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Abstract: The prognostic value of platelet to lymphocyte ratio (PLR) in hepatocellular carcinoma (HCC) is controver-
sial. Thus, a meta-analysis was carried out to evaluate the correlation between PLR and outcomes as well as clinical
characteristics in HCC. Studies were identified through searching PubMed, Embase, and Web of Science. The com-
bined hazard ratio (HR) with 95% confidence interval (Cl) was computed to estimate the impact of PLR on survival.
0Odd ratio (OR) and 95% Cl were calculated to investigate the relationship between PLR and clinical factors. Pooled
results from 16 studies involving 3,812 patients indicated that an elevated PLR was significant with poor overall
survival (0S) (HR=1.32, 95% CI: 1.15-1.52, P<0.001), disease-free survival (DFS) (HR=1.6, 95% Cl: 1.31-1.95,
P<0.0010, and recurrence-free survival (RFS) (HR=1.63, 95% CI: 1.37-1.93, P<0.001). Moreover, a high PLR was
correlated to the presence of HBV infection, larger tumor size, age >60 years, higher Barcelona Clinic Liver Cancer
(BCLC) stage, and high Cancer of the Liver Italian Program (CLIP) score. This meta-analysis showed that an elevated
PLR was an indicator of poor OS, DFS, and RFS in HCC. In addition, a high PLR was also correlated with poor clinical

conditions of HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common malignancy and third leading
cause of cancer death around the world [1].
HCC is responsible for 27,170 deaths in the US
annually [2]. The past several decades have
witnessed the rapid development of various
treatment methods and therapeutic agents
for HCC, including surgical resection, radiofre-
quency ablation (RFA), liver transplantation (LT)
and targeted therapy [3, 4]. However, the long-
term survival of HCC is still disappointing
because of extrahepatic metastasis and lo-
cal recurrence [5, 6]. Various staging systems
such as the Barcelona Clinic Liver Cancer (BC-
LC) algorithm and the Tumor Node Metasta-
sis (TNM) are already used in clinical practice.
However, the prognostic accuracy of these in-
dices is controversial [7]. Hence, reliable, inex-
pensive and easy-to-use prognostic markers

are needed to select individualized treatment
regimens.

Inflammation is a well-established stimulator
for tumor progression [8]. A variety of serum
and tissue biomarkers that reflect the syste-
mic inflammatory response are shown to pro-
vide reliable prognostic value. These hemato-
logical parameters include modified Glasgow
Prognostic Score (mMGPS), C-reactive protein
(CRP), neutrophil to lymphocyte ratio (NLR), in-
flammation based index (IBI) and platelet to
lymphocyte ratio (PLR) [9, 10]. PLR is calculated
as the ratio of platelet counts to lymphocyte
counts [11]. Emerging evidence shows that PLR
predicts poor survival outcomes in non-small
cell lung cancer, gastric cancer and colorectal
cancer [12-14]. However, studies present incon-
sistent results regarding the prognostic role
of PLR in HCC [15-17]. Given this, a meta-analy-
sis was performed to disclose the prognos-
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Embase and Web of Science (n=193)
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Figure 1. Flow chart of
the eligible studies in
the meta-analysis.

survival (RFS) and/or clini-
copathological features were
reported; (4) sufficient data
was provided to calculate haz-
ard ratio (HR) with 95% con-
fidence interval (Cl) or odd
ratio (OR) with 95% CI; (5)
a cut-off value of PLR was
identified to categorize pa-

Records excluded after title and/or
abstract examined (n=97)

tient groups. Exclusion crite-
ria were: (1) study types were

Full-text articles assessed for eligibility (n=31)

letters, meeting abstracts, re-
views, and case reports; (2)

Full-text articles excluded with reasons:
Insufficient data (n=10)

Not focusing on HCC (n=4))

Letter to the editor (n=1)

insufficient data or unspecific
on PLR; (3) animal studies.

Data extraction

Studies included in final meta-analysis, n=16, containing,
PLR and overall survival, n=14
PLR and disease-free survival, n=4
PLR and recurrence-free survival, n=4

PLR and clinical features, n=11

tic significance of PLR for HCC. Moreover, rela-
tionships between PLR and clinicopathological
characteristics of HCC were also investigated.

Materials and methods

The current meta-analysis was carried out in
adherence to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRI-
SMA) guidelines [18].

Literature search

The PubMed, Embase and Web of Science
databases were retrieved. The search terms
were: “PLR”, “platelet lymphocyte ratio”, “plate-
let to lymphocyte”, “hepatocellular carcinoma”,
“HCC” and “liver neoplasms”. The last search
was updated on July 11, 2016. What’s more,
reference lists of relevant reviews were manu-

ally screened for additional studies.
Selection criteria

The inclusion criteria were as follows: (1) the
diagnosis of HCC was pathologically establish-
ed; (2) PLR was measured before treatment;
(3) the correlations between PLR and survival
outcomes including overall survival (0S), dis-
ease-free survival (DFS) and recurrence-free
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Two investigators indepen-
dently extracted the follow-
ing information from each
included article: first author’s
name, publication year, study
location, sample size, age,
study endpoints, treatment,
cut-off value of PLR, HRs with 95% Cls, research
time, and clinicopathological parameters. If HR
and 95% Cl were not directly reported in text,
they were computed using methods described
by Parmar [19]. Disagreements were resolved
by discussion among investigators.

Quality assessment

All of the included studies included were evalu-
ated by using the Newcastle-Ottawa quality
assessment scale (NOS). The NOS comprises
three sections: selection, comparability, and
outcome assessment. The maximum score is 9
and studies with score >6 were assigned as
high quality studies.

Statistical analysis

Combined HR and 95% Cl were selected as
the effect size to measure the association be-
tween PLR and survival outcomes including
0OS, DFS and RFS. Heterogeneity among prima-
ry studies was detected by Cochrane’s Q test
and [? statistic. If significant heterogeneity
was found (p for heterogeneity <0.1 or I?>50%),
a random-effects model was used. Otherwise,
a fixed-effect model was applied. Pooled OR
with 95% Cl was used to evaluate the impact of
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Table 1. Characteristics of included studies

NOS No.of Gender Age (years) Cut-off Survival Research

Study Year Country . Treatment .
score patients (M/F) mean (range) value outcomes time

Pinato 2012 7 UK 112 90/22 65 (20-83) Mixed 300 0S 1993-2011
Sun 2014 7 China 80 76/4 47 (29-72) Surgery 151.8 0S/DFS  2003-2008
Yamamura 2014 7 Japan 113 91/22 65 (35-80) Surgery 150 RFS 2003-2012
Chan 2015 8 China 324 283/41 56.8 Surgery 150 0S/DFS  2001-2011
Fan 2015 9 China 132 87/45 49 (23-75) TACE 137 0s 2003-2012
Li 2015 7 China 243 211/32 57 (19-86) Mixed 111.23 0S 2008-2010
Li 2015 8 China 414 329/85 59.5(28-82) Mixed 87.87 RFS 2010-2014
Ni 2015 8 China 367 308/69 55 (15-83) Surgery 150 0S/DFS  2010-2012
Wang 2015 6 USA 234 194/41 55.5 Surgery 1185  OS/RFS  1988-2013
Xia 2015 8 China 343 308/35 49.4(19-71) LT 125 0S/DFS  2003-2013
Xue 2015 7 China 291 258/33 53 TACE 150 0S 2007-2011
Aino 2016 6 Japan 434 363/71 67 (15-92) Mixed 111 0s 1997-2013
D’Emic 2016 6 USA 116 52/64 60 (28-85) SIRT 78.61 oS 2006-2014
Goh 2016 7 Singapore 166 142/24 66 (21-85) Surgery 290 OS/RFS  2000-2013
Ji 2016 6 China 321 285/36 51 (21-79) Surgery 115 oS 2006-2009
Tian 2016 7 China 122 107/15 56 (26-77) TACE 96.13 oS 2007-2015

NOS, Newcastle-Ottawa Scale; TACE, Transarterial chemoembolization; LT, Liver transplantation; SIRT, Selective internal radiation therapy; OS,
Overall survival; DFS, Disease-free survival; RFS, Recurrence-free survival.

Table 2. Impact of PLR on OS, DFS and RFS in HCC

Survival Variables No. of Heterogenelty Effects HR (95% Cl) p
studies 7 (%) P, model
0s All 14 83.2 <0.001 Random 1.32 (1.15-1.52) <0.001
Study location
Asian countries 11 85.5 <0.001 Random 1.37 (1.1-1.72) 0.006
Western countries 3 67 0.048 Random 1.42 (0.83-2.42) 0.198
Cut-off value
PLR<130 7 80.6 <0.001 Random 1.2 (1.06-1.36) 0.004
PLR>130 7 79.2 <0.001 Random 1.44 (0.95-2.18) 0.086
Treatment
Surgery 7 0 0.574 Fixed 1.58 (1.33-1.88) <0.001
Non-surgery 7 86.8 <0.001 Random 1.17 (1.01-1.36) 0.042
DFS All 4 35.4 0.2 Fixed 1.6 (1.31-1.95) <0.001
Cut-off value
PLR<130 1 - - - 1.88 (1.4-2.53) <0.001
PLR>130 3 23 0.273 Fixed 1.41 (1.08-1.83) 0.012
RFS All 4 5.3 0.367 Fixed 1.63 (1.37-1.93) <0.001
Study location
Asian countries 3 36.8 0.208 Fixed 1.63 (1.36-1.95) <0.001
Western countries 1 - - - 1.6 (0.88-2.92) 0.126
Cut-off value
PLR<130 2 0 0.717 Fixed 1.78 (1.46-2.17) <0.001
PLR>130 2 0 0.927 Fixed 1.26 (0.9-1.76) 0.187
PLR on clinicopathological factors. Publication tically significant. All statistical calculations
bias was examined using Begg’s funnel plot were performed using STATA version 12.0
test. A P-value <0.05 was considered as statis- (Stata Corporation, College Station, TX, USA).
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A PLR and OS: Fourteen studies
[9, 20, 22-24, 26-34] report-
ed the prognostic role or PLR
for 0S. The random-effects
model was used because of
significant heterogeneity (I°=
83.2%, P,<0.001, Table 2).
We found that high PLR was
generally a predictor for poor
0S (HR=1.32, 95% Cl: 1.15-
1.52, P<0.001, Figure 2A).

Weight

333

Figure 2. Forest plots of PLR and survival the patients with HCC. A: OS; B:

DFS; C: RFS.

Results

Study selection process and characteristics of
included studies

Initial literature search identified 193 poten-
tially relevant records. After removing duplicate
records and eliminating studies according to
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3

Subgroup analysis was also
conducted for detailed infor-
mation. The combined data
showed that PLR still predict-
ed poor OS in Asian patients
(HR=1.37, 95% CI: 1.1-1.72, P=0.006, Table 2),
whilst PLR was not associated with poor OS in
Caucasian patients (HR=1.42, 95% CI: 0.83-
2.42, P=0.198, Table 2). Moreover, no matter
the cut-off value was “PLR<130” or “PLR>130",
or the treatment method was “surgery” or “non-
surgery”, high PLR was still a poor indicator for
OS (Table 2).
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Table 3. Combinations of data assessing the associations between PLR and clinicopathological char-

acteristics
Clinicopathological characteristics No. _Of reterogenelty Effects OR (95% Cl) P
studies 12 (%) P, model
Gender (male/female) 10 0 0.518 Fixed 0.87 (0.67-1.12) 0.283
HBV infection (present/absent) 7 23.1 0.253 Fixed 1.62 (1.24-2.1) <0.001
AFP (ng/ml, 2400/<400) 6 48.3 0.085 Fixed 1.05 (0.79-1.41) 0.717
Child-Pugh grade (B-C/A) 6 51.4 0.068 Random  1.35(0.69-2.62) 0.383
Vascular invasion (present/absent) 5 0 0.504 Fixed 1.12 (0.83-1.51) 0.46
Hepatocirrhosis (present/absent) 5 80.6 <0.001 Random 0.79 (0.4-1.57) 0.5
Tumor size (cm, 25/<5) 4 21.5 0.281 Fixed 2.06 (1.37-3.1) 0.001
Multiple tumors (present/absent) 4 0 0.495 Fixed 0.83(0.48-1.45) 0.52
Age (years, 260/<60) 4 41.9 0.16 Fixed 1.68 (1.13-2.51) 0.01
BCLC stage (C-D/A-B) 3 0 0.964 Fixed 2.15(1.27-3.65) 0.004
CLIP score (2-6/0-1) 3 0 0.976 Fixed 3.13(1.82-5.4) <0.001
Differentiation (poor/moderate-well) 3 70.1 0.035 Random 0.98 (0.41-2.32) 0.964

HBV, Hepatitis B virus; AFP, Alpha-fetoprotein; CLIP, Cancer of the Liver Italian Program; BCLC, Barcelona Clinic Liver Cancer

Score.

PLR and DFS: A total of 4 studies [20, 22, 26,
28] presented data on PLR and DFS, there was
no significant heterogeneity (1°=35.4%, P =0.2,
Table 2 and Figure 2B). The combined result
demonstrated that a high PLR was obviously
correlated with worse DFS (HR=1.6, 95% CI:
1.31-1.95, P<0.001, Figure 2B).

PLR and RFS: Four studies [21, 25, 27, 32]
explored the impact of PLR on RFS in HCC, and
there was moderate heterogeneity (°=5.3%,
Ph=0.367, Table 2). These results above indi-
cated that an elevated PLR was significantly
associated with a poor RFS (HR=1.63, 95%
Cl: 1.37-1.93, P<0.001, Figure 2C). Stratified
analysis illustrated that PLR was a significant
indicator for shorter RFS in Asian patients
(HR=1.63, 95% Cl: 1.36-1.95, P<0.001, Table
2), but not for patients with Caucasian ethnicity
(HR=1.6, 95% CI: 0.88-2.92, P=0.126, Table
2). In addition, when the PLR cut-off was less
than 130, it still retains prognostic significance
for RFS (HR=1.78, 95% CI: 1.46-2.17, P<0.001,
Table 2).

Association between PLR and clinicopathologi-
cal parameters

We collected data concerning PLR and clinico-
pathological factors in HCC and 12 features
were analyzed. The pooled results were demon-
strated in Table 3. Combined data from 7 stud-
ies [20, 22-25, 29, 32] showed that an elevated
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was connected with presence of HBV infection
(OR=1.62, 95% CI: 1.24-2.1, P<0.001, Table 3
and Figure 3A). Furthermore, high PLR was
also associated with larger tumor size (n=4,
OR=2.06, 95% CI: 1.37-3.1, P=0.001, Table 3
and Figure 3B), age >60 years (n=4, OR=1.68,
95% Cl: 1.13-2.51, P=0.01, Table 3 and Figure
3C), higher BCLC stage (n=3, OR=2.15, 95% CI:
1.27-3.65, P=0.004, Table 3 and Figure 3D)
and high Cancer of the Liver Italian Program
(CLIP) score (n=3, OR=3.13, 95% CI: 1.82-5.4,
P<0.001, Table 3). However, our results showed
that PLR had non-significant relationship with
gender, AFP level, Child-Pugh grade, vascular
invasion, hepatocirrhosis, multiple tumors, or
differentiation (Table 3).

Publication bias

Publication bias was evaluated using Begg's
funnel plot test. The results indicated that there
was no evidence of publication bias for 0OS
(P=0.913, Figure 4A), DFS (P=0.734, Figure
4B) and RFS (P=0.497, Figure 4C) analyses.

Discussion

Currently, a variety of staging systems and
prognostic markers are proposed to predict
HCC outcomes, such as BCLC algorithm, CLIP
score, Prognostic Nutritional Index (PNI) [22].
However, none of these previous prognostic
models are considered convincing, and there is
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Figure 3. Forest plots of PLR and the clinicopathological features of the patients with HCC. A: HBV infection; B: Tumor size; C: Age; D: BCLC stage.
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Figure 4. Funnel plots for publication bias test. A: OS; B: DFS; C: RFS.

termine the prognostic effi-
ciency of PLR in HCC. Data
from 16 studies involving
3,812 patients was synthe-
sized. The results showed
that an elevated PLR was
associated with worse OS,
DFS, and RFS. Additionally,
high PLR was also found to
be correlated to presence of
HBV infection, larger tumor
size, age =60 years, higher
BCLC stage, and high CLIP
score. Taken these data to-
gether, our meta-analysis de-
monstrated that PLR was
an indicator for worse out-
comes and poor clinical con-
ditions of HCC patients.

Numerous studies have re-
vealed the involvement of in-
flammation in malignant tr-
ansformation [8, 35]. Inflam-
mation facilitates tumor pro-
liferation, angiogenesis, and
metastasis through a subset
of chemokines and immune
response cells. An elevated
PLR represents an increas-
ing platelet count and/or a
decreasing lymphocyte count.
The platelet count is influ-
enced by immune responses
and is recently reported to
play a pivotal role in aggres-
sive tumor behaviors [36].
The platelets aggregation re-
sults in coagulation and he-
mostasis, which further helps
tumor cells to adhere to ves-
sel wall to evade immune at-
tacks [37-39]. Platelet sur-
face molecules and platelet-
derived factors can also sti-
mulate tumor angiogenesis
and tumor growth [40]. A
recent study also suggests
that the direct signaling pa-
thways (TGFB/Smad and NF-
KB pathways) can promote

no consensus on the ideal index to select under the transition of cancer cells to mesenchymal-
different clinical circumstances [7]. In the pres- like phenotype and stimulate distant metasta-
ent study, we performed a meta-analysis to de- sis [41]. By contrast, lymphocytes are funda-
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mental components of the innate and adap-
tive immune system. Lymphocytes participate
tightly in the processes of immunosurveillance
and immunoediting [42]. Therefore, lymphocyte
depletion reflects an impaired T lymphocyte-
mediated antitumor function. Overall, an ele-
vated PLR has the biological rationale to be
an indicator of tumor progression.

Very recently, a series of studies also exploit-
ed the effect of PLR on prognostication in vari-
ous solid tumors using meta-analysis [12-14].
Zhang et al. showed that a high PLR could a
predictive factor of poor OS in non-small cell
lung cancer [14]. Gu et al. reported that ele-
vated PLR was a significant prognostic bio-
marker of poor OS in gastric cancer. Further-
more, a high PLR was connected with lymph
node metastasis and CEA levels [12]. Tan et al.
found that a high peripheral blood PLR was
associated with OS, tumor differentiation, and
depth of invasion [13]. Our results were in line
with findings from the previous meta-analys-
es. Moreover, the present study included three
survival endpoints, OS, DFS, and RFS, which
was more comprehensive. We also analyzed
the relationships between PLR and 12 clinical
factors. Taken these into consideration, our
study provides sufficient information regarding
PLR and HCC prognosis. To our knowledge, this
study is the first meta-analysis to investigate
the prognostic value of PLR in HCC.

There were several limitations should be ac-
knowledged. First, there was significant hetero-
geneity among studies regarding OS analysis.
The statistical heterogeneity may be due to the
different patient recruitment criteria in primary
studies. Second, we collected combined HRs
and 95 Cls from each study other than individu-
al patient data, which may undermine the per-
suasiveness of this meta-analysis.

In summary, this meta-analysis summarized
the existing data and demonstrated that an
elevated PLR was an indicator of poor OS, DFS,
and RFS in HCC. In addition, a high PLR was
also correlated with poor clinical conditions
of HCC patients. Considering the aforemen-
tioned shortcomings, well-designed studies are
still needed to consolidate our results.
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