitumor response [5–9].
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Recently, the presence of tumor-infiltrating lymphocytes

was reported as a predictive biomarker of the response to

trastuzumab and anthracycline plus taxane in breast cancer

[10–12]. These data suggest that the presence of inflam-

matory cells in the tumor microenvironment could play a

valuable predictive role for response to cancer

immunotherapy [13, 14].

Systemic inflammation is also correlated with cancer

prognosis. Many lines of evidence indicate that markers of

systemic inflammation are independent prognostic factors for

survival in many malignancies, including colon cancer, lung

cancer, pancreatic cancer, hepatobiliary cancer, and gastric

cancer [1, 15–22]. The neutrophil–lymphocyte ratio (NLR) is

one such commonly used marker that has been reported as a

prognostic factor [20–22]. The NLR is calculated on the basis

of the presence of cell types known to be regulated by

cytokines, particularly interleukin-6 [23]. Like the NLR,

albumin levels, lymphocyte count, thrombocytosis, and the

prognostic nutritional index (PNI) are also correlated with

prognosis and survival rate in many solid cancers [17, 18].

Albumin, which is associated with chronic inflammation

reactions, may also be a marker of cancer inflammation [19].

Interleukin-6 stimulates hepatocytes to induce expression of

acute-phase proteins, including C-reactive protein, and

decrease serum albumin levels [23]. The poor prognosis

associated with systemic inflammation could be explained by

a role in the tumor microenvironment in which cytokines or

immune cells present because of systemic inflammation pro-

mote tumor progression [16]. Data are needed to support this

hypothesis, as little evidence currently exists. Prediction of the

immune response in the tumor microenvironment is very

important for selection of patients who will most likely benefit

from cancer immunotherapy. Currently, inflammation in the

tumor microenvironment can be assessed only microscopi-

cally with biopsy samples. However, as many cytokines and

other inflammatory cells are known to migrate from blood to

local tissues via systemic circulation, markers of systemic

inflammation could be used to predict cancer prognosis

associated with immune responses in the tumor microenvi-

ronment [14, 24].

To address these questions, we evaluated the prognostic

value of markers of systemic inflammation (the NLR and

PNI) and investigated the association between systemic

inflammation and the presence of immune cells in the

tumor microenvironment.

Patients and methods

Patients

Two hundred eighty-eight patients underwent gastric

resection between May 2003 and December 2004 at Seoul

National University Bundang Hospital. All patients

received curative-intent resection with D2 lymph node

dissection. Gastric adenocarcinoma was confirmed in all

patients. On the basis of clinical information from elec-

tronic medical records, the median follow-up duration was

86.9 months (range 0–127 months). We tried to identify

the Helicobacter pylori infection from presurgical endo-

scopic records. For patients whose date of death could not

be verified through electronic medical records, the date was

obtained from records from the Ministry of Public

Administration and Security in Korea. This study was

approved by the Institutional Review Board of Seoul

National University Bundang Hospital (B-1508/312-310).

Markers of systemic inflammation

Routine clinical laboratory analyses of peripheral blood

samples collected within 2 weeks before the operation were

used to ascertain neutrophil counts, lymphocyte counts, and

albumin concentrations. Patients with preoperative sepsis or

confirmed systemic infection were excluded. The NLR and

PNI, which do not have overlapping parameters, were used

as markers of systemic inflammation. As previously

reported, the NLR was calculated as the ratio of the neu-

trophil count to the lymphocyte count [25]. The PNI was

calculated as described previously: 10 9 albumin concen-

tration (g/dL) ? 0.005 9 total lymphocyte count (/mm3)

[26]. An optimal cutoff value was defined to classify the

samples into two groups (high vs low) for each inflamma-

tion marker with use of the receiver operating characteristic

curve for survival. The cutoff value for the NLR was

defined to be 2.7, with 27.9 % sensitivity and 87.6 %

specificity [area under the curve 0.586, 95 % confidence

interval 0.518–0.655], and the cutoff value for the PNI was

defined to be 47.7, with 57.7 % sensitivity and 70.1 %

specificity (area under the curve 0.647, 95 % confidence

interval 0.580–0.714).

Quantification of the density of immune cells

in the tumor microenvironment

and cyclooxygenase 2

Tissue microarrays were used for analysis of the tumor

microenvironment, and were generated as follows. Tissue

samples from surgical specimens were fixed in 10 % buf-

fered formalin for 24–48 h and then embedded in paraffin.

Representative cores (2 mm in diameter) were isolated

from individual paraffin blocks and arranged in new tissue

array blocks with use of a trephine apparatus (Super-

biochips Laboratories, Seoul, Korea). The patients included

in the study had tumors occupying more than 10 % of the

core area. Nonneoplastic gastric mucosa specimens were
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also incorporated into each of the array blocks, and the

tissue array blocks contained up to 60 cores.

The densities of CD3?, CD4?, and CD8? immune cells

in the tumor microenvironment were assessed with a pre-

viously described image analysis system [27, 28]. Arrays

were stained with the following primary antibodies: rabbit

polyclonal anti-CD3 (1:100 dilution, Dako, Glostrup,

Denmark); rabbit monoclonal anti-CD4, clone SP35

(undiluted, Ventana Medical Systems, Tucson, AZ, USA);

and mouse monoclonal anti-CD8, clone C8/144B (undi-

luted, Dako, Carpinteria, CA, USA). Briefly, stained slides

were scanned at a magnification of 9200 with a ScanScope

CS2 instrument (Aperio Technologies, Vista, CA, USA),

and scanned images were analyzed by ImageScope (ver-

sion 12.0.0.5039, Aperio Technologies). Positive cells

were quantified in each tumor region (both epithelial and

stromal compartments) and scored as negative, weak (1?),

moderate (2?), or strong (3?). Immune cell density was

defined as the number of positive cells (2? or 3?) per unit

of tissue surface area (in square millimeters).

Cyclooxygenase 2 (COX-2) expression was evaluated

with commercially available primary antibodies according

to the manufacturer’s instructions (rabbit monoclonal

antibody, 1:100 dilution, Optiview polymer, Ventana,

Spring Bioscience). Expression was assessed as intensity

(negative expression 0, weak expression 1, moderate

expression 2, and strong expression 3) and scored as the

percentage of positive cells. A modified histochemical

score was calculated from the intensity multiplied by the

percentage of positive cells, ranging from 0 to 300.

According to the mean histochemical score (98.3), COX-2

expression was classified into low or high expression.

Statistical analysis

Differences in clinical parameters by NLR and PNI status

were assessed by a chi-squared test. Associations between

markers of systemic inflammation and the densities of

immune cells in the tumor microenvironment were evalu-

ated by a t test or Pearson correlation by calculation of

correlation coefficients. Disease-free survival (DFS) was

estimated on the basis of the time between the date of

surgery and the date of disease recurrence or death from

any cause without recurrence. Overall survival (OS) was

calculated from the date of surgery to the last follow-up or

date of death from any cause. The survival rate was cal-

culated by the Kaplan–Meier method, and statistical anal-

ysis was performed with the log-rank test. Multivariate

analysis of prognostic factors was conducted with Cox’s

proportional hazards model. P values less than 0.05 were

considered statistically significant. Statistical analysis was

performed with SPSS 19.0 K for Windows (SPSS, Chi-

cago, IL, USA).

Results

Patient characteristics

Two hundred eighty-eight patients were enrolled, 62.8 % of

whom were male (Table 1). The median age was 62 years

(range 28–87 years). Patients aged 70 years or older made

up 21.9 % of the cohort. Most of the patients underwent

subtotal gastrectomy (78.1 %). Most cancers were identified

as intestinal type (45.1 %) or diffuse type (46.9 %) by the

Lauren classification. Approximately half of the patients

(146 patients, 50.7 %) exhibited lymphatic invasion. Vas-

cular invasion and neural invasion were observed in 32

patients (11.1 %) and 103 patients (35.8 %) respectively.

The mean numbers of involved and examined nodes were

4.67 (0–48) and 38.52 (8–101) respectively. No lymph node

was involved in 143 patients (49.7 %). One hundred nine

patients (37.8 %) had a lymph node ratio (ratio of the

number of involved to examined lymph nodes) in the range

from more than 0 to 0.3, 26 patients (9.0 %) had a lymph

node ratio in the range from greater than 0.3 to 0.6, and 10

patients (3.55 %) had a lymph node ratio of more than 0.6.

The percentages of cancers by stage were as follows: 49.3 %

for stage I cancer, 15.6 % for stage II cancer, 30.2 % for

stage III cancer, and 4.9 % for stage IV cancer. One hundred

nine patients (37.8 %) received postoperative chemotherapy.

H. pylori infection was identified in 99 patients (34.4 %).

COX-2 expression was low in 158 patients (54.9 %) and

high in 128 patients (44.4 %).

Associations between clinicopathologic findings

and markers of systemic inflammation

The median NLR was 2.1 (range 0.4–19.7). Using the

defined cutoff value (2.7), we identified 235 patients

(81.6 %) as having a low NLR and 53 patients (18.4 %) as

having a high NLR . The median PNI was 48.6 (range

32.6–65.5). On the basis of the cutoff value for the PNI

(47.7), 117 patients (40.6 %) had a low PNI and 177

patients (59.4 %) had a high PNI.

The NLR and PNI were not correlated with sex, tumor

location, or histologic type by the WHO classification or the

Lauren classification (Table 2). A low PNI was more frequent

in patients older than 70 years (P = 0.015). A high NLR was

frequent in patients with vascular invasion or neural invasion

(P = 0.047 and P = 0.025 respectively). A low PNI was

associated with lymphatic invasion (P = 0.010), vascular

invasion (P = 0.022), and neural invasion (P\ 0.001). A

high NLR and a low PNI were more frequently found in

patients with a higher lymph node ratio (P = 0.035 and

P = 0.018 respectively). Moreover, a high NLR and a low

PNI were correlated with cancer of a more advanced stage

(P = 0.040 and P\ 0.001 respectively).
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H. pylori infection was correlated with a low NLR

(P = 0.042). However, there was no correlation between

H. pylori infection and the PNI (P = 0.507). In terms of

COX-2 expression, there was no significance related to the

NLR and PNI.

Associations between markers of systemic

inflammation and the densities of immune cells

in the tumor microenvironment

The mean densities of CD3?, CD4?, and CD8? immune

cells in the tumor microenvironment in patient samples

were 861.9, 506.5, and 631.6/mm2 respectively. Although

the difference was not significant, the mean densities of

CD3? immune cells and CD8? immune cells were slightly

lower in the high-NLR group than in the low-NLR group

(CD3? immune cells, 681.8/mm2 vs 903.5/mm2,

P = 0.057; CD8? immune cells, 408.0/mm2 vs 570.0/

mm2, P = 0.133; Table 3). Scatter plots also did not

identify a significant correlation between the NLR and

CD3? or CD8? immune cell densities (correlation coeffi-

cients -0.064 and -0.028 respectively, P = 0.302 and

P = 0.675 respectively, Fig. 1a, c). However, the mean

density of CD4? immune cells in the high-NLR group

(324.6/mm2) was significantly lower than that in the low-

NLR group (546.5/mm2) (P\ 0.001, Table 3). Consistent

with this observation, a scatter plot of the NLR and CD4?

immune cell density in the tumor microenvironment

revealed a significant inverse correlation (correlation

coefficient -0.175, P = 0.007, Fig. 1b). With respect to

the PNI, no significant correlation was observed with

CD3? or CD8? immune cell densities in the tumor

microenvironment (correlation coefficients -0.018 and

-0.065 respectively, P = 0.770 and P = 0.324 respec-

tively, Fig. 1d, f). However, the PNI was positively cor-

related with CD4? immune cell density in the tumor

microenvironment (correlation coefficient 0.201,

P = 0.002, Fig. 1e). The mean density of CD4? immune

Table 1 Baseline characteristics

Variable No. of patients

(N = 288)

Percentage

of patients

Sex

Male 181 62.8

Female 107 37.2

Age (years)a

\70 225 78.1

C70 63 21.9

Operation

Subtotal gastrectomy 225 78.1

Total gastrectomy 63 21.9

WHO classification

Well to moderately differentiated 133 46.1

Poorly differentiated 104 36.1

Signet ring cell 40 13.9

Mucinous 9 3.1

Unclassified 2 0.7

Lauren classification

Intestinal 130 45.1

Diffuse 135 46.9

Mixed 23 8.0

Lymphatic invasion

Absent 142 49.3

Present 146 50.7

Vascular invasion

Absent 256 88.9

Present 32 11.1

Neural invasion

Absent 185 64.2

Present 103 35.8

Lymph node ratio (involved/examined lymph nodes)

0 143 49.7

[0 to B0.3 109 37.8

[0.3 to B0.6 26 9.0

[0.6 10 3.5

Stagea

I 142 49.3

II 45 15.6

III 87 30.2

IV 14 4.9

Postoperative chemotherapy

Yes 109 37.8

No 179 62.2

Helicobacter pylori infection

Negative 111 38.5

Positive 99 34.4

Unknown 210 27.1

COX-2 expression

Table 1 continued

Variable No. of patients

(N = 288)

Percentage

of patients

Low 158 54.9

High 128 44.4

Unknown 2 0.7

COX-2 cyclooxygenase 2
a Median 62 years, range 28–87 years
b Based on the seventh edition of the AJCC Cancer Staging Manual

of the American Joint Committee on Cancer
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Table 2 Associations between clinicopathologic variables and systemic inflammation markers in gastric cancer

Variables NLR Pa PNI Pa

Low (n = 235) High (n = 53) Low (n = 117) High (n = 171)

Sex 0.140 0.895

Male 143 (79.0 %) 38 (21.0 %) 73 (40.3 %) 108 (59.7 %)

Female 92 (86.0 %) 15 (14.0 %) 44 (41.1 %) 63 (58.9 %)

Age (years) 0.827 0.015

\70 183 (81.3 %) 42 (18.7 %) 83 (36.9 %) 142 (63.1 %)

C70 52 (82.5 %) 11 (17.5 %) 34 (54.0 %) 29 (46.0 %)

Tumor location 0.652 0.153

Lower third 109 (79.6 %) 28 (20.4 %) 62 (45.3 %) 75 (54.7 %)

Middle third 85 (85.0 %) 15 (15.0 %) 32 (32.0 %) 68 (68.0 %)

Upper third 36 (81.8 %) 8 (18.2 %) 19 (43.2 %) 25 (56.8 %)

Entire stomach 5 (71.4 %) 2 (28.6 %) 4 (57.1 %) 3 (42.9 %)

WHO classificationb 0.246 0.156

Well to moderately differentiated 110 (82.7 %) 23 (17.3 %) 48 (36.9 %) 82 (63.1 %)

Poorly differentiated 83 (79.8 %) 21 (20.2 %) 50 (48.5 %) 53 (51.5 %)

Signet ring cell 35 (87.5 %) 5 (12.5 %) 13 (32.5 %) 27 (67.5 %)

Mucinous 5 (55.6) 4 (44.4 %) 4 (44.4 %) 5 (55.6 %)

Lauren classification 0.939 0.578

Intestinal 107 (82.3 %) 23 (17.7 %) 49 (37.7 %) 81 (62.3 %)

Diffuse 109 (80.7 %) 26 (19.3 %) 57 (42.2 %) 78 (57.8 %)

Mixed 19 (82.6 %) 4 (17.4 %) 11 (47.8 %) 12 (52.2 %)

Lymphatic invasion 0.119 0.010

Absent 121 (85.2 %) 21 (14.8 %) 47 (33.1 %) 95 (66.9 %)

Present 114 (78.1 %) 32 (21.9 %) 70 (47.9 %) 76 (52.1 %)

Vascular invasion 0.047 0.022

Absent 213 (83.2 %) 43 (16.8 %) 98 (38.3 %) 158 (61.7 %)

Present 22 (68.8 %) 10 (31.1 %) 19 (59.4 %) 13 (40.6 %)

Neural invasion 0.025 \0.001

Absent 158 (85.4 %) 27 (14.6 %) 60 (32.4 %) 125 (67.6 %)

Present 77 (74.8 %) 26 (25.2 %) 57 (55.3 %) 46 (44.7 %)

Lymph node ratio (involved/examined lymph nodes) 0.035c 0.018c

0 122 (85.3 %) 21 (14.7 %) 52 (36.4 %) 91 (63.6 %)

[0 to B0.3 88 (80.7 %) 21 (19.3 %) 43 (39.4 %) 66 (60.6 %)

[0.3 to B0.6 18 (69.2 %) 8 (30.8 %) 16 (61.5 %) 10 (38.5 %)

[0.6 7 (70.0 %) 3 (30.0 %) 6 (60.0 %) 4 (40.0 %)

Stage by AJCC7 0.004c \0.001c

I 125 (88.0 %) 17 (12.0 %) 44 (31.0 %) 98 (69.0 %)

II 37 (82.2 %) 8 (17.8 %) 19 (42.2 %) 26 (57.8 %)

III 62 (71.3 %) 25 (28.7 %) 37 (51.7 %) 26 (48.3 %)

IV 11 (78.6 %) 3 (21.4 %) 9 (64.3 %) 5 (35.7 %)

Helicobacter pylori infection 0.042 0.507

Negative 90 (81.1 %) 21 (18.9 %) 41 (36.9 %) 70 (63.1 %)

Positive 90 (90.9 %) 9 (9.1 %) 41 (41.4 %) 58 (58.6 %)

COX-2 expression 0.315 0.539

Low 132 (83.5 %) 26 (16.5 %) 61 (38.6 %) 97 (61.4 %)

High 101 (78.9 %) 27 (21.1 %) 54 (42.2 %) 74 (57.8 %)

AJCC7 seventh edition of the AJCC Cancer Staging Manual of the American Joint Committee on Cancer, COX-2 cyclooxygenase 2, NLR

neutrophil–lymphocyte ratio, PNI prognostic nutritional index
a Performed by a chi-squared test
b Two missing data points were excluded
c Performed by linear by linear association
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cells in the low-PNI group (429.1/mm2) was lower than

that in the high-PNI group (559.8/mm2).

Additionally, in terms of H. pylori infection, the densi-

ties of CD3?, CD4?, and CD8? immune cells in the tumor

microenvironment were not different (P = 0.742,

P = 0.935, and P = 0.613 respectively). There was no

correlation of COX-2 expression to the densities of CD3?

and CD8? immune cells (P = 0.314 and P = 0.571

Table 3 Associations between inflammation markers and immune cell density in the tumor microenvironment

Variables Mean CD3? immune

cell density (/mm2)

Mean CD4? immune

cell density (/mm2)

Mean CD8? immune

cell density (/mm2)

NLR P = 0.057 P\ 0.001 P = 0.133

Low 903.5 546.5 570.0

High 681.8 324.6 408.0

Difference between the 2

groups

221.7 (95 % CI -7.1 to 450.4) 221.8 (95 % CI 120.7–322.9) 161.9 (95 % CI -49.6 to 373.4)

PNI P = 0.376 P = 0.007 P = 0.173

Low 912.8 429.1 614.0

High 826.0 559.8 490.3

Difference between the 2

groups

286.9 (95 % CI -106.5 to 280.2) -130.7 (95 % CI -226.1 to -35.3) 123.6 (95 % CI -54.7 to 302.0)

Helicobacter pylori infection P = 0.742 P = 0.935 P = 0.613

Negative 861.1 516.1 496.7

Positive 826.8 520.6 541.9

Difference between the 2 groups 34.3 (95 % CI -171.0 to 239.6) -4.5 (95 % CI -113.5 to 104.4) -45.2 (95 % CI -221.6 to 131.2)

COX-2 expression P = 0.314 P = 0.033 P = 0.571

Low 890.2 553.5 563.6

High 800.3 452.1 516.1

Difference between the 2 groups 89.9 (95 % CI -85.5 to 265.3) 101.4 (95 % CI 8.3–194.4) 47.5 (95 % CI -117.3 to 212.3)

CI confidence interval, COX-2 cyclooxygenase 2, NLR neutrophil–lymphocyte ratio, PNI prognostic nutritional index

Fig. 1 Correlations between systemic inflammation markers and density of immune cells in the tumor microenvironment. NLR neutrophil–

lymphocyte ratio, PNI prognostic nutritional index
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respectively). However, tumors with high COX-2 expres-

sion had a lower mean CD4? immune cell density (553.5/

mm2 vs 452.1/mm2, P = 0.033).

Associations between survival outcomes

and systemic inflammation markers

DFS and OS were worse in the high-NLR group than in the

low-NLR group (Fig. 2). The 5-year DFS rates were 58.3

and 73.6 % (P = 0.005, Fig. 2a) and the 5-year OS rates

were 58.5 and 75.2 % for the high-NLR group and the low-

NLR group respectively (P\ 0.001, Fig. 2b). Similarly,

the PNI also had prognostic value. A low PNI was asso-

ciated with worse DFS and OS than a high PNI (P\ 0.001

and P\ 0.001 respectively; Fig. 2c, d). The 5-year DFS

and OS rates were 59.5 and 59.8 % respectively in the low-

PNI group and 78.6 and 80.6 % respectively in the high-

PNI group. Although there was no significance, patients

with H. pylori infection had better prognosis than patients

without H. pylori infection (DFS rate, 85.6 % vs 74.0 %,

P = 0.069; OS rate, 86.9 % vs 75.7 %, P = 0.146). Sim-

ilarly, high COX-2 expression was correlated with worse

survival tendency than low COX-2 expression (DFS rate,

67.8 % vs 72.8 %, P = 0.170; OS rate, 68.5 % vs 74.7 %,

P = 0.100).

Because there is a significant correlation between the

NLR and PNI (P\ 0.001), we performed multivariate

analysis with Cox’s proportional hazards model separately.

Each NLR and PNI was included as an independent

prognostic factor in the multivariate model for OS (hazard

ratio 1.6, P = 0.028, and hazard ratio 1.8, P = 0.002

respectively, Table 4), but the prognostic value did not

remain in the multivariate model for DFS (P = 0.325 and

P = 0.069 respectively).

Discussion

We found that the NLR and PNI, markers of systemic

inflammation, had prognostic value in gastric cancer. These

markers were associated with changes in the densities of

immune cells in the tumor microenvironment, particularly

CD4? immune cells. These results could explain the poor

prognosis associated with systemic inflammation in cancer

patients. Furthermore, the results from this study suggest

that noninvasive peripheral blood analysis of these markers

could be used to assess the tumor microenvironment. This

information could be highly valuable for selection of

patients who will most likely benefit from cancer

immunotherapy.

Markers of systemic of inflammation, including the

NLR and PNI, have been shown to have prognostic

value for many tumor types [15–22]. Similarly to pre-

vious studies, in the present study, both markers were

Fig. 2 Disease-free survival and overall survival of patients with gastric cancer stratified by systemic inflammation markers. NLR neutrophil–

lymphocyte ratio, PNI prognostic nutritional index
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capable of predicting prognosis. Poorer prognosis was

observed in the high-NLR group and the low-PNI group.

In particular, the NLR and PNI were found to be

independent prognostic markers even in multivariate

analysis for OS.

The association between systemic inflammation and

poor prognosis could be explained by the effects on the

tumor microenvironment, such as accumulation of cytoki-

nes and immune cells that promote tumor progression [16].

However, little mechanistic evidence linking the poor

prognosis of cancer patients with systemic inflammation

exists, as no previous studies mainly focused on the rela-

tionship between the tumor microenvironment and sys-

temic inflammation. Our study evaluated the association

between systemic inflammation and tumor-infiltrating

immune cells in the tumor microenvironment. Specifically,

the density of CD4? immune cells was decreased in high-

NLR and low-PNI patients, who had a worse prognosis.

This finding could be ascribed to the function of CD4?

immune cells, which recognize tumor antigens and activate

CD8? T cells, resulting in cytotoxic effects on tumor cells

[29, 30]. In previous studies, decreased density of CD4?

immune cells in the tumor microenvironment has been

associated with a poorer prognosis [9, 31]. Notably, we

identified an identical relationship associated with the

tumor microenvironment in two markers of systemic

inflammation, the NLR and PNI.

A higher NLR and a lower PNI were associated with

advanced-stage cancer in the present study. This finding

provides indirect evidence supporting a role for systemic

inflammation in tumor progression. Markers of systemic

inflammation were also correlated with clinicopathologic

findings, including lymphatic invasion, vascular invasion,

and perineural invasion. These associations suggest that

systemic inflammation may be linked to the invasive

characteristics of the tumor itself. Moreover, we also found

an association between systemic inflammation and the

presence of specific immune cells in the tumor microen-

vironment. Thus, systemic inflammation could have

affected both the tumor and the tumor microenvironment;

however, the interactions that govern the relationship

between the tumor and its microenvironment are not yet

fully understood. Additionally, H. pylori infection was

correlated with the NLR but not the immune cell density in

the tumor microenvironment. COX-2 expression was not

correlated with the NLR and PNI. However, low COX-2

expression was correlated with higher CD4? immune cell

density in the tumor microenvironment in this study.

Although there was no significance, H. pylori infection and

low COX-2 expression was associated with better survival.

These results are similar to those of previous studies

[32, 33]. H. pylori infection could be considered as a local

factor of the host influencing the tumor microenvironment.

COX-2 expression could be considered as a tumor factor.

The NLR and PNI are probably systemic factors of the

host. Among these factors, there was a slightly different

Table 4 Multivariate analysis of independent risk factors for recur-

rence and death of patients with gastric cancer

Variables Disease-free survival Overall survival

Hazard ratioa P Hazard ratioa P

Multivariate analysis with the NLR

Age (years) \0.001 \0.001

\70 1 1

C70 2.2 (1.5–3.4) 2.7 (1.8–4.0)

Lymphatic invasion 0.258 0.573

Absent 1 1

Present 1.3 (0.8–2.2) 1.2 (0.7–1.9)

Vascular invasion 0.260 0.073

Absent 1 1

Present 1.3 (0.8–2.2) 1.6 (1.0–2.6)

Neural invasion 0.115 0.096

Absent 1 1

Present 1.5 (0.9–2.5) 1.5 (0.9–2.5)

Stage by AJCC7

I 1 \0.001 1 \0.001

II 1.8 (0.9–3.7) 1.9 (0.9–3.9)

III 4.4 (2.2–8.9) 4.0 (2.0–8.0)

IV 10.0 (4.2–23.6) 12.0 (4.9–29.0)

NLR 0.325 0.028

Low 1 1

High 1.2 (0.8–1.9) 1.6 (1.1–2.5)

Multivariate analysis with the PNI

Age (years) \0.001 \0.001

\70 1 1

C70 2.2 (1.4–3.3) 2.6 (1.7–3.9)

Lymphatic invasion 0.301 0.753

Absent 1 1

Present 1.3 (0.8–2.2) 1.1 (0.7–1.8)

Vascular invasion 0.411 0.134

Absent 1 1

Present 1.2 (0.7–2.1) 1.5 (0.9–2.4)

Neural invasion 0.096 0.070

Absent 1 1

Present 1.5 (0.9–2.5) 1.6 (1.0–2.6)

Stage by AJCC7 \0.001 \0.001

I 1 1

II 1.9 (0.9–3.8) 2.0 (1.0–4.0)

III 4.5 (2.3–8.9) 4.2 (2.2–8.2)

IV 9.5 (4.1–22.1) 11.4 (4.8–27.1)

PNI 0.069 0.002

High 1 1

Low 1.4 (1.0–2.1) 1.8 (1.2–2.7)

AJCC7 seventh edition of the AJCC Cancer Staging Manual of the

American Joint Committee on Cancer, NLR neutrophil–lymphocyte

ratio, PNI prognostic nutritional index
a The 95 % confidence interval is given in parentheses
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association. These results indicate that there are compli-

cated interactions among the tumor, its microenvironment,

and systemic inflammation. Therefore, further studies are

warranted to identify the main controller of the tumor

microenvironment.

Cancer immunotherapies that inhibit negative immune

feedback, such as those targeting programmed cell death 1/

programmed cell death-ligand 1 and cytotoxic T-lympho-

cyte-associated protein 4, have proven efficacious against

several tumor types [34–37]. However, not all patients

benefit from these cancer immunotherapies, and efficacy

differs depending on whether or not the tumor microenvi-

ronment is inflamed [13, 14]. To date, no definitive bio-

marker exists to easily predict the outcomes of these

immunotherapies [38, 39]. A defective mismatch repair

system was suggested as a candidate to predict the immune

system activity [39]. On the basis of our identification of an

association between markers of systemic inflammation and

the densities of immune cells in the tumor microenviron-

ment in the present study, we propose that the NLR and

PNI could be used to ascertain the immunologic status of

the tumor microenvironment. Importantly, the NLR and

PNI can be easily calculated from peripheral blood counts,

eliminating the need for invasive procedures, such as tissue

biopsies, to evaluate the tumor microenvironment. Markers

of systemic inflammation in the peripheral blood could

serve as useful tools for evaluation of the immunoreactivity

in the tumor microenvironment, replacing invasive proce-

dures and complex processes. Evaluation of the predictive

value of these markers for cancer immunotherapy is clearly

warranted.

Nevertheless, the present study has a few limitations.

First, it is possible that patients with active systemic

inflammation not related to cancer, such as infection,

bleeding, and autoimmune diseases, were included because

of the retrospective nature of the present study. As our goal

was to evaluate cancer-promoting systemic inflammation

using specific markers, patients with known active infec-

tions were excluded. Second, we did not analyze the

specific subtypes of CD4? immune cells, which have been

shown to play different roles in cancer immunology. Fur-

thermore, the role and prognosis of immune cell infiltration

may be different according to the infiltration location, such

as the invasion margin or stroma. Therefore, additional

studies addressing the roles of specific subtypes of CD4?

lymphocytes and the infiltration location are needed. Third,

we found that, although the NLR and PNI do not have any

overlapping parameters, the density of CD4? immune cells

was associated with both the NLR and the PNI in the tumor

microenvironment. The underlying reason explaining why

systemic inflammation was associated with CD4? immune

cell density but not CD3? and CD8? immune cell density

was not evaluated and requires investigation.

In summary, our results demonstrate that the NLR and

PNI, markers of systemic inflammation, were associated

with immune cell densities in the tumor microenvironment,

specifically those of CD4? immune cells. The NLR and

PNI also have prognostic value in resected gastric cancer.

This study suggests the possibility that the presence of

cancer-promoting inflammation in the tumor microenvi-

ronment could be assessed noninvasively with markers of

systemic inflammation in peripheral blood samples.
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