
RESEARCH ARTICLE

Platelet-to-lymphocyte ratio acts as a prognostic factor
for patients with advanced hepatocellular carcinoma
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Abstract The platelet count, as an inflammation marker, is
involved in the progress of tumor invasion. However, the
prognostic value of platelet counts and the platelet-to-
lymphocyte ratio (PLR) has not been investigated in patients
with advanced hepatocellular carcinoma (HCC). This study
aimed to determine the prognostic value of platelet counts and
PLR in HCC patients. A total of 243 ethnic Chinese advanced
HCC patients from two major hospitals, not receiving system-
ic sorafenib, were analyzed retrospectively. The prognostic
value of differential blood cell counts and PLR for overall
survival (OS) was determined by integrating the Cancer of the
Liver Italian Program (CLIP) score system and model for end-
stage liver disease by using a stepwise model of multivariate
Cox regression. The Kaplan–Meier method and receiver op-
erating characteristic (ROC) curves were utilized accordingly.
PLR was confirmed to be an independent predictor for OS
(p<0.01), while the remaining parameters had no predictive
value. Then, advanced HCC patients were dichotomized into
two groups based on the PLR value (≤111.23 or >111.23),
according to ROC analysis. Patients with a high PLR had a
lower 3-month survival rate (37.6 vs. 57.6 %) compared with
patients with a low PLR. PLR was associated with aggressive

malignant behavior, characterized by distant metastasis and
portal vein thrombosis. Additionally, PLR was not associated
with the CLIP score and Child–Pugh grade. PLR was identi-
fied as an independent prognostic factor for advanced HCC
patients not receiving systemic sorafenib; the predictive ability
of PLR partially relies on its association with the aggressive
nature of HCC.
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Introduction

Patient selection has become one of the top issues for clinical
trials testing targeted therapies, especially for patients with
advanced hepatocellular carcinoma (HCC) [1–3].
Unfortunately, except for the advanced liver cancer prognostic
system (ALCPS), prognostic score systems designed specifi-
cally for advanced HCC patients are few [2]. According to our
previous studies, ALCPS had a similar prognostic perfor-
mance as the Cancer of the Liver Italian Program (CLIP) score
system, which was much more simplified than the ALCPS
that consists of 27 complicated parameters [3]. The limitation
of ALCPS considering its simplicity restricted its wide usage.
Therefore, it is essential to identify novel prognostic factors
for advanced HCC patients.

Recently, inflammation triggered by tumor necrosis or
local antitumor immunological responses within the tumor
has been confirmed to be unfavorable, considering the surviv-
al of cancer patients [4, 5]. Among the clinically available
indicators of inflammation, C-reactive protein levels [6], white
blood cell counts, platelet counts [7, 8], and blood neutrophil
counts [9] have been the most investigated. However, these
indicators may not be suitable for patients with advanced
HCC who are vulnerable to bacterial infections [10]. The
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platelet count, as a marker of inflammation, has been under
recent intensive investigation and was reported to be involved
in the progress of tumor invasion [11, 12]. Given the multiple
roles of platelets in tumor biology, it is a promising clinical
parameter for patient selection and prognosis prediction.
However, the prognostic value of the platelet count and the
platelet-to-lymphocyte ratio (PLR) has not yet been identified
in patients with advanced HCC. Therefore, we aimed to assess
the role of the PLR and platelet count in predicting the overall
survival (OS) of patients with advanced HCC based on a two-
center study.

Methods

Patients

We retrospectively identified 243 patients diagnosed with
advanced HCC between November 2008 and April 2010,
who presented to the Third Affiliated Hospital of Sun Yat-
sen University and the Third Affiliated Hospital of
Guangzhou Medical University, Guangzhou, China. The di-
agnosis of HCC was confirmed based on the pathological
analysis or the American Association for the Study of Liver
Diseases radiological criteria by using either computed to-
mography or magnetic resonance imaging. Advanced HCC
was defined as Barcelona Clinic Liver Cancer (BCLC)
stage C and D that was not amendable to locoregional
therapy, with the baseline as the time of the first eval-
uation for advanced HCC. None of the patients received
sorafenib as systemic treatment. Patients with substantial
missing data or with previous and/or secondary cancers
were excluded. This study was approved by the Clinical
Ethics Review Board at both the Third Affiliated
Hospital of Sun Yat-sen University and the Third Affiliated
Hospital of Guangzhou Medical University. A written in-
formed consent was obtained from all the patients at the time
of admission.

Data collection

Institutional review board approval was obtained. The elec-
tronic charts were used to retrieve data regarding the potential
prognostic factors, including age; sex; Karnofsky perfor-
mance status (KPS); pre-therapy data; and laboratory counts
of white blood cells, neutrophils, lymphocytes, and platelets.
Other parameters included were the Child–Pugh score, CLIP
score, model for end-stage liver disease (MELD) score, and
Seventh Edition American Joint Committee on Cancer tumor–
node–metastasis staging as well as the survival time. All
patients underwent regular follow-up at either hospital. KPS
of the patients had not been routinely registered in our data-
base and was retrospectively assessed from the clinical

Table 1 Baseline demographic and clinical characteristics of patients
with advanced HCC

Characteristics Patients (n=243)

Gender

Male 211 (86.8 %)

Female 32 (13.2 %)

Age (years) 57 (19–86)

Etiology

Hepatitis B 212 (87.2 %)

Other 31 (12.8 %)

Karnofsky performance status 70 (20–90)

Laboratory parameters

International normalized ratio 1.18 (0.85–2.53)

AFP (ng/mL) 638.0 (0.6–212620.0)

Albumin (g/L) 34.2 (13.6–51.8)

Urea (mmol/L) 5.20 (1.63–25.42)

Creatinine (μmol/L) 68.5 (29–277)

ALP (U/L) 149 (33–767)

Fibrinogen (g/L) 3.03 (0.90–94.0)

Total bilirubin (μmol/L) 35.9 (4.7–864.9)

GGT (U/L) 178 (17–1128)

ALT (U/L) 55 (4–2669)

Platelets (×109/L) 141 (4–503)

Hemoglobin (g/L) 119 (56–177)

White blood cells (*109/L) 6.51 (1.8–36.1)

Neutrophil granulocyte (*109/L) 4.24 (0.50–30.6)

Lymphocyte (*109/L) 1.17 (0.32–14.0)

PLR 111.69 (5.29–583.02)

Ascites 138 (56.8 %)

Encephalopathy 6 (2.4 %)

Portal vein thrombosis 159 (65.4 %)

Lymph node metastases 69 (28.4 %)

Distant metastasis 50 (20.6 %)

Lung metastases 34 (14.0 %)

TNM 7th edition

I 30 (12.3 %)

II 21 (8.6 %)

III 138 (56.8 %)

IV 54 (22.2 %)

Child–Pugh grade

A 63 (25.9 %)

B 114 (46.9 %)

C 66 (27.2 %)

MELD 9.09 (−4.92–32.57)
CLIP score

0 7 (2.9 %)

1 23 (9.5 %)

2 32 (13.2 %)

3 43 (17.7 %)

4 55 (22.6 %)

5 62 (25.5 %)

6 21 (8.6 %)

3-Month survival rate 115 (47.3 %)

AFPα-fetoprotein,ALP alkaline phosphatase,AFUα-L-fucosidase,GGT
gamma-glutamyl transpeptidase, ALT alanine aminotransferase, NLR
neutrophil-to-lymphocyte ratio,MELDmodel for end-stage liver disease,
CLIP Cancer of the Liver Italian Program
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records regarding the physical status, cancer-related symp-
toms, and self-maintenance scale.

Statistical analysis

The OS and 3-month survival were the main endpoints of this
study. Survival was defined as the time interval between HCC
diagnosis and death or the last follow-up. Multivariate analy-
sis using a stepwise Cox proportional hazards model was used
to test for independent significance of baseline characteristics
and explanatory variables. The performance of staging sys-
tems and relevant parameters was assessed by using the
Kaplan–Meier method, and differences in survival between
groups were compared by using the log-rank test. In addition,
the receiver operating characteristic (ROC) curves of PLR for
predicting the 3-month survival were plotted. The sensitivity–
probability of the score less than the cutoff point indicated

death within 3 months, and the specificity–probability of the
score greater than the cutoff point indicated survival beyond
3 months, both of which could be evaluated for each possible
cutoff point. The cutoff point representing the highest Youden
Index (specificity+specificity−1) was selected as the optimal
threshold value. The area under the ROC curve was
calculated and compared to represent the performance of
each system by using the methods described by Hanley
and McNeil. The linear trend χ2 test was used to evaluate
the discriminatory ability of the 3-month survival of gra-
dients of parameters. The neutrophil-to-lymphocyte ratio
(NLR) and PLR were integrated into the CLIP score
system or MELD to test their independent prognostic
value. The criterion for statistical significance was set at
an α of 0.01, and all p values were based on two-sided
tests. All the statistical analyses were performed using
SPSS v 20.0 (SPSS, Inc., Chicago, IL, USA).

Fig. 1 a Distribution of PLR in patients with advanced HCC (n=243). b
Receiver operating characteristic curves for PLR to predict 3-month
survival. c Kaplan–Meier survival curves are shown for overall survival

of advanced HCC patients with different level of PLR. HCC
hepatocellular carcinoma, PLR platelet-to-lymphocyte ratio
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Results

Patients’ characteristics

All 243 patients included in this study were ethnic Chinese
people; 21 patients were excluded for fundamental data loss.
Most of the patients (87.2 %) were hepatitis B virus carriers.
None of the patients received antitumor treatment that was
recommended in the National Comprehensive Cancer
Network guidelines and BCLC system. Ten patients had
received chemotherapy outside a clinical trial. The median
follow-up time was 81 days (range, 2–1345 days), and 208
(85.6 %) patients died before the end of this study. The
3-month survival rate was 47.3 % (Table 1).

Prognostic value of PLR

The median count of white blood cells, neutrophil
granulocytes, lymphocytes, and platelets was 6.51×109/L
(range, 1.8×109/L to 36.1×109/L), 4.24×109/L (range,
0.50×109/L to 30.6×109/L), 1.17×109/L (range, 0.32×109/
L to 14.00×109/L), and 141×109/L (range, 4×109/L to 503×
109/L), respectively. The median PLR was 111.69 (range,
5.29–583.02) (Table 1 and Fig. 1a).

Univariate analysis by Cox regression revealed that the
white blood cell count, neutrophil granulocyte count, NLR,
and platelet count were associated with unfavorable OS. In
addition, the lymphocyte count was not associated with the
OS. Importantly, a higher PLR indicated a significantly unfa-
vorable prognosis (Table 2). The CLIP score system has been
the best prognostic system for advanced HCC patients up to
now, based on its capacity and simplicity [3]. Thus, in order to
eliminate any potential bias due to limited sample size, we
used the CLIP score system and MELD to test the indepen-
dence of NLR and PLR as predictors for OS by using a
multivariate Cox regression model. As a result, PLR was the
only independent predictor among all the inflammation
markers for OS of advanced HCC patients (p=0.003 and p=
0.000 compared with CLIP and MELD, respectively). NLR

did not reach a significant p value of 0.01 compared with the
CLIP score or MELD (Table 3).

Comparison of patients with high and low PLR

ROC analysis presented similar results with Cox regression
and revealed that the PLR was a significant predictor of 3-
month survival (Fig. 1b). The cutoff point was 111.23 with the
highest predictive performance for both specificity and sensi-
tivity. Thus, the PLR value of ≤111.23 was defined as a low
level while a PLR value of >111.23 was defined as a high
level, and patients were dichotomized into two groups accord-
ingly. The differences in baseline characteristics were subse-
quently compared between patients with different PLRs.
Patients with a high PLR had a significantly lower 3-month
survival rate (37.6 vs. 57.6 %) compared with patients with a
low PLR (Fig. 1c and Table 4). Importantly, a high PLR was
associated with aggressive malignant features, including
higher clinical stages, distant metastasis, and portal vein
thrombosis. Besides, a high PLR was associated with unfa-
vorable prognostic factors such as a higher alkaline phospha-
tase level and a higher MELD score. Meanwhile, a high PLR
was associated with increased counts of white blood cells,
neutrophil granulocytes, and platelets, but with decreased
lymphocyte counts. However, patients with a high PLR pre-
sented with a better international normalized ratio than those
with a low PLR. In addition, the PLR was not associated with
the CLIP score and Child–Pugh grade (Table 4).

Table 3 Multivariate analysis of the association between NLR, PLR,
and parameters in CLIP score system, CLIP score, or MELD for overall
survival of advanced HCC patients

Characteristics p HR 95 % CI for HR

AFP 0.012 1.463 1.086–1.972

Tumor morphologya 0.000 1.643 1.324–2.037

Child–Pugh grade 0.000 1.769 1.436–2.179

Portal vein thrombosis 0.103 1.345 0.942–1.921

NLR 0.030 1.030 1.003–1.058

PLR 0.002 1.003 1.001–1.004

CLIP score 0.000 1.570 1.425–1.729

NLR 0.030 1.033 1.007–1.060

PLR 0.003 1.002 1.001–1.004

MELD 0.000 1.046 1.024–1.069

NLR 0.079 1.020 0.998–1.043

PLR 0.000 1.003 1.002–1.005

NLR neutrophil-to-lymphocyte ratio, PLR platelets-to-lymphocyte ratio,
CLIP Cancer of the Liver Italian Program, MELD model for end-stage
liver disease, HCC hepatocellular carcinoma, HR hazards ratio, 95 % CI
95 % confidence interval, AFP α-fetoprotein
a Defined in CLIP score system

Table 2 Univariate analysis of the association between baseline blood
cell counts for overall survival of advanced HCC patients

Characteristics p HR 95 % CI for HR

White cells 0.000 1.048 1.024–1.072

Neutrophil granulocyte 0.000 1.057 1.032–1.084

Lymphocyte 0.740 0.973 0.830–1.141

Platelets 0.009 1.002 1.000–1.003

NLR 0.000 1.032 1.015–1.050

PLR 0.000 1.003 1.002–1.004

HCC hepatocellular carcinoma, 95 % CI 95 % confidence interval, HR
hazards ratio, NLR neutrophil-to-lymphocyte ratio, PLR platelets-to-lym-
phocyte ratio
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Table 4 Baseline demographic
and clinical characteristics of
advanced HCC patients with
different level of PLR

HCC hepatocellular carcinoma,
AFP α-fetoprotein, ALP alkaline
phosphatase, AFU α-L-
fucosidase, GGT gamma-
glutamyl transpeptidase, ALT
alanine aminotransferase, PLR
platelets-to-lymphocyte ratio,
MELD Model for end-stage liver
disease, CLIP Cancer of the Liver
Italian Program

Characteristics Low PLR (n=118) High PLR (n=125) p

Gender 0.838

Male 103 (87.3 %) 108 (86.4 %)

Female 15 (12.7 %) 17 (13.6 %)

Age (years) 59.5 (29–86) 55 (19–85) 0.005

Etiology 0.119

Hepatitis B 107 (90.7 %) 105 (84.0 %)

Other 11 (9.3 %) 20 (16.0 %)

Karnofsky performance status 70 (20–90) 70 (20–90) 0.993

Laboratory parameters

International normalized ratio 1.225 (0.93–2.53) 1.16 (0.85–2.06) 0.005

AFP (ng/mL) 279.5 (1.6–212620.0) 1000 (6.0–200000.0) 0.195

Albumin (g/L) 32.9 (13.6–51.8) 34.8 (21.2–47.8) 0.014

Urea (mmol/L) 5.71 (2.62–25.42) 4.87 (1.63–24.26) 0.034

Creatinine (μmol/L) 71 (29–277) 66.2 (29–187.7) 0.034

ALP (U/L) 126.5 (33–642) 160 (54–767) 0.001

Fibrinogen (g/L) 2.45 (0.90–6.23) 3.53 (1.31–94.0) 0.000

Total bilirubin (μmol/L) 41.0 (6.4–864.9) 33.6 (4.7–694.2) 0.171

GGT (U/L) 144 (17–901) 214 (18–1128) 0.001

ALT (U/L) 54 (4–450) 55 (6–2669) 0.984

Platelets (×109/L) 91 (4–296) 194 (50–503) 0.000

Hemoglobin (g/L) 117 (57–172) 121 (56–177) 0.099

White blood cells (×109/L) 5.56 (1.8–36.1) 7.16 (2.0–29.6) 0.000

Neutrophil granulocyte (×109/L) 3.53 (1.16–30.60) 5.08 (0.50–27.24) 0.000

Lymphocyte (×109/L) 1.31 (0.45–14.00) 1.10 (0.32–2.81) 0.006

Ascites 63 (53.4 %) 75 (60.0 %) 0.299

Encephalopathy 4 (3.4 %) 2 (1.6 %) 0.628

Portal vein thrombosis 67 (56.8 %) 92 (73.6 %) 0.006

Lung metastases 8 (6.8 %) 26 (20.8 %) 0.002

Lymph node metastases 28 (23.7 %) 41 (32.8 %) 0.117

Distant metastasis 16 (13.6 %) 34 (27.2 %) 0.009

3-Month survival rate 68 (57.6 %) 47 (37.6 %) 0.002

TNM 7th edition 0.002

I 21 (17.8 %) 9 (7.2 %)

II 15 (12.7 %) 6 (4.8 %)

III 64 (54.2 %) 74 (59.2 %)

IV 18 (15.3 %) 36 (28.8 %)

Child–Pugh grade 0.316

A 26 (22.0 %) 37 (29.6 %)

B 56 (47.5 %) 58 (46.4 %)

C 36 (30.5 %) 30 (24.0 %)

MELD 10.65 (−2.03–32.57) 7.33 (−4.92–30.49) 0.003

CLIP score 0.033

0 5 (4.2 %) 2 (1.6 %)

1 17 (14.4 %) 6 (4.8 %)

2 20 (16.9 %) 12 (9.6 %)

3 17 (14.4 %) 26 (20.8 %)

4 25 (21.2 %) 30 (24.0 %)

5 25 (21.2 %) 37 (29.6 %)

6 9 (7.6 %) 12 (9.6 %)
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Discussion

In this era of targeted therapy, few targeted therapy generated a
favorable result for advanced HCC patients except for soraf-
enib [1]. The causes were believed to be poor prognosis of
advanced HCC patients [2, 3] and shortage of specificity in
patient selection. Thus, patient selection for advanced HCC
clinical trials is critical for future clinical trials. The platelet
count, as an inflammation marker, has been under recent
intensive investigation and was reported to be involved in
the progression of aggressive tumor behavior [11, 12]. The
multiple functions of platelets in tumor development make it a
promising clinical factor for patient selection and prognosis
prediction. This study is the first investigation to identify the
prognostic value of PLR in advanced HCC patients. We found
that the PLR, but not the platelet count, was an independent
predictor for OS in patients with advanced HCC. Advanced
HCC patients with a PLR >111.23 had a decreased 3-month
survival than those with a PLR <111.23 (37.6 vs. 57.6 %),
whichmakes PLR a preferable criterion for patient selection in
future clinical trials.

The PLR was identified as an independent prognosis factor
for advanced HCC patients in our study, and this result is
comparable to its value identified in other types of cancers. A
higher PLRwas reported to indicate poor prognosis in patients
with non-metastatic non-small-cell lung cancer [13], resect-
able small cell carcinoma of esophagus [14], squamous cell
carcinoma of the vulva [15], resectable epithelial ovarian
cancer [16], colon cancer [17, 18], and advanced gastric
cancer [19]. In addition, PLR has an intermediate statistical
ability to predict HCC recurrence after liver transplantation
[20]. The predictive capability of PLR partially relies on its
association with aggressive behavior of malignancies, includ-
ing distant metastasis and portal vein thrombosis in our study.
A higher PLRwas reported to be associated with higher stages
or tumor recurrence in HCC [20], ovarian cancer [16], and
vulva carcinoma [15]. The aggressive progression of tumors
based on injury to the vessel endothelium, which was one of
the causes of increased platelet levels [11], gave it an en-
hanced capability in predicting the prognosis of cancer
patients.

Increasing experimental evidence demonstrates that plate-
lets promote tumor metastasis. Activated platelets guard tu-
mor cells from immune elimination by promoting their arrest
at the endothelium, thus supporting the establishment of sec-
ondary lesions [11, 12]. Platelet surface molecules and re-
leased factors, such as αIIbβ3 [21], platelet-derived growth
factor, basic fibroblast growth factor, and hepatocyte growth
factor [22], have also been shown to be involved in tumor
metastasis. Platelet-derived transforming growth factor-beta
as well as the direct contact between platelets and tumor cells
synergistically promote transition of cancer cells to an inva-
sive mesenchymal-like phenotype, thus enhancing metastasis

[23]. In addition, platelets and neutrophil granulocytes are
sequentially recruited to disseminated tumor cells to form
“early metastatic niches” that promote metastatic progression
[24]. On the other hand, lymphocyte depletion was the likely
reflection of an impaired T lymphocyte-mediated antitumor
response [25], and a decreasing T4/T8 ratio results in a weaker
lymphocyte-mediated immune response to tumors [26]. Thus,
because of an increasing interest in therapies targeting
platelet-involved biological processes, PLRmay be a potential
criterion for patient selection in future clinical trials.

In summary, the present study is the first to identify PLR as
an independent prognostic factor in advanced HCC patients
not receiving systemic sorafenib. A subgroup of advanced
HCC patients with a lower PLR had better 3-month survival
rates, and these patients are ideal candidates for further clinical
studies of targeted therapies.
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