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Abstract \\
Background: This meta-analysis aimed to evaluate the prognostic value of the systemic inflasmation response index (SIRI) in |
malignancy based on existing evidence.

Methods: We searched for relevant literature published in the electronic databases PubMed, Web of Science, Cochrane Library,
and Embase before April 10, 2020. Hazard ratios (HR) and corresponding 95% confidence intervals (Cl) were calculated and pooled
to evaluate the relationship between SIRI and malignancy outcomes.

Results: We included 14 articles, describing 6,035 patients. Our findings revealed that patients with high SIRI had worse overall
survival (OS) (HR =2.20, 95% Cl: 1.85-2.62, P < .001), disease-free survival (DFS) (HR: 1.92, 95% CI: 1.49-2.48, P < .001), time-to-
progression (TTP) (HR: 2.00, 95% Cl: 1.55-2.58, P <.001), progression-free survival (PFS) (HR: 1.73, 95% Cl: 1.38-2.16, P <.001),
cancer-specific survival (CSS) (HR: 3.57, 95% ClI: 2.25-5.68, P <0.001), disease-specific survival (DSS) (HR: 1.99, 95% Cl: 1.46 -
2.72, P<.001), and metastasis-free survival (MFS) (HR: 2.26, 95% Cl: 1.28-3.99, P=.005) than patients with low SIRI. The
correlation between SIRI and OS did not change in a subgroup analysis. Meta-regression indicated that heterogeneity may be related
to differences in primary therapy strategies. Sensitivity analysis suggested that our results were reliable.

Conclusions: SIRI could be used as a useful predictor of poor prognosis during malignancy treatment.

Abbreviations: Cl = confidence interval, CRC = colorectal cancer, CSS = cancer-specific survival, DFS = disease-free survival,
DFS = disease-free survival, DSS = disease-specific survival, GPS = Glasgow prognostic score, HR = hazard ratio, MFS = disease-
specific survival, MLR = monocyte-to-lymphocyte ratio, NLR = neutrophil-to-lymphocyte ratio, NOS = Newcastle Ottawa Scale, OS
= overall survival, PFS = progression-free survival, SIRI = systemic inflammation response index, TTP = time-to-progression.
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1. Introduction

According to the world health organization (WHO), in 2015,
malignancy remains one of the leading causes of death
worldwide. Approximately 9.6 million people die from malig-
nancies globally each year, accounting for one-sixth of total
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deaths.!"! Despite the continuous development of technologies
such as improved surgical techniques, adjuvant radiochemother-
apy, and targeted therapy, recurrences and metastases are still the
main reasons for the poor prognosis of these patients. Therefore,
it is critical to find useful biomarkers to predict prognosis and
help choose the optimal treatment strategy.

Substantial evidence has suggested that cancer-related inflam-
mation plays a critical role in the occurrence, development,
and therapeutic response to cancer.>! Virchow et al¥ initially
detected the presence of tumor-infiltrating lymphocytes and
speculated that there might be inflammation in the tumor. Further
studies by Hanahan et al® found that immune cells and
inflammation are important components of the tumor micro-
environment. Immune cells in the tumor microenvironment
influence tumor growth by producing cytokines and chemokines
in a both autocrine and paracrine fashion. Inflammation is also
considered as the seventh hallmark of cancer, involved in the
development, proliferation, metastasis, aging, and apoptosis of
tumors. Ostan et al'®! argued that inflammation triggers initial
genetic mutations or epigenetic mechanisms that promote cancer
development, metastasis, and progression.

In recent years, many prognostic indicators have been
developed based on cancer-related systemic inflammation,
including the Glasgow Prognostic Score (GPS),””! neutrophil-
to-lymphocyte ratio (NLR),®! and monocyte-to-lymphocyte ratio
(MLR).”! These indicators have been reported as risk factors for
poor prognosis in cancer. Based on the count of neutrophils,
monocytes, and lymphocytes, Qi et al''”! established a novel
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inflammation-related index, called systemic inflammatory re-
sponse index (SIRI). The SIRI is an independent predictor of
prognosis of various malignancies. However, no systematic
reviews of the relationship between SIRI and the prognosis of
overall malignancy have been performed. Therefore, our meta-
analysis aimed to evaluate the prognostic value of SIRI in
malignancies based on existing evidence.

2. Materials and methods

2.1. Search strategy

We performed a systematic review and meta-analysis based on
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.!""] We searched the literature on
the prognostic significance of SIRI in patients with cancer,
published in the electronic databases PubMed, Web of Science,
Cochrane Library, and Embase before April 10, 2020. We used a
combination of subject words and free words to search the
databases. The search terms were as follows: (“systemic
inflammation response index” OR “neutrophil x monocytes /
lymphocyte” OR “monocytes count x NLR” OR “SIRI”) AND
("neoplasms” OR “carcinoma” OR “leukemia” OR “lympho-
ma”). To avoid duplication of studies, we examined all authors
and organizations and assessed the recruitment period and
number of patients in each study. In addition, we also screened
the references of the retrieved literature to identify more potential
studies.

2.2. Inclusion and exclusion criteria
The inclusion criteria for this meta-analysis were:

(1) Cancer types objectively confirmed based on pathological
evidence;

(2) Studies investigating the prognostic effect of SIRI in human
malignancy, including overall survival (OS), cancer-specific
survival (CSS), disease-free survival (DFS), progression-free
survival (PFS), time-to-progression (TTP), disease-specific
survival (DSS), metastasis-free survival (MFS);

(3) A SIRI cutoff value is provided;

(4) Hazard ratio (HR) and 95% prognostic confidence interval
(CI) are provided;

(5) publications in English.

The exclusion criteria for this meta-analysis were:

(1) HR and 95% CI were not available;

(2) abstracts, letters, editorials, reviews, expert opinions or case
reports;

(3) unrelated publications.

2.3. Data extraction and quality assessment of included
studies

Two reviewers independently extracted survival outcome data
from the included studies. Data on survival outcomes mainly
included hazard ratios (HRs) and 95 % confidence intervals (Cls).
If only the Kaplan-Meier curve provided prognostic results, we
used Engauge Digitizer 4.1 software to obtain the estimated HR
through the method designed by Tierney.!'”! We performed a
quality assessment of included studies using the Newcastle
Ottawa Scale (NOS) criteria.l"¥ A maximum total score of 9
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could be obtained, and each study with scores >6 was considered
a high-quality study.

2.4. Statistical analysis

The HR and 95% CI extracted from each study were used to
assess SIRD’s prognostic value in patients with malignancies. The
combination of the Cochran’s Q test and Higgins I* statistical
measures was used to assess the heterogeneity of the studies. If I*
> 50%, and P}, < .1, then a random-effects model was selected to
generate the pooled HR; if not, a fixed-effects model was selected.
Publication bias was assessed by visible images and the Begg test.
In addition, a sensitivity analysis was used to evaluate the stability
of the results. In the meta-analysis, a P value <.05 was defined as
statistically significant. All statistical analyses were performed
using Stata 12.0 software (Stata Corp, College Station, TX).

2.5. Ethics

No ethical or board review approval was required for this study.

3. Results

3.1. Study characteristics

The flow chart of document retrieval is illustrated in Figure 1. We
included 14 published articles through systematic search,
including 21 cohort studies, and a total of 6,035 cases
(Table 1).1%142¢1 One article included three cohort studies, five
articles included two cohort studies, and the remaining eight
articles included one cohort study. This meta-analysis involved
various malignancies, including pancreatic cancer,'®! gastric

adenocarcinoma,'¥ hepatocellular carcinoma,™’! esophageal

squamous cell carcinoma,® nasopharyngeal carcinoma,””!
adenocarcinoma of the esophagogastric junction,!'8! clear cell
[20]

renal cell carcinoma,® pancreatic ductal adenocarcinoma,
non-small-cell lung cancer,*!! upper tract urothelial carcino-
ma,**! metastatic pancreatic cancer,'*>**! breast cancer,**! and
resectable gastric cancer.®! The publication years were between
2016 and 2020, the sample capacity ranged from 76 to 542, and
the cutoff of SIRI ranged from 0.54 x 107 t0 2.3 x 10°. As for the
quality assessment of included studies, the NOS score of 17
cohort studies was 8, one cohort study had score 7, and three
studies had score 6.

3.2. Meta-analysis for OS

Nineteen cohort studies enrolling 5,253 cases reported the
prognostic significance of SIRI for OS. Significant heterogeneity
was observed when the HR was pooled (I> = 59.1%, P, = .001),
and, therefore, a random-effects model was utilized (Fig. 2). High
SIRI was a prognostic factor for poor OS in human malignancies
(HR=2.20, 95% CI: 1.85-2.62, P <.001). Due to the heteroge-
neity found, we performed subgroup analyses stratified by
publishing time, country, sample capacity, cut-off value, cancer
system, primary therapy, and analytical method (Table 2).
Although the number of patients varied among subgroups, high
SIRI was strongly associated with poor OS in patients with
malignancies. In addition, no heterogeneity was found in the
subgroups of sample capacity < 240, cut-off value < 1,
respiratory and urinary cancer system, with-chemotherapy,
and univariate analytic method.
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Figure 1. The flow chart of the literature selection.

To further explore the source of heterogeneity, we also used
meta-regression to investigate the effects of different subgroups of
SIRI on malignancy prognosis. This suggested that the p-value of
primary therapy subgroups was below 0.05, which impacted the
pooled HR. This could be the source of heterogeneity in this
study, while the other subgroups did not show an impact on the
POOled HR: Ppublishingtime = 0144, Pcountry = 8263 Pamplecapacity =
809’ Pcutoffvalue = 4933 Pcancersysrem = 0523 Pprimarytherapy = 036,
Panalyticmethod =.095.

3.3. Meta-analysis for other outcomes

We further investigated the prognostic effects of SIRI on other
outcomes in patients with malignancies, as shown in Figure 3.
Three studies, involving 1,172 patients, reported the prognostic
effects of SIRT on DFS. The fixed-effect model was adopted (I*=
0.0%, P,,=.834) as we did not detect heterogeneity. High SIRI
was a prognostic factor for poor DFS in human malignancies
(HR: 1.92, 95% CI: 1.49-2.48, P<.001). Three studies,
involving 574 medical records, reported the prognostic effects
of SIRI on TTP. The fixed-effect model was adopted (PP=
26.3%, P;,=.258) as there was no heterogeneity. High SIRI was
a prognostic factor for poor TTP in human malignancies (HR:
2.00, 95%CL 1.55-2.58, P<.001). Three studies, involving
845 medical records, reported the prognostic effects of SIRI on

PES. The fixed-effect model was adopted (I*=10.2%, P, =.328)
since there was no heterogeneity. High SIRI was a prognostic
factor for poor PFS in human malignancies (HR: 1.73, 95% CI:
1.38-2.16, P<.001). Three studies, involving 841 medical
records, reported the prognostic effects of SIRI on CSS. The
fixed-effect model was adopted (I>=40.4%, P, =.187) due to no
heterogeneity. Higher SIRI was a prognostic factor for poor CSS
in human malignancy (HR: 3.57,95% CI: 2.25-5.68, P <.001).
Two studies, involving 782 medical records, reported the
prognostic effects of SIRI on DSS. The fixed-effect model was
adopted (I*=0%, P, =.438) as we did not detect heterogeneity.
High SIRI was a prognostic factor for poor DSS in human
malignancies (HR: 1.99, 95% CI: 1.46- 2.72, P<.001). One
study, involving 259 medical records, reported the prognostic
effects of SIRI on MFS. SIRI was also a prognostic factor for
poor MFS in human malignancy (HR: 2.26, 95% CI: 1.28-3.99,
P=.005).

3.4. Sensitivity analyses for OS

We performed a sensitivity analysis by deleting one of the
included studies to check whether any studies affected the pooled
HR of the OS (Fig. 4). Removing any of the included studies did
not change the effect of SIRI on the comprehensive meta-analysis
of OS, providing evidence that our results are robust.
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The characteristics of included studies.
Follow-up Cutoff
Sample Gender (months) value
Study/Year Country Cancer type capacity Age (years) ratio Treatment Outcome (10%)  Analysis NOS
Qi et al (2016) China Pancreatic cancer 177 58.8+10.7 108/69  With-chemotherapy ~ OS, TTP Median (8.60) 1.8 M 8
China 321 61.0+10.1 208/113  With-chemotherapy ~ 0S, TTP Median (7.73) 1.8 M 8
China 76 60.9+9.6 46/30  With-chemotherapy ~ OS, TTP Median (5.33) 1.8 M 8
Li et al (2017) China Gastric adenocarcinoma 455 Median 57.6 321/134 With-surgery DFS, DSS Median 77.53 0.82 M 8
(29.0-89.0) (3.03-111.73)
China 327 Median 57.6 235/92 With-surgery DFS, DSS Median 56.33 0.82 M 8
(29.0-86.0) (4.9-76.3)
Xu et al (2017) China Hepatocellular carcinoma 183 53.7+10.5 155/28  With-chemotherapy 0S >60 1.05 M 7
Geng et al China Esophageal squamous 542 Mean 54 416/126 With-surgery 0S >60 1.2 M 8
(2018) cell carcinoma
China 374 Mean 51 280/94 With-surgery 0S >60 1.2 M 8
Chen et al China  Nasopharyngeal carcinoma 285 22-80 210/75  With-chemotherapy 0S >60 0.84 M 8
(2018)
China 213 NA 157/56  With-chemotherapy 0S >60 0.84 M 8
Chen et al China Adenocarcinoma of the 302 Median 63 (43-84) 244/58 With-surgery 0S Median 55 (4-98) 0.68 M 8
(2019) esophagogastric junction
Chen et al China Clear cell renal 414 Median 56.3 (24-80) 257/152 With-surgery 0S, CSS Median 69.2 (1-151) 1.35 M 8
(2019 cell carcinoma
China 168 >60 101/65 With-surgery 0S, CSS Median 69.2 (1-151) 1.35 u 6
Li et al (2019) China Pancreatic ductal 37 Median 62 (35-84)  224/147 With-surgery 0S, PFS >36 0.69 M 8
adenocarcinoma
China 310 Median 60 (34-82)  164/146 With-surgery 0S, PFS >36 0.69 M 8
Li et al (2019) China  Non-small-cell lung cancer 390 NA 147/243 With-surgery 0S, DFS Median 50 (12—66) 0.99 M 8
Zheng et al China Upper tract urothelial 259 67.5+10.4 185/74 With-surgery 0S, CSS, Median 33.3 1.36 M 8
(2019) carcinoma MFS (15.5-64.2)
Yoshitomi Japan Metastatic pancreatic 83 Mean 64 52/31 With-chemotherapy 0S Mean 9 months 1.9 M 6
et al (2019) cancer
Hua et al (2020) China Breast cancer 390 Median 68 (49-87) 0/390 With-surgery 0S Median 65.5 (0.9-95.9) 0.54 M 8
Pacheco-Barcia Spain Metastatic pancreatic 164 Median 66 (57.5-74)  92/72  With-chemotherapy ~ OS, PFS Median 11.8 23 M 8
et al (2020) cancer
Zhang et al China Resectable gastric cancer 231 Median 62 (26-85) 156/75 With-surgery 0S Median 43 (3-73) 0.84 U 6
(2020)

CSS = cancer-specific survival, DFS =disease-free survival, DSS = disease-specific survival, MFS =metastatic-free survival, NOS=Newcastle Ottawa Scale, OS=overall survival, PFS=progression-free

survival, TTP =time-to-progression.

3.5. Publication bias

We used the Begg test and funnel plots to assess potential
publication bias. We observed evidence of publication bias
(Fig. 5) (The P values for OS < .05). There were fewer than ten
cohort studies included in the other outcomes. Therefore, for
these publication bias could not be assessed.

4. Discussion

Systemic inflammation plays a critical role in different malignant
progression stages, including initiation, malignant transforma-
tion, promotion, tissue invasion, and metastasis. Inflammatory
responses can destroy cancer cells, but also establish a tumor
microenvironment that assists the proliferation and metastasis of
cancer cells.””! SIRI, which combines counts of neutrophils,
monocytes, and lymphocytes, is a promising biomarker for
inflammation and is thought to be associated with the prognosis
of multiple malignancies.

This is the first meta-analysis based on existing evidence that
high SIRI scores are associated with poor prognosis in human
malignancies. We found that patients with cancer with a high
SIRI tended to have a poor OS. In addition, we performed a
subgroup analysis to correct for subgroup effects. This showed
that although publishing time, country, sample capacity, cutoff
value, cancer system, primary therapy, and analytic method were
variable within the different groups, high SIRI still was a
powerful predictor of poor prognosis. Due to the heterogeneity of
pooled HR of OS, we further performed a meta-regression
analysis, which indicated that differences in primary therapy
might cause the heterogeneity. From the included studies, eight

adopted chemotherapy, and eleven adopted surgical treatment.
This could have led to SIRI differences, as chemotherapy may
result in bone marrow suppression and immune system damage,
causing changes in neutrophils, monocytes, and lymphocytes
levels. This may be the source of heterogeneity in this meta-
analysis. We further verified the stability of this meta-analysis by
deleting one study at a time for sensitivity analysis. We found that
the comprehensive meta-analysis effect did not significantly
change due to one study, indicating that our results are reliable. In
addition, we explored the relationships between SIRI and other
prognostic outcome measures of malignancy. We found that high
SIRI was associated with adverse outcomes of DFS, TTP, PFS,
CSS, DSS, and MFS. In summary, SIRI may be considered as a
predictor of significant clinical utility in human malignancy.
Several possible mechanisms may explain the prognostic value
of SIRL It has been reported that neutrophils secrete cytokines
and chemokines to create a tumor microenvironment suitable for
tumor proliferation, invasion, and microvascularization, pro-
moting tumor development and progression.?®! Similarly,
monocytes also play a vital role in tumorigenesis and metastasis.
Tumor-associated macrophages derived from peripheral mono-
cytes can inhibit the acquired immune response, promote tumor
growth and tumor angiogenesis, and cause tumor invasion and
migration.””! Additionally, monocytes influence cancer stem
cells’ activity by modifying the factors secreted by neutrophils
and tumor-associated macrophages, thereby affecting the
sensitivity to chemotherapy resistance.®*=? In contrast, lym-
phocytes play an essential role in cancer immune surveillance,
and can lead to cytotoxic cell death, inhibiting the proliferation
and growth of tumor cells.**! A comprehensive index based on
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Figure 2. Forest plot for the association between SIRI and OS. OS = overall survival, SIRI = systemic inflammation response index.

Stratification analysis for the meta-analysis with overall survival (OS) in patients with malignancy.

Heterogeneity

Subgroup No. of cohorts No. of patients Pooled HR (95% CI) P 12 (%) Py
Altogether 19 5253 2.20 (1.85-2.62) <.001 59.1 .001
Publishing time

<2019 8 2171 1.86 (1.44-2.29) <.001 60.2 014

>2019 11 3082 1.98 (1.59-2.38) <.001 54.7 015
Country

China 17 5006 2.13 (1.79-2.53) <.001 54.0 .004

Japan 1 83 1.76 (1.05-2.95) .032 NA NA

Spain 1 164 3.95 (2.47-6.31) <.001 NA NA
Sample capacity

<240 8 1295 2.65 (2.12-3.32) <.001 14.2 319

>240 1 3958 1.95 (1.59-2.38) <.001 58.8 .007
Cutoff value

<1 8 2492 2.11 (1.73-2.57) <.001 19.6 274

>1 1 2761 2.25 (1.73-2.92) <.001 7.3 <.001
Cancer system

Digestive 12 3134 1.96 (1.62-2.37) <.001 60.0 .004

Respiratory 3 888 2.87 (2.02-4.07) <.001 0 990

Urinary 3 841 3.45 (1.79-6.67) <.001 55.5 106

Gland 1 390 2.17 (1.23-3.85) .008 NA NA
Primary therapy

With-chemotherapy 8 1502 2.47 (2.08-2.94) <.001 0 465

With-surgery 11 3751 2.20 (1.60-2.54) <.001 62.1 .003
Analytic method

Multivariate 17 4854 2.12 (1.78-2.52) <.001 58.7 .001

Univariate 2 399 3.66 (2.04-6.56) <.001 0 415
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Figure 3. Forest plot for the association between SIRI and other outcomes. Notes: A, forest plot for DFS; B, forest plot for TTP; C, forest plot for PFS; D, forest plot
for CSS; E, forest plot for DSS; F, forest plot for MFS. CSS = cancer-specific survival, DFS = disease-free survival, DSS = disease-specific survival, MFS =
metastatic-free survival, PFS = progression-free survival, SIRI = systemic inflammation response index, TTP = time-to-progression.
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Figure 4. Sensitivity analysis for the association between SIRI and OS. OS = overall survival, SIRI, systemic inflammation response index.
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Figure 5. Begg funnel plot for the assessment of potential publication bias
according to OS. OS = overall survival.

these three cell types may better reflect the balance between host
inflammation and immune status.

Some limitations to our meta-analysis should be noted. First,
there was apparent heterogeneity in the analysis of the
relationship between SIRI and OS. We speculate through
subgroup analysis and meta-regression that the heterogeneity
might be caused by the differences in primary therapy used in
different studies. Furthermore, we verified the reliability of our
meta-analysis through sensitivity analysis. Second, the studies
included were all retrospective studies; therefore, potential
bias was more likely to occur. Large-scale multicenter
prospective cohort studies are needed to verify our results.
Third, we found publication bias in the meta-analysis of OS,
which may be due to the difficulty of publishing studies with
negative results. However, the comprehensive meta-analysis
effect of SIRI did not change in the sensitivity analysis. Despite
these limitations, we provide valuable support for the
prognostic value of SIRI in patients with malignancies, based
on available evidence.

In conclusion, our meta-analysis demonstrates that SIRI is
associated with poor prognosis of malignancies, and could be
used as a useful predictor in the treatment of cancer. However,
due to the limited number of studies included in the analysis,
large-scale prospective studies are required to confirm our results.
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