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Abstract: 

MicroRNAs (miRNAs) are short noncoding RNA able to regulate specific mRNA stability, thus influencing 

target gene expression. Disrupted levels of several miRNA have been associated with prostate cancer, the 

leading cause of cancer death among men and the fifth leading cause of death worldwide. Here, we 

investigated whether miR-145, miR-148, and miR-185 circulating levels in plasma could be used as molecular 

biomarkers, to allow distinguishing between individuals with benign prostatic hyperplasia, precancerous 

lesion, and prostate cancer. In this study, we recruited 170 urological clinic patients with suspected prostate 

cancer who underwent prostate biopsy. Total RNA was isolated from plasma, and TaqMan MicroRNA assays 

were used to analyze miR-145, miR-185, and miR-148 expression. First, differential miRNA expression among 

patient groups was evaluated. Then, miRNA levels were combined with clinical assessment outcomes, 

including results from invasive tests, using multivariate analysis to examine their ability in discriminating 

among the three patient groups. Our results suggest that miRNA is a promising molecular tool for clinical 

management of at-risk patients. 
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1. Introduction 

Micro-RNAs (miRNAs) are a class of small non-coding ribonucleic acids that play important roles in regulating 

gene expression 1. Recent expression profiling studies suggest miRNAs may serve as potential biomarkers for 

disease progression. MiRNAs appear to act in highly complex regulatory networks targeting batteries of genes 

2 3 and seem to be involved in almost all key cellular processes, such as proliferation, differentiation, migration, 

apoptosis, stem maintenance and metabolism 4. MiRNAs also circulate in cell-free form in body fluids, 

including serum and plasma 5 6 7 8, and altered expression of circulating miRNAs has been associated with age-

related diseases, including cancer 9 10. Particularly, altered miRNAs expression has been associated with the 

initiation and progression of prostate cancer 11 12 13 14, so they are emerging as promising biomarkers 15 16 17 18 19. 

Prostate cancer (PCa) is the leading cause of cancer death among men, and the fifth leading cause of death 

worldwide 20. Risk factors for this disease remain largely unknown and only 15% of cases are linked to 

hereditary factors 21 22 23. Screening tests for prostate cancer include digital rectal examination (DRE) 24, 

prostate-specific antigen (PSA) blood test 25, transrectal ultrasound (TRUS) guided biopsy 26, and prostate 

biopsy 27 , the latter being considered as the gold standard. Serum and plasma tests are less invasive and faster 

than tissue biopsies and are, therefore, to be preferred 28. Recently, the implementation of diagnostic assays 

based either on biomarkers found in urine, as PCA3, T2-ERG, exosome, and others, or blood, as four kallikrein 

proteins, have been studied 29 30 31 32 33 34 35 36 37 38 39 40. Some authors proposed a multi-analytical blood test 

(CancerSEEK) to assess the type of cancer based on multiple analytes 41. As inflammation appears to play a 

key role in the evolution of cancer diseases 42, the role of different inflammation biomarkers has been studied 

43, derived from blood counts: neutrophil/lymphocyte ratio (NLR), NLR derivative [dNLR = neutrophils/ 

(white blood cells - neutrophils)], platelet/lymphocyte ratio (PLR), monocyte/lymphocyte ratio (MLR), 

(neutrophil × monocyte)/Lymphocyte ratio (SIRI), and (neutrophil × monocyte × platelet)/lymphocyte ratio 

(AISI). Recently, researchers and physicians have expressed the need for biomarkers able to early discriminate 

between patients with prostate cancer (PC), from those with benign prostatic hyperplasia (BPH), or 

precancerous lesions (PL) 44. Circulating biomarkers, as miRNAs, capable of distinguishing among the 

different forms of the disease (BPH, PL, PC), could enable early therapeutic approaches aimed at a more 

effective clinical response. MiRNA-145, 148, and 185 were selected on the basis of a careful review of the 

relevant literature as they play crucial roles in the pathogenesis and progression of prostate cancer 45. In this 

study, we examined whether plasma-circulating miR-145, miR-148, and miR-185, which have been previously 

associated with prostate cancer 46 47 48 49 50 51 , were differentially expressed and were also able to distinguish 

among patients with PC, PL and BPH, recruited through the Urological Clinic of the University Hospital of 

Sassari. The PL category includes patients with histopathological diagnosis of atypical small acinar 

proliferation (ASAP) and prostatic intraepithelial neoplasia (PIN). These are the categories at increased risk of 

developing prostate adenocarcinoma, therefore patients must repeat needle biopsies within a period of three 

to six months 52 53 54. 

 

 



2. Materials and Methods 

 

2.1 Study population 

170 patients, of which 92 were diagnosed with prostate cancer, 26 with precancerous lesion, and 49 with benign 

prostatic hypertrophy, with an average age of 58-79 years, were recruited for the differential diagnosis and 

divided in groups according to biopsy at the Urology Department of the University Hospital of Sassari, 

between September 2018 and September 2019. The number of samples included in this experiment has been 

selected to maximise cost-effectiveness of the experiment aimed at the discovery of clinically relevant 

biomarkers – therefore showing an effect size that support their utility in clinical setting. Indeed, with 92 cases 

and 78 controls we have >80% power to detect a difference of 0.5 of a standard deviation (SD) – thus a medium 

effect size of Cohen’s d=0.5 - between cases and controls at alpha level=0.05/3 (Bonferroni multiple testing 

correction for the three tested miRNA). Exclusion from the study was based on factors that may influence 

miRNA expression: a previous diagnosis of prostate cancer, other diagnosis of cancer, or a subsequent 

diagnosis of metastatic prostate cancer after prostate biopsy55. Patients were included if they had a positive 

screening test (abnormal DRE, high age-specific serum PSA rate, or serum PSA rate of >0.35 ng/mL per year). 

A questionnaire ascertaining demography information, medical history (including comorbidities), family 

history of cancer, prostate cancer screening, urology, and lifestyle (e.g., smoking, and physical activity) was 

administered. Ultrasound biopsy was performed to determine the following disease groups: (1) men with 

benign prostatic hyperplasia (BPH); (2) men without a prostate cancer diagnosis but with high-grade prostatic 

intraepithelial neoplasia (PIN) or prostatic atypical small acinar proliferation (ASAP)/atypia (PL); (3) men with 

a prostate cancer diagnosis (PC). The studies were conducted in accordance with the Declaration of Helsinki. 

Written informed consent was obtained from each subject before the study. 

 

2.2. RNA Extraction 

Blood samples were collected during the prostate biopsy, and plasma immediately separated. All plasma 

samples were stored at -80 °C from the collection until measurement. The total RNA from 250 µL of plasma 

was extracted with Mirvana MIRNA ISO Kit 10-40ISO (Life Technologies, Carlsbad, California, USA) 

according to the manufacturer's protocol. The final elution volume was 15 µL with an RNA yield of 5.2-8.0 µg 

misused by NanoDrop™ One/OneC Microvolume UV-Vis (Thermo Fisher Scientific Inc.). Three individual 

miRNAs, miR-145, miR-148, and miR-185 were selected based on previous studies 46 48 51 56 

 

2.3. Quantitative-PCR Analysis 

The concentration level of mature miRNAs was assessed by quantitative real-time PCR (qPCR) using 

TaqMan® MicroRNA Reverse Transcription Kit, (Life Technologies), for the reverse transcription. TaqMan® 

Universal Master Mix II, Life Technologies, was used for PCR according to the manufacturer’s instructions; 45 

amplification cycles were performed. miRNA concentration levels were quantified using the IQ5, BIORAD, 

instrument, (Milan Italy). U6snRNA was used for data normalization 57 58 59. Real-time PCR was performed in 

duplicate. Sequences and identification symbols were retrieved from miRbase and are reported in Table 1. 

 



2.4. Real-Time PCR Data Analysis 

The raw Ct values for each miRNA and U6snRNA were checked for normal distribution. The Kruskal-Wallis 

test was applied to compare the groups in each target. All the analyses and graphics were obtained through 

the SPSS software version 17.0. Reverse transcription followed by polymerase chain reaction (RT-PCR) is the 

most suitable method for the detection and quantification of miRNA. It provides high sensitivity, good 

reproducibility, and a wide range quantification. Several mathematical algorithms have been developed to 

calculate a ratio of expression based on real-time PCR efficiency and the crossing point deviation of an 

unknown sample against a control. 

 

2.5. Statistical analysis. 

Baseline hematological parameters (i.e., blood cell counts), anthropometric measures (BMI), as well as clinical 

parameters evaluated for prostate cancer screening (i.e., PSA, SIRI, AISI, IPSS, IIEF, TRUS, Charlson score), 

were tested for significant differences among study groups (i.e., BPH, PL and PC) using the non-parametric 

Wilcoxon’s signed-rank test. Categorical variables of interest (namely, smoking, alcohol consumption and 

G6PDH deficiency) were compared between groups using Pearson's χ2 test. Differences in miRNAs 

expression levels across study groups were assessed by means of the Wilcoxon’s test.P-values <0.05 were 

considered as significant. SIMCA-P software version 13.0, (Umetrics AB, Umea°, Sweden) was used for PCA 

and OPLS-DA. Outliers are excluded from Dmodx (Distance to model is an estimate of how far from the model 

plane) and T2 range (a large T2-range value for a given observation, i.e., a value far above the critical limits, 

indicates that the observation is far from the others in the selected range of components in the score-space). 

Supervised analysis was carried out by applying the orthogonal partial least square discriminant analysis 

(OPLS-DA), which implies a rotation of the corresponding PLS-DA models and simplifies them concentrating 

the information in one predictive component, meanwhile maintaining the same predictive ability. To define 

outliers, we used a plot between the distance from the model (DmodX) and T2 range Hotelling (T2range) 

considering as outliers the samples with DmodX > 1.4 and T2Range > 95% simultaneously (serious outliers). 

The number of orthogonal components in the models was determined by the ‘‘autofit’’ routine of SIMCA-P. 

To avoid model overfitting, the OPLS-DA model was validated by 300 times permutation tests. The prediction 

strength of the model was evaluated by "Leave out" analysis. Variable Importance Parameter (VIP) values 

were used to assess the overall contribution of each X variable to the model, summed over all components and 

weighted according to the Y variation accounted for by each component. The number of terms in the sum 

depends on the number of OPLS-DA components found to be significant in distinguishing the classes. The Y 

axis indicates the VIP scores corresponding to each variable on the X axis. Bars indicate the factors with the 

highest VIP scores and thus are the most contributory variables in class discrimination in the OPLS-DA model. 

Receiver operating characteristics (ROC) curves were generated to compare sensitivity, specificity, and the 

area under the curve (AUC). Logistic regression was used to calculate the sensitivity and specificity of 

individual and combinations of all three miRNAs in discriminating between PC from both BPH and PL 

patients, and PL from BPH patients. Calculations were performed using the R package pROC version 1.17.0.1. 

Harrel’s bootstrap method was used to adjust for optimism/overfitting of the ROC curve using 200 



bootstraps60. 

 

 
Results 

 

2.1 Clinical Data 

We analysed clinical data collected and gleaned from each patient, from the anamnesis, through biochemical 

measurements and physical examination, which are routinely generated to diagnose prostate cancer, and 

investigate any potential concurrent symptoms (Table 2). Diagnosis is primarily based on prostate-specific 

antigen (PSA) testing, and transrectal ultrasound-guided (TRUS) prostate tissue biopsies, although PSA testing 

for screening remains controversial 61 62. The detection of PCa is traditionally based on digital rectal examination 

(DRE), serum prostate-specific antigen (PSA) level, and transrectal ultrasound (TRUS)–guided biopsies 63. 

TRUS-guided biopsy result is the diagnostic standard for PCa, but in this way 30% of cancers are missed. 

Patients with a suspected false-negative result on biopsy are a diagnostic challenge, because there is a 

progressively lower diagnostic yield from subsequent prostate biopsies. Other clinical parameters are the 

Charlson Comorbidity Index, predicting the ten-year mortality for a patient who may have a range of comorbid 

conditions; and INDEX, a ratio between free PSA and total PSA: when this ratio is between 0 and 10     percent, the 

risk of having cancer may be as high as 56 percent. 

PC samples showed significant differences with PL for PSA (p = 1.53x10-3), INDEX (p = 8.72x10-3), WBC (p = 

7.18x10-3), neutrophils (p = 1.99x10-2), Charlson index (p = 8.09x10-8) IIEF (p = 1.37x10-2). 

In the BPH group, PSA levels were significantly lower than in the PC group (p = 1.67x10-4) but did not differ 

between PL and BPH groups. 

On the other hand, patients with BPH showed statistically significant differences from PC patients for INDEX 

(p = 1.40x10-3), age (p = 4.15x10-3), Charlson index (p = 5.36x10-11). 

 

2.2 Differential miRNA expression 

We observed some statistically significant differences in miRNA expression among the three patients’ 

subgroups (Figure 1). Particularly, we observed a significant trend of increasing expression of mir-145 from PC 

to BPH and PL patients (Figure 1A). Significant upregulation of miR-148 was also observed in both PL and BPH, 

compared to PC patients (Figure 1B). Finally, a significant trend of decreasing expression of mir-185 levels was 

observed among the PC, PL, and BPH groups (Figure 1C). 

 

2.3 Diagnostic value of miRNA in prostate cancer 

To investigate the ability of these miRNA measured in plasma to discriminate among the three groups of 

patients, we analyzed miRNAs’ expression and clinical data through partial orthogonal analysis of minimum 

square discrimination (OPLS-DA). PCA was initially applied to the complete data set to identify potential 

outliers, using the above criterion 30 samples were identified as outliers and removed from the analysis. OPLS-

DA is an approach of discriminating analysis used to optimize the separation among different groups. The 



OPLS-DA score plot (Figure 2A) showed a clear separation among the three groups of patients. It’s used a 

Hotelling T2 test and the distance to the model in the X-data (DModX) plot to identify possible outliers. Outliers 

lie within the 95% confidence limit for T2, and with a DMoX<2. The Variable Importance in Projection (VIP) 

coefficients (Figure 2B) summarize the overall contribution of each X-variable to the model, summed over all 

components and weighted according to the Y variation accounted for by each component. The Y axis in 2B 

indicates the VIP scores corresponding to each variable on the X axis, where, as a general rule, we considered 

important contributors to the model those variables showing a VIP >1. To test the validity of the model we 

perform misclassication table, figure 3A that shows proportion of correct classification observation of 98.58%; 

figure 3B shows results from permutation test on the OPLS-DA). Results showed that the model was 

statistically valid, with a Q2 intercept value of -0.624 and an R2 of 0.726.   

The AUC ROC curve for each individual miRNA and for the combined miRNAs was unsurprisingly close to 1 

for PC versus BPH+PL patients, given the highly significant differences in miRNA level between these two 

groups, thus indicating significant ability to distinguish prostate cancer patient samples from benign prostatic 

hyperplasia and precancerous lesions patients (Supplementary Figure 1). Similarly, miR-145 and miR-185 were 

able to discriminate PL from BPH patients, with AUC>0.9 for each of the two miRNAs and their combination, 

while the AUC for miR-148 was about 0.5, as this miRNA is unable to discriminate between the two classes 

(Supplementary Figure 2). 

 

3. Discussion 

Prostate cancer is one of the deadliest cancers in the world 64. Early detection has reduced mortality in the recent 

decades 65. Non-invasive biomarkers with high sensitivity and specificity are urgently needed for clinical 

management of the patients. Owing to inherent limitations of the prostate-specific antigen (PSA) biomarker, a 

large number of BPH and PL patients with PSA levels in the “grey area” (4–10 ng/mL) currently suffer from 

unnecessary biopsy 66. DRE fails to detect a substantial proportion of cancers and identifies predominantly 

large tumours 67, and, while TRUS-guided biopsy is the diagnostic standard 68, some cancers are missed when 

performing biopsies or interpreted as high-risk cases 69. Patients with a suspected false- negative result on 

biopsy have a progressively lower diagnostic yield from subsequent prostate biopsies 70. Therefore, PSA levels, 

DRE, and TRUS-guided biopsy are not always able to distinguish between PL and BPH patients 71. MicroRNAs 

(miRNAs) are regulators of gene expression and play a key role in the pathophysiology of various disease 

processes 72 73, particularly in tumours 74 75 76 77 78. Several studies have suggested that microRNAs could be used 

as diagnostic biomarkers in different types of cancer 79 80 81. Particularly, altered expression of some microRNAs 

seems to be indicative of cancer progression 82 83 84 85. The aim of this study was to find promising biomarkers that 

can meet the unmet clinical needs in prostate cancer patient management. Such biomarkers would provide 

actionable guidance for patient’s risk assessment and are expected to contribute to the development of 

personalized medicine. Thus, the initial assumption we made was that miRNAs in the circulation system might 

function as feasible biomarkers for PCa. Mitchell et al. 86, demonstrated the utility of circulating miRNAs as 

biomarkers using plasma and serum samples from PCa patients. These promising assumptions have led to the 



design of the present project for miRNAs potential use as minimally invasive biomarkers, which would be a 

considerable improvement in disease monitoring 84. Clinical data shown in Table 2 indicate that age markedly 

influences the progression of pathology, in accordance with observational studies 87. Increased PSA and INDEX 

herald clinical progression and have been an accepted indicator of worsening disease 88. Systemic inflammation 

and immune responses were reported to be associated with progressive prostate cancer. Accordingly, we also 

observed increased serum WBC count in patients with prostate cancer 89. The reason why neutrophils have 

higher counts in PCs than in PLs may be related to the fact that they respond to chemotactic substances released 

by tumour cells 90. Moreover, we observed higher Charlson index in PC subjects, as is often observed in affected 

patients 91. Finally, International Index of Erectile Function (IIEF) is correlated a tool to study the erectile 

dysfunction, and scores were correlated in patients with prostate cancer 92. 

Previous studies have shown up-regulated miR-145 levels between patients with PC and patients with BPH 47, 

93, or between patients with PC and healthy controls 94. Here, we show that miR-145 levels may be helpful to 

distinguish between PC, PL, and BPH patients. 

The high levels observe in PC patients may indicate secretion of miRNA from cancer cells as elimination route 

of tumour- or metastasis-suppressor miRNAs 95. Alternatively, it has been speculated that the high expression 

in plasma may reflect changes occurring in circulation 96. Patients with hight plasma levels of miR-145 have 

been shown to have significantly shorter median overall survival rate 47. 

MiR-148 is down-regulated in PC subjects compared to PL and BPH patients. There is no difference in 

expression between PL and BPH patients, so miR-148 is not useful in differentiating these two groups. 

Increased levels of miR-148 have been previously observed in in prostate cancer 97, with studies suggesting 

poor prognosis for PC patients with low miR-148 levels 98. miR-148 has been shown to positively regulate cell 

apoptosis and inhibit tumor growth 48  49 98 99 

Low miR-185 levels have been previously observed in prostate cancer tissue and cells 100 101. Here, we show a 

significant decreasing trend between BPH, PL, and PC patients, and may be thus helpful to distinguish between 

these three groups of patients. Studies indicate miR-185 targets the two anti-apoptotic BCL2 and BCL2L1 genes 

51 76 . Some authors hypothesized that miR-185 over-expression may be able to induce apoptosis in PCa cell lines 

by sub-regulating BCL2 and BCL2L1 anti-apoptotic genes 51. 

We combined both non-invasive clinical data and invasive tests with levels from the three miRNAs to assess 

their ability in distinguish among the three groups of patients. We used OPLS-DA, a relatively simple statistical 

technique, which is robust to multicollinearity that may be present in these data. Individuals from the three 

patient classes were clearly separated into three distinct clusters by the OPLS-DA analysis (Figure 2A), 

indicating an R2 of 0.726) and a Q2 of 0.624. An R2 value >0.5 is a usually considered as a condition for a good 

classification model, while a Q2 value >0.5 indicates good predictability. The contribution score graph showing 

the relative importance of each variable in differentiating the three classes of patients (Figure 2B) indicated 

miR-145, miR-185 miR-148 as the main contributor to the model. Therefore, the levels of these three miRNAs 

are good biomarkers to distinguishing between the three classes of patients, with a potential higher predictive 

power compared to clinical biomarkers usually measured in clinical practice. Finally, the validity of the OPLS-



DA model was verified through permutations. 

This work paves the way for the search for miRNAs that can be used as diagnostics and for personalized 

medicine. MiRNAs may help patient stratification into risk classes, which from a clinical point of view would 

avoid unnecessary diagnostic tests in patients at low risk for PCa, and particularly repeated biopsies in patients 

at high risk for this tumour, such as those belonging to the PL group. Use of suitable biomarkers would not 

only rationalize available resources but have also the potential to help early identification of prostate cancer 

cases or ideally of precancerous lesions. 

Since the discovery of circulating miRNAs in 2008, they have been advocated as a potential new generation of 

biomarkers for the diagnosis and evaluation of several diseases. Prostate cancer is one of the deadliest 

malignant tumors, the first among males. The search for new and more effective biomarkers constitutes the 

challenge and the most important need in the clinical management of these patients. Intensive efforts are 

currently directed towards the search for prostate cancer biomarkers that can predict disease progression to 

drive clinical decisions. In this work, we have shown the ability of miR-145 and miR-148 and miR-185 in 

distinguishing between BPH, PL, and PC patients. miRNAs could be a useful help to overcome inherent 

limitations of the prostate-specific antigen (PSA) biomarker in clinical practice, and help developing a clinical 

prediction model. Further studies are needed to explore the utility of this class of biomarkers in the prediction 

of (1) disease risk, (2) developmental trajectory, and (3) response to treatment and risk for severe adverse 

reactions to therapy. 
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Figure legends: 

 
Figure 1. Jitter boxplots showing the distribution of miRNA145 (A), miRNA148 (B), and miRNA185 (C) among 

study subjects presenting with prostate cancer (PC, N=92), precancerous lesions (PL, N=26), or benign prostatic 

hyperplasia (BPH, N=49). The centre line of the boxplots indicates the median, limits of the box indicate the 

25th and 75th percentile. The whiskers represent either 1.5 times the interquartile range (IQR) or the 

maximum/minimum data point if they are within 1.5 times the IQR. Wilcoxon’s test was used to compare 

mean miRNA levels between study groups, and p-values are shown. 
 

Figure 2. Combined miRNA and clinical-records data set. A) OPLS-DA (orthogonal partial least squares 

discriminant analysis) score scatter plot discriminating three classes of patients: Green for BPH patients, Blue 

for PL, and Red for PC patients. B) VIP (variable importance in the projection). The Y axis indicates the VIP 

scores corresponding to each variable on the X- axis.  

 

Figure 3. Statistics of overall performance of the model: A) Misclassication table shows the proportion of 

correct classification observation, B) Permutation plots for the OPLS-DA model to validate the occurrence or 

absence of over-fitting. 

 

Supplementary Figure 1. PC versus PL+BPH: the corresponding receiver operating characteristics curves and 

the value of the area under the curve (AUC) are shown for each individual miRNA, and for the three miRNAs 

combined. 

 

Supplementary Figure 2. PL versus BPH: the corresponding receiver operating characteristics curves and the 

value of the area under the curve (AUC) are shown for each individual miRNA, and for the three miRNAs 

combined. 

 

 

 

 

 

 

 



 

 

 

 

Tables: 
 

 
 

Table 1. miRNA collection: accession identification number, symbol, and sequence used in this study for each 

analyzed miRNA. 

 

 

 

 PC PL BPH P 

N 92 26 49 n.s. 

AGE 68.95±10.68 67.65±7.87 65.39±8.17 **4.15x10-

3 

PSA 21.28±45.09 6.38±4.57 6.87±6.8 *1.53x10-

3 

**1.67x10-

4 

INDEX 12.73±5.59 20±11.11 19.48±10.18 *8.72x10-

3 

**1.40x10-

3 

WBC 7.73±2.14 6.46±1.45 7.33±2.26 *7.18x10-

3 

RBC 5.07±0.59 5.18±0.93 5.25±0.51 n.s. 

HGB 14.23±1.66 14.67±2.16 14.75±1.26 n.s. 

RDW 13.99±1.51 13.51±0.95 13.6±0.99 n.s. 

HDW 2.64±0.41 2.55±0.35 2.52±0.3 n.s. 

PLT 235.5±66.15 217.35±45.01 235.6±55.8 n.s. 

NEUT 4.88±1.89 3.96±1.33 4.45±1.91 *1.99x10-

2 

LYMPH 1.97±0.79 1.77±0.5 2.04±0.79 n.s. 

MONO 0.5±0.17 0.43±0.13 0.47±0.15 n.s. 

EOS 0.2±0.14 0.17±0.1 0.23±0.15 n.s. 

BASO 0.04±0.05 0.02±0.04 0.04±0.05 n.s. 

LUC [#] 0.14±0.07 0.12±0.04 0.14±0.06 n.s. 

LUC [%] 1.96±0.73 2.03±0.57 2.13±0.74 n.s. 

LMR 4.16±1.5 4.49±1.8 4.47±1.4 n.s. 

NLR 2.92±1.85 2.51±1.67 2.47±1.24 n.s. 

PLR 137.69±63.58 131.05±42.02 132.45±58.93 n.s. 

SIRI 1.5±1.28 1.15±0.99 1.19±0.94 n.s. 



PSA/AISI [%] 0.1±0.26 0.04±0.03 0.04±0.04 **1.41x10-

2 

INDEX/SIRI 11.75±11.98 24.1±29.58 12.49±15.34 n.s. 

INDEX/AISI [%] 0.06±0.07 0.12±0.16 0.06±0.07 ***4.57x10

-2 

FAMILIARITY 7/92(7.61%) 6/26 (23.08%) 3/49 (6.12%) n.s. 

CHARLSON 5.22±1.62 2.74±1.19 2.75±1.37 *8.09x10-

8 

**5.36x10-

11 

G6PDH DEFICENCY 7/92 (7.61%) 3/26 (11.54%) 5/49 (10.2%) n.s. 

BMI 27.4±3.67 26.87±2.82 26.8±4.01 n.s. 

IPSS 12.05±7.44 11.64±8.97 9.52±7.53 n.s. 

IIEF 13.06±7.4 17.29±6.17 15.73±8.43 *1.37x10-2 

TRUSS 51.26±24.98 60.31±33.05 65.45±35.46 n.s. 

SMOKING 32/92 (34.78%) 4/26 (15.38%) 13/49 

(26.53%) 

n.s. 

ALCOHOL 1/92 (1.09%) 0/26 (0%) 2/49 (4.08%) n.s. 

     

     

 

 

 

 

Table 2. For each study group (PC: prostate cancer, PL: precancerous lesions, BPH: benign prostatic 

hyperplasia) sample characteristics are shown. Categorical values are reported as number and percentage, 

and compared using Pearson's χ2 test among study groups, while continuous values are reported as mean ± 

standard deviation and compared using Wilcoxon’s. P-values >0.05 were considered as non-significant (n.s.). * 

PL vs PC, ** PC vs BPH, *** PL vs BPH 

 



 
 


