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Abstract

Background The SlI (systemic immune-inflammation index) has been extensively reported to have a prognostic
value in prostate cancer (PCa), despite the unconformable results. The purpose of this meta-analysis is to quantify the
effect of pretreatment Sl on survival outcomes in patients with PCa.

Methods The following databases were searched: Web of Science, Cochrane Library, PubMed, Embase, and China
National Knowledge Infrastructure (CNKI). For exploration of the SlI's correlations with the overall survival (OS) and the
progression-free survival/biochemical recurrence-free survival (PFS/bRFS) in PCa, the pooled hazard ratios (HRs) were

assessed within 95% confidence intervals (Cls).

Results The present meta-analysis covered 10 studies with 8133 patients. Among the PCa population, a high SIl was
linked significantly to poor OS (HR = 2.63, 95% Cl = 1.87-3.70, p < 0.001), and worse PFS/bRFS (HR = 2.49, 95% (I =
1.30-4.77, p = 0.006). However, a high Sl was not linked significantly to T stage (OR = 1.69, 95% C/ = 0.86-3.33,p =
0.128), the metastasis to lymph node (OR = 1.69, 95% C/ = 0.69-4.16, p = 0.251), age (OR = 1.41,95% C/ = 0.88-2.23,
p = 0.150), or the Gleason score (OR = 1.32,95% C/ = 0.88-1.96, p = 0.178).

Conclusions For the PCa sufferers, the Sl might be a promising prognostic biomarker, which is applicable to the
high-risk subgroup identification, and provide personalized therapeutic strategies.
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Background

Apart from being the 2nd commonly diagnosed car-
cinoma, prostate cancer (PCa) also represents the 5th
leading cause of carcinoma-associated mortality among
males globally [1]. Based on GLOBOCAN 2020 esti-
mates, there were 1,414,259 new PCa cases and 375,304
PCa-associated deaths in 2020 around the world [1]. The
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global incidence of PCa varies more than 25-fold, with a
higher prevalence in Western countries and a lower prev-
alence in Asian countries [2]. The last few decades have
witnessed an elevation in the global PCa incidence [3].
Its prognosis is heterogeneous, according to tumor stage.
Most PCa cases have localized disease, and the 5-year
rate of survival is nearly 100% in these populations. How-
ever, the patients with metastatic castration-resistant
PCa (mCRPC) have poor prognosis, whose median time
of survival is 24 months and 5-year rate of survival 30%
[4, 5]. Prognostic biomarkers are important for improv-
ing the survival outcomes of patients with PCa [6]. For
example, a recent study (PRIMERA trial) including 44
patients revealed that androgen receptor (AR), prostate-
specific antigen (PSA), and prostate-specific membrane

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit httpy/creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-022-02878-7&domain=pdf

Zhang and Xu World Journal of Surgical Oncology (2023) 21:2

antigen (PSMA) expression in circulating tumor cells
(CTC)+ had no significant impact on PSA drop and
survival in mCRPC patients [7]. The PRIMERA trial
validated the predictive importance of CTC detection in
mCRPC patients as a result [7]. Hence, identification of
novel biomarkers and treatment targets is imperative, in
order to enhance the prognosis for patients with PCa.

As indicated by growing evidence, the systemic inflam-
matory reactions are significant determinants of cancer
development and survival outcomes in various cancer
types [8]. Many serum inflammatory parameters, includ-
ing the ratios of neutrophils/lymphocytes [9], platelets/
lymphocytes [10], C-reactive proteins/albumin [11], and
the SII (systemic immune-inflammation index) [12],
have been reported to be effective prognostic markers
in different cancer types. The SII was calculated as fol-
lows: platelet quantity x neutrophil quantity/lymphocyte
quantity. Its role as a prominent prognostic biomarker
has been demonstrated in numerous types of carcino-
mas, such as the hepatocellular [13], pancreatic [14],
breast [15], and non-small cell lung [16] carcinomas.
Despite the prior explorations on SII's prognostic signifi-
cance among the PCa population, unconformable results
have been yielded [17-26]. High SII in PCa has been con-
sidered a valid prognostic biomarker for the poor out-
come by several researchers [19, 21, 24], whereas others
have denied this association [20]. Hence, the objective of
the present meta-analysis is to evaluate SII's prognostic
value in PCa based on current evidence.

Materials and methods

Study guideline and ethics approval

The present meta-analysis was carried out as per the
guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [27]. The
PRISMA checklist was shown in supplemental file 1. This
meta-analysis has been registered with INPLASY (Regis-
tration No. INPLASY2022110155) and is available from
https://inplasy.com/inplasy-2022-11-0155/. Being a liter-
ature-based study in nature, ethical approval was unnec-
essary; moreover, no data containing individual patient
information were used.

Data sources and literature search

The following electronic databases were searched thor-
oughly: Web of Science, Cochrane Library, PubMed,
Embase, and China National Knowledge Infrastructure
(CNKI). The search duration was from the databases’
inception to November 27, 2022. The search heading
terms and keywords included “systemic immune-inflam-
mation index,” “SII, “prostate cancer, “PCa,” “prostate

carcinoma,” and “prostate neoplasm” All searches used
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both subject headings of Medical Subject Headings
(MeSH) terms and free test words. The detailed litera-
ture strategies for each database are shown in supple-
mental file 2. No language restrictions were applied. The
reference lists were manually searched to find eligibility
records.

Selection criteria

The inclusion criteria were identified according to the
PICOS (population, intervention, comparator, outcomes,
and study) criteria. The inclusion criteria were formu-
lated as shown below:

(i)P (population): Patients whose PCa was confirmed
pathologically

(ii) I (intervention): The SII level was examined pre-
treatment for PCa patients, and studies identified
a cutoff value of SII for stratifying patients as low/
high SII.

(iii) C (comparator): PCa patients with low SII level

(iv) O (outcomes): Studies reported association between
SII and PCa survival outcomes; presented any of such
survival outcomes as bRFS (biochemical recurrence-
free survival), RFS (recurrence-free survival), DFS
(disease-free survival), PFS (progression-free sur-
vival), and OS (overall survival); and provided HRs
(hazard ratios) and corresponding 95% ClIs (confi-
dence intervals) for survival outcomes or provided
sufficient data to calculate them.

(v) S (study design): Cohort studies, including prospec-
tive and retrospective cohorts published in English
or Chinese.

Studies were excluded when any of the following cri-
teria was satisfied: (i) case reports, meeting abstracts,
reviews or letters, (ii) studies with overlapping patients,
(iil) studies with inadequate data for making HR and 95%
CI estimations, and (iv) nonhuman studies.

Data extraction and quality assessment

All of the retrieved studies were assessed by 2 independ-
ent investigators (B. Z. and T. X.), who were also respon-
sible for extracting information based on a designated
form. Disputes were all resolved through negotiation
until a consensus was reached. Information extracted
included the name of first author, country, age, year of
publication, sample size, research design, study duration,
metastatic status of disease, therapeutic management,
follow-up, SII cutoff, method for cutoff selection, quan-
tity of patients having low/high SII, models of survival
analysis, survival endpoints, study center, and HRs with
95% Cls. The methodological quality of enrolled studies
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was assessed by two reviewers (B. Z. and T. X.) indepen-
dently on the NOS (Newcastle-Ottawa scale) [28], which
achieves quality evaluation from 3 dimensions: selection,
comparability, and outcome of interest. The NOS scores
varied between 1 and 9 points, and the quality of studies
was considered high when the NOS scores > 6.

Statistical analysis

SII's prognostic significance for OS and PFS was
assessed by estimating the pooled HRs with 95% Cls.
For the evaluation of inter-study statistical hetero-
geneity, the y>-based Q-test combined with Higgins’
I test was employed. Inter-study heterogeneity was
considered significant when the p-value of Q-test
(Ph) < 0.10 and I > 50%; accordingly, we adopted the
random-effects model. In other cases, a fixed-effects
model was utilized. Further exploration was made
via the subgroup analysis. The association of SII with
the clinicopathological traits of PCa was examined
through computation of ORs (odds ratios) and 95% Cls.
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Sensitivity analysis was used to examine the stability of
the results. Possible publication bias was detected by
utilizing the Egger’s test in conjunction with Begg’s fun-
nel plot. All of the statistical analyses were made via the
Stata 12.0 (StataCorp, TX, USA), and p-values of < 0.05
were regarded as statistically significant.

Results

Study selection process

Figure 1 displays a PRISMA flowchart for screening
studies. A total of 118 records were identified upon
the initial literature retrieval, and after elimination of
duplicate records, 59 studies were retained. Next, 31
of these 59 studies were excluded upon examination of
their titles and abstracts, and the remaining 28 stud-
ies were subjected further to the full-text examination.
Thereafter, 18 studies were eliminated due to absence
of data on survival (12 studies), recruitment of overlap-
ping patients (3 studies), no cutoff value (2 studies), and

Fig. 1 Flowchart for selection of studies
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the absence of data on SII (1 study). Finally, the number
of studies included in the present meta-analysis totaled
10, involving 8133 patients [17-26].

Characteristics of the included studies

Table 1 details the basic traits of the enrolled studies
[17-26], which were published from 2016 to 2022. The
size of samples varied from 80 to 6039, with a median
value of 204.5. Four studies were conducted in China
[19, 22, 23, 25], two in Italy [17, 21], and one each in
Spain [18], Japan [20], Poland [26], and Austria [24].
Language of publication was English for 9 studies
[17-22, 24-26] whereas was Chinese for 1 study [23].
Six studies included mCRPC patients [17-22], and
four studies included patients with nonmetastatic PCa
[23-26]. Nine studies were retrospective [17, 19-26]
and one was a prospective trial [18]. Eight studies
were single-center studies [18-23, 25, 26], while two
were multicenter studies [17, 24]. The SII cutoff var-
ied between 200 and 900, with a median of 576. Eight
studies offered data concerning the SII-OS correla-
tion [17-23, 26], and two studies presented data on the
correlation between the SII and PFS [19, 20], and two
studies reported the data on connection between SII
and bRFS [24, 25]. Variation scope of NOS scores was
6-9 for the enrolled studies, exhibiting a median of 8,
suggesting that the quality of entire enrolled studies
was high (Table 1).

Prognostic of Sll for OS in PCa

Eight studies with 1803 patients [17-23, 26] provided HR
and 95% CI statistics concerning SII for OS. Since the
heterogeneity was significant (? = 73.1%, p <0.001), we
adopted the random-effects model. As is clear from the
pooled results in Fig. 2 and Table 2, high SII was linked sig-
nificantly to the poor OS (HR = 2.63, 95% CI = 1.87-3.70,
p < 0.001). According to the subgroup analysis results, a
SII elevation remained a prominent prognostic biomarker
for OS, irrespective of research design, and investigated
center, region, sample size, cutoff, metastatic state, thera-
peutic management, or type of survival analysis (Table 2).

Prognostic of SlI for PFS/bRFS in PCa

Four studies involving 6578 patients [19, 20, 24, 25]
provided data on SII and PFS/bRFS prognosis. Accord-
ing to the pooled HR and 95% CI statistics in Fig. 3 and
Table 3, a high SII was a prominent prognostic bio-
marker for poor PFS/bRFS among the PCa population
(HR = 2.49, 95% CI = 1.30-4.77, p = 0.006; I* = 89.8%,
Ph < 0.001). As revealed by the subgroup analysis,
region and cutoff were not influencing factors of SII's
prognostic function in PFS/bRES (Table 3).
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Correlation between Sll and clinicopathological factors

in PCa

Data concerning SII's association with the clinico-
pathological parameters in PCa, including the Gleason
score (> 8 vs. < 8), lymph node (LN) metastasis (yes vs.
no), T stage (> 3 vs 1-2), and age (> 70 vs. < 70) were
reported in 5 studies involving 7056 patients [22-26].
As demonstrated by the results in Fig. 4 and Table 4,
a high SII was not linked significantly to T stage (OR
= 1.69, 95% CI = 0.86-3.33, p = 0.128), the metasta-
sis to LN (OR = 1.69, 95% CI = 0.69-4.16, p = 0.251),
age (OR = 1.41, 95% CI = 0.88-2.23, p = 0.150), or the
Gleason score (OR = 1.32, 95% CI = 0.88-1.96, p =
0.178).

Sensitivity analysis

To test the stability of this meta-analysis, sensitivity anal-
ysis was conducted through removing each study in turn
to recalculate the combined data. The pooled HR esti-
mates were not significantly changed, indicating that the
results were stable (Fig. 5).

Publication bias

Assessment of publication bias was accomplished
through the Begg’s and Egger’s tests. However, the pub-
lication bias for neither OS (Begg’s test: p = 0.174 and
Egger’s test: p = 0.310) (Fig. 6A and B) nor PFS/bRFS
(Begg’s test, p = 0.089; Egger’s test, p = 0.139) (Fig. 6C
and D) was found significant.

Discussion

In former researches, the potential of SII as a prognos-
tic biomarker has been explored for the PCa population
[17-26], despite the unconformable results. In our cur-
rent meta-analysis, the exact prognostic role of SII in PCa
was clarified by pooling the data from 10 studies involv-
ing 8133 patients. According to our findings, a high SII
represented an independent prognostic biomarker for
PFS/bRES and OS among the PCa patients. Besides, SII
exhibited a reliable prognostic power across varying sub-
groups. However, elevated SII also not correlated with
LN metastasis, T stage, Gleason score, or age in PCa.
Based on the evidence obtained from this meta-analysis,
we recommend the application of SII as a cost-efficient
new biomarker for guiding the management and follow-
up for the PCa population.

Increasing evidence has suggested the tight linkage of
immunoreactions to the cancer occurrence, develop-
ment, and metastasis [29, 30]. Tumor-derived proinflam-
matory cytokines like IL (interleukin)-6, IL-8, VEGE,
tumor necrosis factor-«, and interferon-y can be secreted
into the tumor microenvironment, leading to chronic



Page 5 of 13

(2023) 21:2

Zhang and Xu World Journal of Surgical Oncology

J3dued 31ey50id bH4 ‘pariodal jou
YN ‘3]e2S BME1IQ-3[ISEIMIN SON ‘D11sHaldeleyd Huriesado JaA193a1 HOY 19oued 91esoid 1UelsISal-UOIeIISed DI1RISeIaW DdyIW ‘XPUl UOIIBWWEJUI-dUNWIWI dIWSISAS [/S ‘|BAIAINS 991)-UOISSDI601d S ‘|BAIAINS |[RISAO SO

191U3D  d1eleA Awo1d9101 B dneis 8107 9Andads
8 91buIS - SO 81¢/€0C 9MNd DOY 006 69 -soid[edipey  -BIDWUON -cloc -019Y 59 lZy  puejod ¢z0z d'eedez
191U3d  d1eleA Awo1d91e1 e dnes 6107 2ADads
8 3|buIs - S449 91/6CL  °AND DOY 58S 8y -soid [edipey  -BIDWUON ~10¢ -0l19y €199 l6¢ eUlYyD ¢z0c S 'Buem
J21USD  d1eleA Awo1d9101 eDd dnels 110z @AIDads
8 - NN S449  8691L/L¥EY  SAIND DOY 029 ¥ -soid [edipey  -elaWUON -000¢ -0n2y 19 6£0'9  euUISNY  1Z0C  d ‘emley
J21USD  dleleA anjen 610C Auwo1d9101 e)d dneis G107z oAndads  (9/-€h)
/ 316uIS BN SO ¥S/¢L uesiy 19 aunrol -soid [edjpey  -BISWUON -€10¢ -0l19Y ¥9 acl eulyd 0coc 7 'Ued
Adesayy
-owayd
121U 21e1IeA + Adesayy 8107 92Adads  (88-16G) ‘N A
8 31buIs -BINA SO ¥6/58  2inieiai] GeES  (BLL-O¥T QUOWIOH Ddgow -010¢ -0nsy (074 6/1 eulyy 610¢ ‘uepy
Adelayy
-owayd
121U 218 21eM10os + Adesayy SL0Z 9Aads  (06-5)
8 3IbuIs  -leAlun SO €1/86 9Il-X GES 8l SUOWIIOH Dddow -110¢ -0nsYy v/ 0€C Ay 910z DIIOT
JEMVED) 91eLIeA anjea Adesayy 8107 9AInDads ‘H 'lyseAe
1A albuis -HN S4d SO cL/eL uelpaiy 9¢9 9¢—¢ -owsy> Ddyow —-800¢ -0l19Y L/ Pyl ueder zzoz -qON
Adesayy
-owayd
JEMVED) EIEEN + Adelayy /107 9AIDads
9 91buis -HNA S4d ‘SO dN 9AIND DOY 00¢ 6l SUOWIOH Ddyow —€10¢ -0l19yY A 0l eulyy  g1oc 7 'ueq
Adesaya
-owayd TW
191U3D aje + Adesayy 810C EN ‘OUION
6 dlbuis  -Lealun SO €E//y  2inielel GES 6l SUOWIOH Ddyow ~107 -29dsoid L'CL 08 ureds 0zoz  -eeuod
J91U9D  dleleA 0207 2A23ds  (06-09) RUED]
L -BINN -NN SO C€1/09¢ =9AIN3 DOY 889/ L0l gcc-wnipey Dddow —€10¢ -0l19y 174 615 Ajey 1zoe -pneg
(9buey)
adfy s uelpap
210>s  191udd sisAjeue sujodpus  ybiy/mo| uondI|IS anjen  (syjuow) snje}s uoneinp ubisap  (sieak) azis
SON ApNiS |eAIAINS |BAIAINS O sjudlled Jo-1nD)  yo-i1n) dn-mojjo4 Judwiedi] dneisedyy Apnis  Apnis 9by ajdwes Anuno)y Jesap Joyiny
S21pN1S papn|aul JO SdlisualdeIRYD Diseg | djqel



Zhang and Xu World Journal of Surgical Oncology (2023) 21:2

Study

Bauckneht, M. (2021)
Donate-Moreno, M. J. (2020)
Fan, L. (2018)

Kobayashi, H. (2022)

Lalli, C. (2016)

Man, Y. N. (2019)

Pan, Z. (2020)

Zapala, P. (2022)

Overall (l-squared =73.1%, p = 0.000)

NOTE: Weights are from random effects analysis

Page 6 of 13

%

HR (95% Cl)  Weight

—=— 2.40 (1.82, 3.16) 16.65
—O-é— 2.23(1.20, 4.16) 11.52

E * 4.70 (1.90, 11.70)8.04
—— i 1.42 (0.93, 2.16) 14.54
—f—%— 2.08 (1.48, 2.92) 15.76

: 2.13 (1.16, 3.91) 11.75
——+—> 889 (4.78, 16.55)11.54
_._ 2.59 (1.26, 5.31) 10.21

<> 2.63 (1.87, 3.70) 100.00

T
.0604

1

T
16.5

Fig. 2 Forest plot of the relationship between high Sl and overall survival in prostate cancer

inflammation, thus facilitating tumor progression [31].
The SII is a combination of neutrophil, lymphocyte, and
platelet counts; thus, it can be elevated in the event of
high quantities of neutrophils, platelets, and/or a low
quantity of lymphocytes. Current evidence indicates that
a microenvironment is offered by the tumor-infiltrating
neutrophils, which facilitates the tumor cell growth; they
also promote angiogenesis and cell mobility [32]. By con-
straining the cytolytic potential of various immunocytes,
high neutrophil counts inhibit the immunity system [29].
Platelets can release various matrix metalloproteinases
to facilitate the degradation of the extracellular matrix,
thereby promoting metastasis of cancer cells [33]. In
addition, through the proangiogenic cytokine discharge
inside the microvasculature of cancer cells, the platelet
aggregation is capable of facilitating the tumor growth
[34]. In contrast, for the tumor development suppression,
lymphocytes are involved critically in the immunosur-
veillance for cancer [35]. Lymphocytes, including subsets
such as CD8+ and CD3+ T cells, correlated with good
prognosis in various cancers [36]. Therefore, a high SII

is a promising indicator of a combination of neutrophils,
lymphocytes, and platelets.

The exact prognostic significance of PSA (prostate-
specific antigen), the most extensively applied PCa
biomarker [37], in PCa has been reported in several
important latest studies [38—40]. A study on 148 patients
showed the validity of PSA as a biomarker for forecast-
ing the PCa prognosis when its levels were from 20 to
70 ng/mL [38]. According to another study focusing on
PCa sufferers having low levels of PSA, the tumor stage
was more advanced when the PSA level at diagnosis was
< 3.5 ng/ml compared to that between 3.5 and 10 ng/ml
[39]. As suggested by a study enrolling 90 PCa patients
whose PSA levels were > 100 ng/mL, the differences in
OS or CSS were insignificant among the 3 PSA groups,
namely the slightly high (100-200 ng/mL), moderately
high (200-1000 ng/mL), and considerably high (> 1000
ng/mL) groups [40]. According to the results of our cur-
rent meta-analysis, the prognosis of patients was poor
when their SII was high. SII is an independent risk factor
for PCa and could be a better screening method for PCa
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Table 2 Subgroup analysis of the prognostic role of Sli for OS in patients with prostate cancer

Subgroup factors No. of No. of patients Effects model HR (95% CI) p Heterogeneity
studies (%) Ph

Total 8 1803 Random 2.63(1.87-3.70) <0.001 73.1 <0.001
Region

Asian 4 553 Random 3.26 (1.36-7.85) 0.008 88.0 < 0.001

Non-Asian 4 1250 Fixed 2.29(1.88-2.78) < 0.001 0 0910
Sample size

<200 5 633 Random 3.00(1.52-5.93) 0.002 84.1 < 0.001

> 200 3 1170 Fixed 2.29(1.87-2.81) < 0.001 0 0.767
Metastatic status

mCRPC 1256 Fixed 2.14(1.80-2.54) < 0.001 30.8 0.204

Nonmetastatic 2 547 Random 487 (1.45-16.29) 0.010 84.5 0011
Cutoff value

<600 4 593 Fixed 2.26(1.75-2.92) < 0.001 0 0430

> 600 4 1210 Random 2.89(1.51-5.53) 0.001 87.0 <0.001
Cutoff selection

ROC curve 3 1044 Fixed 2.55(1.99-3.26) < 0.001 0 0.382

Literature 2 259 Fixed 2.18(141-337) <0.001 0 0919

Median/mean value 2 270 Random 3.50(0.58-21.13) 0172 95.6 < 0.001

X-tile software 1 230 - 2.08(1.48-2.92) < 0.001 - -
Study design

Retrospective 7 1723 Random 2.70 (1.84-3.97) < 0.001 76.9 < 0.001

Prospective 1 80 - 2.23(1.20-4.16) 0.012 - -
Study center

Single center 7 1284 Random 2.72(1.75-4.24) <0.001 769 <0.001

Multicenter 1 519 - 2.40(1.82-3.16) < 0.001 - -
Treatment

Hormone therapy + chemotherapy 4 593 Fixed 2.26 (1.75-2.92) < 0.001 0 0430

Radical prostatectomy 2 547 Random 4.87 (1.45-16.29) 0.010 84.5 0.011

Radium-223/chemotherapy 2 663 Random 1.89 (1.13-3.16) 0.015 76.0 0.041
Survival analysis type

Multivariate 6 1493 Random 290 (1.78-4.71) < 0.001 80.1 <0.001

Univariate 2 310 Fixed 2.11(1.57-2.85) < 0.001 0 0.846

OS overall survival, SIl systemic immune-inflammation index, ROC receiver operating characteristic, mCRPC metastatic castration-resistant prostate cancer

before biopsy [41]. Therefore, the SII could be used as a
biomarker for improving the diagnostic and prognostic
accuracy of PSA. Furthermore, a recent study suggested
that the level of CCL2 (serum CC motif (chemokine)
ligand 2) is a valid prognostic indicator for poor survival
in PCa [42]. Patients with serum CCL2 levels > 320 pg/
mL had relatively worse OS, CSS, and CRPC-free sur-
vival than those with CCL2 concentrations < 320 pg/mL
[42]. The relationship between CCL2 levels and the SII
needs to be investigated in future studies.

Notably, this meta-analysis included four stud-
ies with the endpoint of PFS [19, 20] and bRFS [24,
25]. Two studies enrolled patients with mCRPC [19

20], whereas two studies recruited the localized PCa
patients [24, 25]. The definition of these endpoints
in four studies is not all the same. In Fan’s study [19]
with mCRPC patients, PFS referred to an interval from
the commencement of the first mCRPC therapy (i.e.,
docetaxel-prednisone or abiraterone) until the time of
radiographic progression. In Kobayashi, H’s work [20]
with mCRPC patients, an interval from the disease
diagnosis to progression was regarded as PFS. Besides,
disease was considered progressed when the serum
level of PSA was elevated by > 2 ng/mL, the rise over
nadir was 50%, and/or a new lesion emerged, or the
known lesions classified as per the RECIST (ver. 1.1)
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Fig. 3 Forest plot of the relationship between high Sl and progression-free survival/biochemical recurrence-free survival in prostate cancer

Table 3 Subgroup analysis of the prognostic role of SlI for PFS/bRFS in patients with prostate cancer

Subgroup factors No. of No. of patients Effects model HR (95% CI) p Heterogeneity
studies (%) Ph
Total 4 6578 Random 2.49 (1.30-4.77) 0.006 89.8 <0.001
Region
Asian 3 539 Random 3.31(1.14-9.59) 0.027 89.9 <0.001
Non-Asian 1 6039 - 1.34 (1.15-1.56) <0.001 - -
Sample size
<200 2 248 Random 2.89(0.61-13.79) 0.183 934 <0.001
> 200 2 6330 Random 234(0.71-7.69) 0.160 91.2 0.001
Metastatic status
mCRPC 2 248 Random 2.89(0.61-13.79) 0.183 934 < 0.001
Nonmetastatic 2 6330 Random 234 (0.71-7.69) 0.160 91.2 0.001
Cutoff value
<600 2 395 Fixed 545 (333-8.92) <0.001 0452
> 600 2 6183 Fixed 1.34 (1.17-1.54) <0.001 1.000
Study center
Single center 3 539 Random 331(1.14-9.59) 0.027 89.9 < 0.001
Multicenter 1 6039 - 1.34 (1.15-1.56) < 0.001 - -
Treatment
Hormone therapy + chemotherapy 1 104 - 6.60 (3.27-13.30) <0.001 - -
Radical prostatectomy 2 6330 Random 2.34(0.71-7.69) 0.160 91.2 0.001
Radium-223/chemotherapy 1 144 - 1.34(0.91-1.98) 0.140 - -

PFS progression-free survival, S/l systemic immune-inflammation index, mCRPC metastatic castration-resistant prostate cancer
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Fig. 4 Forest plots of the association between high Sl and clinicopathological factors in prostate cancer. A Gleason score (> 8 vs < 8), B lymph
node metastasis (yes vs no), CT stage (> 3 vs 1-2), and D age (years) (> 70 vs < 70)

Table 4 The association between Sll and clinicopathological features in patients with prostate cancer

Clinicopathological factors No. of No. of patients Effects model OR (95% CI) p Heterogeneity
studies (%) Ph
Gleason score (> 8 vs < 8) 4 6635 Random 1.32(0.88-1.96) 0.178 64.6 0.037
Lymph node metastasis (yes vs no) 3 6586 Random 1.69 (0.69-4.16) 0.251 785 0.009
Tstage (> 3vs 1-2) 4 6877 Random 1.69 (0.86-3.33) 0.128 77.0 0.005
Age (years) (> 70 vs < 70) 2 305 Fixed 1.41(0.88-2.23) 0.150 355 0213

increased by one or more [43]. In Rajwa’ s study with
localized PCa patients, bRFS was defined as the inter-
val from radical prostatectomy to the first PSA rise of
two consecutive PSA values > 0.2 ng/ml [24]. Although
the definitions are not all the same, our results dem-
onstrated that in PCa, a high SII was a prominent
prognostic biomarker for poor PFS/bRFS (Table 3).
To probe deeper into SII's prognostic function among
patients with different metastatic status, subgroup
analysis was conducted. The results showed that a high
SII was not associated with poor PFS/bRES in localized

PCa patients (p = 0.160), as well as not with worse PFS/
bRFS in mCRPC patients (p = 0.183) (Table 3). Because
of the relatively small size of samples, our results still
need be verified through large-scale researches.

SII's prominent prognostic value has been pinpointed
for varying solid tumors by extensive recent meta-anal-
yses [44—47]. As suggested by a meta-analysis involving
7 studies, an elevated pretreatment SII was linked to
inferior carcinoma-specific survival/DFS/PES and poor
OS in pancreatic carcinoma patients [44]. According to
another meta-analysis covering 4236 patients, a high
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Fig. 5 Sensitivity analysis. A OS and B PFS/bRFS

pretreatment SII forecasted poor OS in gastric carci-
noma [48]. A high SII was also reported to be linked to
the poor OS among the renal cell carcinoma sufferers
[47]. Through a meta-analysis involving 2,796 patients,
Wang et al. reported that elevated pretreatment SII was
related to lower OS and earlier time-to-recurrence in
hepatocellular carcinoma [49]. As indicated by a lat-
est meta-analysis enrolling 12 studies, high levels of SII
were correlated pronouncedly with worse PES and OS
among the colorectal cancer population [50]. Our pre-
sent results on SII's prognostic role agree with those in
other types of carcinomas.

4.17

1
10.17

Regarding several shortcomings of our meta-analy-
sis, first of all, the optimal SII cut-off was not deter-
mined. The included studies used different cutoff
thresholds, which might have contributed to the het-
erogeneity among studies. Second, majority of the
enrolled studies were retrospective, while there was
merely 1 enrolled prospective study. Thus, differ-
ences in unadjusted factors could lead to selection
bias. Third, our meta-analysis included qualified pub-
lished studies in English or Chinese only, while failing
to enroll relevant articles in other languages, which is
also likely to result in inherent heterogeneity.
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Fig. 6 Publication bias determination using Begg’s test and Egger’s test. A Begg’s test for OS, p = 0.174. B Egger’s test for OS, p = 0.310. C Begg's

test for PFS/bRFS, p = 0.089. D Egger’s test for PFS/bRFS, p = 0.139

Conclusively, the present meta-analysis suggests the
correlation of an elevated pretreatment SII with the
shortened PFS/bRES and OS among the PCa population.
SII monitoring could be a potentially effective approach
for improving the survival of patients with PCa.
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