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BACKGROUND/AIMS
The mean platelet volume (MPV) is used nowadays to predict the cancer prognosis. As the incidence of muscle-invasive bladder cancer 
(MIBC) is rising, we aimed to determine the disease-specific survival (DSS) and overall survival (OAS) rates in MIBC using MPV in 
patients who underwent radical cystectomy.

MATERIAL and METHODS
This is a retrospective analysis of data from an ongoing bladder cancer project. A total of 168 patients with bladder cancer who 
underwent cystectomy were enrolled between February 2006 and 2016. A potential prognostic value of MPV was evaluated using the 
receiver operating characteristic (ROC) curve analysis. We examined the impact of MPV on patients’ DSS and OAS. ROC curves were 
drawn. A p-value <0.05 was considered to be statistically significant.

RESULTS
The mean age was 62.10±9.26 years. There were 156 (92.9%) men and 12 (7.1%) women. The optimal MPV cutoff value for DSS was 8.37fL. 
The group with a lower MPV showed worse progression with regard to DSS and OAS (p<0.001). Age (p=0.024), MPV (p=0.001) were 
independent prognostic factors for predicting DSS. Additionally age (p=0.003), and MPV (p<0.001) were determined as independent 
prognostic factors for predicting OAS.

CONCLUSION
A decreased MPV can be an independent prognostic factor in patients with MIBC. If the MPV is lower than 8.37fL, DSS and OAS may 
worsen.
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INTRODUCTION
Bladder cancer (BC) is the seventh most common cancer in males (1). In addition, it is the 11th most common cancer when 
both genders are considered worldwide (1). The age-standardized annual incidence rate for men and women is 9/100.000 
and 2.2/100000, respectively (2). Nearly 75% of patients with BC are diagnosed at the stage Ta, carcinoma in situ (disease 
confined to the mucosa), or stage T1 (submucosa). Furthermore, many cases of the patient population (Ta, T1, and carcino-
ma in situ) have a high prevalence of a long-term follow-up and have a lower risk of cancer-specific mortality than T2–4 
tumors (3, 4).

Surgical treatment of muscle-invasive bladder cancer (MIBC) as the radical cystectomy is considered to be standard 
surgical treatment modality. It is also indicated in those with high-risk and recurrent non-muscle invasive BC (5). The re-
maining life span depends, of course, on several factors.

On the other hand, platelets play one of the essential roles in human carcinogenesis (6). Thus, the interaction causes 
their involvement in many malignancies and contributes to the progression (6). The platelet count with the mean platelet 
volume (MPV) can measure the platelet activation (7). Recent studies suggest that the platelet activation can show a 
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significant biological process related to cancer formation and 
metastasis (8-10). With this in view, some blood tests may help 
clinicians to predict the process of survival after a radical cys-
tectomy in MIBC.

The MPV, as an early indicator of the platelet activation, is al-
tered in several malignancies; however, there is limited informa-
tion about using MPV to predict survival of patients with MIBC 
who underwent radical cystectomy.

In this study, we investigated the impact of MPV on survival in 
patients with MIBC who underwent radical cystectomy. More-
over, to the best of our knowledge, this is the first study on this 
issue from our community that is including a high volume pa-
tients.

MATERIAL and METHODS
The present study is a part of an ongoing study that includes a 
retrospective assessment of the institution’s data. The board of 
Izmir Katip Celebi University approved the study. Signed con-
sent forms were obtained from all patients. There were a total 
of 168 patients with MIBC who underwent cystectomy between 
February 2006 and 2016 at our department. The exclusion cri-
teria were having another cancer, irregular follow-up, chronic 
drug use that could change blood parameters, any hematologic 
disease, and patients with incomplete transurethral resected 
bladder cancer.

Briefly, all blood samples were collected from the antecubital 
veins, after at least 12 hours of fasting, and the same laborato-
ry checked the results. Radical cystectomies were performed 
1 month after transurethral resection bladder tumor (TURBT). 
The medical data were obtained through the patients’ med-
ical records from the urology department and the electronic 
database of the hospital, and they included patient’s age, 

gender, the pathological T stage, tumor grade, lymph node 
metastasis, lymphovascular invasion, white blood cell (WBC) 
count, and MPV. Laboratory data were collected within 1 
week before radical cystectomy. A histological evaluation of 
BC was performed according to the World Health Organiza-
tion classification (11), and BC was staged according to the 
TNM criteria (12).

Mortality causes were obtained by searching the comput-
er-saved database of the institute. Disease-specific survival 
(DSS) and overall survival (OAS) were defined as the time from 
the date of surgery to the date of disease-specific mortality and 
as the time from the date of surgery to the date of all-cause 
mortality, respectively.

We used the Statistical Package for the Social Sciences soft-
ware version 22 (IBM Corp.; Armonk, NY, USA). All variables 
were examined using visual (histograms, probability plots) and 
analytical methods (Kolmogorov–Smirnov). A normal or abnor-
mal distribution was determined. The descriptive analyses were 
used, and the results were presented as means (±standard de-
viations) and medians (min–max).

An optimal cutoff value of MPV was calculated using the re-
ceiver operating characteristic (ROC) curves. The Kaplan–Mei-
er method and log rank test were performed to compare the 
variables and determine the impact of MPV on patient DSS 
and OAS. The effect of patient, age, gender, the pathological T 
stage, tumor grade, lymphovascular invasion, and lymph node 
involvement were determined by using univariate and multivar-
iate Cox regression hazard models. A 5% Type I error level was 
used to obtain statistical significance. The p-value p<0.05 was 
accepted as statistically significant.

RESULTS
There were a total of 159 patients with MIBC who underwent 
radical cystectomy in this series. The mean age was 62.10±9.26 
years (range, 37–85). There were 156 (92.9 %) men and 12 
(7.1%) women. The lymphovascular invasion was positive in 
51 patients (30.4%). There were 40 (23.8%) patients at the T1 
stage, 43 (25.6%) patients at the T2 stage, 51 (30.4%) patients 
at the T3 stage, and 34 (19.5%) patients at the T4 stage. The 
lymph node invasion was determined in 61 (36.2%) patients. 
The mean WBC was 8.65±1.88 ×109/L, and the mean MPV was 
9.30±1.96 fL. The ROC analysis showed that there was an op-
timal threshold of MPV for DSS at the level of 8.37 fL (Figure 
1). This showed us that MPV can estimate the MIBC prognosis 
with sensitivity and specificity of 91.4% and of 70.0%, respec-
tively (AUC, 0.873; 95% confidence interval [CI], 0.820-0.927). 
Two groups were created according to the MPV levels. There 
were 71 (42.2%) patients with MPV<8.37 fL and 97 (57.8%) 
with MPV ≥8.37 fL.

In the Kaplan–Meier analyses, the group with a decreased MPV 
showed a worse progression in DSS and OAS (p<0.001, p<0.001) 
(Figure 2). The mean follow-up period was 27.59±26.7 months 
(range, 1–130 months), and 36 patients died during the observa-
tion period.

Age (HR, 1.039; 95% CI, 1.005–1.075; p=0.024) and MPV (HR, 17.907; 
95%CI, 3.515–91.220; p=0.001) were used to predict DSS; and age 
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FIGURE 1. ROC analysis for disease specific survival for preopera-
tively measured mean platelet volume
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(HR, 1.055 95% CI, 1.019–1.093; p=0.003) and MPV (HR 8.031, 95% 
CI, 2.930–22.012; p<0.001) were used to predict OAS. These were 
determined as independent prognostic factors, in terms of uni-
variate and multivariate analyses in Cox regression models, re-
spectively (Table 1, 2).

DISCUSSION
There was a statistically significant low MPV level in patients 
with MIBC who underwent radical cystectomy, just before the 
operation. The relationship between inflammation and cancer 
has been identified (13). The MPV is one the markers of activat-
ed platelets. Thus, a low MPV level could be regarded as an in-
creased consumption of large platelets during inflammation (14).

Platelets’ microparticles and granules are responsible for the 
platelet–tumor cell interaction, as they contain some growth 
factors, chemokine, adhesive particles, and coagulation fac-
tors (15). Besides, platelets adhere to tumor cells and to the 
vessel wall after activation (16). These interactions lead to an 
increased tumor cell survival. Therefore, platelet aggregation to 
withstand the intravascular shear potency better and armor tu-
mor cells from immune system of host (6). In addition, platelets 
may play an important role in the cancer progression cascade 
with an ultimate joint use of mediators and pathways of inflam-

mation (17). Moreover, platelets release the transforming growth 
factor β1 that induces phenotypic changes of the epithelial to 
mesenchyme-like transition of tumor cells. Therefore, platelets 
facilitate their extravasation to distant sites, while metastasis is 
forming. The activated platelets release secretory factors that 
support chemokine, photolytic enzymes, and micro particles 
within the microenvironment to organize the tumor cell invasion 
(6). These results are also parallel to the current literature indi-
cating that anti-platelet treatment is a part of cancer adjuvant 
therapies (18). In brief, platelets may play a major role in the tu-
mor process. This was the starting point of our study.

Connolly et al. (19) showed an association between the platelet 
activities in cancer patients. Stegnet et al. (20) added to their 
finding and reported the platelet contribution to cancer metas-
tasis. These studies guided us particularly in cancer processes, 
including cancer cells spreading to organs through blood circu-
lation; platelets are the backbone of malign cells’ aggregation 
(19, 20). The platelet activation parameters (soluble P-selectin, 
soluble CD40 ligand, and platelet factor 4) were determined to 
be higher in cancer patients than in cancer-free patients (21, 22). 
In this manner, we could show that an optimal threshold of MPV 
for DSS was 8.37 fL. These findings are parallel to the findings in 
the literature above.
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TABLE 1. Univariate analyses of various parameters for disease specific survival and overall survival 

Parameters DSS HR (95%CI) p OAS HR (95%CI) p

Age 1.035 (0.998–1.073) 0.066 1.054 (1.016–1.093) 0.005*

Gender (female vs. male) 0.339 (0.129–0.888) 0.028* 0.867 (0.205–3.664) 0.846

Lymphovascular invasion (negative vs. positive) 3.943 (1.955–7.951) <0.001* 1.541 (0.719–3.306) 0.266

Pathological T stage (T1–T2 vs. T3–T4) 22.020 (6.578–73.715) <0.001* 2.293 (1.149–4.573 0.019*

Tumor grade (G1 vs. G2–G3) 3.268 (0.445–23.971) 0.244 1.061 (0.324–3.488) 0.922

MPV (≥8.37 vs. 8.37<) 32.477 (9.658–109.210) <0.001* 4.852 (2.378–9.898) <0.001*

Lymph node involvement (negative vs. positive) 4.691 (2.315–9.502) <0.001* 1.670 (0.846–3.298) <0.139*

DSS: disease specific survival; OAS: overall survival; MPV: mean platelet volume 
*Statistically significant p-value

FIGURE 2. a-b. Kaplan–Meier analysis of disease-specific survival according to the mean platelet volume following cystectomy for bladder can-
cer (a). Kaplan–Meier analysis of overall survival according to the mean platelet volume after cystectomy for muscle invasive bladder cancer (b)
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Xin Wang et al. (23) showed that a decreased MPV was associated 
with the T stage and histology in the Kaplan–Meier analysis, with a 
poorer overall survival in patients with MIBC. Our results are par-
allel to theirs. However, our database belongs to a single pioneer 
center from our community pointing that the results should be re-
peated in other nationalities. In addition, both the present study and 
Xin Wang et al. (23) reported a similar finding that activated plate-
lets could play a major role in MIBC. An easily performed blood test 
including MPV can tell clinicians more in terms of predicting DSS 
and OSS in MIBC. In another work, Seles et al. (24) similarly reported 
that a low platelet volume was associated with large tumors, a high 
Fuhrman grade, sarcomatoid components, histologic tumor necro-
sis, and vascular invasion. In univariate and multivariate analyses, 
a small platelet volume was able to correctly predict the renal cell 
carcinoma recurrence and cancer-specific survival (24).

On the other hand, studies investigating the platelet activity in 
gastrointestinal cancers indicate the opposite: high MPV levels 
showed a poor prognosis (25). Nevertheless, according to our 
study if the preoperative MPV is less than 8.37 fL, a decreased 
DSS and OAS could be determined in patients with MIBC. These 
are in compliance with the literature.

Our study had some limitations. Its retrospective nature is the 
first one. The second one are limited MIBC patient numbers. The 
absence of molecular studies is another limitation. However, our 
data belong to a single pioneer center, and novel results are 
supporting the current literature.

The MPV can be measured by a simple blood test before the 
operation. Results of the test can show clinicians valuable data 

on DSS and OSS in MIBC. Therefore, clinicians can inform pa-
tients more accurately indirectly. Our findings should be exam-
ined in future molecular studies.

Considering the above discussion, a decreased preoperative 
MPV can be an independent prognostic factor in patients with 
MIBC who underwent radical cystectomy. If the preoperative 
MPV is less than 8.37 fL, DSS and OAS could be worse. How-
ever, our results should be confirmed by large and properly de-
signed prospective, randomized trials with molecular studies for 
revealing the tangible effects of MPV on MIBC.
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TABLE 2. Multivariate cox models of clinicopathological parameters as predictors of bladder cancer 

Parameters DSS HR (95%CI) p OAS HR (95%CI) p

Age 1.039 (1.005–1.075) 0.024* 1.055 (1.019–1.093) 0.003*

Gender

Female 1 (referent) 0.815 1 (referent) 0.593

Male 0.890 (0.335–2.367)  1.492 (0.344–6.472)

Lymphovascular invasion

Negative 1 (referent) 0.315 1 (referent) 0.728

Positive 1.527 (0.669–3.486)  0.846 (0.330–2.169)

Pathological T stage

T1–T2 1 (referent) 0.15 1 (referent) 0.306

T3–T4 3.466 (0.639–18.797)  0.565 (0.189–1.687)

Tumor grade

G1 1 (referent) 0.317 1 (referent) 0.588

G2–G3 0.305 (0.030–3.121)  0.700 (0.192–2.549)

Lymph node involvement

Negative 1 (referent) 0.319 1(referent) 0.446

Positive 1.543 (0.657–3.620)  1.419 (0.576–3.492)

MPV

8.37 or greater 1 (referent) 0.001* 1 (referent) <0.001*

Less than 8.37 17.907 (3.515–91.220)  8.031 (2.930–22.012)

DSS: disease specific survival; OAS: overall survival; MPV: mean platelet volume
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