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Prebiopsy bpMRI 
and hematological 
parameter‑based risk scoring 
model for predicting outcomes 
in biopsy‑naive men with PSA 
4–20 ng/mL
Yuxin Zheng 1,2, Wang Li 1,2, Yang Zhang 1, Chi Zhang 1, Junqi Wang 1 & Peng Ge 1*

Excessive prostate biopsy is a common problem for clinicians. Although some hematological and 
bi‑parametric magnetic resonance imaging (bpMRI) parameters might help increase the rate of 
positive prostate biopsies, there is a lack of studies on whether their combination can further improve 
clinical detection efficiency. We retrospectively enrolled 394 patients with PSA levels of 4–20 ng/mL 
who underwent prebiopsy bpMRI during 2010–2021. Based on bpMRI and hematological indicators, 
six models and a nomogram were constructed to predict the outcomes of biopsy. Furthermore, we 
constructed and evaluated a risk scoring model based on the nomogram. Age, prostate‑specific 
antigen (PSA) density (PSAD), systemic immune‑inflammation index, cystatin C level, and the 
Prostate Imaging Reporting and Data System (PI‑RADS) v2.1 score were significant predictors of 
prostate cancer (PCa) on multivariable logistic regression analyses (P < 0.05) and the five parameters 
were used to construct the XYFY nomogram. The area under the receiver operating characteristic 
(ROC) curve (AUC) of the nomogram was 0.916. Based on the nomogram, a risk scoring model (XYFY 
risk model) was constructed and then we divided the patients into low‑(XYFY score: < 95), medium‑
(XYFY score: 95–150), and, high‑risk (XYFY score: > 150) groups. The predictive values for diagnosis 
of PCa and clinically‑significant PCa among the three risk groups were 3.0%(6/201), 41.8%(51/122), 
91.5%(65/71); 0.5%(1/201), 19.7%(24/122), 60.6%(43/71), respectively. In conclusion, in this study, 
we used hematological and bpMRI parameters to establish and internally validate a XYFY risk scoring 
model for predicting the biopsy outcomes for patients with PSA levels of 4–20 ng/mL and this risk 
model would support clinical decision‑making and reduce excessive biopsies.

The incidence and mortality of prostate cancer (PCa) have been increasing rapidly  worldwide1, and China is 
no  exception2. Prostate biopsy is a common method for diagnosing PCa based on measurements of prostate-
specific antigen (PSA) level, imaging examination, and digital rectal examination (DRE). However, PSA is not 
a PCa-specific marker and the detection rate of PCa with PSA levels of 4–20 ng/mL is 25% or  less3. Meanwhile, 
DRE, which is highly subjective and shows low consistency, cannot easily detect tumors in the transition zone 
or smaller than 0.5 cm. Moreover, cancerous lesions may show a soft texture, which can lead to higher false-
negative  results4.

In the guidelines, prebiopsy magnetic resonance imaging (MRI) is supported by level B evidence or a strong 
 recommendation5,6. In 2019, the European Society of Urogenital Radiology (ESUR) and other organizations 
released the Prostate Imaging Reporting and Data System version 2.1 (PI-RADS v2.1) for standardized prostate 
 reporting7. Bi-parametric MRI (bpMRI), proposed in PI-RADS v2.1, only includes T2-weighted imaging (T2WI) 
and diffusion-weighted imaging (DWI), which can simplify the process of prostate MRI scanning. Moreover, 
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some studies have shown that the diagnostic accuracy and performance of bpMRI are comparable to those of 
multi-parameter MRI (mpMRI)8–10.

Systemic inflammation has been demonstrated to be associated with carcinogenesis and cancer 
 progression11–13. Among inflammatory markers, the systemic immune-inflammation index (SII) has been sug-
gested to be a more powerful predictor of tumors than the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR)14,15. Other hematological indicators, such as the red blood cell distribution width (RDW) 
and cystatin C (CysC) level, are also related to the occurrence and progression of  tumors16,17. Nevertheless, studies 
on the use of these indicators as predictors of PCa are currently lacking.

Therefore, this study utilized hematological and bpMRI indicators to establish a risk scoring model for pre-
dicting the outcomes in biopsy-naive men with PSA levels of 4–20 ng/mL and thereby support clinical decision-
making for prostate biopsy.

Patients and methods
Study population. This was a retrospective, single-institution study approved by the ethical committee of 
the Affiliated Hospital of Xuzhou Medical University (XYFY2022-KL192-01). Patients who had elevated PSA 
levels of 4–20 ng/mL and subsequently underwent prostate biopsy at our institution between March 2010 and 
April 2021 were included. Inclusion criteria: (1) Patients underwent transrectal ultrasonography-guided system-
atic prostate biopsy and all the biopsies were done at our hospital; (2) Patients underwent prebiopsy MRI scans 
and the T2WI and DWI data could be obtained; (3) Comprehensive clinicopathological data were available. 
Exclusion criteria: (1) Acute inflammation diseases, such as acute bacterial prostatitis; (2) Patient underwent 
prior prostate surgery or biopsy; (3) Patients had indwelling urethral catheters within 48 h of PSA detection; (4) 
Patients had prior hematological diseases. For systematic prostate biopsy, 10 + X cores scheme was mostly  used18. 
The mean value was 10.1 cores. Totally, 394 patients were enrolled in this study. All methods were performed in 
accordance with the relevant guidelines.

Imaging evaluation. Patients were scanned with MRI scanners with a multichannel-body-surface coil. 
The MRI sequences at least included T2WI (axial, sagittal and/or coronal) and DWI. All MRI images were re-
reviewed by the same person (author Yuxin Zheng) under the guidance of a dedicated radiologist with more 
than 10 years of MRI experience. The PI-RADS v2.1  guidelines7 were utilized in this study. The reviewer was 
blinded to histopathologic diagnosis and previous MRI reports.

Clinical parameter collection. The patients’ clinicopathological data, such as biopsy outcomes, Glea-
son score (GS), PI-RADS v2.1 score, height, weight, age, PSA, total PSA (tPSA), free PSA (fPSA), free/total 
PSA (f/tPSA), albumin, globulin, RDW, CysC, red blood cell (RBC) count, hemoglobin (Hb), alkaline phos-
phatase (ALP), and fibrinogen levels, were obtained from their medical records.

Prostate volume (PV) was measured using the exact prolate ellipsoid formula: PV (mL)7 = transverse diameter 
(cm) × anteroposterior diameter (cm) × longitudinal diameter (cm) × 0.52. PSA density (PSAD) (ng/mL) was 
calculated as the ratio of tPSA to  PV19. Body mass index (BMI) (kg/m2) was calculated using height and weight 
measurements. Albumin-to-globulin ratio (AGR) was calculated as the ratio of albumin to globulin levels. SII 
was calculated as platelet count × neutrophil count/lymphocyte  count20. Additionally, we defined PI-RADS 1 and 
2 scores as score < 3. Clinically insignificant PCa (cisPCa) was defined as International Society for Urological 
Pathology (ISUP) grade 1 (GS ≤ 6), otherwise clinically significant PCa (csPCa)6.

Statistical analysis. Descriptive statistics relied on tests of medians [interquartile range (IQR)] and propor-
tions (rates), Mann–Whitney U test or chi-squared test. For risk model construction, continuous variables were 
transformed into categorical variables based on cut-off values. Univariable and multivariable logistic regression 
were used to examine factors associated with Pca. The nomogram was constructed on the basis of independent 
predictors. The effectiveness and precision of the nomogram were assessed using area under the receiver oper-
ating characteristic (ROC) curve (AUC) measurements, calibration plots, and decision-curve analysis (DCA). 
Finally, a web-based interactive tool was developed to predict the PCa. A two-sided P < 0.050 was considered 
to be statistically significant. Analyses were performed using Statistical Product and Service Solutions software 
(SPSS, version 26.0) and R software (version 4.1.3).

Ethical approval. This was a retrospective study approved by the affiliated hospital of Xuzhou Medical Uni-
versity’s ethics committee (No. XYFY2022-KL192-01) who waived informed consent.

Results
Patient characteristics. A total of 394 participants, including 272 (69.04%) biopsy-negative cases and 
122 (30.96%) biopsy-positive cases, were enrolled in this study (Table 1). Compared to the negetive group, the 
positive group had older age, higher tPSA/PSAD/SII/CysC levels, and lower [f/tPSA]/PV/RBC/Hb levels (P val-
ues < 0.05, Table 1). The median score of PI-RADS v2.1 was 3.0 (Table S1, Supplementary Materials).

The RBC count and Hb level were transformed into categorical variables according to the lower limit of nor-
mal. Moreover, the cut-off values of SII, f/tPSA, PSAD and CysC obtained using the ROC curve analysis were 
550, 0.12, 0.25 ng/mL, and 0.9 mg/L, respectively. On the basis of the cut-off values, these variables were trans-
formed into categorical variables. Next, age was transformed into a categorical variable according to the quartile.
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Univariable and multivariable logistic regression analyses for prediction associated with PCa were performed 
using the categorical variables and PI-RADS v2.1 (Table 2). Eventually, age, SII, CysC level, PI-RADS v2.1 score, 
and PSAD were found to be independent risk factors for PCa.

Construction and assessment of the nomogram. In this study, six models were constructed for pre-
dicting PCa: (1) The baseline model: only containing age, SII, and CysC;  (2)The PI-RADS model: only con-
taining PI-RADS v2.1 score; (3) The baseline + PSAD model; (4) The PI-RADS + PSAD model; (5) The PI-
RADS + PSAD + age model; (6) The XYFY model: baseline + PI-RADS + PSAD.

ROC analyses were performed to evaluate the predictive accuracy of these models (Fig. 1). Figure 1 illustrates 
that the addition of the PSAD increased the AUC of the baseline model from 0.745 (95% CI 0.692–0.797) to 0.832 
(95% CI 0.789–0.875) (P < 0.05). The predictive ability of the baseline + PSAD model was equivalent to that of 
the PI-RADS model (0.832 vs. 0.836, respectively) in predicting the outcomes of biopsy. Moreover, the XYFY 
model had the highest AUC for discriminating between biopsy-negative and biopsy-positive cases among the 
six models (0.916, Fig. 1, Table S2, Supplementary Materials).

Furthermore, the XYFY model, which included age, SII, CysC level, PSAD, and PI-RADS v2.1, was used 
to construct the nomogram to predict the outcomes of biopsy (Fig. 2). The calibration curve using internally 
bootstrapped sampling (1000 resamples) showed that the bias-corrected curve was almost identical to the ideal 
curve, indicating that the nomogram had been calibrated properly (Figure S1, Supplementary Materials). DCA 
was used to assess the potential clinical benefits of these models and nomograms (Figure S2, Supplementary 
Materials). Between 0% and the high-risk threshold at approximately 70%, DCA showed that the models and 
nomogram might generate greater net benefits than all or none, with the XYFY model being more beneficial. The 
results for internal validation of the XYFY model using the 50 times tenfold cross-validation method yielded high 
predictive performance and demonstrated good concordance (Accuracy = 0.85; Kappa = 0.63). Finally, we devel-
oped a web-based interactive tool based on the final model (https:// 1risk calcu lator. shiny apps. io/ dynno mapp/).

Construction and assessment of the risk scoring model. We established a risk scoring model (XYFY 
risk model) based on the score calculated by the XYFY nomogram. Patients with a score < 95 were classified as 
the low-risk group and could be considered as negative for PCa, while those with a score > 150 were categorized 
as the high-risk group and required a biopsy to confirm the presence of PCa. Finally, patients with a score 
between 95 and 150 were identified as being in the medium-risk group and had to be actively monitored through 
follow-up MRI and PSA assessments.Using the XYFY risk model, unnecessary biopsies could be avoided in 
nearly 49% of patients (195/394), while missing only 3.0% (6/201) of PCa patients. The predictive performance 
of the XYFY risk model was assessed, and the related results are presented in Table 3 and Table S3. The predictive 
values for diagnosis of PCa and csPCa among the three risk groups were 3.0% (6/201), 41.8% (51/122), 91.5% 
(65/71); 0.5% (1/201), 19.7% (24/122), 60.6% (43/71), respectively.

Compared to PI-RADS model, our model significantly increased the number of low-risk patients (low risk 
group vs PI-RADS < 3; 201 vs.127) (Table S3, Supplementary Materials). Moreover, the AUC of the XYFY risk 

Table 1.  Descriptive characteristics of clinical parameters with negative and positive biopsy. IQR interquartile 
range, BMI body mass index, PSA prostate-specific antigen, tPSA total PSA, fPSA free PSA, f/tPSA free/
total PSA, PV prostate volume, PSAD PSA density, SII systemic immune-inflammation index, AGR  albumin 
to  globulin ratio, RBC red blood cell, Hb hemoglobin, ALP alkaline phosphatase, CysC cystatin C, FIB 
fibrinogen.

Variable [median (IQR)]

Negative Positive

P value(n = 272) (n = 122)

Age (year) 67.00 (61.00–73.00) 72.00 (65.00–77.00)  < 0.001

BMI (kg/m2) 24.49 (22.86–26.39) 24.06 (22.49–26.09) 0.357

tPSA (ng/mL) 9.25 (6.94–12.73) 11.04 (7.71–15.45) 0.001

fPSA (ng/mL) 1.20 (0.84–1.69) 1.17 (0.70–1.73) 0.627

f/tPSA 0.13 (0.09–0.18) 0.11 (0.07–0.16) 0.003

PV (mL) 54.24 (38.86–80.88) 36.12 (24.86–49.38)  < 0.001

PSAD 0.17 (0.12–0.23) 0.30 (0.20–0.45)  < 0.001

NLR 1.99 (1.49–2.56) 2.09 (1.55–3.05) 0.082

SII 383.84 (289.49–512.60) 430.85 (321.70–722.33) 0.004

AGR 1.57 (1.42–1.74) 1.57 (1.39–1.76) 0.784

RBC  (1012/L) 4.63 (4.33–4.91) 4.46 (4.26–4.78) 0.006

Hb (g/L) 142.00 (135.00–151.00) 138.00 (130.00–148.00) 0.002

RDW (%) 12.90 (12.50–13.20) 12.95 (12.50–13.40) 0.147

ALP (U/L) 70.00 (58.25–82.00) 69.00 (56.00–84.00) 0.824

CysC (mg/L) 0.85 (0.77–0.91) 0.97 (0.85–1.07)  < 0.001

FIB (g/L) 2.90 (2.33–3.70) 2.96 (2.42–3.68) 0.678

https://1riskcalculator.shinyapps.io/dynnomapp/
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model (AUC = 0.90; 95% CI 0.87–0.93) was significantly better than that of the PI-RADS v2.1 score (AUC = 0.84; 
95% CI 0.79–0.88; P < 0.001) (Fig. 3). In the suspicious group (PI-RADS 3), the present model reduced the pro-
portion of non-PCa (58.2% vs. 75.4%) and increased the proportion of csPCa (19.7% vs. 12.7%). Compared to 
the PI-RADS > 3 group, the new high risk group was more precise to diagnose csPCa (60.6% vs. 39%).

Figure 4 shows the findings for one patient with a PI-RADS v2.1 score of 3. The patient’s clinical parameters 
were as follows: age > 75 years, SII < 550, CysC level > 0.9, and PSAD > 0.25. Therefore, on the basis of the XYFY 
risk model, the patient was scored 168 and classified in the high-risk group. Pathological results confirmed posi-
tive biopsy results in this patient.

Discussion
In this study, we used hematological and bpMRI parameters to establish and internally validated a risk scoring 
model for predicting the biopsy outcomes for patients with PSA levels of 4–20 ng/mL and this model would 
support clinical decision-making and reduce excessive biopsies.

PSA is the most commonly used marker for the diagnosis of PCa. The serum PSA level between 4 ng/mL 
and 10 ng/mL was often referred to as the "gray zone"21. However, PSA levels and PCa prevalence were differ-
ent among ethnic groups. For Asian populations, the prior definition of the “gray zone” does not seem accurate 
enough, and can lead to over-detection if only based on PSA  abnormality22. Studies have shown no significant 
difference in cancer detection rates in patients with a PSA level of 10–20 ng/mL in comparison with patients with 
a PSA level of 4–10 ng/mL23. The incidence of PCa in China is lower than that in Western countries, and when 
the PSA level was 4 to 20 ng/mL, the detection rate of PCa is 25% or  less3. In addition, studies have shown that 
different prostate biopsy methods may change the PSA gray zone  range24. Therefore, some researchers believe 
that the "gray zone" of PSA in Asian men should be higher than the traditional "gray zone"25,26. Thus, a PSA level 
of 4–20 ng/mL was the level we used for our research. Similar to previous studies, in this study, we found that 
less than one third (30.96%) cases with PSA levels of 4–20 ng/mL were diagnosed with PCa.

Age is also one of the diagnostic indicators of PCa. The prevalence of PCa is associated with age: it was only 
0.01% in those younger than 45 years, increased to 0.34% in those aged 45–59 years, and was 2.42% in those aged 

Table 2.  Univariable and multivariable logistic regression analysis of factors associated with the outcomes of 
biopsy. OR odds ratio, PSA prostate-specific antigen, f/tPSA free/total PSA, PSAD PSA density, SII systemic 
immune-inflammation index, RBC red blood cell, Hb hemoglobin, CysC cystatin C, PI-RADS v2.1 Prostate 
Imaging Reporting and Data System version 2.1, CI confidence interval, ref reference.

Variable [n(%)]

Univariable analysis Multivariable analysis

Negative (n = 272) Positive (n = 122) P value OR (95% CI) P value

Age  < 0.001  < 0.05

 < 60  50 (18.4) 7 (5.7) Ref

 ≥60, <75  174 (64.0) 74 (60.7) 1.61 (0.54–4.75) 0.39

 ≥75  48 (17.6) 41 (33.6) 4.82 (1.45–16.03) 0.1

f/tPSA (0.12) 0.001

 >0.12 163 (59.9) 51 (41.8) Ref

 ≤0.12  109 (40.1) 71 (58.2) 0.96 (0.49–1.91) 0.91

PSAD (0.25)  < 0.001

 <0.25  215 (79.0) 42 (34.4) Ref

 ≥0.25 57 (21.0) 80 (65.6) 7.65 (3.77–15.53)  < 0.05

SII (550)  < 0.001

 <550  220 (80.9) 76 (62.3) Ref

 ≥550  52 (19.1) 46 (37.7) 2.31 (1.18–4.53) 0.015

RBC (4) 0.015

 >4.00 250 (91.9) 102 (83.6) Ref

 ≤4.00  22 (8.1) 20 (16.4) 1.32 (0.37–4.89) 0.68

Hb (120) 0.022

 >120 257 (94.5) 107 (87.7) Ref

 ≤120 15 (5.5) 15 (12.3) 0.87 (0.20–3.79) 0.86

CysC (0.9)  < 0.001

 <0.9  196 (72.1) 44 (36.1) Ref

 ≥0.9 76 (27.9) 78 (63.9) 3.25 (1.69–6.25)  < 0.05

PI-RADS v2.1  < 0.001

 <3  123 (45.2) 4 (3.3) Ref

 3 107 (39.3) 35 (28.7) 13.63 (4.07–45.63)  < 0.05

 4 35 (12.9) 46 (37.7) 56.97 (16.28–199.42)  < 0.05

 5 7 (2.6) 37 (30.3) 121.02 (27.45–533.53)  < 0.05
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60–74 years. Moreover, among men aged over 70 years, the prevalence of PCa was the highest in carcinomas of 
the urogenital  system2. Cormio et al.27 and Radtke et al.28 both incorporated age into their models, which showed 
good predictive performance (AUC: 0.80–0.87). Consistent with the previous studies, our study demonstrated 
that age was an independent risk factor for PCa.

In 1992, Benson MC et al.29 combined PV with PSA, and first proposed the concept of PSAD, which can 
better reflect prostate damage. Subsequently, a number of studies showed the value of PSAD for the diagnosis 
of PCa. Li et al.30 established a radiomics nomogram for predicting csPCa in PI-RADS 3 lesions, and indicated 
that PSAD was an independent predictor and significantly improved the predictive efficiency of the radiomics 
score (AUC: 0.881 vs. 0.939). Another study divided 701 patients into three groups to construct and validate 
nomograms based on PSAD and PI-RADS. It showed that the nomogram had good discrimination for PCa 
(AUC = 0.804). Falagario et al.31 identified an optimal strategy for biopsy-naive patients, in which the cut-off 
value for PSAD was 0.2. This value was different from the value obtained in our study (0.25), and the difference 
may be attributed to the fact that Falagario emphasized the sensitivity of PSAD for predicting PCa. Similarly, 
according to our investigation, PSAD was an independent risk factor for predicting PCa, and it also improved 
the predictive efficiency of PI-RADS (AUC: 0.836 vs. 0.881; P < 0.001), which was consistent with Li’s findings.

The PI-RADS v2.1 was implemented into clinical practice in 2019 to better standardize prostate MRI examina-
tions and  interpretation7. Although version 2.1 still considers the function of mpMRI/bpMRI as being contro-
versial, a number of studies have shown the value of bpMRI for the diagnosis of PCa in biopsy-naive men. The 
studies by Tamada et al.8 and Zawaideh et al.9 demonstrated that bpMRI had equivalent PCa detection rates to 
mpMRI. Xu et al.10 evaluated the diagnostic efficiency of bpMRI and mpMRI for PCa, and their results indicated 
that the AUC of bpMRI and mpMRI were 0.790 (0.732–0.840) and 0.791 (0.733–0.841), respectively. No statisti-
cally significant difference between the two methods was found. Pan et al.32 defined a new parameter based on 
bpMRI, which was calculated from the T2WI and DWI scores and showed greater PCa discriminating power 
(AUC = 0.900). Taking together, bpMRI and mpMRI showed nearly the same performance in PCa diagnosis. 
Moreover, in comparison with mpMRI, bpMRI serves as a quicker, less expensive, and less invasive screening 
tool for  PCa33,34. Therefore, we collected bpMRI data according to PI-RADS v2.1. Multivariable analysis showed 

Figure 1.  ROC curves comparing PI-RADS with PI-RADS + PSAD model, baseline model (baseline model 
was constructed on the basis of age, SII, and CysC level), baseline + PSAD model, PI-RADS + PSAD + age 
model, and XYFY model (XYFY model was constructed on the basis of age, SII, CysC level, PI-RADS v2.1 score, 
and PSAD) in predicting the outcomes of biopsy. ROC receiver operating characteristic; PI-RADS Prostate 
Imaging Reporting and Data System; PSAD prostate-specific antigen density.
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that PI-RADS v2.1 was an independent predictor of positive prostate biopsy findings (P < 0.05). PI-RADS v2.1 
significantly improved the diagnostic performance of the nomogram (AUC: 0.832 vs. 0.916).

Inflammation, especially chronic inflammation, can lead to an increased risk of tumorigenesis, and approxi-
mately 20% of tumors are mainly caused by chronic  inflammation35. Environmental exposure to bacterial and 
viral infections, predisposes the prostate to inflammation, with an elevated expression of inflammatory cytokines. 
These inflammatory cells and cytokines constitute the tumor microenvironment which promote tumourigenesis 
and progression by navigating the immunoregulatory network, phenotypic epithelial-mesenchymal transition 
(EMT), angiogenesis, and anoikis  resistance36. While NLR and PLR are conventional inflammatory  indicators37–39, 
SII, a new inflammatory index, appears to be a more powerful predictor of tumors than NLR and  PLR14,15. Wang 
et al.40 found SII ≥ 471.86 (OR = 1.694; 95% CI 1.122–2.558; P = 0.003) was an independent risk factor and con-
cluded that SII is the most powerful indicator among NLR, PLR, and SII in terms of their associations with PCa. 
Moreover, Rajwa et al.41 found that higher SII levels often predict adverse pathologic features (OR = 2.55; 95% CI 
1.33–4.97; P = 0.005) and are a negative prognosticator of cancer-specific survival and overall survival. Therefore, 
we considered incorporating SII into our models. Similar to the findings of previous studies, our study revealed 
that SII was an independent predictor of biopsy outcomes (OR = 2.30; 95% CI 1.18–4.52; P = 0.015).

Maintenance of the balance between cathepsins and their inhibitors is important, but this balance can change 
in inflammatory diseases and  malignancies17,42. CysC, a secreted cysteine protease inhibitor, is a potent inhibitor 
of cathepsin B(CTSB) and other lysosomal cysteine  proteases43. It suggests that there may be a crosstalk between 
CysC and androgen receptor (AR)-mediated pathways. The low expression of CysC in prostate cancer enhanced 
the proteolytic activity of cysteine  protease17. Previous study showed that the effect of CysC on modulating the 
prostate cancer cell invasion was provoked by crosstalk between cystatin C and AR-mediated pathways and Erk2 
inhibitor that specifically inhibited MAPK/Erk2  activity44. CysC is widely expressed in the male reproductive 
system, and the concentration of CysC in benign prostate tissue is higher than that in other human  tissues45. 
However, CysC can enter the blood due to malignant transformation of prostate tissue and cell destruction, so 
the peripheral blood CysC level in PCa patients is higher than that in normal patients. Yan et al.46 found that 

Figure 2.  The nomogram for predicting the outcomes of biopsy in biopsy-naive men with PSA 4–20 ng/mL. 
PI-RADS Prostate Imaging Reporting and Data System; PSAD prostate-specific antigen density; SII systemic 
immune-inflammation index; CysC cystatin C.

Table 3.  XYFY risk model for predicting the outcomes of biopsy.

XYFY risk score

Histopathology

Probability of positive (%)Negative Positive

 < 95 195 6 3.0

95–150 71 51 41.8

 >150 6 65 91.5
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higher levels of CysC/CTSB in patients with esophageal cancer may be associated with longer overall survival 
(OS) (RR = 2.41; P = 0.001). In addition, CysC was inversely associated with PCa risk (HR per 1 standard devia-
tion increase 0.93, 0.89–0.97, P = 0.001)47. Similar conclusions were obtained in our study, with multivariable 
analysis suggesting that CysC was an independent predictor for the outcomes of prostate biopsy (OR = 3.26; 95% 
CI 1.70–6.25; P = 0.001).

Biopsy is the gold standard for PCa diagnosis. However, unnecessary and excessive prostate biopsy is com-
mon. Several scholars have studied the value of hematological indicators, such as SII and CysC, for the diagnosis 
and combined diagnosis of PCa. Consistent with previous studies, we found that combining the PSAD with PI-
RADS can improved the diagnostic efficiency of PI-RADS30,31. Based on the PI-RADS + PSAD model, we have 
added SII and CysC, which further improved the diagnostic value of the model. Our XYFY model has higher 
diagnostic efficiency and makes full use of the imaging and hematological indicators before biopsy compared 
to the Chinese Prostate Cancer Consortium Risk Calculator (CPCC-RC)48 and the model  649. In addition, we 
transformed continuous variables into categorical variables, which was more convenient for clinicians to make 
decisions.

Several limitations of this study require consideration. First and foremost are the limitations inherent to its 
retrospective nature. In the second place, it is a single center study and further external validation is warranted. 
Thirdly, in this study, we enrolled patients between March 2010 and April 2021. During this period, the Glea-
son grading system changed; in addition, pathological diagnoses were made by different pathologists and the 
specimens were not re-reviewed.

Figure 3.  ROC curves for comparing predictive performance of XYFY risk model and PI-RADS. ROC receiver 
operating characteristic; PI-RADS Prostate Imaging Reporting and Data System.
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Conclusions
In conclusion, using bpMRI and hematological parameters, we constructed and internally validated a risk model 
to predict the likelihood of PCa at the initial prostate biopsy for Chinese patients with PSA levels of 4–20 ng/
mL. This model performed significantly better than PI-RADS v2.1 (AUC: 0.90 vs. 0.84), potentially improving 
the criteria for prostate biopsy and reducing excessive prostate biopsies.

Data availability
The data supporting the conclusions used and/or analyzed in this study are available from the corresponding 
author by request.
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