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Background: Platelet distribution width (PDW) is a marker of platelet anisocytosis that increases with platelet activation. The clinical
implications of PDW in HCC are not well-defined. This study aimed to determine whether PDW could predict recurrence in patients
with HCC after resection.

Methods: Between January and December 2008, 471 patients with HCC were recruited retrospectively. The clinicopathological
characteristics of patients with HCC were analyzed based on the relationship between the two PDW groups. Kaplan-Meier curves and
multivariate Cox regression analyses were used to evaluate the relationship between PDW and disease-free survival (DFS). A novel
nomogram was developed based on the identified independent risk factors. Its accuracy was evaluated using a calibration curve and
concordance index. The predictive value was evaluated using a receiver operating characteristic (ROC) curve.

Results: PDW was significantly associated with direct bilirubin, total bilirubin, urea, and prothrombin time. Patients with PDW > 17.1
were a significantly shorter DFS than those with PDW < 17.1 (17.98% vs 49.83%, p< 0.001). Multivariate analysis determined that
alpha-fetoprotein (AFP), carcinoembryonic antigen, microvascular invasion (MVI), tumor size, and tumor number were the indepen-
dent variables associated with DFS. Patients with PDW > 17.1 had a hazard ratio of 1.381 (95% confidence interval: 1.069-1.783, p =
0.014) for DFS. AFP, PDW, MVI, tumor size, and tumor number were identified as preoperative independent risk factors for DFS and
used to establish the nomogram. Calibration curve analysis revealed that the standard curve fitted well with the predicted curve. ROC
curve analysis demonstrated the high efficiency of the nomogram.

Conclusion: Increased PDW may predict recurrence-free survival in patients with HCC. Our nomogram model also performed well
in predicting patient prognoses.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and third most common cause of cancer-related
deaths globally.' Although reasonable treatment methods have been developed, the prognosis of patients with HCC
remains poor. HCC is a highly invasive tumor with frequent intrahepatic and distant metastases, which is the main reason
for the high 3-year recurrence and poor 5-year survival rate of HCC after surgical resection.* Thus, it is critical to
identify new biomarkers to assist in early warning of postoperative metastasis of HCC.

Platelet distribution width (PDW) signifies the size distribution of platelets, which is a marker of platelet anisocytosis that
increases with platelet activation.”® The interaction of tumor cells with platelets is a prerequisite for successful hematogenous
metastatic dissemination.” Aberrant platelet activation or aggregation frequently occurs in the vasculature of patients with
cancer, especially those with metastatic tumors.® Platelets within the tumor microenvironment can regulate cancer cell survival
and hematogenous metastasis.” Platelets have also been involved in mechanisms leading to carcinogenesis, tumor growth, and

tumor angiogenesis and in the outcome of therapy.'® Elevated PDW levels are associated with poor prognosis in various
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tumors, such as gastric cancer, breast cancer, and non-small cell lung cancer.''"'* However, the clinical implications of PDW
in HCC have not been well defined. This study aimed to determine whether PDW could predict recurrence in patients with
HCC after resection.

Patients and Methods

Patients

The hospital records of all patients who had a preoperative diagnosis of HCC and underwent hepatic resection at the
Department of Liver Surgery, Eastern Hepatobiliary Surgery Hospital, China, between January 2008 and December 2008
were reviewed. The present study is a retrospective study and was reviewed and approved by the Institutional Ethics
Review Board of Eastern Hepatobiliary Surgery Hospital.

Patient data, including age, sex, hepatitis B surface antigen (HBsAg), liver cirrhosis, tumor size, tumor number,
Child-Pugh grade, and microvascular invasion (MVI), were collected from medical records. Blood test information was
obtained from the Department of Clinical Laboratory of the Eastern Hepatobiliary Surgery Hospital. Laboratory blood
tests including HBsAg, serum alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), carbohydrate antigen 19-9,
serum albumin (ALB), serum total bilirubin (TBIL), alanine aminotransferase (ALT), Prealbumin (PA) and prothrombin
time (PT) were performed before hepatic resection.

Follow-Up

All patients were followed up with monthly computed tomography (CT) or magnetic resonance imaging (MRI) scans for
1 year. CT or MRI was performed once every 6 months thereafter. Tumor recurrence was suspected when there was
a progressive elevation of serum AFP levels and when diagnosed by dynamic CT scan or MRI.

Statistical Analysis

Data are expressed as the mean =+ standard deviation or median (range). Statistical analyses were performed using the
Statistical Program software (version 22.0; IBM Corp., Armonk, NY, USA). The cut-off value of PDW was determined using
a receiver operating characteristic (ROC) curve with the best accuracy (the greatest sensitivity and specificity) using MedCalc
version 15.2.2. Quantitative values were compared using Student’s #-test or Mann—Whitney nonparametric U-test. Categorical
variables were tested using the Chi-square or Fisher’s exact test. Cumulative recurrence rates were calculated using the
Kaplan-Meier method, and differences were compared using the Log rank test. Univariate and multivariate analyses were
performed using the Cox proportional hazard regression model. A nomogram was formulated based on the results of
multivariate logistic regression analysis using the rms package of R, version 4.2.1 (http://www.r-project.org/). The predictive

performance of the nomogram was measured using the concordance index (C-index) and calibration with 1000 bootstrap
samples to decrease overfitting bias. Statistical significance was defined as a p value of < 0.05.

Results
In total, 471 patients were included in the study cohort. The mean age was 52.4 + 11.3 years. Four hundred and two
(85.2%) patients were male and 70 (14.8%) were female.

According to the ROC curve analysis, we determined that the optimal cut-off value of 17.1 for PDW, and the
sensitivity and specificity for the diagnosis of HCC recurrence 3 years after operation were 47.0% and 84.6%,
respectively (area under the curve = 0.681, 95% confidence interval [CI]: 0.637-0.723, p < 0.001) (Figure 1).
Therefore, all patients were divided into two groups: patients with PDW < 17.1 and patients with PDW > 17.1. As
shown in Table 1, there were 293 (62%) patients in the group with PDW < 17.1 and 178 (38%) patients with PDW >
17.1. The current results showed that PDW was significantly associated with direct bilirubin, platelet count, PT, TBIL,
Crea, and MVI. The low platelet count and proportion of MVI were higher in the PDW > 17.1 group, and the proportion
of MVI was also higher. Nevertheless, there were no significant differences between the groups in terms of sex, age, AFP,
ALB, tumor size, and HBsAg.
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Figure | The ROC curve of HCC recurrence diagnosed by PDW.
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After a follow-up of 36 months, 293 (62.21%) patients experienced recurrence. Patients with PDW > 17.1 had
significantly shorter disease-free survival (DFS) than those with PDW < 17.1 (17.98% vs 49.83%, p < 0.001). The

Kaplan-Meier curves of normal versus elevated PDW showed significant separation (Figure 2).

Cox univariate and multivariate analyses were used to analyze the risk factors for the postoperative recurrence of
HCC. AFP, CEA, PDW, tumor size, PA, tumor number, MVI, and cirrhosis were identified as significant factors with

Table | Baseline Characteristics of HCC Patients in PDW Group

Variables PDW<I7.1 PDW2=17.1 p value
(N=293) (N=178)
Gender 0.507
Male 245 157
Female 39 30
Age(years) 53 (44-60) 54 (46-61) 0.700
AFP(ng/mL) 54.6 (6.1-1210.0) 48.5 (4.3-832.6) 0.351
ALB(U/L) 40.9 (38.3-43.7) 40.7 (38.1-43.8) 0.757
ALT(U/L) 38.4 (27.0-59.7) 41.4 (28.3-61.3) 0.199
CA 19-9(ng/mL) 22.2 (11.0-40.8) 24.6 (12.9—46.7) 0.549
CEA(ng/mL) 2.3 (1.6-3.4) 2.3 (1.5-3.5) 0.871
DBIL(umol/L) 5.2 (3.7-6.5) 5.6 (4.4-7.4) 0.00|**
HgB(g/L) 139 (128-150) 142 (132-151) 0.089
PLT Count(*1019) 175 (130-219) 132 (92-181) <0.00 | ##*
(Continued)

Cancer Management and Research 2023:15

https:

Dove!

503


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

Table | (Continued).

Variables PDW<I7.1 PDW2=17.1 p value
(N=293) (N=178)

PT(s) 1.6 (11.1-12.2) 12 (11.3-12.6) 0.003*

RBC(*10712) 4.54 (4.214.92) 4.49 (4.19-4.83) 0.478

TBIL(umol/L) 12.5 (9.6-16.5) 13.9 (10.5-18.3) 0.002%*

WBC(*1019) 5.6 (4.5-6.9) 5.6 (4.2-6.9) 0415

Tumor Size(cm) 5.5 (3.5-9.2) 5.3 (3.5-8.6) 0.959

Crea(pmol/L) 71 (61-78) 67 (58-75) 0.026*

PA(mg/L) 214 (174-252) 200 (166—243) 0.053

Blood Glucose(mmol/L) 4.9 (4.6-5.3) 4.9 (4.5-5.6) 0.720

HBsAg 0.515

Positive 233 (83.2) 156 (85.7)

Negative 47 (16.8) 26 (14.3)

Tumor Number 0.315

Single 240 (86.0) 164 (89.6)

Multiple 39 (14.0) 19 (10.4)

MVI 0.001%**

MO 104 (35.5) 35 (19.7)

MI 114 (38.9) 8l (45.5)

M2 75 (25.6) 62 (34.8)

Child-Pugh Grade 0.686

A 269 (94.7) 175 (93.6)

B 15 (5.3) 12 (6.4)

Cirrhosis 0.433

Present 248 (94.3) 159 (92.4)

Absent 15 (5.7) 13 (7.6)

Notes: *p<0.05,4<0.01,%p<0.00|

p value < 0.10 in univariate analysis. These variables were then included in the multivariate analysis. Multivariate
analysis determined that AFP, CEA, PDW, MVI, tumor size, and tumor number were the independent variables
associated with DFS. Interestingly, patients with PDW > 17.1 had a hazard ratio of 1.381 (95% CI: 1.069-1.783, p =
0.014] for DFS (Table 2).

AFP, PDW, MVI, tumor size, and tumor number were identified as independent risk factors in multivariate analysis
(Table 2). We created a nomogram model to precisely predict the 3-year recurrence risk using these factors (Figure 3). In
the nomogram, each predictor had a parallel score within the range of 0—100 for its contribution to 3-year recurrence,
which could be used to predict the risk of 3-year recurrence. The total points for the nomogram were calculated by
summing the points for each factor, and the probability of 3-year recurrence was estimated from the total number of

points. The resulting model was internally validated using bootstrap validation. The nomogram demonstrated good

5 o 4 https:

Dove!

Cancer Management and Research 2023:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Li et al

PDW
<17:1
217.1

Log rank p<0.001

110 4
90 -
X 704
ek
(2 n
g
2 50 -
S
E -
>
© 304
10
1
0
PDW<17.1
293
PDW >17.1
178

I | | | I I I
5 10 15 20 25 30 35 40

RFS (Months)

203 171 140 128 115 109 105

128 92 69 58 36 33 25

Figure 2 The correlation between PDW levels and disease free survival in patients with HCC. The cumulative recurrence was significantly higher in patients with

PDW217.1 groups.

accuracy in estimating the risk of 3-year recurrence risk, with an unadjusted C-index of 0.663 (Figure 4). In addition,
calibration plots showed good agreement on recurrence after surgical resection between the risk estimation by the
nomogram and the follow-up results. The predictive model of the nomogram had good predictive ability.

Table 2 The Univariate and Multivariate Analysis of Disease-Free Survival in HCC Patients

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) p value HR (95% CI) p value

Gender(Male versus Female) 0.779(0.491-1.238) 0.291

Age(years) 1.003(0.989-1.016) 0.694

AFP(<20 versus 20—400, >400) 1.255(1.056-1.492) 0.010 1.274(1.095-1.482) 0.002
ALB(U/L) 1.005(0.986—1.009) 0.301

ALT(U/L) 1.000(0.998-1.001) 0.618

CA 19-9(ng/mL) 1.000(0.999-1.001) 0.492

CEA(ng/mL) 1.004(1.001-1.007) 0.008 1.005(1.002—-1.008) 0.001
DBIL(umol/L) 0.997(0.996—1.003) 0.583

HGB(g/L) 1.004(0.992—-1.015) 0.535

PLT (*1079) 1.001(0.999-1.003) 0.386

PT(s) 1.079(0.998-1.011) 0.112

(Continued)
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Table 2 (Continued).

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) p value HR (95% CI) p value

RBC(*10712) 0.939(0.768-1.147) 0.941
PDW (<17.1 versus 217.1) 1.300(0.972-1.738) 0.077 1.381(1.069-1.783) 0.014
TBIL(umol/L) 1.004(0.993—-1.014) 0.466
WBC(*1019) 0.997(0.979-1.042) 0.112
Tumor Size(cm) 1.037(1.000-1.075) 0.048 1.045(1.016-1.074) 0.002
Crea(umol/L) 1.003(0.996—-1.010) 0.385
PA(mg/L) 0.998(0.997-1.000) 0.054
Blood Glucose(mmol/L) 0.975(0.927-1.025) 0.323
HBsAg(Positive versus Negative) 0.787(0.534-1.159) 0.225
Tumor Number(Single versus Multiple) 1.337(1.001-1.785) 0.049 1.441(1.120-1.854) 0.004
MVI(MO versus MI, M2) 2.234(1.814-2.750) <0.001 2.019(1.683-2.422) <0.001
Child-Pugh Grade (A versus B) 1.228(0.568-2.654) 0.601
Cirrhosis (Present versus Absent) 1.118(0.986-1.267) 0.081
Capsule (complete versus incomplete) 0.928(0.797-1.018) 0.331

Discussion

The relationship between platelet and tumor metastasis has been widely studied. However, little is known regarding the
role of platelet in HCC with tumor cell growth and metastasis, and in the present study, we revealed that increased PDW
was associated with MVI. MVI is an important risk factor for recurrence and poor prognosis in HCC."*

In addition, elevated PDW was an independent indicator of DFS in patients with HCC. AFP, PDW, MVI, tumor size,
and tumor number were identified as having good predictive abilities in the nomogram model.

Increased platelet count is associated with poor prognosis in patients with a wide spectrum of malignancies, such as
pancreatic, gastric, colorectal, endometrial, and ovarian cancers. Several reports have mentioned that PDW is an indicator
of platelet activation.>®

Recently, several studies have investigated the relationship between activated platelets and cancer metastasis. Li et al
enriched nanospheres in primary tumors, lungs, and metastatic tumors using a P-selectin-targeted peptide modified to
capture activated platelets, which effectively inhibited almost every key and continuous step of the metastasis cascade,
delaying the progress of epithelial-mesenchymal transformation (EMT) in the tumor.'” Xu et al designed tumor
microenvironment-responsive nitric oxide-releasing nanocarriers, which could inhibit the interaction of platelets and
tumor cells, successfully blocking tumor-specific platelet functions, suppressing the EMT process, preventing the
adhesion of platelets around CTCs, and reducing distant metastasis.'® These studies partially demonstrated
a relationship between activated platelets and tumor metastasis.

Our study was a retrospective clinical study and did not investigate the specific mechanism of activated platelets in tumor
metastasis. However, little is known regarding the transfer of platelets and HCC. There is no doubt that the role of serotonin
in the interaction between platelets and tumor cells should be affirmed. Platelets significantly support tumor cell migration by
binding the adhesion receptors GPIIb/IIla, GPIb-IX-V, and p-selectin, thus protecting them from immunosurveillance and
shear forces of the blood flow and supporting their blockage against the vascular wall.'” Serotonin is strongly enhanced in
HCC, and most of it circulates in the blood and is transported by platelet-dense granules. In vitro experiments have shown
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that serotonin induces the proliferation of three different HCC cell lines, while inhibiting the serotonin signaling pathway
inhibits the growth of two tumor mouse models.'®'? Transforming growth factor-beta (TGFp) from platelet origin has been
found to induce TGFB/Smad and NF-«xB synergistic signaling cascades in tumor cells, promoting epithelial-mesenchymal
conversion to pre-metastatic phenotypes and allowing extravasation and metastasis.*

This study had several limitations. First, the mechanisms underlying the involvement of PDW in HCC should be
clarified. Second, internal and external validation should be included in our research. Finally, the patients were from
a single center. Multicenter prospective studies with larger sample sizes are required to verify our results.

In conclusion, increased PDW may predict recurrence-free survival in patients with HCC. Our nomogram model also
performed well in predicting patient prognoses.
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