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Prognostic Values of Platelet-Associated
Indicators in Resectable Cervical Cancer
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Abstract

Background: Cervical cancer is one of the leading causes of cancer mortality in women, which seriously threatens the health of
women worldwide. Platelet (PLT)-related parameters, including PLT count, mean platelet volume (MPV), plateletcrit (PCT), and
platelet distribution width (PDW), are correlated with tumor prognosis.

Methods: In total, 110 patients with cervical carcinoma were recruited in this study. The patients were divided into 2 groups
according to the receiver operating characteristic analysis cutoff values of PLT, MPV, PCT, or PDW. The post-/preradiotherapy
ratios were defined as the rate of preradiotherapy PLT-related parameters counts and the corresponding ones obtained after
radiotherapy.

Results: Higher pretreatment PLT level was correlated with Higher Federation of Gynecology and Obstetrics (FIGO) stage (II).
Higher pretreatment PLT level was correlated with worse progression-free survival (PFS) and overall survival (OS). Increased
post-/preradiotherapy ratio of PLT was correlated with worse PFS and OS. Changes in PCT, MPV, or PDW levels had no effects
on PFS or OS. Cox regression analysis model indicated that larger tumor size, higher pretreatment PLT level, and increased post-/
preradiotherapy PLT ratio were independently associated with worse PFS; higher FIGO stage (II) and increased post-/pre-
radiotherapy PLT ratio were independently associated with worse OS.

Conclusion: Pretreatment PLT level and increased post-/preradiotherapy PLT ratio are correlated with outcomes of cervical
cancer.
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Introduction

Cervical cancer is the most common gynecological malig-

nancy, which seriously threatens the health of women

worldwide.1 Cervical carcinoma is the third major cause

of cancer death in women after breast and colorectal cancer,

and more than 80% of cases occur in developing coun-

tries.2,3 Although the incidence of cervical cancer has
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declined due to development in cervical cancer screening

and vaccines, it remains a threaten for women with about

200 000 cases of mortality worldwide.4 Cervical cancer is

mainly squamous cervical carcinoma, accounting for about

90% to 95%, and adenocarcinoma accounts for only 5% to

10%.5,6 At present, surgery and radiotherapy are the main

treatments, and surgery is mainly used in patients with early

cervical cancer.7,8 Patients with cervical cancer with high-

risk factors (pelvic lymph node positive, margin positive,

and parametrial infiltration) are recommended to be treated

with pelvic radiotherapy plus cisplatin concurrent che-

motherapy after operation.7

Recently, platelets (PLTs) have attracted clinical attention

as a prognostic factor in malignant tumors. A present meta-

analysis suggested that thrombocytosis was an important

index for the pathological diagnosis and prognosis of various

tumors, and PLT activation played an important role in tumor

growth and metastasis.9 In cervical cancer, the relationship

between pretreatment PLTs counts and prognosis varies. For

example, by assessing PLT counts in 219 patients with cervi-

cal cancer before surgery and conducting multivariate analy-

sis, Rodriguez et al found that high PLT count(>300 000/mL)

was an independent prognostic factor for poor survival in

patients with early cervical cancer.10 While Lopes et al

reviewed the pretreatment PLT values of 643 patients with

cervical cancer and did not find that increased PLT was an

independent prognostic factor in cervical cancer.11 Platelet-

related indexes are related to PLT quantity, size, and activity,

including PLT count, mean platelet volume (MPV), platelet-

crit (PCT), and platelet distribution width (PDW).12,13 Mean

platelet volume indicates the average size of PLTs in the

bloodstream, which is an early indicator of PLT activation.14

Mean platelet volume is often used as an inflammatory mar-

ker to distinguish patients with cancer from healthy ones15

and is associated with the prognosis of some solid tumors.16,17

Plateletcrit equals to the product of PLT multiplied by MPV,

which provides more comprehensive data about total PLT

mass and is expected to be a tumor-related biomarker accord-

ing to recent researches.18,19 Elevated PCT is correlated with

worse prognosis in pancreatic carcinoma.20 Platelet distribu-

tion width is an indicator that reflects the average change in

PLT volume. Increased PDW may be accompanied by abnor-

mal thrombosis, but the relationship between PDW and solid

malignant tumors is not clear.21 Platelet-related indicators are

correlated with the prognosis of multiple tumor types, includ-

ing gastric cancer,22 lung cancer,23 rectal cancer,24 and so on.

And there are also some studies showing that thrombocytosis

and elevated platelet to lymphocyte ratio were independent

predictors in patients with advanced cervical cancer,25,26

while few research focused on the prognostic value of other

PLT-related indicators in resectable cervical cancer. In pres-

ent study, we have investigated several PLT-related para-

meters and evaluated whether these parameters could be

available prognostic indicators in patients with resectable cer-

vical cancer.

Materials and Methods

Participants and Inclusion Criteria

This study was conducted as a retrospective investigation of

resectable cervical cancer that had been referred to the

Affiliated Suzhou Hospital of Nanjing Medical University

(Jiangsu, China) between November 2012 and July 2014.

Approval for the study was granted by the Medical Ethics

Committees of the Affiliated Suzhou Hospital of Nanjing Med-

ical University. All patients have signed informed consent. The

inclusion criteria were as follows: (1) those with histologically

or cytologically confirmed resectable cervical cancer; (2) age

18 to 70 years; (3) Karnofsky performance status score of�70;

(4) those who met the following laboratory criteria: white

blood cells (WBC) �4.0 � 109/L; absolute neutrophil count

�2.0 � 109/L; and PLT �80 � 109/L; (5) histopathology con-

firmed as squamous cell carcinoma. The exclusion criteria

were as follows: (1) the patient failed to complete radiotherapy

after surgery and (2) histopathology confirmed as adenocarci-

noma. All patients underwent modified radical hysterectomy

plus pelvic lymphadenectomy and external irradiation (45-50

Gy dosage administered in 25 fractions over 5 weeks; 4-FELD

box technique). Clinical and pathological records of all the

patients participating in the study were reviewed periodically,

the first follow-up was 3 months after radiotherapy and the last

time was July 2014.

In total, 110 patients with resectable cervical cancer were

recruited in this study. All cases were confirmed by surgery and

pathology. Patient characteristics are detailed in Table 1. The

median age of the 110 patients was 51.5 years (range, 25-70

years). The staging of cancer was made according to Interna-

tional Federation of Gynecology and Obstetrics (FIGO) recom-

mendations. The prognostic analyses were performed

regarding progression-free survival (PFS) and overall survival

(OS).

Blood Samples

Peripheral venous blood (5-7 mL) was collected into a sterile

EDTA tube; patients were fasted 8 hours and samples were

obtained from elbow venous between 6:30 and 7:30 AM in order

to standardize the known impact of circulating hormones (cir-

cadian rhythm) on the number and subtype distribution of the

various WBC indices. Blood samples were analyzed using a

hematology analyzer (Sysmex XE-3000; Sysmex, Kobe,

Japan). The patients were divided into 2 groups according to

the receiver operating characteristic (ROC) analysis cutoff val-

ues. The post-/preradiotherapy ratios were defined as the rate of

preradiotherapy PLT, PCT, MPV, and PDW levels and the

corresponding ones obtained after radiotherapy.

Evaluation

Computed tomography scan was performed for the assessment

of response every 3 months and evaluated according to the

criteria of Response Evaluation Criteria in Solid Tumors 1.1.
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Follow-Up

Survival time was measured from the date of diagnosed date

until death or last clinical evaluation. The prognostic analyses

were performed regarding PFS or OS. Patients were followed

up regularly for 36 months.

Statistical Analysis

All statistical analyses were performed using SPSS version

19.0 software (Chicago, Illinois). The ROC analysis was per-

formed to evaluate the predictive values of PLT-related indi-

cators for resectable cervical cancers and determine the best

cutoff values of PLT-related indicators. For analysis of survival

data, Kaplan-Meier curves were constructed, and statistical

analysis was carried out using the log-rank test. The associa-

tions between blood parameters status and clinicopathologic

features were explored by the w2 tests. Univariate and multi-

variate Cox regression analysis model was employed to iden-

tify the independent risk factors associated with cervical

cancer. All values of P < .05 were considered statistically

significant.

Results

Specificity and Sensitivity of Pretreatment PLT-Related
Indicators Levels on OS of Predicting Resectable Cervical
Cancers

The area under the curve of PLT was 0.643 (95% confidence

interval [CI], 0.531-0.735; P ¼ .012), the optimum cutoff point

of PLT was 234.5 � 109/L with sensitivity of 69.4% and spe-

cificity of 67.2%. The area under the curve of PCT was 0.492

(95% CI, 0.376-0.607; P ¼ .882). The area under the curve of

MPV was 0.466 (95% CI, 0. 351-0.580; P ¼ .551). The area

under the curve of PDW was 0.544 (95% CI, 0.430-0.658; P ¼
.442; Figure 1A-D).

Specificity and Sensitivity of Pretreatment PLT-Related
Indicators Levels on PFS of Predicting Resectable Cervical
Cancers

The area under the curve of PLT was 0.643 (95% CI, 0.535-

0.750; P¼ .010), the optimum cutoff point of PLT was 221.5�
109/L with sensitivity of 68.3% and specificity of 68.1%. The

area under the curve of PCT was 0.562 (95% CI, 0.453-0.671;

P ¼ .263). The area under the curve of MPV was 0.493 (95%
CI, 0.384-0.603; P ¼ .907). The area under the curve of PDW

was 0.487 (95% CI, 0.379-0.596; P ¼ .822; Figure 2A-D).

Pretreatment PLT Level Was Related to OS and PFS of
Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect of

PLT levels on OS and PFS (Figure 3A and B). The patients

were divided into 2 groups according to the ROC analysis cut-

off values. The median OS of the higher PLT group was 34

(95% CI, 23.211-44.789) months, while that of the lower PLT

group was 44 (95% CI, 40.594-47.406) months (P¼ .044). The

median PFS was 13 (95% CI, 10.074-15.926) months in the

higher PLT group and 20 (95% CI, 15.999-24.001) months in

the lower PLT group (P ¼ .000). Thus, pretreatment lower

level group of PLT level group had better prognosis.

Changes in PLT Level After Radiotherapy Predicted OS of
Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect

on changes of PLT-related indicators status with OS (Figure

4A-D). The median OS of patients whose PLT level

increased following radiotherapy was 32 (18.186-45.814)

months, while that of the not-increased group was 44

(37.491-50.509) months (P ¼ .022). The median OS of

increased PCT group following radiotherapy was 38

(29.213-46.787) months, while that of the not-increased

group was 39 (30.853-47.147) months (P ¼ .577). The med-

ian OS of increased MPV group following radiotherapy was

34 (25.083-42.917) months, while that of the not-increased

group was 42 (34.180-49.820) months (P ¼ .395). The med-

ian OS of increased PDW group following radiotherapy was

41 (34.049-47.951) months, while that with not-increased

PDW group was 35 (24.940-45.060) months (P ¼ .263).

Thus, the patients with not-increased PLT level after radio-

therapy had better OS. However, changes in PCT, MPV, or

PDW levels had no effects on OS.

Table 1. Clinicopathologic Features.

Clinicopathologic Features n

PLT

Low (n) High (n) w2 P Value

110
Age
�51.5 55 29 26 1.791 .181
>51.5 55 22 33

Tumor size (cm)
�4 62 29 33 0.010 .922
>4 48 22 26

FIGO
I 60 33 27 3.959 .046a

II 50 18 32
Lymphonodus metastasis

None 60 28 32 0.005 .944
Have 50 23 27

Differentiation
Highly 48 25 23 1.120 .290
Moderately or poorly 62 26 36

Abbreviations: FIGO stage, Federation of Gynecology and Obstetrics stage;
PLT, platelet.
aP < .05.
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Changes in PLT Levels After Radiotherapy Predicted PFS
of Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect of

changes of PLT-related indicators status on PFS (Figure 5A-

D). The median PFS of patients whose PLT level increased

following radiotherapy was 14 (11.765-16.235), while that of

the not-increased group was 20 (15.139-24.861) months (P ¼
.004). The median PFS of increased PCT group following

radiotherapy was 15 (13.031-16.969) months, while that of

the not-increased group was 16 (13.209-18.791) months

(P ¼ .221). The median PFS of increased MPV group follow-

ing radiotherapy was 15 (13.338-16.662) months, while that

of the not-increased group was 16 (13.761-18.239) months

(P ¼ .846). The median PFS of increased PDW group follow-

ing radiotherapy was 16 (13.311-18.689) months, while that

with not-increased PDW group was 16 (14.661-17.339)

months (P ¼ .593). Thus, the patients with not-increased PLT

level after radiotherapy had better PFS. However, changes in

PCT, MPV, or PDW levels had no effects on PFS.

Prognostic Factors of OS for Patients With Resectable
Cervical Cancer

Univariate analyses (Table 2) demonstrated that higher FIGO

stage (II; hazard ratio [HR], 2.238; 95% CI, 1.293-3.872; P ¼
.004) and increased post-/preradiotherapy PLT ratio (>1; HR,

1.854; 95% CI, 1.075-3.198; P ¼ .027) were significant risk

factors for a poor prognosis (Table 2). In multivariate analysis

(Table 2), higher FIGO stage (II; HR, 2071; 95% CI, 1.183-

3.625; P¼ .011) and increased post-/preradiotherapy PLT ratio

(>1; HR, 2.101; 95% CI, 1.207-3.658; P ¼ .009) were found to

be independently associated with worse OS.

Prognostic Factors of PFS for Patients With Resectable
Cervical Cancer

Univariate analyses (Table 3) demonstrated that larger tumor

size (>5 cm; HR, 1.612; 95% CI, 1.075-2.426; P ¼ .021),

higher FIGO stage (II; HR, 1.562; 95% CI, 1.041-2.344; P ¼
.031), moderately or poorly of differentiation (HR, 1.669; 95%

Figure 1. The ROC curve analysis of pretreatment PLT-related indicators levels on OS of resectable cervical cancers. A, Schematic of the ROC
curve for prediction by PLT. B, Schematic of the ROC curve for prediction by PCT. C, Schematic of the ROC curve for prediction by MPV.
D, Schematic of the ROC curve for prediction by PDW. MPV indicates mean platelet volume; OS, overall survival; PDW, platelet distribution
width; PLT, platelet; ROC, receiver operating characteristic.
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Figure 3. The relationship between pretreatment PLT levels with OS and PFS of patients with resectable cervical cancer. A, The PFS according
to PLT. B, The OS according to PLT. OS indicates overall survival; PFS, progression-free survival; PLT, platelet.

Figure 2. The ROC curve analysis of pretreatment PLT-related indicators levels on PFS of resectable cervical cancers. A, Schematic of the ROC
curve for prediction by PLT. B, Schematic of the ROC curve for prediction by PCT. C, Schematic of the ROC curve for prediction by MPV.
D, Schematic of the ROC curve for prediction by PDW. MPV indicates mean platelet volume; PDW, platelet distribution width;
PFS, progression-free survival; PLT, platelet; ROC, receiver operating characteristic.
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CI, 1.108-2.513; P ¼ .014), higher pretreatment PLT level

(>0.145 � 109/L; HR, 1.653; 95% CI, 1.104-2.474; P ¼
.015), and increased post-/preradiotherapy PLT ratio (>1;

HR, 1.739; 95% CI, 1.159-2.609; P ¼ .008) were significant

risk factors for a poor prognosis (Table 3). In multivariate

analysis (Table 3), larger tumor size (>5 cm; HR, 2.023; 95%
CI, 1.311-3.121; P ¼ .001), higher pretreatment PLT level

(HR, 1.800; 95% CI, 1.169-2.769; P ¼ .008), and increased

post-/preradiotherapy PLT ratio (>1; HR, 2.003; 95% CI,

1.292-3.107; P ¼ .002) were found to be independently asso-

ciated with worse PFS.

Discussion

Cervical cancer is the most common gynecological cancer

type, which brings a heavy burden to women’s heath, espe-

cially in developing countries.1 Squamous cell carcinoma anti-

gen (SCCA), tissue polypeptide antigen, carcinoembryogenesis

antigen, and carcinogen 125 are potential prognostic factors

widely used in cervical cancer, but the prediction effect is

limited due to tumor heterogeneity.27 In recent years, the prog-

nostic significance of PLTs in various solid tumors has also

attracted clinical attention. Platelet activation plays an impor-

tant role in tumor growth and metastasis, and elevated PLT

counts are associated with poor outcomes in a multitude of

solid malignant tumors, including breast cancer,28 colon can-

cer,29 non-small cell lung cancer (NSCLC),30 and so on.

Platelets have multiple functions and are also involved in the

development of malignancies.31 Thrombin produced by tumor

cells can effectively activate PLTs. And once activated, PLTs

are capable to stimulate tumor generation and promote metas-

tasis by releasing angiogenic factors such as platelet-derived

growth factors and vascular endothelial growth factor.12

Increased circulating PLTs or functional activation lead to the

rapid expression of P-selectin, which mediates PLT–tumor

interaction and facilitates thrombosis.32 Activated PLTs play

Figure 4. Relationship between changes in PLT-related indicators values with radiotherapy on OS. A, Radiotherapy increased the value of PLT.
B, Radiotherapy had no influence on the value of PCT. C, Radiotherapy had no influence on the value of MPV. D, Radiotherapy increased the
value of PDW. MPV indicates mean platelet volume; PDW, platelet distribution width; OS, overall survival; PLT, platelet.
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Table 2. Univariate and Multivariate Cox Regression Analysis of Resectable Cervical Cancer Risk Factors.

Risk Factors

Overall Survival (OS)

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value

Age (>51.5 years or �51.5 years) 1.144 (0.667-1.964) .625 – –
Tumor size (cm) (>4 or �4) 1.424 (0.829-2.446) .201 – –
Lymphonodus metastasis (have or none) 1.542 (0.898-2.646) .116 – –
FIGO stage (II or I) 2.238 (1.293-3.872) .004a 2.071 (1.183-3.625) .011b

Differentiation (highly or >moderately and poorly) 1.752 (0.999-3.073) .050 – –
Pretreatment PLT level (109/L) (>221.5 or �221.5) 1.738 (0.997-3.029) .051 1.741 (0.984-3.081) . 057
Post-/preradiotherapy PLT ratio (>1or �1) 1.854 (1.075-3.198) .027b 2.101 (1.207-3.658) .009a

Post-/preradiotherapy PCT ratio (�1or >1) 1.172 (0.663-2.071) .584 – –
Post-/preradiotherapy MPV ratio (>1or �1) 1.259 (0.733-2.163) .405 – –
Post-/preradiotherapy PDW ratio (>1or �1) 0.726 (0.410-1.288) .274 – –

Abbreviations: CI, confidence interval; FIGO stage, Federation of Gynecology and Obstetrics; MPV, mean platelet volume; OR, odds ratio; OS, overall survival;
PCT, plateletcrit; PDW, platelet distribution width; PLT, platelet.
aP < .01.
bP < .05.

Figure 5. Relationship between changes in PLT-related indicators values with radiotherapy on PFS. A, Radiotherapy increased the value of PLT.
B, Radiotherapy had no influence on the value of PCT. C, Radiotherapy had no influence on the value of MPV. D, Radiotherapy increased the
value of PDW. MPV indicates mean platelet volume; PDW, platelet distribution width; PFS, progression-free survival; PLT, platelet.
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a key role in thrombotic events through coagulation cascade

activation, and coagulation and fibrinolytic system activation

are associated with tumor metastasis, invasion, and poor prog-

nosis.28,29 On the other hand, use of antiplatelet drugs such as

heparin has been shown to improve the prognosis of solid

tumor patients, which may be related to the interruption of this

malignant cycle.33 Besides, activated PLTs are able to protect

tumor cells from cytolysis and directly interact with tumor

cells, synergistically activating the nuclear factor-kB and

tumor growth factor b/Smad pathways in cancer cells, inducing

epithelial–mesenchymal transition34,35 and advancing metasta-

sis.35 Additionally, activated PLTs can also promote the growth

and invasion of tumor cells by secreting inflammatory cyto-

kines, angiogenic regulatory proteins, growth factors, as well as

proteolytic enzymes in the tumor microenvironment.36-38

A meta-analysis showed that more than 10 studies involved

the prognostic significance of thrombocytosis in patients with

cervical cancer, and more than half suggested that thrombocy-

tosis was an independent prognostic factor for cervical can-

cer.31 Rodriguez et al evaluated the PLT counts of 219

patients with stage IB cervical cancer before radical resection,

showing that the 5-year survival rate of the high pretreatment

PLT group (>300 000/mL) was lower than that of the low PLT

group (�300 000/mL).10 Jonge et al studied 93 patients with

cervical cancer who had undergone radical resection, suggest-

ing that thrombocytosis (�400� 109/L) was significantly asso-

ciated with worse PFS and OS.39 Lopes et al reviewed the

pretreatment PLT values of 643 patients with cervical cancer

and did not find that increased PLT was an independent prog-

nostic factor in cervical cancer.11 Overall, most studies have

confirmed that pretreatment thrombocytosis is associated with

high tumor burden and poor outcome in cervical cancer. In our

study, higher pretreatment PLT level and increased post-/pre-

radiotherapy ratio of PLT were correlated with poor PFS and

OS. Besides, Cox regression analysis model indicated that

higher pretreatment PLT level and increased post-/prera-

diotherapy PLT ratio were independently associated with

worse PFS, increased post-/preradiotherapy PLT ratio was also

independently associated with worse OS. In view of these

enumerated evidences, we believed that high serum PLT level

indicated adverse outcomes in resectable cervical cancer. Pla-

telet counts lie on the balance between PLT production and

consumption.31 However, normal PLT counts can conceal the

presence of cancer phenotypes under an effective compensa-

tory mechanism.40 However, barely a few studies have

revealed the predictive value of other PLT-related indicators,

such as MPV and PDW, in patients with resectable cervical

cancer. Both MPV and PDW are commonly used PLT activa-

tion indicators. While MPV reflects the average size of the

PLTs, the PDW shows the size uniformity of PLTs.41-43

Mean platelet volume is an indicator of PLT activation, and

reduced MPV is considered to be an increased consumption of

large PLTs under inflammatory conditions.44 Studies have con-

firmed that MPV changes in lung cancer,45 colon cancer,29

gastric cancer,46 and ovarian cancer.47 At present, the mechan-

ism of the relationship between decreased MPV and poor prog-

nosis of malignancies is unknown. It may lie in several points:

First, larger PLTs are more sensitive to endogenous and exo-

genous stimuli and therefore consume more; and the relative

proportion of small PLTs increases due to destruction of

inflammation.30 Therefore, increased consumption of large

PLTs in the inflammatory state led to a decrease in MPV.44

Platelets play an important role in promoting the hypercoagul-

able state of cancer, which may also affect the changes of

MPV.48 In addition, the regulation of DYS genes in megakar-

yocytes may affect MPV and PDW. Megakaryocyte matura-

tion, PLT production, and PLT size are regulated by various

cytokines, including interleukin 6 (IL-6).49 Interleukin 6 is

Table 3. Univariate and Multivariate Cox Regression Analysis of Resectable Cervical Cancer Risk Factors.

Risk Factors

Overall Survival (PFS)

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value

Age (>51.5 years or �51.5 years) 1.019 (0.682-1.522) .927 – –
Tumor size (cm) (>4 or �4) 1.612 (1.075-2.426) .021a 2.023 (1.311-3.121) .001b

Lymphonodus metastasis (have or none) 1.137 (0.760-1.701) .532 – –
FIGO stage (II or I) 1.562 (1.041-2.344) .031a 1.323 (0.869-2.014) .192
Differentiation (highly or > moderately and poorly) 1.669 (1.108-2.513) .014a 1.406 (0.918-2.153) .118
Pretreatment PLT level (109/L) (>221.5 or �221.5) 1.653 (1.104-2.474) .015a 1.800 (1.169-2.769) .008b

Post-/preradiotherapy PLT ratio (>1 or �1) 1.739 (1.159-2.609) .008b 2.003 (1.292-3.107) .002b

Post-/preradiotherapy PCT ratio (�1 or >1) 1.285 (0.841-1.963) .246 – –
Post-/preradiotherapy MPV ratio (>1 or �1) 0.962 (0.640-1.446) .854 – –
Post-/preradiotherapy PDW ratio (>1 or �1) 0.898 (0.592-1.362) .613 – –

Abbreviations: CI, confidence interval; FIGO stage, Federation of Gynecology and Obstetrics stage; MPV, mean platelet volume; OR, odds ratio; PCT, plateletcrit;
PDW, platelet distribution width; PFS, progression-free survival; PLT, platelet.
The boldface values are statistically significance.
aP < .05.
bP < .01.
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involved in the occurrence and metastasis of many solid

tumors,50 and MPV value has been found to be related to IL-

6 level.51 There are few reports about the prognostic signifi-

cance of MPV in cervical cancer. Chandra et al found that MPV

level in patients with cervical cancer is lower compared to the

healthy control group and there was a significant correlation

between MPV and FIGO stage.52 In our study, neither pretreat-

ment MPV level nor change of MPV had effect on PFS and OS

in resectable cervical cancer.

As an index of MPV change, PDW is more advantageous in

identifying the causes of thrombocytopenia than MPV.53 The

increase in PDW may be associated with abnormal thrombosi-

s.54In normal individuals, there was a linear correlation

between PDW and MPV, while in patients with cancer, there

was no parallel relationship between them.55 Previous studies

showed that PDW is associated with poor prognosis in

NSCLC,56 gastric cancer,57,58 and melanoma.59 The statement

on PDW is controversial in different cancer research, and the

significance between PDW and malignancy has not been

deeply explored. Compared with the normal control group, in

patients with ovarian cancer,60 pretreatment PDW significantly

increased, while in patients with NSCLC30 and breast can-

cer,28,61 the PDW significantly decreased. It has been reported

that combination of detections of SCCA, prealbumin, and

PDW may accurately distinguish between cervical squamous

cell carcinoma and the normal control.62,63 In our study, pre-

treatment PDW level or post-/preradiotherapy ratio of PDW

had no effect on PFS or OS.

Plateletcrit can be used to determine the need for PLT trans-

fusion.64 Usually, elevated PCT values are associated with

increased risk of coronary artery disease and venous thrombo-

sis,65,66 and recent studies have recognized PCT as a tumor-

related biomarker.19,67 According to the stages, histological

types, and metastatic status of different types of cancer, PCT

has different results. Plateletcrit might correlate with the patho-

logical type and stage of NSCLC, and chemotherapy would

decrease PCT.19 Plateletcrit measurements were found to be

lower in patients with lung cancer than the healthy partici-

pants.67 However, there was a significant increase in PCT in

patients with papillary thyroid cancer when compared with

normal ones.68 In the present study, pretreatment PCT or

change of PCT had no impact on PFS and OS. Previous studies

on the prognostic significance of PLTs in cervical cancer have

focused on PLT counts while ignoring other PLT-related indi-

cators. In this study, we comprehensively analyzed the effects

of PLT-related indicators on OS and PFS of resectable cervical

cancer. As far as we know, this is the first study to specifically

study the predictive value of various PLT-related indicators for

resectable cervical cancer. In summary, our findings suggested

that PLT could be used as a pretreatment prognostic marker and

contributed to the risk stratification of prognosis, so as to pro-

vide appropriate individualized adjuvant therapy after surgery.

Changes in PCT, MPV, or PDW levels had no effects on PFS or

OS. Considering the prognostic model only requires routine

and economical peripheral blood testing, we propose that these

convenient and low-cost clinical parameters be included in

routine practice of cervical cancer, which would have broad

application prospects.

Nevertheless, this study still has some limitations: It is a

retrospective single-center study involving a relatively small

sample size, and all the samples focused on Chinese popula-

tion. Given the abovementioned limitations, it is important to

seek multiagency collaboration and validate the finding in

future prospective studies.

Authors’ Note

Jing-mei Wang, Ying Wang, and Yue-qing Huang contributed equally

to this work.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by the Science and Education for Health Foundation of

Suzhou for Youth (grant numbers kjxw2018030 and kjxw2018032),

the Science and Technology Project Foundation of Suzhou (grant

number SS201651), and the Education Research Project Foundation

of Nanjing Medical University (grant number FZS-ZD-201701).

ORCID iD

Wen-Jie Wang https://orcid.org/0000-0002-5214-1476

References

1. Carus A, Ladekarl M, Hager H, Nedergaard BS, Donskov F.

Tumour-associated CD66bþ neutrophil count is an independent

prognostic factor for recurrence in localised cervical cancer. Br J

Cancer. 2013;108(10):2116-2222.

2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.

Global cancer statistics. CA Cancer J Clin. 2011;61(2):69-90.

3. Thun MJ, DeLancey JO, Center MM, Jemal A, Ward EM. The

global burden of cancer: priorities for prevention. Carcinogenesis.

2010;31(1):100-110.

4. Chao A, Lin CT, Lai CH. Updates in systemic treatment for

metastatic cervical cancer. Curr Treat Options Oncol. 2014;

15(1):1-13.

5. Lai CH. Management of recurrent cervical cancer. Chang Gung

Med J. 2004;27(10):711-777.

6. Specht L, Larsen SK, Hansen HS. Phase II study of docetaxel and

cisplatin in patients with recurrent or disseminated squamous-cell

carcinoma of the head and neck. Ann Oncol. 2000;11(7):845-849.

7. Greer BE, Koh WJ, Abu-Rustum NR, et al. Cervical cancer. J

Natl Compr Canc Netw. 2010;8(12):1388-1416.

8. Huguet F, Cojocariu OM, Levy P, et al. Preoperative concurrent

radiation therapy and chemotherapy for bulky stage IB2, IIA, and

IIB carcinoma of the uterine cervix with proximal parametrial

invasion. Int J Radiat Oncol Biol Phys. 2008;72(5):1508-1515.

9. Zhang X, Lv Z, Yu H, Zhu J. The clinicopathological and prog-

nostic role of thrombocytosis in patients with cancer: a meta-

analysis. Oncol Lett. 2017;13(6):5002-5008.

Wang et al 9

https://orcid.org/0000-0002-5214-1476
https://orcid.org/0000-0002-5214-1476
https://orcid.org/0000-0002-5214-1476


10. Rodriguez GC, Clarke-Pearson DL, Soper JT, Berchuck A, Synan

I, Dodge RK. The negative prognostic implications of thrombo-

cytosis in women with stage IB cervical cancer. Obstet Gynecol.

1994;83(3):445-448.

11. Lopes A, Daras V, Cross PA, Robertson G, Beynon G, Monaghan

JM. Thrombocytosis as a prognostic factor in women with cervi-

cal cancer. Cancer. 2015;74(1):90-92.

12. Bambace NM, Holmes CE. The platelet contribution to cancer

progression. J Thromb Haemost. 2011;9(2):237-249.

13. Wiwanitkit V. Plateletcrit, mean platelet volume, platelet distri-

bution width: its expected values and correlation with parallel red

blood cell parameters. Clin Appl Thromb Hemost. 2004;10(2):

175-178.

14. Bath PM, Butterworth RJ. Platelet size: measurement, physiology

and vascular disease. Blood Coagul Fibrinolysis. 1996;7(2):

157-161.

15. Cho SY, Yang JJ, You E, et al. Mean platelet volume/platelet

count ratio in hepatocellular carcinoma. Platelets. 2013;24(5):

375-377.

16. Shen XM, Xia YY, Lian L, et al. Mean platelet volume provides

beneficial diagnostic and prognostic information for patients with

resectable gastric cancer. Oncol Lett. 2016;12(4):2501-2506.

17. Paramanathan A, Saxena A, Morris DL. A systematic review and

meta-analysis on the impact of pre-operative neutrophil lympho-

cyte ratio on long term outcomes after curative intent resection of

solid tumours. Surg Oncol. 2014;23(1):31-39.

18. WWang C, Chen YG, Gao JLang C, et al. Low local blood perfu-

sion, high white blood cell and high platelet count are associated

with primary tumor growth and lung metastasis in a 4T1 mouse

breast cancer metastasis model. Oncol Lett. 2015;10(2):754-760.

19. Wang C, et al. Clinical significance of platelet count and plate-

letcrit in diagnosis and treatment of non-small cell lung cancer.

Guangxi Med J. 2017.

20. Wang L, Sheng L, Liu P. The independent association of platelet

parameters with overall survival in pancreatic adenocarcinoma

receiving intensity-modulated radiation therapy. Int J Clin Exp

Med. 2015;8(11):21215-21221.
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