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Background: Numerous studies have reported that systemic immune-inflammation index
(SII) and C-reactive protein-to-albumin ratio (CAR) correlate with tumor progression and
prognosis in various types of human cancer. The aim of this study is to systematically
investigate the clinical significance of SII and CAR in esophageal cancer (EC).

Methods: We searched a number of databases for articles reporting the effect of pretreat-
ment SII and CAR on the survival of EC patients. Review Manager 5.3 and STATA/SE 14.1
were applied in this meta-analysis. The multivariable-adjusted hazard ratio (HR) was used
for calculating the relationship between SII and CAR and overall survival (OS), and the odds
ratio (OR) was applied for the clinical pathology.

Results: Five original studies for SII and seven original datasets for CAR were included for
analysis. Increased SII showed a significant association with shorter OS in EC patients after surgery
(HR: 1.34, 95% CI: 1.15-1.53, P<0.001) and high CAR indicated worse long-term OS in EC (HR:
1.60, 95% CI: 1.29-1.90, P<0.001). Different subgroup analyses were also confirmed the prog-
nostic roles in EC patients. Furthermore, the adverse impacts of elevated SII and CAR on tumor
progression were revealed in the infiltration depth, lymph node metastasis, and clinical stage.
Conclusions: Both pretreatment SII and CAR might be promising predictors of cancer
survival and tumor progression in EC. Further studies are warranted to verify the clinical
usefulness in patients with EC.

Keywords: systemic immune-inflammation index, C-reactive protein-to-albumin ratio,

esophageal cancer, prognosis, clinical pathology, meta-analysis

Introduction
Esophageal cancer (EC) is the sixth major cause of cancer-related death globally,
and esophageal squamous cell carcinoma (ESCC) is the predominant pathological
subtype worldwide.!* Above half of all diagnosed EC cases occurred in Asian
countries and the five-year survival rates for the patients with this disease are still
low and unsatisfactory.®* Prognosis-related indicators could contribute to prognos-
tic assessment as well as individualized treatment. Thus, searching for prognostic
indicators that are non-invasive and easily-available is significant and required for
clinical practice.

Increasing evidence has shown systemic inflammatory responses and nutritional
status were involved in tumor development and considered as important factors
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associated with clinical prognosis in various types of
cancers.” ® And therefore a series of biological indicators
based on inflammatory and/or nutritional status have been
reported as tumor biomarkers.” "' Among them, systemic
immune-inflammation index (SII), defined as neutro-
phil x platelet/lymphocyte, was initially known as an
indicator of the host inflammatory status as well as a
prognostic marker in hepatocellular carcinoma.'? And the
good prognostic value of SII was subsequently reported in
EC and other tumors.'*'* Another inflammation-based
score, C-reactive protein-to-albumin ratio (CAR), based
on C-reactive protein and albumin, also aroused great
concern in the prediction in multiple tumors, including
EC.">"'7 And different cutoffs of these two parameters
have been utilized in previous studies to display the pre-
dictive values in cancer patients.'>'¢

However, the relationships between pretreatment SII
and CAR and clinical outcomes of EC are inconsistent,
their values as prognostic tumor markers in EC remain
elusive. And to the best of our knowledge, no meta-ana-
lysis regarding the clinical significance of both SII and
CAR in EC patients is available. Therefore, we searched
all relevant literature to perform an integrated meta-analy-
sis to fully address the clinical values of SII and CAR in
EC sufferers. According to PICOS principles, the partici-
pants with primary EC were included, and we compared
the related clinical outcomes in EC patients with high SII/
CAR and those with low SII/CAR. Any studies designed
that in compliance with screening criteria were considered
eligible and collected for further analysis.

Materials and methods
In this study, we performed the meta-analysis based on the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement.

Search strategy and study selection

Two authors searched eligible articles independently in
PubMed, Web of Science, Embase, Cochrane Library data-
bases and Google Scholar from the inception of the data-
bases to September 1, 2018. The search was restricted to
the English language. The following keywords and their
combinations were used in searching: “carcinoma” or
“cancer” or “tumor”, and “esophageal”, and ‘“systemic
immune-inflammation index” or “SII”, or “C-reactive pro-
tein-to-albumin ratio” or “CAR” or “C-reactive protein/
albumin”. The detailed search strategy was illustrated in
the Supplementary materials section. Additionally, the

references in the eligible publications were also reviewed
for potential studies.

Selection criteria

Published articles were included in this meta-analysis if
they met the following criteria: 1) All patients collected
were histopathologically confirmed to be primary esopha-
geal cancer; 2) The SII and/or CAR were measured prior
to treatment; 3) The hazard ratios (HRs) with their 95%
confidence interval (95% CI) were reported in multivariate
analysis; 4) Original articles were published in English; 5)
Only the most complete data were included if overlapping
data were found in more than one study. Any studies that
were reviews, abstracts, conferences, or posters are
excluded in this meta-analysis.

Data extraction

For each study, the following information was extracted by
two authors: the name of first author, year of publication,
country, study type, pathological type, included period,
number of patients, age distribution, end-point, follow-up
time, cut-off selection, treatments, stage of cancer, cutoff
values and HRs with the 95% ClIs. Furthermore, the num-
ber of patients for the clinical pathology (including tumor
grade, infiltration depth, lymph node metastasis, and clin-
ical stage) was directly extracted from the eligible studies.

Quality assessment

Two authors independently assessed the quality of each
study in the meta-analysis, we used the method that was
detailed described in the study by Perisanidis et al'® It
contained a total of eight items, and each study included in
this meta-analysis could get a final score ranged from 0 to
8 after quality assessment.

Statistical analysis

The risk of bias summary and risk of bias graph were
applied using Review Manager 5.3, and the data analyses
were performed with STATA/SE 14.1 in this meta-analy-
sis. The cohort-specific HRs and 95% ClIs for cancer
survival were extracted from multivariate cox proportional
hazard models. In addition, subgroup analysis was con-
ducted to explore the prognostic values of SII and CAR in
EC patients. And for the associations between SII/CAR
and clinicopathologic characteristics in EC cases, the
pooled ORs and 95% CIs were evaluated using STATA/
SE 14.1. Cochran’s Q test and Higgins I square were used
to determine the statistical heterogeneity across studies.
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2>50% or P<0.1 was considered as heterogeneity, then a
random-effects model was used. Otherwise, a fixed-effects
model was utilized to combine the data when there was no
significant heterogeneity. Publication bias was assessed by
Begg’s funnel plot and Begg’s test. And the sensitivity
analysis was utilized by omitting individual study one-
by-one to assess the robustness of the results. And P-
than 0.05 was considered statistically

value less

significant.

Results

Literature characteristics

After primary retrieval, a total of 210 relevant articles
were incorporated into our initial assessment after exclu-
sion of the duplications, and then 189 articles were further
excluded by screening the titles and abstracts. The remain-
ing 21 full-text articles were assessed for eligibility.
Among them, 10 articles were further removed with the
following reasons: such as HRs were not reported in multi-
variate analysis, no survival data available, and SII/CAR
was measured after treatment. Finally,11 published articles
were included in this meta-analysis."*'*'*” Among
them, 4 articles were for SII, 6 articles were for CAR,
and 1 article was for both SII and CAR. The process of
identifying studies is shown in Figure 1.

For the relationship between SII and survival rate in
EC patients, five cohort studies were collected with a total
of 2292 cases. Among them, four studies were published
in 2017 or later and one study was published before 2017.
All these studies assessed patients from East Asian coun-
tries (China and Japan), and the endpoints of OS and CSS
were addressed in 4 studies and 1 study, respectively, and
the CSS was integrated into the meta-analysis of OS. In
terms of pathological types, 4 articles reported ESCC, 1
article studied the mixture of ESCC, EAC, and others. The
cut-off value of SII varied in different studies, ranging
from 307 to 650 with a mean of 462.

For the correction of CAR in EC patients, 7 studies
selected for analysis comprised 1742 patients, with sample
sizes ranging from 116 to 468 patients. Among them, 2
studies were published in 2015, 2 articles were released in
2017, and 3 studies were published in 2018. 1 study
assessed patients from Australia and the rest 6 were con-
ducted in East Asian populations (China and Japan). All
the studies assessed the correction of CAR with OS. In
terms of pathological types, 5 studies worked on ESCC, 1
studies focused on the mixture of ESCC and EAC, and
another one study worked on the mixture of ESCC, EAC,
and other types. There was a wide range of the cut-off
value of CAR, ranging from 0.023 to 0.95 with the mean
of 0.277.

Records identified through
database searching
(N =670)

Additional records identified
through other sources
(N=0)

l

(N = 460)

Records after duplicates removed

|

(N =210)

Titles and abstracts
screened for eligibility

Unrelated articles
(N =189)

(N=21)

Full-text articles assessed
for eligibility

Full-text articles excluded
(N =10):
HRs not in multivariate analysis

(n=3); No survival data available
(n=5); SII/CAR were measured

(N =11)

Full-text articles included
in qualitative synthesis

after treatment (n=2).

[ Included J [ Eligibility ] { ScreeningJ [Identification]

(N =11)

Full-text articles included
in quantitative synthesis
(meta-analysis)

Figure | Flow diagram of included studies for this meta-analysis.
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And the relevant data of clinicopathologic character-
istics for SII and CAR, including tumor grade, infiltration
depth, lymph node metastasis, and clinical stage are
shown in Table S1. The quality of the 12 included cohort
studies was good with an average quality score of 7
(range 5-8, Figure 2, Table S2). In addition, the risk of
bias summary and risk of bias graph for SII and CAR
were presented in Figures S1 and Figure S2, respectively.
The main characteristics of all cohort studies are sum-
marized in Table 1.

Sl in esophageal cancer

Overall survival (OS)

Five studies with a total of 2292 cases explored the effect
of SII on OS in esophageal cancer. As no obvious hetero-
geneity observed among studies, the fixed effects model
was used (I°=16.0%, pne=0.312). The pooled results indi-
cated that high SII was significantly related with shorter
OS in EC patients following surgery (HR: 1.34, 95% CI:
1.15-1.53, P<0.001; Figure 3).

As shown in Table 2, when stratified by the pathologi-
cal type, high SII had a significantly worse OS in ESCC
(HR: 1.34, 95% CI: 1.14-1.53, P<0.001). In addition,
statistically significant pooled multivariable adjusted HR
values >1 were consistently calculated in subgroup meta-
analyses stratified by cut-off value (>462 vs <462), follow-
ups (=5 years vs <5 years) and cancer staging (Non-meta-
static vs < Mixed).

Clinical pathology

Histological grade. Five articles with 2,292 patients
coved the effect of high SII on histological grade. The
fixed effect model was used (I>=10.0%, Ppe=0.349), the
combined results showed that there was no significant
difference between SII status and histological grade (OR:
1.07, 95% CI: 0.87-1.30, P=0.528; Figure 4A).

Infiltration depth. Four studies, consisting of 1,994
patients, explored the relationship between SII and depth
of tumor invasion. The pooled analysis revealed the
pooled OR of 2.10 with 95% CI: 1.72-2.56 (P<0.001)
(Figure 4B) with no significant heterogeneity (I°=42.4%,
Ppe=0.157). Patients with high SII have deeper infiltration
depth when compared with those with low SII.

Lymph node metastasis. A total of four studies with 1,994
patients reported the relationship between SII and lymph
node metastasis. As shown in Figure 4C, the random effect
model was used (IZ=60.8%, Pe=0.054), the patients with
esophageal cancer were at significantly greater risk of
lymph node metastasis (OR: 1.51, 95% CI: 1.09-2.09,
P<0.001).

Clinical stage. Five studies selected comprised 2,292
patients assessed the association between SII and clinical
stage. The estimated proportion of heterogeneity (I7)
between five SII studies was 50.4% (P=0.089), the random
effect model was applied. As indicated in Figure 4D, high
SII was correlated with the advanced clinical stage in
patients with esophageal cancer (OR: 2.00, 95% CI:
1.51-2.65, P<0.001).

Bias and limitations considered _

Follow-up period reported and long enough for outcomes to occur _
Confounders considered in multivariate analysis _

Predictors and outcome(s) clearly predefined _

Patients with inflammatory disease or coagulation disorders excluded _
Clear description of eligibility criteria _

Tumor stage clearly described _

Hypothesis and/or objective(s) stated _

0

myes Eno

2 4 6 8 10 12

Figure 2 Quality assessment of 12 cohort studies included in the meta-analysis according to predefined eight items.
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study %
ID HR (95% CI) Weight
Geng Y, 2016 * == 1.24 (1.01, 1.53) 54.62
Feng JF, 2017 1© e 1.44 (1.04,1.99) 16.54
Wang L, 2017 1 —=——— 258(1.62,4.09) 2.43
Ishibashi Y, 2018 20 — 1.64 (0.74,3.96) 1.42
Zhang H, 2018 21 L B 1.36 (1.02,1.79) 24.98
Overall (I-squared = 16.0%, P=0.312) @ 1.34 (1.15, 1.53) 100.00
T T T
-4.09 0 -4.09
Figure 3 Meta-analysis of the correlation between Sll and OS.
Abbreviations: OS, overall survival; SlI, systemic immune-inflammation index; HR, hazard ratio; 95%Cl, 95% confidence interval.
Table 2 Subgroup analysis of the correlation between SIl and OS
Subgroup factor No. of studies Pooled HR (95% CI) P-value Heterogeneity
I (%) Phet
Pathological type
ESCC 4 1.34(1.14-1.53) <0.001 35.1 0.202
Mixed | 1.64(0.74-3.96) NS - -
Cut-off value
2462 2 2.23(1.26-3.21) <0.001 0.0 0.367
<462 3 1.30(1.11-1.50) <0.001 0.0 0.735
Follow-ups
25 years 4 1.31(1.11-1.50) <0.001 0.0 0.853
<5 years | 2.58(1.62-4.09) <0.001 -
Clinical stage
Non-metastatic 3 1.30(1.11-1.50) <0.001 0.0 0.735
Mixed 2 2.23(1.26-3.21) <0.001 0.0 0.367

Abbreviations: ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; 95%CI, 95% confidence interval; NS: not significant.

CAR in esophageal cancer
Overall survival (OS)
A total of 1,742 cases from seven articles reported the
effect of CAR on OS in esophageal cancer. The fixed
effects model was used for no obvious heterogeneity
(I’=35.7%, Ppe=0.155). The combined results showed
that patients with elevated CAR were expected to suffer
worse long-term OS (HR: 1.60, 95% CI: 1.29-1.90,
P<0.001; Figure 5).

As summarized in Table 3, when stratified by the
pathological type, CAR could be a significant prognostic

biomarker in ESCC (HR: 1.64, 95% CI: 1.30-1.98,
P<0.001). In addition, significant associations between
high CAR level and poor OS were also found in the
subgroup analyses of cut-off value (>0.277 vs <0.277),
treatments methods (With-surgery vs Mixed) and clinical
staging (Non-metastatic vs Mixed).

Clinical pathology

Histological grade. A total of four articles with 1,193
patients reported the relationship between CAR and histo-
logical grade. The pooled results indicated that no signifi-
cant association was observed between CAR and
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D OR (95% CI) Weight D OR (95% Cl) Weight
Geng Y, 2016 * —_— 1.05 (0.78, 1.40) 47.09 " i
" Geng Y, 2016 — 1.83 (1.36, 2.45) 4952
Feng JF, 2017 *® -— 1.09(057,209)  9.28 i
: Wang L, 2017 * - 2.73 (1.66, 4.49) 14.21
Wang L, 2017 *® —— 0.73(0.45, 1.18) 20.54 H
: Ishibashi Y, 2018 = = 5391(193,7.95 5.84
Ishibashi Y, 2018 2 168 (0.64,4.40)  3.44 H ( )
Zhang H, 2018 2! N L 1.35(0.88,207)  19.64 Zhang H, 2018 * — 1.90 (1.32,2.73) 3043
Overall (I-squared = 10.0%, P=0.349) :> 107(0.87,130)  100.00 Overall (I-squared = 42.4%, P=0.157) <> 210 (1.72, 2.56) 100.00
T T T T
227 1 44 126 1 7.95
study % study %
ID %
D OR (95% CI) Weight OR (95% C1) Weight
Geng Y, 2016 * — 144(1.06,1.96)  27.90
Geng Y, 2016 * — 154 (1.15, 2.07) 3201 :
Feng JF, 2017 * = 3.40(1.89,6.13) 14.73
Wang L, 2017 * —————=————— 2.54(1.56, 4.16) 21.88 !
Wang L, 2017 * — 249 (151,4.12) 17.87
ibashi » 1.17 (060, 2.28 15.48 - . :
Ishibashi Y, 2018 ( ) Ishibashi Y, 2018 * — 1.83 (0.94, 3.55) 12.45
Zhang H, 2018 1.15(0.84,1.58) 3062 Zhang H, 2018 * * 1.89 (1.37, 2.60) 27.05
Overall (I-squared = 60.8, P=0.0.054) <> 1.51(1.09,2.09)  100.00 Overall (I-squared = 50.4%, P=0.089) <> 200 (1.51,265) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T

T
241

T
163

Figure 4 Meta-analysis of the relationship between Sll and clinical pathology in EC patients: A) histological grade; B) infiltration depth; C) lymph node metastasis; D) clinical stage.
Abbreviations: SlI, systemic immune-inflammation index; EC, esophageal cancer; OR, odds ratio; 95%Cl, 95% confidence interval.

Study
ID

%
HR (95% Cl) Weight

Wei XL, 2015 % . 1.39 (1.03, 1.88) 51.45
Xu XL, 2015 % I:° 2.44 (1.82, 3.26) 18.01
Otowa Y, 2017 2 |~ 1.15 (0.56, 2.70) 8.16
Jomrich G, 2017 % [ 1.12 (0.54, 2.27) 12.48
Ishibashi Y, 2018 % l:* 1.99 (1.15, 3.50) 6.77
Kunizaki M, 2018 ¢ I:'- 2.35(1.19, 4.65) 3.12
Yu X, 2018 %7 : 7.93 (1.09, 58.80) 0.01
Overall (I-squared = 35.7%, P=0.155) | 1.60 (1.29, 1.90) 100.00
T II T
-58.8 1 58.8

Figure 5 Meta-analysis of the correlation between CAR and OS.
Abbreviations: OS, overall survival; CAR, C-reactive protein-to-albumin ratio; HR, hazard ratio; 95%Cl, 95% confidence interval.
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Table 3 Subgroup analysis of the correlation between CAR and OS

Subgroup factor No. of studies Pooled HR(95% CI) P-value Heterogeneity
1 (% P
( °) het
Pathological type
ESCC 5 1.64(1.30-1.98) <0.001 47.8 0.104
Mixed 2 1.43(0.73-2.12) NS 27.5 0.240
Cut-off value
20.277 3 1.92(1.42-2.42) <0.001 62.3 0.070
<0.277 4 1.41(1.02-1.80) <0.001 0.0 0.668
Treatments
With-surgery 5 1.78(1.33-2.23) <0.001 436 0.131
Mixed 1.45(1.03—1.86) <0.001 9.7 0.293
Clinical stage
Non-metastatic 3 2.04(1.44-2.64) <0.001 50.0 0.135
Mixed 4 1.44(1.09-1.80) <0.001 0.0 0.477
Abbreviations: ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; 95%ClI, 95% confidence interval; NS: not significant.
Study % Study %
D OR (95% CI) Weight D OR (95% Cl) Weight
Wei XL, 2015 2 1.60 (1.06, 2.42) 30.11 Wei XL, 2015 2 * 1.63 (0.99, 2.69) 30.76
Xu XL, 2015 2 —~—~— 1.84(1.06,3.19)  27.18 Xu XL, 2015 % - 1.93 (0.98, 3.80) 24.37
Ishibashi Y, 2018 2° ——-—% 1.83(0.68,4.89)  18.26 Ishibashi Y, 2018 2° _.H 5.12 (249, 10.52) 23.03
Yu XL, 2018 %7 0.47 (0.24,0.91)  24.44 Kunizaki M, 2018 2 —~— 2.48 (1.16,5.31) 21.84
Overall (I-squared = 74.7%, P=0.008) <:> 1.26 (0.69 0.32) 100.00 Overall (I-squared = 56.0%, P=0.078) <> 2.42 (1.48, 3.98) 100.00
NOTE: Weights are from random effects analysis : NOTE: Weights are from random effects analysis i
204 1 489 095 1 105
Study % Study %
D OR (95% Cl) Weight o OR (95% C) Weight
Wei XL, 2015 2 3.21(2.11,4.88) 39.97
Wei XL, 2015 2 - 1.63 (1.03, 2.58) 46.45 H
| XuXL, 2015 % - 2,94 (1.73, 4.99) 28.74
XuXL, 2015 % — > 257(147,4.49) 28.86 :
: Ishibashi Y, 2018 % —_— 2.13(1.09, 4.15) 19.10
Ishibashi Y, 2018 *° e 133(068,259)  24.69 = j
: Kunizaki M, 2018 ; 2.98(1.37, 6.47) 12.19
Overall (I-squared = 21.7%, P=0.008) <> 1.83 (134, 2.49) 100.00 Overall (1squared = 0.0%, P=0.788) <> 2900220, 381) 10000

223 4.49

T T
154 1 6.47

Figure 6 Meta-analysis of the relationship between CAR and clinical pathology in EC patients: (A) histological grade; (B) infiltration depth; (C) lymph node metastasis; (D) clinical stage.
Abbreviations: CAR, C-reactive protein-to-albumin ratio; EC, esophageal cancer; OR, odds ratio; 95%Cl, 95% confidence interval.

histological grade (OR: 1.26, 95%
P=0.456; random-effects; Figure 6A)

CI: 0.69-2.32,

Infiltration depth. Four articles with 1,088 patients
reported the correlation between CAR and infiltration
depth. As shown in Figure 6B, significant heterogeneity
was observed (12=56.O%, P1,.=0.078; random-effects), the

overall results showed that the patients with high CAR
more likely to have deeper tumor invasion (OR: 2.42, 95%
CI: 1.48-3.98, P<0.001)

Lymph node metastasis. Only three articles with 972
cases coved the correlation of high CAR on lymph node
metastasis. The fixed effect model was employed
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(P=21.7%, Ppe=0.279), the combined analysis revealed
the pooled OR of 1.83 with 95% CI: 1.34-2.49
(P<0.001) (Figure 6C), suggesting that high CAR was
significantly associated with lymph node metastasis.

Clinical stage. Four articles, consisting of 1,150 patients,
explored the association between CAR and clinical stage.
No obvious heterogeneity was found, the fixed effect
model was utilized (12:0.0%, Ppe=0.788). As indicated
in Figure 6D, the patients with high CAR tended to have
advanced tumor stages compared those with low CAR
(OR: 2.90, 95% CI: 2.20-3.81, P<0.001).

Publication bias

The Begg’s funnel plots were shown in Figure 7, and the
P-values of Begg’s were 0.086 for SII and 1.000 for CAR.
These results showed that there was no publication bias in
the current study.

Sensitivity analysis
The sensitivity analysis indicated that the results of the
combined analysis were robust (Figure 8).

Discussion

Serum biological markers are considered non-invasive and
obtained easily in daily clinical practice. Nowadays, many
blood-related parameters, including lymphocyte count,
plasma fibrinogen and albumin, have been reported as

A\ Begg's funnel plot with pseudo 95% confidence limits
15

log[hr]
o
|

2
s.e. of: logfhr]

Figure 7 Publication bias assessment for OS with SII (A) and CAR (B).

prognostic markers in various malignant tumors.?* ' But
a single blood indicator is often not stable and reliable for
they are inevitably susceptible to many other factors. And
some comprehensive index based on two or three hemato-
logical parameters have been identified, such as platelet to
lymphocyte ratio (PLR), monocyte/lymphocyte ratio
(MLR) and neutrophil/lymphocyte ratio (NLR), they all
showed the potential prognosis prediction in multiple
cancers.*?°

SII, as a combination of three blood-related factors,
neutrophil, platelet, and lymphocyte, was shown to be
related with prognosis in upper gastrointestinal (GI) can-
cers. For example, some researchers have reported that SII
might be a useful indicator in predicting survival and
clinicopathologic characteristics in patients with gastric
cancer.'**%37 In addition, SII has shown to be superior
to PLR, NLR, and MLR as a predictive biomarker in
ESCC.'*'® And CAR, based on serum C-reactive protein
and albumin, was also revealed the great usefulness as a
predictor of survival in various types of tumors, including
upper GI cancers. A number of studies have indicated that
preoperative high CAR was related with poor prognosis of

3841 and also could act as a

patients with gastric cancer,
predictor for short-term complications in gastric cancer
patients following gastrectomy.*” And the prognostic
values of CAR were also found in the patients with

EC. 19,20

B Beggs funnel plot with pseudo 95% confidence limits

log[hr]

0 5 1
s.¢. of: logfhr]

Abbreviations: OS, overall survival; SlI, systemic immune-inflammation index; CAR, C-reactive protein-to-albumin ratio.
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Figure 8 Sensitivity analysis for OS in Sll (A) and CAR (B).

Abbreviations: OS, overall survival; Sll, systemic immune-inflammation index; CAR, C-reactive protein-to-albumin ratio.

SII and CAR, they are both nutrition and inflammation-
based indexes although they are based on different serum
parameters. The data of these serum factors can be avail-
able in routine blood tests, and they are cheap, non-inva-
sive, and easily accessible. And the two indexes could
better reflect systemic inflammatory response and also
showed better predictive performance in tumors. As yet,
until now, there are no studies that comprehensively assess
the prognostic and clinicopathological roles of both SII
and CAR in cancer of the esophagus. In order to provide
new insights that helping understanding the clinical values
of SII and CAR in EC patients, a total of twelve original
datasets were included to demonstrate the relationship
between SII/CAR and clinical relevance in oesophageal
cancer. The combined results showed that high pretreat-
ment SII/CAR was significantly associated with worse
clinical outcomes in EC patients.

Our study is the first meta-analysis to evaluate the
clinical roles of both SII and CAR in EC patients. We
found that high pretreatment SII and CAR were closely
related to worse clinical outcomes in EC. Both high pre-
treatment SII and CAR were significantly related to shorter
OS in EC patients. And the subgroup meta-analyses also
further confirmed the clinical roles of these two indexes in
this disease. As for the relationships between SII or CAR
and clinical pathological factors in EC, we found that
elevated SII and CAR were significantly related with

deeper infiltration depth, positive lymph node metastasis,
and advanced clinical stage.

Nevertheless, there exist some limitations to our study.
First, the total number of included studies were still rela-
tively small and only the articles published in English
were searched. Second, the included studies conducted in
Asian countries are the majority, which might entail the
preferences of the population. Third, most of the studies
focused on the prognostic roles of these two indexes on
ESCC, as the difference in the pathology of EAC, their
prognosis prediction on EAC need further validated.
Fourth, there were a diversity of cut-off values that were
used to divide the patients into high and low SII/CAR
groups. Additionally, many other factors, such as post-
operative treatment, tumor stage, they could also affect
the survival time of the patients.

In conclusion, our study provides clear evidence that
both SII and CAR are correlated with clinical outcomes in
EC and could be used as a noninvasive prognostic marker
for this disease. In this meta-analysis, the cut-off values for
SII (462) and CAR (0.277) are recommended that would
be useful for predicting outcomes. Given the limitations
mentioned, further larger multi-center studies are required
to further confirm our findings.
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Supplementary File 1. Literature search strategy in
PUBMED

((((C-reactive[All Fields] AND protein-to-albumin[All
Fields] AND (“Ratio (Oxf)“[Journal] OR “ratio“[All
Fields])) OR (“automobiles“[MeSH Terms] OR
“automobiles“[All Fields] OR “car“[All Fields])) OR
((“c-reactive protein“[MeSH Terms] OR (“c-reactive*“[All
Fields] AND “protein“[All Fields]) OR ‘“c-reactive
protein“[All Fields] OR “c reactive protein“[All Fields])
AND (“albumins“[MeSH Terms] OR “albumins“[All
Fields] OR “albumin“[All Fields]))) OR ((systemic[All
Fields] AND immune-inflammation[All Fields] AND
(“abstracting and indexing as topic“[MeSH Terms] OR
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(“abstracting“[All Fields] AND “indexing“[All Fields]
AND “topic”[All Fields]) OR “abstracting and indexing
as topic”[All Fields] OR ”index”[All Fields])) OR (”Stat

Interface”[Journal] OR  sii”[All  Fields]))) AND
(((C’carcinoma”[MeSH Terms] OR carcinoma”[All
Fields]) OR  (neoplasms”[MeSH  Terms] OR

”neoplasms”[All Fields] OR cancer”[All Fields])) OR
(’tumour”[All Fields] OR ”neoplasms”[MeSH Terms]
OR neoplasms”[All Fields] OR ”tumor”[All Fields]))
AND  esophageal[All  Fields]) AND (”0001/01/
01”[PDAT]: 2018/09/01’[PDAT]) AND ("loattrfull
text”[sb] AND English[lang])
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