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Relationship between platelet-based models and the prognosis of
patients with malignant hepatic tumors
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Abstract. Platelets (PLTs) are involved in tumor growth,
metabolism and vascular activation. PLT-based models have
been reported to have significant value on the recurrence of
malignant hepatic tumors. The present study aimed to inves-
tigate the effect of PLT count and 18 PLT-based models on
the prognosis of patients with malignant hepatic tumors. The
clinical data from 189 patients with malignant hepatic tumors
were retrospectively analyzed and used to calculate the scores
of the 18 PLT-based models. Receiver operating characteristic
curve was used to determine the suitable cut-off values of
mortality and recurrence in patients with malignant hepatic
tumors. The overall survival and cumulative recurrence rates
of patients were calculated using Kaplan-Meier survival
curves and the difference was analyzed using log-rank test.
Multivariate analysis was performed to determine the inde-
pendent risk factors of recurrence-free survival and overall
survival. In the present study, 11 models were considered
as predictors of mortality (P<0.05) and six models were
considered as predictors of recurrence (P<0.05). The results
from multivariate analysis demonstrated that vascular cancer
embolus, uric acid >231 ymol/l, hemoglobin >144 g/l and the
Lok index model >0.695 were considered as independent risk
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factors of mortality (P<0.05). Furthermore, vascular cancer
embolus, PLT to lymphocyte ratio (PLR) >175 and fibrosis-4
(FIB-4) >4.82 were independent factors of recurrence
(P<0.05). In addition, the results from this study indicated that
the Lok-index could be considered as a predictor of the overall
survival rate. In conclusion, the FIB-4 and PLR model may
be valuable for predicting the recurrence-free rate of patients
with malignant hepatic tumors.

Introduction

Liver cancer is the fourth leading cause of cancer-associated
mortality worldwide, with ~4.7% (841,080/18,078,957) new
cases and accounted for 8.2% (781,631/9,555,027) of all types
of cancer-associated deaths worldwide in 2018 (1). The main
risk factors for the occurrence of hepatocellular carcinoma
include alcoholic cirrhosis, fungal aflatoxin infection, and
hepatitis B and C viral infection (2). Although the diagnosis
and treatment of hepatic carcinoma have improved recently, the
majority of patients are diagnosed or present with symptoms
at middle and advanced stages and have a low survival rate
of 5-6% (3), which is due to the discreet clinical symptoms,
subtle onset, invasive growth and high malignancy in the early
stage.

Platelets (PLTs) are the smallest type of blood cell and PLT
counts are typically between 100 and 300x10%/1. PLTs release
numerous cytokines that participate in the inflammatory
response, such as PLT-derived growth factors and trans-
forming growth factor . PLTs also transport these substances
to specific locations, therefore PLTs serve important roles in
numerous functions, including angiogenesis, wound healing
and liver regeneration. Alterations in the number and function
of PLTs may lead to numerous physiological and pathological
changes, such as in the inflammatory response and throm-
bosis (4), and may thus result in serious complications and
diseases such as venous thromboembolism (5). The majority
of patients with liver cancer present with cirrhosis, which is
generally caused by chronic hepatitis (6). The decompensated
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stage of cirrhosis is characterized by portal hypertension,
hypersplenism and low PLT count (7,8). During the develop-
ment of liver cancer, cancer cells can cause an imbalance
in the blood coagulation system via the overproduction of
blood coagulation factors. Furthermore, this imbalance can
promote excessive PLT activation (9,10). The activated PLTs
serve as a procoagulant surface, inducing cancer-associated
coagulation, and the activated PLTs may also be recruited to
surround tumor cells, assisting immune evasion of tumor cells
and thus cytolysis by killer cells (5,11). In addition, PLTs are
recruited to surround tumor cells, to protect them from the
body's immune system and to promote their proliferation and
metastasis (12,13). Furthermore, PLTs may release growth
factors that stimulates cellular growth, proliferation, healing,
and cellular differentiation, such as transforming growth
factor-p and fibroblast growth factor, which increases invasive
capacity and proliferation of cancer cells (5,14,15). In addi-
tion, PLTs and numerous noninvasive models, such as AAR,
AST to PLT ratio index (APRI) (16), fibrosis-4 (FIB-4) (17),
Pohl score (18), FibroQ (19) and Lok index (20), have been
reported to predict liver fibrosis and are therefore considered
diagnostic indicators of cirrhosis (20-23). Previous studies
demonstrated that PLTs represent independent factors of
cancer recurrence and prognosis (24-26). The present study
hypothesized therefore that PLT-based models may be
considered as crucial factors for the prognosis of patients with
malignant hepatic tumors.

Although recent studies have demonstrated that abnormal
PLT counts are associated with a poor prognosis in patients
with cancer, this association remains controversial (27,28). In
addition, previous studies have reported a correlation between
PLT-based models and the recurrence and overall survival rate
in patients with malignant hepatic tumors (15,29-32). In the
present study, 18 PLT-based models were used to predict the
overall survival and recurrence-free survival in patients with
malignant hepatic tumors.

Malignant hepatic tumors are currently diagnosed using
imaging techniques, including abdominal ultrasound, abdom-
inal computed tomography (CT) and abdominal magnetic
resonance imaging (MRI) (33-36). Although ultrasound is a
simple method widely used for the screening of liver cancer,
CT and MRI are the primary methods for diagnosing hepatic
carcinoma. Furthermore, there are only a few available
biomarkers for diagnosis of liver cancer, such as a-fetoprotein
(AFP) (37); however, analysis of pathological tissue biopsy
remains the most efficient diagnostic.

Numerous methods for the treatment of malignant
hepatic tumors exist, including surgical and non-surgical
treatments. Liver transplant is an effective treatment for
patients with complex or end-stage lesions (38). Non-surgical
treatments comprise radiofrequency ablation, microwave
ablation (liver tumor <4 cm), radiotherapy and systemic
chemotherapy (39-41). Systemic chemotherapy, including
targeted therapy by sorafenib, provided to patients with distant
metastases and unresectable lesions (Barcelona Clinic Liver
Cancer stage C/D) (41), resulted in an increase in overall
survival rate when combined with other chemotherapeutics.
Immunotherapy-based regimens and novel chemotherapeutic
agents may improve outcomes for patients with HCC. All
therapies and treatments will have certain contraindications in
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specific patients. Therefore, personalized regimens for patients
are required necessary to improve outcomes in patients with
HCC (39).

Patients and methods

Patients. The clinical data of 189 patients with malignant
hepatic tumors who received surgery and non-surgical treat-
ment during January 2011 and March 2018 at the Affiliated
Hospital of Qinghai University were collected. Among these
patients, 145 were male and 44 were female, with a mean age
of 56+10 years (range, 16-82 years). Patients who received
surgery were pathologically diagnosed with malignant hepatic
tumors whereas those who did not receive surgery were
diagnosed with using imaging based techniques. This study
was approved by the Institutional Research Ethics Board of
Qinghai University Affiliated Hospital and conformed to
the Declaration of Helsinki. Written informed consent was
provided by all patients.

Study design. The clinical data of patients included sex, age,
hepatitis B virus (HBV) infection status, presence of cirrhosis
or ascites, the Child-Pugh score (42) were collected (42),
preoperative relevant laboratory indicators (blood routine
examination, biochemical test and coagulation function),
surgical records and tumor imaging characteristics. Patients
were selected according to the following inclusion criteria:
i) Diagnosis of hepatic malignant tumor made by histo-
pathological analysis or imaging; ii) diagnosed and treated
at the Department of Hepatopancreatobiliary Surgery, The
Affiliated Hospital of Qinghai University; iii) patients had
no history of surgery prior to hospitalization; iv) no adjuvant
chemotherapy or radiotherapy was administered prior to or
following treatment, including hepatectomy or non-surgical
treatment; v) patients had no systemic inflammatory
response syndrome; vi) patients had no coexistent hema-
tologic diseases; and vii) patients had no history of blood
transfusion for three months prior to treatment, including
hepatectomy and non-surgical treatment. Patients who died
from non-cancerous-associated causes or whose data were
incomplete were excluded.

PLT-based model. The scoring models adopted in this
study were as follows: Pohl score, aspartate aminotrans-
ferase/alanine aminotransferase ratio-platelet count score
(AARP) (43), asthma predictive index (API) (44), care
dependency scale (CDS) (22), AST to PLT ratio index (APRI),
fibrosis-4 (FIB-4), FibroQ, Géteborg University Cirrhosis
Index (GUCI) (45), King's score (46), y-glutamyl transpepti-
dase to PLT ratio (GPR) (47), S-index (48), Forns index (49),
Platelet count/age/ALP/AFP/AST index(PAPAS) (50),
Aspartate- aminotransferase/platelet count/GPR/AFP index
(APGA) (51), fibrosis index based on the three factors (Lok
index), P2/MS (52), periodontal screening and recording (53)
and PLT to lymphocyte ratio (PLR) (54). The algorithms of
the inclusive 17 scoring systems, including Pohl score, AARP,
API, CDS, APRI, FIB-4, FibroQ, Lok-index, GUCI, APGA,
PAPAS, King's score, GPR, S-index, PSR, P2/MS and Forns
index, have been previously used in transhepatic arterial
chemotherapy and embolization therapy (32).
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Follow-up. The beginning of the follow-up corresponds to the
date of the initial diagnosis. In the present study, the cut-off
date was either the time of the last follow-up (March 2018) or
the death of the patient. Event outcomes included mortality
and survival. The follow-up included assessment of survival
and recurrence. Recurrence was assessed based on the clinical
characteristics, imaging examination, expression levels of
tumor markers, including AFP, and pathological diagnosis
of hepatic malignancy by analyzing changes in tumor cell
morphology, tissue structure and growth pattern. Malignant
hepatic tumors are classified into primary hepatic carcinoma
(PHC) and secondary hepatic carcinoma. PHC includes
hepatocellular carcinoma (HCC), intrahepatic cholangiocarci-
noma and other rare subtypes (1). In addition, recurrence-free
survival was evaluated from the beginning of treatment until
the detection of local or distant recurrence. Overall survival
was estimated from the beginning of treatment until death (55).

Statistical analysis. Statistical analysis was performed using
SPSS software version 23.0 (IBM Corp.). Figures were gener-
ated using GraphPad Prism 5.01 (GraphPad Software, Inc.).
Student's test and 7 test were used to compare the continuous
and categorical variables, respectively. The rank sum test
was used for comparison of continuous data that did follow
a normal distribution. The receiver operating characteristic
curve (ROC) was calculated to analyze the predictive ability
of the 18 scoring systems for the overall survival and recur-
rence-free survival of patients with malignant hepatic tumors
and was used to determine the optimal cut-off point (with
the highest specificity and sensitivity sum) of each variable.
All scoring systems found to be significant (P<0.05) using
ROC curve analysis were subsequently further assessed using
Kaplan-Meier survival analysis. Kaplan-Meier analysis was
used to estimate the cumulative survival and recurrence rates
and a log-rank test was used to analyze the differences between
two groups. P<0.05 was considered to indicate a statistically
significant difference.

All variables that were demonstrated to be significant
(P<0.05) were then analyzed by multivariate analysis with
Cox proportional hazard regression models. The contin-
uous variables of normal distribution were presented as
means =+ standard deviation, otherwise it was presented as
median (minimum-maximum).

Results

Patient characteristics. The present study included 93 patients
who were infected with HBV, 80 patients who presented with
cirrhosis, 96 patients who had received surgical treatment and
93 patients who had been treated with non-surgical therapy
such as microwave ablation. According to the Kaplan-Meier
curve, the median survival time of 189 patients was 46 months.
Furthermore, after an average follow-up period of 24.06 months,
60.8% (115/189) of patients survived, 39.2% (74/189) of patients
experienced recurrence and 39.2% (74/189) of patients died
in Table I. The clinicopathological characteristics, serological
tests, tumor characteristics and scoring models of all patients,
classified according to the survival status, are presented in
Table I. Significant differences were observed between the two
groups (survival and mortality) in the number of tumor lesions,
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level of total protein, uric acid, recurrence, Pohl score, CDS,
APRI, King's score, Forn index, Lok index, FibroQ, PAPAS,
FIB-4, GUCI, GPR, APGA and PLR (P<0.05). However, sex,
age, HBsAg, ascites, cirrhosis, Child-Pugh score, diameter of
spleen (mm), hypertension, polycythemia, the method of treat-
ment (surgical treatment vs. non-surgical treatment), tumor
size, vascular cancer embolus, ALB, CEA, ALT, AST, ALP,
GGT, AFP level, PLT, PT, INR, neutrophil (%), mononuclear
cell (%), AARP, API, P2/MS, PSR and S-index were not statis-
tically different between the two groups (P>0.05).

The clinicopathological characteristics, serological tests,
tumor characteristics and scoring models of all patients, clas-
sified according to the recurrence status, are presented in
Table II. Child-Pugh classification, percentage of lymphocyte,
percentage of neutrophil and cholesterol level exhibited signifi-
cant differences between the two groups (P<0.05). The method
of treatment (surgical treatment vs. non-surgical treatment),
tumor size, lesion number, presence of cirrhosis and AFP level
were not statistically different between the two groups (P>0.05).

Optimal cut-off point. According to the results from ROC
curves (Fig. 1), the cut-off value of PLT for the prediction
of survival was 113x10° g/l because of the maximal sum of
sensitivity plus specificity. Furthermore, AFP [area under the
curve (AUC), 0.610; 95% confidence interval (CI), 0.527-0.671;
P=0.0133], uric acid value (AUC, 0.614; 95% CI, 0.541-0.684;
P=0.0057), total albumin (AUC, 0.585; 95% CI, 0.511-0.656;
P=0.0429), APGA (AUC, 0.613; 95% CI, 0.540-0.683;
P=0.0061), APRI (AUC, 0.606; 95% CI, 0.533-0.676;
P=0.0121), CDS (AUC, 0.610; 95% CI,0.536-0.680; P=0.0078),
FIB-4 (AUC, 0.615; 95% CI, 0.541-0.685; P=0.0067), FibroQ
(AUC, 0.610; 95% CI, 0.537-0.680; P=0.0099), Forns-index
(AUC, 0.595; 95% CI, 0.522-0.666; P=0.0258), GPR (AUC,
0.591; 95% CI, 0.518-0.662; P=0.0297), GUCI (AUC, 0.606;
95% CI, 0.533-0.676; P=0.0120), King's score (AUC, 0.612;
95% ClI, 0.539-0.682; P=0.0077), Lok-index (AUC, 0.597,
95% CI, 0.523-0.667; P=0.0254), PAPAS (AUC, 0.608; 95%
CI, 0.535-0.678; P=0.0090) and PLR (AUC, 0.662; 95% CI,
0.590-0.729; P=0.001) could significantly predict patient
survival (Table IIT). Among these indicators, the AUC of
PLR was the largest (AUC=0.662), indicating that the predic-
tive potential of PLR for predicting outcomes was improved
compared with the other models.

Regarding the ability of these indicators to predict recur-
rence of malignant hepatic tumors in patients, the percentage
of lymphocytes (AUC, 0.597; 95% CI, 0.523-0.667; P=0.0191),
level of uric acid (AUC,0.583;95% CI,0.509-0.654; P=0.0482),
percentage of neutrophils (AUC, 0.615; 95% CI, 0.542-0.685;
P=0.0048) and PLR (AUC, 0.640; 95% CI, 0.567-0.708;
P=0.0007) were significant predictors of recurrence (Table IV).
APGA (AUC, 0.542; 95% CI, 0.443-0.590; P=0.6892), APRI
(AUC, 0.517; 95% CI, 0.443-0.590; P=0.6892), FibroQ (AUC,
0.525; 95% CI, 0.451-0.598; P=0.5608), Forns index (AUC,
0.505; 95% CI, 0.431-0.578; P=0.9105), GPR (AUC, 0.500;
95% CI, 0.427-0.574; P=0.9968), GUCI (AUC, 0.511; 95% ClI,
0.437-0.584; P=0.7994) and King's score (AUC, 0.508, 95%
CI, 0.435-0.582; P=0.8430) were not statistically significant.
Among these scoring systems, only the PLR (AUC, 0.640;
95% CI, 0.567-0.708; P=0.0007) was a significant predictor
of recurrence.
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Table I. Characteristics of patients with malignant hepatic tumors categorized according to survival status.
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Parameter Survival cases Mortality cases P-value
Sex, male/female, n 83/32 62/12 0.065
Age, years 54«11 579 0.236
HBsAg, negative/positive, n 62/53 34/40 0.285
Ascites, no/yes, n 107/8 68/6 0.768
Cirrhosis, no/yes, n 71/44 38/36 0.158
Child-Pugh classification, A/B, n 98/17 65/9 0.611
Diameter of spleen, mm (range) 106.9 (72.8-194.1) 110.1 (75.3-175.3) 0.196
Hypertension, no/yes, n 107/8 65/9 0.222
Polycythemia, no/yes, n 111/4 69/5 0.317
Diabetes, no/yes, n 110/5 72/2 0.707
Non-surgical/surgical treatment, n 53/62 40/34 0.285
Tumor size, <5/=5 cm, n 36/79 24/50 0.871
Number of tumor lesions, single/multiple, n 90/25 45/29 0.010
Vascular cancer embolus, no/yes, n 103/12 59/15 0.059
ALB, U/l 37.81+5.80 37.51+5.348 0.725
CEA, ng/ml (range) 2.18 (0.50-735.44) 2.37 (0.51-954.63) 0.610
ALT, U/l (range) 41 (11-661) 42.35 (7-212) 0.542
AST, U/l (range) 47 (13-661) 53 (16-228) 0.065
ALP, U/l (range) 120 (20-908) 143 (62-1854) 0.110
GGT, U/l (range) 92 (5-1257) 119 (12-739) 0.210
AFP, <200/=200 ng/ml, n 71/44 43/31 0.619
Total protein, g/l (range) 68 (31-97) 70 (50-92) 0.049
PLT, x10%1 (range) 139 (38-537) 129 (37-366) 0.089
PT (range) 12.8 (8.9-19.9) 12.8 (10-20.2) 0.534
INR (range) 1.06 (0.75-1.63) 1.065 (0.84-1.74) 0.546
Mononuclear cell, % (range) 6.9 (1.2-23.51) 7.55(3.24-18.81) 0.056
Neutrophil, % (range) 61.53+12.19 58.17+14.34 0.086
Uric acid, gmol/l (range) 270 (11-538) 305 (133-549) 0.008
AARP, negative/positive 21/94 12/62 0.718
Pohl score, negative/positive 86/29 40/34 0.003
API (range) 6 (0-10) 7 (1-10) 0.085
CDS (range) 6 (2-10) 6 (2-9) 0.011
APRI (range) 0.87 (0.11-16.47) 1.25(0.16-10.17) 0.014
King's score (range) 20.46 (2.03-30.5.1) 31.85 (3.68-239.28) 0.009
Lok index (range) 0.50 (0.02-0.99) 0.70 (0.06-0.99) 0.025
P2/MS (range) 56.65 (1.05-625.01) 38.5 6(1.98-1,684.78) 0.094
PAPAS (range) 2.92 (1.29-5.73) 322 (1.17-8.97) 0.012
PSR (range) 1.34 (0.28-4.99) 1.13 (0.35-4.75) 0.070
S-index (range) 0.44 (0.02-10.9) 0.68 (0.05-4.84) 0.067
FIB-4 (range) 2.63 (0.49-24.5) 3.29 (0.78-26.59) 0.008
FibroQ (range) 4.24 (0.91-45.83) 5.82 (1.16-45.12) 0.011
GUCI (range) 35.51 (4.72-663.26) 51.56 (6.23-498.51) 0.014
GPR (range) 0.58 (0.03-13.66) 0.94 (0.05-6.1) 0.034
APGA (range) 17.01 (4.04-65.83) 20.87 (4.39-68.33) 0.009
Forn index (range) 9.71 (3.34-13.75) 10.19 (5.91-14.28) 0.027
PLR (range) 94.60 (18.67-589.29) 128.06 (31.60-588.64) <0.001
Recurrence, no/yes, n 99/16 16/58 <0.001

ALB, albumin; CEA, carcinoembryonic antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;
GGT, y-glutamyl transpeptidase; AFP, a-fetoprotein; PLT, platelet; API, age-PLT index; CDS, care dependency scale; APRI, AST to PLT ratio
index; PSR, PLT count/spleen diameter ratio; FIB-4, fibrosis-4; GUCI, Géteborg University Cirrhosis Index; GPR, y-glutamyl transpeptidase
to PLT ratio; APGA, Aspartate aminotransferase/platelet count/y-glutamy] transpeptidase/alpha fetoprotein index; PLR, PLT to lymphocyte
ratio; PT, Prothrombin time; INR, international normalized ratio; AARP, AAR-platelet count score; P2/MS, monocyte fraction/segmented

neutrophil fraction/platelet count index; PAPAS, Platelet count/age/ALP/AFP/AST index.
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Table II. Characteristics of patients with malignant hepatic tumors categorized according to recurrence status.
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Parameter Recurrence No recurrence P-value
Sex, male/female, n 57/17 88/37 0.146
Age, years 55+6 5611 0319
HBsAg, negative/positive, n 34/40 62/53 0.752
Ascites, no/yes, n 63/11 107/8 0.608
Cirrhosis, no/yes, n 39/35 65/50 0.808
Child-Pugh classification, A/B, n 65/9 93/22 0.016
Diameter of spleen, mm (range) 108.90 (75.30-175.30) 107.15 (72.8-194.1) 0.924
Polycythemia, no/yes, 64/10 111/4 0.291
Non-surgical/surgical treatment, n 35/39 63/52 0.232
Tumor size, <5/=5 cm, n (range) 6 (2.2-18) 7 (1.5-23) 0.525
Tumor amount, single/multiple, n 44/30 86/29 0.078
Vascular cancer embolus, no/yes 55/19 102/13 0.074
ALB (ng/ml) 38.61+5.23 37.16+5.78 0.087
ALT (U/D) 41.7 (7-212) 41.50 (11-661) 0.949
AST (U/N) 50 (16-438) 49 (13-661) 0.741
ALP (U/1) 134.9 (48-836) 122.40 (20-1,854.50) 0.549
GGT (UN) 113.30 (10-1,257) 91.50 (5-1,048) 0.426
AFP, ng/ml (range) 69.33 (0.82-2,000) 29.78 (0.72-2,000) 0.370
Total protein, g/l (range) 69.60 (50-91.7) 68.55 (31-97) 0.173
PLT, x10°/1 (range) 137 (50-537) 135.5 (37-454) 0.931
PT (range) 12.7 (10-19.7) 12.80 (8.90-20.20) 0.371
INR (range) 1.06 (0.84-1.67) 1.07 (0.75-1.74) 0.370
Mononuclear cell, % (range) 7.24 (1.2-18.81) 7.39 (3-23.51) 0438
Lymphocyte, % (range) 30.33+9.18 27.16+10.83 0.042
Neutrophil, % (range) 57.19+12.81 61.96+13.07 0.016
Cholesterol, mmol/l 4.05+1.30 3.71+0.96 0.042
AARP, negative/positive, n 17/57 21/94 0.985
Pohl score, negative/positive, n 47/27 74/41 0.749
API (range) 7 (1-10) 7 (0-10) 0438
CDS (range) 6 (2-9) 6 (2-9) 0.693
APRI (range) 1.057 (0.15-16.47) 0.925 (0.11-11.3) 0.733
King's score (range) 23.029 (2.91-305.10) 23.27 (2.03-267.06) 0.564
Lok index (range) 0.58 (0.06-0.98) 0.54 (0.02-0.99) 0.515
P2/MS (range) 4423 (3.45-612.79) 49.88 (1.05-1,684.78) 0.536
PAPAS (range) 3.17 (1.71-5.63) 3.01 (1.29-8.97) 0.588
PSR (range) 1.32 (0.35-4.33) 1.22 (0.28-4.99) 0.701
S-index (range) 0.605 (0.03-10.9) 0.53 (0.02-4.84) 0.800
FIB-4 (range) 2.71 (0.5-24.5) 2.88 (0.49-26.59) 0.556
FibroQ (range) 4.21(091-22.11) 4.88 (1.15-45.83) 0.583
GUCI (range) 42.66 (5.15-663.26) 40.67 (4.72-437.81) 0.667
GPR (range) 0.86 (0.04-13.66) 0.61 (0.03-6.10) 0.548
APGA (range) 20.20 (4.17-65.83) 17.58 (4.04-68.33) 0.606
Forn index (range) 9.75£2.09 9.82+2.05 0.835
PLR (range) 123.69 (31.60-588.64) 97.65 (18.67-589.29) 0.001

ALB, albumin; CEA, carcinoembryonic antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;
GGT, y-glutamyl transpeptidase; AFP, a-fetoprotein; PLT, platelet; API, age-PLT index; CDS, care dependency scale; APRI, AST to PLT ratio
index; PSR, PLT count/spleen diameter ratio; FIB-4, fibrosis-4; GUCI, Goteborg University Cirrhosis Index; GRP, y-glutamyl transpeptidase to
PLT ratio; APGA, Aspartate aminotransferase/platelet count/y-glutamyl transpeptidase/alpha fetoprotein index; PLR, PLT to lymphocyte ratio;
PT, Prothrombin time; INR, international normalized ratio; AARP, AAR-platelet count score; P2/MS, monocyte fraction/segmented neutrophil

fraction/platelet count index; PAPAS, Platelet count/age/ ALP/AFP/AST index.
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Table III. Ability of data to predict survival status of patients
with malignant hepatic tumors.
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Table I'V. Ability of data to predict recurrence status of patients
with malignant hepatic tumors.

Data AUC  Cut-off 95% CI P-value  Data AUC Cut-off 95% CI P-value
AFP 0.610 854 0.527-0.671 0.0133 Uric acid 0.583 325 0.509-0.654 0.0482
Uric acid 0.614 231 0.541-0.684 0.0057 Lymphocyte 0.597 224 0.523-0.667 0.0191
Total protein 0.585 71.9 0.511-0.656 0.0429 Neutrophil 0.615 56.3 0.542-0.685 0.0048
FIB-4 0.615 4818 0.541-0.685 0.0067 FIB-4 0.515 4.817 0.442-0.589 0.7186
FibroQ 0.610 5.104 0.537-0.680 0.0099 FibroQ 0.525 7.833 0.451-0.598 0.5608
Forns index 0.595 11.059 0.522-0.666 0.0258 Forns index 0.505 11.22 0.431-0.578 0.9105
GPR 0.591 0.869 0.518-0.662 0.0297 GPR 0.500 0.577 0.427-0.574 0.9968
GUCI 0.606 56.386 0.533-0.676 0.0120 GUCI 0.511 33.806 0.437-0.584 0.7994
King's score 0.612 31.31 0.539-0.682 0.0077 King's score 0.508 28.397 0.435-0.582 0.8430
Lok-index 0.597 0.694 0.523-0.667 0.0254 Lok index 0.517 0.569 0.443-0.590 0.6931
P2/MS 0.572 43.68 0.498-0.644 0.0921 P2/MS 0.515 86.605 0.441-0.588 0.7325
PAPAS 0.608 240 0.535-0.678 0.0090 PAPAS 0.548 2.903 0.474-0.621 0.2526
PSR 0.580 1.052 0.506-0.652 0.0602 APGA 0.522 13.22 0.448-0.595 0.6017
S-index 0.579 0.391 0.505-0.650 0.0632 APRI 0.510 1.63 0.436-0.583 0.8170
APGA 0.613 14.73 0.540-0.683 0.0061 PLR 0.640 175 0.567-0.708 0.0007
API 0.574 7 0.500-0.645 0.0846
APRI 0.606 1.096 0.533-0.676 0.0121 AUC, area under the curve; CI, confidence interval. FIB-4,
fibrosis-4; Fibr Fibro- ient; GRP, vy-glutamyl tran i-
CDS 0.610 6 0.536-0.680 0.0078 d:s: Stso I;LT t;a(;i%; leJ)COI,qlg(:tibt;rgGUn;v;s%t;lt%il?/rhotsii SI[r)lf(:iztx;
PLR 0.662 106 0.590-0.729 0.0001

AUC, area under the curve; CI, confidence interval, AFP,
a-fetoprotein; FIB-4, fibrosis-4; FibroQ, Fibro-quotient; GRP,
v-glutamyl transpeptidase to PLT ratio; GUCI, Goteburg University
Cirrhosis Index; King's score, Fibrosis index based on the four factors;
Lok-index, Fibrosis index based on the three factors; APGA, Aspartate
aminotransferase/platelet ~count/y-glutamyl transpeptidase/alpha
fetoprotein index; PSR, platelet count/spleen diameter (mm) ratio
index; S-index, vy-glutamyl transpeptidase/platelet count/serum
albumin index; API, Age/platelet count index; PLR, PLT to lympho-
cyte ratio; PT, Prothrombin time; INR, international normalized
ratio; APRI, Aspartate aminotransferase/platelet count ratio index;
Forns index, Platelet count/y-glutamyl transpeptidase/age/cholesterol
index; CDS, Cirrhosis discriminant score;P2/MS, monocyte fraction/
segmented neutrophil fraction/platelet count index; PAPAS, Platelet
count/age/ ALP/AFP/AST index.

Predictive indicators associated with mortality. Fig. 2A pres-
ents the overall survival rate of all patients. The results from a
log-rank test demonstrated that age >46 years, vascular cancer
embolus, AFP >85.4 ng/ml, ALP >111 U/ml, percentage of
monocytes >7, percentage of neutrophils >70.4, total protein
>71.9 g/1, HGB >144 g/1, RBC >4.85x10"%/1, monocyte >7 and
uric acid >231 gmol/l were significant predictors of a higher
mortality rate (Table V). Among the 18 PLT-based models,
APRI >1.096, FIB-4 >4.818, FibroQ >5.104, Forn index
>11.059, GPR >0.869, GUCI >56.386, King's score >31.31,
Lok-index >0.695, PAPAS >2.405, Pohl score (positive) and
PLR >106 were significantly associated with a higher mortality
rate (Table V). Fig. 3 presents the Kaplan-Meier curves of 12
PLT-based models (APRI, FIB-4, FibroQ, Forns index, GPR,
GUCI, King's score, Lok index, PAPAS, Phol score, PLR and
CDS) which were determined to be significant by ROC curve
analysis. The higher scoring groups in the 18 PLT-based scoring

King's score, Fibrosis index based on the four factors; Lok-index,
Fibrosis index based on the three factors; APGA, Aspartate
aminotransferase/platelet  count/y-glutamyl transpeptidase/alpha
fetoprotein index; Forns index, Platelet count/y-glutamyl transpep-
tidase/age/cholesterol index; PLR, PLT to lymphocyte ratio; APRI,
Aspartate aminotransferase/platelet count ratio index; P2/MS, mono-
cyte fraction/segmented neutrophil fraction/platelet count index;
PAPAS, Platelet count/age/ ALP/AFP/AST index.
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0.8 — FibroQ
> GUCI ’
> o0e{ COFR 7 — APGA
-‘g — Lok index
c --=PLR
g 0.4 ~ee PLT
o | g e King's score
0.2 === Forn index
----- PAPAS
0.0 T 1
NN SN S N N

1 - Specificity

Figure 1. Receiver operating characteristic curves of 13 platelet-based
models for predicting the risk of recurrence. The AUC of CDS was 0.610
(P=0.0078), the AUC of APRI was 0.606 (P=0.0121), the AUC of FIB-4 was
0.615 (P=0.0067), the AUC of FibroQ was 0.610 (P=0.0099), the AUC of
GUCI was 0.606 (P=0.0120), the AUC of GPR was 0.591 (P=0.0297), the
AUC of APGA was 0.613 (P=0.0061), the AUC of Lok index was 0.597
(P=0.0254), the AUC of PLR was 0.662 (P=0.0001), the AUC of PLT was
0.573 (P=0.089), the AUC of King's score was 0.612 (P=0.0077), the AUC
of Forns index was 0.595 (P=0.0258) and the AUC of PAPAS was 0.608
(P=0.0090). AUC, area under the curve; CDS, care dependency scale; APRI,
AST to PLT ratio index; FIB-4, fibrosis-4; GUCI, Goteborg University
Cirrhosis Index; GPR, y-glutamyl transpeptidase to PLT ratio; PLR, PLT to
lymphocyte ratio; PLT, platelet; PAPAS, Platelet count/age/ALP/AFP/AST
index; APGA, Aspartate aminotransferase/platelet count/GPR/AFP index.
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Table V. Predictors of mortality according to mortality time following log-rank test and multivariate analysis.

Log-rank test Multivariate analysis
Variable P-value HR (95% CI) P-value
Age >46 years 0.036 0.499 (0.236-1.057) 0.069
Cirrhosis 0.06 - -
HBYV (positive) 0.347 - -
Ascites 0.772 - -
Multiple tumors 0.059 - -
Vascular cancer embolus 0.001 0.520 (0.287-0.943) 0.031
Surgery 0.488 - -
AFP >85 .4 ng/ml 0.004 1.566 (0.900-2.724) 0.112
ALT >32 U/l 0.363 - -
AST >34 U/ 0.094 - -
ALP>111 U/ 0.054 - -
GGT >74 U/ 0313 - -
Total protein >71.9 g/l 0.039 0.717 (0.432-1.190) 0.198
PT>133 0.428 - -
HGB >144 g/ 0.010 0.588 (0.351-0.986) 0.044
RBC >4.85x10'%1 0.040 0.903 (0.459-1.775) 0.767
Mononuclear cell >7% 0.022 0.740 (0.420-1.303) 0.297
Neutrophil >70.4% 0.047 1.394 (0.677-2.873) 0.368
PLT <113x10%1 0.184 - -
Uric acid >231 gmol/l 0.001 0.324 (0.153-0.688) 0.003
Tumor sizes =5 cm 0.211 - -
APGA >14.733 0.117 - -
API>7 0.370 - -
APRI >1.096 0.012 2.323 (0.790-6.827) 0.126
CDS >6 0.087 - -
FIB-4 >4 .818 0.002 0.732 (0.273-1.961) 0.535
FibroQ >5.104 0.015 1.068 (0.359-3.176) 0.906
Forns_index >11.059 0.035 0.652 (0.295-1.443) 0.292
GPR >0.869 0.026 1.037 (0.591-1.819) 0.900
GUCI >56.386 0.017 0.691 (0.291-1.637) 0.401
King's_score >31.31 0.004 0.854 (0.279-2.612) 0.781
Lok index >0.695 0.009 0.431 (0.268-0.695) 0.001
P2/MS <43.682 0.053
PAPAS >2.405 0.010 0.668 (0.309-1.442) 0.304
PSR <1.056 0.087 - -
S-index >0.391 0.070 - -
Pohl score (positive) 0.028 0.834 (0.395-1.758) 0.633
AARP 0.785 - -
PLR >106 0.001 0.862 (0.561-1.307) 0.090

CI, confidence interval; HR, hazard ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT,
v-glutamyl transpeptidase; AFP, a-fetoprotein; HGB, hemoglobin; RBC, red blood cell; PLT, platelet; API, age-PLT index; CDS, care depen-
dency scale; APRI, AST to PLT ratio index; PSR, PLT count/spleen diameter ratio; FIB-4, fibrosis-4; GUCI, Goteborg University Cirrhosis
Index; GRP, y-glutamyl transpeptidase to PLT ratio; APGA, Aspartate aminotransferase/platelet count/y-glutamyl transpeptidase/alpha feto-
protein index; PLR, PLT to lymphocyte ratio; PT, Prothrombin time; INR, international normalized ratio; AARP, AAR-platelet count score;
P2/MS, monocyte fraction/segmented neutrophil fraction/platelet count index; PAPAS, Platelet count/age/ALP/AFP/AST index; Lok-index,
Fibrosis index based on the three factors; King's score, Fibrosis index based on the four factors; S-index, y-glutamyl transpeptidase/platelet
count/serum albumin index.

models had an increased risk of death compared with groups  the present study demonstrated that vascular cancer embolus
with lower scores. According to Cox multivariate analysis, [hazard ratio (HR), 0.520; 95% CI, 0.287-0.943; P=0.031], uric
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Figure 2. Overall survival and recurrence-free survival rates of patients with malignant hepatic tumors. (A) Kaplan-Meier survival curve of the estimated
overall survival rate of 189 patients with malignant hepatic tumors; the median survival rate was 46.50 months. (B) Kaplan-Meier curve of the estimated
recurrence-free survival rate of 189 patients with malignant hepatic tumors; the median recurrence-free survival rate was 44.50 months.
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Figure 3. Overall survival rate of patients with malignant hepatic tumors. Kaplan-Meier curves of patients stratified according to (A) APRI, (B) FIB-4, (C) FibroQ,
(D) Forns index, (E) GPR, (F) GUCI, (G) King's score, (H) Lok index, (I) PAPAS, (J) Phol score, (K) PLR and (L) CDS. CDS, care dependency scale; APRI,
AST to PLT ratio index; FIB-4, fibrosis-4; GUCI, Goteborg University Cirrhosis Index; GPR, y-glutamyl transpeptidase to PLT ratio; PLR, PLT to lymphocyte
ratio; PLT, platelet; PAPAS, Platelet count/age/ALP/AFP/AST index; APGA, Aspartate aminotransferase/platelet count/y-glutamyl transpeptidase/AFP index.

acid >231 pmol/l (HR, 0.324; 95% CI, 0.153-0.688; P=0.003),
HGB >144 g/1 (HR, 0.588; 95% CI, 0.351-0.986; P=0.044) and
Lok-index >0.695 (HR, 0.431; 95% CI, 0.268-0.695; P=0.001)
were independent risk factors of mortality (Table V).

Predictive indicators associated with recurrence. Fig. 2B
presents the overall cumulative recurrence rate of all patients.
In the present study, 74 patients presented with recurrence
following surgery or non-surgical treatment, such as micro-
wave ablation. The results from log-rank test demonstrated that
the factors significantly associated with recurrence included
the tumor volume, the presence of vascular cancer embolus,
AFP >85.4 ng/ml, ALT >32 U/l, HGB >144 g/I, APRI >1.01,
FIB-4 >4.82, King's score >28.397, PAPAS >2.093, Pohl score

(positive) and PLR >175 (Table VI). The cumulative recur-
rence rates according to the PLT-based methods are presented
in Fig. 4, the groups with higher scores had a greater risk of
recurrence compared with groups with lower scores. The
results from multivariate analysis demonstrated that vascular
cancer embolus (HR, 0.427; 95% CI, 0.237-0.770; P=0.005),
PLR >175 (HR, 0.302; 95% CI, 0.183-0.498; P<0.001) and
FIB-4 >4.82 (HR, 0.447; 95% CI, 0.232-0.607; P<0.001) were
independent risk factors of recurrence (Table VI).

Discussion

Malignant hepatic tumors are the fourth leading cause of
cancer-associated mortality worldwide (1), which is due to the
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Figure 4. Cumulative recurrence rate of patients with malignant hepatic tumors. Kaplan-Meier curves of patients stratified according to (A) APRI, (B) FIB-4
index, (C) King's score, (D) PAPAS, (E) Phol score and (F) PLR. APRI, AST to PLT ratio index; FIB-4, fibrosis-4; PLR, platelet to lymphocyte ratio; PAPAS,

Platelet count/age/ALP/AFP/AST index.

discreet early symptoms and the limited treatment options (56).
Although the diagnosis and treatment of malignant hepatic
tumors has been improved recently, >50% patients are diag-
nosed in the middle and advanced stage and their prognosis
is poor (57,58). In addition, the 5-year recurrence probability
following hepatectomy is 50-70% (59-62). It is therefore
crucial to identify risk factors for the prognosis of patients
in order to prolong their survival time. The present study
demonstrated that PLT-based models may serve a crucial role
in the survival of patients. The results demonstrated that vessel
carcinoma embolus, uric acid level, HGB level and Lok-index
were independent predictors of overall survival of patients
with malignant hepatic tumors. In addition, vessel carcinoma
embolus, PLR and FIB-4 were independent risk factors of
recurrence.

A previous study by Du er al (32) analyzed the prog-
nostic value of PLT-based prognostic scores in patients with
advanced malignant hepatic tumors who had received trans-
arterial chemoembolization (TACE) therapy and reported that
APGA is an independent risk factor for the overall survival
rate. However, the present study determined the performance
value of various scoring systems on the prognostic of patients
with malignant hepatic tumors who received various types of
therapy, including TACE and hepatectomy. In addition, only
a small number of cases were included in previous studies
and these studies only focused on the overall survival rate of
patients (25,32).

Numerous studies have reported that PLTs serve a crucial
role in the occurrence and progression of liver tumors (5,11,63).
PLTs are involved in tumor growth and metabolism and
vascular activation. Furthermore, tumor cells induce the
activation and aggregation of PLTs through direct and indi-
rect mechanisms, in order to achieve immune escape, tumor
growth and tumor metastasis (11,64). However, the association

between PLT and the prognosis of patients with liver cancer
remains controversial. A previous study demonstrated that
the levels of PLT decreases before treatment, and that the
overall risk and cancer-free mortality increased by 41 and
44% compared with patients with higher PLT levels, respec-
tively (65). A lower PLT level presented a 0.67-fold increase
in the risk of overall mortality and a 0.44-fold increase in the
risk of disease-free death (the period after curative treatment
when no disease can be detected) in comparison with a higher
level of PLT in patients who underwent hepatectomy (65). A
previous study demonstrated that decreased PLT levels were
observed in patients treated with radiofrequency ablation, and
that the risk of mortality in patients with low PLT level was
~2x higher compared with patients with higher PLT levels (65).
However, in the present study, PLT count was not significantly
associated with postoperative survival rates.

The present study reported that Lok-index >0.695 was
associated with poor overall survival following multivariate
analysis, and that FIB-4 >4.82 and PLR >175 were associated
with worse recurrence-free survival. Furthermore, higher
scores indicated worse prognosis. The cut-off values corre-
sponded to the maximal sum of sensitivity plus specificity. The
cut-off values were therefore the best predictors of survival
and recurrence status. Each PLT-based model corresponded to
a cut-off value, and Kaplan-Meier survival curves and log-rank
test were used to determine whether a value higher than the
cut-off value predicted a high survival rate.

Previous studies have reported that PLT-based models can
be used to predict patient survival (15,29-31). Similar to the
present study, Qin et al (66) demonstrated that FIB-4 >3.25
is associated with a lower recurrence-free survival rate in
patients with malignant hepatic tumors following surgery.
Pang et al (24) reported that FIB-4 >4.30 is associated with
a high recurrence risk and results from multivariate analysis
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Table VI. Predictors of recurrence stratified according to recurrence time following log-rank test and multivariate analysis.

Log-rank test

Multivariate analysis

Variable P-value HR (95% CI) P-value
Age >63 years 0.619 - -
Cirrhosis 0.122 - -
HBsAg 0.566 - -
Ascites 0.526 - -
Presence of =2 tumors 0.046 0.890 (0.114-0.177) 0.179
Vascular cancer embolus 0.002 0.427 (0.237-0.770) 0.005
Surgery 0.479 - -
AFP >85 .4 ng/ml 0.002 1.169 (0.719-1.902) 0.529
ALT >32 U/l 0.028 0.612 (0.362-1.035) 0.067
HGB >144 g/l 0.006 - -
RBC >4.91x10'%/1 0.354 - -
PLT >113x10°/1 0.253 - -
Uric acid 325 pmol/l 0.077 - -
Tumor size >8.9 cm 0.628 - -
APGA >17.72 0.133 - -
API >2 0.146 - -
APRI >1.01 0.031 1.047 (0.442-2.483) 0917
CDS >7 0317 - -
FIB-4 >4.82 0.006 0.375 (0.232-0.607) <0.001
FibroQ <7.83 0.115 - -
Forns index >11.22 0.098 - -
GPR >0.577 0.098 - -
GUCI >33.805 0.250 - -
King's score >28.397 0.032 1.664 (0.622-4.455) 0.310
Lok index >0.569 0.146 - -
P2/MS >86.605 0.922 - -
PAPAS >2.903 0.021 0.594 (0.295-1.195) 0.144
PSR >1.828 0.061 - -
S-index >2.209 0.968 - -
Pohl score (positive) 0.044 0.664 (0.371-1.190) 0.169
AARP 0.703 - -
PLR >175 <0.001 0.302 (0.183-0.498) <0.001

CI, confidence interval; HR, hazard ratio; ALT, alanine aminotransferase; AFP, a-fetoprotein; HGB, hemoglobin; RBC, red blood cell; PLT,
platelet; API, age-PLT index; CDS, care dependency scale; APRI, AST to PLT ratio index; PSR, PLT count/spleen diameter ratio; FIB-4,
fibrosis-4; GUCI, Goteborg University Cirrhosis Index; GRP, y-glutamyl transpeptidase to PLT ratio; APGA, Aspartate aminotransferase/platelet
count/y-glutamyl transpeptidase/alpha fetoprotein index; PLR, PLT to lymphocyte ratio; PT, Prothrombin time; INR, international normal-
ized ratio; AARP, AAR-platelet count score; P2/MS, monocyte fraction/segmented neutrophil fraction/platelet count index; PAPAS, Platelet
count/age/ALP/AFP/AST index; Lok-index, Fibrosis index based on the three factors; King's score, Fibrosis index based on the four factors;
S-index, y-glutamyl transpeptidase/platelet count/serum albumin index.

revealed that FIB-4 is an independent indicator of relapse. In
addition, the present study demonstrated that PLR >175 was an
independent indicator of recurrence. Increasing evidence has
reported that a systemic inflammatory response is a crucial
parameter for determining the prognosis of patients with
various types of cancer (67,68). Cancer-associated inflamma-
tion recruits regulatory T cells and activates chemokines, which
are associated with tumor growth and metastasis. Both neutro-
philia and thrombocytosis represent nonspecific responses

to cancer-associated inflammation (69). A meta-analysis and
systematic review by Zheng et al (54) revealed that increased
PLR is associated with HCC recurrence. Furthermore,
PLR has been reported to be an independent risk factor for
predicting recurrence-free survival in patients with HCC (54).
The present study aimed to determine the performance of 18
scoring systems in predicting the overall survival and recur-
rence-free survival rates in patients with malignant hepatic
tumors. Among the 18 PLT-based models, only Lok-index was
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associated with the overall survival rate of patients. In addi-
tion, Pang ef al (24) demonstrated that APGA and PAPAS are
better predictors of postoperative recurrence in patients with
hepatocellular carcinoma compared with AAR, APRI, FIB-4
and FibroQ. It is unclear which model is more valuable for
predicting the overall survival and recurrence-free survival of
patients with malignant hepatic tumor. Therefore, additional
studies are required to determine the value of each PLT-based
model for predicting overall and recurrence-free survival.

In the present study, malignant hepatic tumors were more
common in males compared with females, and single lesions
were more common than multiple lesions. The male to female
was 145:44 and the single to multiple lesion ratio was 5:2.
However, sex and lesion number were not associated with
risk of recurrence or mortality. These findings were similar
to results from cohort studies reporting that sex and lesion
number do not predict recurrence or mortality in patients with
malignant hepatic tumors (24,25).

The prognosis of malignant hepatic tumors remains poor
due to the high recurrence rate. It is therefore crucial to iden-
tify certain prognosis factors in liver cancer. AFP is the most
widely used marker to determine the prognosis of hepatocel-
lular carcinoma; however, its diagnostic value remains poor
due to its low sensitivity and specificity (70). An effective
intervention model is therefore needed to evaluate the prog-
nosis of patients with hepatocellular carcinoma. By contrast,
the Lok-index, PLR and FIB-4 models are more available
compared with APF as the parameters of the PLT-based score
models are easy to access and were assessed in all the hospi-
talized patients. Therefore, Lox-index, PLR and FIB-4 were
better at determining prognosis compared with AFP in the
present study.

The present study exhibited certain limitations. Firstly,
only 189 patients were included in the current study. Secondly,
the performance of 18 PLT-based models used to assess the
recurrence or survival status were unsatisfactory. This may be
due to the relatively small number of patients and the shorter
follow-up period. Thirdly, ~50% patients presented with HBV
infection. It is crucial to assess the results taking HCV infection
into account, however the number of patients presenting with
an HCV infection was too small in the present study to assess.
Although FIB-4 and Lok-index models were better predictors
of cirrhosis, further investigation is required to evaluate their
role in patients without cirrhosis. In addition, the parameters
of PLR include lymphocytes, and lymphocytes are markers of
inflammation. Currently, there are few studies assessing the
effect of lymphocytes on the prognosis of malignant hepatic
tumor, and thus there are still a lack of relevant inflammatory
indicators for comparison.

To the best of our knowledge, the present study was the
first to assess the role of 18 PLT-based models in the predic-
tion of recurrence and survival rates of patients with malignant
hepatic tumors. The findings from the present study may help
surgeons to better evaluate the prognosis of patients with
malignant hepatic tumors following surgery, as PLT-based
models represent non-invasive, low-cost and computable
prognostic model which can be easily used.

In conclusion, the present study demonstrated that the
Lok-index is a valuable predictor for the overall survival rate of
patients with malignant hepatic tumors. FIB-4 and PLR models

ONCOLOGY LETTERS 19: 2384-2396, 2020

were also valuable factors for the prediction of recurrence-free
survival rate in patients with malignant hepatic tumors.
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