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Abstract

Background: This study aimed to summarize the previously published literature on the role of platelet-to-lymphocyte
ratio (PLR) on overall survival (OS) in patients with gastric cancer.

Methods: We systematically searched PubMed, EmBase, and the Cochrane library to identify eligible studies to review.
Pooled hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using the random-effects model.
Sensitivity and subgroup analyses were performed, and publication bias was assessed.

Results: A total of 28 studies comprising 15,617 patients with gastric cancer were included in this meta-analysis. The
pooled results indicated that elevated PLR was associated with poor OS (HR: 1.37; 95% CI: 1.24–1.51; P < 0.001). A
significant publication bias was observed (Egger test, P = 0.036; Begg test, P = 0.017). After adjusting for publication bias
using the trim and fill method, an adjusted pooled HR of 1.19 (95% CI: 1.08–1.33; P = 0.001) was observed. Subgroup
analyses indicated an elevated PLR in retrospective studies. Studies conducted in Turkey, the UK, the USA, and Costa
Rica; studies with a sample size of < 1000, with < 70% male patients, and with patients treated with chemotherapy;
studies with PLR cutoff value of ≥200; and studies with lower quality as determined by the Newcastle-Ottawa Scale all
showed greater harmful effects on OS than their corresponding subsets (P < 0.05).

Conclusions: An elevated PLR was associated with poor OS in patients with gastric cancer. These results might differ
between studies due to differences in design, country of origin, sample size, sex proportion, treatment strategy, PLR
cutoff value, and study quality.
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Background
Gastric cancer is the second most common cancer in
China. Nearly 679,100 new gastric cancer cases are diag-
nosed, and 498,000 patients die from gastric cancer annu-
ally [1]. Patients are usually diagnosed at advanced or
metastatic stages due to the lack of clinical symptoms spe-
cific to gastric cancer, making it an extremely deadly dis-
ease with unfavorable prognosis despite the development
of new surgical techniques, chemotherapy, and radiother-
apy [2]. Currently, the standard treatment strategy for

metastatic gastric cancer includes chemotherapy and tar-
geted therapy. The response rate to first-line treatment
ranges from 27 to 54% [3–5]. Therefore, simple, low-cost
methods to evaluate the prognosis of gastric cancer should
be explored.
Several studies have indicated that the immune system can

affect tumor growth, with neutrophils, lymphocytes, mono-
cytes, and platelets possibly playing an important role in the
tumor-induced systemic inflammatory response [6, 7]. This
response may accelerate tumor development and metastasis
through the following mechanisms: promoting secretion of
inflammatory mediators and cytokines, inhibiting apoptosis,
and damaging the tumor cell DNA [8]. Previous meta-
analyses have already demonstrated the prognostic role of
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platelet-to-lymphocyte ratio (PLR) in gastrointestinal cancers
[9–11], and whether this association differs according to pa-
tients’ characteristics remains controversial. Therefore, this
study was conducted to update the magnitude for the role of
PLR on overall survival (OS) of patients with gastric cancer.
Moreover, differences in this association based on patients’
characteristics were also investigated.

Methods
Data sources, search strategy, and selection criteria
This review was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Statement issued in 2009 [12]. Studies that
investigated the role of PLR on OS in patients with gastric
cancer were eligible for inclusion in this meta-analysis, with
no restriction on language of publication. Utilizing the
Boolean logic, the core search template in PubMed,
EmBase, and the Cochrane library was [(“PLR” OR “platelet
lymphocyte ratio”) AND (“gastric cancer” OR “stomach
cancer”) AND (“prognosis” OR “survival”)]. Each database
was searched from its date of inception through November
2018. Manual searches of the reference lists of eligible stud-
ies and relevant reviews obtained in the database search
were also carried out to identify any relevant new studies or
studies otherwise missed.
Two independent reviewers conducted the literature

search and study selection process following a standardized

flowchart. The inclusion criteria for this meta-analysis were
as follows: 1) patients: all studies including patients diagnosed
with gastric cancer, irrespective of stage; 2) comparison: all
studies comparing high PLR with low PLR; and 3) outcome:
all studies reporting OS. Furthermore, studies designed as ei-
ther prospective or retrospective were included, whereas
those including patients with secondary cancers in addition
to gastric cancer were excluded.

Data collection and quality assessment
Data collection and quality assessment were performed
by two independent reviewers, and any inconsistencies
or disputes were settled by a third independent reviewer.
Collected data from each study included the first au-
thor’s name, year of publication, study design, country of
origin, sample size, sex proportion and mean age of the
study cohort, treatment strategy, disease status, cutoff
value of PLR used to define elevated level, and OS. The
quality of each study was evaluated using the Newcastle-
Ottawa Scale (NOS) which consists of the following 3
subscales: selection (4 items), comparability (1 item),
and outcome (3 items). The NOS is quite comprehensive
and has been partially validated for evaluating the quality
of observational studies in meta-analysis [13]. The “star
system” of NOS ranges from 0 to 9; studies with 7–9
stars are considered high quality, whereas those with ≤6
stars are considered low quality.

Fig. 1 A flow diagram of the literature search and trials selection process
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Statistical analysis
The prognostic role of PLR on OS for patients with gas-
tric cancer was analyzed by abstracting the hazard ratios
(HRs) and 95% confidence intervals (CIs) reported in
each individual study. The pooled results were then cal-
culated using the random-effects model, which considers
that the true underlying effect varies across included
studies [14, 15]. Heterogeneity among included studies
was calculated using the I-square and Q statistics, with
I-square of > 50.0% or P < 0.10 indicating significant het-
erogeneity [16, 17]. Then, sensitivity analysis then per-
formed to assess the stability of pooled results [18].
Subgroup analyses were also conducted to evaluate the
relationship between PLR and OS according to the study
design, country of origin, sample size, sex proportion

and mean age of cohort, treatment strategy, disease sta-
tus, PLR cutoff value, and NOS score. P-values between
subgroups were also calculated using the interaction t-
test [19]. Publication bias was investigated with qualita-
tive and quantitative methods, including funnel plot,
Egger test [20], and Begg test [21]. P-values for pooled
results were two-sided, and the inspection level was
0.05. All statistical analyses were computed with STATA
software (version 10.0; Stata Corporation, College Sta-
tion, TX, USA).

Results
Literature search
The initial search in the 3 electronic databases identified
143 studies, of which 106 were excluded due to

Table 1 Baseline characteristics of the selected studies

Study Publication
year

Study design Country Sample
size

Percent of
male (%)

Mean age
(years)

Treatment
strategy

Disease status Cutoff value
of PLR

NOS
score

Aliustaoglu
[23]

2010 Retrospective Turkey 168 67.8 60.1 Chemotherapy Advanced 160 6

Lee [32] 2013 Retrospective Korea 174 65.5 55.0 Chemotherapy Advanced 160 8

Jiang [30] 2014 Prospective China 377 67.1 64.0 Surgery Early 184 7

Wang [45] 2014 Retrospective China 439 72.7 NA Mixed Advanced 160 7

Lian [33] 2015 Retrospective China 162 69.8 56.3 Surgery All 208 8

Aldemir [22] 2015 Retrospective Turkey 103 56.3 58.0 Mixed Early and
Advanced

170 7

Deng [24] 2015 Retrospective China 389 72.5 65.0 Surgery All 132 8

Gunaldi [28] 2015 Retrospective Turkey 245 72.2 59.6 Mixed All 160 7

Hsu [29] 2015 Retrospective China 1030 64.5 NA Surgery All 132 7

Kim [31] 2015 Prospective Korea 1986 66.3 58.2 Surgery Early 126 7

Liu [34] 2015 Retrospective China 455 69.0 59.0 Surgery Early 188 6

Sun [39] 2015 Retrospective China 632 65.3 57.0 Surgery All 140 7

Wang [42] 2015 Retrospective China 120 62.5 68.0 Chemotherapy Advanced 235 8

Feng [25] 2016 Retrospective China 3243 78.3 57.3 Mixed Advanced 130 7

Sun [40] 2016 Retrospective China 305 66.2 57.0 Surgery Early 120 8

Zhou [49] 2016 Retrospective China 451 71.8 NA Surgery Early 255 7

Wen [46] 2017 Retrospective UK 253 66.1 75.5 Surgery All 150 6

Fuentes [26] 2017 Retrospective USA 112 66.1 58.0 Mixed Advanced 260 6

Song [38] 2017 Retrospective China 1990 73.7 62.0 Surgery Advanced 139 7

Wang [43] 2017 Retrospective China 273 68.1 56.7 Chemotherapy Advanced 202 6

Wang [44] 2017 Retrospective China 444 63.3 56.0 Surgery All 120 7

Ramos-
Esquivel [36]

2018 Retrospective Costa
Rica

381 57.2 61.2 Mixed All 350 7

Petrillo [35] 2018 Retrospective Italy 151 64.2 62.0 Chemotherapy Advanced 157 8

Saito [37] 2018 Retrospective Japan 453 73.1 67.7 Surgery All 173 7

Gong [27] 2018 Retrospective China 91 75.8 55.0 Mixed Advanced 108 7

Zhang [48] 2018 Retrospective China 182 67.0 65.0 Mixed All 172 7

Tang [41] 2018 Retrospective China 104 71.2 NA Chemotherapy Advanced 131 6

Zhang [47] 2018 Retrospective China 904 74.4 NA Surgery All 160 7
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duplication and irrelevance to this meta-analysis. Thirty-
seven potentially eligible studies were selected for further
evaluation; 9 were excluded due to the following reasons:
same study population (n = 2), OS not reported as out-
come (n = 4), and secondary cancers were included (n = 3).
Manual searches of the reference lists of these studies
identified 17 articles, and all of them were already in-
cluded in the initial electronic searches. Finally, 28 studies
were selected for meta-analysis [22–49]. The study selec-
tion process is presented as PRISMA flowchart in Fig. 1,
and the baseline characteristics of the included studies are
shown in Table 1.

Study characteristics
Two prospective and 26 retrospective studies reporting a
total of 15,617 patients with gastric cancer were included
in this meta-analysis. The sample size ranged from 91 to
3243, and the proportion of male patients ranged from
56.3 to 78.3%. Eighteen studies were conducted in
China, 3 in Turkey, 2 in Korea, 1 in Japan, 1 in the UK,
1 in the USA, 1 in Costa Rica, and 1 in Italy. Fourteen
studies included patients treated with surgery, 6 with

chemotherapy, and the remaining 8 included patients
who received combined treatment strategies. Five studies
included patients in early stages, 11 with advanced
stages, and the remaining 12 with all stages. The mean
patient age in the included studies ranged from 55.0 to
75.5 years, and the PLR cutoff value used to define ele-
vated level ranged from 108 to 305. Study quality was
evaluated using the NOS: 6 studies had 8 stars, 16 had 7
stars, and the remaining 6 had 6 stars.

Meta-analysis and sensitivity analysis
After pooling all included studies, patients with gastric
cancer with an elevated PLR were noted to have lower
OS than those with lower PLR level (HR: 1.37; 95% CI:
1.24–1.51; P < 0.001; Fig. 2). Significant heterogeneity
among the included studies was observed (I-square:
68.3%; P < 0.001). The results of sensitivity analyses are
presented in Table 2; we noted that higher PLR was as-
sociated with lower OS in the pooled conclusion. More-
over, studies conducted by Wang et al. [42] and Song
et al. [38] were noted to be responsible for most of the
heterogeneity in the summary results.

Fig. 2 The prognostic role of PLR on OS in gastric cancer patients
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Subgroup analysis
Subgroup analyses for the prognostic role of PLR on
OS in gastric cancer are presented in Table 3 and
Additional file 1: Figures S1, S2, S3, S4, S5, S6, S7, S8
and S9. Increased PLR was found to be associated
with lower OS in gastric cancer in most subsets.
However, PLR was not significantly associated with
OS in prospectively designed studies, nor in studies
conducted in Japan and Korea. When comparing rela-
tive ratios between subgroups, PLR was found to be
higher in the pooled results from retrospective stud-
ies. Studies conducted in Turkey, the UK, the USA,
and Costa Rica; studies with sample size of < 1000;
studies including < 70% male patients; studies with
patients treated with chemotherapy; studies with PLR

cutoff value ≥200; and studies of lower quality as de-
termined by the NOS score all showed greater harm-
ful effects on OS as compared to their corresponding
subgroups (Table 2).

Publication Bias
Publication bias for the prognostic role of PLR on OS
in gastric cancer was assessed and is presented in
Fig. 3. Results of the Egger and Begg tests showed
significant publication bias (P = 0.036 and P = 0.017,
respectively). Our finding that elevated PLR is associ-
ated with lower OS did not change after the adjust-
ment for publication bias using the trim and fill
method [50]. The adjusted pooled HR was 1.19 (95%
CI: 1.08–1.33; P = 0.001; Fig. 4).

Table 2 Sensitivity analysis for overall survival

Excluding study Including studies HR and 95% CI P value Heterogeneity (%) P value for heterogeneity

Aliustaoglu [23] 22,24–49 1.36 (1.23–1.50) < 0.001 67.9 < 0.001

Lee [32] 22–31,33–49 1.36 (1.23–1.50) < 0.001 68.8 < 0.001

Jiang [30] 22–29,31–49 1.38 (1.25–1.53) < 0.001 68.8 < 0.001

Wang [45] 22–44,46–49 1.38 (1.25–1.52) < 0.001 69.3 < 0.001

Lian [33] 22–32,34–49 1.35 (1.23–1.49) < 0.001 67.0 < 0.001

Aldemir [22] (a) 23–49 1.38 (1.25–1.52) < 0.001 69.2 < 0.001

Aldemir [22] (b) 23–49 1.36 (1.23–1.50) < 0.001 68.7 < 0.001

Deng [24] 22,23,25–49 1.39 (1.25–1.53) < 0.001 68.3 < 0.001

Gunaldi [28] 22–27,29–49 1.37 (1.24–1.51) < 0.001 69.2 < 0.001

Hsu [29] 22–28,30–49 1.38 (1.25–1.53) < 0.001 68.8 < 0.001

Kim [31] 22–30,32–49 1.39 (1.25–1.53) < 0.001 68.2 < 0.001

Liu [34] 22–33,35–49 1.38 (1.25–1.52) < 0.001 69.3 < 0.001

Sun [39] 22–38,40–49 1.38 (1.25–1.53) < 0.001 69.1 < 0.001

Wang [42] 22–41,43–49 1.33 (1.22–1.45) < 0.001 55.8 < 0.001

Feng [25] (a) 22–24,26–49 1.37 (1.23–1.52) < 0.001 68.9 < 0.001

Feng [25] (b) 22–24,26–49 1.36 (1.23–1.51) < 0.001 68.1 < 0.001

Sun [40] 22–39,41–49 1.37 (1.24–1.51) < 0.001 69.2 < 0.001

Zhou [49] 22–48 1.37 (1.24–1.52) < 0.001 69.3 < 0.001

Wen [46] 22–45,47–49 1.37 (1.24–1.51) < 0.001 69.3 < 0.001

Fuentes [26] 22–25,27–49 1.36 (1.23–1.49) < 0.001 68.0 < 0.001

Song [38] 22–37,39–49 1.39 (1.28–1.52) < 0.001 54.1 < 0.001

Wang [43] 22–42,44–49 1.37 (1.24–1.51) < 0.001 69.3 < 0.001

Wang [44] 22–43,45–49 1.37 (1.24–1.52) < 0.001 69.3 < 0.001

Ramos-Esquivel [36] 22–35,37–49 1.37 (1.24–1.51) < 0.001 69.3 < 0.001

Petrillo [35] 22–34,36–49 1.37 (1.24–1.51) < 0.001 69.3 < 0.001

Saito [37] 22–36,38–49 1.36 (1.23–1.50) < 0.001 68.5 < 0.001

Gong [27] 22–26,28–49 1.37 (1.24–1.51) < 0.001 69.4 < 0.001

Zhang [48] 22–47,49 1.37 (1.24–1.52) < 0.001 69.3 < 0.001

Tang [41] 22–40,42–49 1.37 (1.24–1.51) < 0.001 69.3 < 0.001

Zhang [47] 22–46,48,49 1.38 (1.25–1.53) < 0.001 68.9 < 0.001
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Discussion
The current meta-analysis was based on all published obser-
vational studies that explored the prognostic role of PLR on
OS in gastric cancer, and the prognostic ability of elevated
PLR on OS was compared between subgroups based on
pre-defined factors. This comprehensive quantitative meta-
analysis comprised a total of 15,617 patients with gastric
cancer from 2 prospective and 26 retrospective studies with
a wide range of study and patient characteristics. The
pooled results indicated that elevated PLR was significantly
associated with lower OS in gastric cancer. This result is
stable and not altered by excluding any specific study from
the analysis. The results of subgroup analyses indicated that
elevated PLR predicted poor OS in most subsets. In the
pooled retrospective studies, elevated PLR was noted to
cause greater harmful effects on OS than their correspond-
ing subgroups in studies conducted in Turkey, the UK, the
USA, and Costa Rica; studies with sample size of < 1000;
studies with < 70% male patients; studies with patients
treated with chemotherapy; studies with PLR cutoff value of
≥200; and studies of lesser quality.
A previous meta-analysis based on 13 studies found

that elevated PLR was associated with poor OS, but
without significant effect on disease-free survival [51].
Subgroup analyses indicated that the prognostic roles of

PLR on OS differed based on race, treatment strategy,
disease status, and cutoff value of PLR. However, data
from these included studies were assessed and revealed
that some data were not consistent with that of the ori-
ginal study. The study conducted by Zhou et al. indi-
cated an elevated PLR was not significantly associated
with OS in patients with gastric cancer according to 3
studies [52]. Moreover, Xu et al. conducted a meta-
analysis of 8 studies and concluded an elevated PLR was
not associated with OS in patients with gastric cancer,
but was significantly correlated with greater risk of
lymph node metastasis, serosal invasion, and advanced
stage risk [53]. However, stratified analyses according to
some characteristics, including the mean age of patients,
sex proportion, and study quality, were not addressed.
Furthermore, numerous relevant studies were published
in 2017 and 2018, but were not yet included in any
pooled results. Therefore, this meta-analysis was con-
ducted to thoroughly evaluate the prognostic role of
PLR on OS in gastric cancer and include newer up-
dated studies.
The pooled results indicated that elevated PLR was

significantly associated with poor OS in gastric cancer.
However, several studies included in the meta-analysis
did not observe this. Jiang et al. showed that neutrophil–

Table 3 Subgroup analysis for overall survival

Factor Groups Number of
cohorts

HR and 95%
CI

P value Heterogeneity
(%)

P value for
heterogeneity

P value between
subgroups

Study design Prospective 2 1.05 (0.87–1.27) 0.625 0.0 0.868 0.022

Retrospective 28 1.40 (1.26–1.55) < 0.001 68.6 < 0.001

Country China 19 1.32 (1.16–1.49) < 0.001 75.0 < 0.001 0.045

Japan or Korea 3 1.45 (0.94–2.25) 0.092 71.4 0.030

Other 8 1.51 (1.33–1.72) < 0.001 0.0 0.503

Sample size ≥ 1000 11 1.25 (1.09–1.45) 0.002 69.2 < 0.001 < 0.001

< 1000 19 1.44 (1.28–1.63) < 0.001 60.4 < 0.001

Percent male ≥ 70.0 10 1.31 (1.10–1.55) 0.002 72.9 < 0.001 0.014

< 70.0 20 1.40 (1.25–1.58) < 0.001 63.5 < 0.001

Mean age (years) ≥ 60.0 13 1.41 (1.16–1.71) 0.001 82.2 < 0.001 0.168

< 60.0 12 1.39 (1.23–1.57) < 0.001 41.6 0.064

Treatment strategy Surgery 14 1.21 (1.08–1.35) 0.001 56.5 0.005 < 0.001

Chemotherapy 6 1.70 (1.43–2.03) < 0.001 40.4 0.136

Mixed 10 1.44 (1.31–1.59) < 0.001 0.0 0.545

Disease status Early 6 1.18 (1.04–1.34) 0.012 0.0 0.533 0.076

Advanced 13 1.51 (1.26–1.82) < 0.001 82.0 < 0.001

All 11 1.29 (1.14–1.45) < 0.001 35.1 0.118

Cutoff value ≥ 200 6 1.79 (1.43–2.24) < 0.001 56.8 0.041 < 0.001

< 200 24 1.28 (1.17–1.40) < 0.001 53.9 0.001

NOS scale High 24 1.34 (1.20–1.50) < 0.001 72.0 < 0.001 0.039

Low 6 1.49 (1.30–1.72) < 0.001 0.0 0.416
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lymphocyte ratio (NLR) and PLR are prognostic factors
for operable gastric cancer, whereas PLR was not a prog-
nostic factor for OS [30]. Wang et al. found the median
survival time in patients with PLR of > 160 and PLR of
< 160 as 8.5 months and 10 months, respectively; this
small difference was not statistically significant [45].
Aldemir et al. found that PLR could not significantly
predict OS in patients with early-stage gastric cancer but
could in those with advanced gastric cancer [22]. Deng
et al. suggested that preoperative PLR was significantly

correlated with tumor progression and poor prognosis
in patients with gastric cancer after a surgical resection
[24]. Gunaldi et al. found no significant association be-
tween PLR and OS in gastric cancer of all stages [28].
Hsu et al. used PLR of 132 as the cutoff value and found
that elevated PLR was not associated with OS in gastric
cancer at all stages [29]. Similarly, the study conducted
by Kim et al. suggested that PLR and NLR were associ-
ated with gastric cancer prognosis and indicated that
NLR was more predictive of OS than PLR [31]. Several

Fig. 3 Publication bias for the prognostic role of PLR on OS in gastric cancer patients

Fig. 4 The pooled result adjusted by the trim and fill method
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other studies also did not find elevated PLR to be associ-
ated with OS in patients with gastric cancer [27, 34, 36,
38, 39, 41, 43, 44, 47, 48]. These results might vary due
to the study design, disease stage, and cutoff values of
PLR. Differences between studies in median survival
rates might be biased due to the relationship of PLR
with tumor size and disease stage.
Subgroup analyses indicated that the prognostic role of

PLR on OS in gastric cancer might be affected by the
study design, country of origin, sample size, sex propor-
tion, treatment strategy, cutoff values of PLR, and study
quality. This condition potentially occurs due to the fol-
lowing reasons: 1) the number of included studies was not
balanced between subgroups, which might affect the
pooled results; 2) weighted pooled results could affect the
prognostic role of PLR on OS in patients with specific
characteristics; 3) background therapies and tumor stage
are associated with the prognosis of patients with gastric
cancer; and 4) study quality was correlated with evidence
level and reliability of pooled results.
Although this study provided a comprehensive meta-

analysis for the prognostic role of PLR on OS in gastric can-
cer, several limitations should be acknowledged: 1) most
studies included were retrospective in design, which might
introduce confounding variables, thus overestimating the
pooled result; 2) different adjusted models, treatment strat-
egies, and tumor stages among included patients might
introduce a substantial heterogeneity among the included
studies; 3) a significant publication bias among the included
studies was observed, although the adjusted result was calcu-
lated; and 4) individual data were not available and more de-
tailed analyses not conducted.

Conclusion
In conclusion, the pooled result indicated that elevated PLR
was associated with poor OS in patients with gastric cancer.
Moreover, the adjusted HR indicated decreased harmful ef-
fects after adjusting for potential publication bias. Further-
more, the prognostic role of PLR on OS might be affected
by the study design, country of origin, sample size, treat-
ment strategy, cutoff values of PLR, and study quality. Fur-
ther large-scale prospective studies should be conducted to
verify the findings in this study and evaluate the role of PLR
on the prognosis (progression-free survival and disease-free
survival) of gastric cancer.
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