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Abstract

Background: The systemic inflammation response index (SIRI), a novel and cost-effective serum biomarker, is associated with
prognosis in patients with cancer. However, the prognostic value of the SIRI in cancer remains unclear. This study aimed to
evaluate the potential role of the SIRI as a prognostic indicator in cancer.

Methods: Reports in which the prognostic value of the SIRI in cancer was evaluated were retrieved from electronic databases.
The pooled hazard ratio (HR) and 95% confidence interval (Cl) were calculated to evaluate the prognostic significance of the
SIRI. The odds ratio (OR) was also calculated to explore the association between the SIRI and clinicopathological features.

Results: This study included 30 retrospective studies with 38 cohorts and 10 754 cases. The meta-analysis indicated that a high
SIRI was associated with short overall survival (OS) (HR = 2.04, 95% Cl = 1.82-2.29, P < .001) and disease-free survival (DFS)/
recurrence-free survival (RFS)/progression-free survival (PFS) (HR = 2.08, 95% Cl = 1.84-2.34, P < .001). Subgroup analysis
showed that the prognostic value of the SIRI was significant in all kinds of cancer included. Moreover, the SIRI was significantly
correlated with sex, tumor size, T stage, N stage, TNM stage, and lymphovascular invasion.

Conclusion: The pretreatment SIRI could be a promising universal prognostic indicator in cancer.
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response through a variety of mechanisms, including releasing
chemotactic factors to recruit macrophages, releasing damage-
associated molecular patterns to activate granulocytes and
neutrophils, and acidification of the tumor microenvironment to
develop cancer-induced inflammatory response.® What’s more,
inflammatory response begins at the earliest stages of tumor
progression to foster the progression of immaturity tumors into
full-fledged cancers.*” Therefore, inflammatory cells and in-
flammatory factors play an important role in tumorigenesis and
tumor progression. The cancer-induced inflammatory response
leads to changes in neutrophils, lymphocytes, monocytes, and
platelets in the peripheral blood, which can be used to predict the
survival of patients with cancer.® Although the interaction be-
tween inflammatory responses and tumor hosts is complex, and
the key process of this response is far from fully understood.
Systemic inflammatory responses such as the platelet/
lymphocyte ratio (PLR), neutrophil/lymphocyte ratio (NLR),
and monocyte/lymphocyte ratio (MLR) have been reported to
be independent prognostic markers in many kinds of cancer.”'?
In addition, an innovative inflammation-related biomarker
named the systemic inflammation response index (SIRI), which
was developed in 2016 and is calculated as neutrophils x
monocytes/lymphocytes in pretreated peripheral blood samples,
may well reflect the cancer-related inflammatory response."
The SIRI was first developed to predict the survival of
patients with advanced pancreatic cancer after chemotherapy
and was shown to be useful to reflect the status of systemic
inflammation.'® Because it is noninvasive, cost-effective, and
easily accessible, the universality of its prognostic value in
many kinds of cancer, including pancreatic cancer, hepato-
cellular carcinoma, gastric cancer, esophageal squamous cell

carcinoma, nasopharyngeal carcinoma, clear cell renal cell
carcinoma, adenocarcinoma of the esophagogastric junction,
non-small cell lung cancer, and upper tract urothelial carci-
noma, taken together or categorized as urinary system, re-
spiratory system, digestive system, and head and neck cancers,
was tested in subsequent years."*! By 2019, eleven studies
and a systematic review of these articles showed that the
pretreatment SIRI was a useful predictive marker of an ad-
verse prognosis.*>

Furthermore, the SIRI, as a prognostic indicator of cancer,
received much attention in 2020. It was tested in more types of
cancer, such as oral squamous cell carcinoma,” gallbladder
cancer,”* breast cancer,””> and cervical cancer,26 and such
studies have facilitated the exploration of a more precise
classification and the prognostic value of the SIRI in different
cancers. In addition, though many studies affirmed the value
of the SIRI in prognosis, several studies reached the opposite
conclusion or did not include the SIRI in the multivariate
analysis.”>?’ Therefore, to achieve a more comprehensive
assessment of the prognostic value of the SIRI, we performed
a new meta-analysis in patients with cancer by pooling data
from all available publications. We also explored the relation-
ships between the SIRI and clinicopathological parameters,
which were not illuminated in the previous systematic review, to
help us understand the potential mechanisms of the SIRI in
cancer.

Methods

This meta-analysis was carried out following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses

Records identified through
database searching (n=935)
Pubmed: 162
Embase: 713
Web of science: 60

Additional records identified
through other sources

(n=1)

| |

[ Records after duplicates removed

(n=792)

Y

Y

Full-text articles
assessed for eligibility
(n=37)

Studies included in

meta-analysis
n=30

Records screened
(n=792)

Irrelevant records
excluded

(n=755)

Full-text articles excluded (n=7)
No information regarding OS/DFS/RFS reported (1)
Duplicate report (1)
Insufficient data for quantitative analysis (5)

Figure 1. The flow chart of this meta-analysis.
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Table 1. Main Characteristics of the Eligible Studies.

Cutoff Follow-Up
No. of Trial Cancer  Value of SIRI  (months) NOS
Author Year Country Patients  design  Therapy Type (x10% Medium (Range) Outcomes Model Score
Qi-training 2016 China 177 RC Chemotherapy PC 21.8 NR (ON Multi 8
cohort
Qi-validation 2016 China 321 RC Chemotherapy PC >1.8 NR (6N Multi 8
cohort |
Qi-validation 2016 China 76 RC Chemotherapy PC >1.8 NR (6N Multi 8
cohort 2
Li- primary 2017 China 455 RC Resection GC >.82 77.53 (3.03— DFS Multi 8
cohort 111.73)
Li-validation 2017 China 327 RC Resection GC >.82 56.33 (4.9-76.3) DFS Multi 8
cohort
Xu 2017 China 183 RC Local therapy HCC >1.05 NR (6N Multi 7
Geng- 2018 China 542 RC Resection ESCC 21.2 NR (6N Multi 7
primary
cohort
Geng- 2018 China 374 RC Resection ESCC >1.2 NR (ON Multi 7
validation
cohort
Chen- 2018 China 285 RC NR NPC >.84 NR (ON Multi 7
primary
cohort
Chen- 2018 China 213 RC NR NPC >.84 NR oS Multi 7
validation
cohort
Chen Y 2019 China 302 RC Resection AEG >.68 55 (4-98) oS Multi 8
Chen Z 2019 China 414 RC Resection CCRCC :=21.35 69.2 (1-151) oS Multi 8
Li S- primary 2019 China 371 RC Resection PDAC 2.69 NR OS. RFS Multi 8
cohort
Li S- 2019 China 310 RC Resection PDAC 2.69 NR OS. RFS Multi 8
validation
cohort
Li §) 2019 China 390 RC Resection LC >.99 50.0 (12-66) OS. DFS Multi 8
Zheng— 2019 China 259 RC Resection uTuC >1.36 333 (ON Multi 8
primary
cohort
Zheng- 2019 China 274 RC Resection UTuC >1.36 333 (6N Multi 8
validation
cohort
Zeng 2020 China 255 RC NR NPC >1.529 33.5 (2.1-151.2) OS, DFS Multi 7
Cinkir-1 2020 Turkey 133 RC Chemotherapy LC >2 10.46 (.7-99.5) OS Uni 8
Cinkir-2 2020 Turkey 80 RC Sorafenib HCC 2.2 7.35(1.7-31.2) OS. DFS Uni 6
Cinkir-3 2020 Turkey 94 RC NR LC >2.81 NR oS Multi 6
Pacheco- 2020 Spain/ 164 RC NR PC >2.3 NR OS. PFS  Multi 7
Barcia Canada
Lin 2020 China 535 RC Resection OsCC >1.14 NR (ON Multi 7
Wang 2020 China 949 RC NR BC >.65 102 (ON Multi 8
Sun 2020 China 124 RC Resection GBC >.89 20 (.5-153) (6N Multi 8
Hua 2020 China 390 RC Resection BC >.54 65.5 (.9-95.9) (ON Multi 8
Chen 2020 China 262 RC Chemotherapy BC >.85 NR OS. DFS Multi 7
Chao- 2020 China 44| RC Resection CC >1.25 67 (6-129) (6N Multi 8
primary
cohort
Chao- 2020 China 164 RC Resection CC >1.25 67 (6-129) (ON Multi 8
validation
cohort
Zhou 2020 China 367 RC Resection HNSCC  >1.34 27.2 (2-48) OS. DFS Multi 7
Topkan-| 2020 Turkey 154 RC Chemoradiotherapy PC 2.6 143 (2.9-74.6) OS, DFS Multi 8
Topkan-2 2020 Turkey 181 RC Resection GBM 1.78 15.9 (1.0-108.7) - Multi 8

(continued)
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Table I. (continued)

Cutoff Follow-Up
No. of Trial Cancer  Value of SIRI  (months) NOS
Author Year Country Patients  design  Therapy Type (x10%) Medium (Range) Outcomes Model Score
Gao 2020 China 240 RC Resection GC 212 NR OS. DFS Multi 8
Hu 2020 China 176 RC Chemoradiotherapy LC 22 21.7 3.1-121)  OS Multi 8
Feng 2020 China 417 RC Radiotherapy or NPC >.86 NR OS. PFS Multi 8
chemoradiotherapy
Chuang 2020 China 141 RC Radiotherapy or LHPC 3.26 45.8 (3-91) OS. PFS  Multi 8
chemoradiotherapy
Kucuk 2020 Turkey 181 RC Chemoradiotherapy LC 1.93 17.9 - Multi 8
Kobayashi 2020 Japan 33 RC Chemoradiotherapy STS 1.5 NR - Multi 7

Abbreviations: RC, Retrospective cohort study; PC, Pancreatic Cancer; GC, Gastric Cancer; HCC, Hepatocellular Carcinoma; ESCC, Esophageal Squamous Cell
Carcinoma; NPC, Nasopharyngeal Carcinoma; AEG, Adenocarcinoma of the Esophagogastric Junction; CCRCC, Clear Cell Renal Cell Carcinoma; PDAC,
Pancreatic Ductal Adenocarcinoma; LC: Lung Cancer; UTUC, Upper Tract Urothelial Carcinoma; OSCC, Oral Squamous Cell Carcinoma; BC, Breast Cancer;
GBC, Gallbladder Cancer; CC, Cervical Cancer; HNSCC, Head and Neck Squamous Cell Carcinoma; GBM, Glioblastoma Multiforme; LHPC, Laryngeal/
Hypopharyngeal Cancer; STS, Soft Tissue Sarcoma; NR, Not reported; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival; MFS,

metastatic-free survival.

(PRISMA) guidelines.*® Two authors (SS and WY) retrieved
and screened the reports independently, and a consensus was
reached through discussion. If the authors could not reach a
consensus, a third researcher made the final decision. This
study was not registered.

Literature Search Strategy

We performed a comprehensive literature search in the
PubMed, Embase, and Web of Science databases using the
following keywords to identify all relevant studies on the
prognostic value of the SIRI in patients with all kinds of cancer
published up to December 31, 2020: (“systemic inflammation
response index” OR SIRI) AND (cancer OR neoplasm OR
malignancy OR carcinoma OR tumor). The references and
citations of the retrieved publications were also examined to
identify other relevant studies.

Inclusion and Exclusion Criteria

The inclusion criteria used in the meta-analysis were as fol-
lows: (1) patients confirmed to have cancer by a pathology
assessment; (2) studies that investigated the association of the
SIRI with overall survival (OS), disease-free survival (DFS),
recurrence-free survival (RFS), progression-free survival
(PFS), or clinicopathological features; (3) studies in which
patients were divided into two groups according to the SIRI,
and the cutoff value of the SIRI was reported; and (4) studies
that supplied sufficient information for direct extraction or
indirect estimation of hazard ratios (HRs) and 95% confi-
dence intervals (CIs). The exclusion criteria were as follows:
(1) reviews, case reports, or conference abstracts; and (2)
studies with insufficient data to calculate the HR and 95%
CI. In addition, when multiple studies were based on
identical datasets, only the most informative study was
included to avoid duplication.

Data Extraction and Quality Assessment

Two authors independently extracted the data from all included
studies. The following information was recorded: the first
author’s name, publication year, country, number of patients,
trial design, therapy, cancer type, cutoff value of the SIRI and
the selection method, median follow-up time and range, use of a
multivariate or univariate model, HR and 95% CI for OS and
DFS/RFS/PFS, and clinicopathological parameters. If both
univariate and multivariate HRs with 95% ClIs were available in
the same study, we chose the multivariate data to avoid con-
fusion. If any of the above data were not reported directly, items
were recorded as “not reported” (NR).

Additionally, the quality of each included study was eval-
uated independently by two authors according to the Newcastle-
Ottawa Scale (NOS), which included an assessment of selection,
comparability of groups, and exposure.”’ The final score ranged
from 0 to 9, and any study that scored >7 was considered high

quality.

Statistical Analysis

All statistical analyses were performed using Stata 12.0 sta-
tistical software. OS and DFS/RFS/PFS were analyzed to
evaluate the prognostic effect of the SIRI in cancer, reported as
HRs with 95% ClIs. A single united parameter was used for
DFS, RFS, and PFS because of their similar meaning. The
correlations between the SIRI and clinicopathological char-
acteristics were evaluated through odds ratios (ORs) with 95%
CIs. Heterogeneity was statistically examined by the y-based
Q statistic and inconsistency index (). If the x° P value was
<.1 or the I value was >50%, it was defined as statistically
significant heterogeneity, and the random-effects model was
applied for the subsequent analysis; otherwise, the fixed-
effects model was used. A cumulative meta-analysis by
publication year was performed to investigate the trends of the
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results over time. Result stability was evaluated by sensitivity
analyses, in which each study was excluded to test its impact
on the results. Funnel plots were generated, and Begg’s test
and Egger’s tests were performed to assess potential publi-
cation bias. For all these analyses, a two-sided P value <.05
was considered statistically significant.

Results

Study Selection

A total of 935 studies were initially identified by the sys-
tematic literature search, and 792 remained after the removal
of duplicates. A total of 755 articles were excluded after
reviewing the title and abstract because they were irrelevant to
the topic. From the 37 remaining studies, 30 were included
after reading the full texts,'>!>17-21:23-27-30-46 The reasons for
exclusion were as follows: one did not report information on
OS/DFS/RFS/PFS or clinicopathological data; one was a
duplicate report; and five had insufficient data for a quanti-
tative analysis (Figure 1).

Characteristics of the Included Studies

From the 30 retrospective studies published between 2016 and
2020, 38 cohorts and 10754 cases were included in our
analysis (Table 1). Among these cohorts, 32 reported OS and
11 reported DFS/RFS/PFS. In addition, 20 studies indicated a
relationship between the SIRI and clinicopathologic features.
Most studies were carried out in China, and only eight were
carried out in other countries, including six in Turkey, one in
Japan, and one in Spain/Canada. Many cancer types were
included in these studies, such as pancreatic cancer (seven
cohorts), head and neck squamous cell carcinoma (seven
cohorts), hepatobiliary cancer (three cohorts), esophageal
cancer (three cohorts), lung cancer (five cohorts), urologic
neoplasms (three cohorts), breast cancer (three cohorts), cervical
cancer (two cohorts), gastric cancer (three cohorts), glioblastoma
multiforme (one cohort), and soft tissue sarcoma (one cohort).
Surgical excision was used in some studies, while other therapies,
such as chemotherapy or chemoradiotherapy, were used in
others. The sample sizes ranged from 33 to 949, and the range of
cutoff values for the SIRI was .54-3.26. The SIRI was incor-
porated into a multivariate analysis in most studies; however,
only two studies did not incorporate it into the multivariate
analysis, and the univariate analysis results were used. According
to the NOS, the scores of all 24 studies were 7 or 8, indicating that
all studies were of high quality (Table 2).

Correlation Between the SIRI and OS

Twenty-five studies reported OS, with a total of 32 inde-
pendent cohorts and 9423 patients. The meta-analysis con-
firmed that a high SIRI was associated with short OS among
patients with cancer (HR = 2.04, 95% CI = 1.82-2.29, P <

.001) (Figure 2(A)). Significant heterogeneity was observed
(> =48.1%, P=.001), and a random-effects model was used.
Subgroup analyses were conducted to further evaluate the
potential sources of heterogeneity, including cancer type,
country, therapy, analysis model, publication year, number of
cases, method of cutoff selection, and cutoff point for the SIRI
(Figure 2(B)). First, the effect of cancer type was examined. The
results showed that a high SIRI was associated with short OS in
patients with all these kinds of cancer, most with no heterogeneity
(P < 50%, P> .10). Urologic neoplasms yielded the highest HR
(HR = 3.25, 95% CI = 1.91-5.51, P < .001), and esophageal
cancer yielded the lowest HR (HR = 1.39,95% CI=1.18-1.65, P
< .001). Furthermore, in the other subgroups, significant het-
erogeneity (7 > 50% or P < .10) could be found in at least one
group. However, all the subgroup analyses showed a significant
association between the SIRI and OS (HR = 1.70-2.47, P <.05).

Correlation Between the SIRI and DFS

A total of 9 studies reported DFS/RFS/PFS, including 11
independent cohorts and 3444 cases. The meta-analysis
confirmed that a high SIRI was associated with short DFS/
RFS/PFS among patients with cancer (HR = 2.08, 95% CI =
1.84-2.34, P < .001). No significant heterogeneity was ob-
served (I = 2.9%, P = .415), and a fixed-effects model was
used (Figure 3(A)). The subgroup analysis showed that a high
SIRI was significantly associated with short DFS/RFS/PFS in
all the subgroups that could proceed with a pooled analysis
(HR = 1.68-2.53, P < .05), with no significant heterogeneity
(P < 50%, P > .10) (Figure 3(B)).

Implications of the Cumulative Meta-Analysis

A cumulative meta-analysis was performed by publication
year to investigate the temporal trends. The analyses of OS and
DFS/RFS/PFS indicated that the association between the SIRI
and prognosis was statistically significant and became in-
creasingly stable with an increasingly narrow CI (Figure 4).

Relationships Between the SIRI and
Clinicopathological Characteristics

The associations between the SIRI and clinicopathological
features of cancer patients were evaluated to comprehensively
understand the role of the SIRI as a biomarker in the prognosis
of cancer. Twenty studies were included, from which nine
features were extracted for our analyses. The results indicated
that the SIRI was significantly associated with sex (male vs
female, OR =.58, 95% CI = .46-.74, P <.001), tumor size (<5
vs>5, OR = 1.64, 95% CI=1.33-2.03, P <.001), T stage (T1/
T2 vs T3/T4, OR = 1.91, 95% CI = 1.48-2.46, P <.001), N
stage (NO vs N1/N2/N3, OR =1.41,95% CI=1.18-1.69, P <
.001), TNM stage (TNM1 vs TNM2/TNM3, OR = 1.72, 95%
CI = 1.36-2.18, P < .001), and lymphovascular invasion
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(a)

Study %
ID HR (95% Cl) Weight

Qi-training cohort (2016)
Qi-validation cohort 1 (2016)
Qi-validation cohort 2 (2016)
Xu (2017)

Geng-primary cohort (2018)
Geng-validation cohort (2018)
Chen- primary cohort (2018)
Chen-validation cohort (2018)
Chen Y (2019)

Chen Z- primary cohort (2019)
Li S- primary cohort (2019)

Li S- validation cohort (2019)
Li SJ (2019)

Zheng-- primary cohort (2019)
Zheng-validation cohort (2019)
Zeng (2020) >
Cinkir-1(2020)

Cinkir-2 (2020)

Cinkir-3 (2020)
Pacheco-Barcia (2020)

227 (142,364) 327
225(1.60,3.15) 4.44
2.55(1.36,4.76) 232
2.11(1.20,3.71) 266
1.31(1.04,165) 556
143(1.02,2.01) 443
278(1.57,492) 261
2.91(1.56,541) 234
155(1.10,2.17) 443
4.85(2.36,9.97) 1.90
1.65(1.13,242) 4.02
211(1.33,337) 331
294 (1.56,552) 229
2.01(1.10,3.64) 247
3.83(2.00,7.34) 220
0.79(0.14,4.25) 0.44
1.45(1.00,2.12) 4.08
202(1.24,331) 313
170 (1.07,271) 333
395(247,6.30) 3.29

Lin (2020) 160 (1.04,247) 358
Wang (2020) 176(1.33,2.33) 504
Sun (2020) 175(1.03,2.99) 284
Hua (2020) 217(1.23,3.85) 261
Chen (2020) - 129(0.78,3.12) 2.01

Chao- primary cohort (2020)
Chao-validation cohort (2020)

102 (1.31,2.80) 4.04
107 (1.01,3.85) 2.1

|+}-|iIH**-*-H*-|i|i*-l*-|1-”-lh+

Zhou (2020) 2.88(1.80,460) 3.30
Gao (2020) 2.00(1.39,2.88) 4.19
Hu (2020) 1.87 (1.02, 3.44) 2.40
Feng (2020) | ee— 5.19 (2,59, 10.41) 2.00
Chuang (2020) —— 194 (1.22,3.08) 3.35
Overall (I-squared = 48.1%, p = 0.001) © 204 (1.82,229) 100.00
NOTE: We\ghls are from random effects ana\xsis :
L) L]
A 1 1.92 11
(b)
Number of Number of Hazard Ratio (95%CI) Heterogeneity
Subgronps cohorts  Patients Random P Vet r Ja
0s
Cancer type
Pancreatic Cancer 6 1419 il 229(1.92-2.73) <0.001 39.10% 0145
Hepatobiliary cancer 3 387 —— 1.95 (1.44-2.65) <<0.001 0.00% 0.883
Esophagus cancer 3 1218 L 3 1.39(1.18-1.65) <<0.001 0.00% 0.714
HNSCC 7 2213 —— 2.46(1.80-3.35) <<0.001 49.10% 0.067
Urologic neoplasms 3 947 ——l— 325(191-5.51) <0.001 49.10% 0.14
Lung cancer 4 793 —— 1.78 (1.36-2.33) <0.001 16.90% 0.307
Breast cancer 3 1601 i 1.76 (1.39-2.23) <0.001  0.00% 0.52
Cervical cancer 2 605 —i— 1.93 (1.39-2.69) <<0.001  0.00% 0.948
Gastric cancer 1 240 —i— 2.00(1.39-2.88) <<0.001 N.A. N.A.
Country
China 28 8952 - 2.03(1.80-2.29) <0.001 43.90% 0.007
Other 4 471 om0 2.08 (1.35-3.22) 0.001 73.60% 0.01
Therapy
Surgery 15 5333 - 1.95(1.65-2.30) <0.001 53.80% 0.007
Other 10 1966 il 2.07 (1.71-2.50) <0.001 30.40% 0.166
NR T 2124 —— 2.27(1.69-3.05) <0.001 52.10% 0.051
Model
Uni 4 547 il 2.00 (1.78-2.25)  <0.001 0.00% 0.611
Multi 28 8876 HilH 2.10(1.84-2.40) <0.001 52.80% 0.001
Year
2016-2018 8 2171 i 1.99 (1.57-2.53) <0.001 60.20% 0.014
2019 7 2320 —— 229(1.71-3.09) <0.001 57.50%  0.028
2020 17 4932 HilH 2.00(1.72-233) <0.001 38.00%  0.057
Cases
<300 18 3300 HilH 2.11(1.83-2.43)  <0.001 20.20% 0213
=300 14 6123 Hi- 2.00(1.67-2.39) <<0.001 63.10%  0.001
Cut-off selection
ROC analysis 25 7252 - 1.97 (1.74-2.25)  <<0.001 48.70% 0.004
X-tile software 6 2077 —— 2.47(1.85-3.31) <<0.001 44.10% 0.111
NR I 94 —— 1.70 (1.07-2.71) 0.025 N.A. N.A.
Cut-off point
<12 13 4731 L 3 2.00(1.82-2.29) <<0.001 33.00% 0.118
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Figure 2. The association between SIRI and OS among patients with cancer. (A) Meta-analysis; (B) subgroup analyses.
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Figure 4. Cumulative meta-analysis of the association between SIRI and prognosis. (A) OS; (B) DFS/RFS/PFS.
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Table 3. Meta-Analysis of the Reported Clinicopathologic Characteristics in the Enrolled Studies.

Test for Association Test for Heterogeneity

Number of  Number of

Parameters Studies Patients OR  95% CI P 12 P Model
Gender (male vs female) 17 6835 .58  (46-74) <.001* 7420 <.00l Random
Age (<60 vs > 60) 5 2389 1.15  (.82-1.60) 416 72,10 <.00l Random
Age (<65 vs > 65) 5 1496 122 (.76-1.95) 403 62.60 .030 Random
Age (< 50 vs>50) 3 1628 97  (.79-1.19) 778 .00 1.000  Fixed

Size (< 5 vs > 5) 4 1928 .64 (1.33-2.03) <.00I* .00 .552  Fixed

T Stage (T1 + T2 vs T3 + T4) I 5357 1.91 (1.48-2.46) <.001* 65.20 .00l  Random
N stage (NO vs NI + N2 + N3) 13 6441 141 (1.18-1.69) <.001  47.30 .030 Random
TNM stage (I vs 1I-111) 9 4322 .72 (1.36-2.18) <.00l 53.80 .027 Random
Lymphovascular invasion (absence vs presence) 5 2880 202 (1.26-3.24) .004 7570 .002 Random
Perineural invasion (absence vs presence) 2 1463 231 (.75-7.06) .143 9460 < .00l Random
Differentiation degree (low vs moderate/high) 5 3238 82 (.52-1.30) 397 86.60 <.001 Random

*Means P < .05.
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Figure 5. Funnel plots of the association between SIRI and
prognosis. (A) OS; (B) DFS/RFS/PFS.

(absence vs presence, OR = 2.02, 95% CI = 1.26-3.24, P =
.004) but not age, perineural invasion, or tumor differentiation
degree (Table 3).

Publication Bias

A funnel plot was generated, and Egger’s test and Begg’s test
were performed to assess publication bias. As shown in
Figure 5(A), the distribution of the OS funnel plot was
asymmetric, which indicated publication bias. Egger’s test (P
<.001) and Begg’s test (P = .019) further indicated a risk of
publication bias for OS. For DFS/RFS/PFS, visual estima-
tion of the funnel plot was also asymmetric (Figure 5(B)). In
addition, Egger’s test (P = .004) and Begg’s test (P = .029)
further showed the existence of publication bias.

Sensitivity Analysis

To determine the impact of individual studies on the aggregate
results, we removed all studies in turn. The meta-analysis of
the correlation between the SIRI and OS did not change
significantly after the removal of each study, and the same was
true for DFS/RFS/PFS, showing that the association between
the SIRI and prognosis was robust (Figure 6).

Discussion

The SIRI, as a noninvasive, easily accessible, cost-effective,
and feasible index, is a promising indicator that can be used to
reflect local and systemic inflammatory responses, and its
prognostic value has been identified by an increasing number
of studies in different kinds of cancer.!> However, the
prognostic value of the SIRI in cancer is still not explicit. In
the two meta-analyses that have been published so far, limited
studies were included (11 studies and 14 studies), and the
relationships between the SIRI and clinicopathological pa-
rameters were not examined.”>*” Thus, we performed this
meta-analysis using all available literatures to assess the
prognostic influence of the SIRI and to explore the possible
mechanism of its effect on cancer. We found that a high SIRI
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Figure 6. Sensitivity analysis between SIRI and prognosis. (A) OS; (B) DFS/RFS/PFS.

before treatment was associated with a poor prognosis in
cancer patients.

Based on the current study, which included 10 754 cases,
we found that the SIRI was a significantly poor prognostic

factor, with different risk indexes, in all the cancer types
studies. The risk of death in patients with urologic cancer was
increased by more than 200% in the high SIRI group com-
pared with the low SIRI group, and the risk of death in patients
with most other cancers, such as pancreatic cancer and

hepatobiliary cancer, was increased by approximately 100%.
In addition, the prognostic value of the SIRI was reliable. It
was unaffected by country, therapy, study period and method,
and the cutoff value for the SIRI. For DFS/RFS/PFS, a high
SIRI showed a risk index similar to that of OS. The results of
DFS/RFS/PFS, which have been analyzed in only 5 kinds of
cancer, also revealed significant association with SIRI in all
subgroup analyses. In addition, the cumulative meta-analysis
showed that the prognostic influence of the SIRI was
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significant and became increasingly stable with time. Together
with the results of the sensitivity analysis, we also found that
the prognostic value of the SIRI was reliable.

Furthermore, the SIRI was found to be significantly as-
sociated with sex, tumor size, lymphovascular invasion, and
cancer stage, including T stage, N stage, and TNM stage.
These findings may indicate the role of the SIRI in cancer
prognosis. It is now generally accepted that cancer-related
inflammation is an important feature of cancer.®*® The cancer-
induced inflammatory response is caused by inflammatory cells
and mediators and leads to changes in neutrophils, lymphocytes,
monocytes, and platelets in the peripheral blood.® These in-
flammatory reactions, as an anti-damage response to endogenous
or exogenous damage, play a vital role in the development of
tumors. Many studies have shown the potential mechanisms
involved. Neutrophils have been found to promote the formation
of an inflammatory microenvironment, thereby promoting tumor
growth, angiogenesis, and metastasis.*’ Neutrophils can release
angiogenic factors, such as angiopoietin-1, vascular endothelial
growth factor, and fibroblast growth factor-2, which play an
important role in tumor-related angiogenesis.’® Lymphocytes are
protective prognostic factors for cancer patients. A decline of
lymphocytes can cause immune disorders and cytokines secreted
by circulating lymphocytes, which inhibit tumor cell proliferation
and metastasis.”' For monocytes, it has been shown that tumor-
activated macrophages are differentiated from circulating
monocytes, and these macrophages may affect tumor angio-
genesis and promote tumor growth, invasion, and migration.’**
Therefore, it is not difficult to understand why the SIRI, which
combines the numbers of neutrophils, lymphocytes, and
monocytes, reflects tumor-induced inflammation and serves as a
marker for tumor prognosis.

A variety of inflammation-related markers based on routine
blood examinations have already been reported in tumor
prognosis studies. The SIRI was found to exhibit superior
prognostic value compared to other inflammatory indexes.
Wang et al found that the SIRI was better in predicting OS in
operable breast cancer patients than the NLR, PLR, and MLR
through receiver operating characteristic (ROC) curve analy-
sis.>® In addition, only the SIRI but not the NLR, PLR, or MLR
was found to be an independent prognostic factor for patients
with operable cervical cancer”® In summary, the SIRI is a
promising index that can be used to predict the prognosis of
cancer patients because of its convenience, availability, and
universality. It can also be used to assess the individual benefits of
surgery, chemotherapy, or other treatments in cancer patients.
Moreover, inflammatory conditions are important for many kinds
of diseases. The SIRI, as a reliable indicator that can reflect
systemic inflammation, has more potential value to be explored.

Some limitations to our meta-analysis must be acknowledged.
First, publication bias was found in the analysis of OS and DFS/
RFS/PFS. However, the sensitivity analysis showed that the
pooled result for OS was robust and reliable. Because it is
difficult to publish negative results and data cannot be extracted
from articles with negative results, we should take an objective

view of the results of this meta-analysis. Second, we did not
evaluate other prognostic indexes, such as cancer-specific sur-
vival (CSS), disease-specific survival (DSS), and metastasis-free
survival (MFS), because articles including these indexes are
limited. Third, the studies included were mainly from China, and
studies with high quality from more regions are required in the
future.

Conclusions

The pretreatment SIRI is associated with poor OS and DFS/
RFS/PFS in human cancer, and its prognostic influence is
universal in different kinds of cancer, which indicates that the
SIRI is a promising prognostic marker for cancer patients.
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