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Background

MRI-guided fusion biopsy is increasingly utilized over systematic 12-core biopsy for men with MRI-visible prostate lesions.



Patients and Methods

Patients with MRI visible lesions who underwent MRI-guided fusion and systematic 12-core biopsy from 2016-2020 in the Intermountain Healthcare (IHC) system were consecutively analyzed. This was in the setting of a continuous quality assurance initiative among the reading radiologists. Primary outcome was prostate cancer (PCa) detection defined by Gleason grade group (GGG) 1 or higher. Clinically significant cancer (CSC) was defined as GGG 2 or higher. Patients were stratified by biopsy date, 2016-2017 and 2018-2021, and lesions were stratified by PI-RADS v2 category.



Results

A total of 184 patients with 324 MRI-detectable lesions underwent both biopsy modalities in the IHC system from 2016 to 2021. CSC was detected in 23.5% of MRI-guided fusion biopsies. Comparing PI-RAD v2 categories 1-3 to categories 4-5, rate of CSC was 10% and 42% respectively. MRI-guided fusion and systematic 12-core biopsies were concordant for PCa in 77% of men and CSC in 83%. MRI-guided fusion biopsy detected PCa in 26/103 and CSC in 20/131 men in whom systematic 12-core biopsy was negative. Systematic 12-core biopsy detected PCa in 17/94 and CSC in 11/122 men in whom MRI-guided fusion was negative.



Conclusions

Omitting MRI-guided fusion or systematic 12-core biopsy would have resulted in underdiagnosis of CSC in 11% or 6% of patients respectively. Combining biopsies increased detection rate of CSC. This was in the setting of a continuous quality assurance program at a large community-based hospital.
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Introduction

Prostate cancer (PCa) is the most commonly diagnosed cancer in men globally with 191,930 new cases in the United States in 2020 and an estimate of 3,170,339 men living with prostate cancer in 2017 (1, 2). However, the management and outcomes of patients with PCa vary widely by risk group (3, 4). After publication of the prostate, lung, colorectal, and ovarian (PLCO) (5) and European Randomized Study of Screening for Prostate Cancer (ERSPC) (6) trials, which showed a questionable benefit for PSA screening and a high risk of overdiagnosis, the United States Preventative Services Task Force (USPSTF) has recommended against population based PCa screening (7). This has raised awareness of the importance of active surveillance for National Comprehensive Cancer Network (NCCN) low-risk PCa. This is defined as PCa with Gleason grade group (GGG) 1, prostate specific antigen (PSA) <10, and clinical stage <T2b (4). In addition, this highlights the need to differentiate between NCCN low-risk prostate cancer and clinically significant prostate cancer defined as GGG ≥2. Independent of NCCN risk grouping Gleason score has been shown to have prognostic value. Tumors with higher Gleason scores have a tendency to metastasize to areas outside of the prostate, leading to a poor clinical course and survival rate (8). Given the impact of Gleason score on treatment options and patient outcomes accurate tissue evaluation is an imperative part of the workup of PCa (9).

The USPSTF recommends trans-rectal ultrasonography (TRUS)-guided systematic 12-core biopsy to diagnose PCa (7). This procedure involves using ultrasound as a guide while taking 12 biopsies from 6 areas in the prostate. 12-core biopsies are systematic but can have limited sampling of the anterior gland. Developed to improve the accuracy of systematic 12-core biopsy, MRI-guided fusion biopsy utilizes MRI/US to visualize suspicious lesions within the gland and facilitates targeted biopsy (10, 11). Prostate Imaging - Reporting and Data System (PI-RADS) is a standardized guide to interpret prostate MRIs. PI-RADS provides assessment categories and establishes levels of risk and suspicion for clinically significant prostate cancer (CSC) with PI-RADS score 4 and 5 representing high risk for CSC (12).

Recent studies support improved CSC detection rate with MRI-guided fusion biopsies compared to traditional 12-core biopsy approach. However, some data argues against completely replacing systematic 12-core biopsies. A recent analysis found that MRI-guided fusion biopsies alone misclassified up to 8.8% of CSCs and that pathology on radical prostatectomy (RP) was least likely to result in a upgrade in patients who underwent both forms of biopsy (13). Until now the preponderance of data on the question of MRI-guided fusion vs systematic 12-core biopsy has been from academic centers with patients on clinical trials. Therefore we set out to evaluate the performance of MRI-guided fusion and systematic 12-core biopsy in a continuous prospectively selected cohort at a large community-based hospital in the setting of an ongoing quality improvement initiative.



Methods


Study Population

Data for patients undergoing prostate MRI and MRI-guided fusion biopsy for the workup of a newly diagnosed prostate cancer in the Intermountain Healthcare system was collected. Data from 2016-2021 consisting of 184 consecutive patients with 324 identifiable and PI-RADS graded lesions were collected. All patients undergoing MRI-guided fusion biopsy during this time period also underwent systematic 12-core biopsy. Therefore, any patient who had was deemed by his treating physician to require MRI-guided biopsy was included in this study. There were no specific exclusion criteria, however patients with contraindications to MRI, such as medical implants would not have been included. Institutional review board approval was obtained for this study. Patient demographics and pre-biopsy PSA level, number of MRI lesions, and PI-RADS score per lesion were noted, as were final pathology for standard and targeted biopsies.



Imaging

MRIs were reviewed by 3 fellowship trained genitourinary radiologists with more than 10 years of experience in reviewing prostate MRI. All MRIs were performed in compliance with imaging recommendations from the with ACR PI-RADS manual (version 1.0, then updated to version 2.1 2019).

MR lesions were scored using the scoring system from the PI-RADS manual. Before MRI-guided fusion biopsy, radiologists segmented the prostate gland and drew regions of interest for any identified lesions using the DynaCAD (Philips) software.



Biopsy Protocol

All prostate biopsies were performed by a urologist with expertise in the technique of MRI-guided fusion biopsy. Fusion of MRI and US images were performed using the DynaCAD (Phillips) software. First, two or three biopsies were performed in each region of interest identified on MRI imaging. All MRI identified lesions were targeted regardless of PI-RADS score. Next, 12-core sextant biopsies were performed. The prostate was divided into six sextants and two biopsies were performed from each sextant. The sextants were defined as the base, mid, and apex of the prostate bilaterally.



Quality Assurance

Patients with discordant MRI and MRI-guided fusion biopsy results were identified. Radiologists reviewed imaging and pathology of these instances. Discrepancies were defined as PI-RADS 4-5 lesions with negative MRI-guided fusion biopsy results (false positive MRI), or patients with PI-RADS 1-2 lesions and MRI-guided fusion biopsy results positive for cancer (false negative MRI). Discordant cases underwent joint review and were discussed by the 3 radiologists.



Prostatectomy Cohort

Patients diagnosed with prostate cancer were offered various treatments, including active surveillance, prostatectomy, external beam radiation and brachytherapy. For patients who underwent RP, the surgical pathology was correlated with biopsy findings. Patients with an interval of greater than one year from biopsy to prostatectomy were excluded from this analysis



Data Analysis

Patient data were retrospectively transferred from the electronic medical record into a REDcap online database. Reports were generated from REDcap containing patients MRI results and corresponding pathology from both MRI-guided fusion and systematic 12-core biopsy. Data was evaluated for sensitivity and specificity of MRI-guided fusion and systematic 12-core biopsy for any PCa and CSC as well as the positive predictive value for MRI identified lesions stratified by PI-RADS score.




Results

A total of 184 men with 324 MRI-detectable lesions underwent both MRI-guided fusion and systematic 12-core biopsies in the IHC system from 2016 to 2021. The mean number of targetable lesions was 1.8 (range 1-4). In total 14% of identified lesions were PI-RADS 5, 27% PI-RADS 4, 33% PI-RADS 3, 22% PI-RADS 2 and 3% PI-RADS 1. Comparing MRIs performed 2015-2017 to those performed in 2018 and beyond, the proportion of high-grade lesions (PI-RADS 4-5) was significantly higher in the later cohort (28% vs 56%). PI-RADS 1-2 lesions were noted to be unlikely to correlate with CSC and as part of multidisciplinary quality improvement program oversight, the number of PI-RADS 1-2 lesions noted on prostate MRIs decreased dramatically from 2015-2017 compared to 2018-present (39% vs 11%). Further, highest PI-RADS score ≤2 occurred in 22/86 (26%) patients from 2015-2017 compared to 3/98 (3%) patients from 2018-present. Of 25 patients without PI-RADS lesions >2, only 2 (8%) had CSC (Table 1).


Table 1 | Occurrence of any prostate cancer and clinically significant prostate cancer in MRI-fusion guided biopsy targets stratified by PI-RADS score and year of biopsy.



Any PCa was detected in 35.2% (114/324) and CSC was detected in 23.5% (76/324) of all MRI-guided fusion biopsy targets. The proportion of fusion biopsy targets positive for CSC was similar across the years of the study period (22.0% pre-2018 vs 24.7% 2018-2021). Comparing PI-RADS categories 1-3 to PI-RADS categories 4-5 lesions, the PPV for detecting any PCa was 22.3% (42/188) compared to 52.9% (72/136) respectively. For CSC, the PPV for PI-RADS categories 1-3 and PI-RADS categories 4-5 lesions was 10.1% (19/188) and 41.9% (57/136) respectively.

MRI-guided fusion and systematic 12-core biopsies were concordant for any PCa in 77% of men (141/184) and CSC in 83% (153/184). MRI-guided fusion biopsy detected any PCa in 26/103 (25%) and CSC in 20/131 (15%) of men in whom systematic 12-core biopsy was negative. Systematic 12-core biopsy detected any PCa in 17/94 (18%) and CSC in 11/122 (9%) of men in whom MRI-guided fusion biopsy was negative. In total, 20 patients (11%) had a CSC that would have been missed if MRI-guided fusion biopsy was omitted while 11 (6%) had a CSC that would have been missed without systematic 12-core biopsy.

A total of 40 patients in our cohort ultimately went on receive RP. Six of these were excluded from analysis due to an interval of longer than 1 year from biopsy to prostatectomy leaving 34 patients for analysis. Of these 34 patients, 17 (50%) had no change in GGG between MRI-guided fusion biopsy and prostatectomy specimen, 10 (29%) had their GGG upgraded, and 7 (21%) had their GGG downgraded. Of these, six had an upgrade from non-significant to CSC in the prostatectomy specimen, but none were downgraded from CSC (Figure 1A). For systematic 12-core biopsies, 18 (53%) had no change in GGG, 12 (35%) had their GGG upgraded, and 4 (12%) had their GGG downgraded. Of these, 10 had their pathology upgraded to CSC in the prostatectomy specimen and none had their pathology downgraded to clinically insignificant (Figure 1B). When considering a combined biopsy approach using the highest Gleason score form either technique, RP resulted in consistent pathology in 20/34 (59%) patients, downgrading GGG in 8 (24%) and upgrading in 6 (18%). Of these, 3 (9%) were upgraded to CSC in the prostatectomy specimen while none were downgraded (Figure 1C).




Figure 1 | Concordance of highest Gleason score on biopsy with Gleason score reported on prostatectomy specimens. Data are reported for MRI-fusion guided biopsy (A), systematic 12-core biopsy (B) and a combined biopsy approach (C).



In total, 285/324 (88%) lesions had a recorded lesion diameter on MRI. The median lesion size was 1.35 cm. Of 138 lesions greater than the median, 53 (38.4%) contains any PCa and 38 (27.5%) contained CSC. Of 147 lesions with diameter less than the median, 50 (34.0%) contained any PCa and 32 (21.8%) contained CSC. Among patients with PI-RADS score 4 or 5 lesions, patients with tumor sizes greater than the mean had similar CSC detection rates to patients with smaller lesions, 33/73 (45%) versus 27/68 (40%).



Discussion

The accurate pathological diagnosis of prostate cancer, and especially clinically significant lesions, remains essential to facilitate appropriate treatment (14–16). Siddiqui et al. found that MRI-guided fusion biopsies preferentially detected high GGG tumors and mitigated the detection of clinically insignificant cancers, a finding which has since been supported by two systematic reviews (17–19). Rastinehad et al. also noted that MRI-guided fusion biopsies are more likely to upgrade GGG 1 lesions detected on systematic 12-core biopsy to GGG 2 or higher (20). Another study randomized patients to MRI-guided fusion biopsy versus systematic 12-core biopsy and found no difference in CSC detection rate but concluded that MRI-guided fusion biopsy was less invasive and could replace systematic 12-core biopsies (21). Additionally, there is evidence supporting the possible superiority of fusion biopsy in the detection of anterior cancer which are often clinically significant (22). However, optimal utilization of systematic 12-core biopsy and MRI-guided fusion biopsy remains an unanswered question and an active area of investigation (12–17). Herein, we attempt to further that literature from the novel of a large community cancer program. Our data are in the setting of a continuous quality improvement protocol which has previously been hypothesized to improve histological data and quality of care (23).

Our experience shows that a combined biopsy approach increases the detection of CSC. This is consistent with the findings of Ahdoot et al (13), and contrary to some earlier studies, supports a continued role for systematic 12-core biopsies (20, 21). Additionally, in patients who underwent RP a combined biopsy approach increased pathologic concordance. Patients with GGG ≤2 had less than half the chance of upgrade to CSC on surgical pathology with both MRI-guided fusion and systematic 12-core biopsy than either alone. This should help mitigate concerns of underdiagnosis of higher Gleason grade prostate cancer. Novel commercially available clinical-genomic tests four kallikrein panel algorithm (4Kpanel), Oncotype DX, Prolaris, and Decipher can also aid decision making for clinicians. For example, these tests have been shown to reclassify men with NCCN low-risk PCa at greater risk for development of metastatic disease (24, 25), identify men with NCCN high-risk PCa who may be candidates for active surveillance (26), and increase confidence for community providers to recommend active surveillance (27). In the future it is possible these tests may help personalize biopsy decisions for many patients. Specifically with the 4Kpanel multiple studies have shown that this test in conjunction with MRI may help reduce unnecessary biopsies (28, 29).

Our experience from a large community-based practice adds to existing literature from clinical trials (17, 21) and academic medical centers (11, 13, 17). With the majority of patients receiving treatment at a community-based practice, our results may be more broadly applicable than existing data. Further, earlier work has described the reproducibility of MRI-guided fusion biopsy results as a potential limitation given concern of technical expertise required in the community setting (13). Our results may help alleviate some of these concerns.

A continuous quality assurance protocol was utilized in which radiologists reviewed discordant MRIs. This process appeared to impact MRI interpretation with fewer low-risk lesions identified and fewer benign lesions biopsied over time. This is clinically meaningful, likely resulting in reduction in toxicity (30), healthcare costs (31), and detection of non-CSC (32) while maintaining sensitivity for CSC.

Lastly, we evaluated the interaction between radiographic target lesion size and likelihood of CSC on biopsy. We found that larger targets were slightly more likely to contain CSC, a finding which appeared to be largely constrained to high PI-RADS score lesions. Maximum tumor diameter in prostate cancer has been an area of recent interest in prostate cancer with studies showing unfavorable outcomes with large tumors (33) as well as recent studies applying increased radiation dose to the dominant nodule (34). While we are not able to evaluate outcomes based on tumor size, our data adds further evidence that larger tumors are more likely to be associated with clinically significant disease.

Our study also has several limitations. MRI-targeted biopsies were performed prior to systematic biopsies leading to the possibility MRI-guided fusion biopsy could influence systematic 12-core biopsy results. Further, there were multiple PI-RADS versions over the course of the study period which may influence results. Our study was also limited to patients with MRI-visible target lesions. Additionally, we are unable to compare the various types of MRI guided biopsy. Various studies have examined the benefits of visual-registration, software assisted registration and in-bore MRI, and have demonstrated some meaningful differences, such as a higher percentage of per-core malignant cells with in-bore techniques (35). However, there remains no consensus on the optimal technique and further work is required to elucidate this (36). RP was not performed in all the patients, which creates the possibility of selection bias in the prostatectomy cohort. Finally, we did not track cancer outcomes and are unable to comment on the impact of factors such as tumor size on survival or disease progression.



Conclusion

Among patients with MRI-visible prostate lesions, the addition of MRI-guided fusion biopsy to systematic 12-core biopsy increased the detection of CSC. Omission of either biopsy type would have resulted in the underdiagnosis of CSC. Furthermore, among the patients who underwent RP, combined biopsy decreased the rate of upstaging at time of surgery. These findings were in the setting of a continuous quality assurance protocol, which decreased the rate of non-CSC biopsy results. Data contributes the largest experience for MRI-guided fusion biopsies from a community-based oncology setting and support combined utilization of MRI-guided fusion and systematic 12-core biopsies at academic and community-based cancer centers.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author Contributions

All authors provided substantial contributions to the conception, research, writing and editing of this manuscript, and all authors have approved the final manuscript for submission.



References

1. Pernar, CH, Ebot, EM, Wilson, KM, and Mucci, LA. The Epidemiology of Prostate Cancer. Cold Spring Harb Perspect Med (2018) 8(12):1–2. doi: 10.1101/cshperspect.a030361

2. Surveilance, E, and End Results Program. Cancer Stat Facts. In: Prostate Cancer. Bethesda, Maryland, USA: National Cancer Institute (2021). Available at: https://seer.cancer.gov/statfacts/html/prost.html.

3. Grimm, P, Billiet, I, Bostwick, D, Dicker, AP, Frank, S, Immerzeel, J, et al. Comparative Analysis of Prostate-Specific Antigen Free Survival Outcomes for Patients With Low, Intermediate and High Risk Prostate Cancer Treatment by Radical Therapy. Results From the Prostate Cancer Results Study Group. BJU Int (2012) 109(Suppl 1):22–9. doi: 10.1111/j.1464-410X.2011.10827.x

4. 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(5):479–505. doi: 10.6004/jnccn.2019.0023

5. Andriole, GL, Crawford, ED, Grubb, RL 3rd, Buys, SB, Chia, D, Church, TR, et al. Mortality Results From a Randomized Prostate-Cancer Screening Trial. N Engl J Med (2009) 360(13):1310–9. doi: 10.1056/NEJMoa0810696

6. Schroder, FH, Hugosson, J, Roobol, MJ, Tammela, TLJ, Ciatto, S, Nelen, V, et al. Screening and Prostate-Cancer Mortality in a Randomized European Study. N Engl J Med (2009) 360(13):1320–8. doi: 10.1056/NEJMoa0810084

7. US Preventative Services Task Force 
, Grossman, DC, Curry, SJ, Bibbins-Domingo, K, Caughey, AB, Davidson, KW, et al. Screening for Prostate Cancer: US Preventive Services Task Force Recommendation Statement. JAMA (2018) 319(18):1901–13. doi: 10.1001/jama.2018.3710

8. Marshall, CH, Fu, W, Wang, H, Baras, AS, Lotan, TL, and Antonarakis, ES. Prevalence of DNA Repair Gene Mutations in Localized Prostate Cancer According to Clinical and Pathologic Features: Association of Gleason Score and Tumor Stage. Prostate Cancer Prostatic Dis (2019) 22(1):59–65. doi: 10.1038/s41391-018-0086-1

9. Sehn, JK. Prostate Cancer Pathology: Recent Updates and Controversies. Mo Med (2018) 115(2):151–5.

10. Pokorny, M, Kua, B, Esler, R, Yaxley, J, Samaratunga, H, Dunglison, N, et al. MRI-Guided in-Bore Biopsy for Prostate Cancer: What Does the Evidence Say? A Case Series of 554 Patients and a Review of the Current Literature. World J Urol (2019) 37(7):1263–79. doi: 10.1007/s00345-018-2497-y

11. Del Monte, M, Leonardo, C, Salvo, V, Grompone, MD, Pecoraro, M, Stanzione,  , et al. MRI/US Fusion-Guided Biopsy: Performing Exclusively Targeted Biopsies for the Early Detection of Prostate Cancer. Radiol Med (2018) 123(3):227–34. doi: 10.1007/s11547-017-0825-8

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(1):16–40. doi: 10.1016/j.eururo.2015.08.052

13. 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(10):917–28. doi: 10.1056/NEJMoa1910038

14. Narayan, V, Jiang, S, and Warlick, CA. Early Stage Cancer in Older Adults: Prostate-Avoiding Overtreatment and Undertreatment. Cancer J (2017) 23(4):238–41. doi: 10.1097/PPO.0000000000000273

15. Matoso, A, and Epstein, JI. Defining Clinically Significant Prostate Cancer on the Basis of Pathological Findings. Histopathology (2019) 74(1):135–45. doi: 10.1111/his.13712

16. Silberstein, JL, Pal, SK, Lewis, B, and Sartor, O. Current Clinical Challenges in Prostate Cancer. Transl Androl Urol (2013) 2(3):122–36. doi: 10.3978/j.issn.2223-4683.2013.09.03

17. Siddiqui, MM, Rais-Bahrami, S, Truong, H, Stamatakis, L, Vourganti, S, Nix, J, et al. Magnetic Resonance Imaging/Ultrasound-Fusion Biopsy Significantly Upgrades Prostate Cancer Versus Systematic 12-Core Transrectal Ultrasound Biopsy. Eur Urol (2013) 64(5):713–9. doi: 10.1016/j.eururo.2013.05.059

18. Schoots, IG, Roobol, MJ, Nieboer, D, Bangma, CH, Steyerberg, EW, and Hunink, MG. Magnetic Resonance Imaging-Targeted Biopsy may Enhance the Diagnostic Accuracy of Significant Prostate Cancer Detection Compared to Standard Transrectal Ultrasound-Guided Biopsy: A Systematic Review and Meta-Analysis. Eur Urol (2015) 68(3):438–50. doi: 10.1016/j.eururo.2014.11.037

19. Drost, FH, Osses, DF, Nieboer, D, Steyerberg, EW, Bangma, CH, Roobol, MJ, et al. With or Without MRI-Targeted Biopsy, and Systematic Biopsy for Detecting Prostate Cancer. Cochrane Database Syst Rev (2019) 4:CD012663. doi: 10.1002/14651858.CD012663.pub2

20. Rastinehad, AR, Turkbey, B, Salami, SS, Yaskiv, O, George, AK, Fakhoury, M, et al. Improving Detection of Clinically Significant Prostate Cancer: Magnetic Resonance Imaging/Transrectal Ultrasound Fusion Guided Prostate Biopsy. J Urol (2014) 191(6):1749–54. doi: 10.1016/j.juro.2013.12.007

21. Baco, E, Rud, E, Eri, LM, Moen, G, Vlatkovic, L, Svinland, A, et al. A Randomized Controlled Trial To Assess and Compare the Outcomes of Two-Core Prostate Biopsy Guided by Fused Magnetic Resonance and Transrectal Ultrasound Images and Traditional 12-Core Systematic Biopsy. Eur Urol (2016) 69(1):149–56. doi: 10.1016/j.eururo.2015.03.041

22. Porreca, A, Bianchi, FM, Salvaggio, A, D’Agostino, D, Del Rosso, A, Romagnoli, D, et al. Prognostic Performance of Magnetic Resonance Imaging-Guided Biopsy in Defining Prostate Cancer Anterior Lesions. World J Urol (2021) 39(5):1473–9. doi: 10.1007/s00345-020-03335-4

23. Aminsharifi, A, Gupta, RT, Huang, J, and Polascik, TJ. Three-Dimensional Localization and Targeting of Prostate Cancer Foci With Imaging and Histopathologic Correlation: Establishing a Multidisciplinary Team for Quality Improvement. Curr Opin Urol (2018) 28(6):506–11. doi: 10.1097/MOU.0000000000000554

24. Spratt, DE, Zhang, J, Santiago-Jiménez, M, Dess, RT, Davis, JW, Den, RB, et al. Development and Validation of a Novel Integrated Clinical-Genomic Risk Group Classification for Localized Prostate Cancer. J Clin Oncol (2018) 36(6):581. doi: 10.1200/JCO.2017.74.2940

25. Parekh, DJ, Punnen, S, Sjoberg, DD, Asroff, SW, Bailen, JL, Cochran, JS, et al. A Multi-Institutional Prospective Trial in the USA Confirms That the 4Kscore Accurately Identifies Men With High-Grade Prostate Cancer. Eur Urol (2015) 68(3):464–70. doi: 10.1016/j.eururo.2014.10.021

26. Tward, JD, Schlomm, T, Bardot, S, Canter, DJ, Scroggins, T, Freedland, SJ, et al. Personalizing Localized Prostate Cancer: Validation of a Combined Clinical Cell-Cycle Risk (CCR) Score Threshold for Prognosticating Benefit From Multimodality Therapy. Clin Genitourinary Cancer (2021) 19(4):296–304. doi: 10.1016/j.clgc.2021.01.003

27. Dall’Era, MA, Maddala, T, Polychronopoulos, L, Gallagher, JR, Febbo, PG, and Denes, BS. Utility of the Oncotype DX® Prostate Cancer Assay in Clinical Practice for Treatment Selection in Men Newly Diagnosed With Prostate Cancer: A Retrospective Chart Review Analysis. Urol practice. (2015) 2(6):343–8. doi: 10.1016/j.urpr.2015.02.007

28. Falagario, UG, Martini, A, Wajswol, E, Treacy, PJ, Ratnani, P, Jambor, I, et al. Avoiding Unnecessary Magnetic Resonance Imaging (MRI) and Biopsies: Negative and Positive Predictive Value of MRI According to Prostate-Specific Antigen Density, 4Kscore and Risk Calculators. Eur Urol Oncol (2020) 3(5):700–4. doi: 10.1016/j.euo.2019.08.015

29. de la Calle, CM, Fasulo, V, Cowan, JE, Lonergan, PE, Maggi, M, Gadzinski, AJ, et al. Clinical Utility of 4Kscore((R)), ExosomeDx and Magnetic Resonance Imaging for the Early Detection of High Grade Prostate Cancer. J Urol (2021) 205(2):452–60. doi: 10.1097/JU.0000000000001361

30. Sigle, A, Suarez-Ibarrola, R, Pudimat, M, Michaelis, J, Jilg, CA, Miernik, A, et al. Safety and Side Effects of Transperineal Prostate Biopsy Without Antibiotic Prophylaxis. Urol Oncol (2021) 39(11):781–2. doi: 10.1016/j.urolonc.2021.02.016

31. Callender, T, Emberton, M, Morris, S, Pharoah, PDP, and Pashayan, N. Benefit, Harm, and Cost-Effectiveness Associated With Magnetic Resonance Imaging Before Biopsy in Age-Based and Risk-Stratified Screening for Prostate Cancer. JAMA Netw Open (2021) 4(3):e2037657. doi: 10.1001/jamanetworkopen.2020.37657

32. Williams, C, Daneshvar, M, and Pinto, P. Emerging Role of Multiparametric Magnetic Resonance Imaging in Identifying Clinically Relevant Localized Prostate Cancer. Curr Opin Oncol (2021) 33(3):244–51. doi: 10.1097/CCO.0000000000000717

33. Johnson, SB, Hamstra, DA, Jackson, WC, Zhou, J, Foster, B, Foster, C, et al. Larger Maximum Tumor Diameter at Radical Prostatectomy is Associated With Increased Biochemical Failure, Metastasis, and Death From Prostate Cancer After Salvage Radiation for Prostate Cancer. Int J Radiat Oncol Biol Phys (2013) 87(2):275–81. doi: 10.1016/j.ijrobp.2013.05.043

34. Kerkmeijer, LGW, Groen, VH, Pos, FJ, Haustermans, K, Monninkhof, EM, Smeenk, RJ, et al. Focal Boost to the Intraprostatic Tumor in External Beam Radiotherapy for Patients With Localized Prostate Cancer: Results From the FLAME Randomized Phase III Trial. J Clin Oncol (2021) 39(7):787–96. doi: 10.1200/JCO.20.02873

35. Del Monte, M, Cipollari, S, Del Giudice, F, Pecoraro, M, Bichetti, M, Messina, E, et al. MRI-Directed Biopsy for Primary Detection of Prostate Cancer in a Population of 223 Men: MRI In-Bore vs MRI-Transrectal Ultrasound Fusion-Targeted Techniques. Br J Radiol (2022) 95(1131):20210528. doi: 10.1259/bjr.20210528

36. Giganti, F, and Moore, CM. A Critical Comparison of Techniques for MRI-Targeted Biopsy of the Prostate. Transl Androl Urol (2017) 6(3):432–43. doi: 10.21037/tau.2017.03.77




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.


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 Parsons, Sandhu, Foy, Chan, Crawford, Petersen, Romney, Sommers, Bishoff, Lynch, Mclean and Gill. 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.2022.899567_cover.jpg
, frontiers ‘ Frontiers in Oncology

Concordance of MRI-Guided
Fusion and Systematic 12-Core
Prostate Biopsy for the Detection
of Prostate Cancer





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





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Concordance of MRI-Guided Fusion and Systematic 12-Core Prostate Biopsy for the Detection of Prostate Cancer

      

        		

          Background

        



        		

          Patients and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study Population

          



          		

            Imaging

          



          		

            Biopsy Protocol

          



          		

            Quality Assurance

          



          		

            Prostatectomy Cohort

          



          		

            Data Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-899567-g001.jpg
A MRI-Fusion Guided Biopsy

50%

No change mDowngrade mUpgradefromGGG1  m Upgrade from GGG 22

B Systematic 12-core Biopsy

29%

35%
53%

No change  mDowngrade m Upgrade from GGG1 & Upgrade from GGG 22

c Combined Biopsy

59%

No change  mDowngrade m Upgrade from GGG 1 m Upgrade from GGG 22





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
2015-2017 2018-2021 Al

PI-RADS Lesions PCa (%) CSC (%) Lesions PCa (%) CSC (%) Lesions PCa (%) CSC (%)
1 7 2 (29) 1(14) 2 00 0(0) 9 2(22) 1(11)
2 55 10 (18) 5(9) 16 3(19) 2(13 71 13 (18) 7 (10)
3 53 15 (28) 5(9) 55 12 (22) 6(11) 108 27 (25) 1(10)
4 23 16 (70) 4(61) 66 24 (36) 17 (26) 89 40 (45) 31 (35)
5 23 16 (70) 2 (52) 24 13 (54) 11 (46) 47 29 (62) 23 (49)

PCa, prostate cancer; CSC, clinically significant prostate cancer.





