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Abstract
Background Since in�ammation and the immune system contribute to the development and progression
of malignancies, parameters that re�ect a host’s immune-in�ammatory status may be useful prognostic
indicators of gastric cancer (GC). The present study examined the clinical signi�cance of a preoperative
systemic immune-inflammation index (SII) for predicting postoperative survival outcomes in GC.

Methods A total of 447 patients who underwent curative gastrectomy for GC were included in the present
study. SII was calculated as platelet count × neutrophil count/lymphocyte count. The prognostic impact
of preoperative SII was examined using univariate and multivariate analyses.

Results Preoperative SII ranged between 105 and 4455 (median 474), and the optimal cut-off value for
predicting overall survival (OS) was 395 based on a receiver operating characteristic curve. The 5-year OS
rate of the SII≥395 group was 80.0%, which was signi�cantly worse than that (92.7%) of the SII<395
group (p<0.001). The multivariate analysis identi�ed SII≥395 (Hazard ratio [HR] 3.016; 95% con�dence
interval [CI] 1.593-6.262; p<0.001), carcinoembryonic antigen≥5.0 (HR 2.224, 95% CI 1.128-4.100), pT4
(HR 4.554, 95% CI 2.525-8.234), and pN+ (HR 3.621, 95% CI 1.916-7.074) as independent predictors of
worse OS. Peritoneal recurrence was more frequent in the high SII group than in the low SII group
(p=0.028).

Conclusion Preoperative SII may be a useful predictor of postoperative survival outcomes in GC. The
meticulous surveillance of GC relapse, particularly peritoneal dissemination, is necessary for patients with
SII≥395 even after curative gastrectomy.

Background
Gastric cancer (GC) is the sixth most common cancer and the second leading cause of cancer-related
death worldwide(1). Despite recent advances in surgical procedures and chemotherapy, recurrence is still
reported in a large number of patients with GC even after curative resection. Therefore, to improve the
survival outcomes of GC, it is important to identify patients with a high risk of GC recurrence who need to
be treated with adequate adjuvant treatments and meticulous surveillance even after curative
gastrectomy.

Since in�ammation and the immune system contribute to the development and progression of
malignancies(2, 3), parameters that re�ect a host’s immune-in�ammatory status may be useful
prognostic indicators of GC. Neutrophil (Neut), lymphocyte (Lymp), monocyte (Mono), and platelet (Plt)
counts in peripheral blood were previously shown to be convenient and helpful prognostic indicators of
GC(4–6). A systemic immune-in�ammation index (SII), readily calculated by the combination of three
complete blood count (CBC) parameters (Neut, Lymp, and Plt), has recently been attracting increasing
attention as a powerful prognostic indicator in several malignancies, such as esophageal, colon, and
pancreatic cancers(7–9); however, the clinical utility of SII in GC remains unclear.
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In the present study, the clinical signi�cance of preoperative SII for predicting the postoperative survival
outcomes of GC was compared with that of each CBC parameter (Neut, Lymp, Mono, or Plt). The
relationship between preoperative SII and the type of GC recurrence was also examined. The aim of the
present study was to establish a novel perioperative care system according to preoperative SII levels.

Methods

Patients
A total of 447 patients who underwent surgery for GC between January 2008 and June 2013 at the Kyoto
Prefectural University of Medicine were included in the present study. Inclusion criteria were as follows:
(1) patients pathologically diagnosed with gastric adenocarcinoma; (2) patients with pathological stage
(pStage) I, II, and III; and (3) patients undergoing the curative resection of GC (R0). Patients who received
neoadjuvant chemotherapy and those who underwent non-curative resection (R1/R2) were excluded.
Patients with missing information on preoperative CBC and those with simultaneous malignancies other
than GC were also excluded. Gastrectomy with lymph node dissection was performed based on the
Japanese Gastric Cancer Treatment Guidelines (JGCTG) (10). Tumor staging was performed according to
the 8th edition of the Tumor, Node, Metastasis staging classi�cation by the Union for International Cancer
Control (11).

All patients provided written informed consent before surgery. The present study was approved by the
Ethics Committee of the Kyoto Prefectural University of Medicine (approval no. ERB-C-1327).

Data collection of preoperative CBC and SII
Preoperative CBC (Neut, Lymp, Mono, and Plt) was collected from patients within 7 days before surgery,
and SII was calculated as Plt (cell/mm3 × 103) × Neut (cell/mm3)/Lymp (cell/mm3).

Clinicopathological �ndings
The following clinicopathological data were reviewed from the medical record database of our institution;
age, sex, body mass index (BMI), physical status (PS), tumor location, preoperative serum
carcinoembryonic antigen (CEA) and cancer antigen (CA) 19 − 9, preoperative CBC (Neut, Lymp, Mono,
and Plt), pathological T stage (pT), pathological N stage (pN), lymphatic invasion, venous invasion, and
tumor differentiation.

Adjuvant treatment and postoperative follow-up
After curative gastrectomy for GC, patients with pStage I generally received postoperative examinations
alone without any adjuvant treatments. Patients with pStage II and III were basically treated with adjuvant
chemotherapy based on JGCTG. The main chemotherapeutic regimens administered were S-1 alone(12),
S-1 plus oxaliplatin (SOX) (13), or capecitabine plus oxaliplatin (CapeOX) (14), in line with JGCTG(10). All
patients were followed up at regular intervals with serum CEA and CA19-9, computed tomography (CT) of
the chest, abdomen, and pelvis, and upper gastrointestinal endoscopy following the JGCTG. Most
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patients were postoperatively followed up for �ve years or until their death. GC recurrence was con�rmed
by imaging, such as CT and upper gastrointestinal endoscopy. If possible, recurrence was histologically
con�rmed via surgical biopsy, needle biopsy, or appropriate �uid cytology.

Statistical analysis
Differences between the two groups for categorial and continuous variables were analyzed by the chi-
squared test and Mann-Whitney U test, respectively. The optimal cut-off value for each immune-
nutritional parameter (Neut, Lymp, Mono, Plt, or SII) was selected according to the receiver operating
characteristic (ROC) curve for overall survival (OS) with the maximal Youden index based on the sum of
sensitivity and speci�city (15, 16). OS and relapse-free survival (RFS) were generated using the Kaplan-
Meier method, and differences between the two groups were assessed with the Log-rank test. Parameters
showing signi�cance in univariate analyses were further assessed using multivariate Cox’s models. We
used two types of multivariate Cox’s models. In one model (model #1), Neut, Lymp, or Plt was separately
incorporated as explanatory variables. In the other model (model #2), SII was incorporated as an
explanatory variable instead of Neut, Lymp, and Plt. Hazard ratios (HR) and 95% con�dence intervals (CI)
were subsequently calculated. A p value < 0.05 was considered to be signi�cant. Statistical analyses were
performed with the software package JMP software version 10 (JMP, Cary, NC, USA).

Results

Clinical characteristics
The clinicopathological characteristics of 447 patients are shown in Table 1. Median age was 67 years
(range 29–89), with 289 male (64.7%) and 158 female patients (35.3%). Median (range) values were
3690 (1250–15850) for Neut, 1780 (570–4770) for Lymp, 330 (50-1400) for Mono, 22.5 × 104 (8.7 × 104-
57.0 × 104) for Plt, and 474 (105–4455) for SII.
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Table 1
Clinicopathological characteristics of the patients

Variables   All patients (n 
= 447)

SII ≥ 395 (n 
= 280)

SII < 395 (n 
= 167)

p
value

Age, years Median

Range

67

29–89

67

29–89

67

39–89

0.215

Sex Male

Female

289

158

176 (62.9%)

104 (37.1%)

113 (67.7%)

54 (32.3%)

0.302

BMI, kg/m2 Median

Range

22.2

14.4–34.2

21.9

14.4–34.2

23.1

15.6–30.6

0.021*

PS 1

≥ 2

223

214

146 (52.1%)

134 (47.9%)

87 (52.1%)

80 (47.9%)

0.992

Tumor location Upper

Middle/Lower

145

302

96 (34.3%)

184 (65.7%)

49 (29.3%)

118 (70.7%)

0.278

CEA, ng/ml < 5

≥ 5

390

57

240 (85.7%)

40 (14.3%)

150 (89.8%)

17 (10.2%)

0.202

CA19-9, U/ml < 37

≥ 37

422

25

261 (93.2%)

19 (6.8%)

161 (96.4%)

6 (3.6%)

0.143

Neutrophil count,
cell/mm3

Median

Range

3690

1250–15850

4145

1250–
15850

3060

1420–7630

< 
0.001*

Lymphocyte count,
cell/mm3

Median

Range

1780

570–4770

1630

570–4770

2050

1050–4640

< 
0.001*

Monocyte count,
cell/mm3

Median

Range

330

50-1400

340

50-1400

310

100–750

< 
0.008*

Platelet count,
cell/mm3 × 104

Median

Range

22.5

8.7–57.0

24.5

11.7–57.0

19.0

8.7–31.4

< 
0.001*

SII Median

Range

474

105–4455

624

396–4455

301

105–390

< 
0.001*

BMI body mass index, PS performance status, CEA carcinoembryonic antigen, CA19-9 cancer antigen
(CA) 19 − 9, SII systemic immune in�ammation index
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Variables   All patients (n 
= 447)

SII ≥ 395 (n 
= 280)

SII < 395 (n 
= 167)

p
value

pT pT1-3

pT4

399

48

248 (88.6%)

32 (11.4%)

151 (90.4%)

16 (9.6%)

0.539

pN pN0

pN+

323

124

189 (67.5%)

91 (32.5%)

134 (80.2%)

33 (19.8%)

0.003*

Lymphatic invasion Presence

Absence

169

278

120 (42.9%)

160 (57.1%)

49 (29.3%)

118 (70.6%)

0.004*

Venous invasion Presence

Absence

138

309

95 (33.9%)

185 (66.1%)

43 (25.7%)

124 (74.3%)

0.068

Tumor differentiation Differentiated

Undifferentiated

230

217

132 (47.1%)

148 (52.9%)

98 (58.7%)

69 (41.3%)

0.018*

BMI body mass index, PS performance status, CEA carcinoembryonic antigen, CA19-9 cancer antigen
(CA) 19 − 9, SII systemic immune in�ammation index

ROC curve analysis
The area under the curve (AUC) value showing the predictive power of SII for 5-year OS was 0.650, and
the Youden index was 0.238. As shown in Fig. 1, the optimal cut-off value for preoperative SII was 395
(sensitivity 41.0%, speci�city 82.8%). All patients were then divided into the high SII (SII ≥ 395) and low
SII (SII < 395) groups. The optimal cut-off values of other preoperative CBC parameters for predicting 5-
year OS were shown in Additional �le 1: Figure S1 (3690 for Neut (AUC 0.612), 1860 for Lymp (AUC
0.587), 320 for Mono (AUC 0.523), and 27.2 × 104 for Plt (AUC 0.581)).

Relationship between preoperative SII and
clinicopathological factors
Differences in clinicopathological characteristics between the high and low SII groups are shown in
Table 1. Preoperative Neut, Lymp, Mono, and Plt were signi�cantly higher (p < 0.001, < 0.001, = 0.008, and
< 0.001, respectively), and BMI was signi�cantly lower (p = 0.021) in the high SII group than in the low SII
group. In addition, patients with pN+, positive lymphatic invasion, and undifferentiated adenocarcinoma
were frequently found in the high SII group (p = 0.003, 0.004, and 0.018, respectively). No signi�cant
differences were found in age, sex, PS, tumor location, preoperative CEA and CA 19 − 9, pT, or venous
invasion between the two groups.

Prognostic signi�cance of preoperative SII
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Survival curves for OS strati�ed by preoperative SII and each CBC parameter (Neut, Lymp, Mono, and Plt)
are shown in Fig. 2A and Additional �le 2: Figure S2, respectively. The 5-year OS rate of the high SII group
was 80.0%, which was signi�cantly worse than that (92.7%) of the low SII group (p < 0.001). Univariate
and multivariate survival analyses of OS are shown in Table 2. In the univariate analysis, PS ≥ 2, upper
GC, CEA ≥ 5, CA19-9 ≥ 37, pT4, pN+, positive lymphatic invasion, positive venous invasion, Neut ≥ 3690,
Lymp < 1860, Plt ≥ 27.2 × 104, and SII ≥ 395 correlated with poor OS. In multivariate Cox’s model #1, Neut 
≥ 3690 (HR 1.938; 95% CI 1.100-3.488; p = 0.022), CEA ≥ 5, pT4, and pN + were identi�ed as independent
risk factors for poor OS. In multivariate Cox’s model #2, SII ≥ 395 (HR 3.016; 95% CI 1.593–6.262; p < 
0.001), CEA ≥ 5, pT4, and pN + were identi�ed as independent risk factors for poor OS.
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Table 2
Univariate and multivariate survival analyses for OS

Variables   Univariate Multivariate (model
#1)

Multivariate
(model #2)

  5-year
OS
(%)

p
value

HR
(95%CI)

p
value

HR
(95%CI)

p
value

Age, years < 65

≥ 65

86.9

82.9

0.262        

Sex Male

Female

84.9

84.0

0.846        

BMI, kg/m2 < 25

≥ 25

84.3

85.7

0.701        

PS 1

≥ 2

89.4

78.8

0.004* 1

1.505
(0.882–
2.609)

0.134 1

1.388
(0.825–
2.378)

0.218

Tumor location Upper

Middle/Lower

75.5

88.7

< 
0.001*

1.529
(0.907–
2.573)

1

0.110 1.568
(0.934–
2.630)

1

0.089

CEA, ng/ml < 5

≥ 5

86.1

72.4

0.008* 1

2.062
(1.047-
3.800)

0.037* 1

2.224
(1.128-
4.100)

< 
0.022*

CA19-9, U/ml < 37

≥ 37

85.7

65.3

0.003* 1

1.385
(0.671–
3.240)

0.396 1

1.312
(0.637–
3.062)

0.481

Neutrophil count,
cell/mm3

< 3690

≥ 3690

88.9

80.3

0.020* 1

1.938
(1.100-
3.488)

0.022*   NA

OS overall survival, BMI body mass index, PS performance status, CEA carcinoembryonic antigen,
CA19-9 cancer antigen (CA) 19 − 9, SII systemic immune in�ammation index, HR hazard ratio, CI
con�dence interval, NA not applicable
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Variables   Univariate Multivariate (model
#1)

Multivariate
(model #2)

  5-year
OS
(%)

p
value

HR
(95%CI)

p
value

HR
(95%CI)

p
value

Lymphocyte
count, cell/mm3

< 1860

≥ 1860

80.6

89.3

0.011* 1.361
(0.785–
2.435)

1

0.277   NA

Monocyte count,
cell/mm3

< 320

≥ 320

87.4

82.4

0.198        

Platelet count,
cell/mm3 × 104

< 27.2

≥ 27.2

87.6

75.2

0.003* 1

1.181
(0.667–
2.053)

0.563   NA

SII < 395

≥ 395

92.7

80.0

< 
0.001*

  NA 1

3.016
(1.593–
6.262)

< 
0.001*

pT pT1-3

pT4

93.8

57.8

< 
0.001*

1

4.155
(2.257–
7.674)

< 
0.001*

1

4.554
(2.525–
8.234)

< 
0.001*

pN pN0

pN+

93.7

60.8

< 
0.001*

1

3.472
(1.795–
6.933)

< 
0.001*

1

3.621
(1.916–
7.074)

< 
0.001*

Lymphatic
invasion

Presence

Absence

71.3

92.7

< 
0.001*

1.234
(0.630–
2.459)

1

0.543 1.142
(0.600-
2.228)

1

0.689

Venous invasion Presence

Absence

71.2

90.3

< 
0.001*

1.434
(0.842–
2.467)

1

0.185 1.539
(0.910–
2.637)

1

0.108

OS overall survival, BMI body mass index, PS performance status, CEA carcinoembryonic antigen,
CA19-9 cancer antigen (CA) 19 − 9, SII systemic immune in�ammation index, HR hazard ratio, CI
con�dence interval, NA not applicable
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Variables   Univariate Multivariate (model
#1)

Multivariate
(model #2)

  5-year
OS
(%)

p
value

HR
(95%CI)

p
value

HR
(95%CI)

p
value

Tumor
differentiation

Differentiated

Undifferentiated

87.2

81.9

0.161        

OS overall survival, BMI body mass index, PS performance status, CEA carcinoembryonic antigen,
CA19-9 cancer antigen (CA) 19 − 9, SII systemic immune in�ammation index, HR hazard ratio, CI
con�dence interval, NA not applicable

Similar to the results of analyses of OS, the 5-year RFS rate of the high SII group was 77.7%, which was
signi�cantly worse than that (90.2%) of the low SII group (p < 0.001) (Fig. 2B). The multivariate Cox’s
model identi�ed SII ≥ 395 as an independent risk predictor of 5-year RFS (HR 2.513; 95% CI 1.434–4.683;
p < 0.001) (Additional �le 3: Table S1).

Relationship between preoperative SII and the type of GC
recurrence
GC recurrence was detected in 51 out of 447 patients. Cumulative recurrence rates strati�ed by
preoperative SII were examined according to the type of GC recurrence (peritoneal, hematogenous, and
lymph node recurrence) (Fig. 3). Peritoneal recurrence was more frequent in the high SII group than in the
low SII group (p = 0.028), whereas no signi�cant difference was observed in the cumulative recurrence
rate for hematogenous or lymph node recurrence between the high and low SII groups (p = 0.248 and
0.096, respectively).

Discussion
In the present study, we examined the clinical signi�cance of preoperative SII to predict postoperative
survival outcomes in GC. The optimal cut-off value of preoperative SII for predicting OS was set at 395
according to the ROC curve analysis. The results obtained demonstrated that SII, a combination of three
CBC parameters (Neut, Lymp, and Plt), was an independent risk factor for poor OS and RFS as well as pT
and pN. Of special note was that high SII correlated with peritoneal recurrence. These results suggested
that preoperative SII will contribute to perioperative precise care and adjuvant treatments for patients with
GC undergoing curative gastrectomy.

Neutrophilia, lymphopenia, and thrombocytosis each affect a host’s immune-in�ammatory status and
tumor progression, and have been implicated in poor cancer survival(17–22). Accordingly, high SII,
resulting from neutrophilia, lymphopenia, and thrombocytosis, may also be a useful prognostic indicator.
In the present study, univariate survival analyses showed that Neut, Lymp, and Plt were signi�cant
prognostic factors in patients with GC; however, the multivariate survival analysis (model #1) only
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identi�ed Neut ≥ 3690 (HR 1.938; 95% CI 1.100-3.488; p = 0.022) as an independent risk factor of poor
OS. The multivariate survival analysis (model #2) also identi�ed SII ≥ 395 (HR 3.016; 95% CI 1.593–
6.262; p < 0.001) as an independent risk factor of poor OS, with a higher HR and lower p value than those
of Neut in model #1. The AUC value showing the predictive power of SII for OS (AUC 0.650) was higher
than that (AUC 0.612) of Neut, suggesting that SII, a combination of three CBC parameters (Neut, Lymp,
and Plt), was superior to each single parameter as a predictor of survival outcomes in GC.

Previous studies demonstrated the negative impact of high preoperative SII on the survival outcomes of
GC(23–25); however, the cut-off values of SII differed between these studies. Wang et al.(23) reported
that the optimal cut-off value of SII for predicting OS was 660 (AUC 0.612) according to the ROC curve
analysis, and SII ≥ 660 was an independent predictor of OS in GC patients. Hirahara et al.(24) showed
that the optimal cut-off value of SII for predicting OS was 661.9 (AUC 0.584) according to the ROC curve
analysis, and SII ≥ 661.9 was an independent prognostic indicator in GC patients, particularly in the
elderly population. In the present study, although an ROC curve analysis was also used, the optimal cut-
off value of SII for predicting OS was 395, which was markedly lower than 600. Nevertheless, the AUC
value (AUC 0.650) showing the predictive power of SII for OS in the present study was higher than those
of Wang et al. (AUC 0.612) and Hirahara et al. (AUC 0.584); therefore, further studies are needed to
validate the optimal cut-off value of SII.

The present study demonstrated that preoperative SII was a risk factor for poor RFS independent of pT
and pN, and that SII ≥ 395 correlated with GC recurrence, particularly peritoneal recurrence. To the best of
our knowledge, this is the �rst study to demonstrate the impact of high SII on the speci�c recurrence
pattern of GC. Previous studies indicated that lymphopenia and thrombocytosis were predictive factors
for peritoneal dissemination(26, 27). Since high SII results from lymphopenia and thrombocytosis, it may
also be a useful predictor of peritoneal recurrence. According to JGCTG, the current indication of
postoperative adjuvant chemotherapy is assessed only by pStage (pT and pN). However, the present
results suggest that patients with high preoperative SII need to be treated with adjuvant chemotherapy
regardless of pT and pN. Furthermore, in patients with high preoperative SII, meticulous postoperative
surveillance is crucial for the early detection of GC recurrence, particularly peritoneal recurrence.

The present study had several limitations. It was a retrospective study with a small sample size from one
institution, which may have limited its statistical power and generated statistical biases. Furthermore,
since the cut-off values of Neut, Lymp, Mono, Plt, and SII were only calculated by a mathematical method,
further validations are needed to con�rm whether these values are clinically meaningful and applicable to
other cohorts. In addition, the present study only examined CBC parameters; however, serum immune-
nutritional markers may also be useful predictors of survival outcomes in GC. Nevertheless, the present
study clearly demonstrated the novel potential of preoperative SII for predicting postoperative survival
outcomes and recurrence patterns in GC over that of each CBC parameter (Neut, Lymp, Mono, and Plt).
The results of the present study and the optimal cut-off value of SII need to be validated in further studies
with large sample sizes in order to establish a novel perioperative care system according to preoperative
SII levels.
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Conclusion
Preoperative SII may be a useful predictor of postoperative survival outcomes in GC. Appropriate
postoperative adjuvant treatments and the meticulous surveillance of GC relapse, particularly peritoneal
dissemination, are necessary for patients with SII ≥ 395 even after curative gastrectomy.
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free survival, ROC:Receiver operating characteristic, SII:Systematic in�ammation index
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Figures

Figure 1

ROC curve analysis of preoperative SII for predicting OS in patients with GC.
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Figure 2

Survival curves of patients strati�ed by preoperative SII, (A) OS, and (B) RFS.
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Figure 3

Cumulative recurrence rate for each recurrence pattern strati�ed by preoperative SII, (A) peritoneal
recurrence, (B) lymph node recurrence, and (C) hematogenous recurrence.
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