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Purpose: Recent studies indicated the vital role of platelet in enhancing the survival of circulating tumor cells (CTCs) in the blood, 
thereby stimulating the metastasis of tumors. CTCs have been considered an indicator of early tumor recurrence. Therefore, this study 
evaluated the prognostic potential of platelet count in predicting the early recurrence of hepatocellular carcinoma (HCC) in the 
presence of CTCs.
Patients and Methods: 127 patients, whose preoperative CTCs were detected, were enrolled in this study. Univariate analysis was 
performed to identify the significant association of factors with the early recurrence of HCC, followed by multivariate analysis to 
determine the independent prognostic indicators. The prediction potential was evaluated using receiver operating characteristic (ROC) 
curves.
Results: A total of 81 (63.7%) patients showed early HCC recurrence. The platelet count ≥225×109/L (hazard ratio, HR: 1.679, P = 
0.041), CTCs >5/5 mL (HR: 2.467, P = 0.001), and presence of microvascular invasion (MVI) (HR: 2.580, P = 0.002) were 
independent factors correlated with the early recurrence of HCC in multivariate analysis. The prognostic potential of the combined 
CTCs-platelet count (0.738) was better than that of CTCs (0.703) and platelet (0.604) alone. The subgroup analysis, excluding 23 
patients with pathological cirrhosis and splenomegaly, showed that the platelet count ≥225×109/L and CTCs >5/5 mL were also 
independent factors of early HCC recurrence. The prediction potential of the combined CTCs-platelet count was 0.753, which was 
better than that of the whole cohort. Kaplan–Meier survival curve analysis indicated that the HCC patients with high platelet or CTCs 
had the worse recurrence-free survival (RFS).
Conclusion: The high platelet count was an independent factor of early HCC recurrence in the presence of CTCs. The combination of 
preoperative CTCs and platelet count could effectively predict the early recurrence of HCC. The subgroup analysis also showed 
similar results.
Keywords: hepatocellular carcinoma, liver resection, early recurrence, platelet count, circulating tumor cells

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies and a leading cause of cancer-related 
mortality worldwide.1,2 It has a poor overall prognosis after diagnosis with a median survival time of fewer than two 
years. Patients with early-stage HCC can undergo surgery or liver transplantation to obtain a radical cure; however, the 
5-year recurrence rate is still high up to 50–75%.3 Its prognosis is limited due to the early tumor recurrence, which might 
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be correlated with micro-metastases formed by the circulating tumor cells (CTCs).4,5 Tumor invasion and metastasis are 
the key reasons for over 90% of cancer-related mortality.6,7

Predicting the early recurrence of HCC is critical for the patient’s survival after radical treatment. The CTCs, which 
escape the primary tumor site and enter the blood circulation, are an effective marker for the metastasis and recurrence of 
HCC.8–10 The CTCs analysis can be considered a non-invasive biomarker and real-time “liquid biopsy” for cancer 
patients, which can be performed before surgery.11,12 The CTCs were detected in advanced tumors as well as in the early 
and intermediate stage HCC.13,14 The prognostic value of CTCs has been demonstrated before. The preoperative 
detection of CTCs can indicate tumor micro-metastases, which might lead to early recurrence.4,5,15

The high shear stress exerted by blood flow or the body’s immune response can destroy the CTCs present in the blood.16–18 

However, the platelets can adhere to CTCs, thereby reducing their destruction by blood flow and altering the 
immunogenicity.16,18 The immune cells cannot recognize CTCs, which leads to an increase in their survival rate.17,19,20 

Furthermore, the platelets stimulate the shedding and metastasis of cancer cells by releasing a large number of cytokines and 
interact with the tumor microenvironment by enhancing inflammatory response and forming new blood vessels.21,22 Therefore, 
the protective effects of platelets on the survival of CTCs should be considered even in the presence of a small number of CTCs. 
The high platelet count might be a prognostic marker for cancers in the presence of CTCs; it has been demonstrated in some 
cancer types, such as prostate cancer and colorectal cancer.23,24 Consequently, in order to better evaluate the early recurrence risk 
of HCC, the interaction between platelets and CTCs should be investigated. However, the related studies are limited.

The current study aimed to explore the importance of preoperative platelet count in combination with CTCs in order 
to assess the early recurrence in HCC patients who underwent liver resection (LR).

Materials and Methods
Patients
A total of 226 HCC patients, who underwent LR at the Affiliated Cancer Hospital of Guangxi Medical University, 
Nanning, China, between November 2013 and September 2019, were recruited. The criteria for including the patients in 
this study were as follow: (1) the patients with Barcelona Clinic Liver Cancer (BCLC) 0-B stage; (2) the patients who 
achieved R0 resection (complete elimination of the tumor according to the naked eye observation, negative resection 
margins, and no intra- or extra-hepatic metastatic lesions); (3) the patients whose blood CTCs counts were identified; (4) 
the patients who had no prior history of antitumor therapy; (5) the patients who had no hematological system diseases 
and other malignant tumors; (6) the patients diagnosed with HCC using postoperative pathology; (7) the patients with 
performance status test (PST) score of 0–1 and Child-Pugh A or B stage.

Among the 226 HCC patients, a total of 127 patients, who met the inclusion criteria, were included in the final 
analysis. The endpoint of the follow-up was August 10, 2022. The study was performed in accordance with the 
Declaration of Helsinki guidelines and approved by the Ethics Committee of Cancer Hospital of Guangxi Medical 
University, Nanning, China. All the selected patients provided written informed consent.

Blood Element Counts and Serological Markers
The blood samples were collected and assayed within one week before surgery. The following laboratory data were 
collected from the blood samples after their respective tests: platelet count, hepatitis B surface antigen (HBsAg) levels, 
serum α-fetoprotein (AFP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), total 
bilirubin levels, and prothrombin time (PT). Histological cirrhosis was defined as an Ishak fibrosis score of 5 to 6,25 and 
the tumor grading was based on Edmondson-Steiner (E-S) grade.26 The presence of splenomegaly was defined as the 
spleen length, exceeding 10 cm or pedicle rib unit >5 in preoperative computed tomography (CT).27,28

Collection of Blood Samples and Isolation of CTCs
The peripheral blood samples (5mL, mixed with ethylenediaminetetraacetic (EDTA) as an anticoagulant) were collected 
and assayed within one or two days before surgery. The CTCs were isolated using the CanPatrolTM system. Before 
filtration, erythrocytes were lysed by adding red blood cell lysis buffer. The cells were resuspended in phosphate-buffered 
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saline (PBS) with 4% formaldehyde (all the reagents were purchased from Sigma, St. Louis, MO, USA) and then 
transferred to the specialized filtration system. The samples were filtered through a system to capture tumor cells. The 
filtration system contained a membrane with 8-μm diameter pores (Sur Exam, Guangzhou, China), a manifold vacuum 
plate with valve settings (SurExam, Guangzhou, China), an E-Z96 vacuum manifold (Omega, Norcross, GA, USA), and 
a vacuum pump (Auto Science, Tianjin, China). The vacuum pumping pressure was 0.08 MPa.

The expression levels of target genes in CTCs were assessed using the RNA-ISH (in-situ hybridization) method. The 
target marker included leukocyte biomarker (CD45), epithelial biomarkers (Epithelial cell adhesion molecule, EpCAM; 
Cytokeratin 8/18/19, CK8/18/19), and mesenchymal biomarkers (vimentin and Twist).

Follow-Up and Endpoint
The patients were followed up once every 1–2 months for the first year after surgery and then every 3 months. In each 
follow-up, all patients underwent AFP level tests, liver biochemistry tests, and at least one image examination, such as 
abdominal ultrasound or contrast-enhanced CT/magnetic resonance imaging (MRI). The diagnosis of HCC recurrence 
was based on comprehensive evidence from medical history, AFP assays, and imaging characteristics. The postoperative 
adjuvant therapy included adjuvant trans-arterial chemoembolization (A-TACE), incisal margin radiotherapy, adjuvant 
targeted therapy, and immunotherapy.

The endpoint of this study was an early recurrence, which was defined as recurrence within 2 years after LR.

Statistical Analyses
All statistical analyses were performed using SPSS statistical software version 25.0 (IBM, Chicago, IL, USA) and 
GraphPad Prism software version 8.0 (San Diego, CA, USA). The characteristics of the patient were analyzed using 
descriptive statistics. The data were expressed as numbers (%). The correlation between platelets and CTCs was assessed 
using Spearman correlation coefficient. Receiver operating characteristic (ROC) curve analysis with maximal Youden 
index values was used to identify the best cut-off values of preoperative platelets and CTCs for the early recurrence of 
HCC using MedCalc statistical software version 20.1.0. Then, the area under the ROC curve (AUC) was compared. The 
larger the AUC value, the higher the accuracy of the prediction. Kaplan–Meier curve analysis with a Log rank test was 
used for the analysis of patient survival. The analysis of prognostic factors to detect the early recurrence of HCC was 
performed using the Cox proportional hazards model. A P-value of <0.05 was considered statistically significant.

Results
Clinical Characteristics of Patients
A total of 127 patients, who met the screening criteria, were included in the final analysis. None of the patients died 
within 1 month after surgery. A total of 81 (63.8%) patients experienced early postoperative recurrence, and 59 (37.8%) 
patients suffered from histological cirrhosis. Among the 59 patients, 23 HCC patients had splenomegaly. In order to 
eliminate the negative effects of hypersplenism on the platelet counts, a subgroup analysis was performed after excluding 
the patients with cirrhosis and splenomegaly.

The baseline characteristics of the patients are listed in Table 1. The age range of the included patients was 20–76 
years, including 108 (85.0%) males. A total of 80.6% patients suffered from hepatitis B viral (HBV) infection, among 
which, 89 (70.1%) patients had HBV-DNA levels ≥5.0×102. Based on the Child-Pugh class, 95.3% of the patients were 
classified as grade A, while 4.7% of the patients were classified as grade B. Moreover, 37 (29.1%) patients presented 
multiple tumors, 100 (78.7%) patients had complete tumor capsules, 79 (62.2%) patients presented microvascular 
invasion (MVI), 27 (21.3%) patients showed satellite nodules, and 55 (43.3%) patients underwent postoperative adjuvant 
therapy. All the patients were followed up for more than 2 years.

The platelet count showed a weak positive correlation with CTCs in the whole cohort (r = 0.230, P <0.01, Figure 1A) 
as well as in the subgroup analysis after excluding the patients with cirrhosis and splenomegaly (r = 0.266, P <0.01, 
Figure 1B).
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Table 1 Clinical Characteristics of the Hepatocellular 
Carcinoma Patients in the Study

Characteristics Values

Patients, n 127

Sex (male) 108 (85.0%)

Age, year (≥45) 72 (56.7%)

BMI (≥24kg/m2) 43 (33.9%)

Diabetes mellitus 10 (7.9%)

HBsAg (positive) 115 (80.6%)

HBV-DNA(≥5×102 IU/mL) 89 (70.1%)

Child-Pugh class (A stage) 121 (95.3%)

Total bilirubin (≥17.1 µmol/L) 40 (31.5%)

ALB (≥35 mg/L) 111 (87.4%)

ALT (≥40 U/L) 59 (46.5%)

AST (≥40 U/L) 67 (52.8%)

PT (≥13 s) 62 (48.8%)

INR (≥1) 98 (77.2%)

Platelet count (≥225×109/L) 61 (48.0%)

CTCs (>5/5 mL) 77 (60.6%)

AFP (≥200 µg/mL) 76 (59.8%)

Tumor size (≥5 cm) 88 (69.3%)

Multiple lesions (yes) 37 (29.1%)

Inflow blood occlusion (yes) 95 (74.8%)

Tumor capsule (complete) 100 (78.7%)

Resection margin (≥1cm) 38 (78.7%)

MVI (positive) 79 (62.2%)

Histological grade (≥3) 69 (54.3%)

Histological cirrhosis (yes) 48 (37.8%)

Satellite nodule (yes) 27 (21.3%)

Ki67 (≥35%) 59 (46.5%)

Postoperative adjuvant therapy (yes) 55 (43.3%)

Note: Values shown are n (%). 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BMI, body mass 
index; CTCs, circulating tumor cells; HBV-DNA, hepatitis B virus 
DNA; HBsAg, hepatitis B surface antigen; INR, international normal-
ized ratio; MVI, microvascular invasion; PT, prothrombin time.
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Cut-off Point for Platelet and CTC Counts
The optimal cutoff values of platelet and CTC counts to predict the early recurrence of HCC were ≥225×109/L and >5/ 
5 mL, respectively. Kaplan–Meier survival curve analysis showed that the patients with high platelet counts (≥225×109/ 
L) or CTCs (>5/5 mL) before surgery were more likely to have shorter recurrence-free survival (RFS) as compared to 
those with the lower ones (Figure 2), and these differences were more significant in the subgroup analyses (Figure 3).

Factors Associated with Early Recurrences
The univariate analysis indicated that body mass index (BMI), PT, platelet count, CTCs, AFP, tumor size, multiple 
lesions, tumor capsule, MVI, satellite nodule, and Ki67 were associated with the early recurrence of HCC. These factors 
significantly associated with a higher early recurrence risk of HCC were introduced into the multivariate analysis. The 
independent risk factors of RFS included platelet count ≥225×109/L (hazard ratio, HR = 1.679, P = 0.041), CTCs >5/ 
5 mL (HR = 2.467, P = 0.001), and presence of MVI (HR = 2.580, P = 0.002) (Table 2).

In the subgroup multivariate analysis, the platelet count (HR = 1.976, P = 0.024), CTCs >5/5 mL (HR = 2.751, P = 
0.001), presence of MVI (HR = 2.074, P = 0.027), and presence of satellite nodule (HR = 1.972, P = 0.025) were the 
independent factors associated with the early recurrence of HCC (Table 3).

Figure 1 Correlation between preoperative CTC count and platelet count. (A) Distribution of CTCs in the patients with platelet count ≥225×109/L and platelet count 
<225×109/L. (B) Analysis of the distribution of CTCs in subgroups of patients. ***P < 0.001.

Figure 2 Kaplan–Meier survival curves of early recurrence-free survival (RFS) after liver resection in the patients stratified by preoperative (A) circulating tumor cells 
(CTCs) and (B) Platelet.
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Predictive Performance for Early Recurrences
In the whole cohort, the AUC values of CTCs and platelet count in assessing the early recurrence risk of HCC were 0.703 
(Figure 4A) and 0.604 (Figure 4B), respectively. Once the CTCs were combined with the platelet count, the CTCs- 
platelet count (AUC 0.738) showed stronger prediction performance as compared to the CTCs or platelet count alone 
(P = 0.001, Figure 4C). The AUC value of CTCs-platelet count in the sub-group analysis (AUC 0.753) showed superior 
predictive accuracy for the early recurrence risk of HCC and improved the prediction accuracy as compared to the whole 
cohort (Figure 5).

Figure 3 Kaplan–Meier survival curves of early RFS for the subgroup patients stratified by preoperative (A) CTCs and (B) Platelet.

Table 2 Univariate and Multivariate Analyses of Prognostic Factors Associated with the Early Recurrence of HCC

Characteristic Comparison Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Sex Male vs female 0.990 0.536–1.829 0.975

Age, year ≥45 vs <45 0.738 0.477–1.142 0.173

BMI, kg/m2 ≥24 vs <24 0.543 0.330–0.894 0.016 0.908 0.514–1.601 0.738

Diabetes mellitus Yes vs no 0.681 0.275–1.683 0.405

HBsAg Positive vs negative 1.256 0.578–2.727 0.565

HBV-DNA, 102 IU/mL ≥5 vs <5 0.963 0.604–1.536 0.874

Child-Pugh class A stage vs B stage 1.071 0.337–3.397 0.908

Total bilirubin, µmol/L ≥17.1 vs <17.1 0.772 0.472–1.259 0.300

ALB, mg/L ≥35 vs <35 1.033 0.516–2.067 0.927

ALT, U/L ≥40 vs <40 0.737 0.474–1.147 0.176

AST, U/L ≥40 vs <40 1.359 0.875–2.111 0.172

PT, s ≥13 vs <13 1.519 0.980–2.353 0.061 1.149 0.705–1.871 0.578

INR ≥1 vs <1 1.208 0.715–2.041 0.479

(Continued)
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Table 2 (Continued). 

Characteristic Comparison Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Platelet count, 109 /L ≥225 vs <225 1.673 1.078–2.596 0.022 1.679 1.022–2.757 0.041

CTCs, n/5mL >5 vs ≤5 3.324 1.994–5.539 0.000 2.467 1.430–4.258 0.001

AFP, µg/mL ≥200 vs <200 1.949 1.220–3.112 0.005 1.136 0.672–1.921 0.635

Tumor size, cm ≥5 vs <5 2.222 1.300–3.799 0.004 1.190 0.664–2.134 0.560

Multiple lesions Yes vs no 1.671 1.056–2.645 0.028 1.392 0.805–2.406 0.237

Inflow blood occlusion Yes vs no 1.162 0.701–1.926 0.561

Tumor capsule Complete vs incomplete 0.593 0.357–0.984 0.043 0.589 0.336–1.030 0.063

Resection margin, cm ≥1 vs.<1 1.332 0.839–2.116 0.224

MVI Positive vs negative 3.758 2.191–6.445 0.000 2.580 1.413–4.709 0.002

Histological grade ≥3 vs <3 0.830 0.535–1.289 0.406

Histological cirrhosis Yes vs no 0.875 0.554–1.384 0.569

Satellite nodule Yes vs no 1.902 1.155–3.132 0.012 1.196 0.673–2.126 0.542

Ki67 ≥35% vs <35% 2.135 1.373–3.320 0.001 1.544 0.942–2.532 0.085

Postoperative adjuvant therapy Yes vs no 1.192 0.770–1.847 0.431

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; CTCs, 
circulating tumor cell; HBV-DNA, hepatitis B virus DNA; HBsAg, hepatitis B surface antigen; HR, hazard ratio; INR, international normalized ratio; MVI, microvascular 
invasion; PT, prothrombin time.

Table 3 Subgroup Univariate and Multivariate Analyses of the Prognostic Factors Associated with the Early Recurrence of HCC

Characteristic Comparison Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Sex Male vs female 1.090 0.538–2.207 0.811

Age, year ≥45 vs <45 0.671 0.409–1.101 0.115

BMI, kg/m2 ≥24 vs <24 0.447 0.264–0.756 0.003 0.602 0.344–1.053 0.075

Diabetes mellitus Yes vs no 0.619 0.225–1.705 0.353

HBsAg Positive vs negative 1.140 0.519–2.502 0.744

HBV-DNA, 102 IU/mL ≥5 vs <5 0.850 0.503–1.436 0.544

Child-Pugh class A stage vs B stage 0.989 0.310–3.157 0.985

Total bilirubin, µmol/L ≥17.1 vs <17.1 0.723 0.405–1.291 0.273

ALB, mg/L ≥35 vs <35 0.936 0.462–1.896 0.853

ALT, U/L ≥40 vs <40 0.625 0.377–1.036 0.068

AST, U/L ≥40 vs <40 1.279 0.777–2.108 0.333

PT, s ≥13 vs <13 1.183 0.720–1.942 0.507

(Continued)
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Discussion
Although LR is considered a curative treatment option for early- and mid-stage HCC, it is still unsatisfactory due to the 
high recurrence rate of HCC after surgery.2,3 Recent studies have more focused on the characteristics of primary tumor- 
related factors, including MVI, multiple nodules, tumor size, etc., to evaluate the high recurrence-associated risk 
factors.29,30 In addition to being a major blood component, numerous studies showed that platelets have numerous 
interactions with HCC and the tumor microenvironment, which not only promote the growth of HCC but also cause the 

Table 3 (Continued). 

Characteristic Comparison Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

INR ≥1 vs <1 1.019 0.584–1.777 0.948

Platelet count, 109 /L ≥225 vs <225 2.474 1.451–4.219 0.001 1.976 1.091–3.543 0.024

CTCs, n/5mL >5 vs ≤5 3.322 1.850–5.964 0.000 2.751 1.494–5.065 0.001

AFP, µg/mL ≥200 vs <200 1.681 1.006–2.811 0.047 0.840 0.471–1.500 0.556

Tumor size, cm ≥5 vs <5 2.662 1.352–5.2238 0.005 1.417 0.696–2.886 0.336

Multiple lesions Yes vs no 1.608 0.944–2.737 0.080

Inflow blood occlusion Yes vs no 1.176 0.649–2.130 0.594

Tumor capsule Complete vs incomplete 0.572 0.319–1.024 0.060

Resection margin, cm ≥1 vs <1 1.676 0.997–2.817 0.052

MVI Positive vs negative 3.563 2.010–6.315 0.000 2.074 1.087–3.959 0.027

Histological grade ≥3 vs <3 0.785 0.476–1.293 0.342

Histological cirrhosis Yes vs no 0.514 0.262–1.012 0.054

Satellite nodule Yes versus no 2.222 1.303–3.790 0.003 1.972 1.090–3.568 0.025

Ki67 ≥35% vs <35% 1.801 1.096–2.958 0.020 1.546 0.933–2.562 0.091

Postoperative adjuvant therapy Yes vs no 1.217 0.741–2.000 0.438

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval; CTCs, 
circulating tumor cell; HBV-DNA, hepatitis B virus DNA; HBsAg, hepatitis B surface antigen; HR, hazard ratio; INR, international normalized ratio; MVI, microvascular 
invasion; PT, prothrombin time.

Figure 4 ROC curves for preoperative (A) CTCs, (B) Platelet, and (C) CTCs-platelet to predict the early recurrence of HCC.
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shedding and metastasis of HCC cells.7,9,10,20 The anti-platelet therapy can inhibit related tumor pathways, attenuate 
hepatic inflammatory response, delay tumor progression, and improve the prognosis of HCC patients.31,32 Moreover, 
platelets are the targets of signaling molecules for the treatment of HCC.33,34 Platelets are routinely measured before 
surgery. As an inexpensive and easily measurable indicator, platelet count has important clinical significance in 
predicting the prognosis of HCC patients. Increasing studies have demonstrated that platelet counts are associated 
with the HCC prognosis.17–19,23,35

Platelets can serve as a prognostic marker; however, their activation can also affect the outcomes of predicting HCC 
prognosis. Therefore, Establishing a stable situation and making platelets a credible cancer biomarker might be a better 
option.34,36 CTCs had been confirmed associating with HCC recurrence; however, in order to improve the accuracy of 
using CTCs as a prognostic biomarker, the clinical characteristics must be evaluated together. Although there was a weak 
positive correlation between the preoperative CTCs and platelets, the interference of other clinical factors, which affect 
the platelet counts, such as liver cirrhosis and thrombosis, should be considered. The accurate identification and detection 
of CTCs are also important limitations.4,5 Previous studies have reported the interactions between CTCs and platelets.16– 

23 Platelets can promote the formation of CTCs, and their interaction with CTCs can increase the survival and metastasis 
possibility of tumor cells.16,17,19–22 Previous studies detected the platelet-derived RNA in a variety of cancer cells, 
including HCC (even in its early stages).16,36 Therefore, combining the platelet and CTC counts to evaluate the 
postoperative recurrence might increase the feasibility and reduce the limitations. CTCs can also be easily detected in 
preoperative blood samples. The effective preoperative estimation of recurrence assessment might play a key role in 
predicting the prognosis of HCC. Evaluating the platelet and CTC counts to predict the prognosis of HCC patients might 
have important clinical significance.

In this study, the early recurrence of HCC was associated with BMI, PT, platelet count, CTCs, AFP, tumor size, 
multiple lesions, tumor capsule, MVI, satellite nodule, and Ki67. The higher cutoff values of platelet count (≥225×109/L) 
and CTC count (>5/5mL) were indicated as independent risk factors for postoperative early recurrence in HCC patients. 
In this study, the higher platelet count and CTCs indicated a poor prognosis. The early and intermediate stages HCC 
patients also showed higher platelet and CTC counts; meanwhile, this indicated that there might be interactions between 
CTCs and platelets.10,16 Furthermore, the results also indicated that the patients with a high platelet count (≥225×109/L) 
had a significantly lower early RFS as compared to those with a low platelet count, suggesting an interaction between the 
platelet and HCC recurrence. These findings were consistent with those of previous studies. Wang et al36 conducted 
a prospective study to evaluate the prediction potential of platelet activation status in HCC patients and showed that the 
activated platelets were an independent risk factor for the poor prognosis of HCC. A retrospective study by Bihari et al37 

concluded that platelets could significantly contribute to the development, growth, invasion, and metastasis of HCC as 
compared to cirrhosis. In terms of cut-off values, there is no consensus in previous studies. The current study calculated 
the cut-off value according to the cohort under study and consider it a “high platelet”. Lou et al19 proposed that due to the 

Figure 5 ROC curves of the subgroup patients for the preoperative (A) CTCs, (B) Platelet, and (C) CTCs-platelet to predict the early recurrence of HCC.
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adherence of platelets to CTCs, the immune cells cannot recognize them, thereby increasing their survival rate. However, 
contrary to the conclusions in the current study, some studies suggested that lower platelets were associated with poor 
prognosis.38,39 These studies might have included patients with a more severe hepatic background. Although cirrhosis 
was not a risk factor in the current study, liver cirrhosis and splenomegaly might affect the prognosis potential of platelet 
count. Currently, severe cirrhosis is the main reason, affecting the survival and prognosis of patients. This might have 
affected the results in the current study;40 therefore, a subgroup analysis was performed. The results showed that the 
platelet and CTC counts could predict the early recurrence in HCC patients after excluding those with liver cirrhosis and 
splenomegaly.

ROC curve was used to further analyze the clinical potential of platelet and CTC counts alone and in combination to 
predict the early recurrence of HCC patients after LR. The ROC curve analyses revealed that the AUC value of the 
combined CTCs-platelet counts was significantly greater than those of the CTC and platelet counts alone, respectively. 
The results suggested that the combined detection of these indicators could significantly improve the AUC values, 
sensitivity, and specificity to predict the early recurrence of HCC before surgery.

There were several limitations to this study. First, this retrospective and small sample study only enrolled the patients 
treated in a single hospital; therefore, multi-center and prospective research studies are needed to confirm these results. 
Second, tumor cells are often present in a wide range of sizes, and detecting the CTC count was based on filtration; 
therefore, the detection efficiency might be prone to false negative results due to the passing of small CTCs through the 
barriers. Third, most of the HCC patients enrolled in this study mainly suffered from HBV, which might have affected the 
outcome. Moreover, the applications of these results to the HCC patients with other liver diseases require further 
investigation.

Conclusions
In summary, the high platelet count was an independent prognostic factor for the early recurrence of HCC. The present 
study suggested a possible interaction of CTCs with platelets. The combined detection of platelet and CTC counts might 
effectively overcome the shortcomings in the individual detection of CTC and platelet count. Monitoring these 
parameters before surgery or during follow-up might be clinically useful for improving the treatment of cancer or cancer 
recurrence in high-risk patients. However, these results should be validated in large cohorts.
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