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Abstract: Introduction: To evaluate the predictive value of the pan-immune-inflammation value
(PIV) and other systemic inflammatory markers, including the neutrophil-to-lymphocyte ratio (NLR),
derived neutrophil-to-lymphocyte ratio (ANLR), monocyte-to-lymphocyte ratio (MLR), platelet-
to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII), for prostate cancer
(PCa) and clinically significant prostate cancer (CSPCa) in patients with a prostate-specific antigen
(PSA) value between 4 and 20 ng/mL. Patients and Methods: The clinical data of 319 eligible
patients who underwent prostate biopsies in our hospital from August 2019 to June 2022 were
retrospectively analyzed. CSPCa was defined as a “Gleason grade group of >2”. A univariable
logistic regression analysis and multivariable logistic regression analysis were conducted to analyze
the association between the PIV, SII, MLR, and PCa/CSPCa. For the inflammatory indicators included
in the multivariable logistic regression analysis, we constructed models by combining the separate
inflammatory indicator and other significant predictors and compared the area under the curve
(AUC). A nomogram based on the PIV for PCa was developed. Results: We included 148 PCa patients
(including 127 CSPCa patients) and 171 non-PCa patients in total. The patients with PCa were older,
had higher MLR, SII, PIV, and total PSA (TPSA) values, consumed more alcohol, and had lower
free/total PSA (f/T) values than the other patients. Compared with the non-CSPCa group, the CSPCa
group had higher BMI, MLR, PIV, TPSA values, consumed more alcohol, and had lower /T values.
The univariable regression analysis showed that drinking history, higher MLR, PIV, and TPSA values,
and lower f/T values were independent predictors of PCa and CSPCa. The AUC of the PIV in the
multivariable logistic regression model was higher than those of the MLR and SII. In addition, the
diagnostic value of the PIV + PSA for PCa was better than the PSA value. However, the diagnostic
value for CSPCa was not significantly different from that of using PSA alone, while the AUC of
the PIV + PSA was higher than the individual indicator of the PSA value. Conclusions: Our study
suggests that for the patients who were diagnosed with PSA values between 4 and 20 ng/mL, the
PIV and MLR are potential indicators for predicting PCa and CSPCa. In addition, our study indicates
that the new inflammatory index PIV has clinical value in the diagnosis of PCa and CSPCa.

Keywords: PIV; systemic inflammatory markers; prostate biopsy; diagnosis; prostate cancer

1. Introduction

Prostate cancer (PCa) is a common malignant tumor worldwide and is the second cause
of cancer-related death in men [1]. Prostate-specific antigen (PSA) is a major biomarker
for PCa diagnosis. Currently, PCa is usually determined by systematic ultrasound-guided
biopsies prompted by elevated levels of PSA in serum [2]. However, only 25% of men with
elevated PSA levels are diagnosed with PCa because of the poor specificity of PSA, which
means that 75% of patients undergo unnecessary and potentially harmful follow-up tests,
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such as biopsies, especially for men with PSA values between 4.0 and 20.0 ng/mL (low and
medium clinical risk category) [3]. In order to make up for this defect, many biomarkers
of PCa have been developed successively, such as the prostate health index, 4K score,
SelectMDx, and ExoDx Prostate IntelliScoreTM [4]. However, these experimental methods
have some disadvantages, such as high costs, which means they cannot be routinely used
for the detection of PCa [5].

In recent years, it has become increasingly accepted that certain systemic inflamma-
tory reactions may play a significant role in tumor promotion and progression. Tumor-
related systemic inflammatory markers, including the neutrophil-to-lymphocyte ratio
(NLR), derived neutrophil-to-lymphocyte ratio (dNLR), monocyte-to-lymphocyte ratio
(MLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII),
have gained attention as diagnostic tools for tumors [6,7].

The pan-immune-inflammation value (PIV), a novel equation that includes the neu-
trophil count, platelet count, monocyte count, and lymphocyte count from peripheral blood,
has been reported as a potential prognostic biomarker in several cancers [8]. There have
been no studies of the diagnostic value of the PIV in PCa.

In the present study, our primary goal was to investigate whether the PIV could be
used to predict PCa in patients with PSA levels between 4.0 and 20.0 ng/mL. We also
verified the diagnostic efficacy of the NLR, dNLR, MLR, PLR and SII in PCa.

2. Materials and Methods
2.1. Patient Selection Information Collection

This is a retrospective study that was approved by the Institutional Ethics Review
Board of QILU Hospital of Shandong University (KYLL-202111-107). We obtained the in-
formation of all patients who received prostate biopsies with PSA levels of 4.0-20.0 ng/mL
in our hospital from August 2019 to June 2022 from the electronic medical record sys-
tem at our hospital. All patients underwent routine blood tests with serum PSA deriva-
tive (including total PSA [TPSA] and free PSA [fPSA]) within 2 weeks before their biop-
sies. Patients with one or more of the following conditions were excluded from this
study: (I) Patients with other malignancies, known infections, and hematological diseases;
(IT) Patients who had had prostate surgery (such as transurethral resection of the prostate)
before their biopsies; (III) Patients with pathological diagnoses of atypical small acinar
proliferation and prostatic intraepithelial neoplasia; and (IV) Patients with incomplete
clinical data. Then, we collected the following data of eligible patients from the medical
records: age, body mass index (BMI), history of tobacco and alcohol use, medical history,
blood test results with serum PSA, histopathologic findings, and Gleason score.

2.2. Biopsy Method and Pathological Examination

All patients had received prostate mpMRI before biopsies, which were performed by
two uroradiologists with a minimum of three years of experience using a 3.0 T scanner.
Experienced members of the surgical team retrospectively performed imaging assessments
to reach a consensus on the imaging findings to determine the biopsy methods. Finally, all
patients underwent transrectal biopsies or transperineal biopsies under local anesthesia.
The prostate biopsies were performed with 12 + 3 cores (on the basis of 12 systematic
cores, with the remaining core at the suspicious area shown on the MRI by cognitive fusion
biopsies). Then, pathological tissues from the biopsy specimens were analyzed by two
experienced uropathologists according to International Society of Urological Pathology
consensus guidelines within one week post-surgery.

2.3. Data Management

The patients were classified into non-PCa group and PCa group based on the histopatho-
logic results. In addition, we divided the patients into CSPCa group and non-CSPCa
group. The definition of clinically significant prostate cancer (CSPCa) was “Gleason
grade group of >2” [9]. The PIV, NLR, dNLR, MLR, PLR and SII were defined as



J. Clin. Med. 2023, 12, 820

30f13

V77

“neutrophil count x platelet count x monocyte count/lymphocyte count”, “neutrophil
count/lymphocyte count”, “neutrophil count/(leukocyte count-neutrophil count)”, “mono-
cyte count/lymphocyte count”, “platelet count/lymphocyte count” and “neutrophil count
x platelet count/lymphocyte count”, respectively. All the above blood cell counts were

obtained within two weeks before biopsies.

2.4. Statistical Analysis

All continuous variables were tested for normality. The continuous variables that met
the normality test used the Student’s t-test and the variables with skewed distribution used
the Mann—-Whitney U-test. Continuous variables with normal distribution were reported
with mean + SD and continuous variables with skewed distribution were reported as
median (IQR). Categorical variables were analyzed using Chi-square tests and reported as
numbers (percentages). Univariable and multivariable logistic regression analyses were
conducted to identify the independently predictive factors for PCa and CSPCa. The pre-
dictors with p values less than 0.05 in univariable logistic regression were included in
multivariable logistic regression. We constructed different models using different inflam-
matory factors and other clinical variables and compared the performance of different
models. A p value less than 0.05 was considered statistically significant. We developed a
PCa risk nomogram, including PIV for prostate biopsy. The calibration was examined by
the calibration curves. Decision curve analysis (DCA) was performed to assess the clinical
usefulness of the nomogram by calculating the net benefits. The DeLong test was used
to compare the differences in AUC. SPSS V.25.0 (IBM Corp, Armonk, NY, USA) and R
statistical software (Version 4.1.0) were used to perform statistical analysis.

3. Results
3.1. Clinical Demographics of the Eligible Patients

A total of 319 individual patients met the study’s entry criteria and were included
in the study. The mean age, PIV, TPSA levels were 66 years, 197.04, and 9.23ng/mL,
respectively. PCa was detected in 148 patients (including 127 patients with CSPCa). The
characteristics and laboratory values of the patients are shown in Table 1.

Table 1. Characteristic baseline.

Variable Overall (n=319)  Non-PCa (n =171) PCa (n = 148) p Value  Non-CSPCa (n =192) CSPCa (n =127) p Value
67.00
Age,year 6600 (61007200 6500 (59.007100) (o (0N 0 0011 66 (60-72) 66 (62-73) 0.285
BMI, 25.02
come | 2480(Q2992657) 2457 (278-2612) oy P 0064 2457 (22.78-26.12) 2510 (2356-27.06)  0.025
SH (%) 0.191 0.189
Y 90 (28.2) 43(25.1) 47 (31.8) 49 (25.5) 41 (323)
N 209 (71.8) 128 (74.9) 101 (68.2) 143 (74.5) 86 (67.7)
AH (%) 0.015 0.016
Y 87 (27.3) 37 (21.6) 50 (33.8) 43 (22.4) 44 (34.6)
N 232 (72.7) 134 (78.4) 98 (66.2) 149 (77.6) 83 (65.4)
NLR 1.90 (1.52-2.48) 188 (144-258) 193 (1.59-247)  0.171 1.89 (1.44-2.51) 1.93 (1.58-2.48) 0.244
dNLR 137 (1.10-1.76) 140 (109-1.86) 136 (112-1.72)  0.679 1.40 (1.09-1.78) 135 (1.11-1.73) 0.720
MLR 0.27 (0.22-0.34) 0.25(0.20-030)  030(023-0.39)  <0.001 0.26 (0.20-0.31) 030 (0.23-039)  <0.001
12298 132.30 132,54
PLR 85 isse 120061114386 0 TR 0053 12110(963414456) 00 P 0.099
411.79 393.89 427.26 4377
9 _|
SIL, 10 (316.84-531.05) (29330-50192)  (339.28-544.45) 0030 40214 (30501-52153)  4yq 15 5ag 59 0.145
197.04 17154 229.62 228.49
18 -
PIV, 10 (134.56-289.76) (12348-244.10)  (152.47-32929) <0001 18104 (12545-251.83) 159 17 355 61 0.001
Hb, g/L 147 (138-154) 148 (139-155) 147 (137-154) 0448 148 (139-155) 147 (137-154) 0.484
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Table 1. Cont.
Variable Overall (n = 319) Non-PCa (n =171) PCa (n = 148) p Value  Non-CSPCa (n =192) CSPCa (n =127) p Value
TPSA, 10.76
ng/mL 9.23 (6.71-12.53) 8.40 (6.07-10.93) (7.65-14.27) <0.001 8.40 (6.10-11.07) 11.05 (8.01-14.52) <0.001
nf;/sgi 1.20 (0.82-1.74) 1.22 (0.86-1.76) 1.14 (0.79-1.66) 0.792 1.23 (0.85-1.78) 1.14 (0.80-1.60) 0.609
f/T 0.14 (0.10-0.18) 0.15(0.11-0.19) 0.12(0.79-1.66)  <0.001 0.15 (0.11-0.19) 0.11 (0.09-0.16) <0.001

BMI: body mass index; SH: smoking history; AH: alcohol history; NLR: neutrophil-to-lymphocyte ratio; dNLR:
derived neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio;
SII: systemic immune-inflammation index; PIV: pan-immune-inflammation value; HB: hemoglobin; TPSA: total
prostatic specific antigen; fPSA: free prostatic specific antigen; f/T: free/ total prostatic specific antigen ratio; PCa:
prostate cancer; CSPCa: clinically significant prostate cancer, which was defined as Gleason grade > 2.

The mean age (67.00 vs 65.00, p = 0.011), MLR (0.30 vs 0.25, p < 0.001), SII (427.26 vs
393.89, p = 0.03), PIV (229.62 vs 171.54, p < 0.001), and TPSA (10.76 vs 8.40, p < 0.001) of
the PCa group were significantly higher than those of the non-PCa group. In addition, the
proportion of patients with a history of alcohol use in the PCa group was also higher than
that in the non-PCa group (Table 1).

The CSPCa group had higher BMI, MLR, PIV and TPSA levels than the non-CSPCa
group. However, there was no significant difference in the age or SII between the two
groups. Moreover, there was no statistically significant difference in the NLR, dNLR, and
PLR between the PCa group vs non-PCa group as well as the CSPCa group vs non-CSPCa
group (Table 1).

3.2. Univariable and Multivariable Analyses of Clinical Indicators

We conducted univariable and multivariable logistic regression analyses to determine
the predictive factors of the clinical indicators. Age, history of alcohol use, MLR, SII, PIV,
TPSA and f/T values were significant predictors of PCa according to the results of the
univariable regression analysis (Table 2). Then we chose all the significant variables in the
univariable regression analysis and subjected them to the multivariable regression analysis.
The results showed that history of alcohol use, higher age, higher MLR and TPSA values,
and lower {/T values had a greater probability for the detection of PCa (Table 2).

Table 2. Univariable and multivariable analyses of clinical indicators.

Univariable Regression

Multivariable Regression Univariable Regression Multivariable Regression

PCa Analysis Analysis CSPCa Analysis Analysis
OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
1.035 1.046 1.015
Age (1.008-1.064) 0.012 (1.014-1.079) 0.005 Age (0.988-1.042) 0.284
1.075 1.090 1.114
BMI (0.995-1.160) 0.066 BMI (1.007-1.179) 0.032 (1.021-1.217) 0.016
SH SH
1.385 1.391
Y (0.849-2.259) 0.192 Y (0.849-2.279) 0.190
N 1 N 1
AH AH
1.848 1.975 1.837 1.706
Y (1.122-3.042) 0.016 (1.141-3.416) 0.015 Y (1.116-3.025) 0.017 (0.989-2.940) 0.055
N 1 1 N 1 1
1.234 1.192
NLR 0.936-1.629) 0.136 NLR - 0.903-1.574) 0.216
0.849 0.862
dNLR ) 636-1.134) 0.268 dNLR ) 642-1.158) 0.324
52.028 16.513 27.469 19.473
MIR 7377 366.922) <0001 (1.091-249.847) 0.043 MLR 4 oog175552) <0001 (4557 243.616) 0.021
1.003 1.003
PLR (0.998-1.008) 0.188 PLR (0.998-1.007) 0.299
SIT 1.001 0.028 1.000 0.731 SIT 1.001 0.053

(1.000-1.002)

(0.998-1.002)

(1.000-1.002)
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Table 2. Cont.

Univariable Regression

Multivariable Regression

Univariable Regression

Multivariable Regression

PCa Analysis Analysis CSPCa Analysis Analysis
OR (95% CI) p Value OR (95% CI) p Value OR (95% CD) p Value OR (95% CI) p Value
1.003 1.002 1.002 1.001
PIV- (1.001-1.004) 0.001 (0.998-1.005) 0.324 PIV: (1.001-1.003) 0.002 (0.999-1.003) 0.406
0.997 0.998
Hb (0.983-1.011) 0.684 Hb (0.984-1.013) 0814
1.163 1138 1.158 1.140
TPSA — (1.094-1.236) <0.001 (1.063-1.217) <0001 TPSA - 1901.231) <0.001 (1.067-1.218) <0.001
1.076 0.941
PSA 0 794-1.459) 0.635 fPSA— 0.689-1.286) 0.704
£/T 0.003 0.001 0.006 0.018 £/T 0.001 <0.001 0.004 0.010

(0.000-0.096)

(0.000-0.413) (0.000-0.028) (0.000-0.278)

BMI: body mass index; SH: smoking history; AH: alcohol history; NLR: neutrophil-to-lymphocyte ratio; dNLR:
derived neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio;
SII: systemic immune-inflammation index; PIV: pan-immune-inflammation value; HB: hemoglobin; TPSA: total
prostatic specific antigen; fPSA: free prostatic specific antigen; f/T: free/total prostatic specific antigen ratio; PCa:
prostate cancer; CSPCa: clinically significant prostate cancer, which was defined as Gleason grade > 2; OR: odds
ratio; CI: CI: confidence interval.

In the univariable regression analysis between the CSPCa group and non-CSPCa
group, we found that patients with higher BMIs, a greater history of alcohol use, higher
MLR, PIV, and TPSA values, and lower f/T values were more likely to be diagnosed with
CSPCa (Table 2). The independent variables with p < 0.05 in the univariable analysis
were selected for the multivariable regression analysis. According to the result of the
multivariable logistic regression analysis, higher BMI, MLR, and TPSA values and lower
/T values were the independent predictors of CSPCa (Table 2).

3.3. Multivariable Logistic Regression Analysis of Different Models of Inflammatory Markers

As mentioned above, we found that age, BMI, history of alchohol use, TPSA, /T values
were independent predictors of PCa or CSPCa. Therefore, we performed multivariable
logistic regression analyses with MLR, SII, PIV, and other risk factors and constructed
different models (Model A, Model B, Model C) (Table 3), respectively, to predict the
outcomes of the biopsies. The AUC values (Figure 1) from high to low were Model C
(AUC =0.754, 95% CI: 0.701-0.808, p = 0.001), Model A (AUC = 0.750, 95% CI: 0.701-0.808,
p < 0.001), and Model B (AUC = 0.745, 95% CI: 0.701-0.808, p = 0.008). This meant that
among the three models, Model C had the highest diagnostic value for the detection of
PCa, although the difference between them is not obvious. The specificity and sensitivity
of Model C for the PCa values were 0.703 and 0.719 (Table 4), respectively. Similar results
appeared in the group of CSPCa patients, which showed that Model C (AUC =0.751, 95% CI:
0.696-0.806, p = 0.003) had the highest diagnostic value followed by Model A (AUC = 0.750,
95% CI: 0.696-0.804, p = 0.001) and Model B (AUC = 0.742, 95% CI: 0.686-0.798, p = 0.021)
with a sensitivity and specificity of 0.669 and 0.750 (Table 4).
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Table 3. Multivariable logistic regression analysis of different models of inflammatory markers.

PC Model A Model B Model C
a
OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
Age 1.048 (1.016-1.081) 0.003 1.056 (1.023-1.089) 0.001 1.055 (1.023-1.089) 0.001
BMI 1.106 (1.014-1.207) 0.023 1.111 (1.019-1.212) 0.017 1.110 (1.017-1.211) 0.019
AH 0.031 0.029 0.032
Y 1.841 (1.059-3.200) 1.841 (1.063-3.188) 1.832 (1.054-3.186)
N 1 1 1
59.057
MLR (7.385-472.306) <0.001 / /
SII / 1.001 (1.000-1.003) 0.008 /
PIV / / 1.003 (1.001-1.004) 0.001
TPSA 1.143 (1.068-1.223) <0.001 1.138 (1.064-1.217) <0.001 1.134 (1.061-1.213) <0.001
f/T 0.004 (0.000-0.260) 0.009 0.003 (0.000-0.215) 0.007 0.004 (0.000-0.238) 0.008
AUC (95% CI) 0.750 (0.697-0.804) 0.745 (0.701-0.808) 0.754 (0.701-0.808)
CSPCa
Age 1.025 (0.994-1.058) 0.111 1.033 (1.002-1.065) 0.040 1.032 (1.001-1.064) 0.045
BMI 1.119 (1.024-1.222) 0.013 1.123 (1.028-1.226) 0.010 1.122 (1.027-1.226) 0.011
AH 0.049 0.050 0.055
Y 1.732 (1.002-2.996) 1.721 (1.000-1.226) 1.706 (0.988-2.945)
N 1 1 1
34.010
MLR (4.624-250.170) 0.001 / /
SII / 1.001 (1.000-1.002) 0.021 /
PIV / / 1.002 (1.001-1.004) 0.003
TPSA 1.135 (1.062-1.213) <0.001 1.131 (1.059-1.208) <0.001 1.126 (1.054-1.203) <0.001
f/T 0.002 (0.000-0.122) 0.004 0.001 (0.000-0.100) 0.003 0.001 (0.000-0.104) 0.003

AUC (95% CI)

0.750 (0.696-0.804)

0.742 (0.686-0.798)

0.751 (0.696-0.806)

AH: alcohol history; MLR: monocyte-to-lymphocyte ratio; SII: systemic immune-inflammation index; PIV: pan-
immune-inflammation value; TPSA: total prostatic specific antigen; f/T: free/total prostatic specific antigen ratio;
AUC: the area under curve; CI: Confidence interval; OR: odds ratio; PCa: prostate cancer; CSPCa: clinically

significant prostate cancer, which was defined as Gleason grade > 2.

Figure 1. The AUC curves of different models based on SII, MLR, and PIV, respectively, in prostate

cancer (A) and clinically significant prostate cancer (B).
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Table 4. ROC curve analysis of variables.

Variables AUC (95% CI) Cut-Off Sensitivity ~ Specificity PPV NPV Youden Index
PCa
MLR 0.636 (0.576-0.697) 0.302 0.493 0.754 0.635 0.632 0.248
SII 0.570 (0.508-0.633) 374.674 0.703 0.444 0.523 0.633 0.147
PIV 0.639 (0.578-0.700) 219.616 0.547 0.708 0.618 0.644 0.255
TPSA 0.657 (0.596-0.717) 11.577 0.453 0.819 0.684 0.633 0.271
Model A 0.750 (0.697-0.804) 0.382 0.709 0.684 0.660 0.731 0.394
Model B 0.745 (0.690-0.800) 0.425 0.649 0.772 0.711 0.717 0.421
Model C 0.754 (0.701-0.808) 0.402 0.703 0.719 0.684 0.737 0.422
CSPCa
MLR 0.625 (0.563-0.688) 0.302 0.504 0.734 0.557 0.691 0.238
SII 0.548 (0.484-0.612) 365.367 0.717 0.401 0.442 0.681 0.118
PIV 0.615 (0.552-0.678) 210.291 0.567 0.656 0.522 0.696 0.223
TPSA 0.661 (0.599-0.724) 11.577 0.480 0.807 0.622 0.701 0.288
Model A 0.750 (0.696-0.804) 0.362 0.772 0.625 0.576 0.805 0.397
Model B 0.742 (0.685-0.798) 0.399 0.724 0.693 0.609 0.792 0.417
Model C 0.751 (0.696-0.806) 0.428 0.669 0.750 0.639 0.774 0.419

MLR: monocyte-to-lymphocyte ratio; SII: systemic immune-inflammation index; PIV: pan-immune-inflammation
value; AUC: the area under curve; ROC: receiver operating characteristic; PCa: prostate cancer; CSPCa: clinically
significant prostate cancer, which was defined as Gleason grade > 2; PPV: positive predictive value; NPV: negative
predictive value; Model A: multivariable logistic regression analysis based on the MLR; Model B: multivariable
logistic regression analysis based on the SII; Model C: multivariable logistic regression analysis based on the PIV.

3.4. ROC Curve Analysis of Variables

In order to evaluate the diagnostic value of a single variable for PCa and CSPCa, we
performed the ROC-AUC analysis of the MLR, SII, PIV and TPSA. The detailed results
of the analysis are presented in Table 4, Figures 2 and 3. TPSA (AUC = 0.657, 95% CI:
0.596-0.717) had the highest predictive value for PCa values according to the parameters of
the analysis. The AUC values for the MLR, SII, and PIV were 0.636 (95% CI: 0.576-0.697),
0.570 (95% CI: 0.508-0.633), and 0.639 (95% CI: 0.578-0.700), respectively. In the group of
CSPCa, the ROC curve analysis showed that the AUCs of MLR, SII, PIV, and TPSA were
0.625 (95% CI: 0.563-0.688), 0.548 (95% CI: 0.484-0.612), 0.615 (95% CI: 0.552-0.678), and
0.661 (95% CI: 0.599-0.724), respectively. In summary, TPSA has the highest diagnostic
value for both PCA and CSPCa. At the same time, the PIV and MLR are also the powerful
predictors, although not as good as TPSA. The predictive value of the SII for PCA and
CSPCa is not excellent.

In addition, we also used the Delong test to compare the diagnostic efficacy of TPSA
+PIV compared with using TPSA alone for PCa/CSPCa. The diagnostic efficacy of TPSA +
PIV (AUC = 0.700, 95% CI: 0.642-0.757) for PCa is higher than that of TPSA (AUC = 0.657,
95% CI: 0.596-0.717) with a statistical difference (p = 0.02).
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Figure 2. The AUC curves of TPSA and inflammatory markers in prostate cancer. (A): The AUC
curves of TPSA; (B): The AUC curves of SII; (C): The AUC curves of MLR; (D): The AUC curves
of PIV.

Figure 3. The AUC curves of TPSA and inflammatory markers in clinically significant prostate cancer.
(A): The AUC curves of TPSA; (B): The AUC curves of SII; (C): The AUC curves of MLR; (D): The
AUC curves of PIV.
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3.5. Development of a Nomogram for PCa Prediction

In order to intuitively show the predictive value of the PIV for PCa, we developed
a nomogram (Figure 4) for positive biopsy prediction in prostate biopsy patients based
on Model C; patients in this study were randomly divided into a training group and
validation group according to the random number table in a 3:1 ratio. The calibration curve
of the nomogram demonstrated good agreement between prediction and observation in the
training group (Supplementary Figure S1A) and validation group (Supplementary Figure
S1B). The decision curve analysis (Supplementary Figure S2) illustrated that the nomogram
model has excellent clinical application.

10 20 30 40 50 60 70 80 a0 100
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100 200 300 400 500 800 700 800 900 1000 1100 1200 1300
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Probability of PCa

Figure 4. Nomogram for predicting PCa based on the training cohort. The prostate biopsy nomogram
was developed in the training cohort, with age, BMI, AH, PIV, TPSA, and f/T incorporated. BMI:
body mass index; AH: alcohol history; PIV: pan-immune-inflammation value; TPSA: total prostatic
specific antigen; f/T: free/total prostatic specific antigen ratio.

4. Discussion

In this retrospective study of patients undergoing prostate biopsies with PSA values
of 4.0-20.0ng/mL, we found that compared with non-PCa patients, the PIV and MLR of
the patients with PCa were significantly higher. In addition, the PIV and MLR showed high
predictive values in both the univariable prediction models and the multivariable prediction
models of PCa and CSPCa. The SII was also significantly elevated in the PCa patients, but
there was no significant difference between the CSPCa and Non-CSPCa groups, and its
predictive value for PCa and CSPCa was not as good as the MLR and PIV. Meanwhile, other
systemic inflammatory markers, such as the NLR, dNLR, and PLR, had limited diagnostic
value for PCa and CSPCa.

Inflammation within the tumor microenvironment has effects that promote malignant
transformations in cells, as well as carcinogenesis and its progression [10]. Inflammation
not only works as a promoter during carcinogenesis (inflammation-induced cancer), but
growing tumors that escape immunosurveillance also induce an inflammatory response
that can support cancer progression (cancer-related inflammation) [11]. More and more
studies show that with the occurrence and progression of cancer, a series of changes will
occur in inflammatory-related cells and inflammatory-related substances in patients, which
are closely related to the diagnosis and prognosis of tumors, such as the systemic increase
in neutrophils [12], elevated levels of circulating monocytes [13], thrombocytosis [14],
and lymphopenia [15]. The PIV incorporates the above inflammatory indicators into one
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equation, and several studies have confirmed that the PIV has a good predictive effect
on the prognosis of some tumor patients. Our study explored the diagnostic value of the
PIV in PCa for the first time and proved that the PIV is a significant predictor for PCa and
CSPCa [8].

A growing number of studies have explored the potential diagnostic value of different
kinds of systemic inflammatory indicators in PCa. However, contradictory results were
reported from these studies. A retrospective study by Pawel et al. [16] found that the MLR
was not helpful for the diagnosis of PCa. Another four studies, including a large retrospective
analysis [17-20], showed that the MLR is an important predictor in PCa diagnosis, which is
consistent with our findings. In conclusion, we believe that a higher MLR level is significantly
related to the detection of PCa/CSPCa. The diagnostic value of the NLR, PLR, and SII for
PCa has been controversial. The research of Durvesh [21] and Hiroshi [22] showed that the
NLR is a good predictor of PCa, while the research of Du [23] showed that the NLR has a
limited diagnostic value for PCa. The conclusions of other studies [16,18,19] are the same
as the outcomes of Du’s study. Our study showed that the NLR may not be a valuable
predictor of PCA /CSPCa. The results of two studies [24,25] pointed out that a higher PLR
is related to the detection of PCa, while other studies [16,18,19,26,27] showed that there
is no obvious relationship between the PLR and PCa. A similar situation has been found
in studies of the SII [16,24,27]. In our study, the PLR has no significance in the diagnosis
of PCa; although the SII had a certain diagnostic value for PCa, it is not as good as the
PIV and MLR. We believe that the reasons for the above contradictory conclusions may be
mainly related to the inconsistent clinical risk stratification of the patients participating in
the study. Some studies included low-risk patients with PSA values of 4-10 ng/mL before
their biopsies, which means that the changes in the systemic inflammation indicators in
these patients may not be obvious, and patients were not grouped according to PSA levels
in other studies. In addition, the date of blood sample collection before the biopsies and
the method of the biopsies also have a certain impact on the results of the study.

To our knowledge, this study is the first report on the predictive effect of the PIV on
PCa. In our study, we compared the superiority of the PIV with that of other systemic
inflammatory indices, such as the MLR and SII. Compared with PIV, MLR and SII did
not include the neutrophil count X platelet count and monocyte count, respectively. The
PIV showed good diagnostic value, both for PCa and CSPCa. After a comprehensive
consideration of the patients” age, BMI, history of alcohol use, and TPSA and f/T values, the
diagnostic value of the PIV (model C) for PCA /CSPCa is better than that of the MLR (model
A) and the SII (model B). The ROC analysis and the result of the prognostic model showed
that the PIV was better than the MLR and SII in its comprehensive value regarding the
prediction of PCa. It should be noted that the interaction among inflammation, immunity,
and cancers is complex and interlocking. The PIV was created to involve more mediators in
the immune-inflammatory markers to more accurately model and reflect the inflammatory
environment in patients with PCa so that it has better predictive power than incomplete
systemic inflammatory indices. In addition, in the comparison of the diagnostic value
of TPSA and TPSA + PIV for PCa, the combination of PIV + TPSA (AUC = 0.700, 95CI:
0.642-0.757) was proven to be more significant than TPSA (AUC = 0.657, 95CI: 0.596-0.717)
(p = 0.02). These findings of this study may have significant clinical implications. This is
because, although PSA screening has been widely implemented in decision making for
prostate biopsies in clinical practice [28], its low specificity for PCa generally leads to many
unnecessary biopsies [29]. According to the results of our study, the PIV, which can be
measured easily, was shown to be a feasible index that can be used in any clinical setting.
Most importantly, the combination of the PIV and TPSA likely improves the accuracy of
prostate biopsies in patients with PSA values of 4.0-20.0 ng/mL, and it may be useful for
making better preoperative assessments and individualized treatment decisions. These
findings suggest that it is necessary to perform the routine blood tests as a routine test in
such patients. In the current study, we chose the PIV, together with age, BMI, history of
alcohol use, and TPSA and f/T values to develop a new nomogram to predict PCa risk. Our
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nomogram had a good potential for discrimination and calibration, which was confirmed
by the internal validation. Unfortunately, we did not conduct an independent external
validation due to the research conditions.

In addition, we found that higher age, BMI, and alcohol consumption were directly
related to the diagnosis of PCa, which was consistent with previous reported results [30-32].
This knowledge could contribute to more efficient risk factor management in populations,
which can aid in the prevention of PCa, significantly reducing the impact of this disease on
public health.

This study is a single-institution retrospective analysis and therefore has some inherent
limitations. Moreover, we did not distinguish between the biopsy strategies because of the
limited sample size. Large-scale, multicenter studies are warranted to confirm our findings
in the future.

5. Conclusions

Our study shows that the PIV and MLR are significant predictors of PCa and CSPCa
diagnoses in patients with PSA levels from 4.0 to 20.0 ng/mL, and they may be useful to
avoid unnecessary biopsies or biopsy-related morbidities in real clinical practice. The NLR,
dNLR, PLR and SII may have a limited role in predicting PCa or CSPCa.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jem12030820/s1, Figure S1: Calibration curves of the nomogram for PCa detection in the train-
ing, and validation cohorts, Figure S2: Decision curve analysis of the nomogram for PCa detection.

Author Contributions: M.Z. and Y.Z. (Yongheng Zhou) performed the data analyses and wrote the
manuscript. Z.L., Z.]., W.Q., S.C. and W.W. participated in the collection of samples and clinical data.
B.S. and Y.Z. (Yaofeng Zhu) participated in the study design and revising of the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Natural Science Foundation of Shandong Province
(ZR2021MH318 to Y.Z. (Yaofeng Zhu)).

Institutional Review Board Statement: The studies involving human participants were reviewed
and approved by Ethical Committee of the Qilu Hospital of Shandong University (KYLL-202111-107).

Informed Consent Statement: Written informed consent for participation was not required for this
study in accordance with the institutional requirements and the national legislation.

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1.

Kang, Y.; Song, P; Fang, K; Yang, B.; Yang, L.; Zhou, J.; Wang, L.; Dong, Q. Survival outcomes of low prostate-specific antigen
levels and T stages in patients with high-grade prostate cancer: A population-matched study. J. Cancer 2020, 11, 6484—6490.
[CrossRef] [PubMed]

Humpbhrey, P.A.; Andriole, G.L. Prostate cancer diagnosis. Mo. Med. 2010, 107, 107-112.

Ried, K.; Tamanna, T.; Matthews, S.; Eng, P; Sali, A. New Screening Test Improves Detection of Prostate Cancer Using Circulating
Tumor Cells and Prostate-Specific Markers. Front. Oncol. 2020, 10, 582. [CrossRef] [PubMed]

Brikun, I.; Nusskern, D.; Decatus, A.; Harvey, E.; Li, L.; Freije, D. A panel of DNA methylation markers for the detection of
prostate cancer from FV and DRE urine DNA. Clin. Epigenet. 2018, 10, 91. [CrossRef] [PubMed]

Nevo, A.; Navaratnam, A.; Andrews, P. Prostate cancer and the role of biomarkers. Abdom. Radiol. 2020, 45, 2120-2132. [CrossRef]
[PubMed]

Xie, H.; Ruan, G.; Ge, Y,; Zhang, Q.; Zhang, H.; Lin, S.; Song, M.; Zhang, X.; Liu, X,; Li, X.; et al. Inflammatory burden as a
prognostic biomarker for cancer. Clin. Nutr. 2022, 41, 1236-1243. [CrossRef]

Mullally, W.J.; Greene, ].; Jordan, E.J.; Horgan, A.M.; O’Connor, M.; Calvert, PM. The prognostic value of the derived neutrophil-
to-lymphocyte ratio (ANLR) in patients treated with immune checkpoint inhibitors. Ir. J. Med. Sci. 2022. [CrossRef] [PubMed]
Guven, D.C; Sahin, T.K,; Erul, E,; Kilickap, S.; Gambichler, T.; Aksoy, S. The Association between the Pan-Immune-Inflammation
Value and Cancer Prognosis: A Systematic Review and Meta-Analysis. Cancers 2022, 14, 2675. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm12030820/s1
https://www.mdpi.com/article/10.3390/jcm12030820/s1
http://doi.org/10.7150/jca.40428
http://www.ncbi.nlm.nih.gov/pubmed/33046969
http://doi.org/10.3389/fonc.2020.00582
http://www.ncbi.nlm.nih.gov/pubmed/32391268
http://doi.org/10.1186/s13148-018-0524-x
http://www.ncbi.nlm.nih.gov/pubmed/29988684
http://doi.org/10.1007/s00261-019-02305-8
http://www.ncbi.nlm.nih.gov/pubmed/31720770
http://doi.org/10.1016/j.clnu.2022.04.019
http://doi.org/10.1007/s11845-022-02982-3
http://www.ncbi.nlm.nih.gov/pubmed/35304710
http://doi.org/10.3390/cancers14112675

J. Clin. Med. 2023, 12, 820 12 0f13

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Barakzai, M.A. Prostatic Adenocarcinoma: A Grading from Gleason to the New Grade-Group System: A Historical and Critical
Review. Asian Pac. ]. Cancer Prev. 2019, 20, 661-666. [CrossRef]

Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-related inflammation. Nature 2008, 454, 436-444. [CrossRef]

Coussens, L.M.; Zitvogel, L.; Palucka, A K. Neutralizing tumor-promoting chronic inflammation: A magic bullet? Science
2013, 339, 286-291. [CrossRef] [PubMed]

Powell, D.R.; Huttenlocher, A. Neutrophils in the Tumor Microenvironment. Trends Immunol. 2016, 37, 41-52. [CrossRef]
[PubMed]

Engblom, C.; Pfirschke, C.; Pittet, M.]. The role of myeloid cells in cancer therapies. Nat. Rev. Cancer 2016, 16, 447-462. [CrossRef]
[PubMed]

Haemmerle, M.; Stone, R.L.; Menter, D.G.; Afshar-Kharghan, V.; Sood, A K. The Platelet Lifeline to Cancer: Challenges and
Opportunities. Cancer Cell 2018, 33, 965-983. [CrossRef]

Ray-Coquard, I.; Cropet, C.; Van Glabbeke, M.; Sebban, C.; Le Cesne, A.; Judson, I.; Tredan, O.; Verweij, J.; Biron, P,; Labidi, I;
et al. Lymphopenia as a prognostic factor for overall survival in advanced carcinomas, sarcomas, and lymphomas. Cancer Res.
2009, 69, 5383-5391. [CrossRef] [PubMed]

Rajwa, P.; Huebner, N.A.; Hostermann, D.I.; Grossmann, N.C.; Schuettfort, V.M.; Korn, S.; Quhal, F.; Konig, F.; Mostafaei, H.;
Laukhtina, E.; et al. Evaluation of the Predictive Role of Blood-Based Biomarkers in the Context of Suspicious Prostate MRI in
Patients Undergoing Prostate Biopsy. . Pers. Med. 2021, 11, 1231. [CrossRef]

Cho, M.C;; Yoo, S.; Choo, M.S.; Son, H.; Jeong, H. Lymphocyte-to-monocyte ratio is a predictor of clinically significant prostate
cancer at prostate biopsy. Prostate 2021, 81, 1278-1286. [CrossRef]

Caglayan, V.; Onen, E.; Avci, S.; Sambel, M.; Kilic, M.; Oner, S.; Aydos, M.M.; Yildiz, H.E. Lymphocyte-to-monocyte ratio is a
valuable marker to predict prostate cancer in patients with prostate specific antigen between 4 and 10 ng/dl. Arch. Ital. Urol.
Androl. 2019, 90, 270-275. [CrossRef]

Hou, G.-D.; Zheng, Y.; Zheng, W.-X,; Gao, M.; Zhang, L.; Hou, N.-N.; Yuan, ].R,; Wei, D.; Ju, D.E.; Dun, X.L.; et al. A novel nomogram
predicting the risk of positive biopsy for patients in the diagnostic gray area of prostate cancer. Sci. Rep. 2020, 10, 17675. [CrossRef]
Zhou, ZH.; Liu, E; Wang, WJ.; Liu, X;; Sun, L].; Zhu, Y.; Ye, D.W.; Zhang, G.M. Development and validation of a nomogram
including lymphocyte-to-monocyte ratio for initial prostate biopsy: A double-center retrospective study. Asian J. Androl. 2021, 23, 41-46.
[CrossRef]

Jethwani, D.L.; Sivamoorthy, L.L.; Toh, C.C.; Malek, R. Predicting the diagnosis of prostate cancer with a scoring system based on
novel biomarkers. BMC Urol. 2022, 22, 13. [CrossRef] [PubMed]

Masuda, H.; Mikami, K.; Otsuka, K.; Hou, K.; Suyama, T.; Araki, K.; Kojima, S.; Naya, Y. Validation of the Effectiveness of
Neutrophil-to-lymphocyte Ratio (NLR) as a Predictive Factor in Patients Undergoing Prostate Biopsy With Prostate Specific
Antigen (PSA) Between 4.0 and 10.0 ng/mL. In Vivo 2021, 35, 1641-1646. [CrossRef]

Du, J.; Lim, E.J.; Huang, H.H.; Lau, WK.O. Predictive value of neutrophil-to-lymphocyte ratio in diagnosis of early prostate
cancer among men who underwent robotic transperineal prostate biopsy. Medicine 2021, 100, e28007. [CrossRef] [PubMed]
Sonmez, G.; Demirtas, T.; Tombul, S.T.; Akgun, H.; Demirtas, A. Diagnostic efficiency of systemic immune-inflammation index in
fusion prostate biopsy. Actas Urol. Esp. Engl. Ed. 2021, 45, 359-365. [CrossRef] [PubMed]

Adhyatma, K.P.; Warli, S.M. Diagnostic Value of Platelet-To-Lymphocyte Ratio in Prostate Cancer. Open Access Maced. ]. Med. Sci.
2019, 7, 1093-1096. [CrossRef]

Lee, J.W.; Jeong, H.; Son, H.; Cho, M.C. Platelet-to-lymphocyte ratio is not a predictor of clinically significant prostate cancer at
the prostate biopsy: A large cohort study. Sci. Rep. 2021, 11, 14240. [CrossRef]

Murray, N.P; Fuentealba, C.; Salazar, A.; Reyes, E. Platelet-to-lymphocyte ratio and systemic immune-inflammation index versus
circulating prostate cells to predict significant prostate cancer at first biopsy. Turk. J. Urol. 2020, 46, 115-122. [CrossRef]

Huang, D.; Yang, X.; Wu, Y;; Lin, X,; Xu, D.; Na, R.; Xu, J. Cost-Effectiveness Analysis of Prostate Health Index in Decision Making
for Initial Prostate Biopsy. Front. Oncol. 2020, 10, 565382. [CrossRef]

Chen, N.; Rong, M,; Shao, X.; Zhang, H.; Liu, S.; Dong, B.; Xue, W.; Wang, T.; Li, T,; Pan, J. Surface-enhanced Raman spectroscopy
of serum accurately detects prostate cancer in patients with prostate-specific antigen levels of 4-10 ng/mL. Int. |. Nanomed.
2017, 12, 5399-5407. [CrossRef]

Perez-Cornago, A.; Appleby, PN.; Pischon, T.; Tsilidis, K.K.; Tjonneland, A.; Olsen, A.; Overvad, K,; Kaaks, R.; Kiihn, T.; Boeing,
H.; et al. Tall height and obesity are associated with an increased risk of aggressive prostate cancer: Results from the EPIC cohort
study. BMC Med. 2017, 15, 115. [CrossRef]


http://doi.org/10.31557/APJCP.2019.20.3.661
http://doi.org/10.1038/nature07205
http://doi.org/10.1126/science.1232227
http://www.ncbi.nlm.nih.gov/pubmed/23329041
http://doi.org/10.1016/j.it.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26700397
http://doi.org/10.1038/nrc.2016.54
http://www.ncbi.nlm.nih.gov/pubmed/27339708
http://doi.org/10.1016/j.ccell.2018.03.002
http://doi.org/10.1158/0008-5472.CAN-08-3845
http://www.ncbi.nlm.nih.gov/pubmed/19549917
http://doi.org/10.3390/jpm11111231
http://doi.org/10.1002/pros.24222
http://doi.org/10.4081/aiua.2018.4.270
http://doi.org/10.1038/s41598-020-74703-8
http://doi.org/10.2139/ssrn.3441813
http://doi.org/10.1186/s12894-022-00956-2
http://www.ncbi.nlm.nih.gov/pubmed/35109827
http://doi.org/10.21873/invivo.12422
http://doi.org/10.1097/MD.0000000000028007
http://www.ncbi.nlm.nih.gov/pubmed/34918651
http://doi.org/10.1016/j.acuro.2020.08.015
http://www.ncbi.nlm.nih.gov/pubmed/34088435
http://doi.org/10.3889/oamjms.2019.252
http://doi.org/10.1038/s41598-021-93637-3
http://doi.org/10.5152/tud.2020.19203
http://doi.org/10.3389/fonc.2020.565382
http://doi.org/10.2147/IJN.S137756
http://doi.org/10.1186/s12916-017-0876-7

J. Clin. Med. 2023, 12, 820 13 0f 13

31. Bray, E; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]

32. Bagnardi, V.; Rota, M.; Botteri, E.; Tramacere, L; Islami, F.; Fedirko, V.; Scotti, L.; Jenab, M.; Turati, F.; Pasquali, E.; et al. Alcohol
consumption and site-specific cancer risk: A comprehensive dose-response meta-analysis. Br. ]. Cancer 2015, 112, 580-593.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://doi.org/10.1038/bjc.2014.579
http://www.ncbi.nlm.nih.gov/pubmed/25422909

	Introduction 
	Materials and Methods 
	Patient Selection Information Collection 
	Biopsy Method and Pathological Examination 
	Data Management 
	Statistical Analysis 

	Results 
	Clinical Demographics of the Eligible Patients 
	Univariable and Multivariable Analyses of Clinical Indicators 
	Multivariable Logistic Regression Analysis of Different Models of Inflammatory Markers 
	ROC Curve Analysis of Variables 
	Development of a Nomogram for PCa Prediction 

	Discussion 
	Conclusions 
	References

