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Abstract 
Background: In the diagnosis of prostatic diseases, the need for markers oth-
er than prostate specific antigen (PSA) has been increasing in recent years. 
So, we aimed to determine the predictive value, the neutrophil lymphocyte 
ratio, platelet-to-lymphocyte ratio and mean platelet volume before prostate 
biopsy in predicting the results of pathology. Transrectal ultrasound-guided 
biopsy of the prostate was performed because of high PSA values and com-
pared values of these parameters to predict of pathology results. Methods: 
2715 patients who underwent 10 - 12 quadrant transrectal ultrasound-guided 
prostate biopsies between January 2008 and January 2018 have been evaluated 
retrospectively. Patients were divided into groups according to the biopsy 
pathology results by benign (group 1), atypical small acinar proliferation 
(ASAP) (group 2) and prostate cancer (group 3). A total of 204 patients who 
were benign prostate hyperplasia in 71 patients (34.8%), atypical small acinar 
proliferation in 80 (39.21%) and prostate adenocarcinoma (PCa) in 53 pa-
tients (25.98%) were included in the study by systematic sampling. Before the 
biopsy total PSA (tPSA), free PSA (fPSA), rate of percentage of free to total 
prostate specific antigen (f/tPSA) rate, PSA density (PSA-D), white blood cell 
(WBC) count, blood neutrophil count (NC), blood lymphocyte count (LC), 
neutrophil lymphocyte ratio (NLR), mean platelet volume (MPV), platelet 
count (PLT) and platelet-to-lymphocyte ratio (PLR) were measured and 
compared in all groups. Differences in continuous variables were assessed 
using the ANOVA. Logistic regression was used to analyze the linear rela-
tionship between predictive variables and pathology results. P < 0.05 was 
considered statistically significant. Results: NLR and PLR values were lower 
in group 1 than group 2 and were found statistically significant between in 
group 1 and group 2 (p: 0.03 and p: 0.02, respectively). MPV value was found 
1.7 times higher in patients who were diagnosed with ASAP pathology than 
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those with benign pathologies. Although there was statistically significant in-
crease in MPV values in logistic regression results, no statistically significant 
diagnostic value was found. In addition MPV value was found 0.5 times 
higher in patients who were diagnosed patients with ASAP than prostate 
cancer group. ROC analysis showed that the optimal threshold was 7.65 fem-
toliter (sensitivity: 51%; specificity: 30%) and was found to be a statistically 
significant diagnostic value to distinguish groups 2 and 3. The lowest value of 
MPV was found in group 3. Conclusions: In cases where the PSA value is 
insufficient in predicting the pathology result, the effect of NLR, PLR and 
MPV on differential diagnosis can be kept in mind. While NLR and PLR are 
more useful in the diagnosis of ASAP, MPV is more effective in the diagnosis 
of malignancy. 
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1. Introduction 

Prostate cancer (PCa) is the second most common cancer in men. The gold 
standard for diagnosis of PCa is transrectal ultrasound guided (TRUS) prostate 
biopsy. The Prostate-Specific Antigen (PSA) alone is not sufficient in the predic-
tion of the outcomes of the prostate biopsy. For this reason, unnecessary biopsy 
can be performed in cases with elevation of the PSA such as age-related prostate 
enlargement or prostate inflammation. Also there is a possibility of detecting 
prostate cancer at each PSA level and the likelihood of a negative prostate biopsy 
is increased as the PSA threshold value decreases. 

Complete Blood Count (CBC) and its parameters are evaluated before routine 
prostate biopsy. Many parameters and derivatives such as neutrophil lympho-
cyte ratio, platelet lymphocyte ratio, and mean platelet volume were demon-
strated in the literature with positive predictive results of cancer diagnosis, tu-
mor progression or tissue inflammation level [1] [2] [3]. However, studies on 
these parameters did not have high-level evidence-based results that prostate 
cancer guidelines could offer. 

We aimed to assess the relationship between CBC parameters and prostate 
biopsy results in patients with elevation of the PSA and determine the effect of 
CBC parameters in differential diagnosis of cancer. 

2. Materials and Methods 
2.1. Study Population 

2715 patients with prostate biopsy performed due to high PSA or significant 
DRE findings in Sultan Abdulhamid Han Education and Research Hospital be-
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tween January 2008 and January 2018 were enrolled retrospectively. Pathology 
results of 2715 patients were divided into 3 groups as benign, ASAP and malign. 
Patient groups were formed by systematic sampling of patients with benign and 
malignant pathology in prostate biopsy. Since ASAP was a very frequent pa-
thology, there was no need for systematic sampling to select patients. A total of 
204 patients who were benign prostate hyperplasia in 71 patients (34.8%), atypi-
cal small acinar proliferation in 80 (39.21%) and prostate adenocarcinoma (PCa) 
in 53 patients (25.98%) were included in the study by systematic sampling. 

The criteria for inclusion in the study were as follows: Digital rectal examina-
tion results suggestive or non-suggestive of neoplasia or elevated PSA (>2.5 
ng/mL in men) and evaluation of CBC results in the last week before prostate 
biopsy. 

The criteria for exclusion in the study were as follows: Diesease of coagulopa-
thies, patients with urinary tract infections, individuals who have had surgery in 
the past year, total number of cores less or more than 10 in prostate biopsy and 
patients with inadequate data.  

2.2. Clinical Examination and Biochemical Measurements  

Patients’ age, TRUS calculated PVs with the ellipse method (length X depth X 
width X π/6), total PSA (tPSA), free PSA (fPSA), rate of percentage of free to to-
tal prostate specific antigen (f/tPSA) rate, PSA density (PSA-D) that was calcu-
lated as total PSA (ng/mL/cc) divided by prostate volume (cc), white blood cell 
(WBC) count, blood neutrophil count (NC), blood lymphocyte count (LC), 
neutrophil lymphocyte ratio (NLR), mean platelet volume (MPV), platelet (PLT) 
count and platelet-to-lymphocyte ratio (PLR) were evaluated before the initial 
biopsy in all patients. 

One day before the TRUS guided prostate biopsy, oral administration of 
500-mg levofloxacin was started and it was continued until the end. The day of 
biopsy a rectal enema (250 mL) was performed before the biopsy. The procedure 
was performed while the patient was in the left lateral position with the thighs 
flexed. The procedure was performed under the guidance of ultrasound device 
with a 7.5 mHz biplanar probe. 

The biopsy was performed on an outpatient basis in a room equipped with all 
material necessary for emergency intervention. Sedation and anesthesia were not 
achieved. 10 minutes before the procedure, periprostatic nerve block was per-
formed in addition to perianal intrarectal lidocain gel. Injections were delivered 
at the angle between the seminal vesicle and prostate on each side using 5 cc of 
2% lidocain. The biopsies were performed by multiple experienced urologists. 
Standard 10 - 12 (both lateral and medial biopsies from the base, medial and 
apex on the right and left side of the prostatic peripheral zone) core biopsy was 
performed in prostate biopsies.  

Pathological specimens were reviewed by a single genitourinary pathologist 
based on the 2005 and 2014 International Society of Urological Pathology (ISUP) 
Consensus Conference grading of prostate cancer. The patients who were diag-
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nosed with prostate cancer before 2014 were evaluated using 2005 ISUP grading 
criteria and patients who were followed-up after 2014 were classified using the 
2014 ISUP new grading system [4] [5]. 

2.3. Statistical Analysis 

In the analysis of the data, the normality hypothesis was first investigated using 
the kolmogorov-smirnov test. The descriptive statistics are presented as means ± 
SD for continuous variables. Differences in continuous variables were assessed 
using the ANOVA (Post Hoc: Scheffe). Logistic regression was used to analyze 
the linear relationship between variables and pathology results. Correlation and 
effect was assessed using the Hosmer-Lemeshow goodness-of-fit test. Odds ra-
tios (ORs) with 95% confidence intervals (CIs) were also calculated. Receiver 
operating characteristic (ROC) curves were used to quantify the predictive ac-
curacy of the logistic models. ROC curves were calculated to analyze area under 
the curve (AUC) values of measured serum markers and the differences in the 
AUC were detected. We constructed ROC curves by plotting sensitivity against 1 
– specificity. Two-tailed values of P < 0.05 were considered statistically signifi-
cant. Statistical analyses were performed using SPSS Statistics version 22.0 (SPSS 
Inc., Chicago, IL, USA). 

3. Results 

The mean ages of the patients with benign pathology, ASAP and PCa were 61.92 
(7.16), 63.82 (7.64) and 68.2 (6.99) years in group 1, 2 and 3, respectively. The 
patients’ mean age, prostate volumes, tPSA, fPSA, f/tPSA, PSA-D, WBC count, 
NC, LC, NLR, MPV, PLT count and PLR were shown in Table 1. 
 
Table 1. Demographic characteristics and laboratory tests results in all groups. Data are 
presented as mean ± standard deviation.  

 
Variables 

Group 1 
Mean ± SD 

Group 2 
Mean ± SD 

Group 3 
Mean ± SD 

Patients (n) 71 80 53 

Age (years) 61.92 ± 7.16 63.82 ± 7.64 68.2 ± 6.99 

PV (ml) 50.73 ± 22.07 54.24 ± 28.67 41.15 ± 18.55 

tPSA (ng/mL) 6.96 ± 4.85 8.52 ± 6.14 18.39 ± 26.05 

fPSA (ng/mL) 1.79 ± 2.26 1.73 ± 1.5 3.78 ± 7.36 

f/tPSA 23.79 ± 12.6 20.64 ± 8.58 17.36 ± 7.45 

PSA-D (ng/mL/cc) 0.14 ± 0.08 0.19 ± 0.2 0.47 ± 0.63 

WBC Count (103/mm3) 7.55 ± 1.77 7.92 ± 2.63 7.55 ± 2.67 

NC (103/mm3) 4.53 ± 1.23 5.07 ± 2.42 4.63 ± 2.39 

LC (103/mm3) 2.38 ± 1.01 2.26 ± 1.09 2.26 ± 0.69 

NLR 2.06 ± 0.7 2.85 ± 2.64 2.15 ± 1 

MPV (fL) 7.91 ± 1.04 8.29 ± 1.37 7.74 ± 1.15 

PLT Count (103/mm3) 224.15 ± 52.82 247.1 ± 91.73 224.38 ± 70.76 

PLR (%) 102.55 ± 34.87 125.88 ± 65.64 105.84 ± 40.03 
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The mean prostate volumes, tPSA, fPSA, f/tPSA, PSA-D, WBC count, NC, LC, 
NLR, MPV, PLT count and PLR statistical analysis results in comparison of 
groups as Group 1-2 (G1-2), Group 2-3 (G2-3) and Group 1-3 (G1-3) were 
shown in Table 2.  

tPSA, fPSA, f/tPSA ratio and PSA-D values were found statistically significant 
between in group 1 and group 3 (p: 0.001, p: 0.03, p: 0.001 and p: 0.001, respec-
tively).PV, tPSA, fPSA, PSA-D and MPV were found statistically significant be-
tween in group 2 and group 3 (p: 0.01, p: 0.001, p: 0.02, p: 0.001 and p: 0.04, re-
spectively). 

CBC parameters were not found to be statistically significant in the differen-
tial diagnosis of group 1 and 3 as a predictor of pathology result (p > 0.05). NLR 
and PLR were lower in group 1 (2.06 ± 0.7 and 102.55 ± 34.87) than group 2 
(2.85 ± 2.64 and 125.88 ± 65.64) were found statistically significant between in 
group 1 and 2 (p: 0.03 and p: 0.02, respectively). 

Compared with group 1, group 2 had significantly higher odds of MPV and 
PLT counts. (OR: 1.73, 95% CI: 1.19 - 2.51 p: 0.003 and OR: 1.01, 95% CI: 1 - 
1.03, p: 0.035, respectively). Hosmer and Lemeshow goodness-of-fit tests indi-
cated that model was a good fit (p = 0.46). ROC curves of MPV and PLT count 
were constructed to assign optimal cutoff values associated with ASAP. Al-
though there was a statistically significant increase in MPV and PLT counts in 
logistic regression results, no statistically significant cut-off value was found 
(Figure 1). Compared with group 3, group 2 had significantly higher odds of 
MPV (OR: 0.56, 95% CI: 0.39 - 0.81 p: 0.002). Hosmer and Lemeshow good-
ness-of-fit tests indicated that model was a good fit (p = 0.67). ROC curve of 
MPV was constructed to assign optimal cutoff values associated with malignity. 
The analysis showed that baseline MPV higher than 7.65 fL indicates the pres-
ence of malignity with 51% sensitivity and 30% specificity (Figure 2). 
 
Table 2. P-values determined by statistical analysis between all groups.  

  P-value  

Variable G1-G2 G2-G3 G1-G3 

PV (ml) 0.67 0.01* 0.09 

tPSA (ng/mL) 0.80 0.001* 0.001* 

fPSA (ng/mL) 1 0.02* 0.03* 

f/tPSA (%) 0.15 0.18 0.001* 

PSA-D (ng/mL/cc) 0.65 0.001* 0.001* 

WBC Count (103/mm3) 0.63 0.68 1 

NC (103/mm3) 0.28 0.49 0.96 

LC (103/mm3) 0.77 1 0.80 

NLR (%) 0.03* 0.09 0.97 

MPV (fL) 0.17 0.04* 0.73 

PLT Count (103/mm3) 0.17 0.23 1 

PLR (%) 0.02* 0.08 0.94 

*: p < 0.05, G 1, 2, 3: Group 1, 2, 3. 
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Figure 1. Receiver operating characteristic curves for MPV and PLT count to predict 
ASAP. Cutoff value was not found for MPV and PLT count. 
 

 
Figure 2. Receiver operating characteristic curve for MPV topredict prostate cancer. 
Cutoff value = 7.65 fL; sensitivity = 50.9%; specificity = 30%; AUC = 0.378. 

4. Discussion 

Prostate cancer is the most common cancer in men [6]. Transrectal ultrasound 
(TRUS) guided prostate biopsy is the gold standard for the diagnosis of prostate 
cancer [7]. The sensitivity of TRUS guided prostate biopsy for the diagnosis of 
prostate cancer ranges between 49% and 87%, and specificity ranges between 
38% and 93% [8] [9]. Several factors may influence the accuracy of biopsy results 
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such as practitioner experience, insufficient tissue sampling and side effects as 
infection or erectile dysfunction. Multi-parametric magnetic resonance imaging 
(mpMRI) scan may increase this accuracy rate. However, it is not possible to ap-
ply it to every patient because of its high cost. The need for a cost-effective and 
easily accessible test that can positively affect the prediction of the prostate bi-
opsy results is very obvious.CBC parameters such as WBC count, NC, LC, NLR, 
MPV, PLT count and PLR routinely evaluated before prostate biopsy can meet 
this requirement. 

Age-adjusted incidence of PCa starts in the 50s and peaks in the 70s [10]. In 
our cohort, patients with benign pathology were found to be at an earlier age in 
accordance with the literature, and ASAP and malignant pathology results were 
more common in the later ages together with increasing cellular mutation.  

The predictive value of tPSA in the differential diagnosis between benign pa-
thology and ASAP is poor [11]. Ouyang, et al. [12] did not found to demonstrate 
a direct relationship between ASAP and PSA. In our study, tPSA levels were 
higher in patients with ASAP than benign pathologies but not statistically sig-
nificant. Although tPSA, fPSA, f/tPSA ratio and PSA-D did not differ between 
group 1 and 2 in our cohort, they were significant predictor of positive re-biopsy 
result in patients with ASAP [13] [14]. 

tPSA, fPSA, f/tPSA ratio and PSA-D are effective and reliable for distinction 
of benign tissue and malignant prostate tissue [15] [16] [17]. In our cohort, 
tPSA, fPSA, f/tPSA ratio and PSA-D were found statistically significant between 
in group 1 and group 3 consistent with the literature (p: 0.001*, p: 0.03, p: 
0.001*, p: 0.001, respectively). tPSA (<2.5 ng/mL), f/tPSA ratio (0.15) and PSA 
Density (0.15 ng/mL/cc) cut off values, which are used in the diagnosis of pros-
tate cancer and defined in guidelines, can be used routinely [18] [19] [20]. 

PV, tPSA, fPSA and PSA-D can be used to differentiate ASAP from prostate 
cancer tissue (p: 0.01, p: 0.001, p: 0.02, p: 0.001, respectively). PV and f/tPSA ra-
tio can be predictive for positive repeat biopsy [21]. PV, tPSA and PSA Density 
were significantly different between group 2 and group 3. 

A study in France; Full blood count (FBC) normal reference values for adults 
were defined and WBC count, NC, LC, NLR, MPV, PLT count and PLR levels 
were found 6.6 × 103/mm3, 3.6 × 103/mm3, 2.3 × 103/mm3, 1.56, 8.7 fL, 269 × 
103/mm3 and 116.95, respectively [22]. Compared with this study, WBC levels 
were higher in all groups. Similarly NC levels were higher in all groups, but NC 
lowest levels were observed in group 1 (4.53 ± 1.23 × 103/mm3). LC levels in 
groups 2 and 3 were lower than normal (2.26 ± 1.09 and 2.26 ± 0.69 × 103/mm3, 
respectively). NLR levels were higher in all groups and group 2 higher than oth-
ers. There was statistically significant difference between group 1 and 2 (p: 0.03). 
MPV levels were lower in all groups and the lowest in group 3. There was statis-
tically significant difference between group 2 and 3 (p: 0.04). PLT and PLR levels 
were lower in all groups. There was statistically significant difference in PLR le-
vels between group 1 and 2 (p: 0.02). 
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The likelihood of ASAP detection in prostate biopsy result increased when the 
blood levels rise of NLR and PLR. This result supports the inflammatory processes 
in the formation of ASAP [23] [24]. The normal range of NLR and PLR vary by 
age. Mean values at 40 - 49, 50 - 59, 60 - 69 and >70 years are 1.75, 1.48, 1.49 and 
1.61 for NLR and 151.78, 136.22, 128.94 and 121.42 for PLR, respectively [25]. 
The mean NLR values of patients in our study consistent with literature. Our 
NLR levels in ASAP were found higher than the results of this study (2.85 ± 
2.64), but PLR levels were similar (125.88 ± 65.64).  

Mean platelet volume (MPV) is commonly used indicator of platelet activa-
tion. The range of MPV in Turkish healthy subjects is 8.9 ± 1.4 fL [26]. When 
the literature is evaluated, it is seen that MPV levels were estimated in genitou-
rinary cancers such as prostate, renal or testicular cancers. Gokcen, et al. [27] et 
al. found that MPV was significantly lower in testicular cancer group compared 
to the healthy group. MPV, NLR and PLR may be helpful for prediagnosis of 
testicular cancers. In another similar study in patients with renal cell carcinoma, 
MPV was significantly lower in renal cell carcinoma group compared to the 
control group [28]. In recent years MPV has been used to differentiate PCa from 
benign prostate tissue. Fu, et al. [29] et al. found that reduced MPV and elevated 
PSA in patients with PCa have had and the combination of PSA, MPV, and 
PDW may be clinically useful in distinguishing between PCa and benign pros-
tate tissue. In contrast to genitourinary cancers, MPV values may increase in 
cases with nonsymptomatic prostatitis [30]. Another study supporting this re-
sult, MPV values significantly decreased after treatment in prostatitis. This sup-
ports MPV as an inflammation marker [31]. In our study, MPV values were 
lower than healthy subjects. The lowest value was found in the prostate cancer 
group (7.74 ± 1.15 fL). The highest value was detected in the ASAP group which 
is closely related to inflammation (8.29 ± 1.37 fL). 

The limitations of the study; evaluation of data retrospectively, not contain 
large patient cohorts and the absence of an effective parameter or threshold in 
differentiation of benign and malignant prostate tissue. More studies are needed 
about complete blood count parameters to predict of biopsy results. 

5. Conclusion 

Nowadays, prostate biopsy is used in the differential diagnosis of many factors 
that cause PSA elevation. However, it is not easy to perform because prostate 
biopsy is an invasive procedure in patients. Therefore, besides the PSA value, the 
diagnostic value of additional analyzes is needed. The high values of NLR, PLR 
and MPV play an effective role in the prediction of ASAP, but the low MPV val-
ue supports the possibility of prostate cancer. Considering these results, we rec-
ommend that the complete blood count parameters should be examined carefully 
before prostate biopsy and the possible diagnoses are evaluated in this context. 
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