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Abstract 

Background  Although the systemic inflammation response index (SIRI) is often associated with prognostic sig-
nificance in esophageal cancer (EC) patients, the results continue to be conflicting. We focused on identifying SIRI’s 
precise role in forecasting EC prognosis through performing this meta-analysis.

Methods  This work searched PubMed, Web of Science, Embase, Cochrane Library, and CNKI till November 16, 2024, 
and determined pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for evaluating EC prognosis forecast-
ing efficiency of SIRI. The inclusion criteria: (1) pathologic confirmation of EC; (2) those reporting associations of SIRI 
with EC survival outcomes; (3) those reporting HRs and 95% CIs; (4) those with an available cut-off value of SIRI; 
and (5) no restriction in language. The exclusion criteria: (1) case reports, reviews, meeting abstracts, comments 
and letters; (2) those enrolling duplicate cases; and (3) animal studies.

Results  We enrolled six studies comprising 2176 cases into the present work. Based on our combined findings, ele-
vated SIRI showed significant relation to dismal overall survival (OS) (HR = 1.43, 95%CI = 1.20–1.71, p < 0.001; I2 = 48.8%, 
p = 0.098) and shortened progression-free survival (PFS) (HR = 2.00, 95%CI = 1.35–2.98, p = 0.001; I2 = 0, p = 0.409) in EC. 
Moreover, high SIRI exhibited obvious relation to male gender (OR = 1.86, 95%CI = 1.07–3.22, p = 0.027; I2 = 69.4%, 
p = 0.020), TNM stage of III-IV (OR = 1.52, 95%CI = 1.18–1.94, p = 0.001; I2 = 24.3%, p = 0.265), T3-T4 stage (OR = 1.73, 
95%CI = 1.12–2.69, p = 0.014; I2 = 61.0%, p = 0.053), and lymph node metastasis (OR = 1.29, 95%CI = 1.02–1.64, p = 0.036; 
I2 = 42.7%, p = 0.155). However, SIRI was not markedly related to age, tumor location, tumor differentiation, or smoking 
history.

Conclusion  In summary, high SIRI is significantly related to dismal OS and shortened PFS of EC cases, together 
with advanced tumor stage, T3-T4 stage, and lymph node metastasis of EC. Due to some limitations, large prospective 
studies that utilize standardized threshold SIRI should be conducted to validate our results in the future.
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Introduction
In 2022, esophageal cancer (EC) ranked as the eleventh 
most diagnosed cancer worldwide, with approximately 
510,716 cases and 445,129 deaths, making it the sev-
enth leading cause of cancer-related deaths globally 
[1]. The two major EC histological categories include 
esophageal squamous cell carcinoma (ESCC) and ade-
nocarcinoma [2]. Of them, ESCC occupies more than 
85% of all EC patients [3]. A multidisciplinary team 
typically guides EC treatment strategies, which involve 
a sequence of surgery, chemotherapy, radiotherapy, and 
immunotherapy [4]. However, the diagnosis of more 
than 66% of EC cases is made at the advanced and met-
astatic stages, with an overall 5-year survival rate as low 
as 20%-30% [5]. Furthermore, the prognosis is generally 
unfavorable, with the 5-year survival rate in advanced 
stage being just 5% [6]. In this regard, it is crucial to 
detect new and efficient biomarkers to forecast EC 
prognosis and improve the survival outcomes.

Current evidences have shown that inflammation signif-
icantly influences cancer’s development, metastasis, and 
resistance to treatment, while changes in inflammatory 
cells related to tumors indicate the intensity of the tumor’s 
inflammatory response [7]. Many studies have indicated 
that a series of inflammation-based indexes are significant 
prognostic factors for cancers, including platelet-to-lym-
phocyte (PLR) [8], C-reactive protein-to-albumin (CAR) 
[9], lymphocyte-to-monocyte (LMR) [10], and neutrophil-
to-lymphocyte ratios [11]. As the new blood-test derived 
indicator, systemic inflammation response index (SIRI) 
is firstly put forward in 2016 [12]. SIRI was developed 
by neutrophil quantity × monocyte quantity/lymphocyte 
quantity [12]. SIRI was proposed as a prognostic marker 
for cancers. SIRI is previously suggested to be of signifi-
cant prognostic impacts on different tumors like rectal 
cancer [13], gastric cancer [14], thyroid cancer [15], upper 
tract urothelial carcinoma [16], as well as breast cancer 
[17]. Besides, its efficiency in forecasting EC prognosis is 
reported, whereas the results were controversial due to 
variants among studies such as study region, sample size, 
and tumor stage etc. [18–23]. For example, some studies 
demonstrated that elevated SIRI independently forecast 
EC prognosis [18, 20, 21]. However, in other studies, SIRI 
was not apparently correlated with prognosis of EC [19, 
23]. Consequently, this work focused on identifying prog-
nostic and clinicopathological efficiency of SIRI for EC.

Materials and methods
Study guideline
We performed this study according to Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [24].

Ethical statement
Because this meta-analysis uses previously published 
data for analysis, ethical approval and informed con-
sent are not required. This meta-analysis was per-
formed in adherence to ethical principles in data. The 
PRISMA guideline was followed for data collection and 
selection.

Search strategy
PubMed, Web of Science, Embase, Cochrane Library, 
and CNKI were searched till November 16, 2024 using 
search items of (system inflammation response index 
or systemic inflammation response index or systemic 
inflammatory response index or SIRI) and (Esophageal 
Cancers or Esophageal Neoplasms or Oesophageal can-
cer Esophageal Cancer or Esophagus Cancer or Esoph-
agus Cancers or Cancer of the Esophagus or Esophagus 
Neoplasms or Cancer of Esophagus or Esophageal Neo-
plasm or Esophagus Neoplasm or esophageal squamous 
cell carcinoma or Esophagus or ESCC). There was no 
restriction on languages of publications. Furthermore, 
we examined references in chosen studies for guaran-
teeing thorough coverage.

Inclusion and exclusion criteria
Following studies were included: (1) pathologic confir-
mation of EC; (2) those reporting associations of SIRI 
with EC survival outcomes; (3) those reporting hazard 
ratios (HRs) and 95% confidence intervals (CIs); (4) 
those with an available cut-off value of SIRI; and (5) no 
restriction in language. Studies below were eliminated: 
(1) case reports, reviews, meeting abstracts, comments 
and letters; (2) those enrolling duplicate cases; and (3) 
animal studies.

Information acquisition and quality analysis
Two researchers (Z.W. and Z.Z.) acquired information 
in eligible articles. Disputes between them were settled 
by negotiation with the third reviewer (C.G.). Informa-
tion harvested included first author’s name, year, coun-
try, sample size, age, gender, study period, study design, 
TNM stage, histology, study center, treatment, thresh-
old SIRI, threshold determination, study outcomes, 
survival analysis, follow-up, together with HRs and 
95%CIs. Overall survival (OS) served as our primary 
outcome, while progression-free survival (PFS) as our 
secondary outcome. Those enrolled cohort studies were 
independently evaluated for quality by two independent 
investigators (Z.W. and Z.Z.) with Newcastle–Ottawa 
Scale (NOS) [25] that measures cohort selection (0–4 
score), comparability (0–2 score), and outcome evalua-
tion (0–3 score). The NOS has a total score of 9 points, 
and ≥ 6 scores suggest high quality.
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Statistical analysis
This present work completed statistical analysis with Stata 
version 12.0 (StataCorp, College Station, TX, USA), and 
analyzed EC prediction efficiency of SIRI by combined 
HRs and 95%CIs. Among-studies heterogeneities were 
estimated through I2 statistics along with Cochran’s Q-test. 
I2 > 50% and p-value < 0.10 (Q-test) indicate obvious het-
erogeneity, so we utilized a random-effects model; or else, 
we adopted a fixed-effects model [26]. Subgroup analyses 
based on diverse factors were completed for investigating 
SIRI’s prognostic role in various patient populations. Also, 
associations of SIRI with EC clinicopathological features 
were assessed by pooling odds ratios (ORs) with 95%CIs. 
A sensitivity analysis was conducted to evaluate the robust-
ness of the results by removing individual studies one at a 
time. We employed Begg’s test and funnel plot for assessing 
publication bias. A p < 0.05 stood for significant differences.

Results
Study screening
Our initial literature search identified 224 studies, among 
which, 157 were retained when duplicates were eliminate 

(Fig.  1). Later, we excluded 134 articles after title- and 
abstract-reading due to irrelevance or animal studies. 
Thereafter, full-texts of 23 articles were read, with 17 
being discarded due to irrelevance to SIRI (n = 13), una-
vailable survival information (n = 2), and irrelevance 
to EC (n = 2). Ultimately, six studies comprising 2176 
patients [18–23] were included in the present study 
(Fig. 1; Table 1).

Enrolled study features
All included studies [18–23] were published from 2018 
to 2023 (Table 1). Six articles were performed in China, 
with ESCC patients being included [18–23]. Sample sizes 
were 51–916 (median, 281). There were five retrospective 
studies [18–21, 23] and one prospective trial [22]. Five 
studies were published in English [18–20, 22, 23] and 
one was in Chinese [21]. Four articles treated patients 
with surgery [18, 19, 21, 23], one study used radiotherapy 
[20], and one applied neoadjuvant chemoradiotherapy 
(CRT) and pembrolizumab [22]. The threshold SIRI was 
0.485–1.39 (median, 0.985). All included studies [18–23] 
analyzed threshold by receiver operating characteristic 

Fig. 1  PRISMA flow chart of this meta-analysis
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(ROC) curve. Five articles reported SIRI’s function in 
forecasting OS [18–21, 23] while two studies presented 
relation of SIRI with PFS [20, 22] in EC. The NOS scores 
of 7–9 suggested their high quality (Table 1).

OS and PFS forecasting value of SIRI
Five studies with 2125 patients [18–21, 23] mentioned 
the relation between SIRI and EC OS. We applied the 
fixed-effect model due to non-significant heterogene-
ity (I2 = 48.8%, p = 0.098). HR = 1.43, 95%CI = 1.20–1.71, 
p < 0.001 were obtained, suggesting high SIRI as the sig-
nificant prognostic marker for OS in EC (Table 2; Fig. 2). 
Based on subgroup analyses, SIRI remained to remarkably 
predict OS irrespective of treatment and survival analysis 
(Table 2). Moreover, elevated SIRI showed remarkable rela-
tion to poor OS of: sample size ≥ 200, TNM stage of I-III/
II-III/II-IV, and cut-off value ≥ 1.0 subgroups (all p < 0.05; 
Table  2). Two studies consisting of 243 patients [20, 22] 
mentioned the PFS forecasting effect of SIRI on EC. The 
heterogeneity was non-significant (I2 = 0, p = 0.409) and 
a fixed-effects model was applied. As a result, high SIRI 
showed close relation to dismal PFS in EC (HR = 2.00, 
95%CI = 1.35–2.98, p = 0.001; Table 2; Fig. 3).

The relation of SIRI with EC clinicopathological factors
Four articles involving 1617 cases [18–21] investigated 
the relation of SIRI with EC clinicopathological factors. 

Based on our pooled findings, high SIRI was appar-
ently related to male gender (OR = 1.86, 95%CI = 1.07–
3.22, p = 0.027), TNM stage of III-IV (OR = 1.52, 
95%CI = 1.18–1.94, p = 0.001), T3-T4 stage (OR = 1.73, 
95%CI = 1.12–2.69, p = 0.014), together with presence of 
lymph node (LN) metastasis (OR = 1.29, 95%CI = 1.02–
1.64, p = 0.036) (Table  3, Figs.  4  and  5). These results 
suggested that high SIRI was significantly correlated to 
features representing tumor development and metasta-
sis of EC. However, there was no significant association 
between SIRI and the following clinicopathological fac-
tors: age (OR = 0.98, 95%CI = 0.75–1.27, p = 0.856), tumor 
location (OR = 2.06, 95%CI = 1.00–4.24, p = 0.051), tumor 
differentiation (OR = 1.57, 95%CI = 0.96–2.56, p = 0.074), 
and smoking history (OR = 1.65, 95%CI = 0.67–4.05, 
p = 0.273) (Table 3, Figs. 4 and 5).

Sensitivity analysis
The sensitivity analysis, which involved the separate 
removal of each study from the meta-analysis, did not 
alter any statistically significant conclusions (Fig.  6). 
These results confirmed the stability of our results in this 
meta-analysis.

Publication bias
This work adopted Begg’s test and Funnel plots in detect-
ing potential publication bias. Begg’s test indicated no 

Table 2  Subgroup analysis of prognostic value of SIRI for OS and PFS in patients with EC

SIRI systemic inflammation response index, OS overall survival, PFS progression-free survival, CRT​ chemoradiotherapy, ICIs immune checkpoint inhibitors, EC 
esophageal cancer

Subgroups No. of 
studies

No. of patients Effects model HR (95%CI) p Heterogeneity 
I2(%) Ph

OS
  Total 5 2125 Fixed 1.43(1.20–1.71)  < 0.001 48.8 0.098

Sample size

  < 200 2 331 Random 2.86(0.93–8.83) 0.067 64.9 0.091

  ≥ 200 3 1794 Fixed 1.28(1.05–1.57) 0.016 0 0.921

TNM stage

  I-IV 3 1017 Random 1.84(0.74–4.61) 0.192 62.4 0.070

  I-III/II-III/II-IV 2 1108 Random 1.52(1.07–2.14) 0.018 59.6 0.116

Treatment

  Surgery 4 1933 Fixed 1.33(1.09–1.62) 0.005 44.2 0.146

  Radiotherapy/CRT + ICIs 1 192 - 1.88(1.28–2.75) 0.001 - -

SIRI cut-off value

  < 1.0 2 878 Fixed 1.20(0.78–1.83) 0.408 0 0.871

  ≥ 1.0 3 1247 Random 1.80(1.09–2.95) 0.020 71.2 0.031

Survival analysis

  Univariate 1 139 - 6.26(1.63–24.01) 0.008 - -

  Multivariate 4 1986 Fixed 1.39(1.17–1.67)  < 0.001 3.7 0.374

PFS
  Total 2 243 Fixed 2.00(1.35–2.98) 0.001 0 0.409
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obvious publication for OS (p = 0.221) and PFS (p = 1.000) 
(Fig. 6). As observed, funnel plots were symmetrical for 
OS and PFS (Fig. 7).

Discussion
SIRI is widely analyzed for its value in forecasting EC 
prognosis, whereas findings remain controversial. The 
current work synthetized data in six articles with 2176 

patients [18–23] and suggested the obvious effect of SIRI 
on forecasting poor OS and PFS of EC. Furthermore, 
elevated SIRI was also significantly associated with male 
gender, advanced tumor stage, T3-T4 stage, and LN 
metastasis of EC. Taken together, SIRI significantly pre-
dicted short- and long-time prognoses of EC. The present 
work provides the initial meta-analysis evidence of the 
EC prognostic effect of SIRI.

Fig. 2  Forest plots of the association between SIRI and overall survival in patients with EC. These results suggested high SIRI acted as the significant 
prognostic marker for OS in EC

Fig. 3  Forest plots of the association between SIRI and progression-free survival in patients with EC. High SIRI showed close relation to dismal PFS 
in EC
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SIRI includes three elements: neutrophils, lympho-
cytes and monocytes. The high SIRI could be the results 
of increased neutrophil quantity, increased monocyte 
quantity, and/or decreased lymphocyte quantity. The 
EC prognostic mechanism of SIRI has not been com-
prehensively explored, which is interpreted as follows. 
Firstly, Neutrophils contribute to tumor cell prolifera-
tion by producing proteolytic enzymes such as matrix 

metalloproteinase and serine proteinase, and they also 
release vascular endothelial growth factor and matrix 
metalloproteinase 9 to promote tumor angiogenesis [27]. 
Neutrophils present in cancer patients are related to a 
negative prognosis because they can stimulate endothe-
lial and parenchymal cells, which help in the spread 
of circulating tumor cells [28]. Secondly, blood mono-
cytes have the ability to transform to tumor-associated 

Table 3  The association between SIRI and clinicopathological features of patients with EC

LN lymph node, SIRI systemic inflammation response index, EC esophageal cancer

Clinicopathological factors No. of 
studies

No. of patients Effects model OR (95%CI) p Heterogeneity 
I2(%) Ph

Gender (male vs female) 4 1617 Random 1.86(1.07–3.22) 0.027 69.4 0.020

Age (years) (> 60 vs ≤ 60) 3 1425 Fixed 0.98(0.75–1.27) 0.856 29.8 0.241

TNM stage (III-IV vs I-II) 4 1617 Fixed 1.52(1.18–1.94) 0.001 24.3 0.265

T stage (T3-T4 vs T1-T2) 4 1617 Random 1.73(1.12–2.69) 0.014 61.0 0.053

LN metastasis (yes vs no) 4 1617 Fixed 1.29(1.02–1.64) 0.036 42.7 0.155

Tumor location (middle + lower vs upper) 4 1617 Random 2.06(1.00–4.24) 0.051 67.0 0.028

Tumor differentiation (poor vs well + moderate) 3 1425 Random 1.57(0.96–2.56) 0.074 56.8 0.099

Smoking history (yes vs no) 2 509 Random 1.65(0.67–4.05) 0.273 77.6 0.035

Fig. 4  The correlation between SIRI and clinicopathological features of EC. A Gender (male vs female); (B) Age (years) (> 60 vs ≤ 60); (C) TNM stage 
(III-IV vs I-II); and (D) T stage (T3-T4 vs T1-T2)
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macrophages (TAMs), which are vital for tumor devel-
opment [29]. TAMs have the ability to modify the tumor 
microenvironment and enhance tumorigenesis, recur-
rence, and metastasis through the release of various 
inflammatory mediators and cytokines [30, 31]. Addi-
tionally, TAMs can assist cancer cells in escaping immune 
attack and facilitate aggressive invasion [32]. Thirdly, 
lymphocytes, as a significant component of human 
immune system, can prevent tumor formation and recur-
rence while regulating immune functions by generating 
cytokines and causing cytotoxic death [33]. Lymphocytes 
are essential for the adaptive immune response and are 
active in cancer immunosurveillance and immunoedit-
ing [34]. Lymphopenia often reflects the seriousness of 
the disease and aids cancer cells in evading the immune 
response from tumor-infiltrating lymphocytes, which 
form as lymphocytes migrate to the tumor microenviron-
ment [35]. In addition, a decrease in peripheral lympho-
cytes can compromise anti-tumor responses, which may 
lead to tumor cell growth and metastasis [36]. Therefore, 
SIRI is a reasonable prognostic parameter for EC based 
on these elements.

In the previous studies investigating the prognostic 
value of SIRI in EC, the results were inconsistent [18–23]. 
The contradictory findings may be caused by the follow-
ing factors. First, the sample size varied among studies. 
Sample sizes were 51 to 916, with a median value of 281. 
Second, the inclusion and exclusion of each individual 
study were not uniform in this meta-analysis. Therefore, 
selection bias in patients may exist. Third, the cut-off val-
ues of SIRI were inconsistent among included studies.

The results of this meta-analysis provided some clini-
cal implications. First, this meta-analysis suggested that 
elevated SIRI was a significant prognostic marker for 
poor OS and PFS of EC. Therefore, patients with EC 
measured with high pretreatment SIRI should be treated 
with more radical regimen. Second, SIRI could be applied 
as an index during follow-up to indicate tumor progres-
sion. Third, elevated SIRI was also significantly associated 
with advanced tumor stage and LN metastasis of EC. 
Therefore, distant metastasis should be monitored in EC 
patients with high SIRI.

The prognostic effect of SIRI for EC was shown in this 
meta-analysis. There were some similarities between 

Fig. 5  The correlation between SIRI and clinicopathological features of EC. A LN metastasis (yes vs no); B Tumor location (middle + lower vs upper); 
C Tumor differentiation (poor vs well + moderate); and (D) Smoking history (yes vs no)
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SIRI and other prognostic markers such as PLR, LMR, 
and CAR. First, they are all derived from laboratory tests 
and are easily available. Second, they all can reflect the 
immune status of patients. Third, they are all reported to 
have prognostic value for various cancer types.

Many studies have also revealed that SIRI is signifi-
cant for forecasting cancer prognosis via meta-analysis 
[37–41]. As reported by Ye et  al. through the meta-
analysis 3728 cases, an increased SIRI was remark-
ably related to OS and PFS of non-small cell lung 
cancer [37]. Yang et  al. showed the relation between 
high SIRI and worse OS in oral cancer patients through 
the meta-analysis involving 17 articles [38]. A recent 
meta-analysis indicated that an elevated SIRI exhibited 
obvious relations to OS and PFS of cancer cases receiv-
ing PD-1/PD-L1 immune checkpoint inhibitors [39]. 
Zhang et  al. performed the meta-analysis comprising 
2997 patients and demonstrated that an increased SIRI 

predicted dismal OS of breast cancer [40]. As reported 
by Menyhart and colleagues in a recent meta-analysis, 
the increased SIRI predicted worse OS and disease-free 
survival/recurrence-free survival of colorectal cancer 
[41]. Results from the present work in EC conformed 
to results obtained from additional cancers. However, a 
recent meta-analysis showed that there was no signifi-
cant association between SIRI and OS in patients with 
glioma [42].

Certain limitations should be noted. Firstly, only six 
articles were enrolled, regardless of no language restric-
tion and a broad search time interval. Secondly, the 
majority of enrolled articles were of retrospective design. 
Confounder factors in included studies such as treat-
ment variations and sample heterogeneity could cause 
selection bias. Therefore, there might be selection bias 
because of our retrospective design. Thirdly, threshold 
SIRI was inconsistent among the enrolled articles.

Fig. 6  Sensitivity analysis

Fig. 7  Publication bias by Begg’s test. A Begg’s test for OS, p = 0.221; and (B) Begg’s test for PFS, p = 1.000
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Conclusions
In summary, this meta-analysis indicated that an 
increased SIRI is significantly related to dismal OS and 
shortened PFS of EC. Moreover, elevated SIRI was also 
significantly associated with advanced tumor stage, 
T3-T4 stage, and LN metastasis of EC. Due to some limi-
tations, large prospective studies that utilize standard-
ized threshold SIRI should be conducted to validate our 
results in the future.
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