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Background: At present, prostate-specific antigen (PSA) is the primary evaluation index for judging the 
necessity of prostate cancer (PCa) biopsy. However, there is a high false-positive rate and a low predictive 
value due to many interference factors. In this study, we tried to find a novel prediction model that could 
improve the positive rate of prostate biopsy and reduce unnecessary biopsy.
Methods: We retrospectively studied 237 patients, including their age, body mass index (BMI), PSA, 
prostate volume (PV), prostate imaging-reporting and data system (PI-RADS) v2 score, neutrophil-
lymphocyte ratio (NLR), biopsy Gleason score (BGS), and other information. The univariate and 
multivariate logistic analyses were used to screen out indicators related to PCa. After establishing a 
prediction formula model, we used receiver operating characteristic (ROC) curves to assess its prediction 
performance.
Results: Our study found that age, PSA, PI-RADS v2 score, and diabetes significantly correlated with PCa. 
Based on multivariate logistic regression analysis results, we created the following prediction formula: Y = 
2.599 × PI-RADS v2 score + 1.766 × diabetes + 0.052 × age + 1.005 × PSAD – 9.119. ROC curves showed 
the formula’s threshold was 0.3543. The composite formula had an excellent capacity to detect PCa with the 
area under the curve (AUC) of 0.91. In addition, the composite formula also achieved significantly better 
sensitivity, specificity, and diagnostic accuracy than PSA, PSA density (PSAD), and PI-RADS v2 score alone.
Conclusions: Our predictive formula predicted performance better than PSA, PSAD, and PI-RADS v2 
score. It can thus contribute to the diagnosis of PCa and be used as an indicator for prostate biopsy, thereby 
reducing unnecessary biopsy.
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Introduction

Prostate cancer (PCa) is the most common malignancy of 
the male reproductive system. 2017, PCa alone accounts for 
approximately 1 in 5 new cases and 8% of all cancer deaths 
in America (1), and is overall a significant threat to the long-
term health of men. Therefore, an early diagnosis is crucial 
for the clinical treatment and prognosis of PCa. To improve 
the accuracy of discriminating PCa, meaningful progress 
has been made in characterizing and developing methods, 
imaging techniques, and new biomarkers. Prostate-specific 
antigen (PSA) is the most common and cheapest screening 
method. However, there are many factors that have an 
influence on the PSA level, including age, prostate volume 
(PV), prostatitis, and digital rectal examination (DRE). 
As it merely relies on PSA and DRE, the diagnosis value’s 
sensitivity and specificity for early diagnosis of PCa are not 
ideal; especially when the PSA is 4–10 ng/mL, the detection 
rate is only about 25% (2). Furthermore, in recent decades, 
many new markers have been found, including prostate 
cancer antigen 3 (PCA3) (3), prostate specific membrane 
antigen (PMSA) (4), PSA precursors, PSA precursor protein 
[proenzyme of prostate-specific antigen (proPSA)] and other 
indicators, all which may have more clinical significance and 
application prospects than PSA (5).

In addition, the growing availability of prostate magnetic 
resonance imaging (MRI) tools with their different 
functional imaging modalities and increased standardization 
has enlarged the role of MRI in detecting, localizing, and 
staging PCa. Most hospitals currently use multiparametric 
MRI (mpMRI) which consists of four main parameters: 
dynamic contrast-enhanced (DCE) imaging, T2-weighted 
(T2W) imaging, diffusion-weighted imaging (DWI), and 
MRI spectroscopy (MRS). The sensitivity of mpMRI 
for the diagnosis of PCa is 85%, and the specificity is 
7l% (6). Recent studies have shown the potential value 
of using pre-biopsy mpMRI to improve the detection 
and characterization of clinically significant PCa. Pre-
biopsy mpMRI has been shown to increase the detection 
rate remarkably (7). Another study showed that a quarter 
of men had normal mpMRI and could potentially avoid 
an unnecessary biopsy if mpMRI was performed first (8). 
Prostate imaging reporting and data system (PI-RADS) v2 
has been gradually incorporated into the diagnosis of PCa. 
A recent study using PI-RADS to predict prostate biopsy 
positive rates showed significantly improved predictive 
efficiency (9).

According to Weinberg’s theory (10), inflammation 

and metabolism are typically deleterious in terms of 
tumor emergency. More recently, an elevated neutrophil-
lymphocyte ratio (NLR) has been put forward as an 
independent marker for PCa at the early and advanced 
stages (11). Metabolic syndrome (MS) is a group of 
syndromes that includes obesity, insulin resistance, 
dyslipidemia, hypertension, diabetes, etc. A study found that 
MS has a particular relationship with the onset of PCa (12).  
Some studies have examined the relationship between 
diabetes mellitus (DM) and PCa, demonstrating a reduced 
risk of PCa among men with DM (13); in contrast, other 
research indicates that patients with PCa and DM have 
worse overall survival (14).

Nowadays, a prostate needle biopsy is the gold standard 
choice for the diagnosis of PCa. There are certain 
limitations, even though ultrasound-guided systematic 
prostate biopsy misses 21% to 28% of PCa (15). Clinically, 
the indications for prostate biopsy are sometimes too broad. 
Additionally, a prostate biopsy is an invasive procedure 
with complications such as urinary retention, bleeding, and 
infection (16). Therefore, we urgently need a new scoring 
system, which not only can reduce the false positive rate, 
but also be more practical and accurate. Our study aimed 
to examine multiple predictors including age, weight, PSA, 
PV, and MRI, for the individualized prediction of PCa. 
The diagnostic value of diabetes and NLR for PCa was also 
explored.

Methods

Patients

This retrospective analysis included data from 237 patients 
who underwent transrectal ultrasound (TRUS)-guided 
prostate biopsy at the Department of Urology at the 
First Affiliated Hospital of the University of Science and 
Technology of China between July 2017 and March 2018. 
The inclusion criteria of the patients were as follows: (I) a 
prostate nodule as identified by DRE, or the suspicion of 
PCa from imaging examination (B-ultrasound or MRI); (II) 
PSA 4–10 ng/mL, f/t PSA <0.16; (III) PSA >10 ng/mL; (IV) 
complete clinical information. The exclusion criteria were 
as follows: (I) abnormal coagulation function; (II) abnormal 
white blood cell number in blood examination; abnormal 
urine routine indicating urinary system infection or acute 
prostatitis; (III) serious cardiopulmonary diseases; (IV) 
severe internal and external hemorrhoids and perianal or 
rectal lesions; (V) incomplete clinical information.
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All patients enrolled had undergone PI with mpMRI 
(3.0T Magnetom Trio MR, Siemens) before the biopsy. 
All patients’ laboratory data were obtained within 1 week 
before the biopsy. Every patient enrolled had a PSA 
assessment, routine blood test, biochemical examination, 
and DRE. In addition, the following information was 
gathered: age, gender, body mass index (BMI), PV (measured 
by mpMRI), biopsy Gleason sum score (BGSS), PI-RADS 
v2 score, hypertension, and DM history. All laboratory and 
imaging examinations were carried out in the hospital, with 
each being conducted by a specialized professional doctor, 
and with pathological specimens being diagnosed by two 
experienced pathologists.

Prostate biopsy was guided by a TRUS biplane imaging 
scan (Flex Focus 800, BK Medical) with the help of 
mpMRI cognitive fusion. Typically, the patients underwent 
systematic 12 + X-cores biopsy, which was based on 
12-point systematic biopsy, with needles being applied to 
the suspicious lesions (the target was defined as X). The 
biopsy instruments used were the automatic biopsy gun 
and one-time 18G puncture biopsy needles (MCA18/20, 
GALLINI S.R.L.).

The NLR was calculated as the absolute neutrophil 
count divided by the absolute count of leukocytes. 
PSA density (PSAD) refers to the ratio of serum PSA 
concentration to PV. Diabetes and hypertension in patients 
were both diagnosed by endocrinologists and cardiovascular 
specialists. According to the probability of PCa, PI-RADS 
v2 scores represented the following: PI-RADS 1: very low, 
clinically significant cancer is highly unlikely to be present; 
PI-RADS 2: low, clinically significant cancer is unlikely 
to be present; PI-RADS 3: intermediate, the presence of 
clinically significant cancer is equivocal; PI-RADS 4: high, 
clinically significant cancer is likely to be present; PI-RADS 
5: very high, clinically significant cancer is highly likely to 
be present (17).

Statistical analyses

The data were expressed as number (percentage), range, and 
median [interquartile range (IQR)]. All statistical analyses 
involved the use of SPSS v.22.0 (SPSS Inc., Chicago, 
IL, USA). P<0.05 was considered statistically significant. 
Univariate and multivariate logistic analysis was used to 
screen factors to select the statistically significant factors, 
and the association between these predictors and biopsy 
results was then tested. We examined the significant factors 
in logistic regression analysis, and thereafter, the significant 

factors’ weight indexes were included in the screening 
formulas. Receiver operating characteristic (ROC) curves 
were used to assess the discriminative ability of the variables 
and formulas. The maximum sensitivity and specificity of 
the formulas were used to determine the best threshold, 
while 95% confidence intervals (95% CI) of the odds ratio 
(OR) were used as a measure to assess relative risk.

Results

The demographic characteristics of patients

Overall, a total of 237 patients were included in this study. 
The descriptive parameters of the study cohort are shown 
in Table 1. The total positive number (rate) of needle biopsy 
was 92 (38.82%). The mean (range) age, BMI, PV, and PSA, 
of the population was 68.23 (range, 26.00–87.00) years, 
22.21 (range, 15.67–31.25) kg/m2, 62.03 (range, 10.91–
169.86) mL, and 50.59 (range, 0.31–1,649.69) ng/mL,  
respectively. The number (%) of the BGSSs ≥6 was 92 
(38.82%). The number (%) of mpMRI PI-RADS v2 
scores >3 was 118 (49.79%). The mean neutrophil count, 
lymphocyte count, and NLR were 3.78×109/L, 1.76×109/L, 
and 2.39, respectively. Thirty-four (14.35%) of the patients 
had diabetes.

The formula and threshold

Univariate logistic regression tests showed that age, PSAD, 
DM, and mpMRI PI-RADS v2 scores were independent 
factors of PCa (Table 2) with ORs of 1.061, 7.557, 24.828, 
and 5.638, respectively. The OR of mpMRI PI-RADS v2 
score was the largest, and it was an extremely robust risk 
factor for PCa. Multivariate logistic regression analyzed 
the age, PSAD, diabetes history, and mpMRI PI-RADS v2 
score, along with the weighting indexes of these factors for 
PCa prediction (Table 3). The men with PCa identified by 
biopsy tended to be older, suffer diabetes, and have higher 
PSAD levels and mpMRI PI-RADS v2 scores.

Based on the weighting indexes of multivariate logistic 
regression analysis, we derived the following formula: Y 
= 2.599 × mpMRI PI-RADS v2 score + 1.766 × diabetes + 
0.052 × age + 1.005 × PSAD – 9.119

ROC curves indicated that 0.3543 was the threshold of 
the formula, which constituted the formula’s prediction 
sensitivity and specificity maximum. When applied to an 
individual, the Y value is calculated in combination with 
the patient’s age, PSAD, mpMRI PI-RADS v2 score, and 
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Table 1 Patients’ characteristics and descriptive statistics

Characteristics Statistics

Total, n (%) 237 (100.00)

Age, years

Mean (median) 68.23 (69.00)

Range 26.00–87.00

10th–90th percentile 57.00–78.00

BMI, kg/m2

Mean (median) 22.21 (21.97)

Range 15.67–31.25

10th–90th percentile 18.37–28.82

PV, mL

Mean (median) 62.03 (55.31)

Range 10.91–169.86

10th–90th percentile 28.45–103.16

PSA, ng/mL

Mean (median) 50.59 (14.00)

Range 0.31–1,649.69

10th–90th percentile 7.36–100.00

PI-RADS v2 score, n (%)

≤2 55 (23.21)

3 64 (27.00)

>3 118 (49.79)

BGSS, n (%)

≤6 145 (61.18)

6 17 (7.17)

7 25 (10.55)

≥8 50 (21.10)

Hypertension, n (%)

Y 82 (34.60)

N 155 (65.40)

DM, n (%)

Y 34 (14.35)

N 203 (85.65)

Table 1 (continued)

Table 1 (continued)

Characteristics Statistics

Neutrophil count, 109/L

Mean (median) 3.78 (3.69)

Range 1.28–10.14

10th–90th percentile 2.42–5.31

Lymphocyte count, 109/L

Mean (median) 1.76 (1.68)

Range 0.50–3.66

10th–90th percentile 1.11–2.61

NLR

Mean (median) 2.39 (2.16)

Range 0.69–11.52

10th–90th percentile 1.30–3.72

BMI, body mass index; PV, prostate volume; PSA, prostate- 
specific antigen; PI-RADS, prostate imaging-reporting and data 
system; BGSS, biopsy Gleason sum score; Y, yes; N, no; DM, 
diabetes mellitus; NLR, neutrophil-to-lymphocyte ratio.

Table 2 Univariate logistic regression analyses for predicting  
prostate cancer

Indicator OR 95% CI P

Age 1.061 1.025–1.098 0.001

PSAD 7.557 3.841–14.866 0.000

PI-RADS v2 score 24.828 11.647–52.926 0.000

DM 5.638 2.493–12.753 0.000

OR, odds ratio; 95% CI, 95% confidence intervals; PSAD,  
prostate-specific antigen density; PI-RADS, prostate imaging- 
reporting and data system; DM, diabetes mellitus.

presence of diabetes. When the Y value is >0.3543, prostate 
biopsy is indicated.

Comparisons of different screening methods

The ROC curve was used to compare the formula’s 
predictive value for PCa with patients’ age, PSAD, and 
mpMRI PI-RADS v2 score (Figure 1). The thresholds of 
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Table 3 The result of multivariate logistic regression for indicators

Indicator B S WALS value OR 95% CI P

Age 0.052 0.024 4.658 1.053 1.005–1.104 0.031

PSAD 1.005 0.328 9.287 2.731 1.436–5.194 0.002

PI-RADS v2 score 2.599 0.435 35.643 13.455 5.732–31.585 0.000

DM 1.766 0.569 9.615 5.845 1.915–17.844 0.002

Constant –9.119 1.861 24.002 0.000 – 0.000

OR, odds ratio; 95% CI, 95% confidence intervals; PSAD, prostate-specific antigen density; PI-RADS, prostate imaging-reporting and 
data system; DM, diabetes mellitus.

Figure 1 ROC curves for PSA, PSAD, mpMRI PI-RADS v2 score, and our formula model. (A) PSA, AUC: 0.810; (B) PSAD, AUC: 0.849; 
(C) mpMRI PI-RADS v2 score, AUC: 0.890; (D) our formula model, AUC: 0.912. ROC, receiver operating characteristic; PSA, prostate-
specific antigen; PSAD, PSA density; mpMRI, multiparametric magnetic resonance imaging; PI-RADS, prostate imaging-reporting and data 
system; AUC, area under the curve.
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PSA and PSAD were 10 ng/mL and 0.485 respectively, with 
the area under the curve (AUC) of these screening methods 
ranging from 0.810 to 0.912. The detective formula could 
best detect PCa with an AUC of 0.912, compared with 
AUCs of 0.810, 0.849, and 0.890 for PSA level, PSAD, and 
mpMRI PI-RADS v2 score, respectively (Figure 2).

Moreover, we used sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
overall diagnostic accuracy (ODA), positive likelihood 

ratio (+LR), and negative likelihood ratio (–LR) to analyze 
and compare the diagnostic value and clinical application 
value of the formula and other methods (Table 4). PSA 
had the lowest ODA (56.54%). The detective formulas 
achieved optimum sensitivity (91.30%), NPV (93.55%), 
and ODA (84.39%) over those of PSA and PSAD alone. 
The specificity (80.00%) and PPV (74.34%) of the detective 
formula were lower than PSAD. +LR of the formula was 
larger than PSA (4.57/1.20), and the formula achieved the 
minimum –LR.

Discussion

We investigated the serological tumor markers, imaging 
features, and history of tumor-related metabolic diseases 
in 237 patients with suspected PCa. We demonstrated 
that decreased age, PSAD, mpMRI, and diabetes were 
independent and adverse predictors in the logistic analysis. 
The incidence of PCa is increasing annually with an 
aging population. The early screening markers for PCa 
are thus extremely important, with the current markers 
being predominantly serum PSA. Most urologists judge 
whether to perform prostate biopsy based on these PSA 
results. Nevertheless, PSA is susceptible to many negative 
factors, and its prediction for PCa is not only insensitive 
but also too generalized. To better predict PCa, scholars 
have proposed different PCa prediction models (18,19), 
with poor predictive performance. In addition, researchers 
have created PSAD, which is based on PSA and PV. PSAD 
attenuates the effect of PV on PSA, and thus PSAD is 
considered to be superior to PSA in identifying PCa, 
especially when the PSA concentration is in the gray area 
(4–10 ng/mL) (20).

Table 4 Comparison of performance of PSA, PSAD and detection formula

Indicator PSA (%) PSAD (%) Formula (%)

Sensitivity 82/92 (89.13) 65/92 (70.65) 84/92 (91.30)

Specificity 52/145 (35.86) 126/145 (86.90) 116/145 (80.00)

PPV 82/175 (46.86) 65/84 (77.38) 84/113 (74.34)

NPV 52/62 (83.87) 126/153 (82.35) 116/124 (93.55)

+LR 1.20 5.39 4.57

–LR 0.42 0.34 0.11

ODA (56.54) (80.59) (84.39)

PSA, prostate-specific antigen; PSAD, PSA density; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood 
ratio; –LR, negative likelihood ratio; ODA, overall diagnostic accuracy.

Figure 2 Comparison of ROC curves among PSA, PSAD, 
mpMRI PI-RADS v2 score, and our formula model. The formula 
model demonstrated the best capacity for the detection of PCa 
with an AUC of 0.912. ROC, receiver operating characteristic; 
PSA, prostate-specific antigen; PSAD, PSA density; mpMRI, 
multiparametric magnetic resonance imaging; PI-RADS, prostate 
imaging-reporting and data system; PCa, prostate cancer; AUC, 
area under the curve.
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mpMRI is one of the most important imaging tests for the 
diagnosis of PCa. It is not only able to detect an early-stage 
tumor but it can also predict the Gleason score of PCa (21). 
Pre-biopsy mpMRI is more accurate in assessing the extent 
and risk of PCa, and the excellent diagnostic accuracy of 
mpMRI PI-RADS v2 score has been conclusively proven (22).  
When it and other indicators were combined, the judgment 
threshold was even higher. Many studies showed that when 
PI-RADS v2 score was combined with PSAD, the screening 
efficiency of biopsy improved greatly, resulting in a near 
50% reduction in unnecessary biopsies (23,24). In the 
present study, the PI-RADS v2 score has the highest OR 
value in multivariate logistic regression analysis, showing 
that the higher the value, the higher the risk of PCa. In 
our data, 118 (49.79%) patients’ PI-RADS v2 score was 
>3, and, according to the guidelines, this indicates that the 
possibility of PCa is high. When the patient is in a low-risk 
group (PI-RADS v2 score ≤3), appropriate decisions should 
be made to avoid unnecessary needle biopsy.

We also observed other statistically significant 
phenomena; DM was an independent risk factor for 
PCa; that is, diabetic patients are more prone to PCa. 
Nevertheless, the influence of DM on the pathogenesis 
of PCa is still controversial, and its mechanisms remain 
unclear. It may be related to factors such as blood glucose 
control level, insulin resistance, and hyperinsulinemia in 
DM patients (25). In addition, some researchers have found 
that hypoglycemic drugs also have an impact on PCa. A 
study in Taiwan showed that metformin reduced the risk of 
PCa in patients with type 2 DM. Another study found that 
metformin reduced PCa patients’ biochemical recurrence 
rate, risk of distant metastasis, and tumor-specific mortality 
(26,27). Based on this, we recommend that diabetic patients 
should actively control blood sugar to ensure it is within 
a reasonable range when applying rational hypoglycemic 
drugs.

Unexpectedly, our findings showed that NLR was not 
an independent risk factor of PCa. Since Virchow first 
addressed the link between cancer and inflammation in 
the 19th century, contemporary research has generally 
recognized that inflammation plays a vital role in 
carcinogenesis (28). Researchers have revealed that 
inflammation promotes PCa (29), while Cainozoic evidence 
has shown that NLR is a valuable prognostic factor in 
PCa. High NLR in pretreatment was a poor prognostic 
factor for survival in patients. Most studies have found that 
NLR is an important predictor of PCa prognosis (overall 
survival, progression-free survival, recurrence-free survival, 

etc.) (11), but the diagnostic value of PCa may need further 
study.

Furthermore, we created a predictive formula based on 
the patient’s age, PSAD, mpMRI PI-RADS v2 score, and 
DM. We tested and compared the predictive value of the 
formula and other screening methods. The formula had 
a higher screening evaluation index. The order of AUC 
values was PSA < PSAD < MRI PI-RADS v2 score < our 
formula. The AUC of the ROC curve of the formula was 
the largest, showing the diagnostic value of the formula 
is the best. In addition, the detective formulas achieved 
optimum sensitivity, NPV, and overall accuracy, but the 
specificity and PPV were lower. High sensitivity means 
more patients are screened out, leading to fewer patients 
missing out on chances for early treatment, which can 
result in a poor prognosis. The specificity of the formula 
was approximately 3 times that of PSA, and its application 
could significantly reduce unnecessary prostate biopsy and 
prevent harm to patients. Because PPV and NPV vary with 
prevalence, they cannot be used as an index to evaluate the 
value of diagnostic tests. The +LR of the formula was much 
greater than that of PSA, while the –LR was the smallest. 
This means that the formula can screen out more positive 
patients while eliminating unnecessary puncture patients, 
but they still should be closely observed.

Finally, some limitations to our study should be 
addressed. First, the cohort of the study was not an 
optimum screening population but a hospitalized 
population in a single hospital. There was undoubtedly 
a selection offset. Second, owing to the retrospective 
nature and the lack of external validation, the predictive 
significance of the formula remains to be prospectively 
studied in future populations and larger cohorts. Third, 
our study did not include other indicators of MS, such as 
triglycerides, cholesterol, etc. Further research should fully 
estimate the predictive value of MS. Last, the men with 
PCa were diagnosed by biopsy using pathological specimens 
obtained by TRUS-guided biopsy, and thus there was a 
lack of comparison to other biopsy pathways. A difference 
in operation might have caused a missed diagnosis, which 
could have led to bias in our research.

Overall, our findings suggest that age, PSAD, mpMRI 
PI-RADS v2 score, and DM are independent risk factors 
of PCa, as they showed superior performance in detecting 
PCa. These factors could provide clinicians with better 
screening methods to predict PCa before biopsy. In 
addition, DM was closely associated with PCa, and thus 
diabetic patients are more likely to develop PCa.
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