Check for
updat

Original Article

Prognostic value of systemic immune-inflammatory index in
survival outcome in gastric cancer: a meta-analysis

Shifeng Fu'?, Jin Yan"?, Yuyong Tan'?, Deliang Liu"’

'Department of Gastroenterology, the Second Xiangya Hospital, Central South University, Changsha, China; *Research Center of Digestive Disease,
Central South University, Changsha, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: D Liu; (IIT) Provision of study materials or patients: S Fu, J Yan;
(IV) Collection and assembly of data: S Fu, J Yan; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Prof. Deliang Liu, MD, PhD. Department of Gastroenterology, the Second Xiangya Hospital, Central South University, No. 139
Renmin Road, Furong District, Changsha 410011, China; Research Center of Digestive Disease, Central South University, No. 139 Renmin Road,
Furong District, Changsha 410011, China. Email: delianglilu@csu.edu.cn.

Background: In recent years, many studies have reported that the systemic immune-inflammatory index
(SII) can be used to predict the prognosis of cancer patients; however, this finding remains controversial in
gastric cancer (GC). Therefore, the purpose of this study was to systematically and comprehensively probe
the prognostic role of SII in GC.

Methods: Relevant publications were extracted from PubMed, EMBASE, Cochrane Library databases, and
WANFANG DATA (Chinese database). The included studies had patients with pathologically confirmed
GC and long-term follow-up data. The patient's outcome was death, recurrence, or status at the end of
follow-up. The studies included randomized controlled tests, case-control studies, or cohort studies using
a multivariate proportional hazard model adjusted for survival outcomes. Cochran’s Q test and Higgins’
I-squared statistic were performed to assess heterogeneity. Publication bias was assessed by visual inspection
of a Begg’s funnel plot.

Results: A total of 6,925 patients in 11 studies were included. The pooled hazard ratio (HR) indicated that
a higher SII value was significantly associated with worse overall survival (OS) [HR: 1.53, 95% confidence
interval (CI): 1.27-1.83] and worse disease-free survival (DFS) (HR: 1.57, 95% CI: 1.24-1.97) in GC
patients. In the subgroup analysis, the HR was 1.72 (95% CI: 1.51-1.95) and 1.27 (95% CI: 0.96-1.67) in the
group of patients aged <59 and >59 years, respectively.

Conclusions: The pooled HR indicates that a higher SII in younger patients with GC predicts a poor
prognosis. In elderly patients with GC, the prognostic role of SII needs further research.
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Introduction recurrence after curative resection (2), and the median overall
survival (OS) of advanced GC is only 10-12 months (3).

Gastric cancer (GC) is the most common tumor of the
The American Joint Committee on Cancer (AJCC)-TNM

digestive system, and the third leading cause of cancer-

related deaths (1). Despite the advancements in medical staging system is widely used by clinicians to evaluate the
technologies and treatments, the prognosis of GC patients prognosis of patients with GC. However, patients with
remains poor. About 50-90% of patients die because of GC the same TNM stage may have different prognoses after
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the same treatment. Therefore, more accurate evaluation
indicators are needed. Prognostic evaluation should be
performed after the initial diagnosis and resection of GC
to determine whether more radical treatments should be
adopted to achieve a better clinical outcome.

In recent years, many studies have reported that the
inflammation-related hematological indices, such as
lymphocyte-to-monocyte ratio (LMR), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and systemic immune-inflammatory index (SII), can
evaluate the prognosis of cancer patients (4-6). Patients with
different levels of these indices may have different prognoses,
even if they are in the same TNM stage (7). SII, which
consist of lymphocytes, neutrophils, and platelets (platelets
x neutrophils/lymphocytes), is believed to be superior to
the other indices (8,9). Chen et al. (10) believed that SII is
more effective in distinguish patients whose prognoses are
different within the same TNM group. Moreover, some
meta-analyses indicated that elevated SII levels are related to
the poor prognosis of ovarian cancer, breast cancer, colorectal
cancer, and urinary system tumors (10-13), and SII exceeding
the threshold can also predict worse OS in hepatocellular
carcinoma, GC, esophageal squamous cell carcinoma,
urinary system tumors, lung cancer, and melanoma (14).
Furthermore, Fest e al. (15) conducted an investigation in
healthy people >45 years old and found that elevated SII
is a risk factor for solid tumors, and that people with high
baseline SII level have a 30% higher risk of developing a solid
cancer than those with low SII level. These results indicate
that patients with high level SII may have tumors that cannot
be detected at baseline (15). Although a lot of evidence
has indicated that SII has great potential in predicting the
prognosis of cancer patients, the findings in GC patients
remain controversial. While most studies showed that SII is
related to the poor prognosis of GC patients (16-21), some
studies show that SII has no predictive effect (22-24). Hence,
we conducted a meta-analysis of published articles to further
explore the relationship between SII and the prognosis in GC
patients. We present the following article in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) reporting checklist (25) (available
at http://dx.doi.org/10.21037/jgo-20-252).

Methods
Search strategy

"This meta-analysis has been registered at INPLASY.COM,
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with DOI number 10.37766/inplasy2020.5.0021. It was
carried out in accordance with the PRISMA guidelines (25).
Because the concept of SII was only proposed in 2014,
the search was conducted from 2014 onwards. Relevant
literatures were extracted from PubMed, EMBASE,
Cochrane Library databases, and WANFANG DATA
(Chinese database) from 2014 to October 2020. The
keywords used during the search were: “stomach neoplasm”
OR “gastric neoplasms” OR “gastric neoplasm” OR “cancer
of stomach” OR “stomach cancers” OR “gastric cancer”
OR “gastric cancers” OR “stomach cancer” OR “cancer of
the stomach” OR “stomach neoplasms” AND “systemic
immune-inflammatory index” OR “SII”.

Selection criteria

The inclusion criteria were as follows: (I) the patients had
pathologically confirmed GC. (II) The study divided the
enrolled patients into groups according to the SII level and
conducted long-term follow-up (>1 year). (III) The patient’s
outcome was death, recurrence, or status at the end of
follow-up; and (IV) randomized controlled tests, case-control
studies, or cohort studies using a multivariate proportional
hazard model adjusted for survival outcomes. If the data
overlapped in more than one study, only the most complete
studies were included. Articles were excluded if (I) they were
a review, abstract, conference paper, or case report or (II)
the data were insufficient for estimating the hazard ratio
(HR) and 95% confidence interval (CI) or (IT) HR does not
indicate the risk ratio between the different SII groups.

Data extraction

Article evaluation and data extraction were performed
by two independent authors. If a disagreement occurred,
a third author was consulted. The following items were
recorded: the first author, year of publication, country,
the total number of patients, the patients’ gender and
age, follow-up, cut-off value, TNM stage, and HRs with
95% Cls.

Quality assessment

The included studies’ qualities were assessed using the
Newcastle-Ottawa Scale (NOS) (26) by two independent
authors. The NOS consisted of three parts: selection (0—4
points), comparability (0-2 points), and outcome assessment
(0-3 points). Studies with NOS scores >6 were classified as

7 Gastrointest Oncol 2021;12(2):344-354 | http://dx.doi.org/10.21037/jgo-20-252



346 Fu et al. Prognostic value of Sll in GC

Ll PRISMA 2009 Flow Diagram

Records identified through Additional records identified
database searching through other sources
(n=56) (n=0)

Records after duplicates removed
(n=36)

Records screened Records excluded
(n=24) (n=12)

|

] [ Screening ] [Identification ]

) [ Eigibiity

Included

Full-text articles assessed

for eligibility
(n=11)

Full-text articles excluded,
meet the exclusion criteria
(n=13)

|

Studies included in
qualitative synthesis
(n=11)

|

Studies included in
quantitative synthesis
(meta-analysis)

(n=11)

[

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 1 Search, screening, and selection process for studies about prognosis role of SII in GC. SII, systemic immune-inflammatory index;

GC, gastric cancer.

high-quality studies.

Statistical analyses

All data analyses were performed using Stata 12.0 software.
The included HRs and 95% ClIs were calculated with the
combined effect size. In addition, a pooled HR >1 meant
that high SII was an unfavorable factor for GC, indicating
that a high SII was associated with a poor prognosis. The
Cochran’s Q test and Higgins’ [-squared statistic were
performed to assess heterogeneity. P heterogeneity <0.10 or
I’>50% suggested significant heterogeneity. The random-
effects model was used when significant heterogeneity was
observed. Otherwise, the fixed-effects model was used.
Subgroup analysis, meta-regression, and sensitivity analysis
were used to define heterogeneity. Publication bias was
assessed by visual inspection of a Begg’s funnel plot. A P
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value <0.05 was considered significant.

Results
Literature characteristics

After a preliminary search, 56 articles were found in
PubMed, EMBASE, Cochrane Library, and WANFANG
DATA. After excluding 20 duplicate articles, 12 irrelevant
articles were also excluded after reviewing the abstracts.
During full-text analysis, 13 articles met the exclusion
criteria and were hence removed. Finally, 11 articles were
included in the analysis (16-24,27,28). The study selection
process is shown in Figure 1 (29). All 11 selected studies
were determined to be of high quality (NOS score range:
6-8 points; Figure 2).

Altogether, 6,925 patients were included, and the
articles were published between 2014 and 2020. Seven of
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Figure 2 Quality assessment of included studies.

Table 1 Main characteristics of the included studies in this analysis

347

Representativeness of the exposed cohort

Selection of the non exposed cohort

Ascertainment of exposure

Demonstration that outcome of interest was not present at start of study
Comparability of cohorts on the basis of the design or analysis (1)
Comparability of cohorts on the basis of the design or analysis (2)
Assessment of outcome

Was follow-up long enough for outcomes to occur

Adequacy of follow up of cohorts

Author Year Country Size Gender (M/F) Age Follow-up (month) Cut-off (cells/L) Stage Outcome HRtype NOS
Liu X 2015 China 455 314/141 59 [19-86] 25 [1-76] 660 I-1I-111 oS U/M 8
Huang L 2016 China 455 305/150 56 [21-85] 655 [305-1,017] day 572 I-11-11 oS M 7
Zhou WJ 2016 China 192 156/36 63 47.9 [1-100] 543.86 I-11-11 oS u/m 7
Chen L 2017 China 292 207/85 57 [28-77] >60 600 I-ll-NI-IVv - OS/DFS  U/M 8
Wang K 2017 China 444 281/163 56 [21-87] 45 [1-185] 660 I-1I-1-1v oS UM 8
Shi H [1] 2018 China 668 471/217 56 36 [1-75] 320 1-11-111 oS U/m 8
Shi H [2] 2018 China 174 131/43 56 32 [4-69] 320 I-11-111 oS UM 8
Han BL 2019 China 1,509 1,124/385 60 [22-91] >60 570.5 I-11-11-1vV oS u/m 7
Wang Q 2019 China 182 133/49 55.7+9.5 >60 600 n OS/DFS  U/M 8
Lin JX 2020 China 2,257 1,698/559 60.9+11.2 >60 569.93 I-1I-11 oS UM 6
Yilmaz A 2020 Turkey 85 54/31 59 [30-81] <60 802 I-l-nr OS/DFS  U/M 7
HiraharaN 2020 Japan 212 154/36 73 [41-90] >60 661.9 I-11-11 oS u/m 7

NOS, Newcastle-Ottawa Scale.

them were conducted in China, one in Turkey, and one in
Japan. Each study reported the HR and 95% CI of SII to
the OS of patients with GC. Among them, Shi et /. (19)
reported two sets of valid data because they divided the
selected patients into two groups and calculated their data
separately. All selected studies reported the HR of OS, and
three articles reported the HR of disease-free survival (DFS).
Eight selected studies reported that SII was a risk factor for

© Journal of Gastrointestinal Oncology. All rights reserved.

poor prognosis in patients with GC, whereas three did not.
The cut-off value of SII varied in different studies, ranging
from 320x10” to 802x10” cells/L. Information regarding all
included articles are listed in Table 1.

Relationship between SII and survival outcomes in GC

Since the OS results were significantly heterogeneous
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Study %
ID HR (95% CI) Weight
Liu, X. (2015) —4[—5 1.04 (0.72,1.48) 8.57
Huang, L. (2016) —E—o— 1.80(1.17,2.76) 7.55
Zhou, W.J. (2016) —I+— 1.58 (1.07,2.34) 8.09
Wang, K. (2017) —IO— 1.55(1.21,1.99) 10.38
Chen, L. (2017) —:0— 1.64(1.19,2.24) 9.28
Shi, H. (1) (2018) . o 1.61(1.27,2.05 10.51
Shi, H. (2) (2018) E — 2.94 (1.83,4.73) 6.88
Wang, Q. (2019) —e—O— 1.88(1.31,2.69) 8.59
Han, B.L. (2019) -~ 1.34 (1.19,1.51) 12.16
Lin, J.X. (2020) - E 0.84 (0.69, 1.03) 11.08
Yilmaz, A. (2020) i 2.00 (0.37,10.86) 1.07
Hirahara, N. (2020) —i—*_ 2.19(1.25,3.82) 5.85
Overall (I-squared =76.5%, P=0.000) <> 1.563 (1.27,1.83)  100.00
NOTE: Weights are from random effects analysis i

0.0521 1 1(I).9

Figure 3 Forest plot of HR between SII and OS in GC patients. HR, hazard ratio; SII, systemic immune-inflammatory index; OS, overall

survival; GC, gastric cancer; CI, confidence interval.
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Figure 4 Forest plot of HR between SII and DFS in GC patients. HR, hazard ratio; SII, systemic immune-inflammatory index; DFS,

disease-free survival; GC, gastric cancer; CI, confidence interval.

(I’=76.5%, P,=0.000), a random-effects model was chosen
in our study for OS. The pooled HR indicated that a higher
SII value was significantly associated with worse OS in
GC patients (HR: 1.53, 95% CI: 1.27-1.83), which was
consistent with the results of eight of the included studies
(Figure 3).

Since the DFS results were not significantly
heterogeneous (I’=0, P,=0.877), a fixed-effects model was
chosen in our study for DFS. The pooled HR indicated
that a higher SII value was significantly associated with
worse DFS in GC patients (HR: 1.57, 95% CI: 1.24-1.97)
(Figure 4).
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Table 2 Subgroup analysis of SII and OS in GC patients
Heterogeneity
Variables No. of studies HR (95% ClI) P Model used
I, % Py
Age
<59 5 1.72 (1.51, 1.95) <0.001 19.80 0.284 Fixed
>59 6 1.27 (0.96, 1.67) 0.091 77.70 0 Random
Cut-off
<660 7 1.55 (1.23, 1.95) <0.001 82.80 0 Random
>660 4 1.45 (1.20, 1.75) <0.001 48.90 0.118 Fixed
Region
China 9 1.49 (1.23, 1.80) <0.001 79.50 0 Random
Turkey 1 2.00 (0.37, 10.86) 0.424 - - -
Japan 1 2.19 (1.25, 3.82) 0.006 - - -

Sll, systemic immune-inflammatory index; OS, overall survival; GC, gastric cancer; HR, hazard ratio; Cl, confidence interval.

Subgroup analysis and meta-regression

In order to explore the source of heterogeneity, a subgroup
analysis was conducted based on the median/mean age,
cut-off value, and region. The results are shown in 7able 2.
Heterogeneity decreased significantly only when grouped
by the median/mean age of <59 and >59 years (I'=19.80%,
P,=0.284 and I’=77.7%, P,=0), and the results were quite
opposite in these two groups. The HR was 1.72 (95% CI:
1.51-1.95) in patients aged <59 years and 1.27 (95% CI:
0.96-1.67) in patients aged >59 years (Figure 5).

Meta-regression analysis indicated that median/mean
age was related to heterogeneity (P>1t1=0.046). After
introducing the median/mean age, the variance between
the studies was 0.042 (tau’ =0.042), which can explain the
45.70% of the source of heterogeneity (adj R-squared
=45.70%).

Sensitivity analysis and publication bias

The sensitivity analysis indicated that the results of the
combined analysis were robust (Figure 6). The Begg’s funnel
plots are shown in Figure 7. The P value of Begg’s tests was
0.244, which indicated that there was no publication bias in
the current studies.

Discussion

GC is a highly lethal malignant tumor of the digestive

© Journal of Gastrointestinal Oncology. All rights reserved.

system (1). Although the TNM staging system can predict
the prognosis of GC patients, it cannot distinguish patients
with the same stage but having different prognoses.
Therefore, accurate indices are needed to improve the
prognosis of GC patients. The blood routine test-related
indices, such as NLR, PLR, and SII are prognostic
indicators for tumors, including liver cancer and esophageal
cancer, and have been proposed in recent years (4-6).
Among them, SII is an index that can better reflect the
balance of inflammation and immunity in the human body.
Studies have reported that SII is a risk factor for poor
prognosis in hepatocellular carcinoma (8), esophageal
cancer (9), and small cell lung cancer (30). Moreover, some
studies suggest that SII is superior to NLP and PLR (10,17).

Our meta-analysis integrated 11 articles on the
relationship of SII and OS of GC patients. Patients with
higher SII had worse OS than patients with lower SII
(HR: 1.53, 95% CI: 1.27-1.83). However, in the subgroup
analysis for the group >59 years, the pooled HR and 95%
CI indicated that SII might be an ineffective indicator for
the OS of GC patients (HR: 1.27, 95% CI: 0.96-1.67).
There are two possible explanations for this observation.
First, the number of included studies were limited, and
the heterogeneity is high (I’=77.7%, P,=0). Second, the
normal SII level in elderly people is lower than that in
young people (31); therefore, using the same SII cut-off
value may affect results. The cut-off value is an important
factor that affects the predictive power of SII. When Huang
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A Study %
ID HR (95% Cl) Weight
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Shi, H. (2) (2018) ——*——2.94(1.83,4.73) 7.21
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Han, B.L. (2019) -°- 1.34(1.19,1.51) 25.63
Lin, J.X. (2020) —— 0.84 (0.69, 1.03) 23.48
Yilmaz, A. (2020) 2.00 (0.37,10.86) 2.38
Hirahara, N. (2020) : 2.19(1.25,3.82) 12.73
Overall (I-squared =77.7%, P=0.000) 1.27 (0.96, 1.67) 100.00
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T
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Figure 5 Forest plot of HR between SII and OS stratified by age (<59 vs. 259). (A) Subgroup analysis of GC patient age <59; (B) subgroup

analysis of GC patient age >59. HR, hazard ratio; SII, systemic immune-inflammatory index; OS, overall survival; GC, gastric cancer; CI,

confidence interval.

et al. (16) chose 320x10” cells/L as the cut-off value, they
observed that the accuracy in predicting the 3- and 5-year
survival rates of GC patients with SII was more accurate
than the TNM staging system. While other studies use SII
as a continuous variable to explore its significance in cancer
patients’ OS, their results indicate that SII had no predictive
prognostic value (32,33). We observed that the cut-off value
suitable for different ages may not be consistent. It is hence
necessary to determine the cut-off value suitable for elderly
patients to further explore the value of SII in OS prediction.
Nevertheless, determining the appropriate cut-off value for

© Journal of Gastrointestinal Oncology. All rights reserved.

different age groups requires further research.
Inflammation is one of the seven characteristics of
tumors (34). Inflammatory cells and inflammatory cytokines
are important components of the tumor microenvironment.
Local inflammation will cause local homeostatic imbalance.
Normal tissue cells will thus obtain the possibility of tumor
cellularization and even promote the growth and metastasis
of existing tumor cells (35). In this regard, inflammatory
factors are considered to be an important component of
tumor promotion. Unlike inflammation, the monitoring
and destruction functions of the body’s immune system can
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Figure 7 The Begg’s funnel plots of meta-analysis.

detect and destroy cells in the body that have a tendency
to become tumorigenic (35). Tumor cells can only survive
if they escape immunity detection. Although the effects of
inflammation and immunity on tumors are not just simply
promotion and suppression, the balance of inflammation
and immune factors does affect the biological behavior of
tumors.

SII is based on the peripheral counts of neutrophils,
platelets, and lymphocytes, and it may reflect the balance
of inflammation and immune factors in the body.
Neutrophils are an important component of the non-
specific immune system and an important inflammatory
factor. The cytokines and chemokines they produce can
lead to abnormal activation of T cells and create favorable
conditions for tumorigenesis (36-38). Platelets can release

© Journal of Gastrointestinal Oncology. All rights reserved.

adenine and adenylate to protect circulating tumor cells,
cause epithelial-mesenchymal transformation, and favor
distant metastasis and colonization of tumor cells (39).
Lymphocytes are an important component of cellular
immunity and can inhibit the occurrence and growth of
tumor cells (40,41). Therefore, when SII levels increase, it
means that the neutrophil or platelet counts increased, or
that the lymphocyte count decreased; i.e., the inflammatory
factors in the body are stronger than the immune factors,
the survival conditions of the tumor are better, and the risk
of poor prognosis is greater. This may be the reason why
SII can predict the prognosis of cancer patients.

However, this study has some limitations. First, the
pooled HR had significant heterogeneity (I°=76.5%,
P,=0.000). Although age was confirmed to be the source
of heterogeneity through subgroup analysis and meta-
regression, the specific mechanism remains unclear. Second,
the SII cut-off values among the included articles were
not the same. Although it was not considered the cause
of heterogeneity (P=0.861), it was a potential source of
confounding bias. In view of the obvious influence of age
on SII, it is hoped that cut-off values suitable for different
age groups can be selected, and patients can be divided into
subgroups according to age, which can reduce confounding
bias caused by different cut-off values. Third, the number
of included studies were limited, and most of them were
carried out in China, and this could have been a potential
source of selection bias. It is hoped that more similar studies
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in different regions and ethnicities can be included in the
future to reduce selection bias. We did not find publication
bias in our study; however, the possibility of false negatives
still remains.

Conclusions

In summary, the pooled HR indicates that a higher SII
in younger patients with GC predicts a poor prognosis.
In elderly patients with GC, the significance of SII for
prognosis still needs further research.
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