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Introduction

On prostate biopsy, multiparametric magnetic resonance imaging (mpMRI) and the Prostate Health Index (PHI) have allowed prediction of clinically significant prostate cancer (csPCa).



Methods

To predict the likelihood of csPCa, we created a nomogram based on a multivariate model that included PHI and mpMRI. We assessed 315 males who were scheduled for prostate biopsies.



Results

We used the Prostate Imaging Reporting and Data System version 2 (PI-RADS V2) to assess mpMRI and optimize PHI testing prior to biopsy. Univariate analysis showed that csPCa may be identified by PHI with a cut-off value of 77.77, PHID with 2.36, and PI-RADS with 3 as the best threshold. Multivariable logistic models for predicting csPCa were developed using PI-RADS, free PSA (fPSA), PHI, and prostate volume. A multivariate model that included PI-RADS, fPSA, PHI, and prostate volume had the best accuracy (AUC: 0.882). Decision curve analysis (DCA), which was carried out to verify the nomogram’s clinical applicability, showed an ideal advantage (13.35% higher than the model that include PI-RADS only).



Discussion

In conclusion, the nomogram based on PHI and mpMRI is a valuable tool for predicting csPCa while avoiding unnecessary biopsy as much as possible.
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Introduction

Prostate cancer (PCa) is the most frequent cancer among men for more than half of the globe, and it was the sixth major cause of death among men in 2020 (1). Although the frequency of PCa in China is lower than in European and American countries, it is rising at an alarming pace, which may have a negative impact on survival rate (2). Possible explanations include the rising incidence of PSA screening and the widespread use of multiparametric magnetic resonance imaging (mpMRI) in the clinic (3). PSA has been the most significant molecular biomarker for prostate cancer screening and postoperative follow-up since its discovery in the 1980s (4). However, the low specificity of PSA inevitably results in many needless biopsies, and detecting clinically insignificant prostate cancer is not desirable (5). Moreover, PSA testing mostly reveals indolent cancers that are unlikely to develop throughout a patient’s lifetime and that benefit from surgery or radiation only very infrequently (6).

In recent years, it has been shown that the Prostate Health Index (PHI), a mathematical formula that integrates total PSA (tPSA), free PSA (fPSA), and [-2] ProSA (p2PSA), is more effective than tPSA in the diagnosis of csPCa (7–9). The PHI blood test was authorized by the US Food and Drug Administration (FDA) in 2012 to detect PCa with elevated PSA (10). Prostate MRI is useful in diagnosing suspected prostate cancer and has a high negative predictive value (NPV) for csPCa (11). The Prostate Imaging Reporting and Data System, version 2 (PI-RADS v2), which was introduced recently, is a powerful tool to identify csPCa needing biopsy and help locate the lesions of the target (12). If the MRI is positive (PI-RADS score ≥3), biopsies should be conducted (13). However, PI-RADS 3 only identified csPCa in ≤20% of patients (14). In a meta-analysis, the positive predictive value(PPV) of mpMRI for csPCa was 40%, and the PPV in PI-RADS 4 and 5 lesions was still suboptimal (15). It is not advisable to use mpMRI alone to screen patients for biopsy (16). To the best of our knowledge, only a few studies have examined the predictive power of combining mpMRI with PHI in men with csPCa (17–19).

Therefore, we performed this study to conduct a novel nomogram incorporating PHI, mpMRI, and other variables to predict csPCa in a Chinese population.



Materials and methods


Patients

We performed a single-center study of patients with abnormal digital rectal examination (DRE) and/or increased blood tPSA who had biopsies between January 2020 and June 2022. Subjects with acute bacterial prostatitis, urinary tract infections, a history of PCa or a prostate biopsy, or who had taken any dose of 5-alpha reductase inhibitors were excluded. Figure 1 illustrates the screening procedure.




Figure 1 | Enrollment and outcomes. The primary analysis included all 531 men. Those who were ineligible for MRIs or PHI, as well as those with acute bacterial prostatitis, urinary tract infections, or a history of treatment, were excluded. The final study cohort consisted of 315 people.





Biomarker measurement

The fPSA, tPSA, and p2PSA levels were determined prior to biopsy using the fully automated immunoassay equipment Access 2 analyzer (Beckman Coulter, Brea, CA, USA). PHI was calculated using the formula p2PSA/fPSA×√tPSA. The percentage of fPSA (%fPSA) was calculated as fPSA/PSA×100, while the percentage of p2PSA (%p2PSA) was defined as p2PSA/fPSA × 100. Moreover, PSA density (PSAD) and PHI density (PHID) were determined as the ratios of PSA/prostate volume and PHI/prostate volume, respectively.



Multiparametric MRI

Without an intrarectal coil, mpMRI of the prostate was performed on a 3.0 T GE Signa HDx MR scanner (GE Healthcare, Milwaukee, USA) prior to biopsy. A senior abdominal radiologist with more than 8 years of expertise in prostate MRI and >300 scans yearly reviewed the mpMRI, which includes T2-weighted imaging (T2WI), diffusion-weighted imaging (DWI), b values of 0 and 800-1200 s/mm2, and apparent diffusion coefficient (ADC). The 2015 scoring rules for the PI-RADS V2 were used and a score between 1 and 5 was assigned (12).



Biopsy protocol

Patients who had 3.0T mpMRI prior to biopsy received transperineal ultrasound-guided cognitive targeted biopsies for 2-3 cores based on lesions with PI-RADS(≥3) revealed on mpMRI as well as systematic biopsies for at least 12 cores using a biplane TRUS probe (Esaote, Transducer TRT33) and an 18-G disposable needle. Prostate volume was measured using TRUS during a monitoring biopsy. The ellipsoid formula (width × height × length × 0.52) was applied to calculate prostate volume.



Histology

Tissue biopsies were examined by a single dedicated uropathologist. According to the 2014 consensus criteria from the International Society of Urological Pathology, PCa was evaluated as follows: grade group (GG) 1 (Gleason score ≤6), GG 2 (Gleason score 3 + 4 = 7), GG 3 (Gleason score 4 + 3 = 7), GG 4 (Gleason score 8), and GG 5 (Gleason score ≥9) (20). Clinically significant PCa was characterized in prostate biopsy pathology as GG2 ≥2, which is known to be more prevalent in the most recent definitions (21, 22).



Ethics approval

The 1964 Declaration of Helsinki and its later amendments served as the ethical framework for this retrospective investigation. The local ethics commission decided not to require participants to provide their informed consent (Medical Ethics Committee of Taizhou Hospital, Zhejiang Province, China, K20220838).



Statistical analysis

In the case of numerical variables, descriptive statistics (median (25th percentile; 75th percentile)) were utilized to define the entire sample. Percentages and absolute frequencies were used to represent categorical variables. We used Kolmogorov-Smirnov test to test the normal distribution of the continuity variables. For comparisons of continuous variables, the Mann-Whitney U test was utilized. To compare qualitative variables, a chi-squared test was used. We performed ROC analysis to compare the diagnostic accuracy of mpMRI, individual PSA-derived blood indicators, and a combination of the two, and we determined the area under the curve (AUC) and its 95% confidence interval. The DeLong test was employed to evaluate the AUCs of the various prediction models (23). The baseline characteristics of patients (prostate volume), laboratory data (PHI, fPSA), and PI-RADS category were used to develop multivariable logistic models for predicting csPCa. Using a nomogram, the best prediction model was presented for clinical use. Bootstrap resampling (1000 repeats) was utilized to examine both discrimination and calibration for internal model validation. To assess predictive accuracy, a bootstrap method was utilized to obtain bootstrap-corrected estimates of the C-Statistics. Visual and statistical calibration were examined using the Hosmer-Lemeshow test. The Youden index was maximized to obtain an ideal threshold (sensitivity + specificity - 1). IBM SPSS 25.0 (IBM Corp., Armonk, NY, USA) was used for statistical analyses. The results were judged to be statistically significant when the p-value was <0.05. Using R and the rms and rmda packages, we were able to visualize nomograms, decision curves, and calibration curves (version. 4.2.1, R Foundation for Statistical Computing, Vienna, Austria).




Results


Clinical characteristics of the study cohort

The clinical characteristics of the patients and the results of auxiliary examination are shown in Table 1. Overall, in the diagnostic setting, 194 patients (61.6%) had a positive biopsy. Patients with negative biopsy and those with PCa on biopsy were compared in terms of age, PI-RADS score, and all PSA-derived serum indicators. The median fPSA concentration was comparable between groups (P = 0.915). Moreover, %fPSA was lower (12.04 vs. 15.90; P <0.001), while p2PSA, %p2PSA, PHI, PSAD and PHID were higher (42.68 vs. 24.76; 2.91 vs. 1.01; 28.23 vs. 17.33; 96.99 vs. 53.22; 0.29 vs. 0.17; 2.91 vs. 1.01, P < 0.001) in patients with PCa.


Table 1 | Demographic and clinical characteristics of the study population.



Of these, 158 (50.2%) had csPCa on biopsy (Table 2). To evaluate csPCa’s capacity to distinguish between patients, ROC analyses were carried out. Both the PI-RADS score and PSA-derived biomarkers were substantially associated with the likelihood of csPCa in univariable logistic analysis, with an AUC ranging from 0.52 (95% CI: 0.46 to 0.59) for free PSA to 0.83 (95% CI: 0.79 to 0.88) for PHID. As demonstrated in Table 2, PHID surpassed both the PI-RADS score (AUC: 0.75 (95% CI: 0.70 to 0.81)) and the tPSA (AUC: 0.63 (95% CI: 0.57 to 0.69)) in terms of diagnostic accuracy. In terms of PHI, the optimal cutoff was 77.77, with a corresponding sensitivity of 0.76 (95% CI: 0.68 to 0.82) and specificity of 0.73 (95% CI: 0.65 to 0.80). With a sensitivity of 0.70 (95% CI: 0.62 to 0.77) and specificity of 0.83 (95% CI: 0.76 to 0.89), the optimum threshold for PHID was found to be 2.36. The best cut-off value was established to be a PI-RADS score of 3, with a sensitivity of 0.85 (95% CI: 0.79 to 0.90) and a specificity of 0.52 (95% CI: 0.44 to 0.60) (Table 2).


Table 2 | AUC comparing patients with clinically significant prostate cancer (csPCa) versus patients with negative biopsy or clinically insignificant PCa (No csPCa).





Correlation between PHID and PI-RADS score

The distribution of PHID and prostate biopsy pathology findings classified by PI-RADS score grade is shown in Figure 2. Patients with PI-RADS 4 presented an increased likelihood of harboring csPCa compared with those with PI-RADS 1 (OR 18.72 (95% CI: 2.25-156.01); P = 0.0068), PI-RADS 2 (OR 6.81 (95% CI: 3.47-13.37); P < 0.0001), and PI-RADS 3 (OR 1.96 (95% CI: 1.05-3.64); P = 0.0344). Patients with PI-RADS 5 presented an increased likelihood of harboring csPCa compared with those with PI-RADS 1 (OR 74.25 (95% CI: 7.36-749.46); P = 0.0003), PI-RADS 2 (OR 27.00 (95% CI: 8.62-84.61); P < 0.0001), and PI-RADS 3 (OR 7.75 (95% CI: 2.55-23.57); P = 0.0003).




Figure 2 | Violin plot showing the distribution of PHID according to the PI-RADS v2 score. Data are shown as the median (bold horizontal line in the box) and Q1 and Q3 (borders of the box). Q1 = 25th percentile; Q3 = 75th percentile; IQR (interquartile range) = Q3-Q1..





Nomogram development and internal validation for predicting csPCa

Multivariable logistic analysis using PI-RADS, fPSA, PHI, and prostate volume yielded an AUC of 0.882 (95% CI: 0.845 to 0.920), and a nomogram was created to display these findings visually (Table 2, Table 3, and Figure 3). The PHI and mpMRI nomograms were internally tested using a 1000 bootstrap resampled dataset. The computed bootstrap-corrected C-index of 0.877 demonstrates excellent discriminative power. According to the calibration plot, there was a high degree of agreement between the calculated and observed probabilities (Figure 4). As measured by the Hosmer-Lemeshow goodness-of-fit test, the model was calibrated well (P = 0.829). Decision curve analysis (DCA) was carried out to verify the nomogram’s clinical applicability, and the results showed a maximum advantage (13.35% higher than the model that include PI-RADS only) (Figure 5). Furthermore, as shown in Figure 5, the net clinical benefit was 0.3206 based on the 50% likelihood threshold of what was expected.


Table 3 | Multivariate logistic regression analysis of predictors in the prediction of csPCa.






Figure 3 | The nomogram was employed by determining the patient’s location on each factor axis. The scores for each element are summed to obtain a total score, which is depicted on the lower axis and corresponds to the likelihood of csPCa. PI-RADS, Prostate Imaging Reporting and Data System; fPSA: free PSA; PHI: prostate health index; tPSA: total PSA; csPCa: clinically significant prostate cancer..






Figure 4 | The calibration curve compares the accuracy of the original prediction model (“apparent”) (light dashed red line) to the bootstrap model (“bias corrected”) (solid green line) in predicting the likelihood of csPCa. The ideal calibration is shown by the diagonal blue dot line, which serves as the reference line. The abscissa indicates the anticipated value determined from the nomogram, whereas the ordinate reflects the observed actual probability value. Small vertical lines at the top of the graph represent the distribution of the expected probability. Overprediction occurs when an estimate falls below the reference line, while underprediction occurs when an estimate rises above the reference line. In an ideal situation, these two lines should be close to the diagonally dashed blue line.






Figure 5 | Analysis of the decision curves of several basic models and nomogram models. a: MRI PI-RADS; b: MRI PI-RADS + volume; c: MRI PI-RADS + PHI; d: MRI PI-RADS + volume + PHI; e: MRI PI-RADS + volume + PHI + fPSA (Nomogram model). PI-RADS, Prostate Imaging Reporting and Data System; tPSA, total prostate-specific antigen; PHI, prostate health index..






Discussion

To our knowledge, this is a novel viable prediction nomogram model based on PHI and mpMRI that may enhance csPCa detection, greatly lowering PCa overdiagnosis prior to prostate biopsy in an Asian population. The net clinical benefit in this research was 0.3206, indicating that the nomogram would increase the identification of csPCa by 32.06%, leading to fewer needless biopsies when compared to a threshold possibility of 50%.

A change in cancer diagnostic priorities from detecting all cancers to focusing on the identification of potentially aggressive but curable cancers and minimizing the detection and treatment of indolent disease has resulted from the recognition of PCa overdiagnosis and overtreatment (24). In recent years, numerous novel biomarkers, including PHI, have shown promise in distinguishing clinically significant from inconsequential PCa more reliably than PSA (25–27). Extensive multicenter research has shown that employing a PHI threshold of 24, could have prevented 36%–41% of needless biopsies and 17%-24% of overdiagnosed indolent cancers (28). Additionally, the PHI has been verified in Asian populations. According to the results of a multicenter study conducted in China, Na et al. revealed that using a PHI of ≤35 as the threshold would have resulted in the missed diagnosis of 8% of PCa in prostate biopsies and 4% of high-grade lesions (29). The efficacy of PHI was analyzed across many Asian populations in a multicenter study. Using PHI criteria of 25, 25-35, 35-55, and >55, higher-grade PCa (Gleason 7) was found to be diagnosed in 1.0%, 1.9%, 13%, and 30% of Asian males, respectively (30).

The success of PSAD encouraged several authors to assess the use of PHID, which was originally reported in 2014 by Mearini et al. (31). The comparison between PHID and PHI showed equivocal findings. In a large cohort of naïve biopsy patients in whom PHI and PHID were compared, PHI seemed to perform better than PHID, especially in those with small prostates (under 40 cc) (32). Additionally, Garrido et al., in a cohort of patients with tPSA less than 10 ng/ml, revealed that PHID had a better diagnostic performance than PHI for overall PCa detection, not specifically for csPCa (33). However, in contrast to these findings, Tosoian et al. observed a considerably higher AUC for PHID (0.84 vs. 0.76 for PHI) in csPCa, leading to future research investigating its value (34). More recently, Druskin et al. reported a higher AUC for PHID (0.82) versus PHI (0.79) in the diagnosis of csPCa on biopsy (35). Our results also showed that PHID performed better than PHI, with AUCs of 0.83 and 0.81, respectively. Finally, Chiu et al. found that combining PHI and prostate volume (as PHID) is an excellent indicator of csPCa with an AUC of 0.82. For csPCa, PHID was most effective in preventing unnecessary biopsies (43.7%), achieving 90% sensitivity, and missing the fewest cases (8.5%) when PHID was ≥0.67 (25).

However, these studies did not include prostate MRI, a crucial technology that is increasingly being used in PCa diagnosis. The American Urological Association (AUA) concurs that lesions discovered on prostate mpMRI with PI-RADS ≥3 should be biopsied immediately and that biopsy of PI-RADS 3 lesions should not typically be postponed (36). The PPV of prostate mpMRI, however, is not optimal. Vendrink et al. discovered that 17%, 34%, and 67% of patients with PI-RADS 3, 4, and 5 lesions were diagnosed with csPCa, respectively (37). Together, PHI and MRI have been shown to improve diagnostic performance, allowing doctors to forego needle biopsies while still detecting the presence of advanced PCa. Hsieh et al. demonstrated in a prospective Asian cohort study that if prostate biopsies were only conducted in individuals with PI-RADS ≥3 and PHI ≥30 and just 1 patient with csPCa was excluded, roughly half of these biopsies could be avoided (22). Druskin et al. showed in a study of 104 men that the PI-RADS scores were complimentary to PHID and that the great majority of csPCa patients were diagnosed with a PI-RADS score of 1 or 2, a PHID ≥0.44 or, if a PI-RADS score of 3, 4, or 5 (35). These data confirm our hypothesis that a unique nomogram based on PHID/PHI and multiparametric MRI might be a valuable tool for predicting csPCa.

To our knowledge, this is a novel feasible predictive nomogram model based on PHI and mpMRI for assessing the PHI and PI-RADS scoring systems as a method of avoiding needless needle biopsies and combating overdiagnosis. As a result, the integration of PHI and mpMRI shows potential for csPCa assessment prior to prostate biopsy, which might improve patient quality of life and save healthcare costs. In the current study, we created and internally verified a novel nomogram based on PHI and MRI, achieving excellent csPCa detection accuracy (AUC 0.882). In addition, when compared to the other examined models, the highest net advantage for csPCa detection was achieved with a substantial cutoff possibility. In addition, the net clinical benefit was 0.3206 based on the 50% likelihood threshold of what was projected to happen, indicating that the nomogram would increase the detection of csPCa by 32.06%, hence lowering the number of needless biopsies.

Our results must be evaluated against some constraints. First, over the past few years, csPCa has been defined in a variety of different ways, and there is still no universally agreed upon definition. Overall, the most recent criteria seem to favor a Gleason score of >6 (ISUP >1); hence, we utilized that to designate csPCa in our analysis (38). Second, the analysis was based on prostate biopsy pathology, which is a drawback of this study. Because some individuals in this group who were diagnosed with prostate cancer selected brachytherapy or radiotherapy, the postoperative pathology of prostate cancer could not be collected, and csPCa may have been underestimated. The pathological upgrading rates of systematic biopsy alone, targeted biopsy alone, and targeted biopsy paired with systematic biopsy were 16.8%, 8.2%, and 3.5%, respectively (39, 40). Furthermore, in our investigation, targeted biopsy was performed using cognitive registration, which may be less accurate than MR/US fusion systems.

In conclusion, our PHI- and mpMRI-based nomograms are good prediction tools that may enhance the identification of patients with csPCa while avoiding unnecessary biopsies as much as possible. However, further research is required to externally confirm this nomogram and enhance csPCa detection.



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 authors.



Ethics statement

The studies involving human participants were reviewed and approved by Medical Ethics Committee of Taizhou Hospital, Zhejiang Province, China, K20220838. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

LZ, Z-RZ, J-JW, and L-CM conceived and designed the study and drafted the manuscript. L-CM, X-JZ, H-HZ, and X-PH collected, analyzed, and interpreted the data. LZ, Z-RZ, and J-JW participated in revising the manuscript.



Funding

This work was supported by the National Natural Science Foundation of China (grant 82003231 to Dr. ZRZ), the Traditional Chinese Medicine Science and Technology Plan Project of Zhejiang Province (No. 2022ZB388), Scientific Research Fund of Taizhou Enze Medical Center (Group) (No. 15EZD36), and the Wenling Science and Technology Program (No. 2020S0040001, 2021S00081, and 2021S00088).



Conflict 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. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi: 10.3322/caac.21660

2. Liu, X, Yu, C, Bi, Y, and Zhang, ZJ. Trends and age-period-cohort effect on incidence and mortality of prostate cancer from 1990 to 2017 in China. Public Health (2019) 172:70–80. doi: 10.1016/j.puhe.2019.04.016

3. Litwin, MS, and Tan, HJ. The diagnosis and treatment of prostate cancer: A review. JAMA (2017) 317:2532–42. doi: 10.1001/jama.2017.7248

4. Stamey, TA, Yang, N, Hay, AR, McNeal, JE, Freiha, FS, and Redwine, E. Prostate-specific antigen as a serum marker for adenocarcinoma of the prostate. N Engl J Med (1987) 317:909–16. doi: 10.1056/NEJM198710083171501

5. Van Poppel, H, Hogenhout, R, Albers, P, van den Bergh, R, Barentsz, JO, and Roobol, MJ. Early detection of prostate cancer in 2020 and beyond: Facts and recommendations for the European union and the European commission. Eur Urol (2021) 79:327–9. doi: 10.1016/j.eururo.2020.12.010

6. Heijnsdijk, EA, Wever, EM, Auvinen, A, Hugosson, J, Ciatto, S, Nelen, V, et al. Quality-of-life effects of prostate-specific antigen screening. N Engl J Med (2012) 367:595–605. doi: 10.1056/NEJMoa1201637

7. Chen, H, Qian, Y, Wu, Y, Shi, B, Zhou, J, Qu, F, et al. Modified prostate health index density significantly improves clinically significant prostate cancer (csPCa) detection. Front Oncol (2022) 12:864111. doi: 10.3389/fonc.2022.864111

8. Foley, RW, Gorman, L, Sharifi, N, Murphy, K, Moore, H, Tuzova, AV, et al. Improving multivariable prostate cancer risk assessment using the prostate health index. BJU Int (2016) 117:409–17. doi: 10.1111/bju.13143

9. White, J, Shenoy, BV, Tutrone, RF, Karsh, LI, Saltzstein, DR, Harmon, WJ, et al. Clinical utility of the prostate health index (phi) for biopsy decision management in a large group urology practice setting. Prostate Cancer Prostatic Dis (2018) 21:78–84. doi: 10.1038/s41391-017-0008-7

10. Hendriks, RJ, van Oort, IM, and Schalken, JA. Blood-based and urinary prostate cancer biomarkers: a review and comparison of novel biomarkers for detection and treatment decisions. Prostate Cancer Prostatic Dis (2017) 20:12–9. doi: 10.1038/pcan.2016.59

11. Schoots, IG, Petrides, N, Giganti, F, Bokhorst, LP, Rannikko, A, Klotz, L, et al. Magnetic resonance imaging in active surveillance of prostate cancer: a systematic review. Eur Urol (2015) 67:627–36. doi: 10.1016/j.eururo.2014.10.050

12. Weinreb, JC, Barentsz, JO, Choyke, PL, Cornud, F, Haider, MA, Macura, KJ, et al. PI-RADS prostate imaging - reporting and data system: 2015, version 2. Eur Urol (2016) 69:16–40. doi: 10.1016/j.eururo.2015.08.052

13. Kum, F, Elhage, O, Maliyil, J, Wong, K, Faure Walker, N, Kulkarni, M, et al. Initial outcomes of local anaesthetic freehand transperineal prostate biopsies in the outpatient setting. BJU Int (2020) 125:244–52. doi: 10.1111/bju.14620

14. Kasivisvanathan, V, Rannikko, AS, Borghi, M, Panebianco, V, Mynderse, LA, Vaarala, MH, et al. MRI-Targeted or standard biopsy for prostate-cancer diagnosis. N Engl J Med (2018) 378:1767–77. doi: 10.1056/NEJMoa1801993

15. Mazzone, E, Stabile, A, Pellegrino, F, Basile, G, Cignoli, D, Cirulli, GO, et al. Positive predictive value of prostate imaging reporting and data system version 2 for the detection of clinically significant prostate cancer: A systematic review and meta-analysis. Eur Urol Oncol (2021) 4:697–713. doi: 10.1016/j.euo.2020.12.004

16. Ferro, M, Crocetto, F, Bruzzese, D, Imbriaco, M, Fusco, F, Longo, N, et al. Prostate health index and multiparametric MRI: Partners in crime fighting overdiagnosis and overtreatment in prostate cancer. Cancers (Basel) (2021) 13:4723. doi: 10.3390/cancers13184723

17. Stejskal, J, Adamcová, V, Záleský, M, Novák, V, Čapoun, O, Fiala, V, et al. The predictive value of the prostate health index vs. multiparametric magnetic resonance imaging for prostate cancer diagnosis in prostate biopsy. World J Urol (2021) 39:1889–95. doi: 10.1007/s00345-020-03397-4

18. Fan, YH, Pan, PH, Cheng, WM, Wang, HK, Shen, SH, Liu, HT, et al. The prostate health index aids multi-parametric MRI in diagnosing significant prostate cancer. Sci Rep (2021) 11:1286. doi: 10.1038/s41598-020-78428-6

19. Schwen, ZR, Mamawala, M, Tosoian, JJ, Druskin, SC, Ross, AE, Sokoll, LJ, et al. Prostate health index and multiparametric magnetic resonance imaging to predict prostate cancer grade reclassification in active surveillance. BJU Int (2020) 126:373–8. doi: 10.1111/bju.15101

20. Epstein, JI, Egevad, L, Amin, MB, Delahunt, B, Srigley, JR, and Humphrey, PA. The 2014 international society of urological pathology (ISUP) consensus conference on Gleason grading of prostatic carcinoma: Definition of grading patterns and proposal for a new grading system. Am J Surg Pathol (2016) 40:244–52. doi: 10.1097/PAS.0000000000000530

21. Mohler, JL, Antonarakis, ES, Armstrong, AJ, D'Amico, AV, Davis, BJ, Dorff, T, et al. Prostate cancer, version 2.2019, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2019) 17:479–505. doi: 10.6004/jnccn.2019.0023

22. Hsieh, PF, Li, WJ, Lin, WC, Chang, H, Chang, CH, Huang, CP, et al. Combining prostate health index and multiparametric magnetic resonance imaging in the diagnosis of clinically significant prostate cancer in an Asian population. World J Urol (2020) 38:1207–14. doi: 10.1007/s00345-019-02889-2

23. DeLong, ER, DeLong, DM, and Clarke-Pearson, DL. Comparing the areas under two or more correlated receiver operating characteristic curves: a nonparametric approach. Biometrics (1988) 44:837–45. doi: 10.2307/2531595

24. McDonald, ML, and Parsons, JK. The case for tailored prostate cancer screening: An NCCN perspective. J Natl Compr Canc Netw (2015) 13:1576–83. doi: 10.6004/jnccn.2015.0183

25. Chiu, ST, Cheng, YT, Pu, YS, Lu, YC, Hong, JH, Chung, SD, et al. Prostate health index density outperforms prostate health index in clinically significant prostate cancer detection. Front Oncol (2021) 11:772182. doi: 10.3389/fonc.2021.772182

26. Foj, L, and Filella, X. Development and internal validation of a novel PHI-nomogram to identify aggressive prostate cancer. Clin Chim Acta (2020) 501:174–8. doi: 10.1016/j.cca.2019.10.039

27. Catalona, WJ, Partin, AW, Sanda, MG, Wei, JT, Klee, GG, Bangma, CH, et al. A multicenter study of [-2]pro-prostate specific antigen combined with prostate specific antigen and free prostate specific antigen for prostate cancer detection in the 2.0 to 10.0 ng/ml prostate specific antigen range. J Urol (2011) 185:1650–5. doi: 10.1016/j.juro.2010.12.032

28. de la Calle, C, Patil, D, Wei, JT, Scherr, DS, Sokoll, L, Chan, DW, et al. Multicenter evaluation of the prostate health index to detect aggressive prostate cancer in biopsy naïve men. J Urol (2015) 194:65–72. doi: 10.1016/j.juro.2015.01.091

29. Na, R, Ye, D, Qi, J, Liu, F, Helfand, BT, Brendler, CB, et al. Prostate health index significantly reduced unnecessary prostate biopsies in patients with PSA 2-10 ng/mL and PSA >10 ng/mL: Results from a multicenter study in China. Prostate (2017) 77:1221–9. doi: 10.1002/pros.23382

30. Chiu, PK, Ng, CF, Semjonow, A, Zhu, Y, Vincendeau, S, Houlgatte, A, et al. A multicentre evaluation of the role of the prostate health index (PHI) in regions with differing prevalence of prostate cancer: Adjustment of PHI reference ranges is needed for European and Asian settings. Eur Urol (2019) 75:558–61. doi: 10.1016/j.eururo.2018.10.047

31. Mearini, L, Ferri, C, Lazzeri, M, Bini, V, Nunzi, E, Fiorini, D, et al. Evaluation of prostate-specific antigen isoform p2PSA and its derivates, %p2PSA, prostate health index and prostate dimension-adjusted related index in the detection of prostate cancer at first biopsy: an exploratory, prospective study. Urol Int (2014) 93:135–45. doi: 10.1159/000356240

32. Peters, R, Stephan, C, Jung, K, Lein, M, Friedersdorff, F, and Maxeiner, A. Comparison of PHI and PHI density for prostate cancer detection in a Large retrospective Caucasian cohort. Urol Int (2022) 106:878–83. doi: 10.1159/000517891

33. Garrido, MM, Ribeiro, RM, Pinheiro, LC, Holdenrieder, S, and Guimarães, JT. The prostate health index (PHI) density: Are there advantages over PHI or over the prostate-specific antigen density. Clin Chim Acta (2021) 520:133–8. doi: 10.1016/j.cca.2021.06.006

34. Tosoian, JJ, Druskin, SC, Andreas, D, Mullane, P, Chappidi, M, Joo, S, et al. Prostate health index density improves detection of clinically significant prostate cancer. BJU Int (2017) 120:793–8. doi: 10.1111/bju.13762

35. Druskin, SC, Tosoian, JJ, Young, A, Collica, S, Srivastava, A, Ghabili, K, et al. Combining prostate health index density, magnetic resonance imaging and prior negative biopsy status to improve the detection of clinically significant prostate cancer. BJU Int (2018) 121:619–26. doi: 10.1111/bju.14098

36. Rosenkrantz, AB, Verma, S, Choyke, P, Eberhardt, SC, Eggener, SE, Gaitonde, K, et al. Prostate magnetic resonance imaging and magnetic resonance imaging targeted biopsy in patients with a prior negative biopsy: A consensus statement by AUA and SAR. J Urol (2016) 196:1613–8. doi: 10.1016/j.juro.2016.06.079

37. Heidegger, I, Klocker, H, Pichler, R, Pircher, A, Prokop, W, Steiner, E, et al. ProPSA and the prostate health index as predictive markers for aggressiveness in low-risk prostate cancer-results from an international multicenter study. Prostate Cancer Prostatic Dis (2017) 20:271–5. doi: 10.1038/pcan.2017.3

38. Matoso, A, and Epstein, JI. Defining clinically significant prostate cancer on the basis of pathological findings. Histopathology (2019) 74:135–45. doi: 10.1111/his.13712

39. Bittner, N, Merrick, G, Taira, A, Bennett, A, Schattel, A, Butler, W, et al. Location and grade of prostate cancer diagnosed by transperineal template-guided mapping biopsy after negative transrectal ultrasound-guided biopsy. Am J Clin Oncol (2018) 41:723–9. doi: 10.1097/COC.0000000000000352

40. Ahdoot, M, Wilbur, AR, Reese, SE, Lebastchi, AH, Mehralivand, S, Gomella, PT, et al. MRI-Targeted, systematic, and combined biopsy for prostate cancer diagnosis. N Engl J Med (2020) 382:917–28. doi: 10.1056/NEJMoa1910038



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Mo, Zhang, Zheng, Huang, Wang, Zhou and Zheng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-1068893-g004.jpg
Actual Probability
00 02 04 06 0.8

1.0

0.0 0.2

0.4

Apparent
—— Bilas—corrected
---- |deal

0.6 0.8 1.0

Predicted Probability{csPCa=1}

B= 1000 repetitions, boot

Mean absolute error=0.016 n=315





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development of a novel nomogram for predicting clinically significant prostate cancer with the prostate health index and multiparametric MRI

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Biomarker measurement

          



          		

            Multiparametric MRI

          



          		

            Biopsy protocol

          



          		

            Histology

          



          		

            Ethics approval

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical characteristics of the study cohort

          



          		

            Correlation between PHID and PI-RADS score

          



          		

            Nomogram development and internal validation for predicting csPCa

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-1068893-g002.jpg
PHID

25

20

Distribution of PHID and MRI PI-RADS V2 score

P = 0.0068
P < 0.0001
P = 0.0344
P = 0.0003 I
P < 0.0001 .
P = 0.0003" |

MRI PI-RADS V2 score

No csPCa
csPCa
O Mean
— [Vledian





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
No cs¥'Ca abla

Studied Variables (n=157) (1=158)  Palie AUC(95%CI) Cutoff Sensitivity Specificty
Age (median 1QR).years 000,30 0065070 0M7  0S504B06) @5 031 00
MRI PLRADS (%) 0001 07507008 3 08 02

' 967 106

2 72059 2039

3 79 0016

1 059) 5229

s 109 3209
Prosae volume (median [IQR). mL. 45,11 [3028.7198] 3264 (3371, 4046] <0001 09063079 1766 038 003
PSA (median 1QR]). g S70[519.0406 1091 72821221 0001 063057069 1757 on o087
PSA (median (1QR)). g 208213 120084252 01 05204605) 202 oy 075
P26 (mdian 1QR) peinl. 814552680 461692708 0001 071066077 3526 o6 066
IPSA (median (1QR) 158501075,2206 16687215210 <0001 067061073 5003 002 '
<p2PSA (median (1QR)) 1958(1269,2867) DR (2AAM] 001 07106507 229 076 062
PHI (median (1QR) SS7903829,8016] 10020 (782315605 <0001 031075085 7777 076 073
PSAD (median (IQRD) ngmUml. 0181011,029)  034[021,075] <000 074(065079) 026 065 on
HID (modian 1QR)) L30772000 3361200.525] <0001 08307089 236 00 08
PLRADS + volume 001 030075085) o8t on
PLRADS PHI 0001 085081:089) 079 o081
PLRADS + volume+PHI w0001 087084091 o8t o2
PLRADS volume +PHI+ 1PSA 0001 085(085.092) 08 o8

The AUC ofthe matching ROC curvewith he 5% conidence nteval (C1) i proidod fr escharil. Acconding 0 the Youden ndes masimization,the st threshld for the disgoss
o PCa s provided with the achievd ensivity andspcificity, Cases re deind s ndividus it valscqul o or more than the threshld, it thecxception f prostte volume, whih
s th nvcrsc. PLRADS, rostte Imaging Reporting nd Dt Systn: (P, tral prostate spcic atigens pPSA, |- 2JproPSA; SIPSAfce PS Aol PSASGp2PSA, 2P PSA;PHL,
batsie healih Indes FAD, PRA denstty: N A/oatane husses PHID, BHY deiebit, PHIMPrastase volamne: ATIC. arek wader onfves INOC. secciver dpesating assetedotc:






OEBPS/Images/fonc.2022.1068893_cover.jpg
& frontiers | Frontiers in Marine Science

Development of a novel
nomogram for predicting
clinically significant prostate
cancer with the prostate health
index and multiparametric MRI





OEBPS/Images/table3.jpg
Predictor Odds Ratio  95% CI.  coefficient

MRI PI-RADS 6.50 3.43-12.33 1.87
Prostate volume 0.42 0.27-0.63 -0.88
PHI 4.59 2.83-7.44 1.52
fPSA 123 1.04-1.46 0.21

P value

<0.0001
<0.0001
<0.0001

0.0164

PI-RADS, Prostate Imaging Reporting and Data System; csPCa, clinically significant

prostate cancer; PHI, prostate health index.





OEBPS/Images/fonc-12-1068893-g003.jpg
Points e )
2 4
MRI PI-RADS —
1 ] 53
fPSA, ng/mL T T T T T
0 5 10 20 30

Prostate volume, mL —Tr— T T T T T T T T 7 T

240 200 160 120 80 40 0

0 50 100 150 200 250 300 350 400 450 500 550 600

0 20 40 60 80 100 120 140 160 180
csPCa probability e B e LB B ma e m—

001 00501 030507 09095 099 0999





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1068893-g001.jpg
531 Men underwent prostate biopsies

481 were enrolled and underwent

transperineal ultrasound-guided cognitive

404 were eligible for data analysis

315 were included in the final study cohort

50 patients were not eligible for MRIs.

77 were excluded owing
To acute bacterial prostatitis,
urinary tract infections or

previous treatment

89 patients were excluded since

they weren't tested for PHI






OEBPS/Images/fonc-12-1068893-g005.jpg
Net Benefit

0.2 0.3 04 0.5

0.0 0.1

All

0.0

0.2

04 0.6
High Risk Threshold

0.8

1.0





OEBPS/Images/table1.jpg
Parameter

Age (median (1QR)), years
MRI PLRADS (%)
1

2
3
'
5
Prostate volume (medisn (1QRI). miL.
(PSA (median [1QR)), ng/mL.
(PSA (median (1QR)), ng/mL.
p2PSA (median (1QR)) py/mL.
PSA (median (1R)
“p2PSA (median (1QR])
PHI (median [1QR))
PSAD (median (1QR), ng/mnm.
PHID (median (IQR))

PLRADS, Prosse Imaging Reporing and Daa System: A, totl prosste spocfic amigens 2954,

Overall
(n =315)

6900 (6100, 7300]

1062)
9199
97 09
77 Qi)
B
3601 (2663, 5638
997 609, 1651]
L2 085, 231)
3606 2131, 57.14]
1336 (92, 1922)
2502 (1634, 3530]
7840 5233, 18.11]
021 (015,051
209 [103,33]

Negative biopsy
(n=121)

6800 (6100, 73.00)

566
s767.)
3608
17040)
3es)
5040 (2235, 7363]
866 (503, 1426)
143 089, 23]
2476 (1304, 1030]
1590 (1075,2272)
1733 1231, 2610)
5322 (3586, 7663]
017 010,025)
101070,179]

neakh indes PSAD, PSA densicy, PSA/Prostate volamses PHID, PHI densicy, PHYProstate vohue,

G
(n=194)

6900 (6500, 7300)

200
37 91)
6161
0 (09)
3075

3294 (2436, 1308]

1071 (704, 1897)
139 (084, 2:3]
4268 (2666, 671)
1201 (204, 1673)
2823 (2098, 3905]
9699 (70.12, 15043]
029 (019, 066)
291 (185, 480]

Palue

ons
<00

<won
oom

o015
w00
<00m
<w0m
w0
w0
<0m

2JproPSA: SPSAiee PSAional PSAR2PSA. SN PSA; PHI, prost





